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Abstract: This paper is to apply Rough Set to data mining of time series. Firstly, we process the time series data by
attribute selection and similarity sequence search. Secondly, the time series is partitioned into some sets of pattern by
Mobile Window Method (MWM) and each pattern is a trend of time series. Thirdly, an information table is made by
predicting attributes and targeting attribute in trending variation ratio structure sequence (TVRSS). Then, the original
information table is made suitably for rough set to discover knowledge. Finally, the extracting rules can predict the
time series behavior in the future. The total process is four steps. In the end, we show some examples to demonstrate

our method on the time series data of stock market.
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1. INTRODUCTION

Time-series data is becoming more and more
vital in much field, especially in economic and
finance area. With broad application of the
information technology and diversification approach
of obtaining data, time series information is
increasing rapidly. People often try to mine the
potential knowledge and useful information in some
effective method or technologies when they confront
a great deal of time series data. For example,
consumers often make use of historical stock closing
price data to predict future closing price. The
procedure of converting historical data to useful
knowledge or information for human is paid more
attention in modern society.

Time-series data mining is an important way
which mining some useful and potential knowledge
from a great deal of time-series [1]. More and more
people began to pay more attention to time-series
data mining [2, 3, 4]. Nowadays, the study about
time-series mining is mainly about similarity mining
and time sequences query. Due to nonlinear,
aperiodic and chaos of time series, it is difficult to
predict future precision for human. But in a certain
situation, it is possible to predict some potential
information in time-series. For example, if you have
necessary information about trend of stock closing
price. We can predict the approximately trend in the

future in spite of we can’t predict the precise closing
price.

In this paper, we mainly discussed the time-series
data prediction based on TVRSS and rough set.
Section 2 is devoted to introducing time-series and
trending variation ratio structure sequence. Section 3
deals with some basic notions related to rough set
theory (RST). In section 4, a novel time-series
prediction method based on TVRSS and a time-
series data mining model based on rough set are
proposed respectively. Section 5 is experimental
analysis. Conclusion is section 6.

2. TIME SERIES AND TVRSS

Time series is a series of observation data
according to a certain time sequence [5]. It is a
aggregate which has time and event. Time series is a
data set in the planar or multidimensional space.
Time-series data mining is a important way which
mining some useful and potential knowledge from a
great deal of time-series [6].

Time series possess characteristic as follows:

1. In a planar time series X, a certain point x; is
composed of abscissa time T and y-axis X (t, X) in
planar space T x X.

2. Time series is not reversible.

3. Information transfer is unilateral and not
reversible; Information transfer direction is same as
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the time. For example, a time series X={x{t=1, 2,...,
n}. Information will transfer with xto X, (t;<ty).

Definition 1 [5] For a planar time series
X={x|t=1, 2, ...,n}, a certain point x, is composed of
abscissa time T and y-axis X (t, x) in planar space T
x X. We can write time series in vector form

X:{xla X2y veey xn}

Definition 2 Let X={x{t=1, 2,...,n} be time
series, A={A;, As,..., Ay1}.A IS a trending variation
ratio structure sequence of X. In which,

i

Di= i = —
A

, &1 =x,,-%, & =t, —t Obviously,

X i+1 i
A 1s also a time series.

A 1 A 2 A n-1
)\‘:{A_XaA_Xa"'aA X_l} (l)

1 2
T T

in which, I={1, 2,..., n-1}.

Definition 3 Let X = {x{t=1, 2, ..., n} be time
series, A={\y, Ay, ..., A1} be trending variation ratio
structure sequence of X. (Xi, Xiti,..., Xitke1), (A
7\,j+1,..., }Lj+k+1) (I:L 2, ceesy Il—k+1; j:l’ 2, ceey n—k) are
called k=time sub series for X and A respectively.
{A, Mn+ts..., Ansr) 1S @ trending variation ratio
structure sequence of time sub series {Xp, Xp+i, ...,

m

Xpeict} in A, In which, y=—2 , m=h, h+],..., htk-1

m 2
T

(h+k-1<n), xieX; {Xp, Xh+1,...» Xn+ko1} 1S a latest time
sub series which length is k of X.
k-time sub series is defined as follows,

S(X, B)={(Xi, Xit1,-- -5 Xirk1)|(i=1,..., n-k+1)} 2)
S(h, B)={(Nj, Ajr1,- -5 Arc)|G=1,2,...., n-k)} 3)

Here, |[S(X, k)[=n-k+1, S(A, k)=n-k.

Definition 4 Suppose s;, s:&S(X, k)-{(Xpi+1, Xn
k2 - X)h 1, LES(ALK), 11,15 are trending variation
ratio structure sequence of s;,s, respectively. If d(1,,
12)=0, then the trending variation ratio structure of
s; is same as s,. In which, d(1;, 1,) denotes the Euclid

distance, d(i,, 12)=Zf|kli—7»2i|, u={M1, M2 ..s,

M}, =121, Mg, ey Ak}
Definition 5 Suppose X={x,|t=1, 2,...,n} be time
-t,, 1=1, 2, ..., n-1,

series, & | =X, —X;, & 7=t

A 1 A 2 A n-1
A=1—",—3-,..,—2=tis the trending variation ratio
A A a -l
T T T

structure sequence of X, then the trending variation
ratio structure sequence of X are redefined as

Al
Jollows according to various —*,

A

T

A = i=1,2, .01, k=1,2,3 (4)

in which, 2 iT>O corresponding to ascending
i
al =0

structure

sequence A
to ascending

trending  structure

corresponding trending

sequence A%, A iT<0 corresponding to ascending
trending structure sequence A’.

3. DECISION-MAKING INFORMATION
SYSTEM IN ROUGH SET THEORY

Information is a cognitive result about external
world and a decision-making principle about human
behavior. People can make some useful decision-
making by historical knowledge, especially in
prediction field and reasoning technology.
Information system is a abstract description of
database. Data in information system is usually
denoted by relation table which row denotes objects
and column denotes attributes. Information of
objects is expressed by attribute value. It is an
important tache between objects and attribute. It is
also an information foundation for knowledge
discovery.

Definition 6 [8] Let U be a non-empty, finite set
of objects called the universe, R be an equivalence
relation on U. The pair (U, R) as approximation
space. And a set of equivalent classes with respect to
R is as follows

U/R={[x;]r|x;€U},

and where [X;]={xj|(X;, X;)eR}.
Definition 7 [8] Information System (IS) is a
quaternary presentation

S=(U, A, V, 1)

in which, U denotes a non-empty, finite set of
objects called the universe, it is expressed as U={x,,
X2, ..., Xnj. A denotes a noe-empty, finite set of
attribute it is expressed as A={a,, as,..., an}. V is
range of attribute. V={vy, »,..., v} Where v; is a
value of a;. fis a information function, f: U X A—V,
f(Xi, ai)eVi

Definition 8 [8] Decision Information System
(DIS) is a quaternary presentation
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S=(U, CuD, V, f)

where A=C U D and CND+#0 in which, C is the set of
conditional attribute and D is the set of decision
attribute.

Definition 9 [8] Each non-empty subset pS A
determines an indiscernibility relation as follows:

IND(p)={(x, y) eUXUIf(x)=£i(), a,€p),
then IND(p) is an equivalence relation on U and let:

[Xilino = {Xil(Xi-Xj) € IND(p) } .

Property 1 IND(p) is an equivalence relation on
U and IND(p)=l.<,IND(a)

Definition 10 Let S={U, A, V, f} be a decision-
making information system, where A=CUD and
CND#0 X;=U/C, Y{=U/D Decision-making rules are
defined as follows:

ry ¢ des(X)~des(¥)) XinYj=0 5)

in which des(X;) denotes the description of each
object on conditional attributes, and des(Y;) denotes
the description of each object on decision-making
attribute.

Corollary 1 Reliability gene of each rule is
defined as follows,

X, Yy)=1X:nY|/1Xi|
where, 0<p(Xi, Y))
if W(Xi,Yj)=1, then r;is certain;
if 0<u(Xi,Yj)<lI, then r; is uncertain

Example 1 Give a decision-making table of
insurance investigation in TaiWan (see Table 1), in
which U={personl, person2,..., person8}={x1,
x2,..., x8}, A={area, occupation, age, salary,
insurance}={al, a2, a3, a4, a5},

C={area, occupation, age, salary}={al, a,, as,
asf,

D={insurance}={as}

In above insurance investigation, conditional
attributes and decision attribute are described as
follows,
area={north, south}={1, 2};

Professional={worker, professor}={1, 2};
Age={young, middleage, old}={1, 2, 3};
Salary={low, high}={1, 2};

Insurance={living, poverty, house}={1, 2, 3};
Xi=U/C={{x1, x3}, {x2}, {x4, x5, x7}, {x6, x8}}
Yi=U/D={{x1, x2, x3}, {x4, x5, x7}, {x6, x8}}

For example, according to Eq. (4), we can obtain
some useful decision-making rules easily:

Table 1. Insurance investigation

person area |occupation| age | salary ||insurance
X 1 1 3 2 1
X2 2 1 2 1 1
X3 1 1 3 2 1
X4 1 2 2 1 2
Xs 1 2 2 1 2
X6 1 2 1 1 3
X7 1 2 2 1 2
Xg 1 2 1 1 3

Rule 1 If a person who lived in north of Taiwan, is
a old worker, and have high salary, then he or
she will buy living insurance;

Rule 2 If a person who lived in south of Taiwan and
is middle age worker, and have low salary, then
he or she will buy living insurance;

Rule 3 If a person who lived in north of Taiwan and
is old worker, and have low salary, then he or
she will buy living insurance;

Rule 4 If a person who lived in north of Taiwan and
is middle age professor, and have high salary,
then he or she will buy poverty insurance;

According to corollary 1, above rules are certain,
because of their u(Xj, Y;)=1.

4. TIME-SERIES DATA PREDICTION
BASED ON TVRSS AND ROUGH SET

After introduced the basic concept of time series
and decision-making information system in rough
set theory. In this section, a model of time-series
data mining based on rough set is established firstly,
then a novel time-series data prediction method
based on trending variation ratio structure sequence
and rough set is proposed.

4.1. TIME-SERIES DATA MINING MODEL
BASED ON ROUGH SET

Generally, data mining procedure is divided into
steps as follows,

1. Establish data mining goal

2. Analysis and prepare data

3. Establish mining model according correlative
algorithm

4. Evaluate mining model

5. Implement data mining

Without exception, time-series data mining
model based on rough set contains data collection,
data pretreatment, data reduction, extracting rules,
classification and prediction [11].
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Fig. 1 — Time-series data mining model based on
rough set

4.2. CONVERSION FROM TVRSS TO
DECISION IN-FORMATION SYSTEM

Suppose time series X={xi,Xs,...,x,}, trending
variation ratio structure sequence A={A1,4,...,4
1} Conversion step as follows:
step 1 Data standard pretreatment for A by mobile
window method [9].

step 2 Make trending variation ratio structure
sequence convert into standard time-series data
stylebook set.

step 3 Make standard time-series data stylebook set

convert into decision-making information

system.

Suppose mobile window size=k, we can
construct trending variation ratio  structure

information system according to above steps, (see
Table 2). Here, trending variation ratio structure
information system reflects feature sub sequence
property. So, we can analyze the time-series data
with feature sub sequence.

Table 2. TVRSS information system

U\A a a, A . a
1 Al A2 A2 A Ak
2 A A3 At Ak A
3 A3 As Ax At A2
4 As As Ak Ao A3
n-k A nxc A A w3 Ana A na
K+l

Table 3. TVRSS predictable information system

DA ap ay k-2 ag-1 ag
1 Ay As Ao A Ax
2 As A3 Ak Ax Ak
3 A3 Ay Ak A ki A ki2
4 As As Akt Ak A +3
A
n-k A nk A3 Ana A
k+1
A An
Sq l n-2 ﬂ* n-1 q
K+ k2

4.3. ONE-STEP PREDICTION BASED ON
TVRSS PREDICTABLE INFORMATION
SYSTEM

In time series X={xi,Xs,...,.X,}, One-step
prediction is that predict X,.; value. But, it can’t
predict precise value, only predict the trend on time
n+1. Time-series trending variation ratio structure in
latest mobile window 1S {4 i1, A nks2se-es Anl}s
decision attribute value q is unknown, decision
attribute value q is the prediction aim(q=-1,0,1) (see
Table 3).

In Table3, different trending variation ratio
depicts different pattern. These values are
continuous, it is necessary to discrete these values
according to its variation ratio. Here, fuzzy discrete
method is adopted.

4.3.1 DATA PRETREATMENT
Definition 11 Suppose X={x{t=1,2,...,n} be time

series, the trending variation ratio structure
Al 2 A 0l
— X X X 1
A=( R F)’ the  membership
T T T

functions of trending variation ratio on, 4 ,4,,43
are defined respectively as follows,

0, 14 [< b

_J1Al-1h]
al_bl

L 14 =

ﬂast‘end,"l,,-d ’ bl S| ﬂ'i |S a,

0, 14 [< b,
_ A=

/uascendmod erate

> b, {4 [<a,
a, —b,

L 4,

09 M’;'Sb}
_ A =15s ]

H ascend,,,

;o bySAlKa (6)
a, —by

19 M’l |2 al

In Eq. (6), 4, €'
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/uequal =1 C S| ﬂ’i |S d (7)
Here, 4, € A°
07 M‘i' < fl
| A |14
ﬂdescendmwd - /11 1 ’ f1 S' ﬂ“i |S €
-h
1, 14l2 e
0, FAES
|/1 |=1/2]
/'Idescendmode,.m e ’ f2 S' /,Li |S €
-/
19 M‘l' 2 55)
0, |A4l<f;
|/1 =14
/udevcend:,m s > f3 S' ﬂ“i |S ] (8)
-/
1’ M‘l' 2 ]
InEq. (8), 4 €A’
In WhiCh’ al’329a3’b1,b25b35c5d’el3625e3afl,f23f3 is
defined by users
The trending variation ratio structure sequence
Al a2 A nel
a= i( ’2( Xl is redefined according to
4 T A T 4 %-

above membership functions of trending variation
radio as follows,

A=t oo oot 157 ™ (9)

Moreover, Eq. (9) is formalized according to the
maximum membership grade principle like this,

e.g. 4 =(0,1,0,0,0,0,0/0,0,0,0,1,0,0|

0,0,0,1,0,0,0(1,0,0,0,0,0,0) (10)

Eq. (10) depicts the feature of trending on
variation ratio. So, its feature is explained as
follows,

ascend —> descend,,;; — equal — ascend

mod erate rapid

Obviously, redefined 1 is constituted by seven-
dimensional vector space. However, we can get the
trend of future time according to the A
corresponding to its state space vector.

4.3.2 PATTERN MATCHING

In this paper, we consider each trending structure
sequence is a pattern.Due to this idea, Hamming
distance is adopted in this paper.

Definition 12 Suppose a certain
k’/ln k412000 n I)GS(ﬂ, k) the

structure state space vector of | _, is denoted as
follows,

pattern

L = (4, trending

—k
A" = (Puckt> Puckas s Prtn—ks1)

k=1,2....n-k+1 (11)

Definition 13 Let
51,8, € S(X,k)—{(x,,_k+1,...,x,1 },ll,lz,e S(A, k)11, are
the time sub series of s,m,s, respectively. A", 1
are the trending structure state space vector of /;,/,.

Hamming distance between A‘® and 1® is defined
as follows,

L n—ZkJrl
HAYID = ¥ hy
i=1
L pi#pyAidy >0
FH_370)
2, pi# Py Ay <0.

(12)

in which, 4 = (A1 A )sly = (Aypsens
Property 2 “0< H(AM, 1P) <2k
If H(A",2?)=0, then K-time sub sequence s,
has the same trending variation ratio with s, .

The smaller H(AM,1?) is, the better pattern
matching is.

Here, we give a pattern difference measurement
method, we can easily get the same or similar
pattern with goal pattern (predictable sub time
HGAD, 1)
reflects the synthetical similarity between /, and /,
i=L12..,n—k. So, obtaining the relationship and
extracting useful rules among these patterns is a
problem.

The pattern matching model is devised as
follows,

Aor)

sequence). In a intuitionistic sense,

Min H(Sq,/:t\(i))

st. A.A.>0

si?Yji

i=12,.n—k

4.3.3 EXTRACTING PREDICTABLE
RULES
In fact, each object in Table3 denotes a known

predictable rule. These predictable rules are wrote
like this according to Definition 10.

egif descend,q — ascend,oqerae
— ascend,,;,; —> ascend,,, —> ascend g orqe
the decend,,,
In the trending variation ratio structure

predictable information system (See table 3), q is our
prediction aim, s, is predictable pattern, we can

10
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predict the q by conditional expression C={A,.
k+15 A k2.5 A n-l} in Sq-

Definition 14 Let Sim(x, y) be the function of the
similarity about x and y. For prediction sequence s,
and 1, its similarity is defined as follows

Sim(s,,1;) = (13)

H(s,.l)
in which g=-1,0,1;i=1,2,...,n-k.

Note 1 The smaller H(sq, L) is, the better
Sim(sg, ;) 1s, 1.e, the trusty q is.

Remark: The feature of the algorithm of trending
variation ratio structure sequence based on rough set
1s concluded as follows,

Consider the conditional attribute sets belong to
in-discernibility equivalence relation on objects, but
not other objects. Hence, calculated capacity is
lesser.

Description of trend structure classification is
subtle.

Fuzzy discrete method accords with human
intuitivism.

4.4 ALGORITHMS

A: Algorithm of Data Conversion and Resolution
on S(4,k)

Stepl: Input X = {x,x,,..x,

Step2: Computing
PR
AT AT AnT

TVRSS

)=(4,,4,,....,4, ;) accordi

ngto A, =—*.
T
Step3: S(A,k) « ¢
For (t=1; t<n-k; t++) {
U@) = (4,45 Ay )s
ST, k)« ST, k) VU @)
H
Step4: output S(A,k)
B: Adjacence
Computing S(4,k —1)and/,_,
Stepl: Input S(A,k —1)
M <0
Step2. For (i = 1;i <| S(A,k=1)|;i++) {
A1« F(A)
For A"* € A, calculating H (s q,ﬂn_k)
Min(H (s, A7)
}

Algorithm of

5. EXPERIMENT

As we all known, stock data is a typical time

series database. Stock code, opening price and
closing price for every day are kept in the stock
database. Here, stock code is static attribute, but
opening price and closing price are dynamic
attributes which change with time. Investor pay
more attention to the alteration of opening price and
closing price. In this paper, closing price is
considered and analyzed.

We make short-term closing price forecast of
Shen zhen Developing Bank (China) stock data
according to the 32 transaction data (from March 1,
2005 to April 13, 2005, see Table4) [10].

5.1 EXPERIMENT STEP

Step 1: After computing trending variation ratio
structure sequence, we can compute the trending
variation ratio structure sequence of stock time
series according to definition 2. (see table 4)

The stock series is expressed as
according to definition 1:

X={6.48, 6.40, 6.38, 6.44, 6.33, 6.38, 6.36, 6.28,
6.10, 6.12, 6.10, 5.99, 5.94, 6.0, 5.93, 5.99, 5.54,
5.37, 5.40, 5.38, 5.30, 5.30, 5.09, 5.20, 5.52, 5.42,
5.5,5.7,6.29, 6.8, 6.88, 6.7}

Table 4. Transaction data (t, p denote time and closing
price respectively)

follows

t 1 2 3 4 5 6 7 8
pl 648 | 640 6.38 644 | 633 | 638 | 6.36 | 6.28
9 10 11 12 13 14 15 16
pl 6.10 | 6.12 6.10 5.99 594 ] 6.0 | 593 | 599
t 17 18 19 20 21 22 23 24
p| 5.54 | 537 5.40 5.38 530 | 530 | 5.09 | 5.20
t] 25 26 27 28 29 30 31 32
P| 552 | 542 5.5 5.7 629 | 6.8 | 6.88 6.7

Trending variation ratio
stock time series is,

A1={-0.02, 0.06, -0.08, -0.04, -0.11, -0.06, -0.13,
-0.04, -0.0133, -0.09, -0.06, 0.04, -0.04, 0.0033, -0.4,
-0.18, 0.04, 0, -0.0333, -0.2, 0.11, 0.39, -0.06, 0.07,
0.12, 0.56, 0.62, 0.0967, -0.44, 0.24}

Step 2: Let mobile windows size k=5, k-time sub
series are obtained according to definition 3. (see
Table 5)

Step 3: Convert TVRSS into predictable
decision-making information system according to
table 3 (see Table 5). Here, q is our prediction aim.

Step 4: Fuzzy discrete trending variation ratio
according to Data pretreatment method in
section.4.3.1. (see table 6)

Step 5: Computing the Hamming distance
between sq and 1, i.e, H(sq, 1). Due to definition 13,
H(sg, 1) are solved as follows (see Table 7).

Step 6: Computing the maximal similarity degree
of Hamming distance according to Eq. (13).

structure sequence of

11
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1
H(Sq,S25)=§

Finally, we learnt similarity degree of Hamming
distance according is maximal when s = s,;. So, the

similarity is the best among all feature sub
sequences. Hence, the rules of sequence s, is

inserted in knowledge database, helping make future
prediction.

Because of above analysis, we can get the
experimental result that the closing price at time 33
is higher than its former closing price. In fact,
observing closing price at time 33 is higher than its
former closing price. From the decision-making rule
point of view, we can gain such rule as follow,

Decision-making rule If

Ay = ascend,yoqorgre» Ao = ascend g, A
, then
= des Cendmodemte’ A4 =as cendmod erate
D = ascend g rare - 1-€, If closing price of the stock

market keeps rising for five days and declines next
day, then the closing price will be higher than
former closing price in the future.

Table 6. Trending prediction table of stock time series

Table 5. Trending prediction table of stock time series
A, A, As Ay D
S -0.02 0.06 -0.08 -0.04 0.11
S 0.06 -0.08 -0.04 0.11 -0.06
$3 -0.08 -0.04 0.11 -0.06 -0.13
84 -0.04 0.11 -0.06 -0.13 -0.04
Ss 0.11 -0.06 -0.13 -0.04 | -0.0133

S6 -0.06 -0.13 -0.04 | -0.0133 | -0.09
S7 -0.13 -0.04 | -0.0133 | -0.09 -0.06
Ss -0.04 | -0.0133 | -0.09 -0.06 0.04
s | -0.0133 | -0.09 -0.06 0.04 -0.04
S10 -0.09 -0.06 0.04 -0.04 | 0.0033

S11 -0.06 0.04 -0.04 | 0.0033 -0.4
Si2 0.04 -0.04 0.0033 -0.4 -0.18
S13 -0.04 0.0033 -0.4 -0.18 0.04
sia | 0.0033 -0.4 -0.18 0.04 0
S5 -0.4 -0.18 0.04 0 -0.0333
S16 -0.18 0.04 0 -0.0333 0
S17 0.04 0 -0.0033 0 -0.2
Sis 0 -0.0033 0 -0.2 0.11
si9 | -0.0033 0 -0.2 0.11 0.39
$20 0 -0.2 0.11 0.39 -0.06
S21 -0.2 0.11 0.39 -0.06 0.07

S22 0.11 0.39 -0.06 0.07 0.12
23 0.39 -0.06 0.07 0.12 0.56
S24 -0.06 0.07 0.12 0.56 0.62
S25 0.07 0.12 0.56 0.62 0.0967
S26 0.12 0.56 0.62 0.0967 -0.44
S27 0.56 0.62 0.0967 -0.44 0.24

A, A, A, A, D
S1 0000001 0010000 | 0000010 | 0000001 0100000
S2 0010000 | 0000010 | 0000001 0100000 0000010
S3 0000010 | 0000001 0100000 | 0000010 0000010
Sy 0000001 0100000 0000010 0000010 0000001
Ss 0100000 | 0000010 | 0000010 | 0000001 0000001
S 0000010 | 0000010 | 0000001 0000001 0000010
S7 0000010 0000001 0000001 0000010 0000010
Sg 0000001 0000001 0000010 | 0000010 0010000
Sg 0000001 0000010 | 0000010 | 0010000 0000001
S10 0000010 0000010 0010000 0000001 0010000
S11 0000010 | 0010000 | 0000001 0010000 0000100
S12 0010000 | 0000001 0010000 | 0000100 0000100
S13 0000001 0010000 0000100 0000100 0010000
Si4 0010000 | 0000100 | 0000100 | 0010000 0000100
S15 0000100 | 0000100 | 0010000 | 0000100 0000001
S16 0000100 | 0010000 | 0000100 | 0000001 0001000
S17 0010000 | 0000100 | 0000001 0001000 0000100
S18 0000100 | 0000001 0001000 | 0000100 0100000
S19 0000001 0001000 | 0000100 | 0100000 1000000
S20 0001000 | 0000100 | 0100000 1000000 0000010
S1 0000100 | 0100000 1000000 | 0000010 0100000
S22 0100000 1000000 0000010 0100000 0100000
S23 1000000 | 0000010 | 0100000 | 0100000 1000000
So4 0000010 | 0100000 | 0100000 | 1000000 1000000
S25 0100000 | 0100000 1000000 | 1000000 0100000
S26 0100000 1000000 1000000 | 0100000 0000100
Sy7 1000000 1000000 | 0100000 | 0000100 1000000
Sq 1000000 0100000 0000100 1000000 goal

Table 7. H(sq, si) table
s H(sg, si) s H(sq, si) s H(sg, si)

sl 2+1+142=6 $2 1+2+1+1=5 S3 2+2+2+2=8
s4 2+0+142=5 Ss 1+2+1+2=6 Se 242+142=7
s7 242+142=7 Ss 24+2+142=7 So 2+2+1+1=6

s10 | 2+2+2+2=8 Si1 2+1+1+1=5 S12 1+2+2+2=7

s13 2+14+0+2=5 Si4 1+2+0+1=4 Sis 2+2+2+2=8
s16 | 2+1+2+2=7 S17 14H2+142=6 | sis 2+2+2+2=8
s19 | 2+2+0+1=5 $20 24+2+2+0=6 | s 2+0+2+2=6

522 1+1+1+1=4 S23 0+2+2+1=5 So4 2+0+2+0=4

s25 1+0+2+0=3 S26 1+1+2+1=5 S27 0+1+2+42=5

Sq 0.62 0.0967 -0.44 0.24 goal

5.2 EXPERIMENT RESULT

In this paper, we utilized different Mobile
window size to calculating the prediction result and
accuracy.
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Table 8. Pattern results for different mobile window

sizes
Factors | Hamming | Matching | Prediction | Confidence
Size Distance No Results
k=3 0+1=1 2 Descend 50%
moderate
0+1=1 Descend 50%
slow
k=4 1414+1=3 2 Ascend 50%
moderate
1+1+1=3 Ascend 50%
rapid
k=35 H1+1+ 1 Ascend 100%
=4 moderate
k=6 # 0 #
k=7 # 0 #

So, we can easily get the optimal mobile window
size=3, and the prediction results (see Fig2.(a)).

75

7.5

(b) Size=4

a é 1‘D 1|5 Q‘D 25 30 Al 4ID 45
(c) Size=5

Fig. 2 — Actual curve and prediction curve for
different mobile window sizes

6. CONCLUSION

This paper mainly discussed the time-series data
prediction based on trending variation ratio structure
sequence and rough set. To obtain various k-time
series, mobile window method is adopted. As a
matter of fact, each sub time series is pattern.
Trending variation ratio structure sequence is
applied to sub time series in order to get important
attribute which depict each sub time series. To
predict unknown data or information in the future,
trending variation ratio structure predictable
information system is constructed. Hamming
distance is adopted in pattern identification. Our
method is applied to stock market data prediction.
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Abstract: Regularized restoration is one of the powerful image restoration techniques because it preserves image
details with a high degree of fidelity in the restored image. The main problem encountered in regularized image
restoration is the evaluation of the regularization parameter. There are several methods for the evaluation of this
parameter which require knowledge of the noise variance in the degraded image. After evaluating this parameter,
regularized restoration is implemented by applying a regularization filter on the degraded image. In this paper, we
propose a new iterative method for the evaluation of this parameter. This method depends on the maximization of the
power in the restored image by the coincidence of the passband of the regularization filter with the frequency band in
which, most of the image power exists. The suggested method doesn’t require a priori knowledge of the noise variance.
Results show that the estimated value of the regularization parameter leads to a minimum mean square restoration
error.

Keywords: regularized restoration, regularization parameter, iterative regularization, inverse regularization.

1. INTRODUCTION

Digital image restoration is a problem which has
been extensively treated in the literature [1-12]. The
main objective of image restoration is to obtain a
good estimate of the original image from a degraded
image. Degradations in images have several origins
such as out of focus blurring, linear motion blurring
and Gaussian blurring. These types of blurring can
be modeled as lowpass filters affecting the original
image [13]. So, the image restoration problem is in
fact a deconvolution problem. The existence of noise
in the degraded image increases the difficulty of the
image restoration process. The problem of
deconvolution in the presence of noise is classified
as an ill-posed inverse problem [6].

as possible to the original image. One of the most
popular approaches to the problem of image
restoration is the linear minimum mean square error
(LMMSE) restoration approach [13]. Rather than
seeking a solution consistent with minimum
contamination by noise, the LMMSE approach
attacks the restoration problem directly and proposes
a criterion that explicitly evaluates how close the
restoration is to the original object intensity
distribution. Despite being an easy solution,
LMMSE restoration requires some assumptions
related to the original unknown image and leads to
some artifacts in flat areas of the restored images.
Regularization theory, which was basically
introduced by Tikhonov and Miller has proved to be
a good candidate for the solution of the image

This problem has been solved in the literature
using so many approaches [1-13]. In each approach,
the mathematical basis on which the solution is
based differs. In general, the purpose of image
restoration is to obtain an estimate, which is as close

restoration problem [5]. There is no guarantee for
the existence, uniqueness and stability of the
solution of an inverse ill-posed problem like the
image restoration problem based on direct inversion.
So, there is a need for some constraints on the
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solution. The stabilizing functional approach is one
of the basic methodologies for the development of
regularized or constrained solutions. According to
this approach, an ill-posed problem can be
formulated as the constrained minimization of a
certain functional, called the stabilizing functional
[5].

For the implementation of regularized image
restoration, there is a need to know both the
regularization operator and the regularization
parameter [1-12]. The rule of the regularization
operator is to move the small Eigenvalues of the
image degradation matrix away from zero while
leaving the large Eigenvalues unchanged. It also
incorporates prior knowledge about the required
degree of smoothness of the restored image into the
restoration process. The regularization parameter
controls the trade-off between fidelity of the data
and the smoothness of the solution [5, 6]. Hence, its
determination is a very important issue. The
evaluation of the regularization parameter can be
performed using several techniques but most of
these techniques are based on the amount of noise in
the degraded image [6].

In this paper, we propose an iterative method for
the evaluation of the regularization parameter based
on the maximization of the total power content of
the restored image. The rest of the paper is
organized as follows. Section 2 gives the image
degradation model. Section 3 discusses regularized
image restoration. Section 4 surveys some existing
methods for the evaluation of the regularization
parameter. Section 5 presents the proposed method
for the evaluation of the regularization parameter.
Section 6 gives the experimental results. Finally, the
concluding remarks are given in section 7.

2. IMAGE DEGRADATION MODEL

Image restoration algorithms are, generally,
designed to exploit characteristics of an image and
its degradation. Accurate knowledge of the
degradation is essential for any image restoration
algorithm to be a successful algorithm. To obtain
information about the degradation, we can gather
information from the degraded image itself. As an
example, if an image is blurred and we can identify a
region in the degraded image where the original
undegraded signal is known, we may be able to

estimate the blurring function h(n;,n,). The
original image is denoted by f(n,,n,), while the
degraded image is denoted by g(n;,n,). In the

presence of noise n(n,,n,), this can be represented
as follows [1-13]:

g(nl'nZ): h(nl’nZ)* f(nl’n2)+n(nl’n2) (1)

If f(n,,n,) is assumed to be known in some
regions, then g(n,,n,) and f(n;,n,) can be used
in these regions to estimate h(n,,n,). This linear

shift invariant image degradation model can be
represented in another form as follows [1-13]:

g=Hf +n (2)

where f ,gand n are lexicographic orders by either

column or row of the M x M image, the degraded
image and the noise, respectively. The matrix H is
the discrete representation of the degradation of
dimensions M? x M? For linear shift invariant
systems, the matrix His a block Toeplitz matrix.
The objective of image restoration is to estimate f
given the samples of the recorded image ¢ .

3. REGULARIZED IMAGE RESTORATION

According to the regularization theory, the
solution of Eq. (2) is obtained by the minimization
of the cost function [1-12]:

vl i Al @

where C is the regularization operator and A is
the regularization parameter. This minimization is
accomplished by taking the derivative of the cost
function yielding [1-12]:

alg—g):O:ZHt(g—Hf:)—MCth: (4)

Solving for that £ that provides the minimum of
the cost function gives [1-12]:

£=(H'H+ AC'C)'H'g=A(1)g (5)
where
A(A)=(H'H+AC'C)'H" (6)

The regularization operator C incorporates prior
knowledge about the required degree of smoothness
of f into the restoration process. It can be a finite
difference matrix chosen to minimize the second
order or higher order difference energy of the
estimated image [1]. The 2-D Laplacian is the best
choice for this purpose. The rule of the
regularization operator C is to move the small
Eigenvalues of H away from zero while leaving the
large Eigenvalues unchanged. The amount of change
of these Eigenvalues is dependent on the choice of
the regularization parameter A .

Equation (5) can be written in an equivalent form
using the Toeplitz to circulant approximation as
follows [1]:
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_ H"(u,v)
\H(u,v)\2 +/1\C(u,v)\2

E(u,v) G(u,v) = D(u,v, 2)G(u,V) (7)

where F(u,v) is the Fourier transform of the original
image, and G(u,v), FE(u,v), H(u,v), C(uyv) and
N(u,v) are the Fourier transforms of the degraded
image, the estimate of the original image, the point
spread function PSF of the blurring operator, the
regularization operator and the noise, respectively.
Thus, the transfer function of the regularization filter
is given by [1]:

H™(u,v)

D(u,v, 1) = 5 5
IH(u,v)|" + 2/C(u,v)|

If A=0, this leads to the inverse filter solution defied
as [1]:

G(u,v) N (u,v)
H(u,v) - H(u,v)

In the presence of noise, the restoration problem
has an ill-posed nature. Thus, severe deteriorations
are observed in the restored images in the cases of
low signal to noise ratios if the inverse filter solution
is used. So, the second term in the denominator of
Eq. (8) solves the ill-posed problem. This means that
our problem is how to evaluate the regularization
parameter ..

I£(u, V) =

F(u,v)+

(9)

4. METHODS OF EVALUATING THE
REGULARIZATION PARAMETER

The problem of evaluating the regularization
parameter has been addressed using a diversity of
techniques [6, 7]. Most of these techniques require
knowledge of the noise variance of the degraded
image o. In many practical applications, the noise
variance in the degraded image is not known and its
estimation may be a tedious problem. We will
survey some of these methods in the following
subsections.

4.1. CONSTRAINED LEAST SQUARES
(CLS) METHOD

In this method, the parameter A is selected such
that the following equation is satisfied [6]:

lg—HE)|" =[0-HAR =[n” =& =M?o? (10)

Using the constrained least squares method is

equivalent to assuming that the i component of the
2

error g — Hf:(l) is Gaussian and Hg - Hﬁ(ﬂ)” is

Chi-square distributed with variance o> and M ?
degrees of freedom.

4.2 EQUIVALENT DEGREES OF
FREEDOM (EDF) METHOD

The notation of the equivalent degrees of
freedom (EDF) can also be incorporated into the
evaluation of the regularization parameter [6]. The
EDF method takes into account the linear
dependency between the degraded image g and the

estimated image \€(/1). Therefore, Hg - Hﬁ(ﬂ,)”z is

Chi-square distributed with variance o and
trace(l — HA(A)) degrees of freedom. Thus, in

this case, the constraint equation used for computing
A will be given by [6]:

lg— R = - HAGS -
otrace[l - HA()]

(11)

4.3 MEAN SQUARE ERROR (MSE)
METHOD

Another method for evaluating A is obtained by
directly minimizing the MSE function. The MSE
function can be written as [6]:

elecor]- el -fof |-
Iff + E[Hf (ﬂ)ﬂ —2eff(2)

Since the term ||f||2 does not depend on A, the
minimization of E|le(2)|’ fis equivalent to the
minimization of E[Hﬁ(/l)uz}—ZE[ftﬁ(/i)]. Using
the Toeplitz to circulant approximation, we get [6]:

SN

ok -S| o

and

O

T (h]"+ e

- .
EMZ |G|| o ]

T (0 +Ale])?

(14)

where h, and c; are the Eigenvalues of H and C,
respectively, and F, and G, are the i components
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of the discrete Fourier transforms of f and g,
respectively.

Substituting Egs. (13), (14) into Eq. (12) and
letting the derivative of the MSE function equal to
zero we get:

v’ 22l Y6 |
§_Aellel

= (h|* + Al [)?

M2 /1| |2 )
2 C
=0
’ le (n|” + e, [)?
In matrix form, this is equivalent to:
B 2
e - HAG g = 15)

o’trace[C* (1 - HA(A))?]

The solution of Eq. (16) leads to an estimate of
the regularization parameter A .

4. 4 PREDICTED MEAN SQUARE ERROR
(PMSE) METHOD

Another criterion for choosing the regularization
parameter is based on the minimization of the
weighted error norm [6]:

EHe()|* |- E[HHf - Hﬁ(l)”z} (17)

This method is based on the fact that the data
points, which correspond to large Eigenvalues of H
are more reliable, and thus they are weighted
heavier. In matrix form, the regularization parameter
A can be evaluated by solving the following
equation [6]:

E|He() |= |0 - HAM) + -
20 %[trace[HA(A)]- M ?]
4.5 SET THEORETIC (ST) METHOD

In this method, a priori knowledge about f is
assumed which restricts the solution to lie in a set

=gl =&°

Qq, that is, f € Q; where Q,is an M* dimensional
space [6].

(19)

Q= {t|(er) <e2) |

Similarly the noise n is assumed to belong to a
set Q, . Since n must lie in a set, it follows that a

given observation g combines with the set Qto
define a new set which must containf , i.e

Qu = {f|(g-Hr P <e?) |

Both of the sets Qand Qg contain f and
therefore f must lie in their intersection [6].

Qf: =Qf ﬂQf/g'

To make the problem more tractable, ellipsoids
are used for the sets Qand Q. The equation of an
ellipsoid is given by [6]:

Qf :[f ;(f_cf)th’l(f_cf)g]_]

(20)

(21)

(22)

where C,is the center of the ellipsoid and Gy is a

positive matrix, whose Eigenvalues and Eigen
vectors determine, respectively, the orientation and

the length of the axis of Q. The centers of the
ellipsoids bounding the intersection of these two
ellipsoids Q;and Qy, are given by [23, 24]:

£ H'H cicl” H
=| Py 22 + P E? 'plg_zg

where p, + p, =1 and p,, p, >0. Figure (1)
gives a geometric interpretation of the set theoretic
approach. For p, = p,, the regularization parameter
is given by [6]:

(23)

A =(e/E)? (24)

2

et = E°

Fig. 1 — Geometric interpretation for the set theoretic approach using ellipsoids
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5. THE SUGGESTED METHOD FOR
EVALUATING THE REGULARIZATION
PARAMETER

The different methods mentioned above for
evaluating the regularization parameter yield
different estimates of A. The regularization
parameter A dictates, in general, the level of
smoothness in the restored image. Thus, if two
different regularization parameters A and A, are

used in restoring a degraded image with 4, > 4, ,
the resulting restored image ﬁ(ﬂa) will be

smoother than ﬁ(ib) [6]. The smoothness criterion

doesn’t reveal any thing about the MSE of the
solution.

Based on the smoothness criterion, the
smoothness of the solutions obtained using the
different methods of evaluation differs according to
the value of A obtained with each method. Some
methods yield over smoothed estimates of the
restored images while others yield under smoothed
estimates [6]. Accordingly, a unified approach is
needed to estimate the regularization parameter A .
We will now present the proposed method for
evaluating the regularization parameter that can
achieve minimum mean square restoration error.

The regularized image restoration filter transfer
function is expressed in Eq. (8). It is clear from this
equation that the parameter A controls the passband
of this restoration filter. This is illustrated in Figs (2)
to (6). Figure (2) illustrates the frequency response
of a lowpass blurring operator H(u,Vv). Figure (3)

illustrates the frequency response of the inverse
filter. It is clear that the inverse filter has
singularities at certain frequencies. In Figs. (4) to
(6), the effect of regularization is illustrated with a
regularization parameter A=0.1, 0.01 and 0.001,
respectively. It is clear that the regularized filter has
a bandpass nature and the parameter A controls the
location of the passhand in the frequency domain.

In general, most images to be restored using this
regularized restoration filter have their spatial
frequencies concentrated near the low frequency
region of the spectrum. When the filter passband
coincides with the spectral region at which the
frequency contents of the image to be restored lie,
good restoration results are obtained due to the
preservation of all frequency contents of the restored
image. The noise frequency components, which
extend to infinite frequencies lie outside the filter
passband and thus are reduced.

G

Fig. 3 — Inverse Filter frequency response

Fig. 5 — Regularized Filter frequency response A=0.01
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Fig. 6 — Regularized Filter frequency response A=0.001

The suggested method for the evaluation of the
regularization parameter is based on the above-
mentioned concept as illustrated in Fig. (7). In this

method, an initial value for the regularization
parameter is assumed and the restoration process is

performed on the degraded image g(n,,n,) using
the regularized filter D(u,v,4). The power

spectrum of the restored image is estimated and then
the total power in the restored image is calculated.
This process is repeated iteratively by updating the
regularization parameter value until a maximum
value of the total power is obtained in the restored
image. The value of A which yields this maximum
total power is the best estimate of A expected to
yield minimum mean square error in the restored
image.

\ 4

Degraded Regularized image
image restoration
g(ny,n,)
A
A
Update

regularization

A

The auto-correlation function of the restored
image g'(n,,n,)is evaluated using the following
relation:

Power Spectrum

SN—r

g'(ny,n,

Integrate over

Is dP:/dA=0

(Power max) ?

ﬁ(nl’ nz) = gl(nl7 nz)

Fig. 7 — Block diagram of the suggested method for the evaluation of the regularization parameter

Ry () =33 g (kg (ny +kon, +1) 25

k=1 1=1

where W is an arbitrary window length.
The power spectrum of the restored image
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g'(n,,n,) is evaluated using the following relation:

P.(uv)= %NiRg. (n,, nz)exp[—% (nu+ nzv)} (26)

n,=0n,=0

An integration process, which may be
approximated using a summation process, is
performed over the whole spectrum to evaluate the

total power in the restored imageg'(n,,n,). The

approximation of this integration process is
performed as follows:
1 N-1N-1
Pt :FZZ‘PQ'(U’V)‘ (27)
u v

When this total power is maximized, the restored
image g'(n,,n,) can be considered the best

estimate of the image 1€(n1, n,). If the power is not

maximum, the regularization parameter is updated
and the process is repeated.

6. SIMULATION RESULTS

The suggested method for evaluating the
regularization parameter is tested in this section for
two different images with different spatial activities;
the Cameraman and the Mandrill images illustrated
in Figs. (8) and (9), respectively. The steps of the
proposed method illustrated in Fig. (7) are applied
on both the degraded Cameraman and Mandrill
images.

Fig. 8 — Original Cameraman image

Fig. 9 — Original Mandrill image

The restoration process is performed in the
presence of additive noise and a blurring operator of
size 5x5 with an SNR=40 dB. The variations of the
total power and MSE in the restored images with the
value of the regularization parameter are plotted in
Figs. (10) and (12), respectively, for the Cameraman
image and in Figs. (11) and (13), respectively, for
the Mandrill image. It is clear that the minimum
MSE coincides with the maximum power for the
Cameraman image, which is mainly an image of low
frequency nature. This means that the proposed
algorithm have succeeded in evaluating the best
value of the regularization parameter.

A36¢|
4355

43«1'

4335
Li]

w1o®

Fig. 10 — Pt versus A for restoring the Cameraman
image degraded by 5X5 operator SNR=40 dB

1367

x10*

Fig. 11 — Pt versus A for restoring the Mandrill image
degraded by 5X5 operator SNR=40 dB
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Fig. 12 — MSE versus A for restoring the Cameraman
image degraded by 5X5 operator SNR=40 dB
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Fig. 13 — MSE versus A for restoring the Mandrill
image degraded by 5X5 operator SNR=40 dB

For the Mandrill image which is of a high
frequency nature, the MSE reaches its minimum
value with the maximum value of the total power in
the restored image and keeps this minimum value
for a long range of A. This means that a wide range
of A can be used for the restoration of images
containing much high frequency details.

7. CONCLUSIONS

This paper has presented a new iterative method
for the evaluation of the regularization parameter in
regularized image restoration. This method has
succeeded in evaluating the wvalue of the
regularization parameter which can maximize the
power in the restored image without knowledge of
the noise variance in the degraded image. The
proposed method can be used in the restoration of
images containing either low or high frequencies.
For the restoration of images with low frequencies, a
single value of the regularization parameter can be
used, while for the restoration of images with high
frequencies, a wide margin for the regularization
parameter can be used.
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IHPOPMALUII DAUNIB BA3 OAHUX ANA BATATONPOLECOPHUX EOM
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Pestome: ¢ cmammi posenanymo memoo m-napaneibHo20 NOclioo8HO20 nepensidy ma 06a eapianmu Mmemooy m-
napanenbHozo OI0YHO20 NOWLYKY, OPIEHMOBAMI HA IX 6UKOPUCMAHHA 6 OA2amOnpOYeCOPHUX CUCMEMAx Osi NOULYKY
iHopmayii y patinax 6az oanux. Jocniodceno eghexmusHicmeb yux memooie 01s GI0OMUX 3AKOHIE PO3NOOLTY
tLmogipHocmeti 386epmanus 0o 3anucie. 3a Kpumepiil eeKmueHocmi 83amo MmamemamuyHe CHOOIBAHHS KIIbKOCHI
napanenvHux NOPIBHsAHb, He0OXIOHUX 01 nowyky 3anucy y ¢aini. IIpogedeHo nopieHANbHUL AHANIZ epeKmUBHOCmI
Memooig i 015 KONMCHO20 PO32IAHYMO20 3AKOHY DPO3NOOITY UMOBIDHOCMEU 36epMAHHA 00 3ANUCI8 B8USHAYEHO CBill
Hatikpawutl memoo. 1106y0oeano onmumanvui cmpamezii NOWYKYy 3anucie 8 nociioosnux ¢haiinax, saxi 36epicaromoca y
308HIWHIN nam’smi 6aeamonpoyecopnoi EOM. 3a kpumepitl onmumanibHOCmi NPULHAINO MAMEMamuite CnooieanHs

3a2anbHO20 Yacy, He0OXIOH020 OJisL NOULYKY 3anucy y aiii.

KuarouoBi ciioBa: bacamonpoyecopni cucmemu, mamemamuune MOOEI0BANHS, NAPANETbHUL ROWYK, OA3U OAHUX.

BCTYN

CTBOpEHHS MapaleTbHUX OOYHCITIOBATHHIX CHC-
TEM € CTPATeriYHUM HAMPsSMKOM PO3BHTKY OOYHC-
JTIOBAJILHOT TeXHIKMU. lle BUKIMKAHO OOMEKEHICTIO
MAakKCUMAaJIIBHO MOXJIMBOI IIBHUIAKOMII 3BHUYAHUX
mocmigoBaux EOM, a Tako HasBHICTIO OOYHMCIIIO-
BabHUX 33ja4, JJIS PO3B’S3yBaHHS SIKUX MOKJIH-
BOCTI iCHYIOUMX 3acO0iB OOUYMCIIOBAILHOI TEXHIKH
HEJIOCTATHI.

[IpoGiemMa CcTBOpEHHS  BHUCOKOMPOTYKTHBHHX
O0YHCITIOBAJIbHAX CHCTEM HAJICKUTh JIO TEpeltiky
HaWCKJIATHIIINX HAYKOBO-TEXHIYHMX 3amad. OpraHi-
3allisg MapajielbHUX OOYMCICHb 3IHCHIOETHCS, B
OCHOBHOMY, 33 PaxyHOK YBEISHHsS HaTUIIKOBUX
(hyHKIIOHATHPHUX TPUCTPOIB  (AEKUTHKOX TIpOIIe-
copiB). SIKkmo 3AIACHUTH TOAUT aJTOPUTMIB, SIKI
3aCTOCOBYIOTBCS, Ha iH(OpMamiiHO-He3aIeKHI Jac-
THHU i OpraHizyBaTH BUKOHAaHHS KOXXHOI YaCTHHHU
00YHNCIICHh HAa PI3HUX MpOoIlecopax, TO MOXKHA TIPH-
CKOpUTH TMpolec O04YMCIeHb. Takuil  Mmiaxif
JO3BOJISIE BHKOHYBaTH HEOOXigHI OOYMCIEHHS 3
MEHIIMMHK 3aTpaTamu 4dacy. OpeprkaHHS MaKCH-
MaJIbHO-MOXKJIUBOTO  MPUCKOPEHHS  OOMEKY€EThCS
TINBKM ~ KUIBKICTIO  HAasgBHUX  MPOLECOpPIB 1
“He3aNeKHNX "~ YACTHH aJITOPUTMY.

3aBISKU BUCOKIM HAJIMHOCTI Ta MPOAYKTHUBHOCTI
Oaratorporiecoppi  EOM  mUpoOKO  BUKOPHUCTO-
BYIOTBCS JUTS TIIATPUMKY W OpraHizallii BeMUKux 0a3
maaux (bJ1). Ilpm po3B’s3yBaHHI PI3HOMAaHITHHUX

3a1a4 13 BHKOpUCTaHHSAM bBJ] OCHOBHMI akieHT
MIEPEHOCHUTHCS 3 TIPOIeaAyp 00poOku iHpopmarlii Ha
NpOLeypH OpraHizamii 30epeKeHHsST Ta TOIIYKY
iHpopmanii B HuMX. ToMy NpPOXYKTHBHICTbH
00YHCITIOBAILHUX CHCTEM, OPiEHTOBAHUX Ha pPOOOTY
3 BeymkuMHu b/, y 3HauHIA Mipi BH3HAYAETHCS
e(EeKTHBHICTIO METOJIB TapajielbHOrO TIOIYKY
iadopmarii B /1.

1. METOAU NAPAJIENBbHOIO NOLWYKY
TA IX EOEKTUBHICTb

Po3rnsnaroThCst HACTYIHI METOAU MAPaJICIbHOTO

noumyky — 3amuciB y  gaitmax  BJl s
Oararorponecopaux EOM [1-5]:
e METOJ  Mm-NapaieiabHOr0  MOCIIJOBHOTO
neperssiny;

e I[IepIIMH BapiaHT METOAY M-MApPAIEIBHOTO
OJI0YHOTO MOIIYKY;

e Ipyruéi BapiaHT METOJAY mM-MAPaJICIEHOTO
OJIOYHOTO TIOIITYKY.

[IpoBomuThCs aHaNi3 ehEKTHBHOCTI IUX METOIIB
JUIL  pI3HUX 3aKOHIB PO3MOAUTY HMOBipHOCTEMH
3BEpTaHHA JI0 3amuciB (piBHOMIpPHOTO, “OiHapHOTO”,
3inda # y3ararbHEHOr0, YAaCTKOBHM BHUIAIKOM
SKOTO € PO3MOJLI, IO HAOIMKEHO 3aJOBOJIbHAE
npasmwio “80-20” [6-9]). 3a kpuTepili ePeKTUBHOCTI
MPUIMAEThCSI MaTeMaTWYHE CIHOJIBaHHS KUTBKOCTI
MapaJieTbHUX TOPIBHAHD, HEOOXITHUX IS TOITYKY
3amucy y Qaiii.

24



B. Jlicoseyw, I'. L{ecenux / Komn tomune, 2009, mom 8, sunyck 2, 24-32

3ayBaKUMO, MO y BHIAJAKY OJHOIPOIECOPHUX
EOM edekTuBHICTD METOMAIB MOUIYKY Ui PI3HUX
3aKOHIB pO3MOALTY HMOBIpHOCTEH 3BEpTaHHS [0
3amuciB, a TakoXX TOPIBHSIHHS METOMIiB  3a
edexTuBHICTIO gociuimkeHo B [10]. Jeski 4acTKOBI
BHIIAJKU €()EKTHMBHOCTI METOJIB PO3IISIHYTO B [0,
71.

JocmimkeHHs e(heKTHBHOCTI METOJIIB
napaebHOro MOLTYKY MPOBENICHO IIE
PIBHOMIpHOTO pO3MOJiTy HMOBIpHOCTEH 3BEpTaHHS
0 3amuciB 1 TaKWX B3aKOHIB HEPIBHOMIPHOTO
pO3M0aiTy HIMOBIPHOCTEH, SIK:

e “OiHapHHA” pO3MOALT

1 _— 1
D, :?, i=LN-1, py :—2N71 ,
Jie pi — UMOBIPHICTE 3BEpTaHHS 10 i-ro 3amucy, N —
KUIBKICTh 3aluCiB y (aiii;
e 3akoH 3inda

1 . T
pi=——si=LN,
iH,
|
Ac HN = Z_’
o k
e  y3arajbHEHHI 3aKOH PO3MOILTY
1 =1, N
pi = TN oo 1= ) B
1(0) ()
I"H
ge ¢ (0<c¢<l) — Oyap-skuii mnapamerp 1
Y1
() _
Hy' = —.
i1 k
Posrnsremo METOJI m-TapaneabHOro

MOCHIIOBHOTO MEpPeryisimy.

[pumyctumo, 1o a0 cKiaay 6araTonpornecopHol
EOM Bxomare m TIPONECOpPiB, SKi MPaIIOIOTh
nmapaieilbHO Ta MAalOTh CIUJIbHE TMOJie Tam STi.
IIponymepyemo TPOIIECOPH HATYpaTbHUMHU
guciamu Bix 1 10 m. CyTh MeTOIy m-TIapajieIbHOTO
MOCTIIOBHOTO ~ MEperysiy TOiiara€e B TaKOMY.
Po3i6’emo Bci 3anucu ¢aiiny yMOBHO Ha OJIOKH TI0
3amuciB y koxkHoMy. Hexait N = n - m — KiIbKicTh
3anuciB y Qaiii, ne n — KiapKicTh 0yokiB. Tomi npu
BUKOPUCTAaHHI  m-TapajelbHOTO  IMOCHiIOBHOTO
Mmeperisiiy  mpolec  MOMmyKy — 3amucy — Oyne
CKIIaZaTHCs 3 HU3KW KpokiB. Ha meprmomy kporti i-
Wi Tporecop Meperyisifae 3HaYeHHs Kio4a i-To
3amucy. [Ipu 11bOMy MpoIiec Meperisiny Moxe OyTH
yCcmimHuM  abo HeycmimHuM. JIJIs  BU3HAYEHHS
“YCIIITHOCTI” BCi MPOIECOPU MOBHHHI OOMIHSATHUCS
iHpopMariero. Y pasi yCHimHoOro neperisagy mporec

MOIITYKY 3aBEPINYETHCA. Sxmio TeperJsiI
HEYCIIIIHWIA, TO Ha APYroMy KpoIl i-uil mpouecop
neperisiiae 3Ha4eHHs Kiova (m + §)-ro 3amucy i T.
n. Ha (k + 1)-my xpomi (y BHIMAAKY HEYCIITHOTO
meperisigy Ha k-My Kpoii) i-Wil  mporecop
neperssiae 3HaueHHs Kiaoua (km + i)-ro 3amucy. B
HACIIIIOK BUKOHAaHHA HE OuTbllle HIK 7 KPOKIB
MIyKaHUH 3ammc Oyae 3HAWAeHO, SKIIO BiH
Mmictuteest y Gaitmi. Sxmo p; — HMOBIpHICT
3BepTaHHs A0 i-ro 3amucy ¢aiina, To MaTeMaTHYHE
criomiBaHHSA FE KIUTBKOCTI IMapaielbHUX TOPIBHSIHB,
HEOOXIZIHUX UId TOWIYKYy 3amucy y  aiini,
BUPaXa€eTbCA HOPMYIIOI0

n m
E= ZZZPMW./ .
i=1 j=1

MaremaTu4yHe CHOMIBaHHS y BUIAAKy Pi3HHX
3aKOHIB PO3MOAITY WMOBIPHOCTEH 3BEpTaHHS JO
3aIMCiB Ma€ HACTYNHUH U [1, 2]:

e  pIBHOMIpHUIT O30T

e  “OiHapHMIA” PO3MOALT

E=—2 ;
2" -1
e 3axoH 3inga
pe (e N LY )
N m 2 m

ne C,=0.5In27;

e  y3araJbHEHHUI PO3MOJILI

1-c _ (¢)
1 H(C’+N 1 c, _a (n)

E=
(¢) N 1-c ?
Hy I-c(2-c¢ n
Ie
© en 1 5
a“(n=H,"———n"".
2—c
30kpema, SKIOI0 HWMOBIPHOCTI 3BEpPTaHHS IO

3aIUCiB 3aI0BUTBHSIOTH 3aK0H 3imnga, TO 3aJIeKHICTh
MaTeMaTHYHOTO CIO/IBaHHS KUTBKOCTI TMapaienbHIX
MOPIiBHSAHB, HEOOXITHUX IS TOIIYKY 3aIucy, Bif
PI3HOI KUTBKOCTI MPOIIecOpiB IMOKa3aHa Ha puc. 1.
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3akoH 3inga

MaremaTH4YHe CIOIIBaHHS
N
—
=)
2

1 2 4 5 10 20

Kinpxicts mp omrecopis

Puc. 1 - MatemaTnyHe cnoAiBaHHA KilbKOCTI
napaJjieJbHUX NOPiBHSIHb, HEOOXIAHUX /I MOLIYKY
3anmcy, y BUNaJgKy po3noaijay iiMmoBipHocTei
3BepTaHHA 10 3aNUCiB 32 3akoHOM 3indga, pizHoi
KinbKocti nponecopis i N = 10°

Ha migcraBi mopiBHSHHS ¢(PEKTUBHOCTI METOIY

mociioBHOTO  mepernsimy  (m=1) 1 Merony
m-TrapanerbHoOro MOCITiZIOBHOTO nepersiLy
JIOXOJMMO BHCHOBKY, [0 pO3MAapasieIIOBaHHS
METOAy  IOCTINOBHOTO  TeperjsiLy Beae o
MiABUIICHHS! €(QEeKTUBHOCTI MPHOIM3HO B 7 Pa3iB
JUIE  BCIX  PO3IJISIHYTHX  3aKOHIB  PO3MOJILTY
WMOBIpHOCTEH 3BEepTaHHS JO 3alHCIiB, KpiM
“OinapHoro”.

Y Bumaaky mnepmoro BapiaHTy meroay M-
napajejabHoro 0JJ0YHOIr0 MOIIYKY BBaXXaeEMO, IIO
3aMKCH BIOPSAIKOBAHOTO (haiina po30uTi Ha 1 OJIOKIB
0 Sm 3aIlUCIB y KOKHOMY 1 MOLIYK 3amucy y Qaiiii
3MIHCHIOEMO TakuM dYuHOM. CIIOYaTKy IIyKaeMo
ONOK, SKUM MICTHTh INYKaHWUH 3aluc, ULISIXOM
MeperisiLy m OCTaHHIX 3anmuciB OmokiB. [licist uporo
MIOITYK TPOAOBKYEMO Yy JIOKalli30BaHOMY OJori 3a
JOIIOMOTOI0 METOY M-IapaelIbHOrO MOCiI0BHOTO
neperisaay. MaTeMaTu4yHe CroniBaHHsA FE KiJIBKOCTI
MapajenbHuX TOPiBHAHb, HEOOXITHUX ISl TONIYKY
3amucy y (ailn, 3amMmeMo Yy BHIVBIAI CYMH
MaTeMaTHYHOTO CIIO/iBaHHS KUTBKOCTI MapaieIbHuX
MOPIBHSIHb, HEOOXIMHUX Ui JIOKai3amii OJIOKY,
SKMA MICTUTh IIYKaHUM 3ammc, i MaTeMaTH4YHe
CTHOMIBaHHS KUIBKOCTI MapajieibHUX IOPIBHSIHD,
HEOOXiAHUX AJIS MOLIYKY 3aluCy B JIOKalTi30BaHOMY
osoni. Tomi

E= Z(k + i)p(k-l)ms+(i—1)m+j .

MatemaTU4He CIIOAIBaHHSA KiIBKOCTI TIOPiBHSHB
JUTSI pO3TISTHYTHX 3aKOHIB PO3IOAUTY HMOBIpHOCTEH
3BEpTaHHs [0 3amuciB Oyae matu Takuid BUILA [3]:

e piBHOMipHHII po3MOALT

E:%@+D+%&+U;

e  “OiHapHHIT” pO3MOALT

E:2 -5 2 ;
2™ -1 2" -1
e 3akod 3imda
1 1
E=—/|2H, +n+(s—1) =Inn+C, |-
H, 2
1
—Eln(ns)—C1 s
me C,=05In2x;

e  y3araJbHEHHH PO3MOIiNI

1 2H(c)_N176 l—C

E:H](VC) Mo—e 2—cn_
(- S
e
s

a“ (n)y=H'" 5 n—",

a'(ns)=H " —%(ns)z_” .

Skmo WMOBIPHOCTI 3BepTaHHA [JO 3aIlUCIB
3aJIOBUTBHAIOTE PIBHOMIPHHN 3aKOH PO3MOALTY, TO
3aJIEKHICTE MaTEMAaTUYHOIO CHOMIBaHHA KUIBKOCTI
napajenbHUX NOPIBHAHB, HEOOXITHUX UIS MOLIYKY
3ammcy, BiJl pi3HOI KIIBKOCTI MPOIECOPiB MOKa3aHa
Ha puc. 2.

E PiBHOMIp HUIT p O3TIOALN

500

400
300 -
200 -

100 -

5 10 20 40 50 100
Kinbkicts mporiecopis
Puc. 2 - MaremaTn4yHe CoAiBaHHS KiJIbKOCTI
napaJieJibHUX NOPiBHAHb, HEOOXIAHUX /IS MOIIYKY
3amucy, y BUNaJKy piBHOMiIpHOIo 3aKOHY pPo3MoJiTy
HMoOBipHOCTeli 3BepTaHHS 10 3anuCiB i pi3HOI
Kkinbkocri nponecopis aust N = 10°
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ITopiBHIOIOUH €(PEKTHBHICTD METOAY OJIOYHOTO
nomyky [10] Ta MeTony m-mapaneabHOro 6JI0YHOTO
MOLIYKY, pOOMMO BUCHOBOK, II0 pO3MapaseiOBaHHs
MeTOAy OJIOUHOTO MONIYKY Ui BCiX PO3MIISHYTHX
3aKOHIB pO3MOALTY HMOBIPHOCTEH 3BEpTaHHS IO
3aMuciB, OKpIM “‘OiHapHOr0”, CYTTEBO MiABUIIYE
e(eKTUBHICTh. A y BUMAAKY “OiHapHOr0” 3aKOHY
po3MoAlTy WMOBIpHOCTEH 301IBIICHHS KUTBKOCTI
MIPOIIECOPIB HE MiABHILYE eheKTUBHOCTI POOOTH.

Y pa3i agpyroro BapiaHTy MeToxy M-
napaJjgejbHOro 0JJ0YHOr0 MOLLYKY IpUiiMaeMo, 110
3anucH (aiina po30uTi Ha nm OJIOKIB 1O Sm 3aIUCIB
y KOXHOMY, TOIi KiJbKIiCTh 3amuciB y Qaim Oyne
N= snm®. Tlomyk 3amucy y Gaiii 3aifcHIOETBCS
HacTynHUM 49uHOM. CITOYaTKy IIyKaeThes OJIOK,
SKHA MICTUTh HIYKAaHWW 3alKC, BUKOPUCTOBYIOUH
METOJ M-TMapajeIbHOr0 TMOCHTIOBHOIO MEPErisay
cepen OcCTaHHIX ejeMeHTiB OiokiB. Ilicms mporo
MOLIYK TIPOJOBXKYETHCS B JIOKATI30BaHOMY OJIOII
TaKOX 3a JONOMOTOI0 METONy m-Tapaie’IbHOro
MOCJTIOBHOTO neperysiy. Marematuyne
criofiBaHHs £ KiJTBKOCTI TMapajelbHUX IOPIBHSHD,
HEOOXiAHUMX JUIA TOINYKYy 3amucy y  aiini,
MPEJCTaBUMO Y BUINISAAI CYMH MAaTEMaTHYHOTO
CIIOMIBaHHSA KUIBKOCTI TapaJIeTbHUX IOPiBHSIHE,
HEOOXIMHUX I JIoKaji3alii OJOKy 3amuciB, 1
MaTeMaTHYHOTO CIOIBAHHS KITBKOCTI MapaienbHUX
MOPiBHAHB, HEOOXIMHWX IJIs TIONIYKy 3alucy B
JIOKaJTi30BaHOMY OJIOLIi:

m S

n m
k= Z z k Z Z p(k—l)mzs—(l—l)ms-#(i—l)m-#j

k=1 =1 i=l j=1

nm N m

+ z Z z P tyms+(ityms )

k=l i=l j=1

SBHMI BUpa3 MaTEeMaTUYHOTO CHOZIBaHHS Y
BHIIAJKy Pi3HHMX 3aKOHIB pO3MOJLTY HMOBipHOCTEH
3BEPTAHHS JI0 3aITKCiB Oyme MaTu BUTIIAL [4]:

e  PIBHOMIPHHI pO3ITOILT

1 1
E=—m+D)+—(s+1);
S D+ (s+1)

e “OiHapHMI” pO3MOALT

2\
2M5 —g 2" s

E=—; + ——
2ms_1 2m_1 2ms_1

5
e 3akoH 3inda

1 1
E:H— 2HN +n+551n(nm)—

N

1 1
—Elnn —Eln(nms)+ C(s-2)],

ne C,=0.5In27;
e y3araJbHCHHiT PO3IOIT
Nl—(?

2H](\,”)+—[1
l1-c¢

1
_H](V”)

—-C

E n+

—C

. sa' (nm) _a''(n) _a" (nms)

1-¢

(nm)" n (nms)"™

ac

1

2—c

a'(nms)=H™" — L(nms)“ .
2—c

a(c) (nm) — H}Ec—l) _ (nm)Z—c ,

S

30kpeMa, SKIOI0O HWMOBIPHOCTI 3BEpPTaHHSI IO
3alUCiB  3aJOBUTBHSIOTH  y3aralbHEHHH  3aKOH
po3moniny, TO  3aleXHICTh  MaTeMaTHYHOTO
CIOJIIBaHHS KUTBKOCTI TapalelbHUX IOPIBHSHB,
HEOOXIZIHUX JUIS TIOUIYKY 3ammcy, BiIl pi3HOi
KiJIBKOCTI MPOIEcOopiB OKa3aHa Ha puc. 3.

E Y3aranbHeHHH PO3ITO T

200,00

150,00 B 02

W c=04
W c=0,6
E c=0,8

100,00 -

50,00 -

0,00 -
5 10 20 40 50 100
KinekicTts mponecopis

Puc. 3 — MatemaTn4He cCOAiBaHHA KIIBKOCTI
napaJjieJJbHUX NOPiBHSAHb, HEOOXITHUX /ISl MOLIYKY
3aMHCYy, Y BUIAJAKY y3araJlbHEHOI0 3aKOHY PO3NOALILY
HMOBIpHOCTel 3BepTaHHS 10 3aNKCIB i pi3HOI
Kkinbkocti nponecopis aast N = 10°

Skmo TmopiBHATH  e(EeKTHBHICTH  IEPLIOrO
BapiaHTy m-TapajelbHOro OJOYHOTO MOUIYKy Ta
JIPYyroro  BapiaHTy m-TIapajebHOTO  OJIOYHOTO
MOUIYKY, TO MPUXOAMMO JO TaKOr'O BHCHOBKY: NpH
m =1 mepmmi Ta APYyTUH BapiaHTH METONy NalOTh
ONHAKOBY e€(EKTHBHICTh;, ajie 13 3pOCTAHHIM
KIJIBKOCTI  MpolecopiB  €)eKTHUBHICT  PYToro
BapiaHTy MeETOAY 3HAa4YHO 3POCTAa€ MOPIBHSIHO 3
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e(heKTHBHICTIO TTEPIIOTO BapiaHTYy.

B pesynbTaTi aHamizy METOJIB m-apajieibHOTO
MOCTIIOBHOTO MEperjsily, MepIoro Ta Ipyroro
BapiaHTIB  m-TapalielbHOTO  OJIOYHOTO  TIOUIYKY
3amuciB y Qainax b/l mpuxoaumMo 10 BUCHOBKY, IO
o0uIBa  BapiaHTH  METOLy  m-TIApaJIeNbHOTO
OJIOYHOTO TIOMIYKY € 3HAaYHO e()eKTUBHIIIMMHU BiJ
METOAY Mm-TIapajeabHOr0 IOCIIJOBHOIO NEPErysiny,

JUIE  BCIX  PO3IJSIHYTHX — 3aKOHIB  PO3MOILTY
WMOBIDHOCTI ~ 3BepTaHHS 1O  3allUCiB, KpiM
“OimaprHoro”. TakoxX Mg BCiX 3aKOHIB PO3IMOMLTY

HMOBipHOCTEH, KpiM “OiHapHOTr0”, Ipyruil BapiaHT
METOAY m-TApaNeNIbHOr0 OJIOYHOTO MOUIYKy €
edeKTUBHIMNA, HiX mnepmmid. Jns po3risHyTHX
METOIB TapaJIeILHOTO IONIyKy B TaOi. 1 HaBeneHi
3HAYeHHS MAaTeMaTHYHOTO CIOMIBaHHA KiTBKOCTI
MapajelbHuX TOPiBHAHb, HEOOXITHHUX ISl TOIIYKY
samucy y Gaitmi, skmiit Mictuts N = 10° 3amucis, y
BUMAJKy PO3IONUTY WMOBIPHOCTEW 3BEpPTaHHS [0
3amuciB 32 3akOHOM 3inda Ta pi3HOI KITBKOCTI
TIPOTIECOPIB.

Ta6aunsa 1. MaTteMaTHuHe coAiBaHHSA KiJIbKOCTI
napaJjieJbHUX NOPiBHSAHb, HEOOXIAHUX /I MOLIYKY
3anucy y pailii, 175 po3rJsiHyTHX MeTO/IiB
MApaJieJIbHOTO MOUIYKY Y BUNAAKY PO3MOILTY
HMOBIpHOCTel 3BePTaHHS /10 3alMCIiB 32 3AKOHOM
3inda Ta pisHoi kinbKocTI Mponecopis

[MapanensHi METOM MOLIYKY
S T— 1-i1 BapianT | 2-if BapiaHT
m Heperss 6J104HOTO 6s104HOTO
MOIITYKY MOIIYKY

1 69479,99 303,93 303,93

2 34740,25 211,09 152,58

4 17370,39 146,62 76,92

5 13896,42 130,39 61,80
10 6948,49 90,62 31,57
20 3474,54 63,04 16,48
40 1737,57 43,95 8,95
50 1390,18 39,16 7,46
100 695,41 27,43 4,48

2. ONTUMATIbHI CTPATETTI

BukopucToBytoun = MeTOx  m-TIApAJICNIBHOTO
NOCHIJOBHOTO  TEperjsily HamMu  [oOyJ0BaHO
ONTUMAJbHI  CTpaTerii MmapajeiabHOTO  MOUIYKY
iH(opMaIii y MoCIiJOBHUX YHOPSAKOBaHUX (haiiimax
0a3 nmaHux, o0 30epiraeTbesi y 30BHIIIHIN mam’sTi
EOM, 5o cknagy sIKOro BXOISTH m MPOLECOpIB, AKi
NPAIOIOTh TapalelbHO 1 MAroTh CIIUJIBHE TIOJIe
am’ATi.

[punyctumo, mwo ¢aitn, skuii Mictute N
3aIUCiB, MOAICHUI Ha 71 OJIOKIB, Y KOKHOMY 3 SIKUX
¢ ml 3anucis. Hexait ay = by + dyml — yac yuranus
0JIOKY 3aIMCIB B OCHOBHY IaM’sIThb, 1i¢ by, dy — AesKi

CTali; fy — 9ac BUKOHAHHS OTepartii m-mapaaeiabHOro
MOCHIIOBHOTO TEperysily 3aluciB B OCHOBHIMH
nam’siTi; p; — IMOBIPHICTb 3BEpTaHHSA 10 i-TO 3aIHCY
Gaiina, F;, — MaTeMaTHYHE CIOMIBAHHS 3arajlbHOTO
4yacy, HEOOXIJHOTO IS TOIIYKY 3amucy y Gaiii.
[pwuiiMaemo, 0 JJIs MOIMIYKY 3aMKCy BiI0yBa€ThCS
MOCTiIOBHE YHUTaHHS OJIOKIB 3alHCiB B OCHOBHY
maMm’saTh 1 IX m-TapajelbHUA  TOCIiJOBHHI
nepersa. Toxmi

n

E = ikao +[tk =D+, }x

k=1 i=1 j=l

X P ktyml+(i=tym+j *

Jns E, 3HaiiieHO SBHUM BHUpPAa3 Yy BUIAAKY
PO3TISHYTHUX 3aKOHIB pO3MOIiTy HWMOBIpHOCTEH
3BEpPTaHHS [JO 3alMCiB 1 BHM3HAYEHO 3HAYEHHS
napaMeTpiB 7 1 /, 32 AKUX MaTeMaTH4YHE CIOIBaHHS
Jocsirae MiHiMyMmy [5].

e PiBHOMIipHMIA po3noin

dON) [N j
+ + —+1 |,
n m

¢byHkuis E, nocsirae MiHIMyMy TIpA

E,:% (n+1)-(b0

n=(dyN/by)"'?.
e “binapHuii” posmonin
(b +d ml)+ 2 ty.

Jlist BU3HAYCHHS IMapameTpa /, 3a SIKoro (QyHKITis
E, nocsrae MiHIMyMy, OTPUMA€EMO PiBHSHHS

2" =1+ ml+b—0 In2.
0

e 3axoH 3inga

E, _ L (HN +n—%lnn—CIIbo

dONj
+ +
n

+ HN+E—llnE—Cl)tO ,
m 2 m

ne C,=0.5In27;
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Jns  HaOmKeHOro  OOYMCIICHHS  3HAYCHHS
napamerpa 7, 3a IKoro E, mocsirae MiHIMyMy, MaeMo
PiBHSIHHS

2n° —n= N

(2H, +1-Inn-2C)).

0

®  y3araJbHEHUU PO3MOJIINT

l—c/  _
PR R
H(c) N I-c \2-c¢
N
(c) d.N
AR WRY P +[H(C)+
nl—C 0 n N
Nl et dONim
+ —+ tO ,
l-c |2—-cm (N/m)l_c
1e
a(ny=H'" b n>.
! 2—c

ITapamerp n,
MiHIMyMY,
PIBHSHHS:

3a sxoro ¢yHKIiS FE, mocsrae
MOXEMO BH3HAYUTH 3 HACTYITHOTO

- +(2—c)- n+ 2_cﬁN a'(n)=

0

=(2- c)% Nn'"“HY +

0

T_cn nedoy (@@ +1) - (n)).
s y

30kpema, SIKIIO HMOBiIpHOCTI
3aMuCiB  3aJOBUIBHSIIOTh  y3arajJbHEHUH  3aKOH
po3noginy, N = 10%, bo/dy = 20, To 3HaueHH:
napametpa / 300paxkeHi B Ta01. 2.

Ha Bigminy Bim mapamerpa [/, ONTHMAaJIbHI
3HAYEHHS TMapamerpa #, 3a SKHX MaTeMaTHYHe
CHOJIBAaHHS 3arajbHOr0 Yacy, HEOOXITHOTO JJis
MOIIyKy 3amucy y aimi, mocsrae MiHIMyMmy, HE
3aJekarh BiJl KUTBKOCTI TPOLECOPIB, a 3alexaTh
JWIIe BiA 3MiHM 3aKOHY PO3MOJiNTy HMOBipHOCTEH
3BEpTaHHs /IO 3alUCIB JJIS BCIX 3aKOHIB PO3IMOALTY,
KpiM “OiHapHOTO”. 3okpema, 3aIIeXKHICTh
ONTUMAJBHOTO 3HAUCHHS IMapaMeTpa 7 BiJ 3MiHH
3aKOHY pO3MOMAITY WMOBIPHOCTEW 3BEpTaHHSA JI0
samacis s N = 10° i by/dy = 20 300pakeHO

3BEPTaHHA [0

BIZIITOBITHO HA pHC. 4.

Taduuus 2. OnTuMaibHi 3HaYeHHs mapamerpa | y
BUNAJKY y3arajbHeHOT0 3aKOHY PO3IO/IiIy
HiMoBipHOCTeili Ta pi3HOI KiJILKOCTI Mpouecopin

m c=0.2 c=0.4 ¢=0.6 ¢=0.8
1| 4201,68 | 3831,42 | 3278,69 | 242131
2 | 2100,84 1915,71 1639,34 1210,65
4 | 105042 957,85 819,67 605,33
5| 840,34 766,28 655,74 484,26
10 | 420,17 383,14 327,87 24213
20 | 210,08 191,57 163,93 121,07
40 105,04 95,79 81,97 60,53
50 84,03 76,63 65,57 48,43
100 42,02 38,31 32,79 24,21

OnTMManbHi 3Ha4YeHHs NnapameTpa n

800
700 -
600
500

n 400
300

200
100
0 -

= 002c04c06c080=

3akoH po3noginy

Puc. 4 — OnTumanbHi 3HaYeHHs mapaMeTpa n'y
Bunaaky N = 10°Ta bo/dy = 20 njs1 TAKHX 3aKOHIB
po3noaiy iMOBIpHOCTel 3BepTAHHS 10 3aNKCiB:

piBHOMipHOrO (¢c=0), y3aranbHeHoro ta 3inda (c=1)

3. BAICHOBKU

PosrisHyTO METO] m-napajeIbHOTO
MTOCITIIOBHOTO TIEPETJIAAY Ta JBa BapiaHTH METOIY
m-TapajenbHOT0 OJIOYHOTO TOIIyKy. JlocmimkeHo
e(PEeKTUBHICTh [UX METOJIB JUIsl TaKUX 3aKOHIB
p03noz[iny HMOBIpHOCTEH 3BEpTaHHS /IO 3alKCIB fK:
piBHOMIpHU#, “OiHapHuit”, 3inda i y3araibHeHUH,

YaCTKOBUM BWITAJIKOM SKOTO € PO3IMOALI, IO
HaOMMKEHO 3alloBOJIbHsIE mpaBmio “80-20”. 3a
KpuTepiii  epeKTHBHOCTI  B3ATO  MaTeMaTHJHE

CTHOAIBaHHS KUIBKOCTI TapajelbHUX IOpPIBHSHb,
HEOOXIMHUX I TIOIIyKy 3amucy y  aiii.
[IpoBeneHo mMOPIBHANBHUN aHANi3 €()EKTUBHOCTI
METOMIB 1 I KOXKHOTO PO3TJSIHYTOTO 3aKOHY
po3moily HMOBIpHOCTEH 3BEpPTaHHS JO 3aIlKCIB
BHU3HAYECHO CBill HAWKpAIIUNA METOJ.

[MoOynoBaHO oONTHMalbHI CTparerii MOUIyKYy
3aMUciB B MOCTIIOBHUX (aiiiax, sKi 30epiraloTecs y
30BHIIIHIN mam’ati GararompouecopHoi EOM, ams
PI3HHX 3aKOHIB PO3ITOAUTY HMOBIPHOCTEH 3BEpTaHHS
JI0 3amuciB. 3a KpuTepiii eQeKTHBHOCTI B3STO
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MaTeMaTH4YHe  CIOMAIBaHHS  3arajJbHOrO  4acy,
HEOOXIHOTO JyIs TOWIYyKy 3amucy y (aiimi.
Busnaueni 3HaueHHS mapaMmeTpiB, 3a  SKHX
MaTeMaTH4YHe CITO/IiBaHHS AOCSATAE MiHIMyMY.
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Abstract: In this article the m-parallel method of sequential field searching and two variants of m-parallel block field
searching method are offered. These methods are oriented to be used in multiprocessing system for information
searching in files of database. We research the effectiveness of these methods for different probability distribution law
of field access. The mathematical expectation of number of parallel comparisons necessary for field searching in files is
taken as a criterion of effectiveness. The effectiveness of the methods is compared and analyzed. The best of offered
methods is founded for every considered probability distribution. Optimal strategies of field searching in sequenced
files stored in external memory of multiprocessing system are made. In this case the mathematical expectation of total
time needed for field searching in files is taken as a criterion of effectiveness.

Keywords: multiprocessing system, mathematical modeling, parallel searching, database.

1. THE METHODS OF PARALLEL
SEARCHING AND THEIR
EFFECTIVENESS

The following methods of parallel field searching
in files of database for multiprocessing system are
considered [1-4]:

e method of

searching;

o the first variant of m-parallel block field

searching method,;

o the second variant of m-parallel block field

searching method.

We analyze the effectiveness of these methods
for different probability distribution law of field
access (discrete uniform, binomial, Zipf and
generalized the partial occasion of witch is the
probability distribution approximately satisfying the
rule “80 — 20” [5-7]). The mathematical expectation
of number of parallel comparisons necessary for
field searching in files is taken as a criterion of
effectiveness.

Let’s consider the
sequential field searching.

Suppose that multiprocessing system consists of
m processors working parallel and having common
memory. Let’s enumerate the processors by natural
numbers from 1 to m. The main point of the method
of m-parallel sequential field searching is the
following. Divide conventionally all fields of file

m-parallel  sequential field

method of m-parallel

into blocks and each of them includes m fields. Let
N = n - m is the number of fields in file, where # is
the number of blocks. When method of m-parallel
sequential field searching is used the field searching
will consist of the next steps. On the first step the
processor number i searches the value of the key of
field number i. In this case the process of searching
can be successful or failed. Each processor must
exchange data with other processors on every step.
In case of successful searching the field searching
process is finished. In case of failed searching the
processor number i searches the value of the key of
filed number (m + i) on the second step etc. If the
field searching is failed on the step number & then on
the step number (£ + 1) the processor number i
searches the value of the key of filed number
(km + 7). If the required field is located in the file
then it will be found after » steps. If p; is probability
of access to field number i then mathematical
expectation £ of number of parallel comparisons
necessary for field searching in files is calculated by
following formula

n m

E= ZZZ’P«-W :

=1 j=1

In case of using the first variant of m-parallel
block field searching method we suppose that the
fields of ordered file are divided into n blocks each
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of them includes sm fields. Then the filed searching
will be done in this way. First of all we search the
block including the needed field by looking the last
m fields of file. After that we continue the searching
in the located block by the method of m-parallel
sequential field searching. The mathematical
expectation £ of number of parallel comparisons
necessary for field searching in files lets write as the
sum of mathematical expectation of number of
parallel comparisons necessary for block location
which includes the needed field and mathematical
expectation of number of parallel comparisons
necessary for field searching in the located block.
Then

n N m

Z (k + i)p(k_l)ms+(i—1)ﬂ1+J )

k=l =1 j=1

E=

In case of using the second variant of m-parallel
block field searching method let suppose that the
fields of ordered file are divided into nm blocks and
each of them includes sm fields. Then the number of
fields of file will be N = snm® Then the field
searching will be done in the following way. First of
all we search the block including the needed field by
using the method of m-parallel sequential searching
among the last elements of blocks. After that we
continue the searching in the located block by the
method of m-parallel sequential searching. The
mathematical expectation £ of number of parallel
comparisons necessary for field searching in files
lets write as the sum of mathematical expectation of
number of parallel comparisons necessary for block
location which includes the needed field and
mathematical expectation of number of parallel
comparisons necessary for field searching in the
located block:

EZZk[zzp}

k=1 1=1 =1 j=1

N m

nm
+ Z z Z IP (k1) ms+ ity m+ J

k=1 i=l j=1

2. THE OPTIMAL STRATEGIES

Using the method of m-parallel sequential field
searching we create the optimal strategies of parallel
information searching in sequenced ordered files of
database that are stored in external memory of
multiprocessing system. Suppose that
multiprocessing system consists of m processors
working parallel and having common memory.

Suppose that file including N fields is divided
into n blocks and each of them includes m! fields.
Let ag = b + doml is the time of block field reading
in the RAM, where by, dy are some constants; g is
the one step time of the method of m-parallel
sequential field searching in the RAM; p; is the
probability of access to field number i, E; is the
mathematical expectation of total time needed for
field searching in file. Let suppose that first of all the
field blocks are read to RAM from external memory
and then m-parallel sequential searching method is
used. Then

n | m

2> tkay +[(k =11 + i }x

=1 =l j=1

E =
k

X p(k—l)ml+(i—l)m+j '

3. CONCLUSION

The m-parallel method of sequential field
searching and two variants of m-parallel block field
searching method are considered. We researched the
effectiveness of these methods for different
probability distribution law of field access (discrete
uniform, binomial, Zipf and generalized the partial
occasion of witch is the probability distribution
approximately satisfying the rule “80 — 20”). The
mathematical expectation of number of parallel
comparisons necessary for field searching in files
was taken as a criterion of effectiveness. The
effectiveness of the methods was compared and
analyzed. The best of offered methods was founded
for every considered probability distribution.

Optimal strategies of field searching in
sequenced files stored in external memory of
multiprocessing system were made for different
probability distribution law of field access. In this
case the mathematical expectation of total time
needed for field searching in files was taken as a
criterion of effectiveness. The values of parameters
when mathematical expectation reaches the
minimum are founded.
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TRIANGULAR DISCRETISATION FOR ANALYSIS
OF MICROSTRIP MITRED BEND, BY AN ITERATIVE METHOD
USING THE FAST MODAL TRANSFORM

Y. Lamhene Y, M. Tellache ¥, B. Haraoubia ¥, H. Baudrand ?
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Abstract: In this paper, a study based on iterative method is presented. This method consists in generating a recursive
relationship between a wave source and reflected waves from the discontinuity plane which is divided into cells. A high
computational speed has been achieved by using Fast Modal Transform (FMT). This work is followed by an application
of triangular discretization which offers several advantages over rectangular discretization. The right bend can be
simulated by both rectangular and triangular cells, while the mitred bend can be exactly conformed only by the
triangular mesh. Deficiencies in the rectangular approximation are identified. The computed results have been
successfully compared with published data.

Keywords: Planar microwave circuit, mitred bend, triangular discretization, Fast Modal Transform.

1. INTRODUCTION It also has alternative behaviour between space
and spectral domain. This technique is combined

Me‘f[hocll)s based (sn andln‘Fegral foi'mulllat;on t[li] with the Fast Modal Transform (FMT) deduced from
seem 1o e aceurate and Tigorous foo’s 1ot e o classic  FFT (Fast Fourier Transform).

treatment of different planar structures (Tee, Gap, Consequently a high computational speed can be

Bend, Step...) achieved.
Among these methods we can distinguish

methods lying in an iterative process which resolve
an eigenvalue problem, and other which, by the Metal Source

introdpctiop of an excitation source, reduqe the v cell Region 1(air)
equations into an inhomogeneous system via the i

application of the method of moments. Moreover, X |

the integral methods [2]-[3] become efficient if basis o

functions have been correctly chosen. v B,®

We have developed an iterative method based on I 1 Al(k)i

the wave concept [4-]-[5]-[6], where choice of bases hy
functions does not arise any more.

This principle gives originality in this method. It
requires, only with the precondition, a simple hy ‘Az(k) €ra
convergence test of the computed impedance viewed
by the source. < >4 b

As shown in figure 1, the planar structure, placed Region 2
in a metallic box (spectral domain) is divided into Dielectric| (substrat)
cells (spatial domain) and includes three
subdomains: Source, Metal and Dielectric. This Fig. 1 — Approximate mitred bend
concept consists in successive reflections between (rectangular cells)
the circuit plane and its two sides (upper and low
metallic box).

33



Y. Lamhene, M. Tellache, B. Haraoubia, H. Baudrand / Computing, 2009, Vol. 8, Issue 2, 33-40

This method is applied to simulate microstrip
corner and mitred bend using rectangular and
triangular discretization.

The triangles conform exactly to any angled
shapes in the discontinuity, and curved forms are
reproduced in a line-segment rather than stair-case
approximation using rectangular cells. In this
simulation, by computing the S parameters, we show
deficiencies in rectangular approximation for the
mitred bend, so efficient solution requires efficient
computation.

2. THEORETICAL DEVELOPMENTS
2.1 PRINCIPLE

The implementation of the iterative process
consists of establishing a recursive for the
relationship between the waves in the two regions 1
and 2, using the reflection in spectral domain
(equation 1) and the diffraction (with boundary
conditions required on ) in the spatial domain
(equation 2).

The governing equations employed are:

(k) ﬁA (k=1) (1)

int

k : is the iteration number
Bi : is the reflected wave on region lor 2.

E : is a reflection operator in the spectral domain.
Ai : is the incidental wave on region 1 or 2.

€ . is a diffraction operator on the discontinuity

nt *

plane Q in the space domain.

Ago) _ Eo

E, : is the electric field produced by the source.

: is the source wave (initial wave).

Z ; + 1s the intrinsic impedance of region 1 or 2.

In the equation (2), Bi becomes incidental wave
and Ai the reflected one.

The iterative process is given in figure 2, for one
iteration.

It uses the FMT (Fast Modal Transform) deduced
from the FFT (Fast Fourier Transform) which makes
it possible to accelerate the digital processing on the
whole of the pixels of the planar considered circuit.

/////////////////

A (m n B (m n)
Region 1 Inverse
FMT FMT
Al(Xay) Bl(xsy)
| e .
Source, Circuit plane Spatl:}l
I domain
I [TITTTITITITI]
A2(X»Y) B2(X9y)
Region 2
FMT Inverse
FMT
A,(m,n) B,(m,n)

Spectral domain

Fig. 2 — Fast Modal Transform for one
iteration

2.2. REFLECTION IN THE SPECTRAL
DOMAIN

The reflection operator is expressed as:

1-Z4¥
16_1+zoi‘€ @

¥ is the operator admittance

It uses the bases functions ‘fn(fn> of the box

modes as follows:
¥ = &Y e (1% 4
mz,n‘ mn> mn<mn 4)

a is the TE or TM mode.

€ can be expressed in another manner according
to the formalism of the mathematical operators [7]:

ﬁ Z ‘ fmn >an < me ‘

™
f >F <f ‘ 5
mz,n‘ mn Tmn { fmn )

2.3. REFLECTION AND DIFFRACTION IN
THE SPACE DOMAIN

The wave concept is introduced by writing the
electric field Ei and the current density Ji in terms of
waves.

It leads to the following set of equations [5]
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Ei:'\/zoi[‘&i"'ﬁi] (6)

- 1 - -
Jo= A -B. 7
. m[. ] )
Where: z, = |20 (8)
€0&ri

1s defined in the

space domain. It gives the boundary conditions and
the relations of continuity of the tangential fields on
the interface Q

The planar circuit is divided to three subdomains
(metal, dielectric and source)

The diffraction operator §

int

2.3.1 METALLIC SUBDOMAIN

The boundary condition on the metal can be
written as:

Considering calculation by wave concept, we

have:
Z01(A1 +]§1): @(Az +]§2)= 0

R, - -8B,
= - - (10)
A, =-B,

1

)

(TR es}!
Il
Sl ilesl!

» =0
=J,=1Jy

1

These two relations can be introduced in the
following matrix form as:

HERIR R
A, 0 -H B,

Where H,, is the indicating function of the metal
region which is defined as:

1 on the metal
H,= (12)
0 elsewhere
-H 0
= S| M, (13)
m

The waves are completely reflected by metal.
Thus: §intmetal =-1

2.3.2 DIELECTRIC SUBDOMAIN

The boundary and the continuity conditions on
the dielectric are:

- 14

Considering the waves, we have:
1-N? 2N
H

- . —H; -
[Al}: 14N® 1N [B1:| (15)
A, N N | B,
1+N? 1+N°
. Zy,
Where N is: N= 7 (16)
02
Hi is the indicating function of the dielectric such
as:
1 on the dielectric
Hi= (17)
0 elsewhere
We deduce the diffraction operator §im in this
subdomain:
1-N* 2N
1+N° i 1+N? i
+
intd ~ 2 (1 8)
2N 1-N
o= H;
14N’ 1+N°

2.3.3 SOURCE DOMAIN

In the iterative method, we use a cell source for
exciting a planar circuit. In the figure 3, we show a
cell source obtained by a classic source of tension.

Guide wave of excitation

v

E

\% b‘//

Zg

a.
y Cell source

Fig. 3 — Planar source

The source emits energy through surface:
Ss = ashs
This energy is guided in a waveguide and the
source takes its energy of an external source of
power with potential V and internal impedance Zg

The equivalent diagram of such a source
(excitation from the region 1) is given in figure 4.
I+l —<—

Zy
E; E,=0

Eo

Fig. 4 — Source equivalent diagram
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The boundary condition can be written as:

Thus, the reflected waves in the two regions can
be obtained:

Al 1 M > B 1|
= VZoZy | |+ JZ., | 20
A | m+l B,| n+l
0 _( n, +1) 0
. ZO
With: n =— (21)
ZOI
Zo: is the characteristic impedance.
Finally:
Sus = 7 VZuZo, (22)
1 0 - (nl + 1)

In conclusion, the computation of the waves
reflected by the discontinuity plane Q of the
structure for the three subdomains is given by the
equation:

A B Ay H
[ 1}:[frint.m +§int.d ij'eint.s]|: I}P )
A2 B, Ay, HS

Hs. is the indicating function of the source
domain:

(23)

on the sources

1
s= 24
{O elsewhere %)

3. CONTRIBUTION OF FAST FOURIER
TRANSFORM

The Fast Modal Transform procedure (figure 2)
is based on the Fast Fourier Transform.

It takes into account the modes of the case
(spectral domain). This transform gives the
possibility to pass quickly from the (x,y) space
domain to (m,n) modal or spectral domain and vice
versa (opposite FMT) [6]:

®(x,y) - d(m,n)

z ZaTE f;'r_:] X y +
Z zaTM fTM

(25)

(26)

TE
mn

modes.

a_ and a are the amplitudes of TE and TM

amn = (F (x,y)|Tx ) 27)

ame =(f (o y)|xy)) @9
4. PASSAGE FROM RECTANGULAR TO
TRIANGULAR CELLS

The software of triangular cells is deduced from
the program of the rectangular cells (used for the
right bend and the approximated bend).

Fig. 5 — Right bend

It is necessary to use this modified software for
the planar circuits having geometrical forms adapted
to these cells.

Indeed, each rectangular cell gives us two
triangular cells having the same surface, but
different position of the centre of gravity. They are
also two types of triangular cells differentiated by
their slope which is positive or negative.

For the discretization of a zone of the circuit, the
program requires to choose between the cell with
positive or negative slope and surface in a number of
cells in the two grids (positive grid or negative).

Thus, for any grid, the cells of the plane circuit
are codified:

0 : for “dielectric” cells
1 : for “metal” cells
2 : for “source” cells

An example for a grid of 16x12 triangular cells
(with positive slope) is given in figure 6.
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e

A

Z

Source

Metal

Dielectric

Fig. 6 — Triangular cells with

positive slope

The corresponding coded grid is:

Lo I
=

1]
0
1]
1]
0

o R |} R S 8 [ e s e
o R | R S O O (e e e
o N Rl el B e I o e I o Y
o N Rl el B e I o e I o Y
[ Rl el o I o o I o e Y
o R Bl B e e e e

1]
n
1]
1]
n
1]
I
1
1
1
1]
n

oo
=
=
oo

oo
:]n:u:u

T -TT-T
b3 BJ BD

oo oo O
o I o e o o

Fig. 7 — Coded grid of 16x12 triangular cells

The
applied, to the
(rectangular cells).

rectangular

discretization
approximated mitred bends

Fig. 8 — Staircase approximation
mitred bend (rectangular cells)

We obtain representation with positive grid of the

true mitred bend indicated by figure 9.

software

Fig. 9 — Mitred bend (triangular cells)

5. RESULTS

The dimensions of the studied bend are :

W = 0.75mm ( thickness of the ribbon ).

The surface of Q plan is: S=8mm x 8mm (a=b).

The permittivity of the substrate is : er = 10.

The total number of cells of the plane circuit is
32x32 rectangular cells, then evidently, 64x64
triangular cells.

The treatment starts with the convergence test of
the input admittance viewed by the source exciting
the studied bend.

This is shown in figure 10. We see that, it is
enough, approximately 300 iterations, to ensure the
convergence of the iterative method for modelling
the planar bend. The real part of admittance which is
null, correctly show the fact that the two extremities
of the bend are in contact with the metallic box
(thr‘r-(‘irr_)uit) [10]

Y(Q1) -
l‘l
0.1
d
! 1--| Imag(Y)
! 1 | Real (Y)
0.05 L

O N

-0.05

300

200 400 500

Iteration number

0 100

Fig. 10 — Admittance viewed by the source
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With a frequency, =14 GHz, and for 300
iterations we have determined the current density Ji
of the mitred bend, which is represented in figure 11
for a plan of surface: 32x32 rectangular cells, or
64x64 triangular cells.

Current o
density
Ji (A/m) <

0.02

S
| 0 h i

0047

001"

000547

mw

Fig. 11 — Current density Ji of the mitred bend

Finally, we have calculated the S parameters,
particularly the reflection parameter S;; for the three
cases of planar bend: right bend (without mitre),
staircase approximation mitred bend (rectangular
cells), true mitred bend (triangular cells).

Figure 12 shows a comparison of the results
between FMT iterative method and the method of
moments.

0A
A |terative FMT
5| 2 Reference [11]
A A A
A-lO—
S : A
A
N—r
— & LA
% A A A A A
= A
-20
5 T T T T T T T T T
6 8 10 12 14

Frequency (GHz)

Fig. 12 — S; Parameters of the right bend

We notice a considerable variation for
frequencies higher than 8 GHz (dependent on
dimensions of the planar bend).

Indeed, the right bend is very dispersive for the
high frequencies, from where it’s necessary to use
mitred bend. In addition, towards 12 GHz we have a
resonance frequency which requires a consequent
increase in the iteration number to ensure a good
convergence of the method.

This same parameter is calculated for the
Approximated mitred bend and the results are given
in figure 13. In this case, the effect of discontinuity
of the bend is reduced by the approximated mitred
bend and the results are improved.

0
A |terative FMT
5 A Reference[l1l]
-10
Con)
m
g A n A
Td s A A
) A A 4 A i
A A A
A
o A
-5 T T T T T T T T T
6 8 10 12 1

Frequency (GHz)

Fig. 13 — S;; Parameters of the
Approximated mitred bend

Lastly, the software using the triangular cells is
carried out, and gives this parameter for the true
mitred bend, shown in figurel4. The real mitred
bend, obtained by the triangular cells, gives the best
results, even for the resonance frequency where the
iteration number is maintained to 300.

01

A Jterative FMT
s] & Reference [11]
10
)
)
= A A
m:i»:lE- A A 2
2D A
A A A
A A
A
21 A
A
5 T T T T T
6 8 10 12 14

Frequency (GHz)

Fig. 14 — S; Parameters of the mitred bend
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We finish by doing a comparison, between the
three cases of this planar bend. The figure 15 show
the best transmission of the signal in the case of true
mitred bend, where the reflection parameter is
weaker, particularly in the [6 GHz ;8 GHz).

In this band, with regard to the rectangular
discretization, the triangular one gives an average
attenuation of 10.3 percent for the reflection on this
mitred bend.

12+ .
0
134 A
144 X
R
15 o
a 5 A
B 6 5 o] g 8 A
!):-17 " A
5 N 1 Right bend
o Approximate
o, mitred bend
A Mitred bend
-2 T T T T T T T T
6 8 10 12 14

Frequency (GHz)

Fig. 15 — Comparison of S;; parameter
between the three cases of bend.

6. CONCLUSION

We described in this article, a recent method
integral, namely the iterative method using a Fast
Modal Transform which contributes to the numerical
processing power. This new concept is exempted of
the delicate choice of bases functions which exist in
the other integral methods.

Our results were validated by comparison with
work of R. KIPP and C H. CHAN [11]. They have
used the method of moments [1]. We have showed
that a judicious choice of the shape of the cells,
permits to treat planar structure, such a complex is it,
with very good results.
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r’MePUAHbIE UH®OPMALIMOHHBIE MOAENN B CUCTEMAX
OBPABOTKU U3OBPAXEHUA

C. AHTowyk, O. BabunyHra
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Pe3ome: 6 OanHOll cmambe nPOaHATU3UPOBAHBL UHDOPMAYUOHHBLE NPOYECCHI, NPOUCXO0AUUE 8 CUCIEMAX 06pabomKu
suzyanvrol ungopmayuu. Ipeocmasnen nooxo0 Kk NOCMPOEHUI0 2UOPUOHBIX UHMDOPMAYUOHHBIX MOOeell 8 CUCIEMAaX
obpabomku u306padicenull, KOMopvill NO360IUL €030a6amb 0onee gdexmusHbie Memoovl U UHPOPMAYUOHHbIE
MexHoI02UY 06pAbOMKU, AHANU3A U PACNOZHABAHUSL U30OPANCEHUIL.

KioueBble caoBa: ungopmayuonnvie mexHonio2uu, GU3YaIbHAA UHGOpMayusa, ob6pabomka U pacnosHaganue

u300pasicenutl, 2uOPUOHbIe MOOEU, KOHIMYPHBIL AHATUS.

BBEOEHUE

B coBpemeHHBIX  MH(POPMAIMOHHO-YIIPABIIS-
omux cuctemax (MYC) Bce wame NpUMEHSIOT
CHUCTEMBI 00pabOTKHM BH3yalbHON WH(MOPMAINH
(COBH), mpenHa3Ha4Y€HHBIE IS PEIICHHUS CaMBIX
pPa3HOOOpa3HBIX 3ajJa4: W3MEpPEeHHE W KOHTPOIb
JUHEHHBIX ¥ YTJIOBBIX Pa3MEpOB HEMOJABMKHBIX U
JIBIDKYIIHXCS OOBEKTOB, CUY€T OOBEKTOB U YUET
MPOJIYKIUH, KOHTPOJAb  (POPMBI  U3NEHHHA U
orpejieieHue OTKJIOHEHHH OT 3TANOHHBIX (OpM U
ap. [1, 2]. OcobenHo 3 (HEKTUBHO HCIOJIB30BAHUE
COBHU B Tex ciydasx, KOrja HEMOCPEACTBEHHOC
B3aNMOJICHCTBHE c 00BEKTOM KOHTPOJIS
HEBO3MOXHO. OCHOBHOE Ha3Hau€HHWE TAaKUX CHCTEM
— oroOpaxeHue, 00paboTka ¥  YCTpaHEHHE
M30BITOYHOCTH BU3yaITbHON nHpOpPMaLIH,
MIpEJCTaBICHHE €€ B TaKOM BHIE U KOIHNYECTBE,
KOTOpPO€ IIO3BOJISIET  BBIJCIHUTH  CYIIECTBECHHBIC
XapaKTePUCTHKH CUCTEM, OOBEKTOB, IIPOIIECCOB,
OIICHUTh HUX COCTOSHHE, BBIPAOOTaTh B Ciy4Yae
HEOOXOIMMOCTH CHTHAJIBI YIIPABICHUS IIPOIIECCOM,
obovekroM [3, 4] Busyanbnas wuHdopmanus (BU)
o0OpabaThIBaeTCs MPAKTHYECKH BO BCEX JHANa30HAX
JNEKTPOMAarHUTHBIX W aKyCTHYeCKHX  BOIH:
ONTHYECKOM, pPaauo-, PEHTTEHOBCKOM, YIbTpa-
3BYKOBOM W 1p. B Hacrtosmee Bpemst o0nacThb
npumenenuss COBUW  orpanmyeHa wm3-3a HX
HEIOCTaTOuHOW HS(P(HEKTUBHOCTH W  yHHBEpCAllb-
HOCTH, MOATOMY IMOBBIIICHUE Ka4yeCcTBa 00padOTKU
BH3YyaJIbHOU WH(pOpMAIINH, MPEICTABICHHONW B BUJIE
M300pKCHUM, SABISCTCS BaXKHOW HAydYHOW U

MpaKTUIECKO# mpobiemoii. Ee pemeHne BO3MOKHO
npu 3¢dexkruBHoM wmoxpenupoBannn COBU  wu
MPOUCXOAIIUX B HUX IpoLeccoB [3].

1. AHAJI3 NHOOPMALIMOHHbIX
NMPOLIECCOB B CUCTEMAX
OBPABOTKU NU3OBPAXEHUN

[Mockompky COBUM oOTHOCATCSA K  CIIOXKHBIM

CHUCTEMaM, paboTaromum B YCIIOBUSIX
HEONpEAETICHHOCTH  HMCXOAHOM  uH(popMauuw,
OCHOBHOM byHKIHEH KOTOPBIX SBIISCTCS
U3BIICUYCHHE CYIIECTBEHHOU nHpopmanu,

onpexaensitoniei s¢pdexktuBHocTh padotet UYC B
[EJIOM, TO JUIS WX MOJETHPOBAHHS IEIecO00pa3Ho
KCIIOJB30BaTh CUCTEMHBIN noaxo. Mepapxus neneit
npumenenuss COBUM  oTpaxena B cucTeMHOH
monemu (puc.l). Ilonyuennas B B UYC moxer
OBITH TIpEeTHA3HAYEHA ISl HAOMIOJCHHS 32 00HEKTOM
(cbop, mpeoOpazoBanme U TepBUYHas 00pabOTKa
JAHHBIX, BH3yaln3alus), OOHapyXeHUs oOBeKTa
W W3MepeHus WHQopManud O HeM (KOHTPOJIb,
00Hapy’KCHHE OTKIIOHCHHM ) W ONIO3HABAHUS 00BEKTa
WIA €ro XapaKTepUCTUK (AMAarHOCTHKA, OICHKA
napaMeTpoB  OOBbEKTa  yIpaBICHHS W  Kjac-
cu(UKaAITMOHHOE 3aKiIfoueHue) [5].
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Henu
(hyHKIMOHMPOBaHUS
nyc
VYnpasnenue MoHuTOpHUHT

HGHI/I MPUMCHCHUA

| COBU 8 UYC i
i Omno3HaBanue |
ﬂ i O6HapyxKeHHe ! ﬂ
| HaGmonenue i
JnarHocTtrka : KonTpoas

Puc. 1 — Cucremnas moaens npumenennss COBU B

nyc
CymectByrormie  COBU  BKITIOUAIOT CHUCTEMBI
(dhopmupoBaHus M300pakeHU u
aBTOMATHU3UPOBAHHBIC CHCTEMBI 00paboTKH

mobpakennii (COUN). Cucrempl ¢GopMUpPOBAHHS
U300paKeHUH  OCYIIECTBISIOT ~ BOCIPHSITHE  H
¢uxcanuio BU Ha HOcuTene mHpopmanmu. Bridop

KOHKPETHOTO  THINa CYMTBIBAHMA  BHU3YyaJIbHOU
uHbOpMAIlMM  TPOU3BOAMTCA HA  OCHOBAaHUU
W3BECTHBIX (TouHO WIH NPUOTMKEHHO)

XapaKTEPUCTUK HCCIEIYEeMbIX OOBEKTOB C yUETOM
HEOOXOAMMBIX 3KCIUTYaTaITMOHHBIX TPEOOBAHMA.
[ockoneky poar COU, B COOTBETCTBHU C
MIPUBEICHHOW CHCTEMHOW MOJIENBI0, MOXET OBITh
pa3HOW, TO TpH UX CO3JaHUH IeJIecoo0pa3sHo
YUATBIBaTh MOJENH 00pabOTKM  HM300paXKeHHi,
MOJIENT! BXOAHBIX M BBIXOAHBIX JaHHBIX Ha pa3sHBIX
YPOBHSIX 00paboTKH. Takoi MOaX0d COOTBETCTBYET
UH(POPMAIIMOHHOW TEOpUH, B paMKax KOTOPOH
paccMaTpuBarOTCsS TPH TECHO CBS3aHHBIE MEXKIY

co0oif mpoOieMbl — BXOJHOE TMPEICTaBJICHUE,
obpabotka  (mpeoOpa3zoBaHWE) W  BBEIXOJHOE
MpeJICTaBICHUE M300pakeHui [4]. Onu

YUUTBIBAJIUCH MIPU pa3pabOTKe MOAECIEH.

AHanu3 OCHOBHBIX MH(OPMALMOHHBIX MOIXOI0B
K MOJEIMPOBAHUIO TIPOIIECCOB TMPEACTABICHUS U
o6paboTtkn B B COU ¢ yueToM cUCTEMHON MOAEIH
MO3BOJISIET BBIACIUTH YETHIPE YPOBHSA TIIyOHHBEI
obpabotkn BU (tabm. 1). B Ttabnumie BBeneHBI
craepyromque obosHauenus: B(x, ) SIPKOCTHOE

BI/I, ]'(x’y) -

npencrasinenue B B Buze H306pa)KeHI/I$I;q){'} -

MpeICTaBIICHIE SIPKOCTHOE

oneparop 06pabotku; /,(x,y) — CerMeHTHpOBaHHAs

0071acTh U300paKEHNS; KPj(x, ¥y) — KOHTYp 0obnactu

n3obpakenus; K ji — BEKTOP KOHTYPHOI'O ONUCAHUsA
obmactu nzobpaxennst; T, — BEKTOp XapaKTepHbIX
¢ - 9 -

K.]'IaCCI/I(bI/IKa]_[I/IOHHOC (COBOKyHHOCTL
BBIZICJICHHBIX KJ'IaCCOB).

TOYEK; BEKTOp  MPU3HAKOB;

pereHue

Tab6auna 1. YpoBHM riry0MHBI 00pa00TKH BU3YaJbLHOI

uHpopManuu
YpoBeHb Xapaxkrep Mopnens
0b6paboTku aHaiM3a UH()OPMAITMOHHOTO
BU M300paKeHUS nporiecca [4]
B(x,y)—>
1 [pensapurensHas CD({ ]'gjx) 1)} —
o0paboTka ’
P 1(x,y)
OO6muit u
) JeTallbHbIH I(x,y) > 1,(x,y)
aHau3 — KP,(x,y)
(cermenrarys)
Boinenenue u
3 aHalu3 KP/’ (x’y) = Kji
MNPU3HAKOB T —=C.
(nneHTHOUKAIN) / /
4 Knaccudukanys C i 0,

[Tpu pazpaboTke MHPOPMAIIMOHHBIX TEXHOJIOTHIHA
UL KaXIOro  ypOBHS  CTaIKHMBAIOTCS €
HEO0OXOIMMOCTEIO COOITIOICHUS Psifa TPSOOBaHMIA:

- obecrieyeHme WHBAapUAHTHOCTH K
MPOEKTUBHEIM  TpeoOpa3oBaHusM  (MaciTaly,
MTOBOPOTY, CIABUTY);

— obecrnieyeHne YCTOHYMBOCTM K IIyMaMm M
UCKaXEHUSIMH (DOPMBI;

— coOJIIO/IeHNE JKECTKUX BPEMEHHBIX PaMOK, T.C.
MPOBECHNE TMPOLIEcca PAacMO3HABAHMS B PEalbHOM
Macutabe BpeMeHH;

— oOecniedyeHne yHH(HUKAIHUU HCIIOJIB3YEMBIX

METOJI0B.

VYuer 3TuX TpeOOBaHWUM W  TOBBIMICHHUE
noctoBepHocTH  noiydaeMoilt COUM  3Haunmon
nHQOpMaITM  BO3MOXEH Ha 0a3e  eauHOTO
WHPOPMAIIMOHHOTO TMOJAX0Ja W Yy4eTa MoJelei
npencraBieHuss W obpaborkm BUM  Ha  Beex
yVKa3aHHbIX  ypoBHsX. IlpoBeneHHblii  aHamu3
roKasai, 4TO CYILECTBYIOIIHE OCHOBHBIE

WH(POPMAIIMOHHBIC TIOJXOABl K MOJCIUPOBAHUIO
MPOIIECCOB MpPEJCTaBICHUsT W 00pabdoTku BU —
CTPYKTYPHBIA (CUTHAJIBHBIN), CTaTUCTUYCCKAU |
CEMaHTHYECKUIl — HE YJOBIETBOPSIOT TPeOOBAHUAM
npakTuku. [1o3ToMy CyIecTByeT HEOOXOIUMOCTh
pa3paboTku THOPUIHBIX Mojeneit 0opadotkun BU Ha
BCEX VYPOBHAX, KOTOpHIE OOBEAWHSIOT pa3HEIE
UH(POPMAIIMOHHBIE  TMONXOJBl W TO3BOJSIOT
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co3gaBaTh Ooiee  d(PQPEKTHBHBIE METONBI W
uH(pOpPMAIOHHBIE TEXHOJIOTHN 00paboTKH, aHATIN3a
U pacro3HaBaHus N300pakeHUi [6].

2. CUTHAJIbHO-CTATUCTUYECKAA
MO[AEJIb USOBPAXEHUN OB BEKTOB

PACNO3HABAHUA
Ha orame mnpeaBapuTeNbHOrO aHaW3a Ha
OCHOBaHMM 0a3pl JAaHHBIX © 0a3pl 3HAHMWMH,
BKJIIOYAMOIINX  alpUOpHYI0  WHGOpMamui 00
00BEKTE pacro3HaBaHus, (QOPMHPYOTCS MOJACTH
H300paKEHUH  OOBEKTOB  paclO3HABAaHUS U

CTaTUCTHYCCKasA MOJCJIb TIOMEXOBOM CUTyaluu.
WzoOpaxenue, conmepkamiee o0O0beKT(bI) Ha
OJTHOPOJTHOM (pOHE OOBIYHO MOJEIUPYIOT CEYCHUEM.
JI1st  TIOJTyTOHOBOTO  (MJTM  CHJTy3THOTO) CEUCHHS
H300pakeHuss 00BEKTa MpPU MOJCTUPOBAHMM 0e€3
OTpaHWYCHHS OOIMHOCTA YacTo  IPHUMEHSETCS
OTHOMEpHasi MOJeNb (DYHKIIMH WHTEHCHBHOCTH Ha
y4acTKe JBYCTOpoHHero mepemana [3]. Momens
(cryneHuatyro (YHKIUIO) CTPOKH U300paKeHUs

00bekTa [, TOTY4alOT IIyTeM AUCKPETU3ALMU U

KBaHTOBAHU HETIPEPHIBHON MOIEITH.

Ecmm rmoJyararthb, qTo
FEOMETPUIECKUE pasMepsbl 00pabaTeiBaeMoro
(parmMeHTa ~ HE  TPEBBIIAIOT  MHUHUMAIBHBIX
pa3MepoB  CTYIIEHH, TO OIPEIOCIHTh MOACIb
dbparmenta CTpPOKHU M300paKeHUA MOKHO
CJICYIOIIUM 00pa3oM:

BHYTpPEHHHE

I, =a,+aS,, (1)

rae a, — ypoBeHb (oHa, S, — OMHApHBIl CHIHAI,

a, — aMIUIMTyJa CUIrHaja.

Cnez[yeT OTMCTUTD, YTO NPCUMYIIICCTBAMU TaKOH
MOJICNTH SIBJISICTCSI BO3MOJKHOCTH CBEIICHHUS K HEH

00JIBIINHCTBA XapaKTEPHBIX HU300pakeHuH,
HaImpuMmep, TEKCTYPHBIX, u BO3MOKHOCTb
IpUBEACHUS e€e K OHMHAapHOMY BUAY MyTeM

MIPUCBOEHMS YPOBHIO (pOHA HYJEBHIX 3HAYCHHH, a
YPOBHIO CUTHAJIA — SAMHUYHBIX.

Bo mHOTHEX ciydasix, n3o0pakeHune, IoIyuYeHHOE
c MTOMOIIIBIO CUCTEMBI thopmupoBaHus
H300paKEHNH, OKa3bIBACTCS MAJIONMPUTOMHBIM JIJISI
ABTOMATU3WPOBAHHOTO aHajM3a, K3-3a HHU3KOTO
kadecTBa. CHIDKEHHE KadyecTBa H300paKeHUS MOXKET
OBITh  BBI3BAHO  HEJOCTATOYHOH  YETKOCTHIO,
SIPKOCTBIO WJIM KOHTPACTHOCTBIO, 3alIyMJIEHHOCTBIO
Wi HanmuuueM Ha HeMm aptedakrtoB [1,2]. K
OCHOBHBIM TIPHYMHAM IOSIBJICHUS TIOMEX MOXKHO
OTHECTH CIIeyIOIIHe:

— BHemHWEe (aKTOPHl — CBSA3aHBI C TOMEXaMH,
hopMupyeMBIME BHEIIHEH cpenoit u

OCBEIIEHHOCTHIO;

— BHyTpeHHHE (aKTOpPbl —  OOYCIIOBIICHBI
noMexaMHu cUCcTeM (POpMHUpPOBaHUS M300paKCHUN U
omnOKaMH Ha Pa3lWYHbIX 3Tanax NnpeoOpa3oBaHUS
BU;

— CHCTEMAaTHUYECKHE IPUYMHBI — BBI3BAHBI
HEUCTIPAaBHOCTHIO AJIEMEHTOB CUCTEMBH,
HEeNPaBWIHHOMN HaCTPOMKOM, METOJINYECKUMU
IMOrpC€IHOCTAMMU.

HekoTopeie u3 3THX (AaKTOPOB MOryT OBITH
YaCTHYHO WJIM IOJHOCTHIO CKOMIIGHCHPOBAHBI Ha
aTane (OPMHPOBAHHS, HO IOMEXH IPUCYTCTBYIOT
NPaKkTHYECKH BCEra M HMX Y4YeT U YCTpaHEHHe
SBIIAETCS AaKTyalbHOM 3amadyedl mpu oOpaboTke
N300pakeHNi BO MHOTHX TEeXHUIECKHX
NPUWIOKEHUSIX.  3allyMJIEHHOCTb  M300pakeHHS
OKa3bpIBaeT OOJIBIIOE, a B psAAE CIy4aeB —OIlpese-
JSTIoIIee BIMSIHUE Ha Ka4eCTBO (PyHKIMOHHPOBAHMS
u a¢dexTrBHOCTE 0a30BbIX Tpoueayp u COU B
nenoM. J1ns 000CHOBaHHOTO BBIOOpa CTPYKTYpPBI H
napameTpoB MHPOPMAIMOHHONW TEXHOJIOTHHU Hpe/Ba-
putenbHOH 00paboTKu HeoOXomuMmo pa3paboTaTh
MOJenb ToMexoBoH cutyamuud. C ydeTroM moMe-
XOBBIX (DaKTOPOB CTaTUCTHYECKYIO MOJENbh 00pada-
THIBAEMOTO (hparMeHTa CTPOKH H300paKEHUS MOKHO
MPEICTABUTH CIEAYIOMINM 00pa3oM:

1(x9yi) = {Ik(x’yi)9R(xayi)’N(x’yi)’T(x9yi)}a (2)

TIE

R(xayi) -

OCBEIIEHHOCTH 00BekTa; N (X, yi) — aIOUTUBHBIN

MOJENb  HEpaBHOMEPHOU

rayccoBckuii urym; 7'(x, ;) — MMITyJIbCHAs TOMeXa.

JlaHHbIe MOJENM MMEIOT OOJIBIIOE 3HAYEHUE JIs
pellleHnsT psna MPaKTHYEeCKH BaXKHBIX 3afad obpa-
oorku BU.

3. CUTHAJIbHO-CTATUCTUYECKAA
MOJAEJb NPEABAPUTEJIbHOU
OBPABOTKU BU

B aBTOMaTH3MpOBaHHBIX CUCTEMax OOPaOOTKH M
pacrio3HaBaHUsI M300pakeHUil OIHOW M3 0a30BBIX
MPOIIETyp SBIISIETCS TpEIBapUTEIbHAS 00padOoTKa.
Cucrembl 00IIEro Ha3HaueHHsT pabOTalOT MpH
OTHOLICHWH CHUrHaj/miym7 ¢ He MeHee 10, a
MPOOJIEMHO-OPUEHTUPOBAHHBIE — TIPU ¢ OoIbIIeM 5
[2]. TlosTomMy cHmWKeHHE YpOBHS IIOMEX Oynaer
paccMaTpuBaThcid B JajbHEWINEM Kak ILeldb Tpea-
BapurenbHol 00pabotku (IIpO). DddexTuBHOCTH
ATOH MPOTIEAYPHI BO MHOTOM OIpeaessieT 3G HeKTHB-
Hoctb COM B 1enoM, W, B YaCTHOCTH, TaKOU
BAXKHBIN IMapaMeTp Kak IIOMEXO0YCTOMYMBOCTb. IIpu
BEICOKOM ypoBHe mnomex I[IpO ompenenser camy
BO3MOXXHOCTh ~ TPOBEJCHUS  JIPyTUX  OpPOLEAyp
aBTOMAaTH3MPOBAHHOTO AaHaIM3a U PACHO3HABAHHS
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H300pasKeHHH.

Ipu TIpO wu ¢QunbTpamuu CUTHAJIOB |
n300paKeHWH HAalUIM TPaKTHYECKOe NpPUMEHEHHE
JUIIb ~ OTHENbHBIE  aCIeKThl  MaTeMaTHYeCKOU
CTaTUCTUKH, OCHOBAaHHBIC Ha NPHMEHEHWW KpaiiHe
YOPOLIEHHBIX MoJeJieil nmomex. B wacTHOCTH, mpm
pa3paboTKe ONTHMAaIbHOW COTJIACOBAaHHOW WA
BHHEPOBCKOH (YHIBTpAIK, OCHOBAaHHOU Ha 0a30BOM
ypaBHeHun Bunepa-Xomnga, monaraioch, 4TO
rmoMexa SIBIISIETCS aJINTUBHON U (PIFOKTYAI[MOHHOM,
caM TIpoIlecC IONarajicsi SPTrOAWYECKHM, peIIeHne
UCKaJIOCh B KJacce  JIMHEHHBIX  CHUCTEM.
OrpaHuveHusl Hajarajuch (QU3MYECKOH peannzy-
€MOCTBI0 (PHIIBTPOB WJIM BBIYUCIUTENBHON 3(dek-
THBHOCTBIO TIpolienypel obpabotkm [6]. Ilpum
COBPEMEHHOM DHKCIIOHEHIIMAIbHOM POCTE BO3MOXK-
HOCTEH KOMIIBIOTEPHOW TEXHHKH BBIYUCIIUTEIbHAS
3 PeKTUBHOCTH 00PabOTKH IMOCTENIEHHO OTXOIUT Ha
BTOPOHM IJIaH, BBIABHTAsl BIIEpe]] KauecTBO oOpa-
00TKH. DTO MO3BOJIWIIO Ha 0a3e aHanM3a OCHOBHBIX
BHJIOB ITOMEX U CYIIECTBYIOIINX METOAOB MIPEIBAPH-
TENBHON 00pabOTKKM pa3paboTaTh HOBYIO METOJIO-
noruto cuHTe3a aiaroputmoB IIpO. IlpoBeneHHbIN
aHallM3 TO0Ka3aj, 4TO BCe OCHOBHBIE MeTonbl [IpO
(mHeliHasg, MenWaHHas W ToMoMopdHas GUIBT-
palyu) HECyT 4YepThl CUTHAILHOTO (B3BEUIMBAHUE
MMKcele B ameprype oOpaOOTKHM) W CTaTHC-
TUYECKOTO (TpeACTaBIeHHE CIyYalHBIM TIIOJEM W
CTaTUCTUYECKAsl OIIEHKA YHCIOBBIX XapaKTEPUCTHK)
MOJXO00B. DTO MO3BOJIMIO NPEATIOKUTh CUTHAIIBHO-
CTaTUCTUYECKHHA TOAXON TP MOJEINPOBAHUHU
npeBapuTebHON 00padoTku (Tadi. 2) [5, 6].

[lpu Takom monmxoxme pa3paboTKa ajIrOpUTMOB
npenBapuTeabHoi 00padorku BU nmpenycmarpruBaet
TpH dTara.

Ha mepBoM orame ocymiecTBisieTcss BBIOOD
MapaMeTpoB CUTHAIBHO-CTATUCTHYECKON MOJIEIIH:

— HCCIENyITCS XapakTep W CTaTUCTHYECKUE
CBOMCTBA TTIOMEXH W BHIOMPAETCST afcKBATHBII
MOCTABJICHHON 3a/1aue LEHTP TPYNIUPOBaHUS
U Ccrmocod ero  OLEHKH, OTBEYArOIIHUi
TpeOOBaHHUIM COCTOSITEITHHOCTH,
HECMEIIEHHOCTH 1 3 (HEKTHBHOCTH;

— BBIOMpaeTcs pa3MEepHOCTb U (popMa anepTypsl
(“oxkna”™) D(n,m), B KOTOPOW MPOHU3BOIAUTCS

o0OpaboTka, A€ #n,M — KOOPAUHATHI B

areprypeu D F;

— PpacCUMTHIBAIOTCS 4YacTOTHAs M MMITYJIbCHAsS
xapaktepuctuku  (QyHKIMM  paccenBaHUs
TOYKH),  ONpENeNseTcs  B3BEHIMBAIOMIAS
dbyukmmsi, obecreunBaromas Heo0XoIuMoe
npeoOpazoBanne @  TONE3HOrO CUTHANA
(1300pakeHus ) U CHIDKEHUE YPOBHS IIOMEX.

Taoauna 2. CHrHAJBHO-CTATHCTHYECKHI MOAXO0/T

CraTuCTHYECKHd TOAXO K
npeaBapuTebHON 00padboTke BU
Bug
IIOMEXU Lientp Merop
IpyIIIHPOBAHHS CTATUCTHYECKOM
OLICHKH
Cpennee B
Cpennee el
R(x,y;) J0rapuhMUIECKOM
FeOMETPUYECKOS
MPOCTPAHCTBE
N(x y ) Marematuueckoe | CpenHee B HICXOIHOM
> OKHUJIAaHUE MPOCTPAHCTBE
Paunrosslit MeTO
T(x,y;) Menuana A
OLICHKH
Panrosslit MeTOT
R(x ’ y i ) C
penHee OLICHKH B
+ reoMeTpuuecKkoe | JorapudMuueckom
T(x,y,) MPOCTPAHCTBE
Amnanms
R(x,,) THCTOTPAMMBI
+ Mona B IIPOCTPAHCTBE
N(x,y;) BEUBIIET-
npeoOpa3oBaHus
Ha Bropom »srame peamusyercs  MOJIENb
MpeIBapuTeIbHON  00paboTKM (B CKOJB3SIIEM

“okue”):
I(x,y)=D[{{'(x+n,y+m)}, (n,m)e D], (3)

rie ®{} — omeparop mpeoOpazoBaHHs OTCYETOB
BXOJIHOTO CUTHAJIA.

Oneparop mpeoOpa3oBaHus IPELyCMAaTPUBAET
CIIEIYIOILYIO MOCIIEN0BATENLHOCTD JIEHCTBHIA:

—  (urcupyercs  oOpabaThIBaeMBIH  OTCYET
(mukcenms)  I'(x,¥) W ero  OKPECTHOCThH
I'(x+n,y+m), onpenensemMas pa3MEPHOCTBIO

anepTypsl D ;

— B 3aBHCHUMOCTH OT KOOPJHMHAT OTHOCHUTEIHHO
oOpabaTeiBaemMoro  orcueta  (MHMKcens)  Bce
COCTaBIISIIOIINE OKPECTHOCTH B3BELINBAIOTCS;

— TIPOM3BOMTCS OLIEHKA BHIOPaHHOTO AIPHUOPHO

ICHTpa TpPYyNIUPOBAHMS B3BEIICHHOI'O CHIHAJA
(M300pakeHst) BHyTPU OKPECTHOCTH,

—  3HaueHHWe  0OpabaThIBaeMOTO  ITHKCEIIS
3aMelaeTcss Ha ~ 3HAuUCHHWE  OIEHKWM  IEeHTpa
rpynmuposanust 1(x, ).

Ha Tperbem »dTame NPOM3BOIAMTCS OLCHKA

KadecTBa (YHKIUMOHUpOBaHUS M dddexkTuBHOCTH
MpeIBapUTEIBHON 00pabOTKH.

Bce  ocHOBHBIE  BHIBI  TIPEIBAPHTEIHHOM
00paboTKu CUTHAJIOB (1300paxkeHuit)
yKiIagpBaoTess B cxemy Mmogenu (3). Ecnu yuects
BO3MOJKHOCTH HCIIOJIb30BAHHS PA3IMYHBIX OKOH M
KOMOWHHMPOBAHMS Pa3HBIX METONOB OLEHKU LEHTpa
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TPYNIMPOBAHUS W B3BEIIMBAaHHMA (IIApaMETPOB
MOJIETIN ), TO OYE€BUAHBI BO3MOXXHOCTH TaKOH MOJIEIN
OpU PpEIIeHHH CaMblX pa3sHOOOpa3HBIX  3ajaad
00paboTKH H300paKeHNH.

4. CUTHAJIbHO-CEMAHTUYECKASA
MOAENb NMPU KOHTYPHOM AHAJIU3E
NMHOOPMALIUUA

O6pabaTeiBacMOoe H300paKEHHE dalle BCETO
SIBJIICTCSL  JIOKAJILHO  HEOXHOponmHbIM. IIporiecc
pacrmo3HaBaHUs  IeJecoo0pa3HO MPOBOAWTH  Ha
Pa3HBIX  YpOBHSAX  JeTaju3alid  OOBEKTa B
3aBUCHUMOCTH OT TIOCTaBJIEHHOM 3amaun. Hanpumep,
B psJic NMPAaKTHYECKU BaXKHBIX 3aj7a4 HM300paKCHUE
MOKHO PacIio3HaTh MO BHEIIHEMY KOHTYpPY 0OBeKTa
(cmtyaTy), B Apyrux HWHGOPMATHBHONH YaCTHIO
SIBJIAIOTCS ~ MEJIKME — JeTaid  o0bekra.  OTO
COOTBETCTBYET 3aKOHY MEpIENIHH: TepBOHAYAIBHO
BBIZICNIACTCT ~ Jumb  obmee,  auddy3moHHOE
Ipe/ACTaBIeHHEe O TMpeaMere, KOTopoe —3aTeM
CMeHsIeTCsl 0oJiee ONPE/ICIICHHBIM U JCTaIbHBIM €0
BOCHIPHUSATHEM.

N3ob6paxenue 1eirecooOpa3HO MPEACTABISITL B
BHJIC TMOCJEAOBATEILHOCTH MATPUI] C Pa3JIMYHBIM
YPOBHEM  NETaJbHOCTH, YTO  COOTBETCTBYET
MMAPaMHUTATEHON MO 00paboOTKHU:

1(x,»)=Y1,(x,y), 4)
Jj=1

IZie j — 4MCJIO yPOBHEH Hepapxuu Ha N300pakKeHUH;
I, (x,y) — m300paxkeHHe Ha j-M ypOBHE HEpapXuu

G=1,..., M).

B oOmewm ciygae wnzoOpaxenue [ j(x, y) Ha

KaXJIOM YPOBHE €CTh COBOKYITHOCTh H300pakeHUi
OTJICJIEHBIX 00OBEKTOB U (JOHA.

B Takoif mocraHoBKe 3ajaya MOEIUPOBAHUS
nporeccoB oopabotku B Moxker ObITh pa3duTa Ha
TaKUE ITAITbI;

— TpeACTaBICHHWE H300paXeHWsT B  BHUJE
CTPYKTYPBI H300pakeHNH “00BEKT — MOI00BEKT(bI)
— ... —on00bekT(b)” B BUjC (4);

— BBIJENIEHUE OOBEKTOB,
Pa3HBIM YPOBHSIM HEPapXHH;

— pacmo3HaBaHUE 00HEKTOB M MOJOOHEKTOB.

CyliecTBymOIUe  METOABI  MUPAMUIAIEHOTO
MIpEICTaBICHUS rH(pOpMaIUN HCTIONB3YIOT
HU3KOYAaCTOTHYIO (PHIIBTPAIUIO, KOTOpas pa3MbIBacT
repernajbl MHTCHCUBHOCTH U 3aTPYIHSIECT BBIICICHUC
KOHTYPOB. [Toatomy 1eecoo0pasHo TUTST
MIPEICTaBICHUS n300pakeHn i WCTIOJIH30BATh
BEHBJET-IpeoOpa3oBaHne, HMMEOIIee  CBOWCTBA
[IPOCTPAHCTBEHHO-YaCTOTHOW  JIOKAIM3allUd  C
peryIupyeMoil IeTadbHOCTBhIO, IOAYEPKHUBAIOIIEE

COOTBCTCTBYIOIINX

KOHTYpbI,  KOTOpPOE€  IO3BOJHT  IPOU3BOJIUTH
oOHapyXeHHe OOBEKTOB Ha BEPXHUX YPOBHSIX
MUpaMUAbl C TOCHEAYIOEH AeTanu3anuei 2, 5].

Pazpaborannas  Momens  00pabOTKH
3aKJF0YaeTCs B CIEAYIOIIEM:

— HA BXOJ MOJCIU TMOCTyHaeT MaTpPUYHOE
npeziCcTaBICHHE H300paKeHUS nocie
MIPEeIBAPUTEITHLHON 00pabOTKH;

— MaTpulla HMHTEHCHBHOCTEH MOABEpraercs
BEHBIICT-IPEOOPA30BAaHUIO C  PasHbIM  YPOBHEM
paspericHus. Macmrabbt mpeoOpa3oBaHus
BBIOMPAIOTCS C MOMOIIBIO ANPHOPHOW WHPOPMAIH
00 W300paXEHUSX B COOTBETCTBUM C ICIISMH
YIpaBJICHUS;

—  pe3ynpTaToM  SIBJISETCS  YHOPSIOYCHHAs
MOCIIEI0OBATEILHOCTE MaTpPUI] C Pa3HbIM YPOBHEM
JIETaIbHOCTH;

— Ha BBIOPAHHBIX YPOBHSIX MPOHM3BOIMTCS
BBIJICJICHUE KOHTYPOB M, B Cliydyae HEOOXOJUMOCTH,
YTOYHEHHE TIOJIOKEHHSI KOHTYPHOTO Iperapara;

B

— Ha  BbIXOZE  Momenu  (popmupyercs
MUpaMUIaIbHOE MIpeCTaBIICHUE KOHTYPHBIX
MIpenaparos:

KP(x,y)=KR(x,y) UKP,(x,y) ...
...UKPM(X,)’)a (5)

rae KP,(X,y) — KOHTypHbBI mpemapar Ha j-M

ypoBHe wuepapxun; M
HEePapXUH.

B cooTBercTBUM ¢ IaHHON MOAETHIO 00pabOTKH
SHEPrusi HM300pakeHHsT KOHIEHTPUPYETCS BOIM3H
HauOosee WHPOPMATHUBHON wYacTh — TMepenagoB
WHTEHCHBHOCTH, YTO TOBBIMIACT  BEPOSTHOCTD
MPaBUIIBHOTO PACIIO3HABAHUSA (JOCTHKEHUS LIEIH) —
CeMaHTHYEeCKyl0  Mepy  uHpopMamuu.  ITO
XapakTepHO Ul CEMAHTUYECKUX  METOMOB
00pa0OTKM u TpeAacTaBicHUS wu3o0paxenuit. C
Ipyroi CTOPOHBI, BeliBIIeT-1IpeoOpa3oBaHue
IpeACTaBUMO B BHIE  CBEPTKM  HMCXOAHOIO
n300paXeHnsT ¢  BeWBIET-QYHKIUSMH  Pa3HOTO
Macmrada, 4YTO XapaKTepHO Ui CHUTHAJIBHOTO
npezncrasieHus. Pazpaborannyto HHQOPMALHOHHYIO
MOJENTb 00paOOTKH ¥ TPEACTABICHIS N300pakKeHMI
Ha30BEM MUpaMHUIATEHON CUTHAJILHO-
ceMaHTHYeCcKoW. B kauecTBe Oa3uCHBIX (QYHKIUN
BEHBIIET-IIpe0Opa30BaHUsl ~ MOIYT  IPUMEHATHCS
npou3BoJHbIe GyHKIUN [aycca, runepOonndeckoe
BeliBieT-1ipeoOpazoBanue u ap. [2, 7].

WndpopmanioHHas  TEXHONOTUS  KOHTYPHOTO
aHanmm3a Ha 0a3e MHUPaMUAAIBHOW CHIHAJBHO-
CEeMaHTHYECKON MOJIECTIH MO3BOJIAET
LIeJICHAaNIpaBJIeHHO  BBIOMpaTb M HU3MEHSTH
KOJIMYECTBO YPOBHEH HEpapXuy, YyCTaHaBIUBATh
MOporH OOHApy>KEHHsT KOHTYPHOTO IpernapaTa MpH
W3MEHSIONMX YCIOBUSX mnoiydeHuss BU c wenbio

— KOJIMYECTBO YpPOBHEH
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MIOBBIIIEHHS JOCTOBEPHOCTH JAHHBIX [UIS OIMHMCAHUS
reoMeTpudeckorr (Gopmbl  00BEKTOB. AgamnTanus
MOPOTOBOTO YPOBHA IpH OOHApY>KEHHH KOHTYPOB
MPOUCXOJUT B 3aBHCUMOCTH OT ILenu 00paboTKu
BU, c yderom Xxapakrepa IIOJIE3HOIO CHUrHajga M
MIOMEXH B COOTBETCTBUU C 3aJaHHBIMH KPUTEPUSIMH
a¢hekTuBHOCTH u/unu KpUTEpUATBHBIMH
OTHOILICHUSIMH, C YIETOM BIIMSHUS HA Jpyrue OJIOKU
(mpouenypsr) 06pabOTKU M CUCTEMY B IIETIOM.

Ha ©0a3ze pa3paboTraHHOW MOJIEIM  MOXHO
peaym30BaTh PAa3IMYHBIE MOAXOABI K IMOCTPOCHHUIO
HepapXHYeCKUX MOJIENeH HICHTU(UKAIINH.

5. MEPAPXUYECKUE MOAEJN NPU
CTPYKTYPHO-CTATUCTUYECKON
WAEHTU®UKALIMM FEEOMETPUYECKOW
®OPMbl OB BbEKTOB

Bo MHOrHX MpakTHYECKUX MPHUIIOKEHUSIX OOBEKT
pacro3HaBaHUsl UMEET MepPapXU4ecKyl CTPYKTYpY,
T.. MOXET OBIThb MpPEACTaBICH B BUAE YPOBHEM:
“00BeKT(bI) — TMOMOOBEKT(BI) — DJIEMEHTapHBIN
moAo0BeKT(BI)”, A  KOTOPBIX  OIpPEACIICHO
OTHOUICHUE TMPHHAIJICKHOCTH: OTIEIbHBIE YPOBHH
(momoOBEKTHI) pacHoiaratloTcsi BHYTPH — JIPYTUX
ypOBHEH (0OBEKTOB), BHEIIHHUX IO OTHOIIECHUIO K
oM. HeoOxoaumast st paboThl TaKUX MPUIIOKEHHH
uHpopManusl 3akioueHa B ¢GopMme 00bekTa,
MIPUCYTCTBYIOIIETO Ha N300pakeHuH [§].

B pesynbprare mpoBeneHHsl KOHTYPHOI'O aHaIu3a
nzo0paxkeHnid Ha 0a3ze MPEUIOKEHHOH  BhIIIE
CUTHAJIbHO-CEMAHTUYECKOM  MOJENH  MOJyYaroT
[IUPaMHUAIBHOE IPEACTaBICHUE I'€OMETPUYECKUX
¢dopMm 00beKTa M ero JeTajei: HabOp KOHTYPHBIX
npenapaToB. OQHAKO B MOAETH (5) HE YUUTHIBACTCS
uesb  00pabOTKM, — ONpEAessIIoIasl  CTENeHb
JeTanu3alii, a 3HA4UT W HEO0O0XOIUMOCTb
MOy YEeHUS KOHTYPHBIX npenapaTos, u,
CJIEIOBATEIbHO, ONMMCAHUH KOHTYPOB OOBEKTOB Ha
pa3HbIX  YPOBHSIX  JETalU3aluu. ITosTomy

MIPEIIIOKEHO napamerp 4,;>0,

ONpPENCSAIONIMA  CEeMaHTHUYECKYyI0  3HAYUMOCTh
COOTBETCTBYIOIIETO  YPOBHSA  HEpapXuu  JJIs
MONMYYCHUST OMHUCaHHsT OOBEKTa B IEJIOM, TaKHUM
obpazoM, BeIpaxeHue (5) mpeodpaszyeTcs K BULY

BBCCTHU

M
KPyo(x,9) =, 2,KP,(x.7). (©)

Torna wuepapxuyeckoe KOHTYPHOE OIIMCAHHUE,
MOJKET OBITh MPECTABIEHO BHIPAXKEHUEM

Ko = UZlUj\:l (Kﬂ)iﬂ > )

rae Kji — YHOOpSAOYCHHOC MHOXKCECTBO TOUYCK C

)]

koopauHatamu {X,,’, X/} KOHTypa HEKOTOpOro i-

ro oOBeKTa Ha TIUIOCKOCTH Ha YpoBHE j; M —
KOJIMYECTBO ypoBHeW; N ; — KOIHMYeCTBO 00BEKTOB
U T0100BEKTOB Ha j-M ypPOBHE; A ;i — 3HAYAMOCTb I-

oro o0beKTa Ha j-oM ypoBHe (0T 1 110 N).

a 0 B

Puc. 2 — Ilpumep n300pa:keHnns 06 beKTa
HepapxXu4ecKoil CTPYKTYpbI (a), KOHTYPHbIH
Npenapar nepBoro yposHsi nepapxus (0), KOHTYPHBIIi
npenapar j-ro ypoBHsi uepapxuu (B).

[Tockonbky 00BIYHO HanOOJIbIIeH
MH()OPMATHBHOCTHIO ~ Cpemy  TOYEeK  KOHTypa
o0namaloT  TOYKH HauOOJbIIEH  KPWUBU3HBI
(xapakTepHble ~ TOYKH), TO  YHOPSOOYCHHOE

MHOKECTBO XapaKTepHBIX TOYEK j-r0 ypoBHS T ;

MOXET OAHO3HAYHO 06’BCKT, T.C.

CITpaBEJINBO

OITIMCBIBATh

Tyo = UZIUZ (Tj)i]., : 8)

Ha 6aze omwmcanmii (7) u (8) Moryr OBITH
MOJIyYeHBI TOIOJIOTHYECKUE TPU3HAKK OO0BEKTa
(KONIMYECTBO U B3aMMHOE PACIIOJIOKEHUE 00BEKTOB
U MOJ00BEKTOB), CIEKTPaJbHbIC, TE€OMETPHUCCKHE

u apyrue XapaKTEePUCTUKHU o0BeKTa
pacro3HaBaHUs - BEKTOP KOHTYPHBIX
(xapakTepHblx) mpu3HakoB Cip, TOTYyUYCHHBIH

nyTeM mpeobpasoBaHus V,(-) HIM KOMIIO3HIHH

(.- (v, (v, ()
COOTBeTCTBYIOIIII/IX
v, ()
y4eTOM  3HAYMMOCTH
00BEKTOB HA HUX

npeoOpa3oBaHMi Ha4yaJIbHOTO

BEKTOpa IIPHU3HAKOB.

IIpeobpaszoBanus OCYIIECTBISIIOTCA €

YpPOBHEH uUepapxuu H

Ciko=v,,(--.(v,(V (K k),
Ciko=,,(-..(v,(n (T x))) - )

OddexTnBHOE  MOACIHPOBAHHE  IPOIIECCOB
W3BJICUCHUS  MHPOpPMANMKM M3 HU300paKCHUU
00BEKTOB UEPAPXUIECKOIN CTPYKTYPHI MIPEIOIaraet
HCIIOJIb30BaHHE pasHbIX MOJTXOJIOB K
KOMOWHHUPOBAHHIO MOJICTICH:

— ToNydeHHass MH(OPMAIUs COMOCTABISIECTCA C
MO/JICTISIMH BBICOKOTO YPOBHSI (HAYalIbHBIH YPOBEHb i
COOTBETCTBYET BEPXHEMY YPOBHIO HepapXwu), B
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cIydyae  HEOOXOAMMOCTH  3Ta  WHGOPMAIHS
COTOCTABIISIETCSI C MOJEISIMH  OoJiee  HH3KOIO
YPOBHS, T.€. paclo3HaBaHHUE MPOXOJHUT IO CXEMe
“00bekT — TomoOBeKT” (“‘cBepXy BHH3® WU
“mucxojmiee” omucaHue). Takas cxema MOXKET
HCTIONB30BaThCsl HE TOJBKO MPH paclio3HABaHUH

CTPYKTYpPUPOBAaHHBIX ~ OOBEKTOB, HO M  IIpH
pacro3HaBaHUM CLICH;

— TEepBOHAYANBHO HAXOIATCS  TOAOOBEKTHI
(Ha4anbHBIM YpPOBEHb i COOTBETCTBYET HIKHEMY
YPOBHIO uepapxun), ux OIIMCAHUS u

TOIIOJIOTHYCCKHUEC OCO6€HHOCTI/I, 3aT€M Ha OCHOBAaHUHU
OTUX JAaHHBIX BBIIOJHACTCA MEPEXOJa HA Cﬂeﬂy}OH_[I/Iﬁ
YPOBCHb HEpaApXuH, T.C. PACIIO3HABAHUC IHPOXOIUT

mo cxeme “‘camzy  BBepx~ (“Bocxopmsmiee”
OIMCAaHue);
—  BBITNIOJIHACTCS  OJHOBPEMEHHOE  ONHCAHUE

00BbEKTa Ha BCEX YPOBHSIX HEpapXuH, BBHIYUCIICHHUE
TUTIOBBIX (M1 MAHHBIX MOJEJIeH) NPHU3HAKOB U
MPUHATHE PELICHUH M0 X KOMITO3ULINH.

Cnengyer  OTMETHTh, YTO  HCIOJIb30BaHHE
THOPUAHBIX MOJENied MpearoyiaraeT OIMHCcaHue
n300pakeHn OOBEKTOB HAa HEKOTOPOM a0CTpPaKT-
HOM ypoBHe. Kpome Toro, ais onucanusi 00beKTOB
Ha pasHbIX YPOBHAX MOTYT HCIOJIb30BAThCS
pa3IMYHbIe CUCTEMBl MPU3HAKOB. Takue CTPYKTYpEHI
MO3BOJISIIOT TOBBICUTH TOYHOCTH MOJEIHUPOBAHUS,
YOPOCTUTh M IOBBICUTH JOCTOBEPHOCTH 3Tama
KJIacCU(UKAIIHH.

5. BbIBOAbI

B crathbe TmoOkazaHO mpUMeHeHHE HUHGOP-
MAI[MOHHOTO TMOJAXOAa K CO3JaHHI0 THOPHIHBIX
Mojelled Ha  pa3HBIX  YPOBHAX  00pabOTKH
n3o0pakenuii. Ha ©0ase omnucaHHBIX Mojenel
pa3paboTaHo psiag HOBBIX A(PPEKTUBHBIX METOJIOB,
YTO MO3BOJMJIO HCIONB30BATh HMX JUIS PEIICHHS
HIMPOKOTO Kpyra 3ajgad oOpabOTKM W pacros-
HaBaHUs U300paKEHUI.
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AHmMouwyk CeemnaHa
IpuzopbesHa, Hupekmop

UHcmumyma  KOMIbIOMEPHbLIX
cucmem O0decckoeo Hayuo-
HaflbHO20 MOUMEXHUYEeCKO20
yHUsepcumema, 3asedyrowjasi
Kaghedpol  UHGHOPMaUUOHHbIX
cucmem, OOKMOpP mMexHU4Yec-
Kux Hayk, npogheccop.

HayyHble uHmepecol: UH-
opMayUoHHbIE yrpasnsouue cucmembsl U mex-
HOMo2UU, KOMIMbIOMEPHbIE CUCMEMbI  UCKYycCm-
B8EHHO20 UHMesneKkma.

BbabunyHea OkcaHa lOpbeeHa,
KaHOudam mexHuU4YecKux Hayk,
OoueHm kaghedpbl UHGopma-
UUOHHBIX cucmem QOdecckoao
HayuoHaIbHo20 rnonumex-
HUYeCKo20 yHuUsepcumema.
HayyHble uHmepecsi: cucme-
Mbl U cpedcmea UCKYyCCMBeH-
HO20 UHmeJsiekma, obpabomka
U pacro3HageaHue u3obpaxeHud.
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INTRODUCTION

Visual information processing systems (VIPS)
are often used in the modern information and
controlling systems (ICS). These systems are used
for the solution of the most various tasks: measuring
and control of linear and angular sizes of stationary
and moving objects, number of objects and count of
products, control of goods shape and determination
of deviations from standard shapes etc. [1, 2].

At the present the domain of VIPS application is
limited by their insufficient efficiency and
universality. Therefore the quality of processing of
visual information, presented as images, must
increase. This is an important scientific and practical
problem, which must be solved by the effective
modeling of VIPS and analysis of processes, which
take place in the systems [3, 4].

1. ANALYSIS OF INFORMATION
PROCESSES IN IMAGE PROCESSING
SYSTEMS

VIPS are the complex systems, working in the
conditions of non-determination of initial
information. Their basic function is the extraction of
essential information, determining efficiency of ICS
work on the whole. For their design it is expedient to
use system approach. The hierarchy of VIPS
application aims is reflected in a system model

(fig.1).

Aims of
functioning of ICS

Monitoring

Aims of application

i N of VIPSinICS i

i Identification |
ﬁ i Detection ! ﬂ

| Supervision i
Diagnostics : Control

Fig. 1 — The system model of VIPS application in
ICS

In accordance with the system model, the
obtained visual information in ICS can be designated
for supervision an object (collection, transformation
and preview  processing of  information,
visualization), detecting an object or measuring of
information about it (control, determination of
deviations) and identification of an object or its
characteristic features (diagnostics, estimation of
management object parameters and classification
conclusion) [5].

Existent VIPS include the image generation
systems and image processing systems. The image
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generation systems carry out the perception and
registration of visual information on the carrier of
data. The choice of the concrete type of visual
information reading is produced on the basis of the
known (exactly or approximately) features of the
researched objects taking into account the necessary
operating requirements.

The analysis of the basic information approach to
the design of visual information presentation and
processing in image processing systems, in
regarding to the system model, allows selecting four
levels of visual information processing: preview
processing, general and detailed analysis
(segmentation), selection and analysis of features
(identification), classification.

In accordance with the proposed system model,
the role of image processing systems can be
different. In creating them it is expedient to apply
information approach. Three closely connected
problems consider in terms of this approach:
entrance presentation, processing and output
presentation of images.

2. DEVELOPMENT OF HYBRID
INFORMATION MODELS

The conducted analysis showed that the existing
basic information approaches to the design of visual
information presentation and processing — structural
(signal), statistical and semantic — dissatisfied the
requirements of practice. Therefore there is a
necessity of development of hybrid models of visual
information processing on all the levels, which unite
different informative approaches and allow creating

more  effective  methods and information
technologies of images processing, analysis and
recognition.

The next information models are offered and
analyzed in the article [5, 6, 7, 8]:

— signal-statistical model of
recognition;

— signal-statistical model of visual information
preview processing;

— signal-semantic model at the contour analysis
of information;

— hierarchical models in terms of the structural-
statistical identification of geometrical object
shapes.

It should be noted that the use of the hybrid
models supposes the description of object images at
some abstract level. In addition, various systems of
features can be used in order to describe objects at
different levels. Such structures allow to improve
exactness of modeling and to increase reliability of
the classification.

image object

4. CONCLUSION

The article presents application of the
information approach to creating of hybrid models at
different levels of image processing. On the base of
the described models a row of new effective
methods is developed. These models and methods
may be applied for the solution of wide circle of
tasks of image processing and recognition.
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Abstract: Distributed computing can be used to solve large scale scientific and engineering problems. A parallel
application could be divided into a number of tasks and executed concurrently on different computers in the system.
This paper provides an optimal task assignment algorithm under memory constraints to minimize required time of
finishing a parallel application. The proposed algorithm is based on the optimal assignment sequential search (OASS)
of the A* algorithm with additional modifications. This modified algorithm yields optimal solution, lower time
complexity, reduces the turnaround time of the application and considerably faster compared with the sequential search

algorithm.

Keywords: parallel processing, task assignment, distributed computers, heterogeneous processors.

1. INTRODUCTION

A distributed computing system is characterized
by a topology, availability of computers and
communication resources. This system consists of
heterogeneous computers interconnected through a
communication network. Each computer has
computation  facilities, its own  memory,
communication capacity and propagation delay
between two computers [5]. Such a system can be
employed to solve large scale scientific and
engineering problems, where, an application could
be divided into a number of tasks and executed
concurrently on different computers in the system.
The distribution of tasks onto different computers of
the system is called allocation problem. Such a
problem is known to be NP-hard, except in a few
special cases with strict assumptions.

Several approaches were by many researchers to
solve the allocation problem. In [3,8], approaches
are developed for allocating and scheduling tasks of
a parallel application among computing sites of
distributed computing system to achieve some
objectives under defined constraints. Shen and Tsia
[18] first used the A%*algorithm for the task-
assignment problem. They ordered the tasks
considered for assignment simply starting with task
1 at the tree’s first level, task 2 at the second and so
on. Kafel [10] considered the assignment problem to
minimize the parallel program completion time, they
proposed algorithm based on A* algorithm called

“Optimal Assignment Sequential Search” (OASS).
Also an optimal static scheduling of an arbitrary
structured task graph to an arbitrary number of
homogeneous processors is discussed on the
A*search technigue with a computationally efficient
cost function and number of state-space pruning
technique [16]. Note that, A* is a best-first search
algorithm, which has been used extensively in
artificial intelligence problem solving. Programmers
can use the algorithm to search a tree or a graph.

The problem of minimizing the total cost subject
to both memory and processing capacity constraint
is discussed in [14] by taking into account the
limited capacities of the resources that constitute the
communication network (LANs, WANS, and direct
link). Task allocation problem is discussed also in
[1] where, A* algorithm (A*RS) can be
implemented to improve the performance of the
earlier algorithm then allocate the multiple tasks that
requires more time and space for the solution.

In [5], a simulated annealing technique is
developed to quickly find a near optimal solution to
make the system more reliable in inter processor
communication times under conditions imposed by
both the application and system resources. In [12], a
genetic algorithm (GA) is developed to finding
approximate solutions for problems with very large
decision spaces by applying it on the task matching
problem independent task. In [16, 17], a new hybrid
genetic algorithm is used to solve the task
scheduling problem in heterogeneous computing
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system which is guarantee that every feasible
schedule is reachable with some probability. Many
algorithms are compared, evaluated, and get
analyzed to present the scheduling task problem [7].
Heuristic algorithm [14] showed that the most
effective non-evolutionary known method for
scheduling independent tasks in heterogeneous
environment is the min-min heuristic.

In this paper, the main objective is to study task
assignment  problem in distributed  systems
comprising networked heterogeneous computers and
then develop a new technique for obtaining optimal
solution to the given problem to minimize the turn
around time of the application A comparison is done
between the (OASS) and the modified algorithm in
assigning a given tasks to a network of processors to
minimize the required time for program completion.

Note that, minimizing the turn around time of a
parallel application can be achieved only when the
work load is balancing distributed on the different
processors of the system

The rest of this paper is organized as follow.
Section 2 defines the task assignment problem.
Section 3 describes task assignment using optimal
sequential search of A* algorithm. Section 4
presents the modified algorithm. Section 5 presents
the simulation result, and finally section 6 presents
the conclusions.

2. PROBLEM DEFINITION

Task allocation problem may be stated informally
as the problem of allocating tasks of a parallel
application onto computers of distributed computing

system to optimize some performance measures as
finishing time [4,6].

In solving the allocation problem, we use the task
interacting graph model, in which the parallel
program is represented by an undirected graph: Gy =
(V+, E1), where V7 is the set of vertices, {t;, t,, ...,
tn}, and Er is a set of edges labeled by the
communication requirements among tasks. We can
also represent the network of processors as an
undirected graph, where vertices represent the
processors, and the edges represent the processors’
communication  links.  We  represent  the
interconnection network of n processors, {p1, P2, ...,
pn}, by an nxn link matrix L, where an entry Lj; is 1,
if processors i and j are directly connected, and 0
otherwise. We do not consider the case where i and j
are not directly connected. We can execute a task t;
from the set V; on any one of the system’s n
processors. Each task has an associated execution
cost on a given processor. A matrix X gives task
execution costs, where X, is the execution cost of
task i on processor p. Two tasks, tj and tj, executing
on two different processors, incur a communications
cost when they need to exchange data. Task
mapping will assign two communicating tasks to the
same processor or to two different, directly
connected processors. A matrix C represents
communication among tasks, where Cj is the
communication cost between tasks i and j, if they
reside on two different processors.

Po P1 P2
L 15 11 9
® t 14 12 8
L, 16 13 6
e t3 5 4 3
t, 10 9 7
(b) ()

Fig. 1 - An Example (a) a task graph (b) processor Network (c) Execution cost matrix

A processor’s load comprises all the execution
and communication costs associated with its
assigned tasks. The time needed by the heaviest-
loaded processor will determine the entire program’s
completion time. The task-assignment problem must
find a mapping of the set of m tasks to n processors
that will minimize program completion time. Task
mapping, or assignment to processors, is given by a

matrix A, where A, is 1, if task i is assigned to
processor p, and O otherwise. The following
equation then gives the load on p:
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Z= _Zl:xij ¢ Ap +qzll _Zl:Zl:(CijAijq qu)
1= = 1=l J=
(a#p)

The first part of the equation is the total
execution cost of the tasks assigned to p. The second
part is the communication overhead on p. Aj, and Ajq
indicate that task i and j are assigned to two different
processors (p and q), and L,y indicates that p and q
are directly connected. To find the processor with
the heaviest load, you need to compute the load on
each of the n processors. The optimal assignment out
of all possible assignments will allot the minimum
load to the heaviest-loaded processor.

3. SEQUENTIAL SEARCH
ALGORITHMS (OASS)

Task assignment using the A* algorithm will be
occurred as follows. For a tree search, it starts from
the root, called the start node (usually a null solution
of the problem). Intermediate tree nodes represent
the partial solutions, and leaf nodes represent the
complete solutions or goals. A cost function f
computes each node’s associated cost. The value of f
for a node n, which is the estimated cost of the
cheapest solution through n, is computed as: f(n) =
g(n)+ b(n), where g(n) is the search-path cost from

the start node to the current node n and b(n) is a
lower-bound estimate of the path cost from n to the
goal node (solution). To expand a node means to
generate all of its successors or children and to
compute the f value for each of them.

The nodes are ordered for search according to
cost; that is, the algorithm first selects the node with
the minimum expansion cost. The algorithm
maintains a sorted list, called OPEN, of nodes
(according to their f values) and always selects a
node with the best expansion cost. Because the
algorithm always selects the best-cost node, it
guarantees an optimal solution.

For the task-assignment
consideration,

e The search space is a tree;

e The initial node (the root)
assignment node—that s,
assigned;

e Intermediate nodes are partial-assignment
nodes—that is, only some tasks are
assigned; and

e A solution (goal) node is a complete
assignment node—that is, all the tasks are
assigned.

problem  under

is a null
no task is

Generate a random solution
Let S_Opt be the cost of this solution

Build the initial node s and insert it into the list OPEN

Setf(s) =0
Repeat
Select the node n with smallest f value.
Repeat
Make memory test step
If (nis true)
if (n is not a Solution )
Generate successors of n
for each successor node n” do

if (n” is not at the last level in the search tree)

f(n’) = g(n") + b(n’)
else f(n’) =g(n’)
if (f(n’) <=S_Opt)
Insert n’ into OPEN
endif
end for
else select (n+1)
end if
if (n is a Solution)
Report the Solution and stop
Until (n is a Solution) or (OPEN is empty)

Fig. 2 — The Optimal Assignment with Sequential Search algorithm (OASS)
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To compute the cost function, g(n) is the cost of
partial assignment (A) at node n the load on the
heaviest-loaded (p); this can be done using the
equation from the previous section. For the
computation of b(n), two sets T, (the set of tasks that
are assigned to the heaviest-loaded p) and U (the set
of tasks that are unassigned at this stage of the
search and have one or more communication link
with any task in set T,) are defined. Each task t; in U
will be assigned either to p or any other processor q
that has a direct communication link with p. So,
associate two kinds of costs with each t’s
assignment: either X, (the execution cost of t; on p)
or the sum of the communication costs of all the
tasks in set T, that have a link with t; This implies
that to consider t’s assignment, we must decide
whether t; should go to p or not (by taking these two
cases’ minimum cost). Let cost (t;)) be the minimum
of these two costs, then we compute b(n) as:

b(n) = > cost(t,)

tieU

The A* algorithm for the task-assignment
problem has been used early. The tasks are ordered
considered for assignment simply by starting with
task 1 at the tree’s first level, task 2 at the second,
and so on.

OASS algorithm [10] uses the A* search
technique, but with two distinct features. First, it
generates a random solution and prunes all the nodes
with costs higher than this solution during the
optimal-solution search see Figure 2. This is because
the optimal solution cost will never be higher than
this random-solution cost. Pruning unnecessary
nodes not only saves memory, but also saves the
time required to insert the nodes into OPEN.
Second, the algorithm sets the value of f(n) equal to
g(n) for all leaf nodes, because for a leaf node n,
b(n) is equal to 0. This avoids the unnecessary
computation of b(n) at the leaf nodes.

4. THE MODIFIED ALGORITHM

In this section a new task assignment algorithm is
presented. The basic idea is to choose the task to be
assigned at each level. The assignment problem is
represented as A*algorithm for traversing the tree
nodes searching for an optimal solution.

The proposed algorithm handles tasks at the tree
levels according to the task of higher connectivity,
i.e., the task with the largest number of neighbors
and then test the memory constrains, This constrain
shows; for an assignment A, the total memory
required by all tasks assigned to a processor p must
be less than or equal to the available memory

capacity of the processor p. Let m; denotes the
amount of memory required for processing a task i
and M, defines the available memory capacity at the
processor p, then the following inequality must hold
at each processor p in the system:

ZimiAip SMDVp

i.e., before distribution, the program compares
memory capacities of the chosen task to be run on
the chosen processor ; if their memory capacities are
equal or memory capacity of task is less than the
memory capacity of processor or memory capacity
of processor permits to run that task, the program
will complete, and if the memory capacity of task is
larger than the memory capacity of processor, the
program will search for another one so, the chosen
task will choose the next processor to make the same
test and neglect that one which is not fit then
generate node, and so on until the program
complete; this step is called memory constrain step
(1) as illustrated in Figure 3.

The algorithm starts by reordering the application
tasks according to the task of more connectivity, i.e.,
calculate the sum of the communication lines for all
tasks then choose the highest one, if two tasks have
the same connectivity degree; it considers the task of
higher communication requirements, then it
generates a random solution and prunes all the nodes
with costs higher than this solution during the
optimal-solution search, this is because the optimal
solution cost will never be higher than this random-
solution cost. Pruning unnecessary nodes not only
saves memory, but also saves the time required to
insert the nodes into OPEN, also the algorithm sets
the value of f(n) equal to g(n) for all leaf nodes,
because for a leaf node n, b(n) is equal to 0, this
avoids the unnecessary computation of b(n) at the
leaf nodes.

Our proposed algorithm is effective in reducing
the number of nodes generated (and that are
expanded) without sacrificing the optimality criteria.
This property allows to reduce mathematical
computations such as computing f(n) for latest
nodes.

The proposed algorithm will be applied on the
previous example to study in details the comparison
between it and the sequential search algorithm.

Consider (Figure 1), by applying the idea of the
proposed algorithm in (Figure 3). The new order of
tasks list is obtained as follow: {t,,t,t1,ts,t3}, the
number of resulting node expansion is reduced
compared with sequential search algorithm.
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Generate a random solution
Let S_Opt be the cost of this solution
For (i=0;i<=n;++)

Compute connectivity degree and communication requirements.

If (t; connectivity degree>t;,; connectivity degree)
Set t; in ordered task list

If (t; connectivity degree= t;,; connectivity degree)

Compute the communication requirements.

If (t; communication requirements>t;,;communication requirements)

Set t; in ordered task list
Else

If (t; communication requirements=t;.; communication requirements)

Set t; in ordered task list

Else
Set tj.,in ordered task list
Else
Set t;.4in ordered task list

End for

Build the initial node s and insert it into the list OPEN
Setf(s) =0

Repeat

Select the node n with smallest f value.
Make memory test step
If(n is true)
if (n is not a Solution )
Generate successors of n
for each successor node n’ do
if (n” is not at the last level in the search tree)
f(n’) = g(n’) + b(n’)
else f(n’) =g(n’)
if (f(n”) <=S_Opt)
Insert n’ into OPEN

Else select n+1
end for
end if
if (n is a Solution)
Report the Solution and stop
Until (n is a Solution) or (OPEN is empty)

Fig. 3 - The Proposed Algorithm

Consider t, with three communication links, t,
which has two communication links like: to, t;, ta,
then the highest communication requirements is
chosen, and so on. We get 11 nodes are generated by
applying the modified algorithm When OASS
algorithm is applied on the same example, 14 nodes
are generated compared with these results yield the
same optimal solution. This reduction in results
saves memory, increase speedup and the
performance of program. The modified algorithm
has considerably fewer memory requirements than
OASS algorithm.

5. SIMULATION REULTS

To test the performance of the algorithm first,
simulated by C# ver.5.land then, a simulation
environment in acer core due processor with 1.73

speedup.

To test the modified algorithm the data collect for
task graphs of 2 to 30 nodes and processor graphs of
2, 4, 8 nodes. Figure 4 shows node generated of
A*0O, OASS and modified algorithm on 4 processor
nodes. As a result, the number of generating nodes
decreases, the running time of program decreases, so
the system required memory decreases and then
memory efficiency increases in Malg.
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Fig. 4 — Generated nodes case of 4 processors

We also obtain a comparison between the same
three algorithms in the running time parameter. The
modified  algorithm  shows a  substantial
improvement over (OASS) algorithm. Figure 5
shows collecting data for task graph of 3 to 28 tasks
and processor graph of four nodes, the results of
running times in seconds are obtained, when running
time decreased, the speedup of program increased

so, the modified algorithm behaves better
performance than (OASS) algorithm.
200 r\ A
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é f\. /‘ —a— A%
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0 R T

e LA L.

0O 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30
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Fig. 5 — Runing times using 4processors

Figures 6 (a, b, ¢) show generated nodes of A*Q,
OASS and modified algorithm on (2, 4, 8) processor
nodes respectively, the modified algorithm shows a
substantial improvement over (OASS) algorithm and
A*Q algorithm.

é o0 / \ —— A%
; 200 / A \ —a—OASS
’ 50 //x_\}"_i.n X—M.Alg

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
No. of tasks

Fig. 6(a) — Generated nodes caseof 2 processors
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Fig. 6(b) — Generated nodes case of 4 processors
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Fig. 6(c) — Generated nodes case of 8 processors

In addition, the improvement in the modified
algorithm performance, it efficiently uses the system
memory as shown in Figure (7).As the total number
of nodes decreases, the required memory saving
decreases. Note that, the saving rate is defined as:

( 1-(G(malg.or 0Assalg) / Gaxalg)),

Where, Gmaigor oass alg) IS the actually number of
nodes generated by the two algorithms with respect
to A* algorithm.

Figures 7 (a, b, c) show the memory saving rates
on (2, 4, 8) processor nodes respective

120

100 ” =
B0 5/_——6\-,1—\—:
60

40

e O A5 5
= M.Alg

Saving rates (%)

20

o

1] 5 10 15 20 25 30

Mo. of tasks

Fig. 7(a) — Memoryrates case of 2 processors
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Fig. 7(c) — Memory rates case of 8 processors

Figure (8) presents simulation results of node
generated from the previous three algorithms on 4
processor nodes taking into account the memory
constrains, if it is included or excluded.

1200 4
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£ 40 7
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0 — E—
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Fig. 8(a) — Simulation results of containing memory
conditions of A*O
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Fig. 8(b) — Simulation results of containing memory
conditions of OASS
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Fig. 8(c) — Simulation results of containing memory
conditions of M.Alg.

6. CONCLUSIONS

In this paper, the task allocation problem is
studied and a new algorithm for allocating
application graphs on to a system of heterogeneous
processors is presented. The performance of the
proposed algorithm has been investigated in terms of
memory efficiency, running time, and saving
memory. This has been carried out by using a set of
randomly generated application graphs under
different conditions like; the communication data
rates, the capacities memory of various processors
and tasks, and the weight cost of running tasks.

Based on the experimental study, the simulation
results show, the proposed algorithm is superior in
terms of efficiency and quality in using the memory
and also speedup compared with (OASS) which are
most important performance measures of evaluating
a parallel computer system.
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BUBIP HAUKOPOTLLOIO 3 AlIbTEPHATUBHUX CTUCHYTUX BJIOKIB
ANHAMIYHUX KOAOIB XA®OMAHA Y ®OPMATI PNG

Onekcanap LWLnopTbko

Kadenpa inpopmMaTuky Ta NpUKIaIHOT MATEMATHKH
PiBHEeHCBHKMIT epikaBHUI T'yMaHITapHUN yHIBepCcUTeT, Y KpaiHa
33028, m. Piene, Byn. C. bannepwu, 12
E-mail: chportko@ukr.net, chportko@yandex.ru

Pe3tome: y cmammi npononyemocsa aneopumm 2eHepy8aHHs AlbMepHAMUGHUX CIMUCHYMUX O0KI8 OUHAMIYHUX KOOI8
Xagmana ona KooxcHozo 010Ky OaHux, 6uOOPY HAUKOPOMUIOZ0 CMUCHYMO20 ONOKY 3 QIbMEPHAMUSHUX md
imepamusHo20 3MeHUleHHs 11020 pO3MIpy Ol NOKpaujeHHs Komnpecii 300pasicenv y ¢opmami PNG. [emanvno
PO321A0a0mbCsi CNOCoOU OYIHKU po3Mipy 010Ky Kodie Xagmana 3a abCOMOMHUMU YACMOMAMU U020 eNeMeHMIs.
Haseoeno ¢pacmenm nionpoepamu moeoro C, Axka 0036078€ MOUHO GUSHAYAMU POMID CHMIUCHYMO20 ONOKY 3d
00NOMO2010 NPUHYUNY 2eHepayii OUHAMIYHUX KOO8 Xapmana ma oKpemo2o onpayto8ants MAIux 4acmom eliemenmis,
sumpayarody 018 Ybo20 6 CepeOHbOMY He OLibule Hacy, HidC 0N HAOMUNMCEHOT OYIHKU PO3MIPY 3 8UKOPUCTNAHHAM
eHmponii. Sx noxkasyome excnepumeHmu, peanizayis 3anponoHO8aH020 AlcOPUMMY 00380AE NOKPAWUMU NOKASHUKU
CMUCHEeHHs1 nepegadicHol binvuocmi 300pasicens y hopmami PNG na 2 — 6 %.

Karwu4oBi ciioBa: 6ezsmpamue cmuchenns 300pasicers, OuHamiuni koou Xagmana, popmam epagiunux gaiinie PNG.

BCTYN

®dopmar rpadiuaux (dainie PNG O0yB cTBOpeHni
1 sxoBTHS 1996 poky A5 eeKTHBHOTO 30€pE:KEHHS
pacTpoBuX 300pakeHb O€3 BTpaT Micis TOTO, SK
kommaniss Unisys Imowana BHMaraTd IDiaTy 3a
Bukopucranas ¢opmary GIF [1]. Ha cworoani
Iu3aiiHepu Ta po3poOHuKH Web-calTiB HaifuacTimie
30epiratoTe  ¢oTopeamicTUdHi  300pakeHHI Y
¢dopmari JPEG, a auckperHo-TOHOBI — y (opmari
PNG. Kpim wnporo, ¢opmar PNG Haituactime
BHKOPHUCTOBYETHCS ISl 30epiraHHs 300pa)KeHb, Jie
BTpaTH HETIPUITYy CTHMi (HampuKITam, TUTS
pEHTreHiBChbKuX 3HIMKiB). Came Tomy medl ¢opmat
MiTPUMYETHCS OUTBIIICTIO CYYacCHUX IPOrpaM s
Teperiiany 1 CTBOpeHHSA 300pakenb. IIpobiema
IiIBUIICHHS €)EeKTUBHOCTI CTHCHEHHS 300pakeHb Yy
¢opmari PNG € akryanbHOIO choromHi i Oyze
aKTyaJlbHOIO B  HaHOmMK4YOMYy  MailOyTHBOMY,
OCKIUJIbKM HaBiTh HaONWKEHHS 10 ii po3B’si3aHHSA
JIO3BOJISIE 3MEHIIUTH PO3MIpH BiAMOBIAHUX (aiiiiB,
o, B CBOIO YEpry, Oa€e 3MOrYy MPHCKOPUTH iX
3aBaHTAXCHHS 3  MEpeki Ta  IIBHIATH
e(EeKTHBHICTh BUKOPUCTAHHS JAUCKOBOTO MPOCTOPY.
B nmaniii poOOTi [eTambHO OIMUCYETHCS CIOCIO
TTOKPAICHHS TMOKa3HUKIB CTHCHEHHsI 300pakeHb Y
npoMy QopMaTi 3a paxyHOK TeHepyBaHHS Ta
MOPIBHSIHHS PO3MIPIB aJbTEPHATUBHUX CTHCHYTHX

0JIOKIB, pO3TIIS] SIKUX 3all0YaTKOBAHO B [2].

1. MIPUHUUNMUN CTUCHEHHA
30BPAXEHDb Y ®OPMATI PNG.

NMOCTAHOBKA 3A0AUI
Bynb-ike cTUCHEHHS [aHUX MOXJIHMBE 3a
paxyHOK 3MEHIIEHHS HaJJIMIIKoBOCcTe. Yum
OuUIblllE  BUAIB  HAUIMAIIKOBOCTEH  BUSBILE 1

OMpauboOBy€ KOMIIPECOp 1 YUM Kpamie BiH IIi
HaJUTAITKOBOCTI YCYyBa€ — TUM SKICHIIIE BiH 3MOXKE
CTHCHYTH HalllJIeHI Ha Taky oOpoOky mani. dopmar
PNG Opi€HTOBaHUH Ha 3MEHIIECHHS
HAUTUIIKOBOCTEH YOTUPHOX THUIIIB!
e MiX CyCiIHIMHA TMiKCeIaMH,
MIPaBUIIO, OJU3bKI KOJTHOPH;

® MiX OJJHAKOBUMH ()parMeHTaMu 300paKeHHS;
® MiX OJJHAKOBUMH 3MiHAMH KOJIbOPIB;
e MiX TMepeBaXaloUMMH KOJbOpaMHU
300paKCHHSI.

[likcenn 300pakeHHs 3amucywTbess y PNG-
¢daiinm HalyacTime Mo psAaKax 3BepXy BHU3, a Y
KOXKHOMY PSIZIKY — TIOCTIZOBHO 3JiBa HAmpaBo (sIK
CUMBOJIM Yy TeKcTax), (opMylOud TUM CaMHUM
Bximauit moTik. Ilepen KomayBaHHSAM IIi TKCETH
MOXYTh OyTH MOTIEPETHBO 00po0IeHi
MPEIUKTOPAMH, TPUHIUI Jii SKUX PO3TIAAAE€THCS
HaNpUKiHII OOT0 po3airy. Y PNG-daiinax, 1o

mo MarTh, K

MKCENIB
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BHKOPHCTOBYIOTHCSA Ha CHOTONHI, CTHUCHYTI HaHi
30epiraloThCsl y BIJOKPEMIICHHX OJIOKax 3TigHO
(dbopmaty cnoBaukoBoro crucHeHHs DEFLATE [1,
3]. BignoBigmHO M0 1BOTO (oOpMATy, Y CTHCHYTHX
O5I0OKax MICTATBCS pe3yNbTaTH 3acTOCYBaHHS JI0
BXimHOro moToky anroputmy LZH [3], 3rimHo 3
SIKUM pe3yNbTaTH KOHTEKCTHO-3AJIEKHOTO
CIIOBHHKOBOTO anroputMmy LZ77 [4] cTHCKaiOThCA
KOHTEKCTHO-HE3aIeKHUMH KofaMu Xadmana.

Onucyroun CIOBHUKOBI anropuTmu, (ikcoBaHy
KUTBKICTh TIOTIEPEAHIX 3aKOJOBAaHUX HEMOMUTEHUX
eneMeHTIB (JIiTepajiB) BXiTHOTO MMOTOKY Ha3HUBalOTh
CIIOBHHKOM, a HACTyNHHX HE3aKOJOBaHUX —
OoydepoM. Anropurm LZ77 6azyeThcst Ha 3aMmiHi y
BUXITHOMY  IIOTOIli  ITOCNIIOBHOCTI  YEpPTrOBUX
mitepaniB Oydepa mnocuIaHHAM Ha aHAJIOTIUHY
MTOCIIIOBHICTH JIITEpaNiB CIIOBHUKA y BUTIISII Mapu
qucenl  <008JICUHA, 3MIWeHHs 6I0 3aKIHYEHHS
croenuka>. Y BHIAAKY BIJICYTHOCTI aHaJOTIYHOT
MOCIIOBHOCTI JIITEpajliB y CIIOBHUKY, IIEPIIHHA
mitepan Oydepa TEpEeHOCUTHCS y BUXITHHH IOTIK
06e3 3MmiH. [licnms UpOro 3aKoJOBaHI JiTepamu
MEPEeHOCAThCA 3 MOYaTKy Oydepa B KiHelb CIIOBHHKA
1 KOJIyBaHHS TPOJIOBXKYETHCS AaHAJOTIYHO aX JIO
3aKiHYCHHS JTEpaiB BXIJTHOTO MTOTOKY.
Hanpuknaza, notik koxiB 0it mikceniB 36 38 35 35
36 38 35 36 36 38 35 38 36 38 35 35 28 B
3aKO/I0BAHOMY BUTJIAII 3amucyeThess sk 36 38 35
35 <3; 4> 36 <3, 4> 38 <4, 12> 28. Anaroputm
LZ77 BuxopucroByetbcsi 'y ¢opmari  PNG
HacamIiepes Uil 3MEHIIeHHS HaJINIIKOBOCTEH MiXK
OJTHAKOBUMH (PparMeHTaMH 300paKeHHSI.

[lix wac nexomyBaHHsS KOZIB anroputmy LZ77
OKpeMi JIiTepay KOIITHCS Y BUXIIHUN MOTIK 0e3
3miH. [lapu x <doeorcuna, 3miujenns™> nEKOAYIOTHCS
LUISXOM  IIOCHIZOBHOIO KOIIOBAaHHA 3  KIHIM
BHUXIZIHOTO TIOTOKY 3a BKa3aHHM 3MIIIEHHSIM B
KiHEeIlb BHXIJHOTO TIOTOKY HEOOXiTHOI KITBKOCTI
gitepaniB. [IpupoaHO, 10 ANTOPUTM ACKOIYBAaHHS
Ma€ PO3PI3HATH OKpeMi JiTepalid Ta TPyHH
<o0oedcuna, 3miwenHs>. 3TiIAHO 3 aJTOPUTMOM
LZH, y dopmari DEFLATE 3 mi€ro MeTO0 TOBXUHHU
3aMiH Ta OKpeMi JITepanu KOIYIOThCI pPa3oM
yucnamu B Mexax [0; 285]. Ilpu ubomy umcna 3
niamazony [0; 255] BiAMOBIMAaIOTH KOAAM OKPEMHX
Jitepainis, 256 mo3Hayae 3akiHYCHHs OJIOKY, a Yrcia
3 nmianmazoHy [257;285] Bka3yroTh Ha 0a3o0Bi
3Ha4ueHHs JOBKHWH. [licist 6a30BUX 3HAUEHB TOBXXHUH
MICTUTBhCS BH3HaYeHa (opMaToM KiNbKICTh OIT, IO
pa3oM 3 6a30BHM 3HAUYEHHSM OJHO3HAYHO BH3HAUAE
JOBXWHY 3aMiHH. 3MilleHHS 30epiraeTbcs Micis
BIAMOBITHOT MTOBXWHH AaHAJOTIYHO — y BHIJIAIL
0a30BOro 3HA4YeHHsA Ta JOAATKOBUX OiT. bazose
3HAYCHHS 3MIIICHHS 3HAaXOAHUThCS B Mexax [0; 29].
Y dopmari DEFLATE w™akcumanbHe 3HAYCHHS
JIOBXXHHHU 3aKOJIOBAaHOI IOCIITOBHOCTI MOXKE CSTaTH
258, a 3mimienns — 32768.

Imes BuUKOpHCTaHHS KOHTEKCTHO-HE3AJEKHUX
KomiB  XadmaHa, 1[I0  3aCTOCOBYIOTHCS  JUIA
KOJIYBaHHSI OKpPEMHX JiTepaiiB i 0a30BHX 3HaueHb
NOBXMH Ta 0a30BUX 3HAYEHH 3MINIEHb MICIA
BUKOHaHHs anroputMy LZ77, monsrae y 3amiHi
yucen 3 OunplIor0 dYactororo (TyT 1 Hajgami —
a0COJTIOTHOIO) KOJaMH MEHIIOI KUTBKOCTI OiT, Hix
IUIS 9ucen 3 MeHmoro dactoTor. Komm Xadmana
JUTSL JIITEPATiB/MOBXHH Ta 3MIilllEcHh BHU3HAYAIOTHCS
JUTSE KOOKHOTO OJIOKY CTHCHYTHX JaHUX, SIK IIPABHIIO,
okpemMo (i HA3WBalOTBCI Y IIBOMY BHIIAIKY
JUHAMIYHUMH ), 0  COpPUSE  MOKPALICHHIO
CTUCHCHHs. ABTOHOMHE KOJyBaHHA XajMmaHa B
¢dopmarti PNG HacamIiepen 3MEHIITy€
HaJTAIITKOBOCTI MiXK nepeBaKaArOIUMHU
SICKPABOCTSIMU TTIKCENIB 300paKeHHS.

3rigHo Teopemu llleHHOHa, emeMeHT s; 3
WMOBIPHICTIO TIOSIBH p(S;) HAWBUTIAHINIE KOIyBaTH
-logp(s;) 6iramu (TyT i Hagani norapudm OepeTbes
3a ocHOBO 2). Tomi cepemHs MOBXKHHA KOAY
eleMeHTa  TICIA  3aCTOCYBaHHA  KOHTEKCTHO-
HE3aJICKHOTO QJITOPUTMY Ma€ HaOIMKaTUCS 10
ewmponii dxcepena [3]:

H=—Zi:p(si)><10g(p(si)). (1

Enrtpomnis JpKepena 3MEHIIYEThCS npu
301IbIICHH] HEpPiBHOMIPHOCTI posmoziny
MoBipHOCTEH Mik enemeHTamu. CepeqHs TOBXKUHA
Komy XadmaHa CHIBIajgae 3 EHTPOIEI0 JpKepena
JIUIIE TOMi, KOJU IJISI BCIX €JIEMEHTIB §; JOBXKUHH iX
ONTUMalbHUX KOmiB -logp(s;) mim. Ymm Oinbime
-logp(s;) BIAXWISAIOTBCA Big IUIMX YHCEN, THM
OUIBIIOI0 CTAE PI3HMIIL MK CEPEIHBOIO JTOBKHHOIO
kony XadmaHa 1 EHTpOI€ Kepena, ane I
PI3HHIII HE TIEPEBHUIITY€E OTHOTO OiTa.

3MEHIIUTH EHTPOIi0 JpKepena mnpu  oOpoOIi
300paxkenb y ¢Qopmari PNG HamaraioTbes 3a
JIOTIOMOTOK0  TIPENUKTOpiB.  [lpedukmop — 1e
(GYHKLIS, MO TparHe, BUKOPUCTOBYIOUM 3HAYCHHS
BIJOMHX CYMDKHHX €JIEMEHTIB, CIPOTHO3YBaTH
(3MofenmoBaTH) 3HAYEHHS YEProBOTO EJEMEHTa.
Sxmro  mikcen  300pakeHHS — XapaKTePU3YETHCS
JeKITbKoMa KoMIoHeHTamMu (Hampukian, R, G, B),
TO TIPEIUKTOP KOXXKHOI KOMIIOHEHTH MpPOTHO3YE
3HAUCHHS 3TiAHO BiMOBIIHUX KOMIIOHEHT CYCITHIX
mikceniB. B mporieci BUKOpUCTaHHS I1i€1 TEXHOJOTIT

OOYMCIIOITh 1 Hamamli KOAYIOTH  BiJIXWICHHS
YeproBoi ~ KOMIIOHGHTH  BiJl ~ MPOTHO30BAHOTO
MPEIUKTOPOM 3HAYEHHsA. ToMy, y 3arajbHOMY

BUNIAJIKy, TPOLEC 3aCTOCYBaHHS NPEAUKTOPIB [0
KOXKHOI KOMIIOHEHTH TIiKcela y By3mi (i, j) MOXHa
3anmcat popMyIToIo

A, =C; — predict;, ()

ne C

i 3HAUYCHHSA KOMIIOHCHTU OO0 3aCTOCYBAHHS
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IPEeIUKTOpA, Aij — 3HA4YeHHS KOMIIOHEHTH IICII
3aCTOCYBaHHS NPEAUKTOPA, predictl-j — 3HAYeHHS
MIPEIUKTOPA, 00YHCIIEHOTO IS o0paHoi
KOMITOHEHTH.

OCKIiNIbKU CYCIJIHI MIKCETH 300pakKeHHS MAaloTh,
SK TpaBWiO, ONM3bKI KOMBOPH 1 TOMY ONM3BKi
3HAYCHHS BIAMOBIIHUX KOMIIOHEHT, TO 4YacTo
3HaUYCHHA TpeAWKTOopa Oyae cmiBmagatk 31
3HAYCHHSIM 4YEProBOr0 €JIEMEHTa, HaiuacTime —
Oyze OMHM3BKUM JI0 IIFOTO 3HAYEHHS 1 PiJTKO — 3HAYHO
BIIPI3HATHMETHCS Big HBOTO. T0OTO OUTBIIICTH

3HAYEHb Al-j Oynyts Omm3pkumu 1o 0. Takwuit

NEPepo3NoAlT  YacTOT 3HaueHb (a, OTxke, 1
WMOBIpPHOCTEI) 3HAYHO TMiJBHIIYE HEPIBHOMIPHICThH
po3nofiny [S] i TOMy 3MEHIIYE SHTPOIII0 JKepena
(3rimao (1)), a, omTxke, 1 MOBXKHWHY 3aKOJOBaHOL
nocmigoBHocTi.  TakuM  YMHOM,  TNPETUKTOPH
BUKOPUCTOBYIOTBCS, Hacamrepes, Uil 3MEHIICHHS
HaJUIMIIKOBOCTEH MK  CYCITHIMHA  TiKCeJIaMHu
300paKeHHs, 10 MarTh OJM3bKi Kombopu. Kpim
LbOrO, 3acToCyBaHHs  amroputmy LZ77 Ta
komxyBaHHs  XadmaHa 0  pe3ynbTaTiB il
MIPEANKTOPIB JTO3BOJISE 3MEHITUTH HATAITKOBOCTI
MIiX OJJHAKOBHMU 3MiHAMH KOJILOPIB.

Y crucHytnx Onokax ¢opmary PNG nmanum
KOXKHOTO psAIKa TIepeaye OKpeMHi OalT, 110
BU3HAUAE TPEAUKTOP, SIKHA 3aCTOCOBYETHCS [0
KOMIIOHEHT BcCiX Horo mikceniB. Ha cporomsi
(hopmaTom mependadeHo 1’ATh MOXIIMBHUX 3Hau€Hb
nporo Oaiita [l], MmO BHU3HAYaE€ YOTHPH Pi3HI
npenukropu: 0 — gaHi psgka He 0OpOOISIOTHCS
MpeIuKTOpaMu; | — IpeauKTOp pPIBHHUIA 3HAYEHHIO
BIAMOBIMTHOT KOMITIOHEHTH 31iBa; 2 — MPEIUKTOP
pIBHUH 3HAYCHHIO KOMIIOHCHTH 3BEpXY; 3 —
MIPETUKTOp PIBHUHA CEPeTHBOMY apU(METHIHOMY
3HAYCHb 37iBa Ta 3Bepxy; 4 — npemukrop Ilida, mo
MPOTHO3YE 3HAYEHHS Y HaNpsSMKy HaiMEHIIOro
npupocty. Omuc mnpenuktopiB ¢opmaty PNG,
Mictuthest B [1], kmacudikamiss mmx Ta IHIHAX
NpeANKTOPiB HaBeeHa B [S].

Ha croroguimHii AeHb y CHEIialli30BaHOMY
mporpaMHOoMy  3a0e3NedyeHHi Ui TOKpaIIeHHs
CTUCHEHHS 300paxens y ¢hopmari PNG HalgacTimie
BUKOPHCTOBYIOTh METOJI NIepebopy Pi3HUX BapiaHTiB
MIPEIMKTOPIB, PO3MIPIB OJIOKIB CTHCHYTHX JaHUX Ta
cTparteriii cTUCHEHHsI. MeTo10 X IIi€i CTaTTi € omwc
ITOPUTMY MiHIMi3allii po3Mipy CTUCHYTHX OJOKiB
JUHAMIYHUX KOJIB XadMaHa 3a JOIOMOTOI0 aHalli3y
e(eKTUBHOCTI 3aMiH anroputmy LZ77.

2. ANfTOPUTM rEHEPYBAHHA
ANbTEPHATUBHUX CTUCHYTUX
BNOKIB, BABOPY HAUKOPOTLLOIO
BJIOKY 3 AIIbTEPHATUBHUX TA
ITEPATUBHOIO 3MEHLLUEHHSA UOIO
PO3MIPY

OueBugHo, mo 3amiak LZ77 ciig BBa)kaTu
e(eKTHBHUMH, SIKIIO BOHH 3alUCYIOThCS  HE
O1TBIIOI0 KIJIBKICTIO OiT, HIXK OKpeMi JiTepand, sKi
BOHU 3aMiHIOIOTh. OCKITBKH OKpeMi JITepaid i
0a30Bi 3HAYEHHS JOBXHMH Ta 3MilleHHs y (opmari
DEFLATE 3anmcyrotbesi kogamu XadmaHa, TO
3aMiHA j JOBXMHM len; 1O BUKOHYETHCS
NOYMHAIOYM 3 JTepana Sy 3a 3MIIEHHA offset;,
e(heKTUBHA JIUIIIE TOIi, KOJIH

lenj -1

Z lskﬂv 2 llenj + dlenj + /,Loffsetj + 50]7&3[‘, ’ (3)

i=0

ne 1, — noBxuHa koxy XadmaHa niTepana/I0OBXKUHA
3aMiHU M, d,— KIIBKICTh JOJATKOBHX OIT IS

3alcy AOOBXKXWHU 3aMIiHH m, /lm — JAOBXHHA KOOy

Xapmana 3mitueHns m, O n — KITIBKICTB JIOIaTKOBUX

OIT Ui 3amucy 3MilEHHS m. AJie KOPOTKI 3aMiHU
BUSIBIISIIOTLCS, K TPABWIO, CSQEKTUBHUMH IS
CTUCHYTHX OJIOKiB, B SIKMX IHINI 3aMiHH TaKoi X
JIOBXXKMHU TEK BPaxOBYIOThCs. Lle MOB’s3aHO 3 THM,
10 BpaxyBaHHS 3aMiH OJHAKOBOI JOBXHHH MOXE
CYTTEBO MiJIBUIIATH YaCTOTY i€l TOBKUHU 3aMiHU B
pO3MOMAUII  JITEPANiB/IOBXKHH 1, SK HACIIiIOK,
3MEHIIUTH JOBXKUHY 11 Komy Xadmana. 3 iHIIOTO
00Ky, BpaxyBaHHS CYKYIHOCTI KOPOTKHX 3aMiH
MOXX€ CYTTEBO 3MEHIIUTH YacCTOTH OKPEMHX
JiTepamiB 1 TOMYy 30UIBLIMTH JOBXHUHHU iX KOJIIB
Xadpmana. Kpim 1poro, Ha IOBKHHH (3arajbHi
KUTBKOCTI  0iT)  CTHCHYTHX  OJIOKIB  CYTTEBO
BIUIMBAIOTh 3MILIECHHSI MIDK OIHAKOBUMU
(parMeHTaMu BXiJHOTO OJIOKY JaHWX, aJike OUIbIIi
3MILLIEHHSA KOIYIOTBCS OLIBIIOO KUIBKICTEO
JONAaTKOBUX OiT.

Y ¢dopmari DEFLATE wMiHiManbHa JOBXHHA
koniB Xadmana piBHa 1, MakcumanpHa — 15,
MaKCHUMaJIbHa KUIBKICTh OOMATKOBUX OIT JOBXWHU
cknanae 5, a amimeHas — 13. Tomy, 3rigao (3), aus
Oyab-SKUX PO3MONLTIB YaCTOT €(DEKTUBHUMHU OYAYThH
3aMiHU JOBXWHOW Bim 48 mitepaniB. Ha mpakruri
300paKeHHS, B SIKUX OKpeMe 3HAYCHHS SICKPaBOCTI
MOBTOPIOETBCS ~ YACTIIIE B IHIIUX 3HAYCHb
SCKpAaBOCTEH  pa3oM  y3ATUX, 3yCTPIidaroThCs
HaJ3BHYAHO pigko (Xi0a 10 OJHOTOHHI 3aJIMBKH),
SK HACNJIOK — JOBXUHH KOIB JITEepasliB Maibke
3aBXKIM MEPEeBHIYIOTh 1, TOMy e(eKTUBHUMU
OymemMo BBakaTH 3aMiHM Bix 24  eleMeHTIB.
EQexTHBHICTh KOPOTIINX 3aMiH 3aJIC)KUTh HE JIHIIE
BiJl JTITEpaJIiB, Ki BOHU 3aMiHIOIOTh, a i 3arajoM BiJ
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po3MoAlTy CTUCHYTOro OnoKy. s deproBoro

OJIOKy  JaHMX  XapakTep  pO3MOAiIy  Horo

JiTepaTiB/IOBXKHH 1, TUM OLjbllle, 3MIIEHb HAIIEPE.

BU3HAUUTH HEMOXJHMBO, TOMY JJISi KOKHOIO

BXiTHOTO OJIOKY JAHUX MH NPOMOHYEMO TAKHIi

ajaroputM MiHimizauii po3mipy BiamosizHoro

CTHCHYTOTO 0JIOKY:

1) cTBOpUTH aJbTEPHATHBHI CTHCHYTI 0JI0KH 3
pizHMMHU MaKCHMaJIbHUMHU HOBKUHAMU
HEeBPAaXOBaHMX 3aMiH;

2) oOpaTu cepel HUX HAMKOPOTHIUIA 0JIOK;

3) iTepaTHBHO 3MEHIIHUTH HHOT0 TOBKUHY;

4) Buxkopucratu  copmoBaHuii 00K s
30epirannst panmx y dopmari DEFLATE
PNG-daiina.

[Iporpamu, Mo BHKOPUCTOBYIOTHCS Ha CHOTOJHI
JUT CTUCHEHHSI 300pakeHb y gopmari PNG, abo x
BpaxoOBYIOTh BCI 3aMiHH, a00 X BIAKHIAIOTH
HAMKOpOTII 3aMiHU A BCiX OJIOKiIB. Mu X, 1O
CYTi, MIPOMIOHYEMO BH3HAYaTH MiHIMAJIBHHNA PO3MIp
BpaxOBaHWX 3aMiH JJII KOXXHOTO OJIOKYy JaHHX
OKpEMO TaK, MO0 MiHIMI3yBaTH BiJIOBIIHI CTUCHYTI
Onmoku. PosrisHeMo Temep TNpakTHYHI acHeKTH
peamizamii JUIIE TEPIIUX TPHOX KPOKIB I[HOTO
QITOPUTMY, OCKIJIBKM UYETBEPTHH KPOK IOJIArae y
3BHYAHOMY 3amuci  cpopMOBaHUX KOHIB Y
BHUXiTHAN (aiin:

1. OdeBwaHO, MO TEHEPYBaTH albTCPHATHUBHI
CTHUCHYTI OJIOKH JONUIBHO JIMIIE JJI1  THX
MaKCHUMaJbHUX JIOBKMH HEBPAaxOBaHUX 3aMiH, fKi
3yCTpivaroThcst B po3knani LZ77 yeproBoro OJoKy
JAHUX 1 MOXKYTh BHSBUTHCS Hee()EKTHBHUMH, TOOTO
He TepeBHIIYIOTh 24. BpaxoBytoun Te, 1110 TOBKUHA
KOXKHOTO CTHCHYTOTO OJIOKY CKIJIQJA€ThCS 3 CyMH
JOBXWH 3aKOJOBAHHUX JHTEPaTiB/IOBXHH 3aMiH 1
3MillIEHb Ta JOJATKOBHUX OIT, 3arajibHy JIOBXHHY
QIPTEPHATUBHOIO  OJOKYy 3  MAaKCHMAaJbHOIO
JOBXHHOIO HEBPAXOBAaHUX 3aMiH j A KOXHOTO
0JIOKY TaHuX OyJeMO po3paxoByBaTH 3a (HOPMYIIOIO:

255 285

L, :Zoln”'l’f tLyse; + 225:7110. (t, +d,)+
. " (4)

29
+Z m; (}“i/ +0, )’
i=0

A€ N; — 4acToTa ejeMeHTa 4u 0a30BOi JOBXKHHU i,

1); —4actora 6a30BOro 3MilleHHs i. SIKk BUIHO 3 i€l

(hopmyn, TSt 004K CIICHHS JIOBXKUHU
ANBTEPHATUBHOTO CTUCHYTOTO OJIOKY HE MOTPiOHO
30epiratm  cam OJioK. JlocTaTHRO 3HATH JIHTIIIE
YacTOTH €JIEMEHTIB PO3MOJALTIB aJbTePHATHBHOTO
CTUCHYTOT'O OJIOKY Ta 3reHepyBaTH kojau XadmaHa
3TIMHO IMX po3MoAiTiB. Ha TpakTuIli JgocTaTHBO
30epiraTé 4acTOTH PO3MOJIiIIIB 3 yciMa BpaXOBaHUMH
3aMiHaMU Ta TEPENiK 3aMiH, 110 MOXYTh BHSBUTHUCS
Hee)SKTUBHUMH, a JUIS aHami3y MJOBXHH IHIIHX

aJbTEPHATUBHUX CTUCHYTHX OJIOKIB BIAKHUAATH 3
IUX PO3MOAUIIB YacTOTH 3aMiH [0 BU3HAYCHOI
JOBXXHHU Ta BPaxOBYBAaTH BiAMOBITHI JIiTEpaH.

2. BwuznHauatu MaKCHUMAaIIbHY JIOBXUHY
HEBpaxoOBaHMX 3aMiH (a, omKe, 1 IHIEKC)
HalKOpOTIIOrO CTUCHYTOI'O 010Ky 3

aNbTEePHATUBHUX OyAEeMO 32 POPMYIIOK0
indexMinBlock = min{k | L, =min L, ¢ .(5)
j=2,24 -

IIpuckoputn BH3HAYEHHS HAMKOPOTILIOIO 3
aNTPTEPHATUBHUX CTUCHYTHX OJIOKIB MOYKHA IIIIXOM
mepebopy MaKCUMaJIBHHX JOBXHH  BIIKHHYTHX
3aMid He 10 24, a gume 10 9, amKe JOBII 3aMiHM,
no-Tepie, 3yCTPidaroThCs AOBOMI piAko, 1, mo-
nIpyre, HeedeKTHUBHI JOBrl 3aMiHH MOXYTb OyTH
JIKBIIOBaHI Ha TPEThOMY KpOI[l  aJTrOpUTMY.
OO0UHnCITIOBATH JIOBXKHHY KOXHOTO aJbTEPHATHBHOTO
CTHCHYTOTO OMoKy 3TiHO 4) MOJKHA
0e3rocepeTHpo, MCIs TeHepallii BiAMOBITHAX KOIB
Xadmana. Ilpuckoputum K  BHUKOHAHHS  IHX
pO3paxyHKiB MOXHa 32 JOIOMOTOI OKpPEMOTO
30epiraHas AOJATKOBUX OIT 3aMiH (OCKUTBKH BOHH
HE 3aJIeXAaTh BiJl PO3MOJIIB YaCTOT) Ta OOUMCIICHHS
po3Mipy OiokiB koniB XadmaHa miTepaniB/IOBKUH
Ta 3MillleHb JIHIe 332 a0CONMITHUMHU YacTOTaMH iX
€JICMEHTIB, SK II€ ONMMCAHO B HACTYITHOMY PO3JILJII.
HaBenemo ¢parment mnporpamu Moo C, 1m0
peaitizye 1Ba pO3TIISTHYTI KPOKHU allTOPUTMY:

// POBHOCHMO YacTOTH 3aMiH Ta BIAMOBIIHUX iM
// miTepaiB, MO MOXKYTh BUSBHUTHCS HEONTUMAIEHUMHU
for (i=0; i<countAnalizZamina; i++)
{len = lenZamina[i]; offset=offsetZaminal[i];
// BU3Ha4YaemMo 0a30B1 3HAYEHHS Ta IOIATKOBI OiTH
LengthToCode (len, code, extra, value);
DistanceToCode (offset, codeD, extraD, valueD) ;
poz=pozlmageZamina[i]; // moyaTrok 3amiHu B TaHUX
nayavnolLenZamina[len]=true; // po3noain HassBHUH
// bikcyeMo mapaMeTpu 3aMiHM I aHAJI3y BiJKUIaHb:
for (j=0; j<len; j++) // peecTpyemo miTepau,
freqProbaLength[len][imageData[poz+j]]++;
freqProbaLength[len][code]++; // 6a3y moBxuHwU,
freqProbaDistance[len][codeD]++; // 6a3y 3wmitenHs,
plusBit[len]+=extrat+extraD;} // momaTkoBi 6iTH 3aMiHU
// BCTAaHOBJIIOEMO O3HAKY HASBHOCTI PO3MOINTY 3 yciMa
nayavnolLenZamina[2]=true; // MOXJIMBUMH 3aMiHAMH
// BCTAaHOBJIFOEMO 1HICKC MMOTIEPEIHBOTO HASIBHOIO
pprNayavno=0; // aJbTepHaTUBHOTO CTHCHYTOT'O OJIOKY
// MKJI 10 MaKCUMAJIbHUX JOBXKHMHAX BIIKUHYTUX 3aMiH
for (k=2; k<minLenZaminaL iteral; k++)
if (nayavnoLenZamina[k]) // € 3amiHu 4eproBoi JOBKXUHU
{ // HaKOIIMYy€MO YacTOTH JITEpalliB BIAKNHYTHX 3aMiH
for (i=0; i<=256; i++)

{freqProbaLength[k][i]+=

freqProbaLength[pprNayavno][i];

// cyMy€eMO 4aCTOTH JITEpajiB pO3MOALTY 3 yciMa

// 3aMiHaM¥ Ta YacTOTH JIITEPaTiB BIIKHHYTHUX 3aMiH

masAnalizLL[i]=freqCodeLengthTable[i]+

freqProbaLength[k][i]; }
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// HaKONMYYEMO 4acTOTH 0A30BHX 3HAYECHB JJOBXKHUH
for (1=257; i<=285; i++) // BIIKUHYTHX 3aMiH
{freqProbalLength[k][i]+=
freqProbalength[pprNayavno][i];
// 00YHMCIFOEMO PI3HUII YaCTOT 0a3 TOBXKUH PO3MOILTY
// 3 ycima 3aMiHaMH Ta 9acTOT 0a3 BIIKMHYTHX 3aMiH
masAnalizLL[i]=freqCodeLengthTable[i]-
freqProbaLength[k][i]; }
// migpaxoBy€EMO JOBXHUHY PO3IIOALTY JIiTepaiB/3aMiH
// U1 9eproBOTO albTEPHATUBHOTO CTHCHYTOTO OJIOKY
sizeCode=countBitHufPackFreq(masAnalizLL, 286);
// HaKONIMYYEMO YacTOTH 0A30BHX 3HAYEHb 3MIIICHb
for (i=0; i<=29; i++) // BinKuHyTUX 3aMiH
{freqProbaDistance[k][i]+=
freqProbaDistance[pprNayavno][i];
// 00YHMCIFOEMO PI3HUII YacTOT 0a3 3MillleHb
masAnalizD[i]=freqDistanceLengthTable[i]-
freqProbaDistance[k][i]; }
// nonaeMo NOBXUHY PO3IOILTY 3aMiH YepProBOTO
// aMbTEPHATHBHOTO CTUCHYTOTO OJIOKY
sizeCode+=countBitHufPackFreq(masAnalizD, 30);
// HaKOTIMIY€MO JTOAaTKOBI OITH BiTKMHYTHX 3aMiH
plusBit[k]+=plusBit[pprNayavno];
// BiIKHMIaeMO IOIATKOBI OITH 3 00YMCIIEHOI TOBKUHA
sizeCode-=plusBit[k];
if (sizeCode<minSizeCode) //4eproBuii 610K KOPOTIIUH
{minSizeCode=sizeCode;//3anam’iToByeMO e
po3Mip
// 3amam’sITOBy€MO MaKCUMAIIbHY JIOBKHHY
// BIAKMHYTHX 3aMiH HAaKOPOTIIOTO 3 PO3IIISIHYTUX
indexMinBlock=k; } // anprepHariuBHuX OJI0KIB
// 3am1amM’AITOBY€MO 1HIEKC TOMEPEAHFOTO HASBHOTO
pprNayavno=k; } //anpTepHaTHBHOTO OJIOKY

3. ITicnst BU3HAYEHHS MaKCHUMAJIBHOI HOBKHHH
HEBpaxOBaHUX 3aMiH HANKOPOTIIOTO 3
aNbTEPHATUBHUX CTUCHYTHX 0JT0KiIB TUTS
NOJAJBIIOT0 3MEHIIEHHS HOT0 PO3Mipy HEOoOXiIHO
CIOYaTKy pO3paxyBaTH IOBXHHU KOJiB XadmaHa
OKPEMHUX eJIEMEHTIB PO3MOJLTIB JIiTepalliB/JOBXKUH
Ta 3MIIICHb. 3 i€ METOIO OTPIOHO:
® 3reHepyBaTH YacTOTH PO3MOJLTIB HAHKOPOTIIOTO
3 QJIbTEPHATUBHUX CTUCHYTHUX OJIOKIB, 3aMill[yIOun
JUIA 3aMiH, [0 HE BPaXOBYIOTHCA, B YacTOTax
po3MoAUTiB 3 yciMa 3aMmiHaMu 0a30Bi 3HAYEHHS
JIOBXKUH Ta 3MIllICHb BIAMOBIAHUMU JTiITepaiaMHu;

e Ha OCHOBI C(HOpPMOBAaHMX YaCTOT PO3MOILIIB
po3paxyBaTu AOBXUHH KoJiB XadmaHa niTepaniB Ta
0a30BUX 3HAYEHb JOBXKHH 1 3MIIIEHb;

® IIPUCBOITH €JIEMEHTaM pO3IMOAUIIB, IO HE
BUKOPHUCTOBYIOTBCS, JIOBXKHHY Koumy XadmaHa
OIIMHUYHOTO  €JIeMEHTa, TOOTO  MaKCUMAaJbHY
JIOBXWHY, OCKIIBKHM TakKi €JIeMEHTH MOXYThb
3’SIBUTHCS 1] 9ac MOAATBIIIOT0 3MCHITICHHS PO3MIpy
HaHKOPOTILIOTO 3 aTbTEPHATUBHUX OJIOKIB.

3MEHIIUTH JOBXHHY OOpaHOr0 CTHCHYTOTO
OJIOKy  MOXHa  3a  PaxXyHOK  BiIKHIaHHS
Hee(eKTUBHUX  BpaXxOBaHMX Ta  BpPaxyBaHHA

epeKTUBHUX BiAKMHYTHUX 3amiH 3rigHo (3). Aue
BpaxyBaHHSI €(PEKTUBHHX 3aMiH 3MEHIIYE YacTOTH

OKpPEMUX EJIEMEHTIB 1, BIIITOBITHO, MOXE 30LTBITUTH
miclsl TepepaxyHKy AOBXKMHHM ix koniB Xadmana.
Tomy cepen 3aMiH, Hee()EKTHBHUX 3 IMOMEPEIHIMH
komamu XadMaHa, MOXKYTh BUSBUTHUCS €PEKTHBHI 3
nepepaxoBaHUMH TaKMMU KojaMu. | HaBIaku:
BiJIKUJJaHHS Hee(DEKTUBHUX 3aMiH 301JIbIITY€ 4YaCTOTH
OKpeMHX eJeMEHTIB Ta, BIANMOBIAHO, MOXe
3MCHIIUTH TICISA TIepepaxyHKy IOBXKHHU iX KOIIB
Xadmana, TOMy cepen 3aMmiH, e(EKTUBHHX 3
MoTepeIHIMU KoJamMu XadmMaHa, MOXKYTh BUSBUTHCS
Hee(DEeKTHBHI 3 TEpEepaXxOBaHUMH TAKUMHU KOJaMHU.
Ocb 4yomy ansi oOpaHOro HAWKOPOTIIOrO OJOKYy 3
aNbTePHATUBHUX Y BUIIAJKY, KOJH BiH HE BPaxOBY€
BCi 3aMiHH, JOIUIBHO ICIs aHallizy e(peKTUBHOCTI
3aMiH, KOPOTIIHNX 24, TIepepaxyBaTH JOBKAHU KOIIiB
XadmaHa eNEeMEHTIB pO3MOAUIIB Ta ITEpaTHBHO
MpoaHanizyBaTH e()eKTUBHICTh WX 3aMiH IIE pas.
JlomatkoBi iTepartii Il mepeBipku €PEKTUBHOCTI
3aMiH HEIOLLIbHI, OCKUIBKM BOHU CYTTEBO HE
BIUIMBAIOTh Ha JIOBKHHY OOPaHOTO CTHCHYTOTO
OJIOKy Ta 3HAYHO CITOBUTGHIOIOTh BUKOHAHHS
ANTOPHUTMY.

3. OBYUCIIEHHA PO3MIPY BJIOKY
KOAlB XA®MAHA 3A ABCOJTIOTHUMU
YACTOTAMU NOIO EJIEMEHTIB

Y dopmari DEFLATE a1t KOXKHOTO CTUCHYTOTO
0JIOKYy TeHepyeThCcs JBa OJIoKM KoniB XadmaHa —
JUIS JTiITepaTiB/IOBKHH Ta I 3MilIeHb. BuzHaueHHS
po3Mmipy  Takux  OJIOKIB  J03BoJise  oOparu
HAMKOPOTILIHNIA CTHCHYTHH OJIOK 3 anbTepHATHBHUX.

Habmmxeno oOumcnute po3Mmip Takux OJOKiB
MOXKHa 3a JOTIOMOTOI0  €HTpOmii, J0  sKOI
HAOJIMKAEThCS CepeliHs JOBXKHMHA KOIiB XadMaHa

[3]. CumpaBni, Hexail KOXEH 3 eIEMEHTIB S,

3ycrpivaeTbcst N, pas3iB B HOCIIZOBHOCTI

JIOBKAHOIO N=ZNi. Toni p(si):Nl./N i

3arajibHa JIOBJKHHA 3aK0/I0BaHUX
BpaxoByrouH (1), HAOIMKAETHCS 10 3HAUCHHS

NxH =N10g(N)—ZNI. log(N,). (6)

JIaHUX,

Mosoro C  mimnporpama IS TakKoro
HaOJIMKEHOT0 OOYHMCICHHS PO3Mipy OJIOKY KOJiB
XadmaHa Ma€ BUTIIS:

// masFreq — MacuB 9acTOT €JIEMEHTIB
// countAllFreq — 3aranpHa KiTbKiCTh 9aCTOT B MaCHBI
size=0; n=0;
for (i=0; i<countAllFreq; i++)
{nt+=freq[i]; // cymyemo gacToTH
if (freq[i]>1) // mist KOPEKTHOCTI OOYHCIICHB
sizet=freq[i]*log(freq[i]); }
if (n) size=(n*log(n)-size)/log(2);
else size=0;
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st TOYHOTO OOYMCIICHHST pO3Mipy OJIOKY KOIIiB
Xa(MaHa CKOPUCTAEMOCS ITEPATUBHUM HPUHITUTIOM
ix rerepauii [3]: cepen BCiX 4acTOT LIYKAIOThCA ABi
HallMeHIIi 1 Hajam po3risamaeThcs X cyMma
(mopopkeHa BepIIMHA); TICHS MOETHAHHS BCIX
4acToT B OJHY 1 (JOpMyBaHHS BiAMOBIZHOTO AepeBa
MO€JHAHh B 3BOPOTHOMY TIOPSKY YTBOPIOIOTHCS
KOIM EJIIEMEHTIB 3a JOMOMOTO0 JONHCYBaHHS 0
KOJAy BEPIIMHU OJHOMY 3 TMO€JHAHHUX CIIEMEHTIB
ONIMHUIII, a 1HIIOMY — HyJS (KOpeHEBa BEpIIMHA He
KOIYETBCSI, SKIIO JEePEeBO MICTHTh Xoda O 1Ba
eneMeHTH). ToOTO BHACTIAOK NOEIHAHHS JBOX
HAlMEHIIUX YacTOT /JAOB:KHHA OJIOKY KOIiB
Xapmana 30iIbIIYETHCSI HAa CyMYy HHX YaCTOT.
Ilett mpUHIATT TO3BOJSE ITEPATHBHO OOYHMCIIOBATH
po3Mip Takux OJIOKIB 0e3 TeHepalii caMuX KOIiB
€JIEMEHTIB: JI0 OTpPUMaHHS OJHI€l YacTOTH cepen
BCIX JOJATHUX YacCTOT 3HAXOAMMO JBl HalMEHII,
301IBLIYEMO JTOBKHHY OJIOKY Ha CyMy LUX YacTOT i
Hajali 3aMiCTh IUX JBOX YacTOT PO3TIAIaeMO ix
CcyMy. 3BHYAiiHO, 3HAXOJAWTH B MACHBI YacTOT
opasy JiBi HAWMEHIII HEIOUUIBHO, a/pKe 1Ie 3HAYHO
CHOBUILHUTH ~ 00YuCIIeHHs. ToMmy BIACOPTYyEMO
JMOJMaTHI 9YacTOTH 3a CHajaHHsIM 1 Oy;emo
MMOETHYBAaTH [IBI OCTaHHIX dYacTOTH. KpiMm 1160TO,
CyMa JIBOX YePTrOBUX YaCTOT HE MOXE OYTH MEHIIIOIO
CyMH JIBOX TIONEpPeHIX TOETHAHUX  YacToT,
OCKIJTBKH IIOpa3y OOHPArOThCS JBAa HAWMEHITHX
3HaueHHA. OTXe, 4yeproBa CyMma IOETHAHHS MOXE
OyTH BCTaBJCHAa TMEpel TONEPEIHBOID CYMYO
4acTOT, MO0 3HAYHO CKOPOYy€e OO0JIACTh TOMIYKY
no3umii 1 BCTaBKM Yy BiJICOPTOBaHWH MAaCHB.
HaBenemo ¢parment mnporpamu Mmoot C, 1o
peanizye OOYMCIEHHS JOBXKHHH OJIOKY KOIIB
Xadmana 3 BUKOPHUCTAaHHSIM OIMCAHWUX MIAXOMIB 1
OiHapHOTO TMOWIYKY TO3WIII BCTaBKH 4YacTOT Y
BiJICOPTOBaHNN MacuB (TyT AiUJICHHS Ha 2 3aMiHEHO
ITOOITOBHM 3CYBOM):
// COPTY€EMO YaCTOTH MacCHUBY 3a CITAJaHHIM
for (i=0; i<countAllFreq; i++)
if (masFreq[i]>0) // enemeHT B po3momiii HassBHUI
{element=masFreq]i];
if (countFreq==0) j=0;
else // GinapHHH ITOIYK NO3MIT 1711 BCTAaBKH
{minIndex=-1; maxIndex=countFreq;
while (maxIndex-minlndex>1)
{j=(minIndex+maxIndex)>>1; // ingexc cepenuHn
if (masFreq[j]>=element) minIndex=;j;
else maxIndex=j; }
j=maxIndex; }
for (k=countFreq; k>j; k--) // 3mimyemo MeHmIi 9actotu
masFreq[k]=masFreq[k-1];
masFreq[j]=element; // BcTaBisemMo 3HaiiieHy 4acToOTy
countFreq++; } // 36inbIryeMo KiUIbKICTb 4acToT, >0
if (countFreq==0) return 0; // sKI110 YacTOTH BiACYTHI
if (countFreq==1) // omuH exeMeHT KOAYEThCS OITOM
return masFreq[0];
countBit=0;

j=countFreq-2; // mo3uitisi [yisi BCTABKU MMOEAHAHUX YaCTOT
while (countFreq>2)
{// 06UHCTIOEMO CyMy TBOX HAWMEHIIUX YaCTOT
element=masFreq[countFreq-1]+masFreq[countFreq-2];
countBit+=element; // 30i1b11yEMO pO3MIp OJIOKY
// IyKaeMO TO3HILIIO0 /IS IPSIMOT'O BKIIIOUEHHS CYMH
while (j>0 && masFreq[j-1]<element) j--; / qvacToT
for (k=countFreq-2;k>j;k--)// 3minryemo MeHIIi YacToTH
masFreq[k]=masFreq[k-1];
masFreq[j]=element; // BcTaBmsieMO cyMy 9acTOT
countFreq--; } // 3MeHIIyeMO K-Th HEOOPOOIEHIX YaCTOT
// KOIye€MO 10J]aTKOBUM OITOM JBI HAiOLIbIII 4aCTOTH
return countBit+masFreq[0]+masFreq[1]; }

[TpuckopuTy po3paxyHOK AOBKHUHHU ONOKY KOJiB
XadmaHa MOXKHA, Hacammepen, 3a PaxyHOK
BpaxyBaHHs 0coOnMBOcTel 0OpPOOKH  OKpeMHuX
YacTOT. 3HaUHy YaCTUHY 4acy B MPOLECi MOeTHAHHS
9acTOT 3aiiMae BKIIOYEHHS HOBOi CyMH Y
BIICOPTOBAaHUM  MacuB, aMKe TIPH  LbOMY
JMIOBOJUTBCS MIOpa3y BCi MEHINI 4YacTOTH BiJ
OTPUMAHOI CyMH IOCYBaTH BIPaBO Ui (POPMYBaHHS
no3uuii BcTaBky. [IpumBHAINTY BUKOHAHHS TaKUX
BKIIIOYCHb MOJKHAa 32 JIONMOMOTOK) BUKOPHCTAHHS
OHO3B’SI3HOTO  CIHCKY, SIKHM  peawi3yeThes
JIOOATKOBUM MAaCHUBOM 1HIEKCIB OUIBIINX €JIEMEHTIB.

3HaYHO 3K MPUCKOPUTH PO3PAXyHOK JIOBKUHH
Takux OJIOKIB J03BOJISIE BpaxyBaHHS OCOOJIMBOCTEH
posmoniny iX 9acToT: SK CBiA4YaTh EKCIIEPUMEHTH,
oims 67 % wacror wMam (mo 15) 1 wacto
MOBTOPIOIOThCSA.  BceraBka  Takux — 4actoT Yy
BiZICOPTOBaHUI MacHUB 1 MOJAJIbIIE OIPALIOBAHHS
3aiimae 0OaraTo dYacy, XO4a MOJKJIHMBa iX OKpema
edpexTHBHIIa 00poOka. PosrissHemo, Hampukia,
po3moin, B IKOMY 4acToTa 1 OBTOprOEThCS 9 pasiB.
Bimpasy MoxHa BH3HAUWTH, IO B Tporieci 00poOKu
Oyme moemHaHo 4 TapW YacTOT 3i 3HAYeHHsSM 1 i
BHACHIIOK IMX TMO€JHAaHb po3Mip OJOKYy KOZiB
30iMbIIATECS HAa 8 Ta Oyme CTBOpeHO 4 YacToTH 3i
3HaueHHsAM 2. JleB’aTa dyacToTa 31 3HAYEHHSAM |
MOETHAETBCS 3 OUIBIIO dYacToTor. Tomy miist
yacToT 10 30 BKJIIOYHO MiAPaxyeMo KiIbKOCTI iX
NOBTOPeHb (YACTOTH YacTOT) B OKpPeMOMY
MACHBI, HO€AHAEMO MaJIi YacTOoTH A0 15 BKIIOYHO
3 BUKOPHCTAHHSAM IBOT0 K MACHBY Ta 3alMIIEMO
y BigcoproBaHmii MacuB  4acTOT  JIMINe
pe3yabTaTH IHX MO€AHAHb. Taka ONTHUMIi3aIisd
JO3BOJIIE  3MCHIIMTH  KIBKICTH  €JIEMEHTIB Y
BigcoproBaHoMy MacuBi yactoT Ha 30-40 %.
BuxoprcranHs X IBOX ONUCAHUX MOIUbIKAIii
JO3BOJIIE B CEPEAHBOMY TOYHO PO3PaXxOBYBaTH
JOBXHHY OJNOKY KoaiB XajMmaHa HE MOBIJIbHILIC
HAONMMKEHOT OIIIHKH PO3IOAUTY 3 BHKOPHUCTAHHSIM
edrponii. ®parmeHt nporpamu Moo C, 1m0
peai3ye Bci onucani Mogudikamii, Mae BUTIIS;

// cOpTY€EMO B MacUBi 4acTOTH, OubImi 30, 3a criaiaHHsIM;
// AIst MEHIIMX YacTOT MiAPaxOBY€EMO IX KUIBKICTh

for (i=0; i<countAllFreq; i++)

if (masFreq[i]>0) // enemenT B po3moisi HassBHUN
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if (masFreq[i]<31)
{//migpaxyHoK KilbKocTei 4acToT 10 30 BKIIOYHO
masCountMinFreq[masFreq[i]]++;
countMinFreq++; } // K-Tb MiHIMaJIbHUX YaCTOT
else // BcTaBisieMo 4acToTy y BiICOPTOBaHUI MacuB
{element=masFreq]i];
if (countFreq==0) j=0;
else// GiHapHMIA TOIIYK ITO3MIIT U1l BCTABKU
{minIndex=-1; maxIndex=countFreq;
while (maxIndex-minIndex>1)
{j=(minIndex+maxIndex)>>1; // iHgeKc cepequHN
if (masFreq[j]>=element) minIndex=j;
else maxIndex=j; }
j=maxIndex; }
for (k=countFreq;k>j;k--) // 3milyemo mMeHI1i 4acToTn
masFreq[k]=masFreq[k-1];
masFreq[j]=element; // BcTaBiseMO 3HAMICHY YaCTOTY
countFreq++; } // 3011bIIyeMO KiNBKICTh 9acToT, >30
if (countFreq+countMinFreq==0)
return 0; // 9acToTH BiACYTHI
countBit=0;
if (countMinFreq>0) // wactoru o 30 HasBHI
{//ananizyemo 4acToTH f0 15 BKIHOYHO
for (i=1; i<=15; i++)
nextElement:
if (masCountMinFreq[i]>0) // HasiBHa KUIBKICTh YaCTOT
{if (masCountMinFreq[i]>1) // € onHakoBi yacroTn
{// 3HaXO0AMMO KIIBKICTh AP OJHAKOBUX YaCTOT
countParaFreq=masCountMinFreq[i]>>1;
// BpaxoBy€MO IO€THAHHS T1ap B JOBXKHHI OJOKY
countBit+=(countParaFreq<<1)*i;
// TOEAHYEMO TIapH OTHAKOBHX YaCTOT
masCountMinFreq[i<<l1]+=countParaFreq; }
// 3anmIImIacs oJHa 9acTOTa — IIYKAaeMO iif mapy
if (masCountMinFreq[i] & 1)
{element=i++;
while (masCountMinFreq[i]==0 && i<=15) i++;
if (>15) //mapy He 3HaiiIeHO — 3aBepIIyEMO aHaI3
{i=element; masCountMinFreq[i]=1; break; }
// mapy 3HalHICHO — BPaXOBYEMO B JOBXKHHI OJIOKY
countBit+=element+i;
masCountMinFreq[element+i]++;//cymyemo yactotu
masCountMinFreq[i]--; / ogHy 9acToTy ompaIroBaim
// mepexoauMo 0 OITBIIOT YaCTOTH
goto nextElement; }}
//BCTaBISIEMO MOETHAHHI YaCTOTH B KiHELlb MACHBY
for (G=30; j>=i; j--)
if (masCountMinFreq[j]>0)
for (k=0; k<masCountMinFreq[j]; k++)
masFreq[countFreq++]=j; }
if (countFreq==1) // onuH enemMeHT KOy€EThCS OiITOM
return masFreq[0];
bottom=countFreq-1; // inaekc HAlIMEHIIOT YaCTOTH
for (i=bottom; i>0; i--)
prev[i]=i-1; // cnucok iHAEKCIB OLTBIINX YaCTOT B MACHBI
prev[0]=countAllFreq; / 03HaKa 3aKiHUECHHS CITUCKY
index=prev[prev[bottom]]; // mo3uttis A MOETHAHD
//UMKIIIYHE TOE€IHAHHSA IBOX HAMEHIIMUX YacTOT
while (prev[bottom]!=countAllFreq) //no oauiei yactoru
{masFreq[prev[bottom]]+=masFreq[bottom];
bottom=prev[bottom]; / mocyBaEMo BEpIIUHY CIIHCKY
// BpaXOBY€MO TO€EHAHHSI B IOBXKHHI OJIOKY
countBit+=masFreq[bottom];

// K10 cyMapHa 4acToTa Oijbliia HACTYITHOTO eJIeMEHTa
if (prev[bottom]<countAllFreq &&
masFreq[prev[bottom]]<masFreq[bottom])
{i=bottom;
bottom=prev[bottom]; // mepemiiryemMo BepIIMHY
// IIyKaeMO MO3HULIIO AJIS BCTABKU MMOEAHAHHS YACTOT
while (prev[index]<countAllFreq &&
masFreq[prev[index]]<masFreq[i])
index=prev[index];

// BCTaBIIIEMO CYMy 4acTOT B CITHCOK
prev[i]=prev[index]; prev[index]=i; index=i; }

else index=prev[bottom]; }

return countBit; }

4. PE3YJIbTATU EKCMNEPUMEHTIB

Ha 3aBepmieHHs  poO3MNISHEMO  pe3yJbTaTH
3aCTOCYBaHHsI OIMTUCAHOTO aNTOPUTMY BUKOPHCTAHHS
aNbTEpPHATUBHUX CTHCHYTHX OJIOKIB Ui KOMIIpecii
BOCBMH  PI3HOTHIHUX  24-0iTHHX  300pakeHb
crangaptaoro Habopy daiinie ACT y ¢opmati PNG
(3aBantaxxutn ix TIFF-Bepcii MokHa, HampukIaz, 3
http://compression.ru/arctest/act/act-files.html).

TecryBaHHS  HPOBOAMIOCS 32  JOINOMOIOIO
nporpamu 3 CD nmo [1], y sky Oyiu BHeceHi Taki
Moaudikarii:

» 3abes3rneueHa MOXKIJIMBICTh BHUXOJY 31 CIOBHHKA B
Oy(ep miJ Yac KoIyBaHHS MOBTOPIB;

» peanmizoBaHuii BHOIp TpemUKTOpa Ui PpsAAKa
MiKceTiB 300pakeHHs HAa OCHOBI CITIBCTaBIICHHS
e(eKTHBHOCTI  CTHUCHEHHS 300pakeHHS 0Oe3
MoTepeaHbOT 00poOKH 3 OLIIHKOIO
HEPIBHOMIPHOCTI PO3MOAUTY MIiCHisA il KOXKHOTO
HPEIUKTOPA;

» 3anpoBaKEHUH aHawi3 aNbTEPHATUBHUX
CTHUCHYTHX OJIOKIB 1 KiJIbKOCTEH JOJaTKOBHX OIT
TIPH 3aIKCi 3MIlCHb;

» po3mip ONIOKIB maHuMX 30inbmieHui 10 64 KO Ta
BIJKUHYTI JOMOMIXHi TEKCTOBi OJIOKH.
Pesynprat TectyBaHHA HaBeleHO B Tabm. 1, 2,

e TIOKa3HMKOM  Kommpecii  daitmiB  oOpaHO

KoeQIIIEHT CTUCHEHHsI, BUpaXeHUW B bpp, ToOTO y

KIJIBKOCTI 0iT, IO B CEpeIHbOMY BUTPAUYaIOThCS LIS

KOIyBaHHS OJHOTO TIikcenma 300paxkeHHs. Jlani

TECTyBaHHS nporpamu oe3 3aCTOCYBaHHS

PO3MIIIHYTOTO aJrOPUTMY HAaBEACHO B TPETHOMY, a 3

3aCTOCYBaHHSIM — Yy 4eTBepToMy cToBOui. Kpim

IILOTO, JJIS TOPIBHSIHHA €(EKTUBHOCTI CTUCHEHHS y

JpyroMy CTOBMII TaOJHMLb BKa3aHO pe3yJbTaTH

TecTyBaHHs nporpamu Microsoft Photo Editor 2000,

SKa HE 3aCTOCOBY€ IPEIUKTOPH, a B II'SITOMY Ta

IIOCTOMY — pe3yJbTaTh MOmyJsipHOi cepen Web-

JIU3aifHepiB porpamMu OptiPng

(http://www.optipng.sourceforge.net), sika TeHepye

kopoTki PNG-daiinu 3a pesynbraramu BiANOBIIHO

CTaHIApTHOTO Ta  MaKCUMalbHOTO  mepebopy

MPEIUKTOPiB, PpPO3MIpIiB CTUCHYTUX OJIOKIB Ta

CTpaTeriii CTUCHEHHS.
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Ta6uuus 1. Koedinientn crucnenns (bpp) daiinis
300paxens Habopy ACT y popmati PNG micas
3aCTOCYBaHHsA Pi3HUX BapiaHTIB mporpam

Photo | Miano | Miano | OptiPn .

Bmp-daiin | Editor | 0e3 3 (IJ)TaH-g OptiPng
Makc.

2000 | anmrop. | amrop. | mapr
Clegg 9.06] 5.69| 5.00 5.37 5.32
Frymire 1.78] 1.64| 1.64 1.63 1.63
Lena 22.85| 15.92] 14.45 14.48 14.48
Monarch 18.36| 13.16] 12.61 12.51 12.49
Peppers 21.97| 13.98| 12.92 12.95 12.92
Sail 20.73| 15.88] 15.88 15.97 15.80
Serrano 1.84] 1.72| 1.72 1.70 1.70
Tulips 21.61| 14.65| 13.86 13.84 13.82
Cepeapniii 14.77| 1033 9.76 9.81 9.77
Cyxkynumii | 10.89| 7.70| 7.29 7.35 7.32

Tabauns 2. Yac crucHenHs (¢) ¢aiitiB 300paxkeHb
Hadopy ACT y ¢popmarti PNG pizHumu Bapiantamu
nporpamM Ha kommn’orepi 3 yactororo 300 MI'u

Photo | Miano | Miano | OptiPng OptiPn
Bmp-daiin | Editor | 6e3 3 CTaH- purng

MakKc.

2000 | anrop. | anrop. | maprt

Clegg 3 14 15 72 996
Frymire 4 18 18 78 684
Lena 2 6 7 14 289
Monarch 3 12 13 33 733
Peppers 2 7 8 16 408
Sail 3 11 11 21 486
Serrano 2 8 8 23 336
Tulips 3 10 11 26 562
Pa3om 22 86 91 283 4494
Sk CBiqUaTh pe3ynpTaTi TECTYBAaHH,

3aCTOCYBaHHS OIMCAHOTO AlTOPUTMY MOKPAIIUIIO
koedillieHT cTUcHeHHS Ha 2 — 6% mna 63%
300pakeHb, SKi, SK TMPaBWIO, € HEMEePEPBHO-
TOHOBHMH, Ta HE BIUIMHYJIO Ha KOMIPECIIO pEITH
¢aiiniB, xoya W CHOBIILHUIO BUKOHAHHS MPOTPaMu
B cepenHboMy Ha 7%. Kpim mporo, peamizauis
PO3TIISIHYTOTO alNrOpUTMY JO3BOJIMIIA HAOIH3UTHUCS
10 KoedillieHTa CTUCHEHHS Mporpamu mepebopy, a
UL JIeSIKMX  300pakeHb 1 MEepeBEepIIMTH  HOTo,
BHUTpavarodu st koMrpecii B 1.9 — 66 pasiB MeHIIe
qacy.

5. BACHOBKU

1. Ins migBumieHHST e(EeKTUBHOCTI CTHCHEHHS
TAHUX y ¢dopmarax, 110 MOCIIIJOBHO
BUKOPHUCTOBYIOThH QJITOPUTMH JEKITHKOX METOJIIB,
CIiJT BpaxOBYBaTH B3a€EMHUH  BIUIUB  ILUX
ITOPUTMIB.

2. IligABUIUTH IIBHIKICTH PO3PaxXyHKY PO3MIpY
0sioKy koniB XajMaHa 3a 4aCTOTAMHU €JICMCHTIB
MOKHA HE JHIIe 3 JONOMOTOK IIBHJKUX
QITOPUTMIB  COPTYBaHHSA Ta BUKOPHCTAHHS
CIHCKIiB, & U NDIIXOM OKPEMOTO MOMEPEIHLOTO
OTIPALIOBaHHS MAJIMX YaCTOT.

3. Po3risiHyTU#  anropuTM  JI03BOJISIE  CYTTEBO
MOKPALTUTH KOCQIIIEHT CTUCHEHHS OUIBIIOCTI
300paXeHb 3a PaxXyHOK BUOOPY IS KOXKHOTO
OJIOKY JaHWX HAHKOPOTIIOTO 3 aIbTEPHATUBHUX
CTHCHYTHX OJIOKIB JNMHAMIYHUX KOIiB XadmaHa
Ta ITepaTUBHOIO 3MEHIIICHHS HOTO PO3MIpYy.

4. OnucaHuii aNropuT™M HE BUMarae Momudikarii
JEKOepa YU MporpaM Meperisiay 300pakeHb 1 3a
paxyHOK 3MEHIICHHS po3MipiB ¢ainiB nume
MpuCcKoproe iXx podory. Came TOMy BiH MOXe
OyTH e(peKTUBHO BUKOPUCTAHUH IS 30eperKEHHS
JaHUX y CTaHgaprax, M0 BHKOPUCTOBYIOTh
¢dopmat croparkoBoro crucHeHHs DEFLATE.
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Resume: in the article the algorithm of generation of the alternative compressed blocks of dynamic Huffman’s codes
for every block of data, choice of the shortest compressed block of alternative and iterative diminishing of its size for
the improvement of the compression of images in the format of PNG is offered. The methods of the estimation of the size
of block of Huffman’s codes according to the absolute frequencies of its elements are examined in details. The fragment
of programs outlaying the language of C, which allows exactly to determine the size of the compressed block by
principle of generation of dynamic Huffman’s codes and separate working of small frequencies of elements, using for
this purpose on the average not more time, than for the close estimation of size with the use of entroping. As
experiments show, realization of the offered algorithm, allows to improve the indexes of the compression of the majority

of images in the format of PNG in 2 — 6 %.

Keywords: lossless compression of images, dynamic Huffman’s codes, format of graphic files of PNG.

INTRODUCTION

The format of graphic files of PNG was created
on October, 1, 1996 for the effective preserving of
bitmapped images without losses after the company
“Unisys” began to require paying for the using of
format of GIF [1]. In this work the method of
increase of indexes of compression of images in this
format due to the generation and comparison of sizes
of the alternative compressed blocks is described in
details.

In PNG-files which are used nowadays,
compressed data are saved in separate blocks
according to the format of dictionary compression of
Deflate [1, 3]. In accordance to this format, the
compressed blocks contain results of he using of the
input stream of predictors and algorithm of the LZH
[3], according to which the results of context-
dependent dictionary algorithm of the LZ77 [4] are
compressed by the context-independent Huffman’s
codes.

Describing the dictionary algorithms, the fixed
amount of the previous coded indivisible elements
(literals) of the input stream is called a dictionary,
but next uncoded — ones a buffer. The algorithm
LZ77 is based on the replacement in the output

stream of sequence of next literals of buffer by
sending the similar sequence of literals of the
dictionary as a pair of numbers <length;
displacement is from the end of the dictionary>. In
the case of absence of the similar sequence of literals
in a dictionary, the first literal of buffer is transferred
in the output stream began without changes. After
this coded literals are transferred from the beginning
of buffer to the end of the dictionary and coding
continues in the same way up to the ending of
literals of input stream. For the providing of
synonymousness of decoding separate literals and
base values of lengths are encoded together. With
the purpose of increasing of indexes of compression
for displacements and literals/lengths different
optimum dynamic Huffman’s codes are generated in
every block of the compressed data.

1. ALGORITHM OF THE GENERATION
OF THE ALTERNATIVE COMPRESSED
BLOCKS, CHOICE OF THE SHORTEST
BLOCK OF THE ALTERNATIVE AND
ITERATIVE DIMINISHING OF ITS SIZE

Obviously, replacements of LZ77 are considered
to be effective, if they are written down by not
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greater amount of bats, than separate literals, which
they replace. As separate literals and base values of
lengths and displacements in the format of Deflate
are written down by the codes of Huffman, the
replacement of j length of len;, which is
implemented beginning with literal of s, for
displacement of offset; is effective only, when
executed (3), where I, is the length of Huffman’s
codes of literal/length of replacement of m, d,, is the
quantity of the additional bats for the recording of

length of replacement of m, A, - length of

Huffman’s code of displacement of m, &, is the

guantity an amount of additional bats for the record
of displacement of m. But short replacements
appear, as a rule, effective for the compressed blocks
in which other replacements of the same length are
also taken into account in. It is connected with the
fact that taking of replacements of identical length
can substantially increase the frequency of this
length of replacement in the distributing of
literals/lengths and, as a result, decrease the length
of its Huffman’s codes. On the other side, taking
into account of the aggregate of short replacements
can substantially decrease frequencies of separate
literals and as a result multiply lengths of their
Huffman’s codes. Besides, the displacement
between the identical fragments of entry block of
data substantially influence the length of the
compressed blocks because greater displacements
are encoded by greater quantity of additional bats.
According (3) to the standard of Deflate, for any

distributing of frequencies there will be effective
replacements not less than 48 literals. In practice,
images in which the separate value of brightness
repeats more frequent by than other values of
brightness taken together, meet extraordinarily
seldom (for example solid fillings), as a result —
lengths of codes of literals almost always exceed 1,
that is why effective are supposed replacements not
less than 24 elements. The efficiency of shorter
replacements depends not only on literals, which
they replace, but also on the distribution of the
compressed block in general. It is impossible to
define the character of literals/length distribution in
regular block and moreover, the distribution of
displacement for every block. That is why we offer
the following algorithm of minimization of size in
proper compressed block:

1) to create the alternative compressed blocks
with different maximal lengths of not taken
into account replacements;

2) to choose the shortest block among them;

3) decrease iteratively its length by casting aside
of not effective and accounting of effective
replacements according to (3);

4) to use the formed block for data storage in the
format of Deflate PNG-file.

2. RESULTS OF EXPERIMENTS

Let’s examine the results of the application of the
described algorithm of the use of the alternative
compressed blocks for a compression, for example,
of eight different type 24-bits images of standard set
of ACT files of in the format of PNG. Testing was
conducted with the help of the modified program
from [1]. In fig. 1 image compressing factors are
given, and in fig. 2 is the proper time of compression
(s). Testing results of the program are given without
application of the considered algorithm it is resulted
in the third, and with application — in the fourth
column. Besides, for the comparison of the
efficiency of compression in the second column of
tables the results of testing of “Microsoft Photo
Editor 20007, which does not apply predictiors, are
given and in the fifth and sixth there are results of
the popular among Web-designers program OptiPng
(http://www.optipng.sourceforge.net), which
generates short PNG-files as a result of accordingly
standard and maximal surplus of predictors, sizes of
the compressed blocks and compression strategies.

As the results of testing show, application of the
described algorithm increased an aspect ratio in 2 —
6% for 63% images, which, as a rule, are
continuously toned, and did not influence the
compression of the other files, although slowed
implementation of the program on the average of
7%. Besides, the realization of the considered
algorithm allowed to approximate to the aspect of
the program of surplus ratio, for some images to
surpass it, outlaying for a compression in 1.9 — 66
less time.

3. CONCLUSIONS

1. For the increase of the efficiency of data
compression in formats which use the algorithms
of a few methods consistently, we should take
into account the mutual influence of these
algorithms.

2. The considered algorithm substantially allows to
improve compression factor of most images ratio
due to choosing the shortest of the alternative
compressed blocks of dynamic Huffman’s codes
and iterative diminishing of its size for every
block.

3. The described algorithm does not require
modification of decoder or programs of image
viewing and due to decreasing the size of files
only accelerates their work. For this reason, it can
be effectively used for saving data in standards,
which use the format of dictionary compression
of Deflate.
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Abstract: This paper presents the design and VLSI hardware implementation of a remote sensing system for humidity
and temperature in real time. The remote monitoring of the system based on a web design by using GPRS (General
Packet Radio Service) network. Since full custom ASIC design takes long time with high cost, programmable logic
devices as a programmable ASIC is a better choice for rapid design process and reasonable prices. The design has
been described using VHDL (VHSIC Hardware Description Language), and then implemented in hardware using
CoolRunner2 CPLD from Xilinx to achieve low cost with rapid prototyping. The design has been simulated and
synthesized using Xilinx ISE 6.2i software tools, then test in hardware level using Digilent Spartan 3 starter kit as a
hardware tools. The design offers a complete, low cost, powerful and user friendly way of 24 hours real time

monitoring system.
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1. INTRODUCTION

Programmable Logic Devices (PLDs) are
extensively used in rapid prototyping and
verification of a conceptual design and also used in
electronic systems when the mask-production of a
custom IC becomes prohibitively expensive due to
the small quantity [1]. Many system designs that
used to be built in custom silicon VLSI [2] are now
implemented in Programmable Logic Devices. This
is because of the high cost of building a mask
production of a custom VLSI especially for small
guantity [3]. With the rapid development of computer
technology, the monitored control design of the central air-
conditioning system is becoming the core of the design for
building automation system [4] and [5]. Real-time
monitoring provides reliable, timely information of
petroleum product’s status, important in taking
decisions for petroleum production improvement.
Evaluation of petroleum production systems is a time
consuming and difficult process because it means
performing visits to selected petroleum fields to be
able to measure and register certain physical,
chemical and biological characteristics of the
petroleum production areas [6]. Microcontroller has
been used for the design of remote sensing and

climate control systems [7] and [8]. Field
Programmable Gate Array (FPGA) is a better choice
than microcontroller for cost effective design, since
the use of FPGA will integrate most of the
components in one single chip, which in turn reduce
the size of PCB [9], [10], and [11]. The disadvantage
with FPGA is that it is volatile, once the power is
switched off, the desig will be erased. For remote
monitoring, GSM has been used by sending SMS
messages [12], [13], [14], and [15]. This research
introduces a web-based 24-hours real time remote
monitoring and climate control system with low cost
for building automation and petroleum production
systems. The advantages in the introduced system
compared to others introduced in [4-15] is the use of
GPRS for real time monitoring with low cost
compared to the cost of sending SMS in case of
GSM MODEM as well as using a 40-pines
Coolrunner module “CMOD” with low cost,
nonvolatile, and easy for hardware prototyping
compared to the use of FPGA. The design has been
synthesized and implemented using Xilinx ISE 6.2i.
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2. SYSTEM ARCHITECTURE

The system design mainly consists of three main
unites: the server, the PC and the remote unit, which
in turn consists of four units; the controller that will
be implemented in Xilinx CMOD coolrunner-2
CPLD, the sensor circuit, the cooling system, and
the GPRS MODEM as shown in Fig. 1. The PC and
server are located in the control center and the
remote unit is located in the remote land, where
humidity and temperature are measured. The three
main units are communicated through the internet
and the GPRS network. The main function of remote
unit is continuously measure the temperature and
humidity and compares the measured values with a
threshold level, operates the cooling system and
sends messages through GPRS network to the
control center in case of high temperature or
humidity exceeds the threshold level. The main
subunit of the remote unit is the controller that has
been designed using VHDL, and then implemented
on Xilinx Coolrunner CMOD CPLD.

==
Humidity Temperature
Sensor Sensor

RS232

Cooling System

GPRS Module

The controller has two components; the first
component dealing with humidity measurements;
and the second component dealing with the
temperature measurements. Each component has its
own inputs, the humidity input is coming from the
humidity sensor, and the temperature input is
coming from the temperature sensor. Both of the
humidity and temperature sensors are connected to
CPLD through an analog to digital converter (ADC)
as shown in Fig. 2. The GPRS is connected to CPLD
through RS232, wusing the standard serial
communications port. The communications between
GPRS and controller has been achieved by the
design of a UART (Universal Asynchronous
Receiver Transmitter). The UART has been
designed using VHDL, and implemented on the
CPLD. On the PC unit a web page has been
designed using VB.net, for remotely accessing the
system board and sensing the temperature or
humidity, as well as sending commands to controller
for adjusting the cooling system.

GPRS Network

Server

Fig. 1 — System Architecture
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ATD ¢ —— HSC

GPRS RS232 CPLD H MUX

ATD T5C

Fig. 2 — Block diagram for the main circuit board unit

3. STATE MACHINE CHARTS

This section concerned with hardware design of
the controller circuit for the humidity and
temperature sensing. Fig. 3 shows the State Machine
(SM) Chart for the temperature and humidity control
component that has been designed using VHDL and
previously mentioned in section 2. For simplicity we
have reduced the number of states to three states;
initial state, HS (Humidity Sensing), and TS
(Temperature Sensing) as shown in Fig. 3. In the
initial state, controller checks for the variable “Sel”
which select between temperature and humidity v
sensing. The HS state checks for high humidity, if it
is true, the controller has to adjust the humidity and HS 15
send message to the control centre, then the control
goes back to the initial state. The same scenario
happens in TS with temperature sensing. The value
“Sel” that select between HS and TS, changes its
value sequentially. By this way the controller is
continuously monitoring the temperature and
humidity status. By comparing the SM chart of fig. 3
with the block diagram of fig. 2, the input “Sel” in
SM chart represents the “MUX” block in the block
diagram. This multiplexer is used to save the number
of used pines from CPLD by multiplexing both of
the two reading from the humidity and temperature
Sensors.

| Initial State |4

Fig. 3 — Simplified SM Chart for the sensing process
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3. SIMULATION RESULTS

The VHDL models have been simulated
functionally to verify the correctness of the
behavioral description for the models. Fig. 4 shows
the simulation results for the temperature sensing
and control. Where “clk” is the system clock input,
“TS” is an input bit vector of 8-bit which represents
the inputs from the temperature sensor. The analog
value of the temperature sensor has to be converted
to digital value in binary representation using the
ADC; this binary value is represented by “TS” input.
The signals “SSCATH?” is the cathode output for the
seven segment display on the system board, and
“AN” is the anode output for the seven segment, it is
four bits that representing four digits, but only two
of them are used. The values on “AN” represent the
multiplexing between the seven segment digits, and
the values on “SSCATH” represent the seven
segment code for the decimal value. The signal
“LSD” and “MSD” are internal signal that
representing the two BCD (Binary Coded Decimal)

digits of the temperature reading. Where “LSD” is
least significant digit and “MSD” is most significant
digit. Signal “T” is an output signal that indicates the
high temperature and normal temperature. In fig. 5
the simulation results for the humidity sensing and
control is given, where “PSEN” is reading value for
humidity, “SHP” is the output signal that will high
for high humidity, “S1” and “C” are the cathode and
anode output for the seven segment respectively.
Fig. 6 shows the simulation for the multiplexing
between the humidity and temperature circuits.
Where “TSC” and “HSC” are two 8-bit inputs from
the analog to digital converter of the Temperature
Sensing Circuit and Humidity Sensing Circuit, “Sel”
is the selector input, and “Q” is an 8-bit output of the
multiplexer. If (Sel=*0") then (Q = HSC), and if
(Sel=*1") then (Q = TSC). The selector “Sel” is
changing sequentially using binary counter. The
MSB (Most Significant Bit) of TSC, HSC, and Q are
on the left, whether the LSB (Least Significant Bit)
are on the right.
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5. CONCLUSION

A hardware design of a remote sensing system
for humidity and temperature based on using GPRS
for internet connection has been proposed in this
article. The system was designed using VHDL in a
high level design method. The system can remotely
sense and control the temperature and humidity
through the internet and GPRS network. All parts of
the design have been tested in both simulation and
hardware level. The implemented design targeted
Xilinx Coolrunner CPLD CMOD with 40 pins for
final prototype.
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Pe3rome: B pobomi npedcmasineno psad meopemuunux ioei ma npuKkiaoHi mexHo102ii Kl MoJjiCyms Oymu 6mineHi npu
cmeopenHi cemanmuyroi enekmponuoi oioniomexu (EB). 3okpema 3nauna ysaea npudinena, sikum YUHOM MEXHONO2IA
Semantic Web euxopucmosyemucs 6 piznux acnexkmax EB. Budineno ocnoeni pisni 6 cmpykmypi EB axi moocyms Oymu
HOCIAMU ceManmuuno2o onucanusa. Onucaui nepesacu maxozo nioxody. Takoxc UcCeimieno NUMAaHHA SKi ROCMArms
npu inmezpayii K1acuuHux eieKmpoHHux 6ioriomex ma micye Semantic Web 6 yux npoyecax. 3pobneno kopomkuii
0271510 NPOBIOHUX C8IMOBUX npoexmie 3 cmeopenus EB 3 euxopucmanusam mexnonoeii Semantic Web.

Kurouosi cnoBa: Semantic Web, enexmpouna dioniomexa, WSMO, cemanmuuna anomayis.

BCTYN
Enexrponna 0i0i0TEKA € CKJIATHOIO
indopmariiitnoro  cTpykrypoto. Came  TOHATTS
CJICKTpOHHA  0i0mioTeKka Ha  JaHWW  MOMEHT

KOHKPETHO He BH3HaueHo. B pobotax [1], [2], [3]
OyJI0 TIPOBEIICHO aHai3 CTOCOBHO ITLOTO ITOHSTTS.

Mu 3ynuHUMOCS Ha TakOMy IIAXOMi, IO
eJIeKTpOHHA OiOmioTeka 1e 00 ’emHAHHS Yepe3
MEpEeKy  CIEKTPOHHHX  TEKCTiB, JIOKYMECHTIB,
300paKeHb,  3BYKiB,  HAayKOBHX  JaHHX  Ta
porpaMHOro  3a0e3MEYeHHs fSKe €  SAPOM
ChOTOMIHINIHEOTO [HTepHETY, a B MaibyTHHOMY
gepe3 OpraHizamilo IOCTYIy D0 eJIEKTPOHHUX

0i0ioTek Oye yTBOpHOBATHCS 0a3a 3HAHb JIOJICTRA.
Le#t mnigxig NDOpOIXKye Tak 3BaHy KOJCKTUBHY
nam’gaTb. [IOHATTS KOJEKTHMBHOI IaM’ATi caMe IUIs
Uu¢ppoBuX 0I0JIOTEK BUHUKIO BiTHOCHO HEIABHO.
[Ipote ueir Tepmin HaOyB MIMPOKOTO MOIIMPEHHS,
3okpema komiteT IEEE Technical Committee on
Digital Libraries, TpakTye 1e TOHITTS SIK
CYKYIHICTh €JIEKTPOHHHX Oi0JIiOTeK, E€JNEKTPOHHUX
My3eiB, €NeKTPOHHUX apXiBiB. 3a3BHYail OCHOBHA
indopmariiss ska mepegaBaiaca Iie Oylia TEKCTOBa
iHpopMallis, Tpo Te Ha paszi, MepeaacTbes
iHpopMaLii iHIIMX TUIIB Bileo, 3BYK, GpoTorpadii Ta
iH.. [4].

Takuii migxix € I1HHOBAIWHUM OCKIJIBKHA A€
mimicHud  goctyn Ao iHdopmamii  OyAb-SKUM
KOpucTyBadaM  Oynb-#e. Po3BHTOK  cyyacHHX
iHQopMaIifHUX  TEXHOJNOTIH Ja€  MOXKIIUBICTh
peani3yBatu 1e.

OcKiibKu Cy4acHHU

HayKOBUU MOIIYK

MOB’SI3aHUK 3 BEIHMKOK KUIBKICTIO JaHHX, TOMY
BaXKJIUBO o0 110 iH(opMaIriro MOTLJIHA
BHKOPHUCTOBYBAaTH BCi HAYKOBIII KpIM IThOTO IS
HAYKOBHX JaHWX HEOOXiTHHM € MpPOCIiIKyBaHHS
BUHUKHEHHS [HMX JaHUX. THUM caMHM MOXHa
rapaHTyBaTH iX JOCTOBIpHICTh, BOJHOYAC 30epiratu
VHIKQJIbHI €K3eMIUIIpu B Oi0mioTekax, My3esx Ta

apxiBax.
CroromHi B Oarathox My3esx Ta 0i0moTexax
30epiraeTbcs  BENWYE3HAa  KUIBKICTH — O€3IiHHOT

iHpopManii, mpobiaemMa B TOMy, IO 0 HEl € TOKU
Tinbku ¢i3nuHuil gocTyn. CTBOPEHHS KOJEKTHBHOI
mam’sITi TIO3UTUBHO BiOOpa3UThCsl HA HAYIIl, TaKAN
MiX1/1 TOBUHEH CTaTH CEPUO3HUM IMOIITOBXOM.

Bigomo, mo KoXHa HaykoBa rpyma 30Hpae Ta
MOTIOBHIOE CBil iH(poOpManiiHuil (HoHA, MTpUIOMY
SKIIO KO’KHA TaKa TpyTa MpaIfoe B OMHOMY HaIpsMi
TO BIAMOBIAHO 1 iH(opMaiiiHi ¢GoHIM OYyIyTh
OJTHOTO 3MICTY, aJie¢ MOKJIMBO Pi3HOI CTPYKTYpH, IO
MPU3BOAUTE M0 HeeheKTHBHOI POOOTH, Ta Pi3HOTO
TIIyMaueHHsI HAYKOBHX TTOHSITb.

OOMiH  iHpoOpMAIli€Er0  aCTh  MOMJIMBICTB
aHali3yBaTH JaHi  CIOCTEPEXEeHb  OJHOYACHO
0araTbOM HAYKOBHM TpyIlaM HaBiTh SKIIO BOHHU
OyayTb 3HAXOIUTHCSA Ha AY)XE BEIHKHX BiICTAHSX.
TakuM YHHOM YTBOPIOETHCS CHUTBHHNA poOOUni

MpOCTip, IO JO3BOJIIE BCIM  B3aEMOBHTITHO
MpaIoBaTH HaJl TPOOIIEMO.
KonektuBHa mam’saTh yTBOPIOE TaK 3BaHi

HOPTaIM 3HAHb Ta KOHTEHTY, L0 MPECTABISE
c00010 MEPEKY 3 PO3MOJIUICHIMHU PECYpPCaMH.
Po3BUTOK KOJEKTUBHOI mMam’sATi OJHOYACHO
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oTpeOy€e PO3BUTKY IHITUX HAIIPSMIB.

*30epiranns. Cucrema KomextuBHoi
MMOBMHHA Ta 37aTHa 30epiraT BEIHKI
iH(popMarii pisHOpimHUX (HOpMAaTIB.

*[aTepdeiic kopucryBada. OnuH 3 HaWBaXKIIHBI-
IIMX KOMIIOHEHTIB KOJICKTUBHOI Mam’sTi, SKHUN
MIOBMHEH TPEJICTABISATH BEIUKY KIIBKICTH CEpBICIB,
JUTST B3aEMOJIIT MK KOpPHCTYBadeM Ta iH(GOpMAITi€ro
SIKY BiH IIyKaE€.

*Kimacudikamis Tta iHgekcamis. J[lae 3mory
rpymyBatd 00’ektr. OmHAaK BHSABJICHO, IO Ha I
CHJIBHO BIUIMBA€ 1HIMBIIyaJdbHE CIPUUHATTA Ta
BeMMKUH  0o0car  iHdopmanii  SKy  HEOOXimHO
IHIEKCYBaTH.

s[ndopmarniianii momryk. B mii oOmacti icHye
0arato MeTOJiB MOIIYKY, BKIIOYAIOUM IMOIIYK METa
JaHWNX Ta KOHTEHTY. BUW3HAUUTH KOPHUCHICTH
pe3yNbTaTy MOITYyKy MOXKE TITBKH CaM KOPUCTYBad.
Hnst nokpaieHHs e()EeKTUBHOCTI BHKOPHCTOBYIOTh

mam’ sTi
00’eMu

JOJITATKOBI METaJiaHi, sIKi OMUCYIOTh JIOKyMCHT.
Jocnigaukn TaKOXK 30CePEIIKYIOThCS Ha
aBTOMarTu3alii CTBOpPEHHs 1  0OCIyroByBaHHS

napamMeTpiB KOpPHCTyBada JJisi BUKOPHCTaHHA iX B
MIPOIIEC] TTOMIYKY .

s AnmiHiCTpyBaHHA Ta 30epexeHHsA. Tpagurmiitai
0i0mioTekn 30epiraloTh KOMiI0 KHUTH, My3ei
30epiratote  (ismunHmit  ekcronar.  Cucrema
KOJICKTHBHOI TIaM’sITi JO3BOJISIE 30epiraTé IeKibKa
Bepciit nokymenTta. OxpimM Toro nudposa 6i0moTeka
MOXE  pPO3MEKOBYBaTH TMpaBa  JIOCTYIy IO
ABTOPCHKUX EK3EMIULIPIB THM caMuUM 30epirarouu

aBTOpchke mpaBo. | Bci mepermsimu  OynyTh
aBTOMAaTU4YHO (QiKcyBaTHCA. MeXaHi3M 3aXHCTy
NOBUHEH OyTW HaAiiHUM IS BHUKIIOYCHHS

HECaHKITIOHOBAHOTO JOCTYITy. 3MIHH TEXHOJOTIH
oprasizaimii CTPYKTYpH CEpelOBHINA 30epiraHHs
indopmMarii, moctymy mo Hei Ta crapiHHS 3aco0iB
30epeKeHHS CTAaHOBUTH CEPHO3HY TIPOOIIeMy sKa
MOBWHHA TAKOX BHUPIITyBaTHCA.

OKpiM pO3TIIAHYTUX BHILE HAMPSIMKIB HEOOX1IHO
TaAKOX 301TbITyBATH CTEHiHb neramizarii.
CTBOpeHHSI HOBUX CXEM MeTa JaHWX, 30CepeKeHHS
Ha iH(opMaliiiHOMy BMiCTy a He Ha iHpOpMaIifHUX
00’exrax. [5].

OTxe onepyBaHHS TaKUMH oOcsramu iH(popmartii
MOPOJIKY€E TEeBHI Mpobdiemu. 3 TOTNIATy Ha BHILE
CKazaHe IIi MpOoOJIEeMH MOXKHA PO3IUIMTA Ha JBI
BEIIMKI TpyIH, TepIia Tpymna mpodiieM IoB’s3aHa 3
TEXHIYHUMH TPYIHOIAMH OpraHizaiii 30epekeHHs
iHpopMamii Ta mocTymy oo Hei, JApyra rpyma
mpoOiieM TMOB’si3aHa 3 JIOTIYHOIO — OpraHi3aIlito
KOJIEKTHBHOI TIaM’sTi Ta 3a0e3MeUeHHs TOCTYITy IO
Hel 3 TOoJaJbIIMM aHalmizoM 3wmicty. Lls pobGora
CTOCY€ETHCS BUPIIIIEHHS IPO0IIeM 2-TOi TPYIIH.

1. NTAPAAUITMA SEMANTIC WEB B
KOHTEKCTI ENEKTPOHHOI
BIBNIOTEKWU. Ornag CBITOBUX
NMPOEKTIB

BukopucraHHS CEMaHTHYHHAX TEXHOJOTIH B
eJIEKTPOHHUX 0i0JioTeKax OyJo MPHUIIIEHO yBary B
OaraTbox €BpPONMEHCHKUX MPOEKTaX:

B mpoexrti SWHi [6] oHTONOTIS po3pobneHa Ha
OCHOBI €JIEKTPOHHOI 010JIOTEKH 3 TOYKH 30py, KOJH
Halli OCHOBHI JiKepena JaHUX B PEMO3UTOPIi
ommcaHi Metaganumu. Lle Meranani BigoOpaxaeTscs
i 30epiraeTbcss B OHTOJIOTIi, sKa Oa3zyeThcs Ha
onronorii cxemu. KpiMm Toro, OykBeHi 3HaueHHS B
METaJaHuX, HaNpHUKIaJ, 3arojloBOK, MiIdaeThCs
aHaji3y B HACTIOK SKOTO BHAOOYBAIOTHCS iMEHa
CYTHOCTEH, TOil Ta TepMiHooris. J[ns 30araueHHs
OHTOJIOTiI, TaKOXX BUAOOYBAlOTb HOBY 3B’s3aHY
iH(opMartito 3 00paHUX BeO-TOKyMEHTIB.

IMomyk B wmiff cucremi peanizoBaHWil y IBOX
¢opmax, mpoctuii Ta  ckmagHuil. Cuctema
BUKOpHCTOBYe MOBY 3anuTiB RDF Taky sik SeRQL.
[Ipomecop renepysanns 3amutiB SeRQL ctukatucs,
npuHaiMHi 3 1Boma mpobnemu. [lo-mepiie, BiH He
3Ha€, B SKOMY KJaci 4Yd BIACTUBOCTI MOXYTh OyTH
3HaimeHi cioBa. {00 yHUKHYTH IO TIpoOiIeMy,
NpUKIagHe TporpamMHe 3abe3redeHHs Semantic
Web, Take sk OpenAcademia [13] Bumarae Bix
KOPHCTYBadiB BBOJUTH KJIFOUOBI CIIOBa Y BiJIMIOBiIHE
moyie (aBTOp, Ha3Ba abo pik) B ii pO3MUPEHUI
nouykoBuid iHTepdeiic. Ilo-mpyre, icHYIOTb AesKi
oOMexeHH B miacTpokax BimnosimHicTi SeRQL npu

BUKOPUCTaHHI CHMBOJYy 3arajpHoOcTi “*’. Ilfo
npobieMy MOXHa BHPIIIUTH 32  JOMOMOTOIO
iHpOPMAaLIHHO-TIOIIYKOBUX ~ MPOTpaM, TakKUX SK

Lucene ska 3a0e3nedye TOTY)XHHH allTOPHUTM,
TOYHOTO 1 €()EKTHUBHOTO MOIIYKY.

OkxpiM caMOro IMOIIYKY, BaXJIUBHUM TaKOX €
MMUTaHHA TPEACTABICHHS pPe3yJbTaTiB TOUIYKY.
OmauM i3 HampsAMKIB € Bi3yamizallis IMOIyKy. Y
Semantic Web, Bi3yamizaiiss crae Bce OUIBII
BaYUIUBOIO. [CHYIOTh BHITAIKW CKJIAHUX B3a€EMHUHU
MDK pecypcamu, sKi He MOXKYTh OyTH IpEICTaBICHI
3a JIOMOMOroro MpocTtoro cmucky. Kpim Toro, sk
NpaBWIO,  BiJOOPaKAETHCS  TIABKH  HEBEIUKY
KUTBKICTh pe3yJbTaTiB Momryky (B miamasoni 10-20
pe3yibTaTiB Ha cTOpiHIi). Jlo MOKYMEHTIB sIKi
3HAXOJSATHCS B XBOCTI pe3yJbTaTy MOIIYKY, IIBUALIC
3a BCe, HIKOJIM He OYIyTh 3BEPTAIUCS.

3arampHa apxitekrypa cuctemu SWHi mokazaHo
Ha Puc. 1.
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Puc. 1 — Apxitektypa SWHi
Hus  poszeutky SWHi onTOMNOrii, MOBTOPHO

BHKOPHCTOBYIOTHCS HAasABHI OHTOJIOTIYHI PECypcH
JUIS  CTPYKTYpyBaHHS 1 30CpekKEHHS 1CTOPUYHOT
iHpopmarii, a came: PROTON ©6a3zoBa oHTOJOTIA,
TAKCOHOMIS MPEeIMETHOT Kiacudikarii
NewsBank/Readex, [yOminceke Snpo Ta Ta
cioBauuk FOAF  Vocabulary. Lle onTONOTIi
30epiraeTbcs 3 BUKOPUCTAHHSAM Sesame?2.

IIpoektr eCulture € cemaHTHYHAa IMTONIYKOBa
CHUCTEMa, sKa JI03BOJIIE OJHOYACHO NIYKaTH B
KUTBKOX KOJIEKIISIX YCTaHOB KYJBTYPHOI CHaIIIIMHU
[7]. Lle poOWUTBCA MIIAXOM TIEPEHECEHHS IHX
koiekiid B RDF mursixom 3B’s3yBaHHS 00’ €KTIB
KOJIEKIIi SIK CK3EMILISPIB KJ1aciB yepes
3arabHONOCTYIIHI ~ CJIOBHHKH, THM  CaMHM
ctBoprotoun Benmkuit RDF rpad.

[Totim, B Xomi momryky, 1ieit rpad Tpacyerbes i

neski  miarpagm  TOBEpPTArOTBCS Yy BHIIISII
pe3ynbTary.
OcCHOBHUM MeXaHi3MOM MOLTYKY €

BHUKOpHcTaHHs Prolog.

Binprmicte Semantic Web nomatkiB peanizoBaHo
3a 3pa3KoM peIAIHHUX 0a3 JAaHuX, J¢ TMPUKIaaHa
Jorika Mae AocTymy 1o 0a3u gaHux Ha ocHOBI SQL
[8]. Icmye psn exBiBaimentiB SQL s Semantic
Web, Takux sk SeRQL [9] i pexomenmamis W3C
SPARQL [17]. O6uaBa mO3BOJNSIOTH BHPA3UTH
rpad, IO CKIANAa€ThCS 3 HU3KH OOOB’S3KOBHX 1
HEOOOB sSI3KOBUX pedep Ta BY3IIB, 3 PO3MUPECHUMHU
YMOBaMHU JIiTEPAJIbHUX 3HAYCHb.

SeRQL BignoBigae BupaxeHHIO rpady Ha
TPaH3UTUBHO 3aKPUTOMY BHpPa3i BHKOPHCTOBYHOUU
cemantuky RDFS. Crangaptr SPARQL e Bu3HaUae,
Yl  BUKOHYETHCS  JIOTIYHWUH  HACHIJIOK, SKHUU
BHKOHAHUI MexaHi3MoM cyxenHs CYB/I.

Omnak momatku eCulture, HE BHUKOPHCTOBYIOTH
SeRQL a6o SPARQL. 3amicTe LBOTrO, 3alMTH
MPUKJIATHOI JIOTIKM BUpaxaroThes Ak Prolog mim Ha

HeoOpoOmennx manmx RDF  Ta/abo  momymsax
cymxenns RDFS/OWL.

IIpoekt IPISAR (Image Preservation,
Information Systems, Access and Research)
IOCIIKYE ~ PO3IMOBCIOKEHHS,  BHBYCHHA 1

patioHaIbHEe BUKOPHCTAHHS KYJIbTYPHOI CTIaAIINHY,
Ta CcOpoOM MPEACTaBUTH BUPILICHHS 3arajibHUX

mpoOieM B ITUX o0nacTsIxX B pamkax Semantic Web
(SW) [11].

B pamkax mpoekTy po3poOieHHH JO0AAaTOK
“Pescador”, skmii Oyne 30epiraTé KaTanorizoBaHi
JlaHi B TpiiiKax siKi 30epiraTUMyThCS B XpaHWIUIIAX
(uni dyHkuii OyayTh Taki X, M0 B pesAuiiHOI 0a3n
JAHUX B TPAIUIIHHAX cucTeMax). SIkui sk moka3zana
MIPaKTHKA HEOOX1THO B TTOAAITBIITIOMY
BJIOCKOHAJIIOBATH, 30KpeMa 3a0e3MeyeHHs OijibIil
THYYKHUX MEXaHi3MiB 3 MOJ0JIaHHSI 0OMEXEeHb MOBU
DSL sixa Oyma crBopena B pamkax IPISAR.

Jis NOCATHEHHS Ii€l METH MH HPOIOHYEMO
CEMaHTHYHY KOMIIOHEHTY apXiTekTypy (SCA),
TOOTO, ajganTamis KOMIIOHEHTIB  apXiTeKTypH
BINMTOBITHO a0 TpuHIUIIB SW, B fSKOMYy maHi,
CTPYKTypa Ta MpaBWiIa NPUKIAJHOI JIOTiKH, TiCHO
OB’ sI3aH1 Mi>K CO0OI0.

SCA moBMHEH KOOPIWHYBAaTH ‘‘KOMITOHEHTH ,
0 MiKIIOYAThCS, sKi 0 Oymn O oOropHyTi

o0oNoHKOIO siIKa O Morjma  B3aEMOZIATH 3
HACTYIHUMH THUIIAMH: CXEMaMH; OOMEXECHHIMHU;
NpaBWIaMH BHBOJY; OHTOJIOTISIMH, BH3HAUYCHHS
HUISIXiB; MPOrpaMHUX  KOJOM;  crHeuugikariero

BHUBOAY; iH(opMaliero mpo KoHpirypamito Abox;
MTOCHUJIAHHSMH JI0 30BHIMIHIX JDKEPEeT JaHHUX.

Anroput™M BuiIydeHHs iHQopmarmii 3 rpadis
gacTo moTpedye  BH3HAUYCHHS  IUIAXIB  MiXK
pecypcamu. Ili mmsxm B 3HAYHIA  Mipi
BiJIPI3HAIOTHCS 1O JOBXKUHI 1 ckiamHocTi, ToMmy SCA
MOBMHHA BKJIIOYATH 3acO0M BU3HAUYEHHA MOJENI
nusaxy. [lomepenHidt ormsa iCHYIOYHX MeEXaHi3MiB
BH3HAYCHHS NUIAXiB mokaszye, 1mo SPARQLeR
posmmpenHs SPARQL wmoxe Oyrtm Kkpamum
kaHgumarom ans aganranii s SCA i Tleckamop.
ABtopu  [12] BBakamOTh, IO  MIATPUMKA
CEMaHTHYHOTO [UIAXY 3allUTy IOBHHHA OYTH
HeBiT eMHOK ckianoBorw RDF wMoBu  3amuris.
SPARQLeR (SPARQL extended with Regular
paths), po3mmpenns moBu 3anuTiB SPARQL, skwuii
JOJIA€  MIATPUMKY JUIS CEMAHTUYHOTO MUIAXY
3armuTy. [IpomoHOBaHe pO3IIMPEHHS BIMCYETHCS B
3aragpbHUil cWHTAaKcHUC 1 ceMaHTHKy SPARQL i
JI03BOJISIE JIETKO (POPMYJIIOBATH 3allMTH 33 YYacTIO
IIMPOKOTO KOJIa PEryJIspHUX IIIAXiB B MOJEISIX
RDF rpadis.

[Ipoexr EPOCH Tta AMA [13] npeacTaBisioTh
Eb sx Benukuii iHAEKC TOKIMKAHUI CIYXUTH B
SIKOCTI JTOBITHWKA JUISI TIONIYKY 1 ITOBEPHEHHS
mudpoBoi iHpopmarii ska 30epiraeTbcs Ha BeO-
CaifTi B pi3HUX (opMaTax i apxiBax.

[lepma mpobiiema mosArae B TOMY, IO KOKHUIH
MOBITHUK Ma€ CBOIO TIIONIYKOBY CHCTEMY 1
BUKOPUCTOBYE CBOIO TpaMaTHUKy METaJaHHUX JUIs
ommcy Ta iHAEKcamii JaHWX, 30KpeMa, IO BOHA
HiKOJTM He Oyze MmpaifoBaTH HA IHITHX CHCTEMaXx.
Komna 3 1mHMX cHCTEM  METaJaHUX  MOXKE
npoaHamizyBaTH BCIO iHQopMaliro Ha BeO-caiTi,
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SKIIO0 MA HE OyZeMO poOHUTH iX JOCTYITHHMH Uepe3
MallluHy 3po3yMiniii ¢popmi 3 BukopucrtaHusmM RDF
[14].

Hpyra mnpobrema cTocyeThesi Oe3rmocepeaHbo
iHpopMaIii: BeaMye3Ha PI3HOMAaHITHHX (opmaris,
110 BUKOPHUCTOBYIOTBCS AJISl 1HACKCYBaHHS AaHUX, €
BEIIMKOI0 TEePEIIKOI0K Ha NUIIXY A0 iHTerpamii, i
MMOBUHHI OyTH cepifo3HO TpoaHamizoBaHi. HapiTh
SIKITIO MU OOMEXY€EMO HaIllll 3yCHJUIS BUKJIIOYHO IS
KyJIbTYPHOI CHAAIIUMHK, apXiBW (Hampukiam, Oasu
JAaHUX MY3€iB 1 KOJIEKIH, apXeOoJIOTiuHI PO3KOIKH
3BITH, JIOTIOBIJIi Ta 1HIII HECTPYKTYPOBaHi JaHi), MU
3MyIIeH] BU3HATH, IIO iHpOpMALis, TaKOXK €
TeTepPOreHHOIO.

1Ilo6 cTBOpWTH €MWHWN KOHIENTYaJIbHHU IIap,
ceMaHTH4YHa iH(opMalis TOBMHHA OYyTH B3ATa 3
0a3u mannx, HTML-cTOpiHOK, OIMCOBHX TEKCTIB,
MeTamaHUX 1 TIOBMHHA OyaW TIpeIcTaBlicHA B
cTaHmaptHoMy ¢opmaTi, 3 METOK OTPUMaHHS]
KOHIIENITYaIBHOTO 3MiCTy iH(popMalii CTBOPHBIIH
KOHIENTYaIbHUN MAITiHT.

Sk TINBKM KOHILENTYaJIbHUU IIap IS JaHUX 1
METa/IaHuX TOTOBUH, ceMaHTHYHA iH(popMarlis Oye
30epiraTicsi B KoHTeliHepi 3acHoBaHi Ha RDF i
OHTOJIOTI].

Ile peambHuM Miciem iHTerpaiii, ne 00’emxHaHI
OCHOBHI BIJJOMOCTI 3 PIi3HHX €JEKTPOHHUX apXiB
MOXYTh OyTH TEperisHyTi Ta B SKHX MOJJIHBO
3MIACHUTH TIOWIYK SIK B €IMHIN WU eIeKTpoHHiH
610mioreni. RDF MoBa HamgiiHOIO 1 JOCTATHHO
THYYKOIO, 100  3a0e3Me4YnTH  CYMICHICTh 1
3a0€3MEeYNTH 3arajibHy OCHOBY HE TUIBKH IS
nugppoBux Oi0MIOTEK, ane 1 3 IHIIUX CUCTEM Ta
TTOCITYT.

Marrifr € ogHUM i3 caMUX BaKJIMBUX KPOKiB IpH
inTerpamii gaHux. J[js CIpOIIeHHS Ta JOCTYIHOCTI
IIpoliecy MarliHTy B poekti AMA Oyio po3po0Oiene
nporpamae 3abesneuenHs AMA Mapping Tool
THYYKUH IHCTPYMEHT SIKUH CIIPHSIE MAIiHTY DPi3HHX
ApXCOJIOTIYHUX Ta My3eHHUX KOJEKIlii Mozenei
JaHuX (3 PpI3HOIO  CTPYKTYpOW, a  TakKoxXK
HECTPYKTYpOBaHi AaHi, TOOTO TEKCTOBHIA OIKC) Ha
3aranbHUN cTaHAapT IpyHTyeThest HAa CIDOC CRM-
OHTOJIOTII.

AHaJ3y0un 11 MPOEKTH MOXKHA CTBEPIKYBATH,

M0 ICHYIOTh psa mpoOjeM Mpu  CTBOPEHHI
CNICKTPOHHUX OiOmiorek Ta ix iHTerpamii 3
BUKOPHCTAHHSIM CEMaHTUYHUX TEXHOJIOTIH.

Hampuknag Ttaka mnpoOieMartuka SK CTBOPSHHS
MiJXOMIB 10 CEMaHTHYHOI aHOTalii eJICKTPOHHHX
00’exTiB. OCOOIMBO 1€ CTOCYETHCS CEMaHTHYHOI
aHoTamii KOHTEHTY eJEKTPOHHUX Oi0moTek y
BUIMAJKY, SKIIO KOHTCHT IMPEICTABJICHUN y pi3HUX
(hopMaTax Ta y pi3HHX ranxy3sx 3HaHb JIOCTBA.

OmauM i3 croco0iB BUPIMICHHS ITi€l TpoOIeMu
MoOke OyTH y3arajibHeHa (QopMalibHa MOJECIh
aHoranii.

[Hmoro mpobeMoro ska IMocTae Mpyu ONEPyBaHHI
BEJIMKOI KUIBKOCTI T'eTepOreHHOi iH(opMarlii 1e
3a0e3MeUYCHHsT BIMMOBIAHUX CepBiCiB. OCKIIbKU
cepBicu € crenudiuyHUMU I pi3HUX (opMaTiB
JOKYMEHTIB Ta MOBHHHI BpaXxOBYBaTH OCOOJHBOCTI
BUMOT KOPUCTYBauiB 17151 00poOKH wiel iHdopmarrii.

2. ®OPMAJIbHA MOAESb AHOTALI

Hus  Toro mo0  MoKa3aTH  [epeBaru
CEMaHTHYHOTO MiXOAYy IO €NeKTPOHHOI 010Ti0TeKN
Ha BIAMIHY BiJl KJIACHYHOT HEOOXiTHO BHIIJIMTH Ti
CTPYKTYpHI e€JeMEHTH SKi paHille He MajH
CEMaHTHYHOI MOJIET, 1 0 SKUX MU MPOMOHYEMO ITIO
MOJEIb TTOOYyBaTH.

OCHOBHHMU JIBOMa KOMITOHEHTaMH €JIEKTPOHHOT
0i0mioTekn € i KOHTEHT Ta Halip MPOrpaMHOro
3a0e3medeHHs I poOOoTH 3 UM KOHTeHTOM. [l
noyatrky posriasineMo koHTeHT EB. IHdopmamis B
EJIEKTPOHHUX Oi0JIi0TEeKaX OIMMUCYETHCS B TEPMiHAX
enektponHi 00’extu (Digital objects — DO), sxi
SBJISIIOTE  COO0I0  MYJBTUMEIIMHUN KOHTEHT 1
MetanaHi [15]. Ockinbku o6csru DO 3HauHi, TO 11
CIIPOIICHHS IO KY Ta kiacudikarii
BHKOPHCTOBYIOTH aHOTyBaHHS DO.

dopmanpHa MOJENh, SKa 3aIpoNoHOBaHa B [16],
BUJIAE JIBa MIAXOAU OO PO3YMIHHS aHOTAIlil:
agoTalii Sk MeTagani ado aHoramil IK KOHTEHT.

Y 1nepmioMy BHIAAKy MU MAaEMO CIpaBy 3
pizHOMaHiTHUMU cxeMamu Metananux (Dublin Core,
MARC i iH.) AKi BHKOPHCTOBYIOTBCA MJISI OMIHCY
iHpopmariitaux pecypcis. Lli aHoTarmii Hacammepen
HaIpaBJICHI Ha KOPUCTyBaya.

Y npyromy BUMAJAKY aHOTAI] SK MPEICTaBICHHS
KOHTEHTy TpH3HA4YeHI JUII  aBTOMAaTH30BaHOI
MammHHOl  00poOku. Lli  aHoTamii  HanmarTh
CEMaHTHUKY JoKyMeHTa. CeMaHTUYHA aHOTallis —
aHoTallisl HamucaHa (POPMATBFHOI MOBOK 3 A00pe
BU3HAYCHOIO CEMAHTMKOK 1 3acHOBaHa Ha
oHToJorissx. @akTu4HO 1i aHoTauUii € GopManbHOIO
Mozemtio DO, 3 MOXKITUBICTIO MaIIMHHOT 0OPOOKH.

CeMaHTHKa KOHTEHTY B CBOIO HYepry, MOXKe
BU3HAYaTHCS Ha OCHOBI 30BHINIHIX 3B’s3aHUX
OHTOJIOTIi, MO0 JO3BOJIUTH OyayBaTH CEMAHTUYHY
MOJENb MOKYMEHTY, NIe 3B’SI30K BHU3HAYAETHCS MiX

okpemMuMu cermeHTamu DO, Ta Ha OCHOBI
CEMAaHTHKH 3B’ 3KiB MIXK CTPYKTYPHUMH
xoMmmonenTamMu DO, e 3B’S30K BH3HAYAETHCS MIXK
JIOTIYHUMU 3aKIHICHUMHU CTPYKTYPHHUMH

KOMIIOHEeHTamu Puc. 2.

Monenb, sika mpeAcTaBIATHME TUPPOBUI 00’ €KT
MMOBWHHA BimoOpakyBaTth (haKTHUHUN 3MICT JaHOTO
00’exty. Cepen 0Oe3iidui po3poOICHUX MoJENel, MU
BUKOPHCTOBYEMO MOJIeb, SKa 3alpOlOHOBaHA B
[15], [16] 3i 3miHaMu Ta YyTOYHEHHSMH, SKi
BPaxOBYIOTh BUKOPUCTAHHS OHTOJIOTIH.

Po3ramyBaHHA KOXHOTO LHU(PPOBOTO 00’ €KTY
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TaKOX SK 1 aHOTamii iMIeHTH(IKYETHCSI YHIKATHHIM
inenTudikaropom — mnocunanHaM (link). Oxpim
LUBOTO TOCWJIAHHS CIIONy4Yae LUPpOBHHA 00’€KT i
aHOTAIliI0, 1 MOKe BiZOOpakyBaTH BiIHOIIEHHS MiX
o0’exktamu. OTKe, MOXHA BHIIJIUTH JBa THIIH
MTOCHJIaHb:

mocwiiaHHg ~ aHoTamii  (Annotate  link) -
BiIOOpaXkye BITHOMICHHS B cepeAuHi mudpoBoro
00’€eKTy, SIKMiA MOXe OyTH SIK JOKyMEHTOM, TaK i
aHOTALIEIO;

nmocwianHs BigHomeHHs (Relate-to  link) -
BU3HAYa€ BIJHOIICHHS 30BHINIHBOTO LHU(POBOIO
00’€KTY 10 00’ €KTY, IO aHOTYEThHCS.

[HWI CTRY KTy PHI
enemerHT DO

heTanaHi

Puc. 2 — AHOTYBaHHS JOKYMEHTA HLISIXOM
BHU3HAYEHHS BiIHOLIEHb Mi:K TepMiHAMHU, JIeMaMH Ta
30BHIIIHIMH OTOJIOTISIMHM a TAK0K BU3HAYEHHS
3B’SAI3KiB MiK JIOTiYHO 3aKiHY€HMMH eJIeMeHTAMH 3
inmumu yacrunamu DO. Okpim nporo DO
OMHUCYEThCA MeTaJaHUMM.

Hexait LT MHOXHHA THIIB MOCWIAaHb, TOII
LT MICTUTB ~ HACTYNHI  THOM  IIOCHJIAHb
LT = {AnnotateLink,Relate - toLink} .

[Mocunanus HaJal0ThCS y BUTIISII
imeHTH(IKATOPIB. 3araasHOTIPUHHATHMHA
inenTudikaropamu MoxyTth Buctynmatu URI, DOI,
OPENURL, Persistent URL (PURL), PURL-based

Object Identifier. H (k) MHOXKWHA ineHTH(]iKaTOPiB

(poBUX 00’ €KTIB Yy MOMEHT 4acy K .

VY wiii momeni nmdpoBuil 00’€KT HANAETHCS Y
BurisAai  motoky. lloTik  sm e KiHiesa
IIOCHIIOBHICTB!

DO(x)—sm:I={12..,n}.neN
ne € = (j o ,5eeeen/ ) —an®asiT cumBoNiB.

SIKI10 MM Ma€MO MOTIK S
DO(T)—sm:I= {mn} neN,

TO B IOMY IOTOIli MH MOXEMO BHIIUIHTH

HETIEPEPBHUII CETMEHT Sf ~ TOCIiTOBHOCTI dHCEN
a ,b tak mo:
st =la,b],1<a<b<n,neN.
Besniu cermentiB Mu nosHadaemo ST | Tak mio

Vst €8T,1=12_.n.

i
Slkmo  umdposuit 06’ekr DO mae  6Gesniu
yHIKanbHUX ineHTudikatopis H 10 QyHkuis hsm
BiIoOpaXye  yHIKQIbHHHA  imeHTH(diKaTOp IO
cerMeHTiB siki MicTsaTbest B DO

h—"—st ,neN

[ToTik Bumarae, mo0 QyHKIIT HEe Mama
BJIACTHBOCTEH CIOPHIKTMBHOCTI 1 1HEKTUBHOCTI.
KoxeHn mudpoBuii 00’€KT MOXE MaTH NPUHAUMHI
OJIVH TIOTIK.

SM  BusHayae MHOXWHY TIOTOKiB, Tak IO

Vsm e SM,1=12..n

AHOTAIliI0O MOXHa pO3TIIAmaTH SK  IpoIec

PO3IINPEHHS OHTOJIOTi Oi . Posrasaemo
HaWTIPOCTIMUN  BHITAOK, KOJIH  PO3IIHPCHHS
BiJIOYBa€ThCS HIJISIXOM OJaBaHHS HOBUX

exseMmsApiB onronorii O, . Koxuuil kiac onronorii

O, 6ynemo nosnauatu uepes k/ , a MHOKUHY KITaciB
uepes KL .
a € A(k)

AHorauis

b€ H k),

__1
a=|A, CKL(k)x LT x ST (k)x
xSM (k—1)x H(k—1)

€ KOPTCK:

_

ae h ~— ynikanbHuil Bnachuil inentudixatop
agorauii a , To6to A (ha )= a;

Aa MHOKHHA 7 -apHUX BiIHOIICHb aHOTAIlil @ 1

BU3HAYAETHCS SIK 100yTOK MHOXwuH KL , LT , ST ,
SM ta H .

Y  BuUNaaKy aHOTYBaHHA  BeO-JIOKYyMEHTIB,
dopmanbHa MoJeb 3MiHUTBCS. Hexait A MHOXHHA
BCIX aHOTalmid a, a [ MHOXHHA JOKYMEHTIB,
Bigmosigno, DO = D UA , npudoMy ITiaMHOKHHA
DO do, To00TO

MHOXWHHU IMO3HAYaTUMECMO
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do € DO.
AHoTaIi€10
MideHui rpad:

G =((D0.E, c AxDO)).

ne DO = D UA Bepumnu rpada;

(a,do)€ AxDO|3ac A,
E, — / o

BC6—I[0KyMeHTa HasuBaTUMEMO

CTOPOHH Tpada.

3. CEPBICHA APXITEKTYPA Eb

Sk Oyrno ckaszaHO paHilmie npu 00 €qHAHHI
EJeKTPOHHUX Oi0JIOTeK BUHHUKAIOTH MPOOIEMH 3
BiAMiHHOCTSIMH B apxitektypi [13. Mu BBaxkaemo,
o BUKOPUCTaHHS CepBiC-Opi€HTOBaHOT
ApXITEeKTYpH € KIFOUYOBHM EJIEMEHTOM JOCSITHEHHS
iHTeporepabensHOCTi. Y TakOMy  CEepeIOBHIII
CKJIaJlHE TMpOrpaMHe 3a0e3MeueHHS MOXe OyTH
CIPOEKTOBaHE Ha OCHOBI CepBiciB, MmO € Yy
PO3IOPSIKEHH] 1 SKi TOCTYIIHI HE JIWIIE JIOKAIBHO,
ane 1 uepe3 I[HTepHeT. YV TakoMy KOHTEKCTI st
MoO0yJOBU €NEKTPOHHUX Oi0IIOTEK MU MPOMOHYEMO
BHKOPHCTOBYBATH apXiTEKTYypy CEepBiC-Opi€HTOBAHOI
enekTpoHHoi Oiomotekn (Service-Oriented Digital
Library architecture — SODL) [17], ue 3a0e3ne4ntsb
3py4HUR crmocid IS TOCATHEHHsS MOOYIO0BU
KOJIEKTHBHOI TIaM ATi.

Jliis 3a0e3meueHHs BIIBHOTO JOCTYIY CIYXKO 10
0i0mioTrekn BoHa Mae OyTH peanizoBaHa Ha
BIIKpHTIH apxiTekTypi. ToOTO B3aeMoOIis ciryk0 Mae
OyTH omucaHa 3a JOMOMOTOI CTaHIAPTH30BaHUX
OpaBWI 1 CepeloBUINA, IO JacTb MOJMJIUBICTD
BUTFHO BBOJUTH HOBUH CEpBICHUI e€IIEMEHT, He
repe0yT0BYIOUN CHCTEMY HAaHOBO.

st toro, mo6 3a0e3meunTH AUHAMIYHE
HaJIAITYBaHHS eNeKTPOHHOI 0i0IioTekn, HEOOXiTHO
3a0€3MeYnTH MEXaHi3MH, SKi BUKOHYBAaTHUMYTH ITFO
¢yHknito. TakuM  MeXaHI3MOM €  BBEJICHHS
CEeMaHTHKH B cepefoBHIle (PyHKIIOHYBaHHS BeO-
cepgicis. Lle#t migxin orpuma Ha3By Semantic Web,
1 CTOCY€ThCS HE TUIBKH CEMaHTUYHOTO OIUCY
CepBICIB  a TakoX 1 CEMaTHYHOTO  OMHCY
inpopmariitaux pecypciB [HTepHETY (BEO-CTOPIHOK,
JIOKyMEHTIB TOIIO.)

Iig cepBicoM MU pO3yMIEMO [ESKOIO MOCIYTY
MeTa $KOi 3aJOBOJILHUTH 3allUTH KOpPHUCTyBaya.
CepBicH pealri3yloThCs 3a JOITOMOTOI0 BEO-CEPBiCiB.
Beb6-cepgic 11e nporpaMHe 3actocyBanHs. OCHOBHa
BiIMIHHICTb MiX CEpPBiCOM 1 BeO-CEpBiCOM IOJISTAE B
TOMYy, IO TOH caMWi CepBiC OJHOYACHO MOXKHA
peanizyBaTu pi3HUMH BeO-cepBicamMu. Y CBOIO Uepry
Be0-CEpBUCH MOXKYTh MK C00010 00’€IHYBaTHCA,
CTBOPIOIOYM HOBHH  BeO-cepBic, IIeil  mpolec
Ha3MBaIOTh KOMITO3HIIiS BEO-CEPBICiB.

CepBicH  €JCKTPOHHOI  OiOTIOTEKH  MOJKHA
Kinacu(ikyBaTd 3a pPI3HUMU acleKTaMHu. 30Kpema
pe3yJbTaTOM BUKOHaHHsS JESKOTO cepBicy Ha
BUMOTY 3aIIUTYI04O01 CTOPOHU Oyze pe3yibTar y BHII

CTpyKTypoBaHoi iH(opMmamii mpo  eNeKTPOHHI
o0’ektn  sxi  wMictateess B EB. Tomy sxmo
posrmsimatn - Eb sk 3aMKHeHe — cepeloBHIIE,

OYEBHUIHO, IO iH(oOpMarliiine HarmoBHeHHs Eb He
3a3HANO 3MiH, CEpPBICH 3 TAKOIO BIACTHBICTIO OyaeMo
HA3WBaTH CEHCOPHI CEPBiCH.

[TonsaTTs cencopHUX ceppiciB mist Eb mu BBenmn
TOMY, IO IIi CEPBICHM aHAJOTIYHO JO CEHCOpIB
¢bineTpyIoTh iHpOpMaliiiHe cepenoBuie, GaKTHIHO
HE BIUIMBAIOYH HA 3MICT IIbOTO CEPEOBUIIA.

B pamkax migxomy Semantic Sensor Web [18] mu
JOJAaTKOBO  aHOTYEMO  pe3yJbTaTH BUKOHAHHS
cepsiciB. Tomy Ha BiIMiHY Bijl KJIaCHYHOI MOOYA0BH
CEMaHTHYIHOTO CEepeOBHINA I BeO-CEepBICIiB, e
pe3yJbTaT HE aHOTYETBCSA, MH MepeadadyacMo
AQHOTYBaHHS METAJIaHUMH pPE3yJbTaTiB BUKOHAHHS
BeO-cepBiciB.  XapakTep MeTaAaHWX ITOBHHEH
nepeadayaTH iCTOpito, CHOCIO, JOKai3alliio Ta Jac
OTPUMAaHHSI Pe3yJIbTaTIB.

Jns moOymoBu enekTpoHHOI 0i0mioTekn Ha
OCHOBi CEpBIC-OpPI€EHTOBAHOTO TIAXOAY HEOOXiTHO

BUJIIIATH cepgicH, Ha OCHOBI SIKUX
BUKOHYBAaTUMETbHCS KOMITO3HIIis [19]. Ile
0OYyMOBJICHO THM, IO 3aBIAaHHA KOMITO3HIIil

NpOCTillle BUPILNIYBaTH 1, KPiM TOTO, BHMOTH [0
€JIEKTPOHHOI Oi0NIIOTEKH € TaKUMH, IO B MEPIIY
4epry HeOOXiIHO  BHpIIIyBaTH  KOMIIO3HIIHHI
3apnaHHs. ba3osi cepBicu BunaijaeHo B poooTi [20].
Hexait Mu Maemo 3amut 7', y SIKOTO € TOYaTKOBi

v . r
mapameTpu i OaxkaHi mapamMeTpu BUXOLy °4
HeoOXigHO 3Haiith BeO-cepBic W  Takmii, 106
BUKOHYBAaB /" IIpUYOMY BUKOHYBAJIUCS YMOBH:

W 2 W,

in =

r 2 WUM[

out

[Ipobnema moIyKy BeO-CepBiCYy, SKHA MOXKE
CaMOCTIHHO BHKOHAaTH 3amuT /! HOCHTh Ha3BYy
nmociimkeHHs BeO-cepsiciB (Web Service Discovery
— WSD). Koxu 3a 10momMororw ogHOTO BeO-cepBicy
HEMOXJIMBO JIOCSTHYTH BUKOHAHHA 3amuty !,
NOTPiOHO YTBOPUTH KOMITIO3MLIIO KUIBKOX BeO-

1 2 3
{w LW, W ,....,W"}

cepBiciB MOCTIZIOBHUM UM
MmapaJieTbHUM CITOCOOOM, TaKUM YHHOM, 00 It
1 1 2 3 i
) w’e(w,w,w,....,w") w
BCIX , IPHUOMY 7 MOXKE

i

. w
OyTH 3acHOBaHMII Ha %/, Ta BHKOHYBaJIOCh
1 n
. rUw U..Uw ) or
BiIHONIECHHS ( in out out out ) Hﬁ

npobjieMa HOCHTh Ha3BY KOMIIO3MIII BeO-cepBiciB
(Web Service Composition — WSC).
binmpm  cxknmagHOIO MpobGIEMOI0 € TpobiieMa
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KOMITO3HIIii BEO-CEpBICIB.

B mporieci ¢yHKIIOHYBaHHS CEpBiC-Opi€HTOBAHOT
CJIEKTPOHHOI 010MiOTeKH cepeloBHIIE B SIKOMY
(hyHKIIIOHYIOTh BeO-CEpBICH MOCTIHHO 3MiHIOETHCS.
3MiHAa ~ CepeloBHINA  TOPOJDKYETHCS  JIBOMA
OCHOBHUMH (haKTOpaMu:

mo-miepmie  mpoOieMu,  SKi
pO3IOAUIEHI ~ CHCTEMH  YacoBI  3aTPUMKH 1
HEHAJIHICTb TPaHCTIOPTHOTO MPOTOKOITY,
HEeJO0CTaya MaMm’STi CIUIFHOTO BHUKOPUCTAHHS MiXK
JaCTUHAMH  PO3IMOAUICHOI CHCTEMH, IpoOIeMu
BIZIMOBH JIOCTYITy Ta TapalieIbHUX 3aIlUTiB, a TAKOXK
mpo0JeMu OB’ sI3aHi 3 MPOrPaMHOI0 HECYMICHICTIO B

MOPOKYIOTh

HACIiOK  OHOBJICHHA YacTUHH  PO3MOALIECHOL
CHCTEMU;
no-pyre  JIOACHKHKA  ¢akTop, B  Iporeci

00CITyroByBaHHsSI KOPHUCTyBauda, MOXYTh 3MiHHUTHUCS
BUMOTH KOPHCTYBaua, a OTKE II¢ IIEBHUM YHHOM
BIUIMBATHME Ha pe3yibraT. [lepeciuHi KopucTyBadi
LiTBbOBOI ayAUTOPii HE MalOTh YiTKOTO YSBICHHS PO
apxiTekTypy O0i0OmioTekn, a OT)Ke HE MOXYTh Ha
nepes] YiTKO BH3HAUUTHCS 3 LIJISAMH SKi TMOBHHHI
3aJI0BOJILHSITH CEPBICH.

Mu OynemMo po3risaaTé KOMIIO3HINKD Ha OCHOBI
IiJIC-OPi€EHTOBAHOI TApPaJuTMH, TOOTO BUXOISTIH
MOYaTKOBUX YMOB Ta HasBHOI MHOXXHHH CEpPBICIB
3MiHCHUTH KoMmmo3uiiro. [Ipudomy, ockimbku BeO-
CEPBICH PO3MIIIEHI B CEMaHTUYHOMY CEPEIOBHIII,
TO BHOHMpATH Taki IUIAHM KOMTMOB3HUII, SIKI MOXYTh
OyTH KOPHCHUMHU JUIS KIHIIEBOTO KOPHUCTyBaua.
ToO6To Ha BigMiHY BiI KIaCHYHOI TOCTAHOBKH
3amayi, Bix crenudikaii mijii 10 MOIIyKy CEepBICIB,
SIKI 3MOXYTh 1[I0 IIUTh JIOCSTTH, BUXOJIUTH 3 TOTO
MIPUITYIICHHS, [0 HasiBHA MHOXKHMHA CEPBICIB MOXeE
JMOCSITHYTH JIesAKi Hamepex HeBimomi I, sKi
MOXYTbh OyTH 00paHi KOPUCTYBa4deM.

B Takiii cximamHii cucTeMi LT, SIKI IIOCTAarOTh
rmepea KOMITO3HUITIEI0 MOXKYTh 3MiHIOBaTHCS. Mwu
TAKO)X BHUXOIMMO 3 TOr0, IO 3HAHHI PO
OTOYYIOUMI CBIT € HE TOBHUMH a OTXE 1 I €
HenoBHUMU. J[nst Takux koHmikTHUX mineid Horst

Rittel i Melvin Webber BBemnm NOHATTS BIKiX
(wicked) 3amaui. Tomy  KimacuuHi  METOIU
IUTAHYBaHHS ~ BUSABWIWCS  HeeekTuBHMMU. B

CEPEIOBUIII NI T HE € YITKO BH3HAYCHHMH 1 €
OUHAMIYHUM TIpolleC TUIAaHYBaHHA MpHIMAaE iHIIe
CMHCIIOBE 3HAYCHHS, a caMe, IUIaH BUKOHAHHS Jii
HE € OJHO3HAYHMM QJITOPUTMOM TOCATHEHHS IIii,
(GyHKLIS MIaHiB MOXXHA cQOPMYITIOBATH HACTYITHHM
yuHOM [21]: mepeBipka pecypciB; HOYHHAIOTH
KOOpAWHALIWHI ~ Tpormecn  abo  JomomararThb
CIIPOCTUTH KOOPAWHAIIWHI TPOIECH Ha IOYATKY;
BCTaHOBJIIOIOTH BIJIIOBINAIBHICTE Ta
inaeTn(ikamiro; TPEKOBHM Mporpec 1 mo Ok
BOXJIMBO TEHepallis HaMipiB, BIII3HAIOTH Ta
YIPaBISIOTH pU3UKaMU; iATPUMYIOTh
IMIIPOBI3aIlif0, 1 MO0 caMe BAXIUBO (POPMAIi3yIOTh

MIPEACTAaBIICHHA  JIIOAWHW  (KOPHCTyBada)  IIpoO
npoOieMy sKy IJIaH HaMara€TbCsl BUPIIIUTH.
Taka KOMOiHaIis ($YHKLIOHATBHUX

BJIACTUBOCTEH MPHU3BOAMTH IO TOrO, IO IUIAHH
HEOOXITHO J0JaTKOBO IOCIIIKYBaTH 1 MPOBOAMTH
permanyBaHHs. ToOTO 3MiHIOBATH IUIaHM i 4ac
BUKOHAHHS LUX IUIAHIB.

4. NPAKTUYHA PEANI3ALIA

Peanizamis BUKJIAAECHUX IIOJIOKEHD €
Ha/3BUYAHO CKJIAJHOI0, OCKIJIBKM TOCTa€ psij
3aja4 MPUKIAIHOTO Xapaktepy. Ha nanuii MOMEHT
HeMa JIOBEPIIEHOTO PpeHMBOPKY IS MOZIEIIOBaHHS
aBTOMAaTHYHOI KOMIIO3HINI BeO-cepriciB. OmHak Ha
Halll TOTJIsI HaWOUIbIn mepcrekTHBHEM € WSMT
[22] Ta WSMX [23], siki 6a3yeThest H2a WSMO.

WSMO' (WSMO - Web Service Modeling
Ontology) miaxiJ B AKOMY BiTOOpa’k€HO BCi aCIEKTH
AKI TIOB’si3aHi 3 CEMaHTHYHHMHU CepBicaMH, SKi
nmocTynHi 4yepe3 BeO iHTepdeiic. Kinnerorw mimmo
BOTO  MOXOAYy  SABISETBCA  MPEICTaBICHHS
iHpopMmaLii Ui aBTOMaTHYHOTO  MAIIMHHOTO
BUpIIIEHHS 3a7a4 JIOCTIIKEHHS, BHOODY,
KOMITO3MIIiI,  CIIBCTaBJIEHHS, BHUKOHAHHI  Ta
MOHITOPHHTY.

WSMO onepye 4 TOJTOBHUMHU MOHSATTAMU:

OHTONOTii TPEACTaBNSAIOTh TEPMIHOJIOTIIO SKY
BUKOPHUCTOBYIOTH 1HII KoMIoHeHTH WSMO.

Be6-cepBicu  mpencTaBisFOTh  00YHCITIOBAJBHI
00’€KTH, TaKUM YHHOM, IO B JeSKid MpeaMeTHIiH
001acTi 11i 00’ €KTH ABJISAIOTH COOOI0 CEPBICH.

[ixi npeacraBisioTh MoOakaHHS KOPUCTYyBaua,

BIANIOBIAHO U1 3aJ0BOJIEHHS  SKHX  MOJKHA
BIZIIITyKaTH BeO-cepBic.

[locepennuk — omucye TI €JIEMEHTH, AKi
BIJIITOBIIAIOTH 3a BUPIIICHHS MHUTaHb
(YHKI[IOHATBHOT ~ CYMICHOCTI ~ MiX  IHIIUMH
emementam WSMO.

Cunrakcuc  WSMO  BH3HAYa€THCI  MOBOIO

WSML — Web Service Modeling Language.

Cepgic migkimrodaeThesi 10 cepemoBuria WSMT
3a pomomororo WSDL inrtepdeiicy. Tomy Hamwu
Oyno po3po0JIeHO JBa CEpPBICH IS ICHYHOYOTO
BUTEHOTO 113 VIIpaBITIHHS €IICKTPOHHUMH
6i6morexamn Eprints”. Cepsic getEprint sxuit
MOBEpTaE METalaHi Ul 3aMucy 3 BKa3aHUM Ha BXOJI
id. lpyruit cepBic € Habarato moTyxHimmM. llei
cepBic Mae Ha3By searchEprint, BiH m03BOJsIE
BUKOHYBAaTH TOBHOTEKCTOBHH IOIIYK Ta IOIIYK B
MeTalaHuX elleKTpoHHOoi Oi0morexkn. Ha coHoBi
OCTaHHBOTO CEPBiICY MOXKHA MOJICITIOBATH PSIT 1HITAX
CEepBICIB, TaKMX HANpPHKIAX SK CEHCOPHI CepBicH
knacugikanii. Koxen cepBic mae iHTepdeiic sSKuii

! http://www.wsmo.org/
? http://www.eprints.org/
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BimmoBimae cmenudikamii WSDL  1.1. [Hami
po3poOKH BUKIazeHI Ha odiniiHoMy caiiti Eprints a
TakoX oOuABa cepBiCHM BIPOBAa)KEHO Ha CaMTi
http://eprints.zu.edu.ua/.

5. BUCHOBOK

B naniif po60Ti KOPOTKO BHKIIAZIECHO TEOPETHIHO-
MpakTU4HI OCHOBU cTBOpeHHs! Eb 3 BUKopucTaHHIM
CeMaHTHYHHX  TEXHONOTid. 3pobieHo  orsia
MPOBITHUX E€BPONEHCHKUX TMPOEKTIB 3 1HTErparii
texHojorii Semantic Web B Eb. B crarti Takox
BKa3aHO Ha MPUHIUIN 3aCTOCYBaHHA Semantic Web
1o cepsiciB Eb.

IIpore mnpobnematmka cTBOpeHHS Takux Eb
noTpedye MOAaIbIIOro BUBYCHHS, 30KpeMa B poOoTi
He (opmanizoBaHo MOHATTS OHTOJoOTrI. BomHouac
TaKOXX HE BKAa3aHO 1 THUITH 3B’SA3KiB SKi MOXYTb OyTH
MK eK3eMIUIsipaMd Ta oOHrojorier. [Ipore Bxke
3apa3 MOJKHa CTBEpAXKYBaTH, IIO HEOOXigHO Oyne
BHUpINIyBaTH  MpoOJeMy  BHUPIBHIOBAHHA  MiXK
OHTOJIOTISIMH, SKa BHHUKHE B HACHIIOK IHTErparii
IBOX a00 Oinbine cemanTUYHUX EB.
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Abstract: This paper presents a several of theoretical ideas and applied technology that can be embodied in the
creation of Semantic Digital Library (SDL). In particular, considerable attention paid to how the Semantic Web
technology is used in various aspects of DL. A basic level in the DL that may be carriers of semantic description.
Described the advantages of this approach. It also highlights issues that arise during the integration of classical
electronic libraries and Semantic Web a place in these processes. Made a brief overview of the world’s leading projects

to create DL using Semantic Web.
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INTRODUCTION

Electronic Library is understood from position
the collective memory and a complex structure.
Committee of I[EEE Technical Committee on Digital
Libraries, interprets this concept as a set of Digital
libraries, digital museums, digital archives [1].

Collective memory forms the so-called
knowledge portals and content, with a network of
distributed resources.

The development of a collective memory requires
the development of other areas such as: storage, user
interface,  classification, information  search,
management and conservation.

In addition to above discussed areas should also
increase the degree of detail descriptive information.

[2].

1. SEMANTIC WEB ISSUES IN THE
CONTEXT OF DL

Using semantic technologies in digital libraries
has been given attention in many projects such as:
SWHi [3], eCulture [4], IPISAR [5], EPOCH Ta
AMA [6].

The first problem is that each directory has its
own search engine and uses a grammar to describe
the metadata and data, including that it will never
work on other systems. Out of this situation will be
the presentation of information in machine
understandable form, using RDF [7].

The second problem concerns directly to
information: a huge variety of formats that are used

for indexing data, is a major obstacle to integration.

To create a single conceptual layer, semantic
information must be taken from the database,
HTML-page, descriptive text, and metadata to be
presented in a standard format in order to obtain the
conceptual content of information created
conceptual mapping.

One way to address this problem can be
generalized formal model of annotations.

Another problem that arises when handling large
amounts of heterogeneous information is to ensure
appropriate services.

2. FORMAL MODEL OF ANNOTATIONS

The main two components of the electronic
library is its content, and set the software to work
with this content. To start, consider the content of
EB. Information in libraries is described in terms of
electronic facilities (Digital objects DO), which are
multimedia content and metadata [8]. Formal model
that suggested in [9], identifies two approaches to
understanding the annotation: annotations as
metadata or annotation as content.

Among the many models, we use a model that
suggested in [8], [9] with some changes and
refinements, which include the use of ontology. Let
LT the set of types of links.

H (k) set of identifiers of digital objects in

timeKk .

Set of segments ST , we indicate that
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Vst €ST,1=12...n
SM defines the set of streams, so that
VYsm e SM.i=12_.n

Annotation can be viewed as the process
enlargement of ontology Oi .
Each class of ontology O, shall designate KI., a

set of classes KL .

a € Alk)

Annotation is tuple:
(b€ H(k), “
a=|A, CKL(k)x LT x ST (k)x

><S’lffﬁ—11><H[L.—1]

where ha

that is h (ha)z a;

— own unique identifier annotations a,

Aa set N -arity relations annotation a and is

defined as the product sets KL, LT , ST , SM
and H .

In the case of annotation of web documents, the
formal model of change. Let A set all annotation a ,
and D set DO, accordingly, DO = D UA, a
subset of the set DO to mark do, that is
do € DO.

Annotation Web-document called tagging graph:

G =((DO.E, C AxDO)).
where DO = D UA vertex graph;
(a.doj€ AxDO|3a €A

2

E =
hsm™ LT

da

a= lkﬂ__?f;m;,ﬂﬁ
— side of the graph.

3. SERVICE-ORIENTED DIGITAL
LIBRARY ARCHITECTURE

We believe that the use of service-oriented
architecture is a key element in achieving
interoperabelnosti. To build digital libraries, we
propose to use the architecture of service-oriented e-
Library  (Service-Oriented  Digital  Library
architecture — SODL) [10], it provides a convenient
way to achieve the construction of collective
memory

To ensure a dynamic setting digital library must
provide mechanisms that perform this function. This
mechanism is the introduction of semantics in the
operation environment of web services.

Digital library services can be classified

according to various aspects. Services are in the
process of change is not content DL, is called
sensory services.

As part of the approach Semantic Sensor Web
[11] we additionally anotuyemo results of services.
Therefore, unlike classical building environment for
semantic web services, which result not anotuyetsya,
we anticipate the results of the metadata annotation
of web services.

Basic services allocated in the [12].

We will consider the composition based on goal-
oriented paradigm is based initial conditions and the
existing set of services to make the composition.
And, because Web services are located in the
semantic environment, then choose the plan of
composition that may be useful for the end user.
That is, unlike the classic statement of the problem
of specification aims to find services that can
achieve this goal, go with the assumption that the
available set of services can reach some pre
unknown targets that may be selected by user.

This combination of functional properties has
meant that the plans need further study and conduct
replanning. That is changing plans during the
implementation of these plans.

4. CONCLUSIONS

However, in our opinion the most promising
compositions for framework Web-services is WSMT
[13] and WSMX [14], which is based on WSMO.

We developed two services for the existing free
software management digital libraries Eprintsl:
service getEprint and searchEprint. Each services the
interface that meets the specification WSDL 1.1.
What allows these services to connect WSMT.

This paper briefly outlined the theoretical and
practical bases of DL using semantic technologies.
An overview of European projects to integrate
technology in the Semantic Web DL. The article
also stated on the application of principles of
Semantic Web services to the DL.

However, creating such problems DL needs
further study, particularly in the no formal notion of
ontology. At the same time also has both types of
connections that can be between instances and
ontologies. But now we can say that it will be
necessary to solve the problem of alignment between
ontologies, which arise as a consequence of the
integration of two or more semantic DL.
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Resume: An approach for decomposition of visual images by clustering and breaking them down into geometric figures
is considered. Multilevel hierarchical clustering algorithm to form three emphasized levels of clusters such as
rectangles, closed regions and integrated areas is proposed. Advantages of such decomposition in three stages are as
follows: images covered by rectangles are planned to be formatted and compressed, image fragments could be taken for
the preliminary pattern recognition or could easily be corrected, hierarchically constructed fragments are good
material to form pattern features for searching procedures. The algorithm complexity, the proposed approach of
scanning searching area to reduce it, the rolling up criteria and key parameters for its control are investigated. The
results of pattern analysis by structure features for some practical problems are presented in the article.

Keywords: cluster, clustering, visual pattern, hierarchical tree, rolling-up algorithm, scanning area, rectangles,

integrated areas, structured images, structural features.

1. INTRODUCTION

The clustering methods are widespread for visual
patterns segmentation, data mining, indexing and
searching. [1-9]. In particular, the work [1] contains
the classification of the clustering methods and the
approach for contouring chosen clusters. The works
[2], [3] describe graph’s models for images and
clustering algorithms for its segmentation. The
works [4], [5] are devoted to the clustering approach
for experimental data covered by a grid with
predetermined step. Hierarchical methods were used
for decomposition and enhancement of medical
images and fingerprints [6] — [7]. Various
approaches are used for improving and
decomposition of images, among them being
assessment of image fragment local characteristics
[8], forming regions of special figures [6] or
clustering according to criteria of statistical
dependencies [7]. These works, as well as a number
of others, do not consider the variety of control
parameters, by which researcher could investigate
different dependences of clustering results, e.g., such
as brightness threshold and intensity sensitivity for
number of clusters to be formed. As a rule they are
based on one stage clustering procedures.

Different agglomerative methods differ by the
way that similarity between two clusters is updated.
If the linkage satisfies a cluster aggregative
inequality then the algorithm can be implemented

efficiently at a time complexity of O(N?) [10]. A
new recent method [11] uses a sophisticated merging
criterion which takes the cluster internal structure
into account. The multilevel hierarchical clustering
algorithm in [12] are mainly planned for data
analysis, has one stage button-up procedure and
proposes new linkage criteria to reduce the
computation complexity from O(N°) to O(N?).

Standard agglomerative clustering methods use
ordinary similarity distances between clusters to be
merged. The proposed approach is based on a
number of merging criterion: value of common
border between clusters, difference between their
weighted brightness, difference between square
values, etc. Moreover, merging is being performed if
constraints allow it. The work is based on three
stages clustering algorithm: covering an image by
rectangles, closed regions and integrated areas
Constraints are formed to control form of rectangles
or brightness of closed regions and integrated areas.

Some investigations were held to describe
different dependences: number of clusters,
parameters of closed regions and integrated areas
due to criteria for merging: cluster brightness
threshold, algorithm sensitivity or shape and
dimension constraints.

The full procedure allows to formalize visual
image description by breaking them down into
integrated areas, closed regions or rectangles [Fig.1].
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An access to output fragments of every stage allows
them to be corrected and broken into fragments. We
would like to notice that we didn’t find such image
fragments classification in the referenced papers and
others read. Additionally we note that Microsoft
Visual Studio.NET disposes a class Region to paint
figures with non regular shape.

When applying three stages clustering algorithm
to practical images algorithmic complexity and
computation time of image decomposition process
would be taken into account. For this reason,
scanning searching procedures on different stages of
the algorithm are developed.

For large database with over tens of thousands of
visual patterns, effective indexing becomes an
important issue the content-based image retrieval
systems (CBIR). The existent universal CBIR
systems attribute to one of three categories
depending on approach of extracting features, for
example color [15 — 16], shape [17 — 18], structure
and location [19 — 20]. Presented 3-stages clustering
algorithm extracts some pattern structural properties
(pattern features) which were taken to analyze and
classify images.

2. TASK OF IMAGE DECOMPOSITION

The tasks of the decomposition algorithm when
being applied to visual patterns are to solve the
following problems: 1) to get full description for all
parts of image with its all possible characteristics; 2)
to ensure an access for every part of pattern
independently of its position on three levels
hierarchical tree: integrated areas — closed regions
— rectangles. Such access is planned to be used in
searching procedures for pattern and its fragment
recognition.

3rd Stage{ /H:E

2ndStage{ U, ) i

nnnnnnnnnnnnnnn

+—Integrated Areas

+— Closed Regions

+Clusters
she }Rectangles

1st Stage { Lo ds)
/ .
<+ Microclusters

Preliminary{ e
Stage w oo oo+ Microobjects (pixels)

Fig. 1 — Fragment of multilevel hierarchical tree

To solve these complex tasks the multilevel three
stages clustering algorithm based on traditional
binary hierarchical tree is developed. Three stages of
the process, the nodes of interest and a small
fragment of the multilevel tree are shown on Fig. 1.
Three stages are emphasized because they have
different searching criteria to build different
geometric figures. For user it is more interesting to
consider three levels tree extracted from full tree

presented on Fig. 1 with earlier defined pattern
fragments (areas, regions and rectangles) as nodes.
Before the clustering algorithm begins its work
the preliminary procedure to prepare leafs of the
hierarchical tree has to start. Non divisible
microobjects, i.e., pixels of digital image must be
united to form microclusters — smallest non divisible
rectangles. The microclusters are fully or partly
filled [Fig. 2(a)] in the case of black-and-white
image or are combined from pixels of different

brightness for grey image [Fig. 2 (b)].

Fig.2 — Black-and-white and grey clusters

(2) (b)

On the preliminary stage we must to solve the
problem:

It is necessary to obtain a partitioning O of the set
of microobjects O={0,, 0, ... , oy}:

(1)

0={0,,0,.,..,0,},
n — min,

so that a total number of partitions is minimized
while satisfying the constraints:

F, <F(X)<F/, (k=Lmi=Ln), ()

where n is number of microclusters Oy, O,, ... , O,;
F;, F — are boundary values of the -th feature
function. The functions Fy, F,, ..., F, define

coordinates, brightness, dimension, number of
pixels, shape, color, ratio between filled and empty
cells etc.

The cluster features or parts of them are also
assigned for clusters on the higher levels of the
hierarchical tree. So to make pattern decomposition
by rectangles, closed regions and integrated areas we
must to solve the problem (1) three times. We solve
the optimization problem by the rolling-up
procedure, i.e., algorithm of bottom-up merging of
clusters to get minimal number of segments covering
a pattern. The stages differ between themselves by
merging criterion and constraints. The rolling-up
procedure divides a set of objects into groups having
the same or similar characteristics. Tree nodes not
satisfying the constraints and subsequently not being
the subjects for further rolling-up process are
transferred to the result set of clusters.

The visual pattern area is being covered by grid
with steps selected from a set of values: 1x1, 1x2,
2x1, 2x2 etc. Some scanning procedures to solve the
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problem (1) on the preliminary stage of the
algorithm and to build microclusters as rectangles
sized by selected steps of grid are developed. A
cluster number on higher stages depends from a
microcluster number and its features. That is why we
developed alternative algorithms for scanning
procedures on the preliminary stage of the
algorithm. The trivial approach to get microclusters
is to describe a grid cell as microcluster, i.e., to
define for it all features and to assign them to it. For
reason of a lack of paper place other preliminary
scanning algorithms are not considered in the paper.

3. CONTROL PARAMETERS

For grey image every microobject (pixel), is
characterized by brightness value ranging from
black to white. Brightness » of microobject we
define by equation expressing its relative filling as
percentage of black color:

b=(256—c;) x 100 /256, 3)
or as percentage of white color:
b=1¢;x100/256 4

where ¢; (i = 1,2,3) is a value of one from the R (G
or B) components of grey pixel.

Fig. 2(b) shows rectangles by different brightness
values.

The equations (3), (4) are applicable only for
microobjects. To denote integral microcluster
brightness we use B, We define it as a mean
weighted value for two microobjects (microclusters)
indexed by i and j and merging to a microcluster
numbered by £:

_ b,xa;, xa, +bj XA Xd,
= , (5)

a, xa,+a,xa;,

B

where b, b; are the brightness values, a;, an a1, ap
are values of microobject geometric sizes.

The equations (1) — (5) are being used on the
preliminary and 1% stages of the algorithm where
microcluster and cluster as rectangles are
considered. Fragment of medical pattern clustered
by rectangles is illustrated by Fig. 3.

To denote integral closed region and integrated
area brightness we use Bg; and By. We define them
as a mean value of cluster or closed region
brightness of all n objects creating closed region or
integrated area:

Bri= 1/n x Z b,, By= 1/n x ZBRi (6)

(@) (b)

Fig.3 — Clustered pattern. (a) Original. (b) Pattern
after preliminary and 1* stages of the algorithm

The equations (6) are being used on the 2™ and
3" stages of the algorithm where closed regions and
integrated areas are considered. Fragment of medical
pattern clustered by regions and areas are illustrated
by Fig. 4.

Fig.4 — Clustered pattern after 2" (a) and 3™ (b)
stages of the algorithm (colors are random)

4. ALGORITHM ACCURACY

For black-and-white image there are two types of
microcluster (rectangle): completely black and with
a number of white positions.

Ratio between a number of black pixels ny;
entering i microcluster and its total number of
pixels n,; we use as i cluster brightness: 7= ny;/ ny;.
For example, Fig. 2(a) shows for microcluster
brightness values 1, %, V5.

We note: Sp — area of pattern (number of black
pixels), S,; — area of cluster, Sp. — area of the pattern
got as coverage by rectangles: Sp.=)S,;, where i runs
over full set of clusters.

The brightness parameter of rectangle we use to
control accurate or approximation clustering results.
For accurate clustering we have Sp.= Sp.

In practice we have to reduce extra or noise
information and then it is useful to consider the case
Sp. < Sp. We call this procedure cleaning or
reduction. This process is similar to filtration of thin
effects in visual patterns.

Opposite case is if Sp. > Sp. This procedure is
named as renewal or addition. We mean here, that
by a noise in the pattern some needed pixels are
destroyed or lost and its picture does not correspond
to generally accepted one.

The brightness parameter is a key to control ratio
between Sp. and Sp, i.e., to control: 1) a numbers of
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microclusters and clusters not taking part in merging
of the rolling-up process; 2) a number of white
pixels included in the clusters covering the pattern;
3) numbers of clusters and closed regions got by
pattern clustering.

We consider accuracy for image covered by
clusters or covered by integrated areas:

Ec=Spc/ Sp, Ey =14,/ 14,00. (7
where /4, — number of integrated areas, got by
clustering with user defined brightness parameter b,
14,00 — number of integrated areas, got by clustering
with brightness parameter b = 100%.

5. DECOMPOSITION ALGORITHM

To solve the problem (1) we consider the rolling-
up algorithm having input objects as microclusters,
clusters and closed regions and output objects as
clusters, closed regions and integrated areas. To use
one description for all these object we call them as

Clusters. We denote them by O, 0>, .... The set X,
belongs to the i-th level of a tree and contains
Clusters. On the i-th step of the algorithm merging
Clusters create new Clusters by which the set X,
is being filled.

The sequence of steps
algorithm is as follows:

0. Prepare initial data: i=1, the set X, is being
filled by input Clusters; C;=X,, B;= .
1. Form for every O, € X, a set of touching

in the rolling-up

neighbors within the grid by searching procedure.

2. Calculate the criterion function values for all
pairs of adjacent Clusters.

3. For every two candidates to be merged and
satisfying all constraints create the list L(F}) of
criterion values by decreasing order.

3. Delete from L(F}) pairs having intersected
indexes beginning to search them from bottom.

4. Merge first pair of Clusters from the list and
put new Cluster to the set B;, correct the set C;, form

the new set X, of Clusters.

5. Increasing i=i+1 repeat steps 1-4 until merging
takes place.
The last set X contains output Clusters

6.ALGORITHM COMPLEXITY
OPTIMIZATION

Computation complexity of the clustering
algorithm could be determined by a number of
criterion function calculation, comparison and
merging number. In the worst case, when merging
number is 2N-1 (N is full number of input Clusters)

complexity of clustering algorithm exceeds O(N?).
Theoretically to calculate all functions (needed and
extra) it does cost O(NV°). The main operations of the
algorithm are related with searching of candidates
for merging.

To reduce the algorithm complexity we could
mainly at the stage of searching Cluster candidates
to be merged. The searching area for the rolling-up
procedure we plan as a part of full pattern space.
This part is as a rectangle moving through the
pattern rectangle by alternative rules. It scans the
whole surface of image [see Fig. 7]. Area limits for
searching Clusters — candidates to be merged — are
put on one axe of coordinates. Decreasing input data
volume we reduce the algorithm complexity from
value O(NV?) to a set of smaller values O(n;), because
the number #; of Clusters in scanning area is smaller
than the number N in full pattern area, i.e., n,<N. We
would like to mention that searching procedure
repeats its work step by step covering the whole
pattern area by a sequence of smaller scanning areas.

All Clusters of two coordinates pattern space
from Fig. 7 are stored in linear data structure
containing description of the Cluster model and a
pointer for neighboring Cluster [Fig. 8].

(@) (b)
Fig.5 — Scanning area of the algorithm

First rule for scanning is illustrated by Fig. 5(a).
The dashed-lined rectangle defines the scanning
working area restricted by the right border. Scanning
to search for neighboring Clusters is from left to
right within the rectangle. After some searching and
merging steps the rectangle is being moved to right.

Fig. 5(b) illustrates the second rule of scanning.
The rectangle is being restricted both by the right
and the left borders. An image is being scanned from
left to right within the rectangle. To search for
neighboring Clusters the rectangle itself has two
directions for moving: to left and to right. Cluster for
which neighboring Cluster are being searched we
accept as the center of the scanning rectangle.

The scanning area has adaptive property:
dimension of scanning rectangle could be of image
size or could be formed dynamically depending from
Cluster size. For example, at the beginning the
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scanning area size is being initialized by layout grid
steps and further they are being increased step by
step. This adaptive property essentially reduces for
current Cluster a number of neighbors to be
compared.

The experiments presented in the Table 1
confirmed efficiency of scanning area: minimal time
economy is by one order and computation advantage
is better for bigger images.

Table 1. Clustering algorithm without and with
scanning area

Image Cluster Time without Time with
dimension | number | scanningarea, S | scanning area, s
120x178 5155 0,751 0,07
149x150 7311 0,661 0,05
175x216 8210 0,450 0,05
141x169 | 11952 1,112 0,07
156x173 | 13617 2,193 0,09
171x213 | 14136 3,074 0,140

7. CLUSTERING TO CLOSED REGION
AND INTEGRATED AREAS

By the 2™ and 3™ stages of the algorithm we
solve the problem (1) having rectangles Q(Q,, O,
0s, ..., Oy) and closed regions R(Ry, R», Rs, ..., Ry)
instead of set O. A task for the rolling-up procedure
is to find partitioning R={R1, R,, ..., R,} and A={A4,,
Ay, ..., A,} instead of set O={0, O,, ..., O,} so that
a total number of partitions is minimized: n—min,
while satisfying the constraints from (1).

Every set R; contains rectangles included to one
closed region by the rolling-up procedure. Criterion
for rectangles to be merged is a number of common

edges [Fig. 6(a)].
- -
(@) (b)

Fig.6 — Merging criterion (a) and distance between
clusters (b)

Constrains are formulated by feature functions
F;. Second criterion for Cluster rectangle to
participate in merging is minimal distance d in
pixels between their closest rectangles [Fig. 6(b)].
Distance d is measure to be controlled by user.

We extended the distance criterion for “diagonal”
and “main” distances [Fig. 7(a)].

In particular, diagonal distance is useful to
process images having ring structure, e.g., blood
cells, fingerprints etc.

S Wy
(@) (b)

Fig.7 — Diagonal and main distances between clusters
(a), a set of coordinates for a neighboring Cluster (b)

To realize the algorithm to solve the problem (1)
with such objects as rectangles and closed regions
we use new procedure to search candidates to be
merged. The procedure is being used on the 1* step
of the rolling-up algorithm. The main its steps are
as follows:

1. Select a current primary Cluster not belonging
to any result Cluster.

2. Form a set of coordinates P around the Cluster
from 1% step. The set includes all possible points,
where neighboring Clusters could be located
including the diagonal and main distances
[Fig. 7(b)].

3. Look for a secondary Cluster to select it while
satisfying the following conditions:

— it does not belong to any result Cluster;

— one or more coordinates of set P belong to the
secondary Cluster.

4. Repeat step 3 until neighboring secondary
Cluster exists.

5. Repeat all step until primary Cluster exists.

Having the candidates list the rolling-up
algorithm continues its steps to build results
Clusters (regions and areas) by hierarchical tree.

8. STRUCTURE FEATURES

As results the 3-stages clustering algorithm
extracts from image some characteristics which we
assign to the set of structural features. In particular:
MC — number of microclusters, C, CR, IA — numbers
of clusters, regions and areas from three stages. Also
we get brightness parameters and square values for
all objects.

We use these numbers and parameters to define
structural properties by which one could estimate the
structure degree of image, in particular:

1) structure coefficients corresponding to
merging degree by one stage of the algorithm (an
index specifies the algorithm stage):

K!'=C/MC, K}=CR/C, K}=1I4/CR (8)

2) structure coefficients corresponding to
merging degree by two stages of the algorithm:

KP?=CR/MC, K =1I4/C. 9)

3) structure coefficients corresponding to
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merging degree by three stages of the algorithm:

K”MC)=141MC. (10)
To characterize inverse property (fuzziness) we
use inverse values for (2-5), e.g.:

K'P (MC)=MC/ I4. (11)

The image structure coefficients we also assign to
structural features. In some cases to widen the set we
can in formulas (4-6) to use a total number of image
pixels PX instead of MC:

K!”(PX) =14/ PX. (12)

Each selected fragment i, in particular, area or
region characterize the relative number of pixels:

vx{CR) = px,(CR)/PX, vx{IA) = px{(IA)/PX, (13)
for which inequality is as follows:

2.pxi(CR)<PX, % px;(I4) < PX, (14)

where sum takes for all formed areas IA or region
CR.

Some statistical properties could easily be
considered as structural properties. For example:

1) Mean cluster, region or area dimension :

M(CR)=(1/CR) - ¥ px(CR),

MIA) = (1/14) - Y. px(IA), (15)

2) Cluster, region or area deviation

D(CR) =[(1/CR)- Y. (p, (CR) - M(CR))’

DAY =1/ 14)- Y (px, (1A) = M(14))’ (16)

3) To estimate the image elementary object
size/deviation features on different levels of
decomposition we propose statistical relations:

M(CR) |
D(CR)

_ M(I4) (17)
D(IA)

R(CR) = R(I4)

And for full image integral statistical relations

IA-M(CR)
D(CR)

I4-M(14) (13)

R,(CR) = DU

s R,(I4)=

All or part of above mentioned structural features
are planned to be used for pattern and its fragments
analysis and classification.

9. IMAGE STRUCTURE
AND SURFACE ANALYSIS

The clustering algorithm was applied for material
structure and surface analysis by using proposed
structure features. Work [21] presents structured and
non structured images investigation by the grid step
and microcluster brightness parameter. Fig. 8
presents samples with lines by different width and
length to imitate changing of structure complexity.
Table 2 contains some structure coefficients and
features illustrating structural changes especially by
values of K!*(MC) and R/(IA).

Fig. 8 — Images for structure analysis

Table 2. Structure coefficients and features

Structural Visual pattern
characteristics a b C
K3 (MC) 0,00102 | 0,00214 | 0,00425
R;(I4) 2,42940 | 2,87323 | 3,77030
MC 3912 2802 1882
C 1038 890 707
CR 11 11 13
4 4 6 8

Fig.9 presents medical pattern structure analysis.
The determined structural features of the mattern
could be used for its indexing ans searchin in
databases as well as for qualitative and quantitative
estimation of the pattern given.

Fig.9 — Medical pattern. (a) Input image. (b) Clusters.
(c) Closed regions. (d) Integrated areas. (¢) Closed
regions coloured by their weighted brightness

91




R. Melnyk, R. Tushnytskyy / Computing, 2009, Vol. 8, Issue 2, 86-93

The main structural coefficients and features are
as follows: K!*(MC) = 0,00182, MC = 36241,
C =125384, CR =25272, I4 = 66, M(I4) = 549,106,
D(I14) = 1330,06.

By the experiment we can conclude that numbers
of final Clusters (integrated areas) are of close
values as it was expected.

The algorithm was applied for surface topology
of freshly deposited surfaces [Fig.10].

(@) (b)

Fig. 10 — Surface topology of freshly deposited
(a) Pt, (b) Au and (c) Ag surfaces. The average grain
size is 3 nm for Pt, 8 nm for Au, 15 nm for Ag

By structural features from table 3 we can
estimate the surface structure changes caused by
different grain size, applied to polish the surface.

Table 3. Structure characteristics of metal surface

different grain sizes.

Table 4. Structure characteristics for glass surface

Structural Visual pattern
characteristics a b C
Kj” (MC) 0,00661 | ,00754 | 0,00870
R;(IA) 103,87 106,225 | 129,429
MC 11183 11134 9770
C 11112 10692 8836
CR 11072 10463 8076
14 74 84 85
M(IA) 151,121 | 132,547 | 114,941
D(IA) 107,653 | 104,814 | 75,484
’ e h -g il
AR Lt PR ‘ \i
@ (b)

Fig. 12 — Surface images of a Si specimen following
lapping with various abrasive types and sizes:

(a) 14 — um BC; (b) - 8 1m BC; () — 8 1am SiC

Results in table 5 and others which could be

Structural Visual pattern calculated confirmed that they are applicable for
characteristics a b c quality estimation of polished surfaces.
K;” (MC) 0,00244 | 0,00294 | 0,00373 Table 5. Structure characteristics for Si surface
R;(IA) 72,641 | 78,92 | 99,250 :
MC 21700 | 21700 | 21700 oructural . Visual ga“em -
C 17498 15699 15449 =
CR 13973 | 11523 | 10895 K= (MC) 0,00307 | 0,00388 | 0,00400
14 53 64 81 R;(IA) 82,589 98,216 89,944
M(IA) 409,433 | 339,062 | 267,901 MC 22119 20079 22243
D(IA) 298,726 | 274,952 | 218,638 C 18834 17213 19226
. . CR 16112 14909 16746
Close results were got by investigating the glass
surfaces having different sizes of nanobubles 4 68 78 89
[Fig.11]. Table 4 confirms: the more structure M) 323,279 | 257,423 | 249,921
complexity the greater values have structural DA) 267,818 | 204,436 | 247,298

features.

Fig. 11 — A series images revealing nanobubbles on a
glass surface
Fig 11(a) correspond to pH 9.4, Fig. 11(b) — pH
4.4, Fig. 11(c) —pH 5.6.
To widen a range of the algorithm application the
specimen of polished Si surfaces were taken for
investigation (figl2). Samples were elaborated by

10. PROGRAM PACKAGE
The experimental program package with the user
interface has been developed [21]. It controls all
operation stages: image input, parameters,
intermediate and output images, clustering options
(full, specified), report of the algorithm work, result
parameters for each clustering stage.
The program packages is programmed in C#
language of Microsoft Visual Studio 2008.

11. CONCLUSION

The clustering algorithm for visual patterns
analysis is developed and investigated. It is based on
ideas: 1) classifications of pattern fragments as
microclusters, clusters, closed regions and integrated
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areas; 2) rolling-up algorithm to solve the problem
of optimal coverage on three stages of the algorithm,;
3) scanning area approach to reduce the algorithm
complexity; 4) calculation of structure features to
analyze material structure and surface.

The test results confirmed possibility to apply the
program package for image analysis and processing
to determine their properties and features, to find
structural changes, to search defects in objects and
materials. The package could be useful for
specialists from medicine, metallurgy, spectroscopy
and many others making conclusion by sample
images.

All tests were performed by a computer with
processor AMD Athlon 1.68 GHz, 768 Mb RAM.
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BCTYN

VY ramy3i WTy4HOro iHTEJNEKTY aKTyaJlbHUM
3aBJAHHSAM 3QIUIIAETHCA IPOEKTYBaHHSA CHCTEM
aBTOMAaTu4HOI 00poOKM rpadivnoi iHdopMmarii.
OnHUM 3 HampsIMKIB 3aCTOCYBaHHSI TaKUX CHCTEM €
po3mi3HaBaHHS TeKCTy. Bwupimenns el 3amgadi
aKTyaJIbHO TIPH IEPETBOPCHHI IAIIEPOBUX CXEM,
KpecJieHb Ta IHIIMX JOKYMEHTIB B iX €JNEKTPOHHUI
ekBiBaJicHT. Ha CHLOTrOmHIMMHINA IEHB BXE € TOCBIJ
pO3pO0KM METOMIB PO3Mi3HABAHHSI JPYKOBAHHX
CHUMBOJIIB 13  3aCTOCYBaHHSM  PI3HOTO  BHIY
knacugikatopiB, HeHpoHHuUX Mepex [1-2]. Ane
obcsr nudposoi rpadiaHOi iHpopmarrii
301IBLIYETHCS, 3MIHIOIOTHCSI YMOBH PO3Mi3HABAHHS, 1
BiJl Cy4acHMX CHCTEM HOTpPiOHO OiNbII TIIMOOKUiA
iHTenekTyansHuil  aHamiz. Tomy mias  oOpoOku
300paskeHHS JOCITI XY €ThCS MOKJIUBICTh
3aCTOCYBaHHS 3HaHb MPO OyIOBY 30pPOBOi CHCTEMH
Ta TpollecH, IO BimOyBatoTbes B Hel [3-5].
CrnpuiiHATTS 30pOBOI Ta 3BYKOBOi iHGopmalii, a
TaKOXX TPOIIECH MHCIEHHS 1 TaM ATi OIUCYE
KOTHITHBHA TICUXOJIOTIsA [6-7].

i 3HaHHA [aOTh MOXIIMBICTH MOJEIIOBATH
CTIIPUIHATTS OKa JIOJUHHM 1 32CTOCOBYBATH OTpUMaHi
Moiei st 00poOKH 300paKECHHSI.

VY naHii cTarTi PO3MIANAIOTH BUKOPHCTaHHS
KOTHITUBHUX MOJCIIeH, 30KpeMa MOJIEITi
TaHITO3HUX KIITHH Ta MOJENi KIITHH TNEepBHHHOI
30pOBOi KOpPH [UIA BUPILICHHS 3a/adi BU3HAYCHHS
€JIEMEHTIB TEKCTy Ha 300pakeHHI.

1. NTOCTAHOBKA 3AAUI

Hexait € 300pakeHHA 3 TEKCTOM B Tpajarisx

ciporo 8 6it. Tekct 3BU4aiiHO HOPMYETHCS 3 PSJIKIB,
a pSAOKH, B CBOIO Yepry, CKIaJaloThes 3 CiliB. ToMy
CIIOYATKY HeOoOXiIHO BU3HAYUTHU Micie
po3TalryBaHHS TependadyBaHUX — PSAOKIB,  maii
pO30UTH PSIKKA HAa MOXIHUBI CIIOBA, a KIHIICBUM
€TaroM BUKOHATH BHIiNEHHs OykB. Po3ramryBaHHS
pAOKIB Ha 300paKeHHI MOMUIMBO HE TUIBKH
TOpPU30HTaNbHE, a Mg Oyap-sIKuM KyToM. Kpim
OBOTO HEBiiOMHH po3Mip OYKB TEKCTy, TOOTO
BHCOTA PSAKIB. Y 3B 3Ky 3 MM, TOYATKOBHH aHANI3
300paKeHHSI CHPSAMOBAaHMHM Ha BHU3HAYCHHS KyTa
HaXwWly 1 BUCOTH PSAKIB TeKCTy. [licns Bu3HaUeHHS
LUX napameTpis nependavyBaHUM PsIOK
PO3TAIIOBYEMO  TOPH30HTAJbHO 1  BHUKOHYEMO
MOJATBINUE aHaTi3.

Jdns  nmociikeHHS  300pakeHHsT  BHKOPHC-
TOBYBaTH HEYITKY MOJENb KIITUH IEPBHHHOI
30pOBOi KOpH.

KorniTuBHi 3HaHHA

Sxmo KUHYTH HOODKHUMI TOTJIS Ha
300pakeHHs, He (IKCyroUMm HOTO Ha ACTalsAX, TO
BinOyBaeTbCs  CHPUMHATTS  HAHOLIBII — MPOCTHX
(YKpyTHEHUX) MaTTepHIB. Y PO3MIISAHYTIH 3amadi 1e
OyayTh PSIKH TEKCTY, A€ PAAKH — L€ YePryIOThCS
CMYrH OJHOTO HampsMKy 1 TpHONH3HO OJHi€]
mupuHU. Tak BigOyBaeThCs, SKIIO 300paskeHHS
noTparuiie B 00nacTb mepudepuuHoro 30py, a
TaKOX, SKIIO JMBHUTUCS Ha 300pakKeHHs IOOIKHO
abo 3paneky. Ilicns mpoemtoBanHs 300pa)KeHHSI Ha
CiTYaTKy B Hill BiIOYBaIOTHCS TaKi IPOIIECH:

1) Ilepmmumu o0pa3 Ha ciT4aTIi OOPOOISIIOTH
¢doTropenenTOpy NATUYKKA 1 KOJNOOUKH, SIKi uepes
NPOMDKHI OIMONAPHI KIIITHMHU aKTUBI3yIOTh MEBHI
pElenTUBHI TOJIS TaHTIO3HUX KIITHH. PO3pi3HSIIOTH
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TaHIIIO3Hl KITUHA [OBOX THIB: “ON” KITHHH
AKTHBI3YIOTHCS, KOJH CBITJIO MOTPAILISIE HA JCSIKHNA
YyTJIMBUI LIEHTp, 1 HE PearyloTh, KOJIH CBITJIO MaJa€
Ha 00JIaCTh HABKOJIO IIBOTO LEHTpY; KiituHU “OFF”
TUIy pearyloTh HaBMakd. ToMy I KIITHHHA e
Ha3WBaKOTh peneliHuMu [6-7]. besnmiy akTHBHHX
TaHTITO3HAX KIITHH YTBOPIOE Tepuly “mpoexiito”
300paKeHHS.

2) Haxi, OUIBIIICTh aKCOHIB TaHTIIIO3HUX KIITHH
YTBOPIOIOTH  CIHANTHYHI 3B’SI3KM 3  KIITHHAMU
JaTepaTLHOTO KOJIIHYACTOTO Tija (JIKT),
PELENTHBHI TMOJISl AKUX Iy’KE CXOXKi Ha pelenTHBHI
MOJIE  TaHTJIO3HMX  KIITHH  CITYaTKU: MaloTh
LEHTpalbHI “30HM BKJIIOYEHHs 1 mepudepiiini
“30HM BUKIIOUYCHHS YW HaBMaku. KpiM 1600
kiiTuay JIKT Biapi3HSIOTBCS po3MipamMu i JiNAThCS
Ha biy:1 Tpymu: MAPBOIEILTIOISIPHI i
MarHOTEIUTIONAPHI KITITHHH.

3) B JIKT mnepia “mpoekitis’” 300pakeHHsS CTae
nynscytouoro [8]. Binpasy x micns cakkamu' B JIKT
(hopMyeThCST pETHHOTOTIYHA KapTa, KA MepeaacTbCs
B TICpBUHHY 30pOBY Kopy. [liamerp peunenTHBHUX
TOJIiB 3MEHIITYEThCS, 1 HA OCHOBI HHOTO (JOPMYIOTHCS
HOBI peTHHOTOMIYHI KapTth. /{0 yeproBoro crpubka
30pOoBa Kopa mnepepobiiste gani, orpumani 3 JIKT.

4) Jns 30ymKeHHS KIITHUH 30pOBOI  KOpH
OTPiOHO OLIBIII TOHKHUN MeXaHi3M, 110
BiIOOpaXKa€eThCsI HA aHATOMIYHHX OCOOJIMBOCTSX
caMMX KJITHH 1 Ha CHUTHajaX, K HEOOXIgHl s 1X
30y/KeHHS. ICHye JeKiiabKa THUIMIB IUX KIIITHH:
npocmi KIITHHU PpearyloTh TIIBKH Ha JIiHINAHI
CeTMEHTH, OpI€HTOBaHI TEBHUM YHHOM; CKIAOHI
KIITHHU BUMAaraloTb pyXy B IHEBHOMY HaNpsMKY;
2inepcknadHi KIITHUHU BUMArarTh, MO0 CTUMYIIH,
IO MOTPAIUIAIOTh y CEPEeNUHy iX PpELeNnTHBHUX
noJiB, Oynu meBHOT TOBKUHH. OKpiM, IIBOTO BiZJOMO
[7,9], mo xmiTHHW, SKi pearylTh Ha OJHY
opieHTaIli0, (OpPMYyIOTh, COO0I0 KOJIOHKY 30pOBOI
kopu (puc. 1). Tlpm mbOMy pEUENTUBHI OIS
OpWIErNInX KIITHH MaloTh 1HIII  Opi€HTaUiiHi
yHoJ00aHHs, SIKi 3MIHIOIOTHCS TIOCTYIIOBO. TakuMm
YUHOM, cepejl O0e3iivi OpieHTAIlifHUX KOJIOHOK, Ha
PSAAKM TEKCTY HAMOINbII akTHBHO MPOSBUTH cede
omHa KoJoHKa (abo Tpyma CyMDKHHX) TI€BHOI
opieHTarii. B mpoMy BUTIaAKy MHOXHHA KIIITHH ITi€]
KOJIOHKH OyJe BIAMOBIigaTH, B 3aJEKHOCTI BiJ
JOBXHHH, a00 PSAKY TEKCTy, a00 BKe KOHKPETHOMY
cnoBy. Tomi KyT Haxwiy psAnkiB Oyne BiamoBigaTH
KyTy 00paHOi KOJIOHKH, a BUCOTa psijiKa — po3Mipam
SIApa KITITHHH.

dopManbHU ONMMC MOJIENI TaHTIIO3HHUX KIITHH
Ta MOXJIHUBICTb il 3aCTOCYBaHHS  JOKJIaJTHO
posrisiHyro B [9]. B nmamiit  myOumikamii  Bxke

! pyXu oueii, sIKi mepeBoATh TOUKY (ikcarii 3 oHiel
JUISTHKY 300pakKeHHsI Ha 1HIIUH, Ta BAKOPUCTOBYIOTHCS
TIepEeBaYKHO JUIsl OOCTEKEHHS Ta BUBYEHHSI 11OJIS 30py

pO3TIIAMAETRCA  3aCTOCYBaHHS  MOJEN  KIITHH

IIEPBUHHOI 30pOBOI KOPH.

2. MOAENb KNITUH NEPBUHHOI
30POBOI KOPU

OCKIUTBKH T aKTHBi3amii KIIITOK ITHOTO PIiBHS
HeoOXimHa aKTHUBHICTh Tpynu CYMIXKHUX
TaHTTIO3HUX KITOK [8], TO BBEAEMO IOHATTS
nerektopa. CYKyIHICTh CYMIKHUX KITITOK ITOKa3aHa
Ha puc. 1.

B

X

Puc. 1 — CykynHicTb CyMiZKHUX KJIITHH

Toni Mmozaens nerexropa 1e Bupas (1):

D* =< K" a,0,0",6(D*)>, (1)

e Ka,r =< Ka,r+2Rk’Ka,r+4Rk .“Ka,r+/f*-2Rk > -

o — KyT opienrarii Big 0° go 175°

O — HMMpuHa JCTCKTOPA, 10 BU3HAYAETHCA (0= Rk,
*

KiIbKiCTIO KiTiThH cyMikaux, K“", ane ne menm 4;
o(D%) - dyukuis
JIETEKTOpa, 00YHCITIOETHCS 3a hopmyoro (2):

JOBXHMHA JETCKTOpa, MO0 BHU3HAYAETHCA

BIIEBHEHOCTI  HAsIBHOCTI

0, sKmo Hy(Ki):O
1 iel...l (2)
- > u(K,), mamo [ u(K;)>0

l iel..t" iel..0"

S(D”) =

e ,u(K i) Jie O0UMCITIOETRCS 3a hopMynamu [9].
Ha ognomMy mpoBeneHOMy TpoMiHI MOXe OyTH
KiJIbKa JaeTekTopiB. Hexail KimTbKiCTh UX JETEKTOPIB
Oyne paBHO M, . Toxi MHOXKMHA BCiX JIETEKTODIB
[24 [24 .
oyne D" ={D]}, jel...n
Bupaszom (1).
Ha oCHOBI MOHATTS IE€TEKTOPA OIMMIIEMO MOJIETb
PI3HHUX BHIIB KJIITHH 30pOBOi KOPH.

Tak, npocta KiaituHa S% 10 pearye TiIbKH Ha
MIEBHY OPi€HTALiI0, ONHUCY€ETHCS BUpa3oM (3):

10 BHU3HAYAaIOTHCsS

o’

S=<K"",a,0,0,6(S") >, (3)
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ne 0> 0" a 5(5%) = min {5(D})}

CknamHi  KIITHHU  PO3TIISTHYTI  HE  OYyIyTh,
OCKIJIbKM BOHH pearyroTh Ha pyX, a B AaHid poOoTi
pO3MIISIIAETHCST 00poOKa CTATHIHOTO 300paKeHHS.

lNnepcknanHi KIITHHA 30pOBOi KOPH, TAKOXK SIK 1
OpoCTi, YyTAMBI 1O HampsMKy CHTHaly, aje
CYTTEBOI iX OCOONUBICTIO € peakilii Ha IEeBHY

. . a,l
nosxuny . Tomy rinepcknamsa kiituaa G
MOJKe OyTH omrcaHa BUpa3oM (4):

G =<K, a,0,0,6(G"")>, 4

ne 5(G*")=8(DY).
B omHoMy HampsMKy o TIHEpCKIATHUX KITITHH

ONIHIET NTOBXXWHU MOXe OYTH KITBKICTh M, Toml
MHOJKHHA BCIX TMEPCKIaIHUX KIITHH OyJe OIUCaHO

G*' = {Gj”f}, jel...m,. Ane takox moxe OyTH
0,0y, 0.

rinmepckiajHuX KIITHH, pearyuux Ha
JOBXXHMHH, BUCIIOBIIIOETHCS TaK

JOBXHWHNU TOZ[i MHOXHWHa

IEBHI

Gt :{Gf’[[}, iel...z, jel...m,

Y  migcyMKy ~MOXXHa NOOYyIOyBaTH MOZETb
300paXeHHA y BUTIAAI Oe3didi OpieHTaliOHHHX
KOJIOHOK, JI¢ KOJKHAa KOJIOHKAa OIUCYEThCS BUPA30M

)

C* = {S“4G"}, fa=0510..175 ()

Toxmi Momenb “mpoekmii” 300pa)keHHs, TOOTO
PETHHOTOITIIYHOI KapTH OMHCYETHCS BUPa3oM (6):

M? =<{C™} o, (M")>,  (6)

w?
e 0. — KyT OpieHTamii Bif 0° o
175°

® — MIUPHHA JICTEKTOPA, 1[0 BU3HAYAETHCA M= Rk;
AM®) - oysxuis
HaWOIIBIIOI  KUTBKOCTI  TINEPCIOKHUX  KIIITHH
HaAHOIIBIIOT JOBXKUHH, 00YUCIIOETHCS 32 (HOPMYIIO

(:

BIIEBHEHOCTI HASIBHOCTI

AM?) = [% G+ 2,0 )

e /11 — BeJMYWHA BiOOpa)KeHHS HACKUIBKUA BCi
aKTHBHI peJIefiHI KIITHHH CHOPHSUIM aKTHBi3amii
TINepCIIOKHNX KITITHH;

A, — cepeiHe 3HauCHHs

BIIEBHEHOCTI  BCIX

TiNIepPCIOKHUX KIIITHH HIUPHHOIO (]

* . cee . )
a — Kyt opientarnii Bimx 0 mo 175, oOpaHuii Ha
MHOKHHI opieHTaliinux koaonok C* .

Toni ﬂ“l BU3HAYAETHCA BUPA30M (8):

K®
n

A= (®)

n

©

e N - KUIBKICTh aKTHBHHMX TaHTIIO3HUX KIITHH

K% po3mipom simpa Rk =w

n - KUIBKICTh AKTUBHUX TaHIJIIO3HUX KIITUH 3
posmipom sapa  Rk=w, sxi

. . . /.
rinepcknanui kiitnan {G“7 ),
1

aKTHBI3yBaIn

VY cBoro yepry 12 BU3Ha4aeThes K (9):

1 o (0
LG} g
a ] !

Jie m, — 3arajbHa KilIbKiCTh IiIEpPCKIaAHUX KIITHH

Ed
OJIHOTO HATIPSIMKY, @ KyT (¢ BH3HAYAETHCS 3 BUPA3Y
[ . =max{max{/,}}, ne Busnavaerscs m1s o ix 0
2] a

no 175.
[Ticns BU3HAYEHHS IS KOKHOI PETHHOTOMIYHOI

kaptu M @i g (GyHKIIT BIEBHEHOCTI TOTPIOHO
BUOpaTu KapTy 3 HalOumbIIor yneBHeHicTio. Tomi
KINiTHHE 11i€e] kaptu OyayTh Bignosimat abo
cMmyraM, abo cjoBaM BHCOTOI0 ( MiJ KyTOM O Ha
300paKeHHI.

3. PE3YJNIbTATU AOCHIAXEHHA

PosrisiHeMo TpuKIIan 3acTOCYBaHHS HaBEICHUX
MoJenel 3a JOMOMOrol0 300pakKeHHS PO3MipoM
860x227, sxe HaBOoguThCS Ha puc.2. Ha puc. 3
MIOKa3aHa pPETUHOTOIIYHA KapTa, OTpHUMaHa B
pe3yibTaTi ABTOMAaTHYHOTO BU3HAYEHHS
ONTHMANBHOro Kyta Haxmay o=5" i mmpuan o=12
MiKCeNiB epen0adyyBaHiX PSAAKIB TEKCTY.

HeranpHuii  mpoumec  BHOOpPY — ONTHUMAaJIbHUX
rapaMeTpiB MPUBOIUTHCS B podoTi [10].

OCKIUTBKM MOJICTIOBAHHS KJIITHH TPHB’SI3aHO JI0
MIKCENPHOTO  IOJNII0, TO 3HAIOYH  KOOPIMHATH
pPO3MIIIEHHSI  KJIITHH, MOJKHa JIOKali3yBaTh 1
€JIEMEHTH, AKI BOHM YTBOPIOIOTh, IO MOKAa3aHO Ha
puc. 4.

3aBIOsSKM KIACHYHUM (QOpMyJiaM KOMIT FOTEPHOI
rpadiku  (10) Ta BH3HaUEHOMY KYTy MOXHO
BUKOHATH ITIOBOPOT 300pa’keHH.
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x"=x-cos(a)—y-sin(a) Pesynprar  300pakeHHS ~ MICIS  HOBOPOTY
, . (10)  naBexeno na puc.5.
y'=x-sin(a)+ y-cos(x)
ne (x, y) — mnoyarkoBi, a (x,y') — KiHIeBi
KOOpJIMHATH.
]
, ]
co i
J n:{_:u_u_ng@cumputmgomm e
nn.-:mnpuringunlinem-t ISSN1777.¢
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Puc. 2 — ITouaTkoBe 300pakeHHsI

GS"‘-"’_.’“___--—

Q

Puc. 3 — PeTunoToniyHa KapTa, 0OTPMMAaHA B pPe3y/IbTATi ABTOMATHYHOI0 BU3HAYEHHSI ONTHMAIBHOI0 KyTa
naxmay o=5" i mupuan ©=12 niKceiB MOKJIHBUX PSIKIB TEKCTY.

cor I
J r:‘_u_tmg Weompntin Zonline ne
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Puc. 4 — Pe3yabTat jJokagizamii e1eMeHTiB MOKINBHUX CTPOK TEKCTY.
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Puc. 5 — 300pakeHHs micjis MOBOPOTY.

Temep, KOmM OCHOBHI KpYIIHI  €JIEMEHTH
300pakeHHS JIOKaTi30BaHi, MOKHA BUKOHATH OLTBIIT
JNETaJbHUM  aHai3, TOOTO HACTylHA CakKkaja
CTOCYETBCS KOXKHOTO OKPEMOTo eneMeHTy. MoxHa
cripoOyBaTH pO30MTH KOXXHUK 13 €JEMEHTIB Ha
JTEpH, a MOXXHA TOTNEPEJHLO MPOAHATI3yBaTH, UM
Ma€ [eH eNeMEHT XapaKTepHi ISl CIiB OCOOIUBOCTI.
[Tig xapakTepHUME OCOOIHBOCTSIMHU CIIiB MAETHCS Ha
yBa3l HASBHICTb TIOCTIAOBHOCTI BEPTHKAIBHHX
MaTTepHIB, Ta HU3KW Tropu3oHTanbHux [11]. s
uporo Tpeba 3HOBY TMPENCTaBUTH 300paKeHHS 3a

JOIIOMOT00 MOJIENTi KITITUH NMEPBUHHOI 30pOBOT KOPH
TLIBKHM 31 3MEHILICHUM PELIEITUBHUM IIOJIEM.

Ha puc. 6 HaBemeHO TpUKIaJ] HasBHOCTI TaKhX
XapakTepHUX ocoOnmMBOCTEd, a Ha puc. 7 — iX
BimcyTHICTE. Ha puc. 8 mokazanuii HACTYITHUN KPOK
—po30MBKa Ha JITEpH, SIKUH BUKOHYETHCS TEX Ha
OCHOBI Tpe/ACTaBICHHS 300paKeHHs 32 JOMOMOTOI0
KJIITHH NEPBUHHOI 30pOBOi KOpHU. SIK BHIHO 3 puc. 8
B TpPhOX KpalHIX JIBHX e€JIeMEHTax po30MBKa Ha
Jitepu He BHKOHYBajdack. [lomampima oOpoOka ix
TaKOK HE CTOCYEThCS.
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a) moyaTKoBe 300pasKeHHs

—— e — rp— — —_— . — r— — -
- — —— —
" T = — — - - . ™ — . —-—r -
0) rOpU3OHTAJIbHI eJIeMeHTH
B) BEPTHKAJIbHI eJIeMeHTH
Puc. 6 — HasiBHiCTh XapaKkTepHHX I CJ1iB 0c00IMBOCTEH
Sssaasaeer
a) NOYATKOBe 300pakeHHs
—_—— e e ———— e ‘ |
—— — — — P ‘ | |I
0) ropU30HTAJILHI eJIeMeHTH B) BEPTHKAJIbHI eJIeMeHTH
Puc. 7 — BigcyTHicTh XapakTepHHX AJIsl CJ1iB 0CO0IUBOCTENH
(o= | o] W bR ] el R
e [ DONTIUIITIIGES FermoaAl oA b

Puc. 8 — Po30uBka Ha JiTepn

Hani pgng  KoXHOrO 3 OTpUMaHHMX OJIOKIB
HEOOXiTHO BHKOHATH TPOLEAYPYy PO3MIUPEHHS
obmacTi 1A HAAPSAAKOBHUX ab0  MiIPSAKOBUX

CJIEMEHTIB, a TaKOX MpOlenypy OOpi3Kku 3aiBOro
¢ony. Ilicns uporo, OmOK-00BOgKa Oyjae UiTKO
BiJIMOBiIaTH MIMPHUHI 1 BUCOTI CUMBOITY (CHMBOJIIB).
Ha cporomHimiHii JeHb JOCHTH JIOCHIDKEHI I
CHIBBITHOIIICHHS MK BHCOTOI 1 IIMPUHOIO IS
pi3HEX cuMmBONiB Ta mpudrtie. Ha migcrasi 1poro
NpUUMEMO:

1) skmo 1e cmiBBigHOmIeHHs Oinbme 0,85 TO,

MIBHIIIE 3a BCE, 1I€ OAUH CUMBOIL,

2) SKIIO CHiBBiHONICHHS BHUCOTH [0 IIUPHUHU
oinpeine 0,65, ane merme 0,85, To MpUIyCTUMO,
10 I1€ MOXe OYTH OJIMH 13 CHMBOJIIB TII, III, M, K,
10, 200 TpyIa CUMBOJIIB;

3) SKOIO CHIBBIHONIEHHS BUCOTH [0 UIMPUHU
MeHIe abo gopiBHio 0,65, To 1e rpyma
JIEKITbKOX CUMBOJIIB.

3 aHamizy CHMBOJIIB TEpIIOi TPymd MOXKHA
BCTAHOBHTH CEPEIIHE 3HAYCHHS IIUPUHHA CHMBOJIB, 1
BHKOPHCTOBYIOYH IIi JIaHIi YMOBHO pPO30HTH OJOKH
Tpetboi rpynu. KiHneBuil pesynbraT JoKajizarlii
JiTep NMOKa3aHWid Ha puc. 9.
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Puc. 9 — Jlokanizauis Jitep

5. BUCHOBKU

IIpoBeneni JTOCITIJKEHHS T ITBEP TN
MOJJIMBICTh BHKOPHUCTAaHHS 3HaHb MpPO OYIOBY
30pOBOi CHUCTEMH, a caMe HpO MEPBHHHY OOpPOOKY
iHdopMarii Ha piBHI KIITHH 30pOBOi KOpH, IS
00pOOKH  300paKCHHS 3  METOK  BUSIBJIICHHS
CJIEMEHTIB TEKCTy. BukopucTtaHHI po3poOneHoi
MOZeNi KIITHH TePBUHHOI 30pOBOI KOPH HO3BOJISE
TIPEACTABUTH 300paKESHHS JIOKAJII30BAaHOTO CUMBOITY

y  BUIJISAI  MHOXHHH  CIIEMEHTIB, IOJAJIbIIe
IpymyBaHHS SAKUX JIO3BOJIUTH BUKOHATH
IIeHTH(IKAIIIFO.
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INTRODUCTION

In the field of artificial intelligence the challenge
task is recognize text. Today, there is experience in
developing methods of recognizing printed
characters with different kinds of classifiers, neural
networks [1-2]. But the volume of digital image
information is increased the conditions of
recognition are change and modern systems require
a more in-depth intellectual analysis. Therefore for
image processing the possibility of applying
knowledge about the structure of the visual system
and the processes occurring in it is explored [3-5].
The cognitive psychology describes this knowledge
[6-7]. This article discusses the use of cognitive
models, in particular the model ganglion cells and
cell models of primary visual cortex to solve the
identity of the elements of the text in the image.

1. THE PROBLEM

Suppose there is an image with text in 8 bit
grayscale. The location of lines in the image may be
at any angle. In addition, the letter size of the text is
unknown. In this regard, an initial analysis of the
image is intended to define the angle of slope and
height of text lines. After that the line must be
divided into possible words, and then make the
selection of letters.

To investigate the images you need to use fuzzy
model of the image cells of primary visual cortex.

If you glance at the image not fixing it on details,
it will produce the perception of larger patterns. In
this problem it will be a text lines. That is, if the
image falls in the area of peripheral vision. After
projecting the image on retina it is occurred the

following processes:

1) for the first the image is processed by rods and
cones. These rods and cones activate some receptive
fields of ganglion cells through intermediate bipolar
cells [6-7]. A lot of active ganglion cells form the
first “projection” images.

2) next, the majority of ganglion cell axons form
synaptic couplings with cells lateral geniculate
nucleus (LGN). In the result it is an exact repetition
of the retina in LGN, i.e. its retina “map”. The cells
of this level by the structure of buildings are like the
ganglion cells, but also differs by sensitivity and
sizes.

3) In turn, LGN axons transmit signals to the
primary (striate) visual cortex. The cells of visual
cortex respond to specific orientation and the length
of the stimulus. Cells that are responded to the some
location of the stimulus are the orientation column.
Thus it is formulated about 18-20 columns, with a
gradual change in orientation from 0° to 180°.

In that way, the most active column will reflect
the lines of text. A lot of cells of this column are
related to the whole line or the separate words of this
one. The angle of this active column corresponds
with the angle of slope of the text lines. And the size
of the cell nucleus corresponds with the height of the
line.

Formal description of the model ganglion cells
and the possibility of its usage are discussed in detail
in [9]. But in this publication it is considered the
usage of models of primary visual cortex cells.

2. CELL MODEL OF PRIMARY VISUAL
CORTEX

As for the activation of cells at this level must be
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closely related group of ganglion cells [8], for that
we introduce the concept of the detector. The
combination of adjacent cells is shown in Figure 1.
Then the model of the detector, is the expression (1),

Where Ka,r —< Ka,r+2Rk’ Ka,l’+4Rk Ka,r+( -2Rk >;

a — angle of orientation 0° to 175% o — width of the

detector, which is defined w= Rk; - length
detector, which is determined by the number of
adjacent cells K*", but not less 4, 6(D*) - the
confidence function of the detector presence is
calculated by the formula (2), where u(K;) is
calculated by the formula [9].

Set of detectors will be D* ={D{}, jel...n,
Based on the concept of the detector we will
describe a model of different types of cells of the
visual cortex.

Thus, a simple cell S which responds only to a
certain orientation, described by expression (3),

where £ > 0" but&(S%) = min {5(D; )}
jel..n,

The most complicated visual cortex cells, as well
as simple, are sensitive to the direction of the signal.
But their basic characteristic is a reaction to a certain

length £ . Then the most complicated visual cortex
cell G*' can be described by the expression (4),
where 5(G*') = 5(D?) .

In one direction o the most complicated visual

cortex cells by the same length can be quantity m,,.
Then the set of all the most complicated cells will be

described G** ={G{"'}, j el...m,. But these may

be another length ¢,/ ,,...7,. Then the set the most
complicated cells reacting to specific lengths,
expressed as

G« :{Gj”'}, iel..z, jel...m,

As a result, you can build a model of the image
as a set of orientation columns, where each column
is described by expression (5).

Then the model of “projection” image, i.e. retina
map is described by the expression (6), where o —
angle of orientation 0° to 175% o — width of the
detector, which is defined o= Rk; A(M“) - the

confidence function of the existence of the greatest
number of the most complicated cells of the
maximum length is calculated by the formula (7),

where A, — is the value of all active relay cells have
enhanced to the most complicated cells is defined by
(8); A, — average value of the confidence of all the
most complicated cell with width w, is defined (9);
a - angle of orientation 0 to 175, selected on the
set of orientation columns C“, determined by the

expression | . =max{max{l,}}.
2] a

You need to calculate the confidence function for

each retina map retina map M to select the retina
map which has the maximum confidence function.

Then the cells of this map will correspond the
whole lines or the separate words of the lines with
angle o and height .

3. RESULTS

Consider an example application of the previous
models at an image size 860 x 227, which is given in
Fig. 2. Fig. 3 shows retina map obtained from the
automatic determination of optimal angle of
inclination. Detailed process of selecting the optimal
parameters is given in [10]. Fig. 4 shows the
localization of the basic elements of the text lines.
Using the classical transformation of computer
graphics and a calculated angle, you can rotate the
image. And the result is shown in Fig. 5.

When the basic larger elements of images are
located, you can make more detailed analysis. The
following movement of the eye relates to each
individual element and has a projection on the retina.

You can try to split each of the elements in the
letters, but you can pre-examine whether this
element has particular word characteristics. Under
the features of the words it is implied the existence
of a sequence of patterns of vertical and horizontal
series [11]. To do this you need to re-submit images
using models of cells of primary visual cortex only
with a reduced receptive field. On Fig. 6 there is an
example of the availability characteristics to the
letters, as in Fig. 7 - their absence. Fig. 8 illustrates
the next step - a breakdown in the letter, which is
performed also on the basis of the images using the
cells of primary visual cortex.

To each of the blocks need to perform the
procedure of expanding the field for superscript or
subscript elements of the letters. As well as you need
make the procedure for cutting off the extra
background. After that, the frame will closely match
the width and height of character (s). The final result
of localization of letters is shown on Fig.9.

4. CONCLUSION

The results of investigations have confirmed the
possibility of applying knowledge about the
structure of the visual system for processing image
in aim to determine the elements of the text.

The usage of developed models of cells of
primary visual cortex permits to show the image of
located symbol as the set elements. Each element is
characterized by its own length and orientation.
They are the input data for the further identification
symbol.
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of engineering devices and systems with non-uniform structure (e.g. coding systems) with respect to transmission speed,
positioning precision, resolving ability, and functionality, using novel design based on remarkable properties and
structural perfection of one- and multidimensional models of the systems, namely the concept of Ideal Ring Bundles
(IRB)s prospected from basic laws of the world-wide harmony. Research into the underlying mathematical principle
provides an ability to reproduce the maximum number of combinatorial varieties in the systems with a limited number
of elements and bonds. This approach make it possible to configure systems with optimal placement of structural
elements in spatially or temporally distributed systems, using the appropriate mathematical apparatus of contemporary

combinatorial theory.

Keywords: Combinatorial model, Information technology, Numerical model, Coding system, Transmission speed,
Resolving ability, Multidimensional model, Vector data coded design, Ideal Ring Bundle, World-wide harmony.

1. INTRODUCTION

Problem of structural optimization in systems
engineering relating to finding the best placement
both elements and bonds of the system as well as
improving its quality indices, is known, to be
connected not only with number theory and
combinatorial analysis but also with research of the
fundamental laws of real world, such as symmetry
laws [1], [2] and aurea section [2]. Research into
underlying mathematical area involves investigation
of novel techniques based on Combinatorial
Mathematics, and Combinatorial Sequencing
Theory, namely the concept of Ideal Ring Bundles
[3], which can be used for finding optimal solutions
for some problems in systems engineering and
information technologies.

2. NUMERICAL MODEL OF HIGH-
PERFORMANCE SYSTEMS

The ordered chain approach to the study of
elements and events is known to be of widespread
applicability when applied to the problem of finding
the optimum ordered (non-redundant) arrangement
of structural elements in a distributed technological
or computing system. Let us regard an n-stage
sequence of distinct positive integers K, = {ky, ko,
...ky } as being cyclic, so that k, is followed by k.

We call this a ring sequence (Fig.1). A sum of
consecutive terms in the ring sequence can have any
of the n terms as its starting point, and can be of any
number of terms from 1 to n-1. In addition, there is
the sum of all n terms, which is the same
independent of the starting point. Hence, the
maximum number of distinct sums S, of consecutive
terms of the ring sequence is given by:

Sp=n(n-1) +1 (1)

Here is graphical model of an n-stage ring
sequence K, ={ ky, K, ...k } (Fig.1).

Fig.1 — Graphical model of an n-stage ring sequence
Kn :{ klv kz, kn}

If we require all terms in each sum to be
consecutive elements of the sequence, for which the
set of all S, circular sums consists of the numbers
from 1 to S, = n(n-1)+1 that is each number occurs
exactly once is called Ideal Ring Bundle (IRB) with
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parameters N, S,. Here is an example of an IRB with
parameters n=4, S, =13, namely {1, 3, 2, 7} (Fig.2).

Fig. 2 — The Ideal Ring Bundle with n=4, S,=13

To see this, we observe complete set of circular
sums calculated from the IRB {1,3,2,7} (Table 1).

Table 1. Circular sums of the IRB {1,3,2,7}

1=1 2=2 3=3 4=1+3
5=3+2 6=1+3+2 =7 8=7+1
9=2+7 10=2+7+1 11=7+143 12=3+2+7
13=1+3+2+7

Note that if we allow summing over more than
one complete revolution around the ring, we can
obtain all positive integers as such sums. Thus:

14 =1+3 +2 +7 +1, 15 =2 +7 +1+3 +2,
16 =3+2 +7 +1 +3, etc.

One-dimensional (1-D) Ideal Ring Bundle is an
ordered numerical construction with n distinct
integers, which form perfect partitions of finite
interval [1,s] of integers. The sums of connected
sub-sequences of 1-D IRB enumerate the set integers
[1,s] exactly R-times [3].

The favorable qualities of numerical models
provide many opportunities to apply them to
advanced information technology and numerous
branches of science.

3. IRB CODING SYSTEMS

Concept of the Ideal Ring Bundles can be used
for finding optimal solutions for some problems of
information computational processes. For example,
Ideal Ring Bundles make it possible to configure
optimum coding system, based on so-called IRB
Monolithic Binary Code. This code forms binary
code combinations, which all symbols “1” as well as
symbols “0” are arranged together [4]. The IRBs
provide an ability to reproduce the maximum
number of the “monolithic” code combinations (all
symbols “1” as well as symbols “0” are arranged
together) in the coding system with a limited number
of code word digits. First of all we can see

computational processes, based on the IRB
Monolithic Binary Code.
Here is an example of one-dimensional

Monolithic Binary Code based on the IRB {1,3,2,7}
with parameters n=4, S=13:

Table 2. One-dimensional Monolithic Binary Code
based on the IRB {7, 2, 3, 1}

Number Code combination
0 0000
1 0001
2 0101
3 0010
4 0011
5 0110
6 0111
7 1000
8 1001
9 1100
10 1101
11 1011
12 1110
13 1111

Table 2 contains the complete set of binary code
combinations for coding the numbers 0, 1,...13.

Underlying combinatorial constructions can be
represented as mathematical model of optimum
coding system, based on the IRBs conception.

4. GENERALIZED IDEAL RING BUNDLES

Next, we consider a more general type of IRB,
where the S, circular sums of consecutive terms give
us each integer value from 1 to N, for some integer
N, exactly R times, as well as the value N — 1 (the
sum of all n terms) exactly once. Here we see that:

N =n(n-1)/R 2)

Here is a graph of the IRB with n =4, R =2 and
N = 6, where k=1, k,,=1, ks=2, k;=3} (Fig.3).

Fig. 3 - Graph of the IRB with n =4, N=6, R =2

Sums of consecutive terms for the IRB {1, 1, 2,

3} are:
1: 1, and 1,
2: 1+1, and 2,
3: 1+2, and 3,
4: 1+1+2 and 3+1,
5: 2+3 and 3+1+1,
6: 1+2+3 and 2+3+1

Using equation (2) easy to calculate sums of all n
terms for double (R=2) IRB, namely: 2, 4, 7, 11, etc.
We say this numerical set is generative double-IRBs
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5. SEGMENTATION OF IDEAL RING
BUNDLES

Let us regard of the IRB{1,3,2,7} depicted above
(Fig.2) and the IRB{1,1,2,3} (Fig.3) as graphic
vision of an image segmentation of the IRBs (Fig.4).

Fig. 4 — Graphic segmentation of the IRB {1,3,2,7}

Regarding picture (Fig.4), easy to see exhaustive
set of harmonious two-body relationships (here is
red and green) from 1:12 to 1:12 obtained exactly
once (R = 1) each of them using the IRB {1, 3, 2, 7}
image segmentation.

So, 13 is a lucky number, because it allows on
the perfect partition 13=1+3+2+7 and provides an
ability to reproduce the maximum number of
harmonious two-body relationships. The fact makes
it possible to develop of new approach in research of
the discrete structures from epistemological point of
view or “nature and nurture” [2].

Now, let us regard a graphic segmentation of the
Ideal Ring Bundle {1, 1, 2, 3}. Here is exhaustive
set of harmonious two-body relationships from 1:6
to 6:1 obtained exactly twice (R = 2) each of them
over the IRB {1, 1, 2, 3} (Fig. 5).
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Fig. 5 — Graphic segmentation of the IRB {1, 1, 2, 3}

Observing graphic segmentation of the IRB{1, 1,
2, 3} (Fig.5), we see the exhaustive set of
harmonious two-body relationships (here is blue and
red, and sky-blue and lilac) from 1:6 to 1:6 obtained
exactly twice (R=2) each of them. So, 7 is lucky
number, because it provides an ability to reproduce
the exhaustive set of harmonious two-body
relationships.

6. PERFECT NON-SYMMETRY AND
SYMMETRY OF THE IDEAL RING
BUNDLES

We can see, that neither IRB {1, 3, 2, 7} nor IRB
{1, 1, 2, 3} are symmetric structures. Now let us
consider a central symmetric figure of order 7
(Fig.3). Easy to see, that it is a chart of the IRB {1,
1,1,1,1,1, 1} with n=7, S, =7, and R =7. This chart
consists of two IRBs, which penetrate with each
other, namely the IRB {1, 1, 2, 3} (black bubbles)
and the IRB {1, 2, 4} (red bubbles).

82
OO

Fig. 6 — Bubble chart of the symmetric IRB {1, 1, 1, 1,
1,1, 1} joined two non-symmetric IRBs {1, 1, 2, 3} and
{1,2, 4}

There are, it is known, numerous numbers of the
underlying perfect triads of IRBs, which form so-
called universal numerical information field [5]. It
is, essentially, a fundamental property of the space-
time. The mutual connection between symmetry and
non-symmetry of the IRBs provides a better
understanding of physics of space-time, and role of
geometric structure in the behaviour of natural and
man-made objects.

7. IDEAL RING BUNDLE AS SYMMETRIC
OBJECT

Next, we regard the n-stage ring sequence
KZD:{(k111k12)7(k211k22)---(kn11kn2)}a Where Ww¢E require
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all terms in each circular vector-sum to be
consecutive 2-stage sequences as elements of the
sequence. A circular vector-sum of consecutive
terms in the ring sequence can have any of the n
terms as its starting point, and can be of any length
from 1 to n-1. An n-stage ring sequence Kp, for
which the set of all circular vector-sum forms two-
dimensional grid, where each node of the grid occurs
exactly R-times, is named a two-dimensional Ideal
Ring Bundle (2-D IRB).

Here is two-dimensional n-stage ring sequence
IRB with four (n=4) terms in the ring topology,
where k= (0,2), ko= (1,0), ks=(1,1), ks=(2,2), which
grid chart is depicted below (Fig.7).

Fig. 7. Grid chart of two-dimensional Ideal Ring
Bundle (2-D IRB) of four (n=4) vectors

{(0,2),(1,0), (1, 1), (2. 2)}

We can calculate easy the all circular two-
dimensional vector-sums, taking modulo m; =3 for
the first component of vector-sum and modulo m, =4
for the second its component:

0,0)=(2,2)+(0,2)+ (1, 0),
O, )=, 1) +(2,2)+(0,2),

(0,2)=(0, 2),
0,3)=(1,1)+(2,2),
(1,0)=(1,0),
(I, H=(,1,

(1,2)=(0,2) + (1, 0),
(1,3)=(1,0)+ (1, 1)+ (2,2),
(2,0)=(2,2)+(0,2),

2, H=(,0+(,1),
(2,2)=(2,2),
(2,3)=(0,2)+(1,0)+ (1, 1)

So long as the vectors (0, 2), (1, 0), (1, 1), (2, 2)
of the ring sequence themselves are circular vector-
sums too, the circular vector-sums set configure the
3x4 matrix as follows:

(0,0) (0,1) (0,2) (0,3)
1,00 (1, (1,2) (1,3)
2,00 2,1) 2,2) (2,3

The result of the calculation forms the 3x4 grid
which exhausts the circular 2-D vector-sums and
each of its meets exactly once (R=1). So, the ring
sequence of the 2-D vectors {(0, 2), (1, 0), (1, 1), (2,
2)} is two-dimensional Ideal Ring Bundle (2-D IRB)
with n=4, R=1, and m; =3, m, =4.

It is easy to see, that 2-D IRB {(0, 2), (1, 0), (1,
1), (2, 2)} has the mirror symmetry, as well as
differences of coordinates for all pairs of elements
(bubbles on the grid chart) form a set of non-
identical positions of 2-D vectors. So, the 2-D IRB is
both symmetric and non-redundant structure at the
same time. There are lots of symmetric and non-
redundant 2-D IRBs. It is known, we can configure
numerous numbers of one- and multidimensional
IRBs [4].

As we see a whole can be partitioned into two
parts using corresponding couple of rays, where one
part of two partners of an arbitrary polarity is
designed with the sign “+” and the other part of this
polarity is designed with the sign “-”, so in the
following we shall always speak of the IRB polarity.

Perfect Distribution Law (PDL), based on the
remarkable properties and structural perfection of
one- and multidimensional IRBs are as follows:

A whole (space-time) can be partitioned
perfectly, namely the sums of connected parts of the
whole enumerate the set of harmony rising its parts
exactly R-times with the smallest possible number of
intersections.

The main characteristics of the PDL [5]:

1. A whole can be partitioned perfectly by
infinitely great number of ways.

2. The minimal share of a whole in perfect
partitioning can be anyone small.

3. The perfect partitioning can be useful to objects
of anyone vector space dimensionality.

8. PERFECT VECTOR DATA CODING
DESIGN

The development of new direction in
fundamental and applied research in information
technologies is connected with vector data coding
design, based on the concept of Ideal Ring Bundles.
For example, underlying combinatorial construction
can be represented as mathematical model of
optimum coding system, based on so-called
“Monolithic Binary Code” (MBC). This code forms
binary code combinations which all symbols “1” as
well as “0” are arranged together. For example, two-
dimensional vector data MBC formed on the 2-D
IRB {(0,2), (1,0),(1,1),(2,2)}, is given in the Table 3.
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Table 3. 2-D MBC based on the irb {(0,2), (1,0), (1,1),

(2,2)}

Vector | Code | Vector | Code | Vector | Code
(0,00 1101 (1,0) 0100 | (2,00 1001
(0,1) 1011 (L1) 0010 | (2,1) o110
(0,2) 1000 (,2) 1100 | (2,2) 0001
(0,3) 0011 (1,3) 0111 (2,3) 1110

Table 3 contains set of binary code combinations
for coding of all 2-D vectors on the 3 x 4 — matrix
from (0,0) (code combination 1101) to (2,3) (code
combination 1110), where each of them has been
coded in circular 2-D MBC. The remarkable
properties of the MBC provide its some advantages
over the rest codes, involving simplicity of error
detecting and correcting as well as high-speed
operation.

8. CONCLUSION

The Perfect Distribution Law (PDL) discovers,
essentially, a new scientific conception for
development fundamental and applied research in
information technologies, based on the idea of
“perfect” combinatorial constructions- Ideal Ring
Bundles (IRB)s, and the development of new
directions in fundamental and applied research in
area of information technologies, for improving such
quality indices as reliability, precision, speed,
resolving ability, and functionality. Structural
perfection and remarkable properties of one- and
multidimensional IRBs provide an ability to
reproduce the maximum number of combinatorial
varieties in the systems with a limited number of
elements and bonds. It was IRBs provide many
opportunities to apply them to advanced information
technologies. The innovative methodologies based
on combinatorial techniques of the Ideal Ring
Bundles theory can be used for finding optimal
solutions for wide classes of technological problems.
Perspective information technologies and coded
design prospected from the PDL are for example
high performance vector data coding and self-
checking code, vector computing machinery and low
side-lobe antenna design [4]. The mutual connection
between symmetry and non-symmetry of the IRBs
provides a better understanding of physics of space-
time, and role of geometric structure in the
behaviour of natural and man-made objects. A
perfection, beauty and harmony exists not only in
the abstract models but in the real world also.
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1. BCTYN

[Iporsrom XX cTopidds mopsa 3 TpaauIiiHUMHU
TaTy3sIMH €KOHOMIKH c(hopMyBasiach i pO3BHHYJIACh

TypUCTHYHA 1iHIOycTpis. bi3Hec 3acHOBaHWiI Ha
po3Barax Ta opranizamii PI3HOMaHITHOTO
BIITIOYMHKY Hazae T T PUEMITSIM ITUPOKI

MOXITUBOCTI [Tl OTPUMAaHHS TPUOYTKIB.

PisHOMaHITHHI Manuii 1 cepeiHidl TypUCTUYHUIA
0i3HEC MIBUAKO PO3BHUBAETHCH B 0araThOX perioHax
kpaitm 1 B YepHiBenpkili 00macTi 30KpeMa.
[MoOynoBani Ta opranizoBaHi 0€3 BIAMOBITHOTO
HAYKOBOTO OOIPYHTYBaHHS TYPUCTHYHI KOMILICKCH,
¢dbipmu, TypOa3m, TrOTENi TOMO HE OTPUMYIOThH
MOCTATHLOI  KITGKOCTI  3aMOBJEHbL, a  OTKE
BHSIBIISIIOTHCS HEPEHTAOCTHHUMU.

TypuctruHa  rany3p  OyJb-KOTO  PETIOHY
po3BuBanacsi 0 3HaUYHO e(eKTHBHilIE, SKOM MOXXKHA
OyJ0 BU3HAYATH TOTCHIIIHHO NPUBAOIUBI  JJIs
TYpUCTIB Ta BIAMIOYMBAIOYUX TEPUTOpIi, BU3HAYATH
piBeHb iX TPHBAOIWBOCTI Ta CIeMmiaizamilo Ha
BINOBIMHUX BUAAaX BiamounHky. lle m03BOIUTH
BHUSBHTH TpPHUBAONMBI IS 1HBECTUIIH OO0 €KTH, a
TaKOX JIONOMOXe (OpMyBaTH OUTBIT €PEKTUBHY
CTPATETil0 EKOHOMIYHOI'O PO3BUTKY TYpHU3MY B
perioHax.

2. META TA AKTYAJIbHICTb
AOCHNIAXEHHA

Mertoro JOCHiDKEHHSI € po3po0Ka HEYiTKOTOo
ITOPUTMY PO3PaXyHKY MOTEHUIHHOI TYpPHCTHYHOI
npuBabauBOCTI TepuTOpii[1].

AKTYyalbHICTh TOCITIMKEHHS y BU3HAUCHHI PiBHS

NpUBaOIMBOCTI  TEepHUTOpIl AN TYpUCTIB  Ta
BIMIOYMBAIOYMX  TPOTATOM  POKY 3  METOI0
(dopMyBaHHA CTpaTerii JisSUIBHOCTI MiJIPUEMCTB

TYPUCTHYHOI Ta peKpeariiiioi raimy3ei.

[IpakTryHa IIHHICTH CTATTI MOJATAE€ B HaJaHHI
KOHKPETHUX pEKOMEHJIAIliil iHBecTopaM, IIOAO
JOTUTBHOCTI CTBOPEHHS TYPUCTHYHO-PEKpeaIliiiHuX
cucteM (TPC), Ta BH3HA4YCHHI ONTUMAILHOI
cTparterii iX MisIbHOCTI.

3. NTOCTAHOBKA 3A0AMI

Opnieto 3 mpobieM, MO0 BHHUKAIOTH IMPH
oprasizaiii TypUCTHIHO-PEKPEaIiitHOT0 KOMITICKCY
€ CE30HHICTh HOro misuibHOCTI. Hampukian,
TIpCBKONMMKHI ~ KOMIUIEKCH —~ OTPUMYIOTH  0araro
3aMOBJICHb B 3MMOBHUI Tepioj, aje He3aloBHEHI
pemty poky. lle moB’s3aHO 3  BIAMOBITHUMH
KIIIMaTHYHUMH yMOBaMH. Tomy, iHOAI € HEBUT1THIUM
CTBOpEHHS Takoro Oi3Hecy, HaBiTh TOJi, KOIHU
TEPUTOPIS MAa€ IOCHTHh CHPHITINBI IS ITHOTO
YMOBH.

Jesixi TepuTOpii MarOTh CIIPUATIUBI KIIIMaTHYHI,
MPUPOAHI, MarepiagpbHi Ta IHII YMOBH IS
oprasizarlii KiJbKOX BHJIIB BIIIIOYMHKY Ta PeKpeallii,
AK B MEXax OJHOTO CE30HYy TakK i IPOTATOM POKy. B
3UMOBUH TepioJ TypOa3a MOXKe TMpalioBaTH B
PEKUMI TipCHKOIMKHOTO KypOpTY, 2, HalmpuKIa,
BJITKY OpraHi3yBaTH pO3Bard Ha BOIi, SIKIIO MOPSA
€ BigmoBigHa BojoiiMa. bararompodinbHiCTh
TYPUCTHYHOTO TMiAIPHEMCTBA HE TUIBKU 301IBIIyE
oro mpuOyTKH, ajie i poOUTH MEHII 3aJICKHUM Bif
HECIPUATIMBUX (DAKTOPIB TUMYACOBOTO XapaKTepy,
TaKUX SK HEBIIMOBITHI MOTOAHI YMOBH IPOTITOM
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TPUBAJIOTO TIepiomy. AJKe, SKIIO BHACTIIOK ITHOTO
HEJIOOTPUMaHi JIOXOAM B OJMH 3 CE30HIB, €
MOKIIMBICTH ~ KOMIIGHCYBaTH L€  aKTHBHOIO
TISUTBHICTIO pemTy poky. Yum Oimbme pkepen
JOXOAy y MiJNPUEMCTBA, TUM BOHO CTiMKille 10
BIUIMBY HECHpHUATAMBHX (QakTopiB Ta opc-
MaXOpHUX oOctaBuH. Tomy, mnpu mNpoBeneHHI
BIATIOBITHUX aHATITUIHUX PO3pPaxyHKIB, MOTPiOHO
BpaxOByBaTM Ha BIUIMB Takoro (akropa, SK
CE30HHICTb.

Jlane mocmiKeHHS CHpPSMOBaHE Ha BH3HAYEHHS
CE30HHOTO arperoBaHoro MoKa3HUKa MPUBAOIMBOCTI
TEpUTOpii A7 TYpPUCTIB Ta BiANOYMBAIOYMX 3
BpaxyBaHHAM Pi3HOMaHITHOCTI iX BIomo0OaHb MIO0
BiAno4nHKy. KpiM Toro, BapTo BpaxyBaTu BEIMUHUHY
LUiMbOBOI  ayauTopii, TOOTO KINBKICTH JIOAEH,
3aIliKaBIICHUX Y TaHOMY BUJIi BiJIMOYUHKY.

Ilpu  po3poOIli  anropuTMy  BH3HAYCHHS
KOMITJICKCHOTO CE30HHOTO IMOTEHINaNy TYyPHCTHYHOI
NpUBaOIUBOCTI TepUTOpii, Hailmepiie, MOTPiIOHO
o0paTH Takuil METOJ MOJENIOBAHHS, 110 A03BOJIHUTH
HE TIJIbKHM BpaxyBaTH BCl BUIIE3TrajaHi GakTopwu, aie
i BimoOpa3uTh iX BIUTUB SIKOMOTa afeKBaTHIILIE.

I[Ipu moOymoBi ckIagHUX MaTeMaTHYHHX Ta
(dhopmabHUX Mopenell BUHUKAE mpobiemMa piBHA X
aJICKBaTHOCTI PEaJbHUM YMOBaM, OCOOJIHBO, SIKIIIO
Ha MPUHHATTS PillleHHS BIUIMBAIOTH SKICHI (pakTopH.
Taki ¢dakTopm Bakko, a iHOMI ¥ HEMOMKIHBO
OIMCATH 3 JOTIOMOTO0 KITACUYHOTO MaTeMaTUIHOTO
iHCcTpyMeHTapito. KpiM Toro, Kiacu4yHi MeTOAM
noOyJoBH MoJeNed He TMOKa3ylTh 3aI0BiTbHUX
pe3ysbTaTiB, KOJW BXIiJHI JaHl I OmHCYy Ta
MOCTAaHOBKM 3a7adyi € ampiopi HETOYHUMH abo
HenoBHUMU[2]. Tomy 1t po3B’sI3aHHS HAIIOI 33124l
HE MOJIJIMBO CTBOPUTH IOBHY Ta TOYHY MOZETb
kiacuuHumu Meronamu. [1lo6 orpumarn angexBarHi
pe3ynbTaTH HEOoOXiTHO migiopaTu TaKku
MaTeMaTHUYHUH amapar, IO JO3BOJINTh OIEPYyBaTH
HETIOBHUMHU Ta SIKICHUIMH XapaKTePUCTHKAMH.

HaBiTe y TuX BuUmamkax, KOIW IOCTYIHA JIMIIE
yacTrHa MOTPiOHOI iH(opmamii abo BigomocTi €
JOCUTH PO3MUTHMH, IHTEIEKT JIIOAWHHU J03BOJIIE I
MpUAMAaTH IPaBUIIBHI PIlLICHHS.

HaykoBusimu ~ po3poOineHo  Ta  HOCTIHHO
BJIOCKOHAIIOETBCS MAaTEMaTHYHUM amapar, SKAN
NIEBHOIO MIPOIO TIOBTOPIOE MOXKIIMBOCTI JFOJICBKOTO
IHTEJIEKTY — TEOpil0 HEWITKUX MHOXHH Ta HEYIiTKY
noriky. CTBOopeHe Ha iX 0a3i HEUITKE MOJEITIOBAHHS
€ OJIHUM 3 TPOBIITHUX HANPIMKIB Y MPUKIaTHAX Ta
HAYKOBHUX JOCITi[KeHHsIX. HeuiTke MonenmtoBaHHA €
e(eKTUBHUM, KOIM B OMHUCI TEXHIYHUX CUCTEM YU
Oi3Hec-TIpOIleCiB  TPUCYTHS HEBH3HAYCHICTH, SKa
YCKITaTHIOE abo HaBITh YHEMOXKITUBIIOE
3aCTOCYBaHHS TOYHHMX KIJIBKICHUX METOJIB Ta
migxomiB[3].

HeuiTka norika Ta HEdiTKe MOJICIIIOBaHHS 3apa3
JOCUTH YCHIIIHO 3aCTOCOBYIOTHCS, 30Kpema, s

po3B’s3aHHSA  €KOHOMIYHMX 3amad. [lpomecn B
JEeSIKMX 3 IIUX 33124 paHille MPaKTUYHO HEMOKIINBO
Oyno omucatu abo 3MomenroBaTH. A CTBOpEHI
MOzeNi He JaBalli TOBHOI KAapTUHH CHTYAIii,
OCKIUTBKH HE BPaXOBYBAJH SIKICHUX (aKTOpiB.
Heuwitki ™Mopmeni BHSABWINCH TPOCTIIUMH Ta
OinpIn epeKTMBHUMHU 3a KIIACHYHI, 30Kpema, MpHu

OITIHIOBaHHI TJIOOAJIBHOTO E€KOHOMIYHOTO PiBHS
nepkasu[4]. A Takmii TOKa3HUK SIK  SIKICTh
(GYHKI[IOHYBaHHS  MIIPUEMCTBA,  B3araii  He

o04MCIIOBaBCS MareMaTHYHO Oe3 3acTOCYBaHHS
HEYITKOI JIOTIKHM, OCKUIbKHA TOBHHEH BPaxOBYBaTH
Oarato (¢axkTOpiB, IO BUMIPIOIOTECS PIZHUMH
BEIMYMHAMH, a KpIM TOro, cepei HHX OaraTto
SIKICHUX XapaKTEePUCTHK[S].

OcrtaHHI JOCHII)KEHHS, 30KpeMa, KUTaHChKUX
HAYKOBIIIB TIOKa3alld 3pPY4YHICTh Ta €(EeKTUBHICTh

BUKOPHUCTAHHA  HEYITKOTO  MOJENIOBAHHSA IS
pO3B’s3aHHS 3a7a4, MOAIOHUX 10 AaHOi[6].
3. MATEMATUYHA MOJEJb
Pexpearniiina npruBabINBICTh TepuTOopii

BU3HAYAETHCS BUAAMU BiAIIOYMHKY Ta peKpeaii, ki
MOXHa OpTaHi3yBaTH Ta 3MIMCHIOBAaTH Ha JaHii
TepuTopii. BignmounHok Ta pekpeartisi, B CBOIO 4epry,
3ajexarb  BiA ~ KIIMaTHYHHX, TreorpadivyHux,
ICTOPUKO-KYJIBTYPHHUX YMOB Ta JisSUTBHOCTI JIFOJAMHHU.
Po3paxyHok pekpeaniiiHOi TpuBabIMBOCTI Oyae
MPOBOAMTHUCH AJIsl TepuTOpiit YepHiBebkoi 00macTi.
ToMmy s BU3HA4YEHHS LBOIO IOKa3HMKA MOJAEIb
BKJIIOUYAaTHME IapaMeTpH, 10 0a3yloThCs Ha BUAAX
BIJIIIOYMHKY, SIKi ITiJ] BIUTABOM BHUINE3TaJIAHUX YMOB
€  AaKTyalbHUMH JAJs  JaHUX  TYPUCTUYHO-
pekpeartiitaux 0o0’extiB (TPO).

OTmxe, arperoBaHWii TNOKa3HWK MPUBAOIMBOCTI
TEepUTOpii IS TYpUCTIB Ta  BiAMOYMBAIOYUX
CKJIaJa€ThCsl 3 KIUIBKOX OKPEMUX IIOKa3HHUKIB
NpUBaOIMBOCTI, M0 0a3yrOThCs Ha IMEBHUX BHUAAX
BigmounHky. Jna Tepuropiii UepHiBenpkoi obnacti
aKTyallbHI BUAM BINMOYMHKY Ta peKpeariii MOKHa
00’ eTHATH B YOTHUPH TPYIIH:

P, — 3UMOBUH BiIOYHHOK;

P, — BIINOYNHOK B JIITHIN NEpioJl HA BOAL;
P; — BIIMIOYMHOK HA IIPUPOJIi BECHOIO-BOCEHH;

P, — EKCKypcli Ta OrIfj iCTOPUKO-KyJIbTypPHHX

mam’ sITOK.
BiamoBinHO, ce30HHMNA pekpeartiiHuid MoTeHITiaT
TEPUTOPIi BU3HAYAETHCS SK:

P(t)= f(py(t).. 4 (2)). (1)

Hns  oO4MCIeHHS arperoBaHoro  IMOKa3HHKa
pekpeaniiHoi MpUBaOIUBOCTI HAMHU 3aIllPOMIOHOBAHO
CKOPHUCTATHCh JIIHIHHOIO 3TOPTKOIO, sIKa JTO3BOJISE
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OTPUMATH 1HTETPATHHUM IMOKa3HUK B THX BUITAIKAX,
KOJIM BXIIHUMHM 3MIHHUMH € HeE3aJIeXHI Ta
PiBHOIIIHHI BenuuuHu[7]:

P(t)=>"p,(t) o), 2)

i=1

ae @, (t) — HOPMOBaHI 3HAa4YCHHS IapaMeTpiB

IPYNOBHX IMOKa3HUKIB aTPaKTUBHOCTI.

Hopmogane 3HAYEHHS napaMmeTpa [0}
pO3paxoBYETHCS 3a (HOPMYJIOL0:
o, (t)
,(t)= o) 3)

S0()

JIe¢ N — II¢ 3arajJibHa KUIbKICTh MapaMeTpiB JaHOTO

£
noTeHL1aI1y HpI/IBa6J'II/IBOCT1, a a)i BHU3HAYA€ETHCA SK:

a)i(t) :Ci'Hi(t)’ (4)
ne C, — BIICOTOK JI0/IEH, 10 0akaroTh i-TOTO BHIY
Bitnounsky, H, (t) — CEe30HHAa MOXJIUBICTh
BiJIMOYUHKY.

Opranizaniiss BiIMOYMHKY B JITHIA MEPio] poKy
3QJIEKUTh Bill 7 OCHOBHHUX MapaMmeTpiB, IS SKAX
BU3HAUCHI HACTYIIHI JIHI'BICTUYHI 3MiHHI:

X — IUIABaHHS;

X, — CIUTaB Ha padTax, baligapkax Ta iH.;

X3 — puOOJIOBIIS;

X4 — KaTaHHS Ha YOBHAX, KaTaMapaHaX TOLIO;

X5 — THIT BOJOHMU;

X¢ — SIKICTD ITiJ1 I3HHX ILIAXIB;

X7 — MIATOTOBJICHICTD TEPUTOPIi AJIS BiAMOYHHKY.

Y Hamid Monem MNPUCYTHI JHINE TPH THIH
BOJIOMM: pidKa, 03epO Ta CTAaBOK, OCKITBKH TUIBKH
Taki BOAOWMH NPUCYTHI Ha TepuTopii YepHiBerbKoi
obxnacri. BinmoBimHO, W BiAMOYMHOK OEpeThCs JI0
yBaru JIMIIE TaKWid, SIKHH MOXXHA OpTaHi3yBaTH Ha
JTaHUX BOJOMMaX.

[Ipu cTBOpeHHI HEUITKUX EKCIIEPTHHX CHCTEM,
HaHOUTBINI SKICHUMU € 0a3u 3HaHb, y IKUX KUTbKICTh
BXITHUX ITapaMeTpiB HE MEepEeBHUIIy€e I sATh. Benmka
KUIBKICTh BXIJHUX MapaMeTpiB 3HAYHO YCKIIAIHIOE
IUISL eKCTIepTa 3aady OIUCY IPUYMHHO-HACIIIKOBUX
3B’SI3KIB 3 JOIIOMOTOI0 HEUITKUX MpaBWiI. Tomy, mpu
HasiBHOCTI BEJIMKOI KUIBKOCTI BXIIHMX IapameTpiB,
ix moTpiOHO iepapxiuHo KiIacugikysatu[§].

lepapXiYHUMH € CHUCTEMH HEUiTKOTO BHBOAY, B
SKAX BHUBIA OAHi€] 0a3sW 3HAHL IIOJAETHCA SIK
BXIIHMA TapaMeTp IHINOI, IO 3HAXOAWUTHCS Ha
BHIIIOMY piBHI iepapxii. B Takux cucremax BiJCyTHI

3BOPOTHI 3B’s3KW. lepapXiuHi CHCTEMH HEUITKOTO
BUBOJY BHKOPUCTOBYIOTHCS TPH  MOJCTIOBaHHI
CKJIQJIHUX CHUCTEM 3 0araTOMipHUMH 3aJIeKHOCTIMU
“BXim — Buxing”.

OnHiero 3 TmepeBar 1€papxXiyHUX CHCTEM €
KOMITaKTHICTb 0a3 3HaHb y MiAcucTeMax. 3B’SI3KH B
Takiii 0a3l 3HAaHP MOJHA AaJcKBAaTHO OIIUCATH
HEBEITUKOIO0 KUTBKICTIO TPOMYKIIHHUX MPAaBWI, TPH
4oMy IIe OyIyTh KOPOTKI IpaBuia 3 JBOMa-TpboMa
BXitHUMH 3MiHHUMHU. llpm moOymOBI HEWiTKOTO
BHBOJy B I€papXiuyHid CHCTeMi HE BHKOHYIOTHCS
npoueaypu naedaszsudikaiii ta Qaszsudikamii s
NPOMDKHHUX 3MiHHHX. Pe3ynbTar jg0oriyHOro BHBOIY
ONIHI€T TIACHCTEMH OJpa3y IIONAETHCS Y BHIIIAMII
HEUYITKOI MHOXWMHM Ha BXII IIIJCUCTEMH BHIIOTO
CTyIeHs iepapxii.

Hamu  3ampomoHOBaHO  misi  OOYHMCIIEHHS
peKpeariifiHoro IMOTEHITiATy JITHHOTO BiATOYUHKY
cTBopuTH aABI migcucremu. Ilepmia 00’emHye
MiBUAM  BIAMOYMHKY HAa BOJI Ta BHU3HAYAE
MOTCHITIHY KUIBKICTH BUJIIB BiIMTOYMHKY,
JIOCTYITHUX JJIsL TaHO1 BOJIOMMH:

Pi =f(x1,...,x4). Q)

Le#t moka3HUK € OJHWUM 3 BXiJHHX HapaMmeTpiB

iHIIOI TMiZCHCTEMH, sIKa 1 BH3HAYa€e CyMapHHUH
MOTEHIiadl  JITHBOTO  BIAMOYMHKY Ha  JaHid
TEPUTOPIi:

p1:f(p11’x5’x6’x7)- (6)

3UMOBHH BiAMOYMHOK B OCHOBHOMY ITOB’SI3aHHM
3 ripcbkommKHUME  Bumamu. lLle, 30Kkpema,
akTyanbHoO 11 YepHiBenpKoi 00aacTi, penbed sKoi
€ TIePeBaXHO TIPCHKUM. 3a OCTaHHI KiTbKa POKIB
mianpuemii Biakpwin Outbine 10 TipChKONMKHUX
0a3 B pi3HHX paiioHax obacTi.

Ha nymky ekcriepTiB piBeHb CHIPUSATIHBOCTI YMOB
JUISL OpTaHi3allii Ta BeJCHHS TYPUCTHIHOTO Oi3HECY B
HaNpsIMKY TipCHKONMKHOTO BiAIMIOYMHKY BIUIMBAIOThH
Taki pakropu:

X3 — BHCOTA CXHITY;

X9 — JIOBKUHA CXUITY;

X10 — €KCIIO3ULIS CXHITY;

X1] — AKICTb N1 T3HUX MUISIXIB.

Bix Toro, HacKiIbKM BHUCOKO HaJ PiBHEM MOpS
pO3TAIIOBAaHO  BEPUIMHY  CXWIYy,  3aJIe)KUTh
TPUBAIICTh ICHYBaHHS CHITOBOTO TIOKpHUBY Ha
HbOMY, a OTXe, TPHBAJIICTh CE30HY. Takoxk Ha
TPUBANICTh CE30HY BIUIMBAE TMOJOXEHHS CXHIY,
OCKLNBKM TIBHIYHHIA CXWJ MEHIIE IPOTPiBAETHCA
COHSYHMMH TIPOMEHSIMH. BiAmoBimHO, CHIT TaHe HE
TaKk IIBUJAKO, SK Ha MiBJCHHOMY cxwii. JloBknuHa
CXWJIy BU3HA4Ya€ JOBXHMHY Ta KiUIbKICTh MapIIpyTiB,
SKi MOXHa TpokiacTH. KpiM Toro, 4umm moBmIHid
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CXWJI, TAUM OILIbIIEe BIOMOYMBAIOYMX MOXKYTH TaM
nepedyBaTy OHOYACHO. SKICTh MiJ I3HUX ILIAXIB €
OJHHM 3 BHU3HAYAJIbHHUX (PAKTOPIB ISl TUX TYPHUCTIB,
SIKi JICTAIOTBCS A0 MICI BIATIOYMHKY BIACHUM
aBTOMOOIIeM. ToMy TmoOTeHIian NpUBaOIMBOCTI
TEPUTOPIi I 3MMOBOTO BiJIIOYNHKY BH3HAYAETHCS:

D, :f(xg,...,x“). 7

BiamounHOK BECHOK Ta BOCEHH B OCHOBHOMY
[oJIsiTa€ B TMPOBENEHHI BUXIJHUX JHIB Ha MPHPOII.
Sk mpaBwII0, TYPUCTH HE BIITAISIOTHCS Bill CBOTO
oMy Ha 3Ha4Hi BimcraHi. OCHOBHUMH YMHHHUKAMH,
0 BIUIMBAIOTh Ha TMOTCHIIHHY NpPHUBA0JIUBICTh
JAHOI TEPUTOPIi IUIsI TYPHUCTIB BECHOIO Ta BOCCHH €
MOXJIMBICTh ~ OTPUMATH  TYPHCTHYHI  TIOCIYTH.
HaiinmonynsapHimuMy y BKa3aHHiA Iepio]] pOKY €:

X1 — IPOBE/ICHHS MIKHIKIB;

X13 — 30ip sATiA, TpHOIB Ta IHIIOTO;

X|4 — IHIOI po3Bark Ha TPHUPOII (HANPUKIAL,
KaTaHHs Ha KOHSX, BEJIOCHIIEaX TOIIIO).

OTxe, TpPYyHNOBHH TIOKAa3HWK AaTPAKTHBHOCTI
BIJINIOYMHKY BECHOIO Ta BOCCHU PO3PaXOBYETHCS SK:

ps :f(xn,xl3,x14). (3)

OcranHill TPyHOBWM ITOKa3HUK — ITOTCHITIAI
ICTOPUKO-KYJIBTYPHOT MpHBAOIMBOCTI 00’e€kTa OYyB
po3paxoBanuii B po6oTi[9]. Lleit moka3HuK 3aneXuTh
BiJI TBOX TTapaMeTpiB:

e reorpadigHUX KOOpJIMHAT ICTOpHKO-
KyJIbTYPHUX TIaM’ITOK Ta I[IKaBHX IS TYPUCTIB
Micib YepHiBebKoi 001acTi;

® PEUTUHTOBUX OIIIHOK 3HAYUMOCTI
BUIIEBKA3aHUX 00’€eKTIB (BU3HAYAIOTHCSA
eKCIIEpPTaMHu).

[Toka3HMK iCTOPUKO-KYJIBTYpHOI aTpPaKTUBHOCTI
TEPUTOPIii BU3HAYAETHCS:

D :Z ﬂixei = , ©)

ae: ry; BiJICTaHb MIX TEPHUTOpIEI0, ISl SIKOi
o0umncaoeTbesl  moreHimian Ta TPO, mo Mae
ICTOPUKO-KYJIBTypHE 3HAYEHHT, o -

CepeIHbOKBaAPAaTHYHE BIIXUJICHHS BU3Ha4Yae Gopmy
¢byHKUii, (KBaHTENb TOPSAAKY Y2  BH3Ha4ae
“onTHMaNbHy BiICTaHB” TpH skii motenuian TPO
crajae BABIUi); 7 — pEHUTHHroBa  OIliHKA
pEeKpeamiifHoro MoTeHLialy iCTOPUKO-KYJIBTYPHOTO
TPO; N — makcUMallbHE 3HAYeHHS PEUTHHTY (TIpU
m=N BCl BiIBiIyBadi BIABIMAIOTH peKpeariitHmit
00’€KT).

KoedimieHT icTOpHKO-KYIBTYpHOI MPHUBaOIHBO-
CTI TepuTopii MOKa3y€e, HACKIIBKH ONTHMAIBHO
PO3TAIIOBAHO AAHUH TYPUCTHYHHNA 00’ €KT BITHOCHO
OCHOBHHX ICTOPUKO-KYJIBTYPHUX nam’sITOK
UYepHiBerpkoi 00sacTi, TOOTO THX MiCllb, IO €
HiKaBUMH Uil OLNIsiAy TypucTamu. HasBHICTB
mo0IM3y Takux 00’ €KTIB JO3BOJSE OPraHi30BYBaTH
eKCKYpCIHHI TO3AKH, MO0 MOXE YPi3HOMaHITHUTH
Mepesik MPOMOHOBAHMX MOCHYr. BiamomigHo, dnm
OinbIe miKaBUX YIS TYPUCTIB MICIb € JOCSKHHMH,
THM OuTbIle 3HAYCHHS IMOKA3HWKA IMOTCHITATY
ICTOPUKO-KYJITYPHOT IPHBAOIUBOCTI.

3HavyeHHs Koe]ilieHTa iCTOPUKO-KYJIBTYPHOI
npuBabnuBocTi (9) mia pisaux TPO Moxe cuibHO
BIIPI3HATHCH B PO3PSATHOCTI YHCHIA, MO HETATHBHO
BIUIMHE Ha OCHOBHMH pe3ynbTaT. ToMy s
MOTEHIiAy  1ICTOTKO-KYJIBTYPHOI — NPUBAOIMBOCTI
BHUKOHYETHCSI HOPMYBAHHS 3 JJOIIOMOTOI0 HEYiTKOTO
ANTOPUTMY, B SIKOMY IIeH NMOKAa3HUK MPEJICTABICHO Y
BUTJISAI  JIIHTBiCTHYHOI 3MiHHOI. B pesynbrari
HOPMYBaHHS 3HA4YeHHA KoedimieATa po3Tario-
BYIOThCS B Jiana3oHi Bix 0 no 1.

CxeMaTHYHO MOJAETb PO3PaxyHKy arperoBaHoro
MOKa3HUKa peKpeariiiHoi mpuBaOIMBOCTI TepuUTOPii
300pakeno Ha Puc. 1.

X @

%’/

—>P

X1
X14

X1 PR
4
X16 }

Puc.1 — Moaeap BU3HAYEHHS KOMILJIEKCHOTO
C€30HHOT0 MOTEeHIiaJly TYPHCTHYHOI MPUBAOIHBOCTI

TepuTopii
OTxe, TpYIOBI TMOTEHIIadd BH3HAYECHO 3a
OCHOBHMMH BHJAaMH BIAMOYMHKY, SKi MOXHa

NpOBOAWTH Ha Teputopii YepHiBenpkoi obnacti
npoTaroM poky. KoskeH 3 rpynoBuUX MOKa3HHKIB
MpUBaOIMBOCTI 3aJISKUTH BiJl KUTBKOX (DaKTOPiB, SKi
BIUIMBAIOTh Ha MOXKIIHMBICTH Ta SIKICTh OpraHizamii
JAHOTO BHAY BIANOYMHKY. BuzaineHo rpynu
(hakTOpiB: 3WUMOBOTO BIAIMIOYMHKY, BINMOYMHKY Ha

BOJi, BIATIOYMHKY B BECHSHO-OCIHHIA TIepiox Ta
JNITHROTO  BiAMOYMHKY. Jlmsg  KOXKHOI  rpynu
PO3paxoBY€ETHCS MOTEHIiaN npyBabIMBOCTI
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TEPUTOPIi JJIA TYPHUCTIB Ta BiIITOYHBAIOTMX.

3arajioM, KOMIUIEKCHHUH CE30HHHI IIOTEHIAT
MpUBaOIUBOCTI TEPUTOPii IJIs BiAMOYMBAIOUUX Ta
TYpUCTIB 3aJeXUTh Big 16 OCHOBHUX BXIiJHHX
napameTpiB, 14 3 SKHX TpEACTaBICHO y BHUTISAL
HEYITKHX JIIHTBICTUYHUX 3MiHHUX.

4. KOMIM'KOTEPHUW EKCMEPUMEHT

st BU3HAYCHHS! TEPMIB JIHIBICTUYHUX 3MiHHHX
X[,...,X]4 Ta Koe(ilieHTa iCTOPUKO-KYIbTYPHOI
MpUBaOIUBOCTI MU BHUKOPUCTOBYBAIH TPHUKYTHI,
TpamnemieBuaHi, S-nmofiOHi Ta Z-nomiOoHi (yHKI
TIPUHAJIEKHOCTI. OyHKIIA MIPUHAJIEKHOCTI
3a/1a€ThCS TapaMeTpaMH, KUTBKICTh SKHX, 3aJEKHO
Bin Buay QYHKII, CTaHOBUTH BiJl JBOX JIO
YOTUPHOX[2].

ITapameTpu QYHKITIH TPUHAICKHOCTI, BU3HAYCHI
JUIS JIIHTBICTHYHUX 3MIHHHMX, II0 BHUKOPHUCTaHI B
JaHiii MOJeNi, OTPUMAaHO 3TiTHO JAHWUX BIAAUTY 3
muTalb  TypusmMy  UepHiBeUbKOi  oOmmepk-
agMiHicTpaIii.

Ce30HHA MOXIJIMBICTh 3AIHCHEHHS BiIIMOYMHKY
H (t) BHM3HAYEHO 3a JOMOMOTOI0 €KCIIEPTHUX OIIHOK

Ta TIPUBEACHO B TaOmwIli 1.

Tao6auus 1. Ce30HHA MOKIUBICTD 3MiCHEHHS
BiIMOYMHKY 1aHOTO BU/TY

Micsi (t) Buu BianmounHKy
g
Pl é E !

= = |22 8z

o = & a T o

= E S E|l 8¢

S |BE |22 o8

Ciuenn 1 0 0,1 0

JroTuii 0,9 0 0,1 0

bepesenn 0,5] 0,1 0,6 04

KsiTenn 0| 03 0,8 0,9

TpaBeHb 0] 0,5 1 1

UepBeHb 0 1 0,6 0,5

JIuneHs 0 1 0,6 0,5

CepnieHb 0 1 0,7 0,7

Bepecenb 0] 0,5 0,8 0,8

JKoBTeHb 0] 04 1 1

JIucroman | 0,3 0 0,5 0,7

['pynens 1 0 0,1 0
KinbkicTe  TypHCTiB, 3alliKaBICHUX [E€BHUM
BHJIOM BIOIIOYMHKY VY BIICOTKaX 0 BCi€l MacH
MOTEHIIHHUX TYpHUCTIB C., BHU3HAYECHO

MapKETUHTOBUMH JOCHTIPKEHHSIMH, HOTO 3HAYEHHS
JUTSA Pi3HUX TPyT MMoKa3zaHo y tabmuii 2[10].

Taoauns 2. YacTuHAa NOTEHUilfHUX CNOKNBAYiB
NEeBHOI'0 BiIMIOYHHKY cepe] ycieli MacH TypHCTIB.

Bua BignmounHKy BincoTok TypHCTiB,
Oaxxarounx
CIIOJKHMBATH, %0
3UMOBHIA 50
JliTHii 90
IcTopuKO-KyIBTypHUI 65
BecHoro-Bocenun 80

B mamiii po0oTi po3paxoBYyBaINCHh IOKA3HHUKH

KOMITJICKCHUX CE30HHUX MOTEHIIATIB
npuBabmuBocTi g 10 TypHCTHYHUX 00’€KTiB
UepHiBernpkoi  obmacti.  Jlami  o0’ektm €
MOy IS PHUMH HEHTpaMHu BIJIMIOYMHKY,

pO3TAIIOBaHUMH B Pi3HUX 4YacTHHax obmacti. Bcei
00’€KTH BIPI3HIAIOTHCS 33 MPUPOJAHUMH YMOBAMH,
penbedoM, po3MipaMm Ta piBHEM  PO3BUTKY
1HpPACTPYKTYpH.

3a pe3ynabTaTaMH KOMII'IOTEPHHUX PO3PaxyHKiB
MOYKHA MIPOCITiIKYBaTH TUHAMIKY 3MIiHU
KOMITJIEKCHOT pexpeaniinoi pUBaOIMBOCTI
TepuTopii mpoTsiroM poky(Puc.2).

Ha pucyHky mnoka3aHO TOMICAYHY ITHHAMIKY
KOMIUIEKCHOI'O ITIOKA3HUKA pekpeanifHoi
NpUBaOIMBOCTI YOTUPHOX MOMYJISIPHUX TYPUCTUIHO-
pekpeaniiHux 00’ekTiB  UYepHiBembKoi 0OMacTi:
Micto YepHiBIli, po3BakaabHUH KOMILIEKC “AkBat”,

caguba  3eneHoro  Typm3my  “‘Jlekeue”  Ta
TipCHKOMIMKHUHN KOMIUTEKC “MuroBo”.
. . . A s
) ) -' * - * * =
whoau
B — Yepniui x — “AxBat” & —“Jlekeue” A — “Muroso”

Puc.2 — 3mina norenuiany pexkpeauniiinoi
NPUBAGJIMBOCTI eIKUX TYPUCTHYHO-PeKpealiiiHuX
00’exTiB YepHiBenbkoi odaacti

UepniBi € BemukuMm TPO, 1o Hanmae
pI3HOMaHITHI ~ TYpPHCTHYHI  TOCIyTH.  PiBeHB
NpUBAOIMBOCTI Mi€l TEPUTOPIi € ITOCHTH BHCOKHM
HPOTSATOM  BCHOTO POKY. 3HW)KEHHS 3HAYCHHS
arperoBaHoro IOKa3HWKAa B 3MMOBHH  Iepiofn
MOB’si3aHE 3 THUM, IO JaHA TEPUTOPIS B3UMKY €
npuBabIMBOIO B OCHOBHOMY 334  PaxyHOK
ripcekommkHOi Tpacu Ha ropi llenmno. Tomi gk B
IHITII MICATIl TYPHUCTIB TMPHUBAOIIIOIOTH 1 ICTOPUKO-
KyJIBTYpHI O0’€KTH 1 MOXIHUBICTH TMOKaTaTHCh Ha
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kousx (Llemmuo), mpoBectn mikHiK (Kemrminr), a
TaKOX BiJJINOYMHOK KOJIO BOJIOMMHU.

PosBaxkanbHuii kOMIUIEKC “AkBat” pO3MIIICHO
Ha Oepesi o3epa. OCHOBHOKO CIIEIlialli3aliel0 IHOTO
00’€KTa € MOCIYTH OpraHizamii BiIOYNHKY Ha BOJI,
a TaKOX NPOBEICHHS MIKHIKIB TOMIO. 3 PHUCYHKY
BHIHO, W0 Wik npuBadmuBocTi maHoro TPO
Mpunagae Ha JiTHI Micsami. BecHoro Ta BoceHH
[MOKa3HUK AaTPaKTHBHOCTI 3MEHIIYEThCS, a B
3UMOBUH Mepio — OMM3BKUIA 10 HYJIS.

I'ipchbKommKHUN KOMIUIEKC “MHUTOBO” HaBITaKH,
Ma€ BHCOKI 3HAuYCHHS arperoBaHoro IOKa3HUKa
pekpeaniiiHoi MpUBaOIUBOCTI B 3MMOBHH MeEpiox,
aye € HeUiKaBUM JUIS TYPUCTIB Ta BiJIOYUBAIOYHX

pEITy POKY.

Camuba 3eneHoro typusmy “Jlekeue” €
HesenmkuM  TPO, 1o Hamae  pi3HOMaHITHI
TYPUCTHYHI TIOCIyTH: CIUlaB Ha padrax i
KaramMapaHax, TIOJIOBaHHs, 30ip TpuOiB, sTif,
KaTaHHS Ha KOHsX Ta iH. KpiMm Toro, nana tepurtopis
Mae  CHOPHSITIMBI  YMOBH  JJIA  Oprasizamii

TIpCBKOJIIKHOTO BiNIOYMHKY. PiBeHb pekpeamiiiHoi
MpUBaOIUBOCTI AaHOI TEPUTOPIi € JOCUTH BHCOKUM
BIIPOJIOBK BCHOTO POKy. Ha BimMiHy Bix monepemHix
00’ekTiB, Ha Tpadiky “Jlekeue” BiACYTHI pi3Ki MIKH
Ta CHau.

Junaamika MIOTEHII ATy pexpeaniiHoi
aTPaKTUBHOCTI Juis  Bumesraganoro TPO B
MOPIBHSAHHI 3 BiTHOCHOIO KIJIBKICTIO BiIMOYMBAIOYHX
HaBeneHo Ha Puc.3. 3 pucyHKy BUIHO, 110 OTpUMaHa
3aJIeKHICTh TYPUCTUYHOI TPHUBAONHMBOCTI 00’ €KTa
Bifl C€30HY 00pe KOPENoe 3 eKCIIePUMEHTAILHIMHU
JaHAMH.

whcau)

® — pO3paxyHOK B — eKCIIEPUMEHT

Puc. 3 — Ce30HHA 32/1€:KHICTh KOMILIEKCHOTO
NMOTeHLiaTy NpUBadJINBOCTI B NOPiBHAHHI i3
BiIHOCHOIO KiJIbKICTIO peKpeaHTiB, Ha NPUKJIALi
caguom “Jlexeue”

KpiM Toro, Mo>kHa BiMITHTH, IO iCHY€ IE€BHA

($yHKUIOHANTbHA 3aJIeKHICTh MIX piBHEM
peKpeamniifHoOro MoTeHIiady Ta KUTBKICTIO KITI€HTIB.
[Moka3HMKH  KOMIUIEKCHOTO  peKpeamiifHoro

MOTEHIIANy Ui JaHOTO 00’€KTa B YEPBHI Ta JIUIHI
MaroTh OJHAKOBI 3HAYCHHS, TOOTO YMOBH JIJIs
BIAMTOYMHKY y I1i MiCSIIi € OHAKOBO CIIPHUSATINBUMHU.

A cTaTuCcTHKa TIOKa3ye, 10 B JIUITHI BiATIOYMBAIOYNX
Oyno Oinpme, HiK B uepBHi. Po30iXKHICTE B
MOKa3HUKaX TOSICHIOETHCSI THM, IO YEPBEHB € JIHIIC
MOYATKOM CE30HY BiJIITYCTOK Ta KaHIKYJ. Y JIUIHI XK
OinpIne monei inyTh Bigmounsatu. [1pu maHyBaHHI
BIJMIOYMHKY JIIOJM 3BaXKAlOTh TaKOXX Ha Te, IO
MOYATOK JIiTa MOXKE OyTH MPOXOJOAHUM, TOMY 100
HalleBHE J00pe BIAMOYUTH HAYTHh y BIAIYCTKA HE
paHillie siK B KiHIlI YepBHS. 3HAYHHUH cHaja KiJIbKOCTI
BiJIIOYMBAIOYNX Yy BEPECHI IMMOB’S3aHUI HE JHIIEe 3i
3HIDKCHHSAM PEKpeaIiiHoi IpuBabIMBOCTI JaHOTO
TPO, ane ii 3aBepIlICHHSIM CE30HY BiIMYCTOK.

301IbIIEHHS KIJIBKOCTI BIAIIOYMBAIOYUX
NOYMHAIOYM 3 CEPIHS € Pe3yJbTaTOM IPOBEICHHS
pekiiaMHOI KammaHii B TpaBHi-uepBHi. [IpoTsrom
OUX MicAiB OyJi0 pO3MILIEHO OrOJIOUICHHS B
MepioANYHNX BHUAAaHHSIX YepHiBembkoi oOyacTi Ta
TYPUCTHYHUX ITyTiBHUKAX.

Po30ixHICTE B AMHAMINI MiX pO3paxyHKOBUMH
Ta CTaTUCTHYHUMHU JaHUMH B 3HMOBHH Iepiox

(TpyzmeHb, CcideHb) 3yMOBIICHA THM, IO JaHHUA
TYpUCTUYHO-pEKpealliiHuii  00’€KT y  CBOIX
pEeKIIaMHHMX aKLigX HE TO3ULIIOHye cebe fK

OprasizaTopa TipChKONKHOTO BiIMOYMHKY. Xo4a U
Ma€ JOCHUTH CIIPHUATIMBI YMOBH JUIsl OpTaHi3allii Ta
MPOBEJICHHS TAKOTO BiIMOYHHKY .

BuxopucranHsi y3aralbHEHOTO TOKa3HUKA J1a€
3MOTy OUTBIN aaeKBaTHO BHU3HAYUTH MPHUBAOINBICTH
TEpUTOPIi A TYPHCTIB Ta BIAMIOYMBAIOYMX, & OTXKE,
MOKa3y€e MOTEHI[IHHUM IHBECTOpaM Ta BiJIIOBIIHUM
opraHaM MICIIeBOi BIIQAM peallbHi MEePCIEeKTHBU

BUKOPUCTaHHsS pPEKpealifHuX pecypciB JaHOTO
paliony.
5. BUCHOBKMU
B po0oTi 3ampomoHOBaHO METOA PO3PAXYHKY
KOMIUIEKCHOTO HOTEHIIIaTy TYPUCTUYHOT

NpUBaOIMBOCTI TEPUTOPii Ha 0a3i HEWIiTKOI JIOTIKH.
Januii MeTo] 103BOJIsIE BpaxyBaTH HAsBHI IPUPOIHI
yMOBH Ta iH(GPACTPYKTypy MJIsi OpraHizamii Ta
MPOBEICHHS PI3HOMAHITHUX BHUIIB BIAIOYHHKY Ta
PO3BaKATHHUX 3aXO/IB.

Brnepme npu noOyaoBi MOTEHIIATY
MPUBAOJIMBOCTI  TEPUTOpIi  BpaxoBaHO  (haKToOp
CE30HHOCTI.

MeTton po3paxyHKy arperoBaHoro IOKa3HHKa
TYPUCTHYHOI MPUBAOIUBOCTI TEPUTOPIi anmpoOOBaHO
JUISL IECATH MOMYJIIPHUX TYPHUCTHYHO-PEKpealiiftHux
00’exTiB UepHiBeLbKOI 001aCTi.

3anponoHOBaHUH METOA JO3BOJIUTh
MIIIPUEMCTBAM  TYPUCTHYHOI  Taimy3i  OUTBII
aZeKBaTHO oOWpaTH HampsM Ta  MaciTadu
KaliTaJoOBKIaJeHb NpU IUIaHyBaHHI  CTpaTerii
TUSUTBHOCTI, TTpoBeAieHHI PR-akiid.

B moennani 3 T'IC TexHomorisMu po3poOieHui
METOJ J03BOJIMTH OTPUMATH KapTy MNOTEHUiHHOI
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TYPUCTHYHOI TIPUBAOIUBOCTI TEPHUTOPii, IO MOXKE
CIlyTyBaTH  HAYKOBUM  MIATPYHTSM  CTpaTerii
PO3BUTKY  perioHy. 3ampoOnOHOBaHHWA  METOJ
JIO3BOJIUTH B MOJANBIIOMY BKIFOUHTH JI0 AITOPUTMY
CETMEHTAIIIIO0 IIJIbOBOI ayIUTOPIl — BiANOYHMBAIOUUX
3aJIe)KHO BiJ 1X BmogoOaHp Ta  (piHaHCOBHX
MOKJIHBOCTEH.
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Tourist industry of any region would develop
considerably more effective, if it is possible to
determine areas potentially attractive for tourists and
holiday-makers, to determine the level of their
attractiveness and specialization on the proper types
of rest. It will allow finding out objects attractive for
investments, and also will help to form more
effective economic development strategy for tourist
business in regions.

A research purpose is to develop fuzzy algorithm
for calculation of the potential of territory’s tourist
attractiveness.

Research actuality is in determination of the level
of territory’s attractiveness for tourists and holiday-
makers during a year with the purpose to form a
strategy of activity for enterprises in tourist and
recreation industries.

The practical value of this article consists in the
giving concrete recommendations to the investors
about expedience of creation the tourist recreation
systems (TRS) and determination of the optimum
strategy of their activity.

Among the problems which arise up during
organization of tourist-recreation complex there is
seasonality of its activity. For example, the
mountain-skiing complexes get a lot of custom in
winter, but are unfilled the rest of the year. It is
related to the proper climatic terms. That is why,
sometimes foundation of such business is
unprofitable, even when territory has conditions
complimentary enough for this purpose. Some
territories have good climatic, natural, financial and

other conditions for organization of a few types of
rest and recreation, as within the limits of one season
so for a year. In winter a tourist center can work as a
mountain-skiing resort, and, for example, in summer
to organize entertainments on water, if alongside
there is the proper basin. Service diversification of
tourist enterprise not only multiplies his incomes but
also does less dependency upon the critical factors
of temporal character, such as incongruous weather
conditions during the long period of time. If, as a
result of that, profits are received less in one of
seasons, there is possibility to compensate it with
active work of the rest of a year. The more sources
of income has the enterprise, the more resistant it is
to influencing of critical factors and circumstances
of force-majeure.

The given research was directed on determination
of the territory’s seasonal aggregated index of
attractiveness for tourists and holiday-makers
conducting the variety of their preferences in having
a rest. In addition, it should be taken into account the
size of consumer audience, in other words, the
amount of people, interested in this type of rest.

The recreation attractiveness of territory is
determined by the types of rest and recreation, which
can be organized and carried out on this territory.
Rest and recreation, in the turn, depend on climatic,
geographical, historic and cultural conditions and
human activity.

Thus, the territory’s aggregated index of
attractiveness for tourists and holiday-makers
consists of a few separate indexes of attractiveness,
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which are based on the certain types of rest. For
territories of the Chernivtsi region the actual types of
rest and recreation can be united in four groups:

p, — winter rest;

p, —rest in summer time at basin;

p; — rest in spring and autumn in the
countryside;
p, — excursions and review of historic and

cultural sights.
The seasonal recreation potential of territory is
determined as:

P(t): 1t(p1 (t),..., p4(t)). (1)

The linear convolution product is used for the
calculation of the aggregated recreation
attractiveness index. It allows getting the integral
index in those cases, when the input variables are
independent and equivalent values:

4

P(t)=>"pi(t) o,(t), 2)

i=1

where  o; (t) — are the parameters of groups

attractiveness indexes normalized values.
The normalized value of coefficient @, is

estimated with a formula:

o, (t)=—"—", 3)

where n — is the common amount of parameters in

. . . * . .
given attractiveness potential, and @; is determined
as:

o (t) =C;-H;(t), )

where C, — a percent of people that want to have the

indicated type of rest, Hi(t) — 1s seasonal

possibility of having a rest.

In general, complex seasonal potential of
territory’s attractiveness for holiday-makers and
tourists depends on 16 basic parameters, 14 of them
are presented as fuzzy linguistic variables.

In this research the values of complex seasonal
potentials of attractiveness were accounted for 10
tourist places in Chernivtsi region. These places are
the popular centers for having a rest, located in
different parts of region. All places differ in their

natural conditions, relief, sizes and a level of
infrastructure development.

As a result of computing it is possible to trace the
variation dynamics of territory’s complex recreation
attractiveness during a year (fig. 1).

Micaui Manth)

B — Chernivtsi x —“Aquat” & —“Lekeche” A —“Mygovo”

Fig. 1 — Variation of recreation attractiveness potential
for some tourist-recreation centers of Chernivtsi
region

Chernivtsi is a large tourist-recreation center
(TRC) that provides various tourist services. This
territory’s level of attractiveness is high enough
during the whole year. The decline of value of the
aggregated index in winter is related to the fact that
given territory is attractive in winter mainly due to a
mountain-skiing route on the mountain of Tsetsino.
While in other seasons tourists are also attracted
with historic and cultural sights and possibility to
ride horses (Tsetsino), to have a picnic (the
Campsite), and also to take a rest near the river.

The entertaining complex “Aquat” is placed
ashore a lake. Basic specializations of this center are
services of rest on water organization and also
providing picnics and others like that. The picture
describes that maximum level of this TRC
attractiveness is summer period. In spring and in
autumn the index of attractiveness decreases, and in
winter period it falls down near to zero.

Mountain-skiing complex “Mygovo” opposite,
has high values of the recreation attractiveness
aggregated index in winter, but is uninteresting for
tourists and holiday-makers the other seasons of the
year.

The eco-tourism center “Lekeche” is a small
TRC that provides various tourist services: rafting,
fishing, hunting, gathering mushrooms, berries,
horse riding and others. In addition, this territory has
good conditions for organization of mountain-skiing
rest. Level of recreation attractiveness of this
territory is high enough during the year. Unlike
previous places, on the graph “Lekeche” sharp
increases and breakdowns are absent.

Using the aggregated index enables to define the
attractiveness of territory for tourists and holiday-
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makers more adequately, and consequently, shows
to the potential investors and responsible institutions
of local governing the real prospects of the
recreation resources exploitation of this area.

In general, in this paper the method for
calculation of complex tourist attractiveness
potential of the territory is offered on the base of
fuzzy logic. The developed method allows
considering present natural conditions and
infrastructure for organization and providing various
types of rest and entertaining events.

For the first time in the calculation of territory’s
attractiveness potential the factor of seasonality is
conducted.

The offered method will allow the tourist
industry enterprises to elect more effectively
direction and dimensions of capital investments in
planning their strategy, arranging PR-actions.

Integrated to GIS technologies, the developed
method will allow getting the map of potential
tourist attractiveness of territory which can serve as
a scientific base for strategy of regional
development. The offered method will allow in
future to plug in to the algorithm a segmentation of
consumer audience — holiday-makers depending on
their preferences and financial capabilities.
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INTRODUCTION

On the modern day level of Internet and global
information system World Wide Web development,
especially with appearance of new conception —
Web 2.0, very important role is played by Web-
communities, which consist of everyday Internet
users. Web-forums are one of the most popular and
effective, from the point of view of information
representation and accessibility, forms of Web-
community organization [1, 8].

Primary Web-forum’s objects are members and
content which they create: threads and posts. Web-
forum member is a person that visits Web-forum
site, reads, and publishes information in threads and
posts. Web-forum content is a hierarchy of threads
and posts, tree with two types of nodes: sub-forums
and discussions.

Nowadays, most modern Web-forums function
on the basis of popular software — Content
Management System (CMS), for example: vBulletin,
Invision, phpBB, XMB [1-3].

Research and analysis of Web-forums’ members’
behavior is a very complicated computational task.
That is why development of information system of
analysis of Web-forums® members’ behavior, which
should simply be integrated into modern CMS, is a
very important task.

Members influence Web-forum’s life that is why
the Web-community developers need software,
which lets them analyze members’ behavior that
helps to provide effective moderation and
administration.

1. BACKGROUND

Web-forum functioning is impossible without a
program complex, which provides basic tasks such
as: member registration, content publishing, content,
and member management. Such modern day
complexes, such as CMS, have typical data structure
scheme and provides all basic means that make it
possible for Web-forums to function. The majority
of Web-forums are based on popular CMS that have
similar interfaces and functionality. This helps Web-
forums members to familiarize themselves on new
Web-forum quickly. Also, this makes it possible to
develop informational system of analysis of Web-
forums® members behavior for Web-forum
administrators.

Modern CMS have good functionality, but they
do not give administrators the means to analyze the
Web-forum member’s behavior. CMS provides only
the simplest statistical information: post count,
thread count, quantity of new members that
registered during the last day, number of existing
members that visited the Web-forum today, etc. The
system does not give detailed and more complex
information about content growth dynamics,
member growth dynamics, or member’s usefulness.
That is why it is needed to develop a system that will
provide the means of analyzing member behavior
during certain periods of time, classifying members,
provide decision support during Web-forum
administration [1-3,8,9].

2. ARTICLE AIMS

The purpose of this article is to describe the
process of information system of analysis of Web-
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forums” members’ behavior development.

Before we start system development it is
necessary to research modern Web-forum CMS
structures and the process of Web-forums’
members’ behavior analyzing. The reason this is
necessary is because, our information system must
solve all tasks of members’ behavior analysis and be
easily integrated into existing Web-forum CMS. On
the basis of results of this research, we should plan a
system structure and develop its prototype. So, the
aims of this article are:

— analysis of the existing Web-forum CMS;

— research of the process of Web-forums member
behavior analysis;

— development of data structure scheme of
information system;

— program realization of algorithms of the Web-
forums’ members behavior analysis.

3. MAIN PART

3.1. STRUCTURAL AND INFORMATION
WEB-FORUM MODEL

Primary Web-forums’ objects are members and
content, which they create: threads and posts.

Web-forum member is a person that visits Web-
forum site, reads, and publishes information in
threads and posts.

According to their abilities Web-forums’
members belong to one of the following classes:
unregistered visitors (guests), registered members,
moderators, administrators.

Sub-forum is a set of lower-level sub-forums and
threads.

Thread is a set of posts, created by Web-forum
members. Threads could be created on any structure
level, usually on the lowest level.

Web-forum content is a hierarchy of threads and
posts (see Fig. 1).
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Fig. 1 — Tree-like Web-forum structure

Web-forum consists of a set of first-level forums.
Each of them also consists of a set of second-level
forums (sub-forums) and threads. Web-forum

structure can be detailed more and more using lower
levels. Web-forum structure could be changed
during the Web-community’s life. If members
accumulate great amount of content more sub-
forums on the lower levels could be created.

Forum — is a set of sub-forums and threads. Each
sub-forum can consist of lower-level sub-forums and
threads. In the process of creating forum structure it
is recommended to use lower-level sub-forums.
Using lower-level sub-forums helps to create better
content semantic map.

Thread — is a set of posts, written by forum
members. Threads could be placed on any level, but
it is better if they are only at the lowest level. Main
Web-forum feature is that threads are stored untill
the forum exists for future members; in some rare
specific situations when administrator takes decision
to delete one of them.

Poll is a kind of discussion that aims to know
member’s opinion on some question. Poll start is a
guestion with a set of answers with some
explanation. Set of answers must be complete (all
available answers). Member can write posts here
like in any thread.

Post is a message written by a forum member.

Each post can be one of the following types:

— Thread start — first message in the discussion. It
is very important to create correct
understandable thread name.

— Answer-post. Each post in the thread that is not
thread start. Answer-post may include previous
parts of the previous posts — citations.

— Thread stop — last post in the thread, usually
made by administrator or moderator when
discussion is over or members start to write off-
topic or flame posts.

3.2. GENERALIZED WEB-COMMUNITY
INFORMATION MODEL

In general all Web-forum CMS have complex
data scheme, which consists of great amount of
tables. However, large part of these tables is
secondary and store data that is not mandatory for
Web-forum analysis.

After examining and analyzing existing CMS’s,
we can select only the main objects of such
information system as Web-community. Generalized
data scheme, which gives us all necessary
information for Web-community member behavior
analysis is shown on Fig. 2.
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Fig. 2 — Generalized data scheme of web-forum CMS

Main parts of such information system, as Web-
forum, are Members and content.

Content consists of Forums, Threads, and Posts.

A Web-forum’s member is characterized by such
parameters:

Name, Password, Personal Info, Set of created
posts, Set of created threads, Set of received
feedbacks, Set of given feedbacks.

Another part of this system — content, is
presented by three entities: Forum, Thread, and Post.

Forum is characterized by such parameters:

Name, Number of threads (that belong to this
forum), Number of posts (that belong to this forum),
Description.

The thread is characterized by the following
parameters:

Title, Author, Sub-forum (to which the thread
belongs), Number of posts, Number of views.

The post is characterized by the following
parameters:

Title, Body, Author, Data, Thread (to which the
post belongs), Sub-forum (to which post belongs).

Prior to the system information model
description, let us shortly overview Web-forums’
members’  behaviors, their  features, and
classification methods.

Web-community members may have the
following features:  Activeness, Creativeness,
Attractiveness, Reactivity, and Loyalty.

For Web-community member features modeling,
fuzzy sets are used [2]. The features of all listed
members can be defined according to their activity
within the forum. Activeness is defined by guantity
of content that the members have created.
Creativeness is defined by the quality of content that
the members have created. Attractiveness is defined
by the number of members who give feedback to the
created content. Reactivity is defined by the way the
member takes part in discussions. Loyalty is defined
by the reaction to other member’s content.

3.3. INFORMATION DATA MODEL FOR
CLASSIFYING MEMBERS

The first step of creating information system of
web community members behavior analyzing and
classifying is development of data structure,
mandatory for analysis. In order to create
information system, it is necessary to develop
metadata structure, which will describe the classes
of members, rules of classification, and linguistic
variables, which describe the features of members’
behavior.

Developed information model looks as follows

(Fig. 3.):
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Fig. 3 — Data scheme of an information system of web
community members behavior analyzing and
classifying

Developed data scheme of information system of
Web-forums” members’ behavior analyzing and
classifying will include metadata, mandatory for
classification of Web-forum members. It integrates
with the database of CMS Web-forum oh the basis
of entity “Author” and consists of the following
tables:

— Table member — keeps the information about all
Web-community members;

— Table class — describes all Web-community
members’ classes;

— Table rule — describes the rules of Web-forum
members’ classification;

— Table member_feature — dedicated to keeping
data about all members’ characteristics;

— Table feature — describes all Web-community
members’ features;

— Table parameter_type — keeps the information
about intervals of each linguistic variable.

— Table feature_variable — describes a domain of
every linguistic variable — features of a Web-
community member.

— Table feature_parameter — keeps the
information about range of each linguistic
variable.
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3.4. CALCULATION OF MEMBERS’
VALUE CHARACTERISTIC

Members’ features will be calculated as follows.
Activeness of threads creation we will present as
division of the number of threads, created by the
member, by the total number of threads created by
all the members:
card(Thread(member, )

card(Thread)
where Card(X ) — power of the set X;
Thread(member,) — the set of all threads,

created by 1 -th member;
Thread - set of all threads.
In the database this computation is realized with
the following query:
SELECT
member_id,
COUNT (*)*100.0/ (SELECT COUNT(*)
FROM Thread) as ThreadActiveness
FROM Thread
GROUP BY member_id
Activeness of polls creation is calculated
similarly to activeness of threads creation:

Activeness,, (member, )= card E:F;(::;((Stflrln)beri )

where Poll(member,) — the set of all polls,

created by i -th member;
Poll - set of all polls.
Query for activeness of polls creation looks as
follows:
SELECT
member_id,
COUNT (*)*100.0/ (SELECT COUNT(*)
FROM Thread WHERE is_poll=“y”) as
PollActiveness
FROM Thread
WHERE is_poll=“y~
GROUP BY member_id
Activeness of posts creation we will present as
division of the number of posts, created by the
member, by the total number of posts created by all
the members:

Activeness;, .., (member, ) =

card(Post(member, ))
card(Post)
where Post(memberi) — the set of all posts, created

by i -th member;

Post — set of all posts.
Query for activeness of posts creation looks as

follows:

SELECT
member_id,
COUNT(*)*100.0/(SELECT COUNT(*)
FROM Post) as PostActiveness

FROM Post

GROUP BY member_id

Activeness,,,, (member, ) =

Activeness of voting we will present as division
of the number of polls, in which the member took
part, by the total number of polls created by all the
members.

Activeness,,,, (member, ) = card(Vote(member, )
card(Poll)
Vote(member. ) — all polls in which 1-th member

took part;
Poll - set of all polls.

Query for activeness of voting looks as follows:
SELECT
member_id,
COUNT(*)*100.0/ (SELECT COUNT(*)
FROM Thread WHERE is_poll=“y”) as
VoteActiveness
FROM Vote
All types of activeness can be calculated during
the lifetime or different periods of time, for example
by years.
Here is the query for calculating activeness by
year:
SELECT
member_id,
Year(evdate) as Years,
COUNT(*)*100.0/ (SELECT COUNT(*)
FROM Post) AS PostActivenessYear
FROM Post
GROUP BY member_id, Year(evdate)
Attractiveness is calculated in two ways. The first
way: attractiveness is the arithmetic mean of all
divisions” of members’ reactions on the i-th
member’s posts divided by the total number of
forum’s members, divided by the number of i-th
member’s posts.
i card (Feedback  post, (member,)))
: card (Member)
card (Post(member )

Attractiveness(member, ) =

where Feedback(post; (member, )) - replies of all
members to j -th post created by the i -th member;
Member - a set of forum members;
Post(member, ) — number of posts created by i -th

member.
Query for the first way of calculation of
attractiveness looks as follows:
SELECT
F.member_id,
COUNT(*)*100.0/(SELECT COUNT(*)
FROM Member)/(SELECT COUNT(*) FROM
Post WHERE P.member_id=F.member_id)
as Attractiveness
FROM Feedback as F
GROUP BY F.member_id
The second way of calculating the attractiveness
is: as a relation of the number of replies in the
threads, created by a member, to the total replies
count in all threads.
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card (Reply(Thread (member, )))
card(Reply(Thread ))

where Reply(Thread (member,)) - replies in the
threads, created by a i -th member
Reply(Thread) - total replies count in all

threads.
Query for the second way of calculation of
attractiveness looks as follows:
SELECT
member_id,
SUM(replies)*100.0/(SELECT
SUM(replies) FROM Thread) as
Attractiveness
FROM Thread
GROUP BY member_id
Creativeness is calculated in two ways. The first
way: Creativeness is the arithmetic mean of all
divisions’ positive feedbacks divided by the total
number of feedbacks to each post created by the
member.

Attractiveness(member, ) =

8. card (Feedback g, (post, (member, )))

Creativeness(member )= Z,: card (Feedback,,, (post, (member, )))
: card (Post(member, ))

Feedback . (post, (member,)) - all
positive feedbacks to the j-th post made by i-th

member;
Feedbackmta,(post j(memberi )) — all feedbacks

to the j -th post made by i-th member;
Post(member,) — all posts created by i-th

member.
Query for the first way of calculation of
creativeness looks as follows:
SELECT
F1_.member_id,
COUNT(*)*100.0/(SELECT COUNT(*)
FROM Feedback as F2
WHERE F2.member_id=F1.member_id)/
(SELECT COUNT(*) FROM Post as P
WHERE P.member_id=F1.member_id) as
Creativeness
FROM Feedback as F1
WHERE F1.value=1
GROUP BY F1.member_id
The second way of calculating the member
creativeness is: as a relation of the sum of views of
all threads, created by a member, divided by the total
number of all views of all forum threads.
card (View(Thread (member, )))

card(View(Thread ))
where View(Thread (member, )) — number of views
of threads, created by the i-th member,
View(Thread) - total number of views of all

threads.
Query for the second way of calculation of
creativeness looks as follows:

where

Creativeness(member; ) =

SELECT
member_id,
SUM(views)*100.0/(SELECT SUM(views)
FROM Thread) as Creativeness
FROM Thread
GROUP BY member_id
Results of all queries are stored in the table
member_feature that stores value characteristics of
members (Fig. 4).
¥

’ low medium high

x
Lot

=

PPz P3P Ps Ps Pr Pa Ps Pio P11,P1z

Fig. 4 — Linguistic variable

3.5. CALCULATION OF VALUES OF
LINGUISTIC VARIABLES AND
BELONGING MEASURES

Further we build linguistic variables based on the
corresponding fuzzy variables in such a way.
Linguistic variable is given as a tuple

(B,T,X,M), where B — name of variable, T -

domain of variable — set of names of fuzzy variables.
T = {"low","medium","high"}, X - domain of
fuzzy variables, that describe linguistic variable;
X = [0;1]; M - set of membership measures of

fuzzy variables.

The first step in calculation of values of linguistic
variables is defining the interval of linguistic
variable to which the member’s characteristic
belongs.

In the information system, for defining this
interval  BorderDefinition (feature, numeric_value)
function was realized. This function is based on the
following query.

SELECT

pl.feature_variable_id,

pl.value as leftvalue,

tl.value as lefttype,

p2.value as rightvalue,

t2.value as righttype
FROM feature_parameter as pl
INNER JOIN feature variable as v on

v.id = pl.feature variable_id
INNER JOIN parameter_type as tl on

pl.parameter_type id = tl.id

INNER JOIN parameter_type as t2 on

t2.value = tl.value+l

INNER JOIN parameter as p2 on

p2.parameter_type id = t2.id AND

p2.feature_variable id =
pl.feature_variable_id
WHERE

123



Yuriy Syerov, Ruslan Kravets / Computing, 2009, Vol. 8, Issue 2, 119-125

v.feature_id = feature AND

pl.value = (SELECT MAX(p2-value)
FROM feature_parameter as p2

WHERE p2.feature_variable_id =
pl.feature_variable_id AND p2.value
<= numeric_value)

This is an assisting function that helps to define
fuzzy values of linguistic variables. For defining of
fuzzy values of linguistic variables authors created a
function  LinguisticName(feature, numeric_value),
which is based on these two queries:

INSERT INTO Measures(
feature variable_id,
belonging_measure)

SELECT
feature _variable_id,

CASE
WHEN lefttype=1 AND
rightvalue<>leftvalue
THEN (numeric_value -
leftvalue)/(rightvalue -
leftvalue)
WHEN lefttype=2 OR
rightvalue=leftvalue
THEN 1
WHEN lefttype=3 AND
rightvalue<>leftvalue
THEN (rightvalue -
numeric_value)/(rightvalue -
leftvalue)

END as belonging measure

FROM BorderDefinition(feature,

numeric_value)

SELECT TOP 1
feature variable_id
FROM Measures as m
INNER JOIN feature variable as v on
v.id = m_feature_variable_id
WHERE belonging_measure = (
SELECT MAX(belonging_measure)
FROM Measures)
ORDER BY ranking DESC
Next step is figuring out the belonging measure
of the member to the value of the linguistic variable.
With this purpose in mind, the function
BelongingMeasure(feature, numeric_value) was
created and it is based on the following queries
INSERT INTO Measures(
feature variable_id,
belonging_measure)
SELECT
feature variable_id,
CASE
WHEN lefttype=1 AND
rightvalue<>leftvalue
THEN (numeric_value -
leftvalue)/(rightvalue -
leftvalue)
WHEN lefttype=2 OR
rightvalue=leftvalue
THEN 1

WHEN lefttype=3 AND
rightvalue<>leftvalue

THEN (rightvalue -
numeric_value)/(rightvalue -
leftvalue)

END as belonging_measure

FROM BorderDefinition(feature,
numeric_value)

and

SELECT MAX(belonging_measure) FROM
Measures

If a member’s characteristic falls into the interval
that is covered by two values of linguistic variable,
then the member will get the value whose belonging
measure is greater.

Linguistic variables and belonging measures
values are calculated with the help of following
query.

SELECT

member_id,

feature_id,

LinguisticName(feature_id,

numeric_value),

BelongingMeasure (feature_id,
numeric_value)
FROM member_feature
Query results are

member_feature.

Next step is classifying the members based on the
classifying rules. Members’ classification in the
information system of Web-forums’ members’
behavior analyzing is realized on the basis of the
rules that are stored in the data tables class and rule
with the help of the following query

SELECT DISTINCT
mfl.member_id,
rl.class id

FROM member_feature as mfl

INNER JOIN rule as rl1 on

rl.feature variable id =

mfl.liguistic_value

WHERE ri1.class_id NOT IN (

SELECT r2.class_id

FROM rule as r2

LEFT JOIN member_feature as mf2 on

mf2.linguistic _value =
r2_.feature_varible_id AND
mf2_member_id = mfl_member_id

WHERE mf2_member_id 1S NULL)

Query results are stored in the table member.

Classification of members will be according to
the following rules:
10f Activeness(Member)= “high” and

Creativeness(Member)= “high”, then Member —

Activist;

stored in the table

2. If Activeness(Member)= “high” and
Loyalty(Member)=“high”, then Member -
Moderator;

3. If Activeness(Member)= “low” and
Reactivity(Member)= “low” and
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Creativeness(Member)= “high” and Attractiveness
(Member)= *high”, than Member — Author;

4.1f  Creativeness  (Member)=  “low” and
Loyalty(Member)= “low” and
Reactivity(Member)="high”, then Member -
Critic;

5. If Activeness(Member)= *high” and
Creativeness(Member)= “low”, then Member —
Flamer.

6. If Activeness(Member)= “low” and
Creativeness(Member)= “low”, then Member —
Reader.

4. CONCLUSION

During the information system development
existing Web-forum CMS’ were analyzed, process
of Web-forums’ members’ behavior analyzing was
researched and overviewed, information system
database scheme was developed, and algorithms of
Web-forum members behavior analyzing were

programmed.
Development of information system of Web-
forums’ members’ behavior analyzing and

classifying is very important, since Web-forums are
a very popular web-service and administrating them
is a hard and complicated task.

A system developed by the means of DBMS
Microsoft SQL Server. It allows Web-forum owners
and administrators to analyze the behavior of Web-
forums’ members’ and making the right decisions in
the process of moderating a community.
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Pe3tome: na ocnogi memoody mopgonociunoz2o amanizy ma cunmesy 3anponOHOBAHO MEMOO CHPYKMYPHO20 CUHME3Y
Mepedicesux npuKIaonux npoyecopis. Memoo éxnouae emanu GYHKYIOHANLHO20 AHANIZY, CMPYKMYPHO20 CUHmMe3y, ma
NOWLYKY MHOMCUHU ONMUMATLHUX pilleHb | NOEOHYE NeKcukoepagiunull Kpumepiti nepegazu (L-kpumepiti) onsa 6i000py
eNIeKMPOHHUX KOMNOHEHMI6 HA emani QYHKYIOHATbHO20 aHANiZy ma Oe3yMO6HUll Kpumepill nepegasu (ONMUMATbHOC]
no Ilapemo, m-kpumepiti) Ha emani NOWYKY MHOMCUHU ONMUMATbHUX PileHb, W0 PO32IA0alCcs 6 Jimepamypi, AK
ANMEPHAMUEH] MEMOOU NOWYKY ONMUMATbHUX piutens. [loconanna L ma w -Kkpumepiig 0038014€ 3MEHUUMU YUCTO
CUHME308aAHUX ANbMEPHAMUBHUX 6APIAHMIE HA emani CMpPYKMYpHO20 CUHme3y, a 6Ci OMPUMAHHI PIUeHHA €
donycmumumu.

KurouoBi ciioBa: cmpykmyprutl cunmes, MOpQOIO2IYHUL AHAL3, JeKCUKOSPApiuHull Kpumepitl nepeeazu, 6e3yMo8HUI

Kpumepiti nepegazu.

BCTYN

CyuacHi  BUMIpIOBAIBbHO-KEPYIOUi  CHCTEMH
(BKC) peanizytoTbcs sk OaratopiBHEBI CHCTEMH i3
PO3MOAIIEHUME OOYHCITIOBAIBHUMH pecypcamMH Ha
0a3i mpomucioBux ImwmH (iHTepdetici). Jms ix
yHidikalii, HaioHAIEHUM 1HCTHTYTOM CTaHJapTiB
CHIA (NIST), npuitasito cepito cranmaptiB IEEE-
1451, mo peryiiaMeHTye BUMOTH JO amapaTHOrO Ta
nporpamHuoro 3abe3neueHHs BKC. Takox, BBeneHO
O3HA4YCHHS MEPEXEBOro NPHUKJIAAHOTO IIpolecopa
(MIIIT) — By3na oOpoOKM MHaHWX, AKHH 3aiiMae
MPOMIDKHHI PiBEHb MK CEpBEpOM MepeKi (BepxHiit
piBEHB) i ceHCOpaMH Ta BUKOHABUUMH MeXaHI3MaMU
(amxHill piBerp). OcHoBHEMHU (yHKIisiMH MIIIT €:
1) motouna oOpoOka naHux; 2) mMiATPUMKa HabOpy
MOCIIZIOBHUX 1HTEp(]ENCiB, MO SIKUX 3IIHCHIOETHCS
0OMIH TaHUMH SK i3 By3JIJaMH HIKHBOTO PiBHS, TaK i
3 cepBepoM cucremMu. OnHak KoxHa 00JacTh
3aCTOCYBaHHS XapaKTEPU3YEThCS CBOEI0 MHOKHHOIO
¢dbyukmionanpHux  3amad  (P3), 1mo BUMAarae
3acTocyBaHHs cremianmizoBanux MIII, TexHiuHi
napaMeTpH SIKUX ONTHMAalbHI A5 JaHoi o0macTi, a
OTXE CTBOPEHHS METOAY CTPYKTYPHOTO CHHTE3Y
MIIII, ONTHUMAJIBHUX 3a (GyHKIIIOHATBHO-
BapTiCHUMHU OKa3HUKAMH.

1. AHATNI3 BIAOMUX METOAUK
CTPYKTYPHOIO CUHTE3Y

3agaua ONTUMAIBHOIO CTPYKTYPHOIO CHHTE3Y €
OJIHIEIO 13 TPaIUIIHHUX 3a/1a4, 3arallbHi MIX0IH 10
BUpIIIEHHS AKOI PO3MISIHYTO B [1-7], OimpmiicTs i3
AKMX  0a3yeTbcs  Ha  METOAAaX  JUCKPETHOI
onrumizamii (BITOK Ta TpaHUIb, MOpPdOIOridHOrOo
cunTedy) B [8] nmpencraBneHo MeTOa CTPYKTYPHOTO
CHHTE3y ONTHMAQJIBHUX  amapaTHUX  CTPYKTYp
OaraTonpoecopHuX iHPOPMALIHHUX CHCTEM, SIKHI
BKJIIOYA€E eTaly aHaji3y 3aad, [0 BUPIIIy€e CHCTEMa
Ta caMe CTPYKTYPHOI'O CHHTE3y 3a pe3yJbTaTaMH
aHamizy. Omnak 3aIpOITOHOBAHMI METO
OpIEHTOBaHWI Ha peaji3alifo cucreM Ha 0a3i
3acrapimux MmikpomponecopiB (MII) cepii K580,
K581 Ta 1. Buxomsum i3 ix oOmexeHO]
MPOAYKTUBHOCTI, HOT0 HiIboBa (DYHKIIS MOJIATaE B
BU3HAYEHHI HEOOX1IHOTO yucna  MII  Ta
ONTUMAIBHOMY PO3IMOALTI MiXK HUMU MHOXHHHA D3,
110 peaji3ye CucTeMa.

Onnak cydacai MII ta mikpoxonTponepu (MK)
XapaKTepPU3YIOTbCSI ~ BHUCOKOIO  IPOXYKTHBHICTb
(BHIKICTIO BUKOHAHHS ONEpAIliif), IO JECKUTH B
MeXax BiJl OJUHHIIb 0 COTCHb MIIBHOHIB Omepariii
3a cexkyHny (MIPS), i uinboBa (QYHKIiS HOBOTO
METOAy ONTUMAIbHOTO CTPYKTYPHOTO CHHTE3Y
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rmoBrUHHA 3abe3neuntr BuOIp MK, mpomayKTHBHICTH
SIKOTO OyZie TOCTaTHHOKO JIJIsl BUPILICHHS MHOXWHH
@®3. Tomy meTon 3amponoHOBaHUM B [8], HE MoXke
0e3nocepeqHhO0 BUKOPHUCTOBYBATHUCh B  IIPOIECi
cTpykTtypHoro  cuHTesy MIIII 1  motpebye
BJOCKOHAJICHHSI.

ATnbTepHATHBHHNA  MiAXil 1O  CTBOPEHHS
KOMITOHEHTIB ~ JUCTPUOYTUBHHX  KOMII IOTCPHHUX
CHUCTEM, 3a (YHKIIOHANBEHO-BAPTICHUMHU
MMOKa3HWKaMH 3aIllPOIIOHOBAHO B [9], sikmii Oa3yeTbes
Ha MeToAi MopdosoriyHoro aHami3y Ta cuaTe3y [10,
11]. B  mpomeci  MpOEKTyBaHHS  CHCTEMH
PO3TIANAETECS Al albTEPHATHBHUX PillleHb, IO B
oiJIoMy — J03BOJs€  3poOuTu  BuOip Mik: 1)
HEOOXITHICTIO HOBOI PO3POOKH; 2) aanTaiier BxKe
BiJOMHUX pillleHb; 3) KOMIIOHYBaHHSM iCHYIOUHX
porpaMHo-anappatHux By3diB. OpHak  gaHdAd
METOJ HE MICTUTh €TaIly HOMepeaHbporo anamizy d3
00’€kTa, SKUA TPOCKTYETHCS, IO HE TO3BOJISIE
00’EKTHBHO OI[IHUTH BUMOTH 5K JIO anapaTHUX TaK 1
MIPOTPaMHHX pecypcis, HEOOXiTHUX TUTS
epexruBHOrOo  (ynkmionyBanas BKC.  Bubip
BapiaHTIB BY3MiB 3I1HCHIOETHCS HA OCHOBI 3aJaHUX
TexHIYHNX oOMexkeHbp (TO), sKi 3aT0BOJBHAIOTH
texHiuae 3aBAaHds (T3). Takox B mporreci MOMyKy
MHOXHWHH ONTUMAIBHUX  pillleHb BUKOHYETHCS
MTOBHU 1epedip BCiX MOMXKIIMBHX KOMOIHAIIIH BY3IIiB,
0 YacTO HENPHUHATHO 30UTBIITYE dYac TMOIIYKY
ONTUMAJIbHUX PIllICHb.

B [12] 3ampomoHOBaHO METOA HACKPIZHOTO
MPOEKTYyBaHHS  MOPTATHMBHHUX  TPHIAAIB  Ta
CHeLiaNi30BaHUX MIKPOIPOLIECOPHUX CHCTEM Ha
06a3i  MK. Opnak mpomec  MpOEKTYBaHHA
opieHtoBano Ha MK numie omHOorO THIy 1 HeE
TIPOBOTUTECS OITiHKa e(heKTHBHOCTI
OaraToBapiaHTHOI peaiizanii Ha 06a31 MK sik pizHOl
apXITEeKTYpH TaK i BUPOOHHKIB.

Takum 9MHOM, K TIOKa3aJId Pe3yJIbTaTH aHali3y,
HAa JaHWKA Yac BIJCYTHIM METOJ ONTUMAIBHOTO
CTPYKTYpPHOT'O CHHTE3y LU(POBUX CUCTEM Ha 0a3i
MK, mo XapakTepu3ylThCS IIHPOKHM HAO0OpPOM

(yHKIIOHATHPHUX ~ MOXJIMBOCTEH Ta  3HAYHOIO
PI3HUIIEIO B ITiHi.
Metoto  poGOTH €  CTBOPEHHS  METOaY

ONTHMAIILHOTO CTpyKTypHOTO crHTe3y MIIII Ha 6asi
MK Buxomsuum i3 Habopy (MHOXHHH) iX
(YHKUIOHANbHUX  TOKa3HUKiB, 1O  MOXYTb
BHCTYIIATH K KPUTEPil OIMIHKH STKOCTI.

2. 3ATANbHI MiAXoAan Ao NPOLECY
CTPYKTYPHOIO CUHTE3Y MM

Merton CTPYKTYPHOTO CHUHTE3Y MIIII,
ONTUMANBHUX 32  (PyHKIIOHATHHO-BAPTICHUMHU
[IOKa3HMKaM{  [OBHHEH  BK/IIOYaTH  CTallHu:

1) ¢yHKIIOHANBHOTO aHamizy; 2) CTPYKTYPHOTO
CHHTE3y; 3) TOIIYyKY CTPYKTYp ONTUMAIbHHUX 32

(hyHKIIIOHATHPHO-BAPTICHUMH TTOKa3HUKaMHU.

V3araabHEHUH  aNrOpuTM  3alpPONOHOBAHOIO
Mmetoay (puc.l) Bkmowae 8§ eramiB, IO YMOBHO
po3nineHi Ha ABi rpynu: (GyHKIIOHATBHOTO aHAIi3y
Ta CTPYKTYPHOTO CHHTE3Y.

@yHKYiOHanbHUll aHai3

1 AHaniz T3
2 AHaniz ®3
3 MHo)uHa

anapamHux sy3nie i
npozpamMHO20 3abe3rneyeHHs!

v

4 OuiHka eumoz 3o

anapamuux sy3snie MII
T

\ 4
CmpykmypHuli cuHme3s

5 ®opmMyeaHHsI MHOXUHU
donycmumux eJsIeKmpPOHHUX
KOMIMOHeHmie

v

6 CmeopeHHsi
mopghostioziyHoi Mmampuuyi

v

7  DopmyeaHHS MHOXUHU
donycmumux cmpykmyp

Y

8 TMowyk cmpykmyp
onmumarsnbHuUXx 3a
¢pyHKYiOHanIbHO-8apmicHUMU
rnokasHukamu

Puc. 1 — AlIroput™ CTpYKYTPHOrO CHHTE3y
MepexkeBHX NPHUKIATHUX IPoLecopiB

3. ®YHKUIOHAIbHUIA AHATI3 MMNN

Ha mepmomy erami mporecy NpOeKTyBaHHS
BUKOHYeThes aHanmiz T3 wa MIIL, mo no3Bosse
Bu3HaunTH nepeinik @3, ski BiH peanizye. B mimomy

®3 monmiIAOTP HAa CHUCTEMHI Ta TMPHUKJIAIHI.
Cucremni @3  peami3yloThCAd  OIEPAIIHHOIO
CHUCTEMOI0 a00  CIIelialli30oBaHUM  NPOTPaMHUM
3a0e3MevyeHHsM 1 3a0e3MevyloTh  B3aEMOJII0
npukiagaux O3, BU3HAYAIOTH  MOPSIOK  IX

BUKOHAHHS, PO3MOMALI MaM’sITi MiX HHMH 1 T.I.
[puxnagai O3  BHKOHYIOTH  OOCIYrOBYBaHHS
30BHIIIHIX MPHUCTPOIB Ta KOPHUCTyBadiB. [3 3aranpHOT
MHOXUHH nipukiaganx @3 nasenenoi B [8], MIIIL
peainizye nwmine jaBa knacu: 1) mepemaui naHux; 2)
00pOoOKH TaHUX.

Kinpkicts mpuximagaux @3, mo peanizye MIIII,
BU3HAYAETHCS MHOXKUHOIO [, IO YTOYHIOETHCS B
npoueci anamizy T3 na MIIIT

I={i:i=11}, (1)
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ne I —3aranpHe yucno @3, i — NOPAIKOBUIA HOMED
3.

Ha npyromy erami BukKoHyeThes ananiz @3. B
pe3yybTaTi aHamizy aias KoxHOi D3 BHU3HAYAETHCA
MHOXHHA iHOpPMaLiiHUX MapaMeTpiB, HEOOXiTHMX
JUIS  OIiHKKM 00’€My BXiIHHUX/BUXiJHUX JaHHUX
{l.,,7,,n;,t,}, ne: 1) l,, — cepenniit po3mip Bxignux
HOBIJIOMIIEHB; 2) 7; — NEpIOJUYHICT pilIeHHs i -1
®3; 3) n, — cepeaHs KUIBKICTh MOBiJOMIIEHB, 110
nocrynae s i-i @3, 3a nmepiox 7,; 4) f, — 4ac
BupitieHns I-i ®3. B pesynbrari qus MHOXKHHE [

(hopMyeTbcsi MHOKMHA BEKTOpiB (2), SKi 3a7al0Th
Ha0ip QyHKITIOHATEHUX oOMexeHb st MITIT

<l >, <t,>,<n>,<t;>i=11. (2)
EdextuBnicts  peamizamii  MIIT  i-i @3

BU3HAYAETHCS] HACTYITHOIO YMOBOIO
t,<rt,. 3)

bynp-sxa @®3 € OararoeTamHUM IPOIICCOM
MIEPETBOPEHHS NTaHWX, TOMY [OIUIBHO 3MIMCHUTH
posnonin ®3 Ha psAng okpeMuX (PYHKIIOHATBHUX
ckimafgoBux — ¢yHKIi# cuctemu (OC), koxkHa i3
SKHX peajlidye OJWH i3 eramiB oOpOOKH NaHuX, a
B3a€MO3B’SI3KM MK HUMH BiZoOpakaloTh TMPOLEC
neperBopeHHss aaHux. [lepenmik Bcix ®C crBOpIOE
MHOXHUHY J

J=1{j:j=1J}, )

ne J —3aranpHe uncio tinis @C, j — nopsaxkoBuit

HOMep DC.

B3aemo3p’s30k Mk i-to @3 Ta j-to OC

IPEACTABIAETbCs y BUMIAL Matpuui [&, ], i = |

j =1,J, B psaaku sikoi 3anmcyetbes neperik O3, mo
peanizye MIIII, a y croBmmi — mepenik Bcix OC.
Koxen enement wmarpuui [&,] € nBilikoBuM

YUCIIOM, IO JOpiBHIOE 1, AKIIO I peamizamii i -1
®3 HeobximHo @C j -ro Tumy, i 0 B mpoTUIEKHOMY
Bunanky. CykynHicte Bcix PC, HEOOXimHUX IS
J., mo

peanmizauii i-i ®3, dopmye MHOXHHY J,
Hanexuts MHoxkuHI J: J,e€J. Takox, uepes
Halip TMONEpeIHRO YTOYHECHUX

mapameTpiB Ui i-i @3

iH(hopMaIitHIX

{li’Ti’ni’ti}'
BH3HAYaIOThC mapametrpu OC: 1) cepents ToBKHHA
BXITHUX TIOBiIOMJICHb — ll.j (6it); 2) IHTCHCUBHICTH

BXIIHUX IMOBiIOMJIECHD — /11.]. (moBigomMeHHs/cek.). B
[8] nHaBenmeno mepenmik ocHoBHuX THIiB DC Ta

AHAJIITUYHI 3aJIEKHOCTI JUI 00YHCICHHS lij i /Lj.

Ha tperromy eTami BH3HAYaeThCA HEOOXiTHE
amapatHe 3a0esreyenHs (A3) Ta mporpamHe
3abesneueHHs ([13), mo peanizye okpemi @OC.
[lepenik Bcix TumiB A3 yTOYHIOETBCS B MpOIECi
anamizy T3 i ctBoptoe MHOXUHY H

H={h:h=1,H}, (5)

ne H-
3aco0iB.

Muoxuny H po3aiisiiors 3a (QYHKIIOHATBHAM
MpU3HAYCHHSAM Ha psag miamaoxkuHU: 1) MK —

muoxkuna H'; 2) npucrpois BBOmY/BHBOLY —

3arajbHa KUIBKICTh THUIIB anapaTHHX

muoxnna H'™; 3) mocriiianx 3amnam’ ITOBYIOUUX
npuctpois  (TI311) — H ROM. 4y OTIePaTHBHUX
3amam’stoByrounx npuctpoi (O3I1) — H RV B
winomy H = H"™ UH" UH®" JH"™.

B momampmomy mma  j-i ®C ckmamaeThes

Binmosiznocti A3 [£,], J =1,J,

h=1,H, B pagku sxoi 3anucyerscsa nepermik OC,

MaTpund

mo peanizye MIIII, a y cToBmii — mepemnik BCiX
tunis  A3. Koxuuil enement wmatpuui [£,] e

MBIAKOBUM YHCJIOM, IO MOpiBHIOE 1, SKIO st

peamizanii  j-i ®C HEOOXiZHO BHUKOPUCTATH
amaparHe 3abesmeueHHst A-ro Ttumy, i 0 B
OpOTHICKHOMY — Bumaiaky.  CyKymnHIiCTh — BCIX

amapaTHUX 3aco0iB, HEOOXiTHUX AT peanizamii j -i

®C, dpopmye MHOKHHY H |, 110 HATIEKNTH MHOXKHUHI

H: H ;€ H.
AHaJOTIYHUM YUHOM  (QOPMYETHCS  TIEPETiK
HeoOxiaHoro 113, 1110 CTBOPIOE MHOKHUHY S
S={s:s=15}, (©6)

ne S - 3aranpHa KiTbKicTh MoayJiB I13.
Takox ¢dopmyersest Marpulls BiamoBigaocTi 113

[$], J=1J, s=1,8, B psmxu sxoi 3anucyerscs
nepenik @C, mo peanizye MIII, a y croBmmi —
nepertik Bcix moayniB [13. Koken enemMeHT MaTpwuili
[& js] € IBiliKOBMM 4KMCIOM, IO JOpiBHIOE 1, AKIIO
wis j-i ®C neoOxigHo Bukopuctatu II3 s -ro
tuny, 1 0 B mpoTwiexkHoMy Bunanky. CyKymHiCTh
Bcix moayniB [13 HeoOXimHMX anst peamizamii j -i
®C, popmye MHOKHHY S ; , 1O HATIEKUTH MHOXKHHI

§: S8, €S . Muoxuna A3 ra I13, neo6xinHoro s

peamizamii 7-i ®3, BHU3HAYAETHCS HACTYIHHUMHU
CHIBBIAHOLIEHHIMU
HFZZ%%’ (7)

jeJ; heH,
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S,=D) )& & (8)

jeJ;seS,

Ha geTBepToMy eTarri pOBOAUTHCS aHAITI3 BUMOT
1o A3, 3okpema: 1) npoaykruBHocTi MK; 2) 06’emiB
1311 Ta O3II; 3) yacoBUX OOMEKECHB.

3.1 OUIHKA HEOBXIOHOI MPOOYKTUB-
HOCTI MK

B po6oti [13] mokazano, mo MIIIT porineHO
peamizyBaTd SIK ABOX abo Oarato NpoOLECOpHY
CTPYKTYpY, B SKiil He3almexHo, Ha okpemux MK,
peati3yoThCs IpoIiecH 00poOKH Ta OOMIHY TaHUMH.
B upoMy Bumanky, omiHka BUMOT A0 A3 KOXHOTO

By3lla BHKOHYETbCS OKpEMO, IO  3arajbHiil
METOIMIII, BpPaxOBYIOUH 0COOIMBOCTI ix
(bYHKIIOHyBaHHS.

Cykynnicte MK, mo peamizytore MIIII,

3amaerbess MHokuHOW K ={k:k=1,K}, ne K —

KibKicTh BUkopuctannx MK.

Omiaky HeoOximHOi  mpoayktmBHOCcTi MK
MPOBEJIEMO, BUKOPHCTABIIM MAaTEMaTUYHUN amapar
Teopii macoBoro ob6ciyroByBanHa (TMO) [14]. B
IbOMY BHUIAJAKY, KOXEH (yHKI[IOHATBHHNA BY30JI
MOXXKHa  pO3DJISIIATH  SIK  CHCTEMY  MacOBOTO
obcnyrosyBanus (CMO) ne MK Bucrynae B SKoCTi
00CITyTOBYIOUOTO By3JIa, 3asiBKaMU Ha
o0CITyroByBaHHsSI € TIOBIIOMJICHHsS, a TIPOIIECOM
00CITyroByBaHHS 3asiBKHM € TIpomec OOpoOKH
nmoBigoMIIeHHS (puc. 2).

cep.o6.
tk

A ~
k . k-ut |
MiKpOKOHMponep

Puc. 2 — Mogeas CMO /151 OniHKH NPOIYKTHBHOCTI

k -ro mikpokonTpoepa

3aBIaHHAM € BU3HAYMTH MPOAYKTUBHICTH K -TO
MK P, , HeoOXigHy NpH MaKCHMaJbHOMY HOTOLI

3asiBOK Ha 00CITyroByBaHHA. OCKIJIbKH, B OLTBIIOCTI
BUMAKIB, = HEMOXJIMBO  TOYHO  BCTAaHOBUTHU
MaKCHMAaJbHE 3HAYEHHS MOTOKY 3asBOK, TOMY JUIS
CIPOLICHHS OLIHKM BHKOPHCTOBYIOTH CEpPEAHIO

CyMapHy IHTEHCHBHICTb MOTOKY 3asBOK A, , IO

BUKOHYE Kk -it MK

A = Z Zﬂ’ii : ©)

iel; jeJ;
Tomi cepemuiii dYac 0OCITyroBYBaHHSA OJHIET
06.
sasiBku ¢, st k -ro MK BH3HA9a€eThCS SIK

22 Ayl

iel; jeJ;

t;ep.o(i — , (1 0)

B ZZ%

iel, jeJ;

ne I, —muoxuna @3, mo supimye k -it MK; 4, —

IHTEHCUBHICTD BX1IHUX HOBIIOMJIEHB

(TIOBIZIOMJICHHS/CEK. ); ll.j — CcepelHs JOBXKHHA

Gy p, -
(omeparniii/6iT),

BXIIHAX IIOBIJOMJICHB muToMa
MK
BuKOHaHHI j -1 ®C; P, — peanbHa NPOTYKTUBHICTH

k -ro MK.

MPOLYKTHBHICTb npu

Koedinient 3aBaHTaXXECHHA k -ro MK
BU3HAYAETHCS! HACTYITHUM CIIiBBiIHOLICHHSIM
P
_ Tk _ cep.ob.
Vi = = 5 (11)
b
ne P, — HeoOximHa NpOXyKTUBHiCTH Ta P, —

peanbHa nNpoAyKTHBHICTE k -ro MK (orm./c).
Bpaxysamm A, Ta ;% (9, 10), HeobXinHa

NpOAYKTUBHICT ais  k-ro MK BusHauaeTbes
HACTYITHUM CITiBBiTHOIIEHHSIM

Py =22 by

iel; jeJ;

(12)

a Ha ocHOBI criBBimHOmEeHHs (11) 3amaeTbest yMmoBa
BuOOpY THIy k -r0 MK

P>k (13)
Vi

BanOBYIOqH, o Aajd CUCTEM pCaJIbHOro 4acy,

srigHo  [8, 15] pexkoMeHmOBaHe 3HA4YEHHA J

cranoButh 0,5-0,6, tan k-ro MK BuOuparoth
BHUXOJISUH 13 YMOBH, 1110

P =16+2)-P,. (14)

3.2 OUIHKA HEOBXIOAHOIO OB’EMY TM3r1

Y II3II MK 306epiraerbcst Habip Kepyodux Ta
NpUKIagHuX mporpam. B mporeci anamizy ®3 Ta
@®C, o peanisye k - it MK, BU3HAYa€ThCS MHOKHHA

S, neobximnoro I13

Sy, =8, VS, , (15)

Ae S, — MHOXHHA Kepylounx mporpam; S, -—

MHOHHa TIpHKIIaaHoro 113, mo peanizye k -it MK.
3azBuuaii MK peamizye omHY —Kepyrody
nporpamy, a unpukiagHe [I3 ckmamaerbes i3

129



1. Maiixie, A. Cmenanenxo, /. Bobwan / Komn romune, 2009, mom 8, eunyck 2, 126-138

MHOXHHH  TAOporpaM, MmO  3a0e3lnedyioTh

peanmizanito k -tum MK muoxunun ®C J, . Toxi
ais k-ro MK

BU3HAYAETHCS 33 HACTYITHUM CITIBBITHOIICHHIM

O, :on + Zij )

=

HeoOXimuuii 00’em II3IT Q,

(16)

e on — 00’eM maM’ATi HEOOXITHUHA I KePYIOJOi

MIPOTpamu; ZQ/@ — 00’eM maM’sTi HEOOXiTHHI
Jjedy
It 30epiranHs nmpukiamHoro 113.

Opnak, mnpomoHoBanud B [13] mimxim 10
peamizamii MIIIT 3abe3meuye MOXIUBICTH HOTO
JUCTAHIIIHHOTO  TEepenporpaMyBaHHs, TOMY B
Kepyrouiii  mporpami  rojgoBHoro MK  Hemae
HeoOXiHOCTi, a BUKOHYyBaHe mpukianHe [13 moxe
MaTH MiHIMaJTbHO HEOOXiTHY, B JTAHHA MOMEHT 4acy,
MHOYKUHY i IpOTpam. Takum YUHOM,
nporoHoBanuii B [13] MIIII mae cyTTeBy mepeBary
B HeoOximHomy o00’emi [I3[1 BigHOCHO BimOMEX
PpillIeHB.

Sxmo 113 30epiraeTscst y BHyTpimHbOMY [1311,
tun MK, BU3HaYa€ThCs CIIBBITHOIICHHSIM

0, <0 (17)

pe QFM - 06°em MBI MK h-ro Tumy, mio

heHMC

: MmC
HAJICKUTh MHOXKHHI H ™ .
VY Bumanky, skmo 113 30epiracTbcst y 30BHINIHIMN

, . . . ROM
nam’sTi, HeoOXimHa KIIBbKICTh MikpocxeM /N,

BU3HAYACTHCS CITIBBIIHOIIECHHAM

leOM — Qk (1 8)

QROM ’
he{HFOM RV

ROM .
e Q — 00’eM mam’sti A -ro THIy, 10

he{ HROM Yy
HAJIGKUTh MHOXUHI, sKa 00’ €qHYy€e IiAMHOXUHU
30 -H*" 1a 0311 — H™" | mo peanisyrors
¢dynxkmito 1311 (qus [13]); ]a[ — BIJHONICHHS « ,
320KpYTJIeHE B OBy CTOPOHY JO I[iJIOTO YUCIA.

3.3 OUIHKA HEOBXIOAHOIO OB’EMY O3l

O3Il BHUKOPUCTOBYETBCS I THUMYAacOBOIO
30epiraHHsl TMOBIJOMJICHb, OpraHi3aiii OOMIHHHKIB

ta crekiB. HeoOximuuii 00’em O3I1 Vk k -ro MK

BU3HAYAETHCS CIIIBBIIHOIIEHHAM

__ yrdata stack
V, =V + V",

(19)

ne V,““ — 06’em O3II, HeobXimHuit Ay 36epiraHus

nmoBifoMiIeHs 1 opranizanii  OydepiB  oOMiHy

stak .
nanumu; V™ — 06’em O3, HeoOXimmmii s
oprasizarii CTeKiB Iporpam.

IIpu BukoHauHi K -tum MK muoxkuun J, ©C

BCi TTOBiTOMIIEHHST 00poOmsttoThes BimmoBimanMm 113
abo mepeOyBaroTh B uep3i Ha ompaiioBaHHsA. Bcro
MHOXHHY TpOrpam, 1o peanizye k -uit MK, MmoxHa
po3minutu Ha nBi rpynu: 1) oOpoOku naHux; 2)
BBOAY/BUBOAY AaHWX. [y iporpam 0OpoOKH TaHUX,
yac 00poOKH MOBIIOMIICHB 1 Yac iX nepeOyBaHHS B
4yep3i 3amexarb JIMIIE  Big  NPOAYKTUBHOCTI
BuOpanoro MK. B Toli ke 4Yac, mpu BHUKOHaHHI
porpaM BHBOJAY AaHHX, 9ac 0OPOOKH TOBIIOMIICHB
Ta 4ac OYiKyBaHHS B Yep3i, a OTXKE JOBXKHHA YEPTH,
3ajekaTb He Jume Big mnpomyktuBHocTi MK,
CKIIATHOCTI TPOTPaMH, a TAKOX BiJ IIBUAKOCTI
BUBOJYy [aHHMX BIAMOBITHUM TPHCTPOEM BUBOIY
(mBunkonii intepdeiicy). BpaxoByroum Te, w0
MPOAYKTUBHICT, THIIOBUX &8-MU po3psamgaux MK
JIEKUTh B Mexxax 2+25 MIPS, a B meskux mocsrae
100 MIPS, MoxHa KOHCTaTyBaTH, L0 I Mporpam
BHUBOJY 9ac 0OpOOKH MMOBIIOMIICHD 3a3BUYail 3aiiMae
HE3HAYHUU BiZICOTOK BiJ 9acy BHBOIY ITOBiJOMJICHb.
TakvM YHHOM, JIOBKMHA Yeprd IOBiIOMJICHb, IO
BUBOIATHCA 3 MK, B OcHOBHOMY OyZie 3ajie)XaTH Bij
MIBUIKOMAIT IPUCTPOIO BUBOAY (iHTEpdeiicy).
BuxopucraBmm MaTeMaTHYHHMH amapaT Teopil
MacoBoro  obOcimyroByBaHHs [14], BuBememo
3aJIKHOCTI JUIsI OIIHKY 00’ €My maM’siTi, He0OX1aHOT
JUIs 30epiraHHs TOBiOMJIEHb, IO Mepe0yBarOTh B
uyep3i Ha 00poOKy Ta 00pobastoTeest k -um MK, a
Takok 00’eMy mam’sATi HEoOXimHOI as 30epiraHHs
MTOBIIOMJICHB, TII0 TIepeOyBalOTh B Uuep3i Ha BUBI/I.

Ipencrasumo  k-tuii MK 1 mHaGip i#oro
MPUCTPOIB BBOJY/BHBONY, SIK JBOPIBHEBY CHUCTEMY
MacoBoro oOcimyroByBaHHs (puc.3), B  sKid

mificucTeMa TepIioro piBHA (J1iBa yactwHa puc.3)
BUKOHYE OOpOOKY TMOBiJOMJIEHb, a IIiJCHCTEMA
Opyroro piBHs (TpaBa 4YacTHHA pPHUC.3) BUKOHYE
BUBE/ICHHSI ITOB1IOMJICHb.

cep.6us.
by

cep.od.
2
/1/( k-uti
MiKPOKOHMpOEP

Puc. 3 — Moaeas CMO a1 ouinku 06’emy O3I1
k -ro mikpokonTpoaepa

B 3anponoHoBaHiit Mozeni miacucTeMa MacoBOTO
00CTyroByBaHHS TEPIIOTO PIiBHS € OAHOKaHAIBHOIO
CHUCTEMOIO i3 HEOOMEKEHOIO Yeproro Ha BXOJi, e
pOJb TIPUCTPOIO OOCITYTrOBYBaHHS 3asSBOK BUKOHYE
k-tuit MK. B pomi 3agBOK  BHCTYNaKTh
MOBIJIOMJICHHS, SIKI IOCTYNarOTh Ha OOpOOKYy

MHOXHHOIO miporpam S J, » O Pea3yloTh MHOKXHHY
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J, . BxXigHuil moTiK 3asBOK /1k € CYMOI BXIJIHUX

MOBITOMJICHb, IO  BHU3Ha4daeTbcsd 3a  (9).
OO6cnyroByBaHHSAIM 3asBKM € TIpolec OOpOOKHU
BXigHOro moBimomieHHs k-tum MK, a cepenniit

tcep.ad

yac 0OCIyroByBaHHA OfHi€l 3as{BKM [,

Br3HavaeThes (10).

[Migcucrema ppyroro piBHs (muB. puc. 3) €
CHCTEMOIO MacOBOTO 00CITyTOBYBaHHS, B SIKill KOXKEH
npucTpiii BuBony (iHTepdeiic) MOXHA pPO3TIIsLIATH
SK ONHOKAaHAIBHY CHCTEMY 13 HEOOMEKEHOIO
4eproro, sKa Ipaifoe Ha CBOrO  CIIOKMBAyYa.

Buxiguuit morik A — cyma MOBiZOMIICHB, IO

mocTymaroTh Big MK Ha BHUBIO, BH3HAYAETHCS

CITIBBIJHOIIIEHHAM

A" = ZZ% Sy S

iel, jeJ;

(20)

ze fy., — IBIMKOBE YHCIO, IO BimoOpaxkae 3B’S30K
Mix i-to @3 ta j-i0o @C, a & n — ABIHKOBE 4HCIIO
noB’si3aHe i3 A3 /1 -ro Tuily, 10 HAIEKUTh MHOXKHHI
H'™ ipeanisye Bimmosinauit inTepdeiic.

O3HaveHNH TTOTIK MOBIIOMIICHD PO3MUIIETHCS Ha
MHOXXUHY TIOTOKIB, YHCJIO SKUX BHU3HAYAETHCS

o . . . . IF
KUIBKICTIO MPUCTpOIB BUBOAY (iHTepdeiiciB) N, .

data
Ve,

O0’em  mam’gTi HEOOXimHMHA  [UIA
30epiraHHsl  JaHUX, MOKHA  BU3HAYUTH 32
CIIBBIIHOIIIEHHIM

data __ jcep.o6 00. cep.6us 6U8.
Vi =1 n +1; n,

@2y

cep.ob cep.sus. :
me [P, 17 — Cepe/Hs OBXKHIHA IOBIIOMIICHb,
mo obpobmsitothess k-M MK Ta moctymaroTh Ha

BHBIZ; 71, — CepeiHsl KUIBKICTh MOBiJOMIICHB, IO

8UB.

nepeOyBaloTh B 4ep3i Ha OOCIYroByBaHHS; 71,

cepenHs KiIbKiCTh MOBiIOMIICHB, 1110 MepeOyBatoTh B
4ep3i Ha BUBIJ.

s migcucreMr MacoBOTO  OOCITyTOBYBaHHS,
MEepUIOTO PiBHS, CepelHs IOBKUHA IOBiIOMIICHB,

cep.ob
110 00pOOIIAIOTHCS, ) P BU3HAYAETHCS
CITIBBIOHOIIIEHHSIM
Z Z%j 'lij
cep.o6 __ i€l jeJ;
l; = —/1 . (22)
22
iel, jeJ;
Jomyckaroun 0e3npiopUTETHUI MOPSTIOK
00CITyroByBaHHS 3a9BOK, cepeHe YHCJIO
MOBITOMJICHb, M0 TepedyBaroTh B dYep3i Ha

o6cayroyBanus k -tum MK, MOKHa BH3HAUWTH 3a
HACTYITHUM CITiBBiHOIICHHIM

Zzt[jk Vi

00. iely jeJ;

n, B =———, (23)

(1 -7 k)
ne y, — koediwient 3aBantaxeHus k -ro MK; Lix —
cepeaHid yac oOpoOku moBigomiieHb j -i @C mpu

BHKOHaHHI I -T0i @3 k -tiM MK, mo BH3Ha4YaeThCA
HACTYITHUM CITiBB1THOIICHHSIM

_ ly-p;

Ly = P 24)

ze l[j — CepemHs NOBXKWHA BXITHUX ITOBiJIOMIICHB;
p; — nuroma npogykrusHicTs MK npy BUKOHaHHI
j-1®C; P, — npoxykrusHicTs k -ro MK.

Jns  mijcucTeMH MacoBOTO  OOCIyrOBYBaHHS

JIIPYTOro piBHSA CepeiHid dYac OOCITyroByBaHHS
3asBOK CTAaHOBHTh
cep.sus.
2174,

cep.sus. __ 1€}
e — I (25
>
iely
e Zi — IHTEHCHBHICTh BHMXIJTHHMX ITOBiJOMJICHD);

cep.eus.
tr

— CepenmHii yac BUBEICHHS MTOBIOMIICHHS T10

I - D3, 1110 BUBHAYAETHCS CITiBBIIHOIICHHIM

[

cep.6ug i
177 =

: (26)
L

heH™
ne [, — cepemHs IOBXKHMHA BXiIHHUX IOBiJOMICHB 110
-t ®3; v, — NpomyckHa HMIBUIKICTH iHTepdeiicy

. IF
h -0 TUIlY, IO HAJIC)KUTHh MHOXHWHI1 H" .

Cepenus JIOB)KHHA [IOB1JOMJIEHD, 10
NOCTYNAalTh Ha iHTepdelc /A -ro Tumy mpu
BUKOHAHHI 1 -Tol D3 BU3HAYAETLCS
CITIBBIHOIIEHHSIM

licep.eue. — le] . é:jh , (27)
jeJ;

ne & i JIBIHKOBE YUCIIO, IO TIOKA3ye€ 3B 30K MK

j-toro  @®C, i3 amapaTHHUM 3a0€3MEYCHHSIM

inrepdeiicy h-ro TUmy, MO HAJIEKUTH MHOKHHI
H".

O0’eMm mam’sTi Vk‘”“k, HEOOXimHWE  UIs
oprasizamii CTeKiB, € TIPOMOPIIHHAM KiTBKOCTI
nporpam S 7 1 OOUHCITIOETHCS 32 CITIBBITHOIICHHIM

stack __ stack
Ve = Z"_/ )

Jjed;

(28)
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stack

ac Vj -

opranizauii creka npu BukoHanui ®C j -ro Bupy.

00’eM TaM’ATi, HEOOXIMHMH I

Buxonsum 13 momepemHiXx pe3yibTaTiB OIliHKH
HEeoOXiIHOro 00’eMy TaM’siTi, KUTBKICTh MiKpOCXeM

RAM . .
O3I1 N p BHU3HAYAETHCA CIIBBIIHOIICHHSIM

Vdata _ VO

RAM

N = W ) (29)
heH "M

ne V) — 06’em BuyTpimmsoro O3I1 MK; Qf:élmz -

00’em O3II /4 -ro Tumy, 10 HAJEKUTh MHOXKHHI, —
RAM .

H , ]a[ — BIJHOIIEHHS (&, 3a0KpyIJcHE B

OLTBIITY CTOPOHY O ITIJIOTO YHCIIA.

3.4 OujiHka YacoBMx oOMeXeHb

OmauM i3 TOJOBHUX  KpPHUTEPiiB  OIIHKH
e(eKTUBHOCTI TPHUCTPOIB OOpPOOKH HaHWX € dYac

pitienHs i-toi ®3, TOOTO TPOMDKOK dacy,
HEOOXITHUN JUTSE MePETBOPEHHSA BXIJTHOTO
MOBIMOMJIGHHS Yy  BHXiOHe,  SKUH  MOXHA

MIPEACTaBUTH SK cyMapHuid dac BukoHaHHI OC,
MoB’s13aHuX 13 ganow d3

=2ty Sy

JjeJd;

(30)

3a3Buuail Ha 3HAYEHHS [, HAKIANAETBCA P

oOMeXeHb, TMOB’fA3aHUX 13 Xapakrepom D3, ski
BHIPIITYE MIIII, 111(0) hopmye BEKTOP
oOMexkeHb< f; >,i = 1,_1 .

[lpu Buxonanni j-oi ®C BHUKOPHUCTOBYETHCS
MHOXHHA A3 H |, 110 103BOJISIE IPEACTABATH [;; 5IK

CyMapHHMi dYac, 3arTpadeHuid A3 Ha BHUKOHAHHS
HeoOXimHUX QyHKIIIH

ty= 2t S

heH

€2))

Je ; — 4Yac BUKOHaHHs A3 h -ro tumy j -oi ®C,

ska BimHOCHTBCS O -TOi @3; & IBIKOBE

Jh
, .
YHCII0, SIKE MOKa3ye 3B 530K Mix A3 /1 -ro Tumy ta
Jj -oro @C.

B cBoro uepry, mpomec BukoHaHHI PC A3
PO3IUIAIOTH Ha eTanu OOpOOKM Ta O4YIKyBaHHS, SKi
BIIMOBIIHO  TOTPeOyIOTH Yacy Ha  0OpoOKy

006.

TIOBIZIOMJICHHSL 1",

Ta 4acy OYiKyBaHHS B Yep3i Ha

00pobky 7, . Tomi uac Bukonanns ®C B winomy
BH3HAYAETHCS CIIBBITHOIIEHHIM
06

" +t;.Z'. (32)

. 06. ou.

Bxazani nmapamertpu tijh 1 t[jh BHU3HA4YaIOThCS
napamerpamu A3, Jmas MK wac 00poOku
MOBIJOMIIEHHSI ~ BH3HAYA€ThCSl  CIiBBITHOIICHHIM

06. __ ,06. :
(24), tobro 1 =t; . Hac  ouiKyBaHHs
MOBiTOMJIEHh HAa OOpOOKY ;'  BU3HAuaeThCsA

CepeqHIM YacoM OYiKyBaHHS IS k-ro MK 3a
CHIBBIAHOLIEHHIM

00.
n
ou. _ 4ou. _ 'Yk
Ly =1, = (33)
k
6. . . .
IS l’l;: — CCepCaHA KUIbKICTH IOBLAOMIJICHB IO

nepeOyBaroTh B 4Yep3i Ha OOCIyroByBaHHsS K -THM
MK (23); A, — cepenHs cymapHa iHTCHCHBHICTh

HOTOKY 3asBOK Ha 00poOky k -tum MK (7).
Jnst mpucTpoiB BUBOAY naHuX (iHTepdeiiciB) yac
00poOKHu TIOB1IOMJICHHS BHU3HAYAETHCA

00. cep.6us.
. =[P

criBBigHOMEHHSM (26), TOOTO tzjheH’F =t

4. CTPYKYTYPHUU CUHTE3 MMM

B pesymprari mpoBemeHO  (YHKITIOHAIBHOTO
aHaJizy BH3HAUeHO mepelik HeoOximHux A3 (5) i
ctpykrypa [13 (6) MIIIL.

Takox cpopMOBaHO MHOXHHY BHMOT 10: 1)
npoaykruBHocTi MK (13, 14); 2) 06’emy I13II (16,
18) Ta O3II (19, 21, 28, 29); 3) BekTOpa YacOBHX
obMmexenp s (25, 26), (30-33), mo Gopmye BeKkTOp
TEXHIYHUX 00MexeHb st MIIII.

Lle mo3Bonsie meperTH OO HACTYHNHOTO eTaIry
npoektyBanHss MIIII — cTpykTypHOro cHUHTE3y, LIO
nepenbadae ¢GOpMyBaHHSA MHOXHHH JOITYCTHMHUX

BapiaHTiB cTpykTypu MIIIT €2, Tta momyky cepen
HUX MHOXUHH ONTUMAIbHUX pimens €2 1o

3aJJaHOMY KPUTEPIKO SIKOCTI.

BpaxoByroun Te, 1m0, MHOXHHA JOCTYITHHUX
KOMIUTIEKTYIOUHMX € JOCTATHhO BEJIMKOIO Ha I ITOMY
erami (muB. puc.l) BHUKOHYEThCS TMpOIEIypa
MONIEPEAHBOT0 BUOOPY EJEKTPOHHUX KOMIOHEHTIB
(EK), mapamertpu sixux BignosinatoTs MHOXkHHI TO.
Jns  1mporo  MOIMIIBPHO BHKOPHCTATH OAWH 13
dopMaIbHUX ~ METOMAIB  0araToKpUTEpialbHOTO
Bimoopy. bymes skuit  EK  xapakrepusyerbcs
MHOXHHOI0 TEXHIYHUX IapaMeTpiB, sKi (HOPMYIOTH
MHOKHUHY MTOKa3HUKIB SKOCTI

Kﬂlc = {k : k}lk’ = 1’ K;m}

(34)

SK.

ne K, — 3aragbpHa KilbKiCTh MOKA3HMKIiB SKOCTI,
k,, -# MOKa3HHK SKOCTI.

Muoxuny K MOXKHAa  PO3OUIMTH  Ha

SK

MIIMHOKMHM, 1[0  BHU3HAYAIOTHCA  HAO0OpPOM
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TexHiunux mapamerpis EK: 1) emexrpuuni — K ;

2) mumamiani — K % ; 3) konctpyktusai — K 7 4)

eKc.
SK.

excrutyataminai — K

K, =Ko UKZ UK UKL (39)

Buxonsuu i3 Toro, mo Bubip EK 3ailicHIOIOTH 32
MHOXHHOIO TEXHIYHUX IapaMeTpiB, sSKi NOBHUHHI
BigmoBigat MHOXMHI TO, HOLINBHO IS KOXKHOI
rpynn  EK cdopmyBatu BiANOBIAHY MHOXHHY
napametpis K

sio » 3@ KOO 371iHCHIOETBCA Bi0ip EK

K, =tk ke =LG},  (36)

ne G — 3arajgbpHa KiUTBKICTh MapaMeTpi, 3a SKUMHU
3nificaroetsest BinOip EK, £, -if MOKa3HHK SIKOCTI,

3a SIKUM 3JIIHCHIOEThCS Binbip EK.

Muoxunn  jpomyctumux  EK  dopmyroTscs
LUISIXOM BUKOPUCTAHHS JeKcuKorpadiyHoro
Kkputepiro nepesaru ( L - xpurepiro) [2, 16], axwuii €
YMOBHHM KpHUTEpieEM, 1€ B SKOCTI JI0JaTKOBOi
iHpopmarii ocoba, mo mpuiimae pimenHs (OIIP),
BBOJWTH TOPSAOK TPIOPUTETY IMOKA3HUKIB SIKOCTI.
SIKIO TOKa3HUKM SKOCTI CIIBBIJHOCSTBCA MIX
co00I0 BIJTHOIIEHHAM TMepeBaru (>), TO BBEICHHMH
OIlP piopuTeT MTOKa3HUKIB SIKOCTI

ko, >k, =...=k, , 3amae crporuil niniiiHui

nopsinok <Kk, ,,k, 000K, >, 10 BU3HAUYAE
MIOCTIIOBHICTE TIponienypu BuOOpY. B pesymbrari

Ockinmpkn  MIIII € mocTaTHRO — CKIIATHOIO
TEXHIYHOI CHCTEMOI, sKa XapaKTepU3YEThCsS
MHOXHHOK) TEXHIYHHMX IapaMeTpiB Ta OOMeEXKEHb,
JIOTITBHO BUKOPHCTATH OJHY i3 BIJIOMHX METOIHK
OaraToKpuTepianbHOI BEKTOpHOI onTumiszamii [2, 6],
JUTSL TIOITYKY MHOKUHHU ONITUMAITBHUX PIllICHb.

Hdns i1 peamizauii Ha IIocToMy — eTami,
3aIpOIIOHOBAHOTO MeToy, HPOBOIUTHCS
JIEKOMITO3HUITiS MIIIIT i3 BHKOPHUCTAHHSIM
Mopdomoriusoro wmeroxy [10, 11, 17], sxuit

nependavae BUAUICHHS HakBaxnuBimux @OC, 1o
pealti3yIoThCs MHOXHHOKO 0a30BHX KOMIIOHCHTIB

N ={mn=1,N}, (38)

ne N — uucio 0a30BHX KOMIIOHEHTIB 3 SIKHX
¢dopmyeTbest Mopdonoriyaa Matpuns (MM), i3
KUTbKiCTIO psakiB N (umcio 0a3oBuUX BY3JiB) Ta

k(;id.t (wih) = ksiz).t (a)Jh )Dt = 19 (G - 1);k3i().G (a)ih) < kgiO.G (a)jl ) / a)ih >~ a)jh

BEKTOPHAa 3ajada OINTHMaJbHOIO BHOOpPY 3a
CYKYIHICTIO TIOKa3HUKIB SKOCTI MEPETBOPIOETHCS B
CKaIspHY, LUIAXOM 1ii  pO3MONUTy Ha  psx
ONTUMI3aliMHUX  3a4ad, 110  BHUKOHYIOTHCS
nociigoBHO. lle 703BOJsIE CTBOPUTH MiACHUCTEMY
norepeHporo (poonrumisaiitinoro) ycynenus EK,
AKi XapaKTepu3yrThca: 1) HemocTaTHIM piBHEM
TeXHIYHUX TMapaMeTpiB, i He 3aM0BONBHIIOTE TO Ha
npoekrtoBaunii MIIII; 2) $SBHO HAATUIIKOBUMHU
TEXHIYHUMH TapaMeTpaMu. Takuii momepenHii
BiOip JO3BOJINTH Maibke Ha TOPSIOK CKOPOTHTH
KIUJIBKICTD OLIHIOBAaHMX IPH ONTHMIi3allii BapiaHTiB
MITIL

Ockinbku ais pearnizanii MIII1 BUKOpHCTOBYIOTH
Habip tumoBux EK, mo ¢opmyrors MHOXuHY H
(5), TO BUKOPHUCTaHHS L- KpHUTEPIO

L<k,, .kysrkyo > nozBomsie chopmyBaTu

MHOXHWHY Kpalux aJbTCPHATUB Q I 13 MHOKUHU

6i0.1

MoxBHX BapianTiB EK mms koxHOi rpymu A3,
Q,=0,U0U..UQ), ne H -
KimbKicTs THHIB EK A3, HEoOXimHUX IS peaizamil
MITIL

Binbip 06a3syerbcs Ha TOCTIIOBHOMY BHKOHAHHI
yMOB (37) Ha MHOKHHI MOXJIUBUX aJIbTCPHATHUBHUX
Bapiantis EK / -ro Tumy, 1o yTBOPIOIOTH MHOKUHY

Q" ={w:i=1,N"}, ne @'- i-it sapiant EK / -

3arajbHa

; . .
ro tumy, N — 3aranbHa Kinbkicts EK /1 -ro tumy.

h h h h
keio‘l(a)i ) < kgia.l(a)j ) / w, > (Uj

Koo (@) = ke (a),h)a koion (@) <Ky (a)]h) /@ - a)jh

(37)

KimbKicTIO croBmmiB M (MakcHMManbHA KiTBKICTh
aNbTEepPHATUBHUX BapiaHTIB peai3alii By3JIiB)

=<hB,...B;...By >

B

(39)

J

P =<P,...P....P,, >

P, =<P,...P,..

i P >

nei=1...N, j=1..M.

Hactynmni eramu — QopMyBaHHS MHOXWUHH
JONMyCTUMHX CTPYKTyp Ta TIONIyKYy MHOXXHHHU
ctpykryp MIIIT ontumansHux 3a (HyHKIIOHAIBHO-
BapTICHUMH MOKa3HUKaMH, 0a3ylOThCsI HA OCHOBHHUX
MOJIOKEHHSIX Teopii JuckpeTHoi omtumizamii [18],
SAKMMH IepeadadaeTbesi, IO KOXHUK 0a30BHid
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BapiaHT BYy3JIa, MHOXHWHA SKHX YTBOpEHa IIiCIA
nexommosutiii MIIII, xapakTepu3yeTbcs MHOXKHHOIO
MOKa3HUKIB sKoCTi (36), 1m0 (QOpPMYIOTH BEKTOP

thi(). =< k«idl ’k6i0.2, e k@i().G >.
OCHOBHHMHM KpUTepisiMA onTuMizamii €: 1)

cobiBapricTs By3na C,, — BH3HAYa€ThCS 3aTPaTaMU
Ha peajizamilo m -TO BapiaHTy #-TO By37na; 2)
MOKa3HUK (YHKIIOHANBHOI e(EeKTHBHOCTI By3Ja
E,, . Jlna m-ro BapianTy 7 -ro By3jla 3HaueHH:

IIOKa3HHKa Enm BHU3HAYA€THCA CHiBBiILHOHICHHHMZ

E, =a,-(100-E) (40)

ne «, — koedilieHT, mo BigoOpaikae Bary Bysia B
MIIII; E,, — BimHOcHa e(hEeKTHBHICTh By3la Yy

BIZICOTKAaX.

BpaxoByroun, 110 Ha TOMEpPemHIX eTamax
npoBeneno BimOip EK, TexHiuHi mapameTpu SKAX
BIAIIOBiZAIOT, MHOKHMHI OOMeEXeHb 3amaHux T3 Ta
OTPUMAaHHX Ha eTami (QyHKIiOHAILHOTO aHaji3y, TO
st onTuMizamii ctpyktypu MIIII moctaTHBO IBOX
KpuTepii OLIHKA €QEeKTUBHOCTI 7 -TO BapiaHTy 7 -

ro Byzna (C, ,E, ). B uinomy mus MIIIT moxua

nm >

3anucaTtu

N
C, =),

n=

Cnm ’ gnm 2 (41)

[
M= 1
M= IlM=

Ey

Enm ’ gnm ’ (42)

1

I
3
I

n

ne &, — JIBiliKOBe 4MCIO, IO AOpiBHIOE 1, mpu
BHUOOPi M -TO BapiaHTy 71 -T'O By3Ja.

YMmoBamu omnrtumizanii €: 1) anbTepHATUBHICTH
pillieHb 3a CTOpOHAMH; 2) IepeBara OJHHUX PillleHb
HaJ IHIIAMU.

[Tepma ymoBa (anbTepHATHBHICTB) mependavac,
mo Bci M MOXIHBHX BapiaHTIB peaiizallii By3nia B
Mexax 7 -ro psaka MM e anpTepHaTUBHUM

M
> &, uman=1.N. (43)
m=1

Hdpyra ymoBa (mepeBara OIHHUX pIlICHb HaJ
IHIIUMH) TIPEICTABISETHCS HACTYIMHHM YHHOM: Ha

P=PUP,..UP,, mo

3amana MM (39). HeoOxigHO 3HANTH BEKTOP

CKIHYEHIH MHOHWHI

—

X=<j,...jiJy >e{X}. (44)
e {X } — CKIHYEHA MHOX>XHWHa, CHJIa SAKOI0O
BHU3HAYA€ETHCA MHOX>XHWHOIO BCIX MOXXJIIMBUX

KOMOIHaIliif iHAeKCIB J, .

Bektop X Bu3Hauyae koHQirypamio BHOIpKH
(oaHy i3 MOXIMBUX KOMOIHALIH iHAEKCIB j,), sAKa
3a0e3medye MiHIMI3alil0 LinboBOi (yHKHii, 3a
kputepismu  (41) 1 (42), MmO B 3aralbHOMY
BUPaKAETHCA HACTYITHUM CITiBBIAHOIICHHSM:

F, = S(Cy, Eg) —> min. (45)
VYei Bigomi METOIU JBOKpHUTEPiabHOT
onTHMi3amii  3BOAATH BEKTOPHUH  CHHTE3 [0

ckamsipHoro [2, 6, 7]. HaiiGinmpm momupene [6]
3HAXO/KCHHA OIITUMAJIbHOT'O piHIeHHH 3a.

1) pe3ynpTyr0OUYUM TIOKA3HUKOM SIKOCTI kp SIK
MiHIMyMOM 100yTKY KpUTEPIiB SIKOCTI:

ky=C*E — min. (46)

abo 3BaxkeHOi iX cymu (koedilieHTH €, Ta C,
3a/1al0ThCS EKCIIEPTOM):

kp=(c1*C+c2*E) - min. (47)

2) TOKa3HUKOM e(EKTHUBHOCTI (PO3TIIAMAETHCS 5K
¢yHKIiT  cobiBapTocTi  Ta  QYHKIIOHAIBHOI
e(eKTHBHOCTI), IPH LIbOMY IpsiMa 3aJaya TMoJArae B

3HaxomkeHHi cucremu 3 E . mpu C<C a

max 2

obepHeHa 3amaua — y 3HaxomkeHHi C . 1pH

3agaHoMy oOMexernHi £ < E_ ;

3) MiHIMAKCHUM METOIIOM, TP SKOMY KpHUTepii
CHUHTE30BaHUX BapiaHTIB HOPMYIOThCS:

Q - Cmin E - Emin

Cy=—— =
C max— C min E max— E min

. (48)

b

Jie, JUIl KOXKHOTO j BapiaHTy BHOHpAEThCs OinlbIie

3HAYCHHS 3 HOPMOBaHHX KpHUTEPiiB

R, =max(C;,E;), a nani Bubupaerbcs cuctema 3
HaiimenmmM 3HavenHsmM R =min(R,).

[Ipotupivyus “BapTiCTh-GYHKITIOHATBHI
MO>KJIMBOCTI” BHKJIIOYAE PIIlICHHS, Kpaiie 3a oboma
KPUTEPisIMH, TOMY JOUIJbHE TOE€IHAHHA 3HAHb,
IocBimy Ta iHTYimii ekcmepra-po3poOHHKA 3
aBTOMAaTH30BaHUM CHHTE30M MHOXHHH HE TIpIINX
pimens (MHP). Ilpu npomy cmoyatky 3riHO
0e3ymoBHoOro kpurtepiro nepeBaru (BKII) (mpuamImn
ontuManbHOCTI 3a [lapeto) [2] 3HaX0AITh MHOXKHHY
He Tipmux pimedas (MHP), a morim 3 orpumanoi
MHP exkcrepr BuOMpae KiHIEBE pIOICHHS 3
JOMIOMOT0I0 YMOBHOTO KpuTepito mepeBaru (46-48) 3
BpaxyBaHHsM TO 1 NEpCHEKTHBU BUKOPHCTaHHSA

MIIIL. 3riznno i3 BKII npuitmaeThes, 1110, BapiaHT @,
JIOMIHY€ HaJl BaplaHTOM (), SKILO JUIs KOXHOTO 3
KpHTEpiiB sikocTi k, € K, BUKOHYETBCS yMOBa:

k(@) <k (o)) (49)
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5. BACHOBKU

Ha ocHoBi mMeromy MopdororidHoro aHamily Ta
CHUHTE3y IPEICTABICHO METOX CTPYKTYPHOTO
CHHTE3y MEPEKEBUX MPHKIAJIHUX TMPOLECOPIB, IO
BKJIIOYAE  eTand  (PYHKIIOHAIFHOTO  aHami3y,
CTPYKTYpPHOT'O CHHTE3y, Ta TIOIIYKY MHOXHHHU
ONTHMANBHUX pillleHb. 3alporOHOBAaHUN METOJ
MO€EAHYE JIeKCUKorpadiuHuil kpurepiii nepesaru (L-
KpUTepiid) IUIsl BiIOOPY ENeKTPOHHUX KOMITOHEHTIB
Ha eTami (yHKIIOHAJIBHOTO aHai3y Ta 0e3yMOBHHIA
KpuTepiii mepeBaru (ontumansHocTi no Ilapero, -
KpuTepid) HAa  eTami  MOIIyKy  MHOXHHU
ONTHUMAJBbHUX  PIlIEHb, IO PO3IJSIAIOCST B
JiTepaTypi sIK aJbTEpPHATHBHI METOAU TIOUIYKY
ONnTUMaJbHUX pimeHb. [loegnanns L Ta m —
KPHUTEPIiB 103BOJISAE 3MEHIINTH YUCIO CUHTE30BaHUX
IbTEpPHATUBHUX BapiaHTIB Ha €Tali CTPYKTYPHOTO

CHHTE3Y.

Otpumane (opMarizoBaHe pillleHHS 3am1adi
TIUCKPETHOL onTHMI3aIii MIIII, 110 €
yHIBEpCaJbHUM JUISI LIMPOKOTO  Kola  3ajad

ONTUMANBHOTO CTPYKTYpHOTO CHHTE3Y HH(PPOBHX
TIPUCTPOIB.

NOAAKA

Jlana poOoTa BHKOHaHa 3a MATPUMKHA (DOHIY
UUBUIBHUX AocHimkeHb 1 po3Butky CLIA, mpum
BUKOHAHHS MI>)KHapOJIHOTO YKpaTHCBKO-
amepukancekoro mpoekty #UKC2-005073-KV-07,
“Dynamically reprogrammable network control
application processor with Internet capability”.
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lzop Maltikie 3akiH4yue OepxxasHull
yHieepcumem Jlbsigcbka ronimexHi-
Kka, no cneujanbHocmi “Padiomex-
Hika” i ompumas ounsiom
padioiHxeHepa (1996). [Ipaurosas
iH)XeHepPOM-KOHCMPYKmMopom 8iddiny
crieymexHiku Ha TepHonifbCbKoMy
padiozasodi “OpioH” (1998-2002).
HaewyanHss 8  acnipaHmypi  3a
creuianbHicMo 05.13.05 -
Komm’romepHi cucmemu ma
KomroHeHmu (2005-2009). B daHul
yac npauyre monodwul Haykosul cnigpobimHuk H/AI
IHmenekmyansHux Komm’tomepHux cucmem TepHOorinb-
CbKO20 HauioHarbHO20 EKOHOMIYHO20 YyHigepcumemy
(THEY).

Haykoei iHmepecu: OocniOXeHHs1 | CMBOPEHHs
uugpposux cucmem Ha 6asi MK ma npoepamosaHux
JI02i4HUX Mampuypb.

AHOpit CmenaHeHKO
3aKkinyue y 2005 poui
mazicmpamypy THEY 3a
crieyiarnbHicmio Komn'to-
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mu3oeaHoi eepucpikauii npozpamHo20 3abe3neyeHHs
iHmenekmyasnbHUX  CEHCOPHUX  MEpex,  po3pobka
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Abstract: A method for structural synthesis of Network Capable Application Processors (NCAPSs) is proposed. It is
based on a method of morphological analysis and synthesis and includes phases of functional analysis, structural
synthesis, and search for a set of optimal solutions. The proposed method combines lexicographical criterion of
preference (L- criterion) at a stage of functional analysis and unconditional criterion of preference (Pareto optimality)
during the search phase, which are considered in literature as alternative methods of search for optimal solutions.
Combining of criteria, makes it possible to reduce the number of synthesized alternative variants at a stage of structural

synthesis and all obtained solutions are allowable.
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criterion of preference.

Modern measurement and control systems are
implemented as multilevel systems with the
distributed computing resources on the basis of
industrial buses. The IEEE-1451 series of standards
has been developed by IEEE for unification of
requirements for hardware and software of such
systems. Also a term Network Capable Application
Processor (NCAP) as a data processing device is
defined by this set of standards. NCAP occupies an
intermediate level between a network server (high
level) and sensors and actuators (low level). The
main functions of the NCAP are data processing and
support of a set of serial interfaces. However, each
area of application is characterized by the set of
functional tasks which demand use of the specialized
device technical parameters, which are optimized for
the specified area of use.

The analysis of available literature on this subject
has shown, that at present the methods for optimum
structural synthesis of digital systems based on
microcontrollers which are characterized by a wide
set of features with a significant price range is
absent. The objective of this work is creation of a
method for optimum structural synthesis of NCAP
on the basis of microcontrollers, with optimal cost-
functionality relation obtained from a set functional
parameters which can appear as criterion for
estimation of the device quality.

The effective technique of structural synthesis of

devices with optimal cost-functionality relation
includes the next stages: 1) functional analysis; 2)
structural synthesis; 3) search for optimal structures.
The generalized algorithm of the proposed technique
includes eight stages (Fig.1) which are divided into
groups: functional analysis and structural synthesis.

The requirement specification for the NCAP is
analyzed at the first stage of the design process. At
this stage the list of functional tasks which are
executed by the NCAP is created. Functional tasks
are divided on system and application tasks. System
tasks are realized by operational system (OS) or the
specialized software and provide interaction for the
application tasks. Application tasks serve external
devices and users and are divided into two groups:
1) data exchange; 2) data processing.

The analysis of application tasks is performed at
the second stage. The set of information parameters
necessary to make estimation on the amount of input
and output data for each application task is defined
as a result of the analysis. As a result of this stage a
set of vectors specifying functional restrictions for
the NCAP is created.

The hardware and software necessary for
implementation of all application functions of
system is determined at the third stage as result of
the requirement specification analysis and analysis
of the list of application functions executed by the
NCAP.
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Functional analysis

1 Analysis of
requirements specification

v

2 Analysis of
application tasks (functions)

v

Determination of
hardware and software sets

v

4  Analysis of requirements
to hardware

|
\ 4

Structural synthesis

w

5 Generation of sets
of acceptable electronics
components

v

6 Generation
morphological matrix

v

7 Generastion of set
of allowable structures

|
A 4

Searching of structures
with optimal
cost-functiononality relation

Fig.1 — Algorithm of method of structural synthesis

At the fourth stage the analysis of requirements
for the device hardware is performed in particular:
1) processing power of a microcontroller; 2)
memory size of ROM and RAM; 3) timing
performances and temporal constraints. The
estimation is made using elements of the theory of
gueues where the microcontroller is considered as
the processing node, messages considered as service
requests and message processing corresponds to
service requests processing.

At the fifth stage the selection of electronic
components is performed on the conducted
functional analysis, where the list of the required
hardware and software was created with timing
characteristics and restrictions as well. The set of
possible electronic components is created using
lexicographic criterion of preference, which is a
conditional criterion. A decision making person
enters quality indicators priority list as additional
information. As a result vector task of optimal
selection of electronic components is transformed
into a scalar task. This allows creation of a
subsystem of a preliminary selection of electronic
components which: 1) do not meet technical
restrictions for the device being designed; 2) posses
considerably better technical parameters. Such a
preliminary selection enables to decrease the number
of selection choices almost to the order of
magnitude.

At the sixth stage a decomposition of the device

into a set of basic nodes is performed using
morphological method. Then a morphological
matrix is created (NxM), where N is the number of
basic nodes, and M is the maximum number of
alternate variants of the N-th node.

At the seventh and eighth stages the set of
possible device structures is generated among which
the search  for optimal  cost-functionality
combination is performed. The process of this set
creation is based on principals of discrete
optimization, where each node variant s
characterized by implementation costs C,, and
functional effectiveness Eg,. In general for the
device the following is true

N M N M
CZ :chnm 'é:nm ) EZ :ZZEnm 'fnm

n=1 m=1 n=1 m=1
In this case the criterion function is described by
the following equation F,, = f (C,, E;) — min.

The known methods of bi-criterion optimization
transform vector synthesis into scalar synthesis.
Widespread is the search for optimal solution by:

1) resulting quality indicator as a multiply of quality

criteria  k, =C*E —>min or weighted sum

k,=(c,;-C+c,-E) >min; 2) effectiveness

indicator (is considered as a function of self-cost and
functional effectiveness). In this case the direct task

lies in selection of a device with E ;. and set

restrictionC <C and the reverse task lies in

determination  of C with  the  set

restriction E < E, . ; 3) mini-max method.

The cost-functionality contradiction excludes the
best solution by two criteria. Therefore it is useful to
join the knowledge and experience of a developer
with the automated synthesis of a set of not worse
solutions. In this case according to the Pareto’s
unconditional criterion the set of not worse solutions
is determined. Then, the expert selects the final
solution from within this set using one conditional
criterion of preference and taking into consideration
technical perspectives of the device application.

As a result we have received a formal solution of
the discrete optimization task for design of digital
structures based on microcontrollers. This solution is
universal for a wide set of optimization tasks.

max !

min
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Abstract: This paper presents the analysis of the 2-sum problem and the spectral algorithm. The spectral algorithm
was proposed by Barnard, Pothen and Simon in [1]; its heuristic properties have been advocated by George and
Pothen in [4] by formulation of the 2-sum problem as a Quadratic Assignment Problem. In contrast to that analysis
another approach is proposed: permutations are considered as vectors of Euclidian space. This approach enables one
to prove the bound results originally obtained in [4] in an easier way. The geometry of permutations is considered in
order to explain what are ‘good’ and ‘pathological’ situations for the spectral algorithm. Upper bounds for
approximate solutions generated by the spectral algorithm are proved. The results of numerical computations on
(graphs of) large sparse matrices from real-world applications are presented to support the obtained results and
illustrate considerations related to the ‘pathological’ cases.
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1. INTRODUCTION

The 2-sum problem (to be defined in section 2) is
one of the graph enumeration problems (also known
as graph layout problems). Besides its purely
theoretical interest, it was used as an approximation
for large-scale graph labeling problems, that are
important in numerical computations using large
sparse matrices. Barnard, Pothen and Simon
proposed spectral algorithm for envelope reduction
of sparse matrices [1]. In fact, their algorithm yields
an approximate solution of a 2-sum problem, which
itself is used as an approximation for reducing
envelope and envelope-related parameters of large
sparse matrices. The spectral approach has also been
used in the graph partitioning for finding the
pseudoperipheral nodes of graphs, and other similar
or related problems (e.g. [5,8]).

Fiedler studied the properties of the second
Laplacian eigenvalue and eigenvector (also called
Fiedler vector, i.e. eigenvector of Laplacian of a
connected graph that corresponds to the second
smallest eigenvalue). He observed that the
differences between the components of this
eigenvector are an approximate measure of the
distance between the vertices [2,3]. Juvan and
Mohar advocated the use of this eigenvector to
compute bandwidth and pP-sum (more general

problem then 2-sum) reducing orderings [6]. [7] is a

survey of the applications of Laplacian spectra to
different combinatorial problems.

An approximate solution computed by spectral
algorithm, generally, is only a heuristic
approximation as the 2-sum problem was proved to
be NP-complete [4]. Nevertheless, solutions
generated by spectral algorithm are known to be
quite good for minimizing the envelope of many
real-world large sparse matrices [1].

In the paper [4], which is companion-paper for
[1], George and Pothen provide analysis of spectral
algorithm via Quadratic Assignment Problem
(QAP). They formulate 2-sum problem as QAP, and
analyze it utilizing permutation matrices. In this
paper a different approach is presented (section 3)
which instead considers permutations as Euclidian
space vectors. Additionally, we present analysis of
how effective or ineffective spectral algorithm can
be for minimizing the 2-sum problem itself (not
necessarily for envelope-reduction); as well as
considerations leading to ‘pathological’ cases are
provided. In section 4, computational results are
presented to illustrate and test ideas from section 3
on Laplacians of graphs associated with real-world
large sparse matrices.

The following notation is used throughout the

paper: the underscore symbol _ indicates that the
underlined letter is a column-vector (for example
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X); U is a column-vector all of whose components

are 1.

If otherwise not mentioned, all vectors
considered are non-zero column-vectors with
dimension N; N>3; some of the following

considerations may not be correct for degenerate
dimensions N =1 and Nn=2. The distance between
vectors is as per Euclidian norm.

2. 2-SUM PROBLEM AND SPECTRAL
ALGORITHM

In this section spectral algorithm is presented
mainly following Barnard, Pothen and Simon’s
original work [1]; and as advocated by George and
Pothen in [4].

We will consider connected and undirected
graphs. Any graph of this type is associated with a
symmetric matrix according to the following rule:
there is an edge in the associated graph between

vertices | and | if and only if the element @; of

matrix A is nonzero. We will consider only
matrices that have connected associated graphs.

Let us denote the column indices of the nonzero
elements in the lower triangular part of the i -th row:

row(i)={j:a; #0 and 1< j<if.
In these terms the 2-sum problem can be
formulated as follows:
n
-3 Y G-y
i=1 jerow(i)

i.e. the sum of squares of the differences between
the vertices numbers which are in pairs that share a
common edge in the corresponding associated graph.
Hereinafter, the 2-sum problem will denote the
problem of finding enumeration of graph vertices
that minimizes (2.1). Obviously, the set of possible
solutions to this problem is a set of permutations; let

2.1)

P denote the set of all permutations with length M.

The Laplacian matrix Q of an undirected graph
G s the N*N matrix (P~B) Ghere D s the
diagonal degree matrix, and B is the adjacency

matrix of G . Laplacian matrix Q could be defined

directly in terms of matrix A as:

-1, i#]janda; #0

qij =410,
n - -

2 1=

The eigenvalues of Q

of G,

i=jand a; =0 (2.2)

are the Laplacian

eigenvalues and we list them as

A, <A, <...<A,. An eigenvector corresponding to
A, will be denoted by X,, and called a K-th

eigenvector of Q. It is well-known that Q is a
singular M-matrix, and hence its eigenvalues are
nonnegative. Thus, 4, =0, and the corresponding
eigenvector is any nonzero constant vector. If G is
connected, then Q is irreducible, and A, >0 (in the
following we suppose that G is connected,
otherwise 2-sum problem could be solved separately

on each connected component).
Note the following properties of matrix Q that

are used later, but not separately specified there:
1. XTQX = XT QX (as Q is symmetrical);

2. Qu=u"'Q =0 (by the definition of Q).

The idea is to consider the related 2-sum
problem, and then show that a second Laplacian
eigenvector X, solves a continuous relaxation of the

problem. Then it will be proved that the permutation
vector, computed by spectral algorithm, is the
closest vector among the permutation vectors to

eigenvector X, . In [1] the following considerations

have been proposed.
For odd n, let T denote the set of vectors whose
components are permutations of

{~(n-1)/2,...,-1,0,1,...,(n—=1)/2} . For even N,
let T denote vectors that are permutations of
{~n/2,...,—1,+1,...,n/2} . Consider the 2-sum of

a symmetric matrix A, defined with respect to
vectorsin T :

o; :%Z(ti—tj)z —min, teT (2.3)

N #0
Note that any teT satisfies ITU =0 and
| =(n/12)(n*~1) for odd n,
| =(n/12)(n+1)(n+2) for even Nn. Given a

vectorX € R", let us define permutation vector t
induced by X by the rule t; <t; if and only if

and

t't
t't

X; < X;. Hence, to obtain a continuous relaxation of

the discrete problem, consider the set of vectors
x € R" satisfyingX#0,X' U=0 and X' X=1. This
becomes the continuous optimization problem:

. )
—min X —X.)* =
5 mil PRCES
;;#0
n
=min| Y d;x’ =2) XX
xeX T i<i
aij¢0
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=min X' DX — X' BX = min x' Qx

xeX xeX
T
=2/2X2 X2 =2,2|. (24)
Hence, a second Laplacian eigenvector X, solves

the continuous approximation of the 2-sum problem.
Spectral Algorithm (for 2-sum problem):
Step 1. Given a graph G, generate the Laplacian
matrix Q.

Step 2. Compute a second eigenvector X, of Q.
Step 3. Generate a permutation induced by X, .
Consider inducing more generally. Vectors X

and Yy are in an inducing relation, (or equivalently:

X induces Yy, or Y induces X) if Y, <Y; if and
only if X, < X i and at the same time, there are no

additional restrictions on vectors introduced by this
inducing relation. Obviously, inducing relation
introduces reflexive, symmetric and transitive
properties i.e. it is the equivalence relation on a set
of wvectors, none of which have identical
components.

Lemma 2.1. Let there be vector Yy and a set Z

that consists of N! vectors, representing all possible
permutations of any fixed set of components.
Then, vector Ze Z, induced by vector Y, is

closest to Yy among all vectors of set Z . If vector
y induces several vectors from Z , then all of them
will be at the same distance from Y .
Proof. By the definition of EucTidian norm:
ly-2={y'y+zz-2y"z 3

Since vectors from Z differ only in their
component permutation, and vector Yy is fixed,

scalar products yT y and ZTZ are positive
constants, and ;T; does not depend on the choice
of z. Therefore, in order to minimize the distance

Hy— ;H vector Z has to maximize scalar product

yT Z. Let us prove that this is true only if vector Z
is induced by vector Y. By contradiction: take a

vector Z € Z , which is not in inducing relation with

vector Y . Therefore, at least for the two components

Z; and Z; of this vector, it is true that 7, <Z; i.e.

o

N

;j=4+a, a>0 and Y, >Y;. Now, scalar
product y' 2 increases if components Z, and Z; are

swapped, while the other components remain in their

places:
ViZi+Y;Z2; =Yyi(Z;—a)+y; (4 +a)=
=VZ;+Yy;Z+aly; - Y) < ViZ; VY
since 8 >0 and (y; —Y;)<0.
Thus, vector Z does not maximize the scalar

product yT;; and, hence, proof by contradiction is

completed.
One should note that if vector Y induces several

vectors from Z , then all of them (by definition of
inducing relation) have the same value of scalar

product with Yy i.e. will be at the same distance

from it.

The lemma proven is a slightly more general
analogue of the corresponding theorem from [1].

The set of permutations P contains vectors that
can be obtained from each other by all-possible
component permutations. Therefore, according to
the proven lemma, the permutation induced by
vector X, is the closest to it among all permutations.

The heuristic idea of choosing the permutation
closest to the accurate solution naturally has to be
such that, given the close position of the permutation
chosen to the accurate solution, the increase of the
cost function (quadratic form of matrix Q) remains

small enough.

3. ANALYSIS

This section presents the analysis of the 2-sum
problem. It is performed by the author of this paper
in a quite different way than those in papers [2] and
[1] for exploring and justifying spectral algorithm.

Let us consider permutations as vectors in N -
dimension Euclidian space; we will denote the set of
permutations as P . The following identities for any

p € P are elementary:

I+2+...4n= pTg:n(n—H)

2

B 2 (3.1)
124224 .n? = p’ p=NOEDENED
- = 6
Let V be a set of vectors Ve R":
V= n(n+1)
2 (3.2)
Vv = n(n+1)(2n+1)

- 6
It is obvious that PV .
For further analysis of the 2-sum problem in the
relaxed form we will use a set X of admissible

solutions. X is a set of non-zero vectorsX € R",
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satisfying the following conditions:

X x=1
X'u=0
Note that all our further analyses can be similarly

performed by considering the first constraint in a
(leR,I#0). We

(3.3)

generalized form: X X =|

suppose | =1 for the purpose of laconic
formulation.
Consider a mapping of set V onto set X :
X=a(V+pu), a,feR,a#0 (3.4)

By considering conditions (3.2) and (3.3) we can
define constants & and £ :

X'u=a(+pu)u=

; 3.5)
= a(n(n2+ D +n)=0
and since a # 0, we get ﬂ:—nTH.
Similarly we obtain:
X' x=a’(v+pu) (v+pu)=1
12 (3.6)
= a=

n(n* -1)
Note that the mapping (3.4) is an affine

transformation that compresses and shifts vectors in
V.

Now, when expressing V from (3.4), we can

show the mapping inverse to (3.4) is in the following
form:

V= l(z— apu)=a'(x+p'u), (3.7)
(04

2
a,:l: /n(n —1)’
a 12

B =—afi= 3(n+1)

(3.8)

n(n—-1)

Let us denote as X a set of images of the
transformation (3.4), the preimages of which are
permutations from P . Since PV , then X < X .

Let the elements of set X be called representatives
of the corresponding permutations.

Thus, mappings (3.4) and (3.7) define the one-to-
one dependence between sets V and X (and

between their subsets P and X ).

Lemma 3.1. X Qx> R QX
ifand only if V' QV>V'QV ;
and also X QX=X QX

ifandonlyif V' QV=V'QV ,
X=a(+pu);  R=a@l+pu);
X,XeX;V,VeV.
Proof follows from (3.4), (3.7) and the identity:
(a(y+ W) Q(a(y+Bu) =a’y'Qy.

In view of Lemma 3.1 we can analyze the

where

discrete 2-sum problem not on set P, but on set X
and, correspondingly, examine its continuous variant
onset X :

T .
{5 QX — min (3.9)

Xxe X
This problem is similar to (2.3) and, according to
the well-known theorem of Courant-Fischer, the
minimum is reached on vector X, i.e. the second

eigenvector of matrix Q; and maximum on vector
X

2n .
min{x'Qx} =4, ;
Xe
This can also be shown in another way: by using
the Lagrange method for finding the conditional
extremum of a multivariable function.
According to the above choice of permutation

induced by vector X,, on Step 3 of spectral

max{x Qx} =4, (3.10)

algorithm, the later can be presented as two
transfers:

1) Transfer from vector X, to vector X* from
X , which is induced by X, (i.e. is the closest to it
in X
approximate solution of 2-sum problem on set X is
obtained.

according to Lemma 2.1). Thus, an

2) Transfer from vector )_?* to the permutation it

represents, according to (3.7), i.e. approximate
solution of the 2-sum problem on set P is obtained.

The above sets and representations allow us to
derive a simple proof of the following theorem,
which was initially proved in [4] but using another
approach.

Theorem 3.1. The following upper and lower
bounds hold for the 2-sum problem:

A/12)An(n-1(n+1) < 0'22 <
<(1/12)An(n=1)(n+1) '
Proof. Let us prove the lower bound. Since
XcX:
min{%' QX} > min{x' QX
and taking into account (3.10)

min{X' Q%} > 4,.

In view of Lemma 3.1 and Corollary 1 it is true
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that:
. T , v T N~ ,
min{p Qp} = (&)’ min{X Q%} > (')’ 4.
from (3.8)
concludes the proof of the lower bound for & . The

The substitution of value o'

proof of the upper-bound is analogous.
For clearer illustration of the
argumentation let us present a

following
geometric

interpretation of sets X and X . The equation
X x=1 from (3.3) defines an n-dimensional
hypersphere with radius 1 at the point of origin; and
the equation XTQ =0 defines an N -dimensional
hyperplane that intersects the point of origin and is
orthogonal to vector CU,C € R . Thus, set X is an

(n—1)-dimensional hypersphere that is obtained

from the intersection of the N -dimensional
hypersphere with the N -dimensional hyperplane that
intersects its center. Fig.1 is an illustration of the
case N =3. Hereinafter hypersphere will simply be
called a sphere.

A set X represents an (N—1)-dimensional

polyhedron, the vertices of which are located on
sphere X . It is easy to show that the permutations
closest to each other, are those obtained from each
other by simply permuting a pair of their
components that differ by value 1; for example,

(1,2,3,4) (1,3,2,4).

representatives of the permutations closest to each
other are obtained from each other by permuting one
pair of components that differ by value « .

When n=3 the permutations’ representatives
are the vertices of the planar hexagon shown in Fig.2
(this hexagon is, in fact, inscribed in the shaded
circle shown in Fig.1); near the hexagon’s vertices
the corresponding permutations are indicated.

When N =4 all permutations are located on the
N—1=3 dimensional sphere, illustrated in Fig.3.
The pairs of permutations closest to each other are
connected, with the edges forming the polyhedron.
Note that Fig.3 is not a schematic picture, but a 3-
dimensional visualization made using Matlab.

To calculate the 3-dimensional coordinates, all

and Similarly, the

41=24 permutations were first mapped into set X
according to (3.4). Then in plane XTQZO, the
orthonormalized basis was chosen comprising 3
vectors; and in this basis, the permutations are
represented in 3 dimensions (the fourth component
of all permutations is 0).

Note that since the mapping (3.7) is an affine
transform, the above description of the
permutations’  representatives characterizes the
geometry of the permutations themselves.

Now, let us analyze possible increase of cost
function value in problem (3.9) when transferring

from vector X, to its nearest vector )_~(* eX. It

should be noted that the distance between vectors on
sphere X s, in fact, determined by the scalar
product of these vectors because

[x=y|=yx-9" x-y) =\20-x"y),

where xyeX. According to (3.3)

Xe X & —xe X, and considering the nearest
vectors, it is assumed that the scalar product of any
pair of vectors belongs to [0,1] (when transferring
from X to —X, the value of the quadratic form of
matrix Q does not change).

If )_~(* # X, , then vector )_~(* can be considered as
located on the arc of sphere X , which connects X,
and some orthogonal to it vector Z € X, ZT X, =0
(see Fig. 4) :

o+ ax,+(l-a)z
T fax, +(1-ayz

, ae[0,1] (.11

Let us call vector z a spherical orthogonal
continuation of vector X, through vector X*.
From (3.11) by the definition
(%, X)[ax, +(1-a)z|=a
and so
(X ) ((ax, +(1-a)2)" (ax, +(1-a)z)) = &°

Therefore we can obtain the following equations:
2

T ~*\2 a
(KX) =2,
@ =2 a1
- =8

@ +(1-ay)
Now, the cost function value of the problem (3.9)

on vector )_?* can be represented as follows using
(3.12):

X'QX =
2 _a\25T
_a /121'(1 a) zz Qz _ (3.13)
a +(-a)

= (%) A4 +(1-(x%))2'Qz
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Fig. 1 — Geometry of the set X

0.4
03
o2

o1

01

02

Fig. 3. Geometry of permutations, n=4

As ecasily seen from (3.13), it follows that the
quadratic form of matrix Q strictly increases along

the arc connecting X, and Z; and with the fixed
distance from X, to )_~(*, its value is defined by the

value z' Qz.
Thus, the increase of cost function value in
problem (3.9), when transferring from X, to X*,

depends both on the distance from X, to X* (the
bigger the distance, the bigger the function value),

3,1,2) (3,2,1)
(2,1,3) 2,3,1)
(1,2,3) (1,3,2)

Fig. 2 — Geometry of permutation, n=3

. ax, +(-a)y

X —
2 [ax, +(1—a)z]’
ae(0,1)
% .
AN
%
z

Fig. 4. Spherical combination

and on the direction in which such a transfer is
performed (i.e. on cost function value on the
spherical orthogonal continuation of vector
X, through vector )_~(*).

Matrix Q is a normal matrix (because it is
symmetric), so there is an orthogonal system formed
by its eigenvectors. Setting X, :(l/ Jn JU an
system of

orthonormalized eigenvectors

T L .
{X, X550 X}, X X; =0 (i # ]) is obtained, that
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is a basis of the space R" . In this basis, vector X* is
presented as follows:

X =a, X, +a,X; +...+a X, (3.14)
because X*Tg=0,and
KX =al+al+...+al =1
e, (3.15)
(X X) =g (2<i<n)
From (3.14) and (3.15) it follows that
%1Q% =
2 2 2
=L+ A4+ +a A <
healkeosahs o

<@ +(@ +...+a)4, =

=ay 4, +(1-a))4,
Note that we now come to the same result as in
(3.13) if we suppose Z =arg ma}(x{gTQx} =X, -
Xe

Lemma 3.2. The following bound is true:
XXV 4L +(1-(x8))4L <K QX <

<R )AL +(1-06 K )4,

where X* is the nearest vector to X, from X

(i.e. X, induces )_~(* ).

Proof of the upper bound follows from (3.16) or
from (3.13) using (3.10).

The lower bound follows from (3.13) if we

suppose Z =arg rnigl{ﬁT Qx} with the additional
Xe

restriction XT X, =0; in this case zZ=X; (as in
(3.10) it follows from the Courant-Fischer theorem),
and then z' Qz = A U

Thus, the ‘worst’ transfer direction from X, to

X* is an arc connecting X, and X, , although it can
be compensated by the nearness of X* to X,.

Now, from the cost function decomposition in
(3.16) it is clear that even after computing all
eigenvectors/eigenvalues of the Laplacian Q, the

problem of choosing a vector X e X , (even with

guaranteed approximation) that minimizes X QX
remains hard because the cost function depends on

the squares of coefficients of vector X

decomposition in the basis of Q eigenvectors.
Besides that, the computation of all
eigenvectors/eigenvalues of large matrices is almost
impossible in practice. Given this point of view, the
heuristic idea of spectral algorithm consists in

choosing X, which maximizes (ZZ X) = a;

owing to which one can expect a decrease in the
coefficients corresponding to the bigger eigenvalues,

and the value of the cost function will most likely be
not much bigger than X,QX, = 4, .

It is interesting to determine how far vectors
xe X and Xe X, which are in inducing relation,
can be distanced from each other. The following
theorem answers this question.

Theorem 3.2. Let Xe X be induced by vector

Xe X which has N, negative and N, positive

components (N, +N, =N, and zero components are

considered together with either negative or positive
components). Then the following bound is true:

XTXZ &’
IR KUY

and equality is reached on the unique vector that
has all positive components equal to each other and
which stand on the same places as the positive
components of vector X; and where all negative
components are equal to each other and stand on the
same places as the negative components of vector
X.

The theorem has been proved by the author of
this paper but the proof is too long and technical to
present it here in full. The simplified scheme of the
proof is the following:

1. Consider the theorem as the statement

about the wunique solution of the
constrained minimization problem with

the cost function X' X.

2. Prove that the minimum exists.

3. Show that the minimum is unique.

4. Show that only the vector described in the
second part of the theorem could be the
minimum point.

From the geometrical point of view, the vectors
which consist only of equal to each other positive
and equal to each other negative components, pass
through the ‘centers’ of the edges of the polyhedron
of permutations representatives. So when N =4 (see

Fig. 3) the vectors (—/3/4,/1/12,4/1/12,1/12),
(—J1/12,-J1/12,-\[1/12,,[3/4) and
(—M,—M,M,M) pass through the

centers of two hexagons and one quadrangle that

share one vertex which is representative of unit
permutation P = (1,2,3,4).

Evidently, the value of the bound we obtained in
Theorem 3.2 reaches its maximum value when

n,=n,=n/2 (approximately for odd Nn), and its

minimum on the points {n, =1n,=n-1} and
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{n, =n-1,n, =1} . That is why with unknown n,
and N, the following is true

Corollary 1 from Theorem 3.2. Let Xe X be
induced by vector X € X , then

|3
n+l-

Asymptotical behavior of the bound when

vV

X' X

N — oo essentially depends on the ratio of N, and

n,:
n
If n1=n2 :E,
2
then  lim | ™ _ i 3+=\ﬁ
ne\[(n°=1) o>\ 4(n"-1) 4

if n=Ln,=n-1 or n=n-1n,=1 then

. 3nn . n-1
li ——— =lim (2 ) =0
n—o (n _1) n—w (n _1)
ie. in the ‘worst case’ (for example, if

and X are

n,=1,n,=n-1) vectors X'
‘asymptotically orthogonal’.

Applying the Theorem 3.2 to X, and )_?* we

obtain:

correspondingly denote the number of positive and
negative components in vector X, . Substituting this
bound in the inequality of Lemma 3.2 we obtain:

%TOX < 3211n2 A +|1- 3211n2 -
(n"-1) (n"—1)

- 11(3n1n222+(n2—3n1n2—1)/1n) (3.21)

n2

Equality can be reached if in vector X, all the

negative components equal C and all the positive
components equal K. Then all permutations where
numbers 1,2,...,n, stand on the same places as in C

in X,, and numbers N, +1,...,N stand on the same
places as K in X, are closest to X, in P (in all

there are n,!n,! such permutations), and their

representatives are closest to X, in X . In this case

spectral algorithm can choose any of these
permutations and in the ‘worst case’ the chosen
permutation will be located on the arc connecting
X, and X, .

The asymptotical behavior of the bound (3.21)
also depends substantially on the relation between
n, and n,:

n
If nlznzza,

v 3 1
then IimX QX ==4 +—A4_,
QX 4% 27

n—o

if n=Ln,=n-1 or n=n-1Ln,=1,
limX QX =4,.
nN—oo

Nevertheless, the above bounds are usually not
reached on the graphs of big sparse matrices from
real-world applications (as described in Section 4)
because the above described ‘pathological’
situations are not realized. To the contrary, the value

then

of the quadratic form X*TQX* usually is not much
bigger than A, while A 1is several orders bigger

than A, .

Nevertheless, strictly speaking, with a fixed n
we have only a finite number of usual Laplacians,
but there are infinitely many weighted ones, whose
components can differ greatly. The above analysis
can be applied to any Laplacian, including a
weighted Laplacian. The obtained bounds still hold
without additional restrictions being imposed on a
graph, e.g. the degrees of its vertices need not be
bounded.

4. COMPUTATIONAL RESULTS

This section lists the results obtained for
examining and illustrating the performance of
spectral algorithm on Laplacians of real-world large
sparse matrices. The matrices used were taken from
the Harwell-Boeing and NASA collections that are
in Tim Davis’ University of Florida Sparse Matrix
Collection [9]. These matrices are often used for
testing and comparing reordering algorithms for
sparse matrices. All computations have been
performed in Matlab 7 (Release 14, Service Pack 2);

vectors X, and X, were computed using e€igs

function (as defined in Section 2, X, and X, are

eigenvectors of the graph’s Laplacian corresponding
to the 2nd and the largest eigenvalues).

Table 1 presents the following data:

N is a matrix (graph) dimension;

|E| is the number of edges of a graph (2|E|+ n

is the number of the non-zero matrix elements);
Deg. min / max are minimum and maximum
degrees of graph vertices;

pos./neg. values in X, are numbers of positive
and negative components in X, ;
F(x,), F()_?*), F(z), F(Xx,) are values of the

Laplacian quadratic forms on the corresponding
vectors; vector Z is the spherical orthogonal
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continuation of vector X, through vector X* (these
vectors were defined and discussed in Section 3);

5; X* is the scalar product of vectors X, and )_N(*

that shows the nearness of X* to X, .

Table 1. Experimentation with the real-world large sparse matrices (graphs)

v 0| 1| 5% | P oo [re [Fa [Foo [xx
max in X,
CAN1054 | 1,054 5571 | 5/34 558 / 496 5.93e-2 | 6.65e-2| 8.56e-1| 3.57e+l 0.995
CAN1072 | 1,072 5,686 | 5/34 480/ 592 7.96e-2 | 878e-2| 6.1e-1| 357e+l| 0.992
BCSSTK15 | 1,505 5406 | 3/34 90/1,415 4.24e-2 | 1.13e+0| 1.35e+0 | 3.54e+1 0.418
NASA1824 | 1,824 18,692 | 5/41 913/ 911 2.71e-1| 3.58e-1| 521e+0 | 4.42e+l 0.991
NASA2146 | 2,146 35,052 | 13/35 | 1,066/1,080 | 1.35e-1| 1.6le-1| 1.88e+0| 4.77e+1| 0.992
NASA2910 | 2,910 85,693 | 15/174 | 1,634/1,276 1.10e+0 | 1.74e+0 | 1.62e+l | 1.76e+2 0.978
NASA4704 | 4,704 50,026 | 5/41 | 2438/2266 | 8.26e-2| 9.33e-2| 2.36e+0| 4.43e+1| 0.998
BARTH4 | 6,019 17,473 | 3/12 3,453/ 2,566 1.77e-3| 291e-3| 213e-2| 1.34e+l 0.970
BARTH | 6,691 19,748 | 3/12 3,354 /3,337 2.60e-3| 2.68e-3| 1.47e-1| 1.34e+l 1.000
SHUTTLE_EDDY | 10,429 46,585 | 3/26 5,389 /5,040 6.23e-4 | 2.28e-3| 4.86e-2 | 2.74e+l 0.983
BARTHS5 | 15,606 45878 | 3/10 6,816 /8,790 7.70e-4 | 9.67e-4| 5.55e-3| 117e+l 0.979
BCSSTK30 | 28,924 | 1,007,284 | 3/218 | 15,428 /13,496 | 1.95e-2 | 2.84e-2| 5.68e-1| 2.22e+2 0.992
BCSSTK32 | 44,609 985,046 | 1/215 | 7,079/37,530 | 6.00e-3 | 286e-2| 5.15e-2| 2.17e+2 0.71

As we can see from Table 1, in most cases the
closest representative to X, is very closely located

(product XZT)_N(* is close to 1); and the value of
F(X*) is not much bigger than F(X,), at least
F(X*) is of the same order as F(X,). At the end of

an arc (on vector Z) the value F(Z) is at least one
order bigger than the value F(X') i.e. for F ()_?*) to
be close to F(X,) the nearness of )_~(* to X, is
F(X,) isin

most cases at least one order bigger than F(2),

important. At the same time, the value

which indicates the relatively ‘good’ direction of
shifting along the arc (compare in the ‘worst’ case

F(z)=F(Xx,) ie. the arc connects X, and X,).

The example of a very ‘good’ direction is BARTHS
(F(z)=5.55¢-3; F(X,)=1.17e+1). It is interesting
to note that matrices, where the above situation
pertains, have a different size, structure and degree
of sparseness. Some of them also have a very
dispersed degrees of vertices in the associated graph
(for example, in NASA2910 the minimum degree is
15, and maximum 174; with the relatively small
dimension N =2,910). Additionally, the close (in

some cases almost equal) number of positive and
negative components in vector X, is common for
these matrices.

A different situation pertains in BCSSTK32, and

especially in BCSSTK15. In these X* is located

fairly far from X, . Because of this the value F(X)
is much bigger than F(X,) and has the same order

as F(2). These two matrices are characterized by a
large number of components of one sign and a small
number of another sign in X, ; for BCSSTKI15 the

ratio is 90 : 1,415.
From the geometrical point of view when the

numbers of positive and negative components in X,

are close, it is located on the sphere X ‘above’
‘small’ edge of the polyhedron of permutations (see
Fig. 3); and that’s why we can expect the closest

representative of permutation X* to be located very
closely (5;):(* is close to 1). Otherwise, X, is
located ‘above’ ‘big’ edge and, correspondent vector
X* can be located fairly far away ( &T X are

substantially smaller than 1). In the worst case, X,

could be located ‘above’ the center of the ‘biggest’
possible edge, and the bound from Corollary 1 of
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Theorem 3.2 could be reached.

5. CONCLUSIONS

Spectral algorithm provides a good balance
between the computational cost and the accuracy of
the approximate solution obtained for NP-complete
2-sum problem. The analysis conducted shows that
there are ‘pathological’ cases for spectral algorithm,
and that these are due to the geometrical properties
of permutations considered as vectors in Euclidian
space. These conclusions are illustrated by the
computational results obtained using Laplacians of
graphs of big sparse matrices. It should be noted that
spectral algorithm can even be used as an effective
approximation algorithm for small dimensions
graphs; for small graphs it is possible to compute all
eigenvalues and eigenvectors, but this additional
information would not fundamentally simplify the
solution of a 2-sum problem in all cases.

The proposed ‘geometrical’ approach enables the
simple proof of the upper and lower bounds of the 2-
sum problem. Potentially it could turn out to be
helpful for analysis or design of algorithms for other
similar problems like p-sum, graph partitioning, etc.

To the author’s knowledge, it is the first time
strict (non-trivial) upper bounds are derived for the
cost function of a 2-sum problem on an approximate
solution provided by spectral algorithm. As the
computational experiment shows, these bounds are
usually not reached on the graphs of real-world large
sparse matrices because the ‘pathological’ cases are
not realized or are realized only partially.
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Summary: some typical problems in the numerical analysis of certain types of boundary value problems of the
potential theory in substantially spatial formulation are considered. On the basis of the integral equation method (IE)
an approximate scheme of solving one model example is built and investigated. It is also considered that the doubly
connected open surface where boundary conditions are set obtains the Abelian group of symmetry of the eighth order.
This article shows how using the apparatus of the group theory it is possible to solve an initial problem by the help of
the sequence of the eight independent IEs, where the integration is realized only on one of the congruent constituents of
the surface. It creates the conditions for two parallel processes of problem solution in general. The collocation method
Jfor obtaining approximate values of needed “density of charge distribution” in the particular two-dimensional integral
equations is used. To take into account the singular way of solving the problem in the circuit of the open surface the a
posteriori method of error evaluation is created and the procedure of integrating clarification of solving the task in the
mesh node is implemented. To prove the reliability and estimation of the technique efficiency the number of numerical
experiments is carried out including the use of so called “plane” approximation of the examined spatial problem.

Keywords: the potential theory, integral equations, the collocation method, the Abelian group of symmetry, matrix of
Fourier transformation, the a posteriori error evaluation, integrating clarification of solving.

INTRODUCTION task of calculation of the electrostatic field of

. llel cond hich is sh the Pic. 1.
In the process of solving boundary value pataliel condenser wiici 1s shown on te i

problems of the potential theory in electron optics

the problem occurs when measuring the electrostatic z 4

field which is formed by the combination of a great ,
number of the charged electrodes of complicated 54 / 5 ,
configuration. Thus, traditional application of IE S; Si /
method becomes substantially complicated as it is -a
related to unknown quantities estimation mainly on b 0 b

the group theory apparatus turns out to be more !

effective for the types of boundary tasks which / / Sy Se

the boundary surfaces. Therefore, the application of i

P S S,
N
~<

obtain the Abelian group of symmetry of the finite e 3
order. However, taking into account this peculiarity = -
in solving particular problems requires an individual
approach.  Although there are considerable
advantages which allow to find approximate

Pic. 1 — Position of parallel condenser disks

solutions with high accuracy. It is easy to see that in the mathematical
modeling the information on the geometry of the
1. PROBLEM STATING charged electrodes is shown as some aggregate S of

two parallel rectangular disks. These will be

Without loss of generality, we will consider the ) ; : JEee - ]
considered as infinitely thin disks, with two-sides
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and limited piecewise smooth circuits of the finite
length. From the mathematical point of view it is

necessary to find a function u(P)e H'(Q;,A),
which satisfies the following conditions

Au=0 B Q; =R’\S; (1)
Sfu=g, on S; ()
‘gm u(P)=0, PeQ, 3)

where 8*:H'(Q,)— H'"?(S) — the operators of
track [1], g, € H"?(S) — set functions, where

g, — known value of the searching function on §
from a positive and negative side accordingly, and
H'(Q,A) = {u‘ weH'(Q)), Auel, (@) |

During the electrostatic interpretation (1)-(3)

g.(P)=g (P)=f(P)(PeS)~ the boundary
potential value, which on each of two electrodes
takes a permanent value. It is necessary to notice
that these values in general do not possess symmetry
or anti symmetry.

It is known [2] that the problem (1)-(3) is
equivalent to such IE as

A, =A, =[0, a]x[0, b],
A, =A, =[-a, 0]x[0, b],
A; =A, =[0,a]x[-b, 0],

3

A, =Ag =[~-a, 0]x[-b, 0];
1
K(x,y3%0, 75 ) = ;
T Je=x ) -0 )
1

Kh(x,y;xo,yo):: - - ;
Ja—x, ) + -y, ) +40°
2h — the distance between disks.
Further, we will take into account that the surface
S obtains the Abelian group of symmetry of the

eighth order {ti}il, which, in its turn, is a direct
product of Abelian sub-groups {e, Z'x}, {e, 7, },
{e, TZ}, where e — identical transformation, and

T., T,, T, — mirror reflection from three pairwise

x? yo
orthogonal planes {y }, {x }, {x }, accordingly.
So that the elements of the group are the following

linear transformations: t,:=e, 7,=7,, T;=T,,

IIK(P,M)P(M)dSM = f(P), PeS,@4) T,=T,°T,, T;:=T,, Tg:=T,°T,, T,:=T,0T,

s
where K(P,M):=1/dist(P,M) — a fundamental
solution to Laplace’s equation in R”, and p(M ) is
the needed “density of charge distribution” on S'.

2. ACCOUNTING PRESENT SYMMETRY

The surface S can be viewed as an aggregate of
eight congruent constituents S, (i =1,8) (see

Pic. 1). We will give (4) in accordance with a such
partitioning of S as an IE system

i”pi(x,y)K(x,y;xo,yo )dxdy+

i=1 A;

8
+ijpi(x’y)Kh(xiy;xoayo)d.Xdy =
i=5 A,

:fk(xo’J’o)’ (xoayo)e S k=1,4;

4
Z”pi(x’J’)Kh (x,y;xo,yo)dxdy+

i=1 A;

8
+ 2 {[1pi (e )K G, 560, 3 )y =
i=5 A,

®)

:fk(xoayo)’ (xo,yo)eSk, k:5,_8

Here {pi(x, y), (x, y)eAl., i:l,_8} is a
generalized “density of charge distribution” on .S ;

Tg=T,°T,0T,. As unknown functions pl.(x,y)

depend only on two independent arguments, it is
obvious that

For further system transformation (5) in
accordance with the general ideas from works [3, 4],
it is reasonable to use such denotations:

— 1 ,
Jex, o G-n )
b= ! )
Jatx, ) +(-2,)

— 1 ,
Cex )
d= ! ,

Gt ) + (v,
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1
e = ,
Jor=x, ) + (v =y, ) + 442
1
f= 2 2 ’
VetV + (v =y, ) +402
1

g:= ,
J=x )+ (r+y, ) +4n°
1

\/(x+x0)2 +(y+y, ) +4h°
Then, in the IE system (5) we will go to the new

basis:
o (x.y) = p{ (ﬂ =15
Y

Fisn)= f[ [j} (-is

0

(o2¢]

On the basis of the implemented “change of
variable”, which is also used in the kernels of IE, the
system (5) can be shown as

i d 0>Yo
ﬂ;ap (xc, y)dxdy = £/(xg, 2, ), ©

(x5, € (0, a)x (0, ), i=18,
where
a b ¢ d e f g h
b a d ¢ f e h g
c d a b g h e f
P A |
" e f g h a b ¢ d
f e h g b a d c
g h e f ¢ d a b
h g f e d ¢ b a

Thus, on this stage we have received the system of
eight IEs where integration is performed only on one

component surface — S

In its turn, as sub-groups {e, ‘Cx}, {e, T y},
{e, TZ} are cyclic groups, thus, the table of their
characters looks the same [5]:

| e T
x! 1 1
o 1 -1,

where 7:=7 v 7, v 7, . Thus, we can calculate the

group characters of the eighth order {1: ; }il, taking

direct product of matrices of characters (Fourier’s
matrices) of sub-groups {e, rx}, {e, T y}, {e, rz}.

As a result we will have

11 1 1 1 1 1 1
-1 -1 1 1 -1 -1 1

1 -1 1 -1 1 -1 -1

-1 1 1 -1 -1 1 -1

= (Fu)j -

e e e
—_
[
|
[
—_
|
—_
|
—_
|
—_

-1 1 -1 -1 1 -1 1
After using forward and backward transformation of
Fourier, the matrix A’ can be reduced to the
diagonal representation [4], and the system (6) can
be “split” on eight independent IEs

,”AJF_)J(X’)’)dXdy = ?j(xO’yO)a

(XOaJ’o)E (0, a)x(O, b), j=

L8,

where
_ 8

p,(,y)=> F, -pi(x,»).(xy)eA,

i=1
xo,yo Z

elements of the diagonal matrix F - 4"- F
are calculated after the formulas:

A =a+b+c+d+e+f+g+h,
A, =a-b-c+d+e—f—-g+h,
A, =a+b-c+d-e+f—-g—h,
A, =a-b+c+d—-e—f+g—h,
A, =a+b+c—-d+e—-f—-g—h,
Ag=a-b—-c—-d+e+f+g—h,
A, =a+b-c—d-e—-f+g+h,
A, =a-b+c—-d—-e+f—-g+h.
After solving approximately eight independent

IEs (7) by the collocation method, and then the
system (8), we will obtain the value of the

the

- f(x4,,), and 4, -

', which

functions p!(x, y) i =1, 8, by the help of which it is
possible to calculate the potential in any point of the

space \x, ), Z) using the following formula:

u(;’;,—) ” Pf(x y) _ +
(xl _x) +(y1 )2 +(Z_h)2
. p5 (x.) .\

VO +07 + (0 =) + (2 —h)?
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N pi(x.y) .
VG =)+ (0 + ) + (= h)?

N Pl (x.») .
VG 4202+ (0 + ) + (2= h)?

N pi(x.y) s
VO =)+ (V=) + 4+ h)?

N Py (x.) .
VG + 0 + (0 = 9)? + (4 D)

N P} (x,y) )
VG =0 + () + ) + (2 + h)?

. pi(x.y) dxdy.

VL +3) + () + (2 +h)?

x; af*) . T
where | | |=7; ,i=1,8.
Vi y

The use of the approach offered above allows to
test an initial task for the arbitrary boundary values
of the potential. In the Pic. 2 — 3 the distributing of
lines of even potential is presented in the plane
x =0 at different relations of the length (a) and
width (b) of the plate, with the use of piecewise
permanent approximation of IE density with the

proper boundary values of the potential: f, =1;
f, =—100. A number of collocation points at the

separation of constituent S, equals 100.

1.00 1 L 1 | 1

0.50+ L

0.004

-0.50

-1.00 T
-2.00 -150 -1 -0. . . | . 2.00

Pic. 2 — Distributing of level lines in the plane
x=0at a/b=1

According to [6], for showing of the qualitative
picture of the field in the plane, which forms as a
result of central cross-section of the investigated
system of the charged electrodes it is appropriate to
use some “plane” approximation when solving a
spatial problem. The Pic. 4 shows the distribution of
lines of even potential when solving the proper

“plane” task, and the Table 1 shows the value of the
potential in some checkpoints when solving a spatial
problem and proper “plane” approximation.

1.00 1 1 1 1 1

0.504

0.004

-0.50H

-1.00 T
-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 150 2.00

Pic. 3 — Distributing of level lines in the plane
x=0 at a/b=16

1.00 1 1 1 1 1

0.50 ﬂffp L
\M

0.00] fso.ooﬁ

-0.50+

-1.00 T T T T
-2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 150 2.00

Pic. 4 — Distributing of level lines of “plane” task

Table 1. Potential of the electrostatic field
in the points of plane x =0

(y ’ Z) u (a/b=16) apprgfi?rfation
(-1.00, -0.75)|  -79.3731 -79.3729
(-1.00, -0.25)|  -66.4593 -66.4594
(-1.00, 0.00) -46.3909 -46.3910
(-1.00, 0.25) -27.0001 -27.0004
(-1.00, 0.75) -10.4086 -10.4082
(-0.75,-0.50)|  -99.9925 -99.9930
(1.00, 0.75) -10.4086 -10.4082
(2.00, -1.00) -48.9304 -48.9307

It is necessary to notice that solving a spatial
problem with the arbitrary boundary wvalues of
potentials on electrodes we should calculate a
special additive constant C which appears in the
integral presentation of the field [6]. In our case

C=-495.
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3. A POSTERIORI METHOD
OF ERROR EVALUATION

Without diminishing general attitude, we will
consider one of the eight independent IEs (7):

(KEIXXOB yo)E ”A1f;1(x’y)dXdy =
A )
Z?I(xo’yo)’ (xoayo)e (O’ a)x(O, b)

An approximate solution to this equation is found
by the collocation method with the use of piecewise
permanent basic functions. Element division is
conducted according to A, = [0, a]x [0, b]. By
“Extremal” is considered an element
Dy .y, = [a—h_, a]x lb - hy,bJ, which  corres-

ponds the angular point of constituent

X

S, (see. Pic. 5). Here h_ zi, h :i, where
- N N

X X

N,, N, — the number of points of segment division

[0, a], [0, b], accordingly. It is necessary to notice
that without accounting the present symmetry in
geometry of the open surfaces we should have taken
into account the peculiarities of solving in the circuit
of eight angular points of surface S, which
substantially  complicates all  algorithm  of
calculations.

It is known [7] that the “density of charge

distribution” pl(x, y) in the circuit of the “angular
point” Q:=(a,b) and reaching the circuit has a
feature which is expressed by the formula
1
Qlx, y)= [(a-x)-(6- )]
(a=x) +(b-p)

where y = 1,7034 . To remove this peculiarity it is

necessary to introduce a special change of variables
in the proper double integrals. However, it
considerably  complicates the algorithm of
approximate solving of the integral equation and
does not enable to use a simple and effective
numeral and analytical scheme [8]. Therefore, we
will take into account this peculiarity by net
condensing in the circuit of the point O to achieve
the accuracy of calculations and we will use general
ideas mentioned in the works [9, 10].

Let us suppose that in the result of solving the
systems of linear algebraic equations, which
approximates the proper operator equation, we get
an approximate solution plg(P), the analysis of

which in any case requires the investigation of

properties of its error €, =p; —p,,.
Let us put some limits and create approximation
e, to the real error €, . The verification of

satisfying boundary condition consists in calculating
the potential in some checkpoint £, which lies in

the circuit of the angular point of the constituent S,
and corresponds to the “extremal” element D, .
Then we will give the error function e, as
e, =4,-B, (x, y) and we will find an unknown

parameter A, by collocation (9) exactly in the point

h h
P={a-x p--2!:
4 4

_7.()-kp,)R)

. .
& B, )(P,)

It should be noticed that such simple formula for

(10)

parameter A, calculating is connected with

finiteness of the bilinear bubble-function B, (x, y):

supp B (x,)= Dy, =

h
:{a—ﬂj a}{b——y,b}.
2 2

g Bubble-Function

DNXNY | Vi
Q
N
P

Pic. 5 — Schematic presentation of the
“extremal” element

Calculating the denominator in the formula (10)
it is convenient to take an element D;/fNV to the
local coordinate system (OL, B) so that |oc| <1,
|B| <1. It enables the presentation of (K B, )(Pl) as

a sum of four integrals I,, I,, I, I,:

X

Yy
I, = J. .[Al -B,lal (x, y)dxdy,

xi*& J’j*Zz
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X+,

L= jAl -Bf,l (x, y)dXdy,
X y-h,
x+A; Yi+A,
I, = A, - B} (x, y)dxdy,
X; yj
X, J’F/*Zz
I, = J‘Al By (x, y)dxdy,
X; Zl Vj
~ h ~ h
where A, :TX’ A, =—=, in each of them to

perform some change of variables. So, for example,
for I, we will have

208, &,
x(o, B) = 2 + e
_Zz Zz
:=— — B, -1 <l.
o, B) St B -1<ap

Thus, the proper constituents of the bubble-function
in the local coordinates are as following

B'(a, p)= (1+a)(1+ﬂ)
B(a, )= (1 afl+p),
B3(a,ﬂ)=—(1—a)(1—ﬁ),
B'(a, B)= (1+a)(1 B).

We use the above mentioned values for a
posteriori error evaluation on the “extremal” element
to find the approximate solution (9) with the
beforehand accuracy. As a criterion of stopping the
clarification process of the approximate solution

yolp (P) there is some indicator

e, (x.¥)

= = 100%. (11)

2

\/H e, (wy)], +|pu(xy)],

If the indicator (11) does not exceed set possible

level, then we stop the clarification p,,, otherwise

we carry out the net condensing. In our case, on the
first step of net condensing we will get four new

elements (Déwy ), (i = 1,_4)

The Table 2 shows the value of the potential in
some checkpoints which are situated in the circuit of
the “extremal” element before (o) and after (u;)
using a posteriori error appraiser at a possible level
of 10 %.

Table 2. Potential at some checkpoints in the case of
piecewise-bilinear bubble function

N y 0,9375 | 0,8750 | 0,8125
7 z 0,9375 | 0,9375 | 0,9375
U 0,8963 | 0,9454 | 0,9697
4 u 1,0358 | 1,0189 | 1,0105
I 0,1395 | 0,0735 | 0,0408
3 0,2116 | 0,1132 | 0,0631
U 0,9321 | 0,9792 -
5 u 1,0234 | 1,0072 -
¢l 0,0913 | 0,0280 -
3 0,1365 | 0,0421 -
U 0,9600 - -
6 u 1,0138 - -
¢l 0,0538 - -
3 0,0794 - —

4. ITERATION REFINEMENT
OF SOLUTIONS

Using the method of a posteriori evaluation of
error partly offered above, we will consider the
iteration process of clarification of the approximate
solutions to the problem (9). On the basis of
preliminary received densities using the collocation

method ;Ai(x, y) ]:1,_8 3 (7) in the points
(xl., Y, ),where

we find the value ,; j(x, y) in the mesh nodes
(%.,9,), where X, =(k—1)-h, k=1, N, +1,
v, = (l —l)- h,,l= m, as follows:

1) in the extreme points of the net, for example, in

the point (fl’ ;Nvﬂ) p/(xl’ In, +1) pj(xl’ In, )
2) for the points (xk, Vv, +1) k=1, N_,
( Xiv1s VN, )]

p](xk9 YN, +1) : [p](xl, Iw, )
where izl, N, —-1;

3) in the points (%, 7).
we perform
e~ 11— _
pj(xk’yl)::Z[pj(xi’yp)+p_j(xi+l’yp)+
+5j(xi9 yp+1)+5j(xi+l’ yp+l)’
where i=1, N -1, p=1, Ny—l.

Then, we calculate the potential in the mesh
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nodes (X,, 7, ). On the basis of the bubble-function,

by analogy with (10), we receive 1 ;- On the basis of
the discovered values of density in the mesh nodes
we re-count p j(x, y) in the points (xl., y p) after

the rules described above 1)-3). Then the procedure
of iteration clarification can repeat. The criterion of
stopping of such calculations can be, for example,
fixing of a number of iterations or under the

€, (x, y)

The Table 3 shows the potential value in some
checkpoints before and after the use of iteration
refinement of solutions.

<eps.
LZ

condition of

Table 3. Potential u at some checkpoints after the use
of iteration refinement of solution (eps = 0,01)

B Iteration

J 1 2 3 4
0,95 10,951 0,9029 | 0,8150 | 0,9357 | 0,9851
0,800,951 0,9650 | 0,8851 | 1,0318 —
0,60 [ 0,95 0,9545 | 0,8892 | 1,0689 -
0,40 10,951 0,9569 | 0,8868 | 1,0786 -
0,20 10,951 0,9579 | 0,8876 | 1,0851 -
0,80 (0,80 | 1,0338 - - -
0,60 | 0,60 | 1,0000 - - —

5. CONCLUSIONS

Taking an example of the numerical solving one
spatial problem the problems at calculating of the
electrostatic field are investigated. Approximate
solutions are received on the basis of the IE method
taking into account the present symmetry in
geometry of separate elements of the surface. It
allowed to carry on solving the eight independent

IEs, where integration is conducted for 1/8 of the

whole surface. It, in its turn, enables to decrease
random-access memory of the computer when
forming the system of linear algebraic equations,
which approximates the proper integral equation in
64 times and to avoid numerical instability which
can arise at slight increase of the solved systems.
This approach also enables instead of eight special
points of the surface where it is necessary to take
into account the singular way of the solution to
control only one. In the circuit of this “extremal”
element a feature is taken into account on the basis
of the created a posteriori method of error
evaluation. For clarification of the solutions in the
mesh nodes the iteration process is introduced. All
the advantages of this method were confirmed by
numerical experiments.
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1. BCTYN

Ha croroami cucremam Oe€3IeKH i 3aXHCTy BiX
HECaHKLIOHOBAHOTO JOCTYIY MPUAUISETHCS 3HAYHA
yBara [1]. KpiM cTpiMKOro poCTy KiTBKOCTI TakKmx
CHUCTEM, I1X (QYHKIIIOHAIbHI MOMIJIHBOCTI CYTTEBO
po3MUpIOIOTECA [2], mo 3abe3nedye KOMITIEKCHUN
3aXHMCT BiJl yCiX BHIIB 3arpo3 Ha BCIX MOKIHUBHX
nuIsixax iX BUHUKHEHHA. OYeBHIHO, 11O MPU LBOMY
CHCTEMH Oe3I1eKH MOXKYTh 3HAYHO yCKJIATHIOBATHCH Ta
3pocTatd B MiHI, TOMY CTBOPIOIOTBCSI CHCTEMH IX
ABTOMAaTU30BAaHOI'0 MPOEKTYBaHHA |3, 4] 3 HOAAIBIINM

BHSIBJIEHHSM  ONTHUMAJbHMX II0 I[iHI, SKOCTI 1
HaJIiHAHOCTI.
OnHiero 3 OCHOBHUX YMOB MacoOBOT'O

BUKOPUCTAaHHS CHCTEM O€3IeKd 1 3aXHCTy Bif
HECAHKI[IOHOBAaHOTO JIOCTYIly € iX MakcHMaJbHa
yHidikamis 1 crangapruszanis. OcHoBHa 00poOka
CUTHANy, IIOAO BHSBJCHHS 3arpo3d, 3a3BHUYAil
TIPOBOJIUTHCS B CIIOBIIIyBadi (CeHCOpHOMY BY3ii) [5].
Takwuii crioBilyBay € TOCUTh CKJIaJHUM IPUCTPOEM, B
CTPYKTYypi  SIKOTO  MOXHa  BHIOUIMTH  YOTHUPH
(dhyHKIiOHATRHI BY3IH [5, 6]: (1) omuH abo JeKiTbKa
YyTIMBUX EJIEMEHTIB (CEHCOpIB), SKi CIPHIMAIOTh
iHopmMalio mpo 3arpo3y 1 MEpeTBOPIOIOTH 1i B
SNEKTPUYHMI CUTHaI (SIK NPaBHJIO, 3a HA3BOKO IMX
YYTJIMBHX  CJIEMCHTIB  HA3WBAaIOTh  CIIOBIIyBauy);
(ii) cxemy aHaJIoroBoi 00poOKH BHUX1THOTO
CNIEKTPUYHOTO CHUTHANYy YYyTJIMBOTO €JIEMEHTa, SKa
BHUKOHYE (DYHKITIT TiICHIICHHS, (DUTETPYBAHHS, CEIEKITIT
Ta Mpolecop, IO NpUAMaEe pilleHHs O BUSBICHHIO
HasBHOCTI 3arposwy; (iii) yHi(iKoBaHy BUXIIHY cXeMy
CHoBiMMyBava, 1Mo (opMye BHUXiAHI  CHTHAIH
CIIOBIlllyBaya Ta MpENCTaBIsiE COOOK HOPMAIIBHO
3aMKHYTI a00 PO3IMKHYTI KOHTAaKTH, SIKi 3MiHIOIOTbH
CTaH TIpU BUSABJEHI 3arpo3u; (iv) cXeMy 3axHCTy Bif

HECAHKI[IOHOBAHOTO  JIOCTYIy B
TTOPYIICHHS HOTO (DYHKITIOHYBaHHS.

CrioBinyBayi 3  JIOIOMOTOKO  JIHINA  3B’S3KY
MiIKIIOYAIOTECS 10 NPUHAMaTbHO-KOHTPOJIBHOTO
npwianxy  (umeHtpami). KokHoMmy — crioBimnnyBauy
i’ €JHYIOTh CTUTBKM JBOIIPOBITHUX JIIHINA 3B’S3KY,
CKUTBKM YyTJIMBUX €JEMEHTIB BiH Mae€, a TaKoX

CTOBilIyBad i

JIOJJATKOBY JIBOTIPOBIIHY JIHIIO SKUBJICHHA.
Hampukian, macuBHI iH(ppadepBOHI CIIOBINIyBadi
tuy  SRPG-2N  ¢ipmu  CROW  [7] wmaioTh

iHppauepBOHNI YYTIMBUHA €JIEeMEHT, MiKpO(QOHHUIt
YYTIIMBUM €JeMEHT, a TaKoX MIKpoIlepeMuKayd
3aXMCTy BiJ BIIKPHTTS KOPIyCy CHOBINIyBa4a i
BUMAraroTh ISt M1 IKITFOYEHHS YOTHPHOX
NBOTIPOBIAHMX JiHIA 3B’s3Ky (3 BpaxyBaHHAM
JTOTaTKOBOI JOTIPOBITHOT JIiHI1 )KUBJICHHS).

JAnst OCTiHHOTO KOHTPOMIO CTaHy JIiHIN 3B’S3KY 1
3aXUCTY iX BiJl MOIIKOKEHHS MOPYLIIHUKOM O€3MeKH
BXiIHI KacKamyl MPUAMAIEHO-KOHTPOJILHOTO TIPHITATY
HaJlallTOBaHI Ha  (DIKCOBaHE 3HAYCHHS  OMOPY
30BHIIIHKOI JiHii. [lepeBakHa OLIBLIICTH BUPOOHHMKIB
BUITYCKa€ MIPUAMAaTBHO-KOHTPOJIBHI MIpUIAIN
HAJIAIITOBAHI Ha 3HAYEeHHS 0o110py 2 KOM.

3po3yMisio, 10 PO3MIISHYTI KOMIUIEKCHI CUCTEMHU
0e3rmekn MaroTh MaTH 3HAYHY KUTBKICTh KaHAIB JUIS
muadepeHItiamii  3arpo3 Ha OKPEeMHX HampsMax 1
nipstHKax. TpaauiidHo cuctemMu Oe3reKku OyAayroThCs
o TomoJyorii “3ipka”, B SKHX CyMapHa IOBXHHA
JHIA 3B’A3Ky BIANOBIZAa€ CyMi BiJcTaHEH 10 BCiX
crosinryBauis[ 1, 2]. Tomy 3aTpatu Ha Kabenb 3B’SI3Ky
CTaHOBJIATh 3HAYHMHI BIACOTOK IIHU CHCTEMH
Oesmekn. OcoONIMBO 1I€ TPOSBISIETBCS B CHUCTEMax
Oe3nekn TepuMeTpy abo TepUTOpiii 3  BEIHKOIO
KIUIBKICTIO TIpUMIlIeHb. [yl 3MEHIIeHHsT KUTBKOCTI
JMiHIA 3B’A3KYy MOXIIMBE TIOCHIZOBHE BKJIFIOUCHHS
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BUXIJJHMX CXEM CIIOBIIIyBa4iB MOCTIMOBHO. Tomi
CHpAIfOBAaHHS YYTJIMBOTO €JIEMEHTa JIOBUILHOTO
CTOBiNyBa4ya TMpuBeAe A0 iAeHTH]iKamii 3arpo3u
MIPUAMAaTbHO-KOHTPOIGHUM  TnpumamoM.  OpHaxk,
PO3Mi3HATH KOHKPETHHH HAmpsM 1 BUJ 3arpo3u He
BIIA€TBCSI — CHCTEMa CTa€ JIEMIeBIIO 1 MeEHII
iHHOPMATHUBHOIO, 1 TOMY BHHHKAE MPOTHPIUIS MiX
3aTparaMH Ha JIiHII 3B’sA3Ky 1 iH(opMauiitHoo
3JIATHICTIO CUCTEMHU.

BupimeHHsT 11bOr0  MPOTHPIUYST MOXKIUBE 32
PaxyHOK MEpPEXKEBHUX TEXHOJIOIH 3 BUKOPUCTAHHIM
MPOBIIHOTO KaHalny 3B’s3Ky. HasBHICTH Ha pPHHKY
BEJIHKOT HOMEHKJIATYPH Pi3HOMaHITHHX
MIKpOKOHTPOJIEpIB  J03BOJISIE  OOJamHATH  HUAMH
CTIOBIIyBa4 1 CTBOPIOBATH CUCTEMH O€3IMEKH, SKi
0a3yroThcst Ha TOmMONOTIi “‘criinbHa mmHA”. Tomi
CyMapHa ITOBKWHA JIiHIHA 3B’sA3Ky OyIe BH3HAUATHCS
BIJICTAHHIO MK HaMOLIbLI BiAHAJIEHUMHU MK COOOIO
CTIOBIIyBa4aMH Ta CyMOK) JIOBXHH BiTaly>KeHb O

BIIIMOBITHUX CTIOBIIIyBaviB. Hassuicts
TaJIbBaHIYHOTO 3B’SIBKY MIX pUAMaITEHO-
KOHTPOJIbHUM TPHJIAJIOM 1 CHOBIIyBa4eM J[03BOJISIE
OpraHi3yBaTH  JKHBICHHS  CIOBIllyBaya  dYepes

TIPOBITHUKH MEPEKi.

TakumM YWHOM, METOI0 CTaTTi € po3podka
ApXITEKTYpH JTUCTPUOYTHBHOI CEHCOPHOI Mepexi
(JICM) Ha OCHOBi CHOBIlI[yBa4YiB CHCTEM Oe€3IeKH,
sIKa OITMCAaHa HUKYE.

2. APXITEKTYPA P93POEJ'IEHO:I:
ANCTPUBYTUBHOI CEHCOPHOI
MEPEXI

B cknag manoi apxitektypu po3pobiienoi JJCM
JOLIBHO BKJIIOUYWTH 3allPOMIOHOBAHHMN MEpEeKEBUI
KOHTpoJiep Ta ajmantep Mepexi [8]. MepexeBuit

KOHTpOJIEp  IOBHHEH  3a0e3MeYuTH  HACTYIHI

(byHKIT:

® poBOOUTH OOpOOKYy  BHXIZHHUX  CHTHAaJiB
CTOBINIyBa4iB  O€3MEeKH  pi3HOTO  THITY 1
TIPUHITATLY Iii;

® IATPUMYBaTH poOOTy B  CIICIialli30BaHii

NpPOBINHIN Mepexi CIoBillyBadiB Oe3mekn 3

TOIIOJIOTIE “‘CIIJIbHA IIMHA Ta XKUBUTUCH BiX

i€l K Mepexi.

Apnantep Mepexi MOBHHEH 3a0e3nednTd OOMiH
JaHUMH Ta KUBJICHHS KOHTPOJIEPIB 1 CHOBILyBaviB
Mepexi.

2.1 YSATAJIbHEHA CTPYKTYPA
CTAHOAPTHOIO KOMIMOHEHTA
PO3POBJIEHOI ANCTPUBYTUBHOI
CEHCOPHOI MEPEXI

VY3aranbHeHa CTpYKTypa CTaH/IapTHOTO
KOMITOHEHTA po3pobiieHol JUCTPUOYTHUBHOT
CEHCOpHOI Mepexi Ha 0a3i  3ampoIOHOBAHOTO

MmepeskeBoro koHTpoiiepa (UNC), iHTerpoBaHOro B
CKkiaa crosimyBada (ceHcopHoro Bysna, SU)
Bkimtoyae (puc. 1) uyrnmei  enementn  Sl...Sn
crioBinmyBadia SU, 3’e€qHaHi i3 CXeMOIO aHAJIOTOBOI
00pobku Ta mpomecopom (APCP) sxa mnepemae
pe3ynbTaT (BUSIBIICHHS/HE BUSBJICHHSA) BHXIJHIN
cxemi crnosimyBada (OCSU). MikpokorTponep MC
ommutye Buxonu OCSU Tta B3aemofie 3 Mepexero
BUKOPUCTOBYIOUH amapaTHi 3aco0M MOCHTiJOBHOTO

neonpoBimHoro iHTepdeiicy IF HW. JIxepeno
xuBieHHs PS  3ale3meuye  KHBIEHHS  ycix
€JIEMEHTIB.
e e e e m e mm—e e e emcem e e e e
]
i IF
| HW
E 7'y
]
]
i
Serial—i— PS
Interface ! ®
LUNC .

Puc. 1 — ApxitekTypa CTaHAapTHOI0 KOMIIOHEHTA
po3pobaenoi JCM

OmHUM 3 OCHOBHUX IIMTaHb, SKI HEOOXiJHO
Bupimmty npu nodynosi JCM, € nutaHHs BUOOpY
tuny iHTepdeiicy. Cimig BiI3HAYWTH, 110 OCHOBHA
XapakTepucTuKa  iHTepdeiicy —  TpOoImycKHa
30ATHICTh, B JAHOMY BHIIAJKy HE MOXe OyTH
KpHUTEpieM B1IOOpPY, OCKUIBKH MOTPiOHA ISl CHCTEM
0e3IeKku MPOITyCKHA 3[aTHICTh € Maoro. KiTbKicTh
CIOBIIlyBa4iB B CHUCTeMi Oe3leku 3a3BUYail HE
NEpEBUILY€E COTHI, KOXXEH CIIOBIllyBad Mae€ He
OiNbIlle YOTHPHOX YYTJIMBHX EIEMEHTIB, a Tepioj
ONMTYBAHH CIIOBINIYBAYiB - OJHA CEKyH/IA, € IIITKOM
NPUUHATHUM. B naHoMmy BuUNaaKy Ba)JIMBIIIUMH €
BHMOTH TOMOJIOTIi “crminbHa ImuHA™: (i) JOCTaTHS
MOTY)KHICTh CHUTHANy JUIsI JKUBJICHHS CIIOBIIIyBadiB
(HaBaHTaXyBajbHa 3maTHICTB); (ii) mpocToTa i
HU3bKa BapTICTh aJamnTallii J0 BUMOT 3aMOBHUKA.

AHai3 BiJOMUX THITIiB IOCHTIJOBHHUX iHTEep(eHCiB
MoKaszaB, IO MIiHIMaNbHI 3aTpatu OOJIagHAHHS
3abesneuye iHTepdetic 1-Wire ¢ipmu Dallas
Semiconductors [9]. Opmak uel iHTEpdeiic
MpU3HAYCHO I KOMYHIKaIlii Ha BiIHOCHO Mai
BiacTaHi. ToMy B po3po0JICHOMY KOHTpPOJEpi
JOLIIBHO BUKOPHCTATH Mou(hikoBaHUI
MOCITIIOBHUH acHHXpOHHWM iHTepdeiic RS-232C
[10, 11]. B Toif >xe wac KHUBJICHHSI KOHTpOJepa
JOLINBHO OPraHi3yBaTH aHAJIOTIYHO A0 iHTepdeicy
1-Wire. Take pimeHHs Mae HacTymHI mepeBaru: (i)
IUPOKE BHUKOpUCTAaHHSA iHTepdeiicy RS-232C y
KOMIT'FOTepHOMY  oOnamHanHi;  (il)  JETKicTh
3a0e3rneveHHss miaTpuMkH iHTepdeiicy RS-232C Ha
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MporpaMHOMY piBHi; (ii1) MOYKIJIMBICTh BCTAHOBJICHHSI
YacTOTH ONUTYBaHHSA CHOBILIyBayiB Ta IIBUAKOCTI
0oOMiHy JaHUMH 3TiHO TOTped KOpHCTyBada, IO
JIO3BOJIUTh BUKOPUCTATH IOBUTHHI THITH KaOeIo;
(iv) Bemmka amrmrityga immyneciB  (£12 B) i
MOXJIMBICTh (OPMYBaHHS TOTY)XHUX BHUXIJHHX
IMITyJTbCIB  amanrepa (COTHI MA), IO TO3BOJIHTH
peari3yBaTH KUBJICHHsI KOHTPOJIEPIB B Mepexi; (V)
MaJla CKJIQJIHICTh aapaTHOTO 3a0e3MeYeHHSI.

B mnpomeci ¢yHKmioHyBaHHS Mepexi cepBep
MOYEPTrOBO OMUTYE MEPEKEBI KOHTPOJEPH CHUCTEMH

Oesmekd, TOCWIAIOYM BIAMOBIZHWHA  3amuT 3a
JOTIOMOTOI0 ~ TIOCIIZIOBHOTO  iHTepdeiicy. 3amut
cepBepa dUepe3 amapaTHi 3acoO0W  IPOBITHOTO

inTepgeticy IF HW mnocrymae Ha MiKpOKOHTpOJEp
MC, skuli OmnuTye BHUXOIM BUXITHOI CXEMH
CIIOBiIlyBaua Ha CHPALIOBAaHHS YyTJIMBUX €JIEMEHTIB
S1...Sn i dopmye Oalit Bimmosimi. OmHOYACHO
cxema okuBiIeHHs PS  ¢opmye 3  BxXimHOro
MIOBiIOMIICHHS (3amTUTy cepBepa) >kuBleHHs s MC
Ta CIOBIIIyBaya.

Bci omneparii, sxi Bukonye MC, He BUXOJATH 3a
paMK{ TpamWIiiHUX 3aBAaHb MIKPOKOHTPOJEPIB.
OpuriHaTbHIMH  By3JaMd B po3poOJIeHOMY
yHiBepcasibHOMY KoHTposiepi € IFHW 1 PS, sxi
MOBUHHI 3a0e3neunTy (YHKLIOHYBaHHS KOHTpOJepa
TIpY >KUBIIEHHI BiI MEPeXi, a TaKOX aJantep Mepexi,
SKMA  TMIKIIOYAETCST 0 cepBepa.  Po3misHeMo
MoOyIOBY X BY3JiB ACTANBHILIE.

2.2 CXEMA MEPEXEBOIO
KOHTPOIEPA

Ixepeno >xuBnenus (PS, nus. puc. 1) y ckiami
NPUHIMIIOBOT CXEMHU PO3pOOIIEHOTO MEPEKEBOr0
KOHTpousepa(puc. 2) BKIIOYa€E BXiHY po3B’s3ky V1,
Cl 1 crabimizatrop >xuBieHHA VR 3 BuxigHum
koHaeHcatopoM C2. JloriuHi Hymi, SIKi NPUXOJISTH
mo Mepexki Ha 0a3i MoAu(]iKOBaHOTO MOCITIIOBHOTO
inTepdeticy RS-232C, matores ammmitymy +12 B i
3apskatoTh KoHnencatop Cl. OcraHHil migTprMye
Hampyry Ha BXofi cTalimizaropa AOCTaTHBOIO IS
Toro, mo0 Ha ¥oro Buxoi (opMyBallacsi Hampyra
+5 B, HeoOXimHa aJIS JKUBIICHHS MIiKPOKOHTpOJIEpa
MC i crioBinryBava Oe3neKu.

AmnapaTtHi 3aco0M TOCHiJOBHOTO
IF HW BKI104aroTh:

e TmpuitmMad Ha TpaH3ucTopi V2 i pesucropax RI,
R2, sxuii npencrasise co000 iHBEPTOpP, PIBEHb
BUXITHOTO CHUTHAIy SIKOTO Y3TOKEHHH TI0
Hampy3i 3 JOomycTUMHEM Ha Bxoli RxD
MikpokoHTposepa MC;

e repenaBad Ha TpaH3ucTopi V4, crabimitpoHi V3 i
pesuctopax R3, R4, skuil mpencraemisie coboro
T ICUITIOBaY-iHBEPTOP BUXITHUX CUTHAIIB
mikpokoHTposepa MC (0 B i +5 B) mo piBas, sKuit
BimnoBigae curHamam mepexi (+12B 1 —12 B).

iHTepdeicy

Haniitae 3anupanHs Tpan3ucropa V4 NOCAraeThes
HasIBHICTIO  cTabumiTpoHa V3 3 Hampyroro
crabumzaiiii, 0au3bKoro 10 8 B.

Puc. 2 — IIpuHuunoBa cxema po3po0/1eHoro
MepeKEeBOIro KOHTpPoJIepa

BaxxnuBoro mepeBaroro 3ampoIriOHOBAaHOI CXeMH
OJIOKY KHMBJICHHS 1 anapaTHUX 3aco0iB iHTepdeiicy €
aBTOMAaTUYHE BiJICJTiTKOBY BAHHS aMILTITy 11
IMIOyIBCIB TpM BIANOBiAI  KOHTpojepa  3a
aMIDTITYyIOI0 BXITHUX IMIYJBCIB, IO 3apsSIKaroTh
kouaeHcaTop Cl. PizHuns aMrutiTy, sika BiMoBigae
cniaay Harpyrd Ha miomi V1 i Tpansucrtopi V4, He
O3BOJISIE  BUXIAHMM  IMIyJTbcaM  iHTepdelcy
KOHTpoJiepa 3apsupkatu KoHueHcatopu Cl iHImxX
KoHTposiepiB. B Toii ke wac, immynbcu +12 B
3BEpTaHHS CepBepa Mia3apsKaloTh KOHIEHCATOPH
C1 Bcix KOHTpPOJIEPIB B MEpEXki HE3aJIeKHO BiJ] TOTO,
JO SIKOTO KOHTpOJIepa CepBep 3BEPTAEThCS 3
3amuToM. TOMy B Mepexi BIIICYTHIH MEepepo3mOmin
3apsay 1 BCl KOHTPOJIEPH 3 TOYKH 30Dy KUBJICHHS
MPALIOKTh 1HIUBIAYaIBHO.

2.3 CXEMA MEPEXEBOI'O AJAMTEPA

BaxnuBy ponbp B po3pobieHiii mepexi Ha 06asi
Monu(pikoBaHOTO TOCHiOBHOTO iHTepdericy RS-
232C Bizirpae azanTep Mepexi, SIKAH
MiTKITIOYAETBCS 0 cepBepa. llpuHnmmoBa cxema

po3pobneHoro  MepexxeBoro  amamntepa(puc. 3)
BKJTIOYAE!
e OJOK  OKMBJEHHS, IO  CKJIAJaeTbcs 3

Tpanchopmaropa wmepexxi T1, mBONONSPHOTO
BUIIPAMIISYA, pealli3oBaHoro Ha miomax V1, V2 i
koHaeHcaropax ¢inetpiB Cl, C2;

e IBOKACKaJHWH TiJACHWIIOBAY, peadizoBaHUN Ha
Tpansucropax V3, V5 i pesuctopax RI...R3.
Bin cnyxuth s GOpMyBaHHA MOTY>KHHX
BUXIHUX cwrHaliB iHTepdeiicy RS-232C ans

3apsqy — koHmeHcaropie  Cl  mepexeBoro
KOHTpoJiepa (IuB. puc. 2);
e crabinizarop CTpyMy po3psny TiHi{

(BcTaHOBJIGHHS JIOTiYHOI 1), peamizoBaHWil Ha
MTOJIbOBOMY TpaH3ucTOpi V6 1 pesuctopi RS;
e CXeMy 3aXUCTy BiJI KOPOTKHX 3aMHKaHb,
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pearizoBaHy Ha TpaH3ucTopi V4 i pesucropi R4;

® CXEMy 3aXHUCTy BiJ IepeHanpyKeHb, peali3oBaHy
Ha CUMETPHMYHOMY cTaOimitpoHi V7 i pesucropi
R6.

PC TxD

PC RxD | - RS
Puc. 3 — IlpunnunoBa cxeMa ajanrepa Mepe:xi

3. PEANI3ALUIA ACM HA BA3I
CMnoBIWYBAYIB BE3MNEKU

Hns  onTuMizalii BUKOPUCTAaHHA MOTY>KHOCTI
JKUBJICHHS B PO3pOOJICHUX KOHTPOJEpax BXKHUTI
HACTYTIHI 3aXO0/IH:

e B MEpeKEBOMY KOHTpOJIEpi  BUKOPHCTaHO
MikpokoHTposep tumy ATtiny2313  ¢ipmu
Atmel [12], B sIKOMYy ONITUMAIIBHO MOETHYIOTHCS
HEOoOXimHI (QYHKITIOHAIEHI MOKIHUBOCTI, MaJTHA
CTPYM CIIO>)KMBAHHSA i HU3bKa 1iHa;

® YacToTa KBapLOBOIO pPE30HATOpa KOHTpoJepa
BuOpaHa TmOHIWKeHOI0O — 4 MI, mo Takox
3MEHIIIy€ CTPYM CIIO’KMBAaHHS MiKPOKOHTPOJIEPA;

e [Iepemada 3amlHTIB cepBepa 3MIHCHIOETHCS TIPH
mBHaKocTi iHTepdeiicy 1200 boa, a mepenmada
MOBIIOMJIEHE ~ pPO3POOJNIEHOTO  MEPEKEBOTro
KOHTpoJiepa - TIpH IIBHUAKOCTI iHTepdeicy
9600 boxa. lle mo3Bossie 30IMBIINTHA BiAHOCHHUM
yac 3apsny xonaeHcaropa C1l Onoka >KMBJICHHS
KOHTpouepa (IuB. puc. 2);

e inTepdeiic RS-232C moumHae NOBiTOMIICHHS
CTapTOBUM IMITYJILCOM (JIOTIYHHH HYJIb, HAIIPYyTa
sIKOTO Bimmosimae +12 B), mainmi igyTh iMIyJIbCH,
0 BiATOBIAAIOTh MOJIOJIIMM pO3psiaM Oaifra,
SKUWA TiepefiaeTbes. ToMy, s TOKpalieHHs
3apsany koHzaeHcaropa Cl OIOKy JKHMBIICHHS
(nuB. puc. 2), mporpaMHUM LIISIXOM MHeEpIIi JBa
pO3psAM BCTAHOBIIOIOTH B HyJb. Lle oOmexye
KUIBKICTh KOHTPOJIEPIB MiJl’€IHAHUX JI0 OJTHOIO
ananrepa 10 64. OgHaK Taka KUIBKICTh IUTKOM
MpUHATHA. 3O0UIBIIEHHA X KIIBKOCTI He
MOJKJIMBE Y€pe3 3pOCTaHHS €HEpProCIIOKUBAHHS,
o0 HE JO3BOJSATH PO3MICTHTH Ha OJHIH
JIBOTIPOBI/THIH JTiHI{ OLIbIIIE KOHTPOJIEPIB;

® CTPpyM pO3psdy JiHil (BU3HAYAETHCS OIOPOM
pesucropa R5) BuOpanwmii MiHIMaTbHUM IS
JIAHOT JIIHIT 1 3aJaH0l MBUAKOIT iHTEepdeicy —
1,5 MA.

CrangapTHHii KOMIOHEHT po3pobneHoi JICM

(puc.1), mo Brirouae crnopinryBau Oesnexku SRPG-
2N Ta wMepexeBuil KoHTpodep (puc.4), Moxe
MPAIIOBATH B BOMPOBIIHAX MEPEkKax 3 TOMOJOTIEN0
“crmimpHAa IMMHA”, MO0 3a0e3medye  KUBJICHHSI

CTOBILIYBa4iB 4Yepe3 Mepexy. 3araibHa KiUIbKICTh
CIIOBIIyBa4iB HE TNepeBUINye 64 IMTyK, a KOXEH
JeKiIbKa

CIIOBIIITYBaY MaTu

€JIEMEHTIB.

MOXKC HYTIUBUX

Puc. 4 — Komnonent /ICM Ta 6a3i cnoBiuryBaya
oe3neku SRPG-2N Ta po3po0/ieHOr0 MepeKeBoro
KOHTpOJIepa

CrpykrypHa cxema JICM (puc.5) Bkitouae
KOMIT 10Tep (CepBEp MEpEeki), MO BUKOHYE (PYHKIIT
MPUAMATBHO-KOHTPOJIBHOTO  MPUJIAAY, OCHAIICHUN
onHuM (abo aexinbkoma) COM-mopTamu 10 SKOTO
MIIKITIOYAETRCS  aflaliTep MEPEKi, KOTPUHA B CBOIO
4yepry 3’€IHAHHWN JBOIPOBITHOIO JIIHIEI 3 KOXHUM
komnoHeHToM JICM.

Nwtwork
Detector controller

SRPG-2N

Network
adapter

s, %

Puc. 5 — CtpyktypHa cxema po3pod.enoi JICM

3.1 OUIHKA E®EKTUBHOCTI
NPOIMOHOBAHOIO PIWLEHHA

OuiHKy e()eKTHBHOCTI MPOIIOHOBAHOTO PIILICHHS
JCM BukoHaeMo Ha mpukiani 00’ ekty (puc. 6), mo
Haiiaye 18 kimuat. [Ipym mpoMy HEOOXimHO 3HANTH
CyMapHy JOBXHHY KaOemo TomoJorii “3ipka” i
MOpIBHATH il 13~ CyMapHOW  JIOBXKHHOIO
3apONIOHOBAHOI TOMONOTIl “criibHa mmHA”. [
BU3HAYCHHS JIOBXKWHH KaOEN0 3aCTOCOBYIOTh METOJ
CyMyBaHHS Ta craTucTuyHuid  wmerox  [13].
CraTUCTUYHUHA METOA XapaKTePU3YETbCS MEHILIOIO
TOYHICTIO, aJi¢ BIH HE € TPYJOMICTKUM 1 3a3BHYAii
BUKOPUCTOBYETbCA ANl BENMKHX 00’€kTiB. B
HAIIOMY BHITJKy (HECKJIaIHOTO 00’ €KTY) JOUITHHO
3aCTOCYBaTH OUIBII TOYHHH METOH CyMyBaHHS,
3TIIHO SIKOTO CyMapHa JJOBXHHA KOXKHOTO OKPEMOTO
Kabearo BIANOBIZHO CTaHOBHMTH: 1833 M s
TomoJorii “3ipka”, i 108,6 M my1s TomoIoTiIi “criabHA
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[IpuitmansHo-
KOHTPOJIbHUH
TIpUIIag

\

L U

Puc. 6 — Ilpukiaaa po3mimeHHs: KiMHaT Ha 00’ €KTi
Ta ka0eJsiB mo TomoJiorii “3ipka”.

;/
N

muHa”. I3 mpoBeAeHOr0 PO3paxyHKY BHIHO, IO
3aCTOCYBaHHS MEPEKEBOTO KOHTpoJepa, SKHUif
3a0e3rneyye MIATPUMKY pOOOTH B JABONPOBIIHIH
MEpeXi CIIOBIN[yBadiB Oe3MeKh 3 TOIOJIOTIEI0
“cmiypHa TIWHA”, JO3BOJIAE 3MEHIIUTH JOXKUHY
kabemro B 1,7 pasa (mist manoro Bumaaky). Coiinx
3a3HAYUTH, 110 YUM OUIbIIA BIACTaHL  Bif
PHHMAIIBHO-KOHTPOJIBHOTO TIpHIIa Ly 70
CTIOBIITYBayiB Oe3mexu, THM IOLIbHIIITE
BHUKOPHUCTaHHS MEpEeXeBOoro Koutpoinepa. Kpim Toro,
3aCTOCYBaHHS  MEPEXKEBOro  KOHTpoliepa  Ja€e
MOXIIUBICTh 3MEHIIUTH BHUTPAaTH Ha NPHHMAaIbHO-
KOHTpONBHMH mpunan (Horo ¢yHKUii BUKOHYE
KOMIT IOTep), aKyMyJISATOp 3 OJIOKaMU PO3MIMPEHHS 1
pIIKOKpHUCTaNTIYHE TabJIO 3 KIIaBiaTyporo.

noasAKu

Pobota BUKOHYETBCS 3a MiATPUMKH
MinicrepcTBa OCBiTH 1 Hayku Ykpainu Ta Pamm 3
HayKOBHX 1 TEXHOJIOTIYHHX IOCIiIKeHb Typenbkoi
PecrryOmiku (TUBITAK) B pamkax MiKHapOIHOTO
YKpaiHCHKO-TYPEIbKOT0 HAYKOBO-TEXHIYHOTO
mpoekty  NeM/47-2008  “Po3poOka  MeTofiB
MIPOCKTYBaHHSI Ta OITHMIi3allii CHCTEM BHSIBICHHS
NOPYIIHUKIB Oe3meKu’.

4. BUICHOBKMU

Po3zpobneno  MepexxkeBuil  KOHTpoiep  Ta
MEpEKEBUH afantep, SKi TO3BOJIWIH, B CYKYITHOCTI
31  CTaHOAPTHUMH  CIOBIlI[yBa4aMH  OE3IICKH,
CTBOPUTH JUCTPUOYTHBHY CEHCOPHY MEpEXYy 3
TOIIOJIOTI€10 “crinmpHa  1IMHA”, [TepeBaroro
3aMporIOHOBAHOTO DIlIEHHS € 3MEHIIeHHS BUTpAT

Ka0elto Ta BapTOCTI OOJIaJHAHHS CUCTEM OC3ICKHU.
[Ipu upoMy po3poOneHi MepexkeBUil KOHTpOJep i

MepeKeBHit ajanTep MAaroThb HECKIIaHY
KOHCTPYKIIIIO 3 BHKOPHCTaHHSIM JIEIIEBUX
KOMIIOHEHTIB.
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Abstract: the low-cost network controller for security systems detectors was designed. The controller’s specifics lies in
two-wired network interface with the ““common bus™ topology support. This design reduces the amount of data

communication channels from detectors.
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1. INTRODUCTION

Security systems and systems that prevent non-
authorized access have become tremendously
popular [1]. As a result, a great diversity of such
systems has been created with many different
functional characteristics [2]. This has led to the
construction of the complex security systems that
defend against many types of threats, and which
combine different subsystems into a coherent whole.

Traditionally security systems have a “star”
topology, so there is a substantial expense in
providing the cables [1, 2]. It is possible to reduce
the number of cables and whole price of the system
using a network controller which interfaces detectors
of security systems. It will allow to create security
systems that have a “common bus” topology where
informational signals and power supply are provided
by two-wired network. Thus, the total length of cables
will include the distance between two most remote
detectors and sum of branches to each detector.

This paper describes the distributed sensor
network (DSN) architecture design based on the
security system detectors described below.

2. ARCHITECTURE OF DESIGNED
DISTRIBUTED SENSOR NETWORK

Architecture of the designed distributed sensor
network consists of a proposed network controller
and a network adapter [3]. The network controller
should provide following functions:

e output signals processing of different type and
operation principle security detectors;

o to support the specialized wired network of
security detectors with a *“common bus”

topology and supply power

communication lines.

Network  adapter should provide data
communication and power supply of network
controllers and detectors.

The general structure of standard component of
the designed DSN based on proposed universal
network controller UNC, that interfaces the detectors
(sensor units, SU) of security systems (fig.1),
consists of the sensing elements S;...S, of detector
SU that interfaces the analog processing circuit and
processor  (APCP)  which  transmit  results
(detection/non detection) to output circuit sensor
unit (OPSU). The microcontroller MC interrogates
output circuit sensor unit outputs and interacts with
the network by hardware tool of serial interface
IF HW. Power supply PS provides power to all of
the elements.

through the

Serial —
Interface

Fig. 1 — Standard component architecture of the
developed DSN

It is proposed to use in the developed controller
the modified serial RS-232C interface described in
[4, 5]. This interface can be supplied with power in
the same manner as the 1-Wire interface provided by
Dallas Semiconductors [6].
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During its work the network server takes turns
communicating with the controllers of the security
system, sending appropriate requests using its serial
interface. Server inquiry goes to the microcontroller
MC via circuit IF HW. MC interrogates the outputs
of the output circuit sensor unit for detection of
sensing elements S;...S,, and then forms a response
out of the collected data and sends it back to the
network server. At the same time PS forms from
server requests power supply for the controller and
detector.

3. DSN IMPLEMENTATION USING
SECURITY DETECTORS

Standard component of developed DSN (fig.1)
which include security detector SRPG-2N and
network controller (fig. 2) can work in two-wired
networks with the “common bus” topology that
provides power supply for detectors using the
network. Total number of detectors is less that 64
where each can have more that one sensing element.

Fig. 2 — Component of DSN based on SRPG-2N
detector with connected network controller

Block diagram of DSN (fig. 3) consists of
personal computer (network server) that executes the
central panel functions and has one or more COM-
ports to which the network adapter is connected. The
network adapter is connected using two-wired
network with each component of DSN.

Nwiwork

Detector centraller

SRPG-IN -y

Nemwaork
adapter

o I
Fig.3. Block diagram of designed DSN.
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4. CONCLUSION

A universal network controller and a network
adapter was developed. Together with traditional
security detectors it allowed to implement the
distributive sensor network with “common bus”
topology. The advantage of the proposed solution is
reduction of the cabling amount and security system
equipment costs. Thus, developed controller and
network adapter has a simple design and designed
using low-cost components.

5. REFERENCES

[1] R. Magauyenov. Alarm Security Systems:
theory basis and principles of construction.
Teaching aid, Hot line, 2004, 367 p. (in

Russian).
[2] Perimeter Security Sensor Technologies
Handbook. Electronic ~ Security = Systems

Engineering Division. — North Charleson. —
South  Carolina, 1997, p.107 (URL
http://www.nlectc.org/perimetr/Hb-Word.doc).

[3] P.Bykovyy. Hardware tools of security sensor
networks, Thesis of International Conference
“Computer Systems and Network
Technologies™, National Aviation University,
Kiev, Ukraine, 17-19 March, 2008, pp.44-48
(in Ukrainian).

[4] Patent 25609A Ukraine, IPC GO6F 15/00.
Two-wired local area network, transponder and
inverter / V.V. Kochan, V.O. Tymchyshyn
(Ukriane); Filled 30.10.97, # 97105295; Issued
30.10.98.

[5] V. Kochan, V. Tymchyshyn. Construction of
distributed information measurement systems
on the basis of modified RS-232C interface.
Proceedings of the 10th IMEKO TC-4
Symposium on Development in Digital
Measuring Instrumentation. Naples, Italy,
1998, pp. 723-726.

[6] ftp://ftp.elin.ru/pdf/1-Wire/standard.pdf

164



