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Knight Pseudorandom Walk Manifold for Scrambling
Multidimensional Data

Vadim Romanuke Vinnytsia Institute of Trade and Economics

Professor. DrSc of State University of Trade and Economics
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Keywords: The knight open tour problem is to build a sequence of knight moves
data scrambling; covering a chessboard completely, without repetitions, where the starting
knight pseudorandom walk; position and ending position are always different. A solution of the knight
break-in probability; open tour problem is similar to a sequence of pseudorandom numbers
similarity rate. used to map data into non-readable yet usable information. The knight

open tour problem has a manifold of solutions for a starting position of the
knight depending on the chessboard size. Solutions of the knight open tour
problem, which appear like a random series of knight positions, i.e. a
pseudorandom walk, are used to further improve balance of the
scrambling simplicity and productivity, where the main indicators are the
break-in probability and similarity index. The break-in probability is
dramatically decreased by taking into account a knight pseudorandom
walk manifold for a starting position on a given chessboard. A pessimistic
estimation of the break-in probability for an 8x8 chessboard is less than
107"°. A similarly expected estimation for an 8x8x8 chessboard is less
than 107°. A distinct knight pseudorandom walk (out of a manifold of
pseudorandom walks) is built online by a given seed integer for a
pseudorandom number generator. The scrambled data vector is built
online as well in linear runtime complexity. Meanwhile, the similarity index
is acceptable, rapidly dropping as the chessboard size is increased (for
bigger multidimensional data arrays). A knight pseudorandom walk is
determined by the chessboard size, the starting position, the way to
vectorize the knight pseudorandom walk, and the pseudorandom number
generator seed allowing to specifically move the knight onward through
situations with multiple possible moves of the knight. The knight-open-
tour scrambler has 10" to 10* times lower break-in probability
compared to an ordinary pseudorandom number generator, depending on
the chessboard size and the starting position of the knight.
DOI: 10.31558/2786-9482.2024.1.1

Introduction
The main technical purpose of data privacy is to achieve sufficiently low likelihood of

deliberately intruding, spoofing, hacking, delaying, distorting, etc. [1, 2]. In particular, data is
scrambled by altering or shuffling its entries in accordance with an algorithm whose return is
difficult to decipher while the scrambled data is still usable for legitimate demonstration [3, 4].
Within personal and limited access use, the algorithm must be unknown for attackers, or at least it
must be unlikely to determine it within reasonable time [5, 6]. Another plausible requirement is to
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maintain the algorithm as simple as possible due to its frequent application should not affect the
operation speed [7, 8].

Basically, the requirement of scrambling algorithm simplicity often prevents from using
shufflers based on pseudorandom number generators [9]. The latter utilize rather complex routines
for generating a stream of pseudorandom numbers, but the main reason is the seed change [10, 11].
Although the range for the initial value of a pseudorandom sequence is sufficiently wide, the
information about the seed change should be constantly sent to the recipient that increases the
likelihood of break-in, if the type of the pseudorandom number generator is known [12]. On the
other hand, cipher algorithms and cryptographic hashes are high-quality pseudorandom number
generators, but generally they are considerably slower than non-cryptographic random number
generators [13, 14]. Therefore, it is still desirable to develop a much wider list of simple and fast
pseudorandom number generators for tasks of scrambling, regardless of the publicity of its use.

Goal and tasks
Issuing from the growing demands for security and reliability of data privacy and storage

policy, the goal is to suggest a new scrambling technique which would provide improved
cryptographic properties compared to a peer scrambling technique. The improved cryptographic
properties imply decreasing the likelihood of break-in along with decreasing similarity between the
initially given data and the scrambled data.

One of the simplest algorithms having been studied for possible scrambling is based on
building solutions to the knight open tour problem [15, 16]. In fact, there are a few such algorithms,
both exact and heuristic, which have slightly differing computational efficiency and coverage (some
solutions may be omitted by a heuristic, whereas they are found by an exact approach, although not
always within a reasonable time). A solution of the knight open tour problem is similar to a
sequence of pseudorandom numbers used to map data into non-readable yet usable information. The
first task is to describe the solution application. The second task is to estimate its main computable
parameters for the worst-case scenario compared to an ordinary generator of pseudorandom
numbers. The break-in probability and similarity rate will be estimated under the same case along
with estimating operation speed and other limitations.

Pseudorandom walk

Denote by
U=[u], (1)
an N-dimensional array of data, where
N
F=XM, (2)
n=1
is the format of the array,
I={i,},, 3)

1s its indexation with indices
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i,e{lLM,} Vn=1N, (4)

M, is the length of dimension n, M, € N\{l}, and u, is a numerical or symbolical entry indexed

by (3), (4). The total number of entries in array (1) is:

L= ﬁMﬂ . (5)

A scrambler s must take only the starting position:

L={i"" by i ellM,} vn=1,N (6)

for an algorithm A, whereupon the scrambled data is an array
Y=s5(U,4,1). (7)

Obviously, the number of entries of array (7) is (5), but its format may be changed from (2) into

B
=X K, (8)
b=l
by
B
L= HKb . 9)
b=l
So,
Y=[y], (10)
is the scrambled B -dimensional data array of format (8) with indexation
J={inhra (11)
and indices
Jye{LK,} Vb=1,B, (12)

by dimension b of length K,, K, € N\ {1}, where

b =tude;- (13)
In particular, B=1, 1. e. array (1) is scrambled into a vector (7) of length (9), where
Y=[y],6 (j=LL). (14)

Another possibility, less applicable than (14), is dimensionality reduction. For instance, an
M, xM,xM, matrix (that can represent some color image for M, =3) is scrambled into an

M xM,M,, MM,xM,, or MM,xM, matrix, regardless of possible transposition. In

vectorizing-based applications, an M, xM,xM, matrix data is scrambled into a 1xM M,M,

3
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vector (obviously, a column vector is also possible).

The knight open tour problem whose solutions appear like a random series of knight positions
[15, 16], i. e. a pseudorandom walk, is a promising approach to scrambling. The knight starts its
open tour at a horizontal position x, and a vertical position y, on a chessboard of size CxC, where

x €{l,C! an y, € 1,C}. Then the night moves onward according to an algorithm. In this way,
e, C d y, €11, C}. Then the knigh d accord lgorithm. In th

the chessboard is completely covered by the knight, and a definite sequence of C* integers
indicating the successive positions of the knight is formed. This sequence can be formed in two
ways, each of which has two versions. If the chessboard squares are enumerated by the number of
the knight move, then a matrix

B= [cik ]CxC >

where ¢, is the number of the knight move at chessboard square {i, k} (¢, =1 for i=y,, k=x,), is

vectorized either by concatenating its columns or concatenating its rows. On the other hand, a

vector
M=[m] .
1s formed, where either
m,=C-(i-1)+k for ¢, = j (15)
or
m,=C-(k-1)+i for ¢, = j. (16)

So, the knight pseudorandom walk can be represented either by the vectorized matrix B or vector
M. It is easy to see that the two versions of the vectorized matrix B are directly connected.
Knowing one version, the other one is obtained via a simple permutation pattern. The two versions
of vector M by (15) or (16) are directly connected as well, where one version is obtained from the
other one via another simple pattern which is the inverse to either (15) or (16).

Scrambler estimations and parameters
The break-in probability can be estimated as follows. The knight open tour problem has a

great deal of solutions for a starting position of the knight depending on the chessboard size CxC.
Denote this number by S,(C;x,, »,). There are C? starting positions on the chessboard of size
CxC. For a definite chessboard size and a definite starting position, there are four versions of the
pseudorandom walk for a distinct solution out of S,(C;x,, y,) solutions. Hence, an estimation of
the break-in probability is
Beatcin = 4C2.§ (IC. N .
A(Cx, )

(17)

On an 8x8 chessboard, for instance, there are more than 10" knight open tours for a starting
position, i. e. S,(8; x,, ;) > 10" [17]. Therefore, the break-in probability (17) is
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1 1

h _ <107 18
brealc-in 4-82'SA(8;X1,)’1) 256'SA(8;x1’y1) "

for an 8x8 chessboard. The ending position of the knight cannot be {x,, ,} but distinct open tours
can end at the same position. However, number S,(C; x,, y,) depends on the starting position. If it

is closer to a corner of the chessboard, this number is less than the number of knight open tours
starting closer to the chessboard center. This is explained by the knight at a corner has fewer ways
to move onward. Thus, many tours have a zigzag pattern on the chessboard borders (Figure 1). If
the chessboard size is increased, the pattern may remain (Figure 2).

NIAT AN || NSy 7 7 R UAE> 47 | o7 || NS < A7
KA [T | KT S | ST NG
VNN Updg f= 2 NS NN UL
) R A 80 XKL A 80 | <A O LKk L TR
NGOANNE RS MDY €02 A ROZVN D NEGE B0V £\ N
SRR CAREAL AL CE AR CAT ey
V<>§><Z<>8<\A L’V\OO% <7\/A D/i/% X A’if/A yvgok\f\ A\
BN SIS 17 | o7 47 || BN kG | R A7 K7 A7
WP DN S T <N | SN2 T N | XA S R
7 CSNNEVANIRN Be 7andR ™Y a2 e, (NI T B SV A NG S I
IR | R B C RIS C NG A Eap) 2 VY ZaR0yp,
Ll AT N AN S iV % 2avaRe”,
N N <D D XTLTAND | XA
FEQCE0n Sk CASOR IL (e S L US2 420
SN A7 A7 NSO ST || BN SO || BN NN
LT AN DX | ST | N TN A2 D R
adl) 3 GrAVE s 3 A R<" 2NN 0 e SN 72N R0 N e AR N AR C
AN SR N O KD S0 IR I RIGARRVIA S,
S K0l KV ANNARVE Ry (N A7 AAMY 2 VT KON IE: ARV AN
N ANEO VAR A RV 2N, QO NN | OO\
RReHR AR R Aok eik

Figure 1. A set of 12 distinct pseudorandom walks on an 8x8 chessboard, each of which starts at
the same square (from the top left corner), where the zigzag border pattern is seen

Nevertheless, the zigzag pattern becomes less influential on bigger chessboards. It is quite
apparent by comparing pseudorandom walks in Figure 2 to those in Figure 1. This means it is more

likely that number S, (2C; x,, y,) varies relatively less across all possible 4C* starting positions on
a (2C)x(2C) chessboard than, say, number S,(C;x,, y,) varying across all possible C* starting

positions on a CxC chessboard. Therefore, bigger chessboards are more efficient to produce
higher rates of randomness.
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Figure 2. A set of four various pseudorandom walks on a 32x32 chessboard, each of which starts
from the top left corner, where the zigzag border pattern is still seen reminiscent of that in Figure 1

So, starting an open tour off one of four corners, either close to it or peculiarly at chessboard
squares {1,1}, {1,C}, {C,1}, {C,C}, is the worst-case scenario for break-in probability (17). In

such a case, the break-in probability is higher than in any other case. Compared to shuffler-based
scrambling, it is important to know a ratio of break-in probability (17) to the shuffler-based
scrambling probability (which, obviously, is L™ as the shuffler algorithm is presumed to be known
and it can be defined by the position of an integer value from 1 to L ). This ratio, called the break-in
probability rate (BPR) for further consideration, must be estimated under the worst-case scenario
with using (18) as reference value. Other important parameters are the similarity index and
computation time ratio. The latter is calculated separately for scrambling and descrambling as a
ratio of knight-open-tour time to shuffler time. The respective scrambling time rate (STR) and
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descrambling time rate (DTR) must be close. The similarity index is calculated as the element-wise
number of coincidences in multidimensional data array (1) and the scrambled data array (10)
divided by L. This index is written as a knight-open-tour scrambler rate (KTSR) and a shuffler
scrambler rate (SSR), whereupon a similarity rate (SR) is calculated as a ratio of KTSR to SSR.
Computational experiments are carried out on a single CPU Intel Core 15-7200U@2.50GHz
in Matlab 2018a. The data are intended to emulate streaming images, so for this purpose integers
between 0 and 255 are generated by a pseudorandom number generator with a known seed. Table 1
presents the mentioned parameters for signed 16-bit integers between 0 and 255 in
multidimensional data arrays for L = C* (here and below the comparative rates are averaged over
100 repetitions), where it is clearly seen that the knight-open-tour scrambler and shuffler scrambler
have roughly the same operation speed. SR varies badly, though, for smaller sizes of the
chessboard. The estimation of BPR is made with respect to (18), where the tour starts at chessboard
square {1,1}. Approximately the same parameters hold for numbers with single precision storage
(Table 2) and numbers with double precision storage (Table 3) almost independently of the data
dimensionality (in Matlab, vectorization or reshaping arrays is executed within a few
microseconds), where the numbers are generated starting at the same seed of the pseudorandom
number generator. Nevertheless, KTSR and SSR are a few times smaller than those in Table 1.
Overall, the scrambler is defined by four parameters: the chessboard size, the starting
position, a specific integer 6, determining one of S,(C; x,, y;) open tours, and one of four ways to

obtain a 1xC* vector representing the knight pseudorandom walk. Integer o, could be called the

walk seed and it is a number between 1 and S, (C; x,, y,):

c, e{l,SA(C;xl,yl)}.

This integer predetermines a distinct knight pseudorandom walk by setting the pseudorandom
number generator seed to a definite integer. Algorithm A4 building the open tour online frequently
stumbles over situations when there are a few possible onward moves of the knight. One of such
moves is further selected by generating a random value and comparing a threshold to this value.

Table 1. Comparative rates for signed 16-bit integers between 0 and 255

C 10 20 30 40 50 60 70 80 90 100 | 110 | 120 | 130 [ 140

KTSR [0.0339{0.0064{0.0046{0.004710.0051{0.0042(0.0043]0.0042(0.004210.0042] 0.004 | 0.004 | 0.004 | 0.004

SSR {0.0134]0.0063| 0.005 |0.0045]0.004410.0039] 0.004 {0.0041]| 0.004 | 0.004 [ 0.004 | 0.004 | 0.004 | 0.004

SR (2.5298]1.0278( 0.922 | 1.044 {1.1799]1.0676]1.0672(1.0194]1.0583(1.0474]|1.0006{1.0059(1.0046]0.9925

STR | 1.007 [1.164810.9676( 1 0.99 10.9961{0.971710.9799]0.9953(0.9637]|0.9786{0.9966(0.967210.9845

DTR (1.0863]1.1381( 1.062 |1.0022(0.9934] 0.957 {1.0126]0.9986]0.9858(1.0097| 1.008 {1.0123]0.9979]1.0134

BPR | 107'¢ [ 10716 [ 10716 | 10716 | 107 ] 10 ] 10 | 1077 ] 1077 | 1077 | 1077 | 10777 | 1077 | 107V
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Table 2. Comparative rates for numbers with single precision storage

C 10 20 30 40 50 60 70 80 90 100 [ 110 | 120 | 130 [ 140

KTSR| 0.03 {0.0025{0.0011]0.0006{0.0012]0.0003{0.0004|0.0002{0.0002(0.0003]0.0001{0.0001{0.0001]0.0001

SSR {0.0102]0.0027{ 0.001 |0.0007{0.0004{0.0002]0.0002(0.000210.0001{0.0001{0.0001]0.0001{0.0001]0.0001

SR (2.9411]0.9345(1.0638]|0.9615(2.9411|1.1627]1.9607(1.0309]1.7857(3.2258|1.1111]0.9345(0.8849|1.8867

STR ]1.0208{1.0489]0.9749(1.0002]10.9649(0.9911] 0.988 |0.9781[0.978210.9829(0.9705(0.9802]0.9667(0.9877

DTR (1.1964]1.0257(1.0046]0.9985(1.0009]0.9953{1.0032{1.0192]1.0039( 1.004 |1.0063]0.9963(1.0081|1.0128

BPR | 10716 | 107 [ 107 | 10716 | 107 [ 107" | 10716 | 1077 [ 10717 | 1077 [ 10777 | 10717 | 1077 [ 1077

Meanwhile, a scrambling technique can be applied multiple times. Thus, another quadruple of
scrambler parameters should be assigned. Table 4 presents the comparative rates for numbers with
double precision storage by double scrambling with the same chessboard size, where the tour at the
second stage scrambling starts at chessboard square {4,4}. In general, these rates do not much

differ from those in Tables 1-3, but BPR now is much better. KTSR and SSR are comparable to
those in Tables 2 and 3. However, if the second stage scrambling chessboard is of size
(C/2)x(C/2), then KTSR is improved in about six times (Table 5). In addition, STR and DTR,

varying between 0.5802 and 0.7547, are much favorable for the knight-open-tour scrambler. Its
break-in probability increases, though, due to the smaller second stage scrambling chessboard. The
decrement is hardly noticeable, anyway. This is an acceptable tradeoff for decreasing similarity
along with speeding up the scrambling (descrambling) process.

Table 3. Comparative rates for numbers with double precision storage

C 10 20 30 40 50 60 70 80 90 100 [ 110 | 120 | 130 | 140
KTSR| 0.03 {0.0025{0.0011]0.0006{0.0012]0.0003{0.0004|0.0002{0.0002(0.0003]0.0001{0.0001{0.0001]0.0001
SSR {0.0102]0.0027{ 0.001 |0.0007{0.0004{0.0002]0.0002(0.000210.0001{0.0001{0.0001]0.0001{0.00010.0001
SR {2.9411]0.9345[1.0638]|0.9615(2.9411]1.1627]1.9607(1.0309]1.7857(3.2258|1.1111]0.9345(0.8849|1.8867
STR |1.0555[1.0086]0.9855(1.0048]0.9898(0.9811| 0.988 10.9822[0.9726]0.9973( 0.974 [0.9701]0.9859(0.9931
DTR (1.2022]1.0001(1.0542]0.9997(1.0339]0.9759{0.9969]1.0064|1.0168(0.9984]1.0122{1.0023{0.9902]1.0099
BPR | 10716 | 1071 [ 107 | 10716 | 1071 [ 107" | 107" | 10777 [ 10717 | 10717 [ 10777 | 10717 | 10717 [ 10777

Table 4. Comparative rates for numbers with double precision storage by double scrambling

C 10 20 30 40 50 60 70 80 90 100 [ 110 | 120 | 130 | 140

KTSR| 0.02 {0.0025| 0O ]0.0019{0.0008]0.0017{0.0002]|0.0005{0.0005(0.0005]0.0003{0.0002{0.0004]0.0001

SSR {0.0095]0.0026{0.0014]0.0006{0.0004{0.0003]0.0002(0.000210.0001{0.0001{0.0001]0.0001{0.0001]0.0001

SR (2.105210.9615( 0 |2.9126(1.8181]|6.0606]1.0101{2.9126]4.4943(4.8076|3.8834(2.9702(6.0606] 0.909

STR |1.1184(1.0018]0.9893(0.9946]0.9772(0.9718|0.9729]0.9886[0.9756]0.9822(0.9916|0.9753]0.9861(0.9838

DTR (1.1708]0.9912(1.0369]1.0016{0.9986]0.9978(1.0037/0.9987]1.0128(0.9912]11.0044( 1.001 [0.9956]1.0101

BPR | 10® [ 10® [ 10" ] 10" | 10 [ 10" ] 10" | 102 [ 102 | 102° [ 102" | 102" | 102! [ 102
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Table 5. Comparative rates for numbers with double precision storage by double scrambling with
CxC and (C/2)x(C/2) chessboards

C 10 20 30 40 50 60 70 80 90 100 [ 110 | 120 | 130 [ 140

KTSR| O 0 0 ]0.0013{0.0008{0.0003]0.0002(0.0002]0.0005{0.0005{0.0003]0.0003{0.0002]0.0002

SSR {0.0098]0.0025{0.0011]0.0006{0.0004{0.0003]0.0002(0.0002/0.0001{0.0001{0.0001]0.0001{0.0001]0.0001

SR 0 0 0 ]2.2471{2.1052]1.0869]0.9523(0.9009]4.4943(4.854313.9603]3.9215(4.1666|3.0612

STR ]0.7197(0.6731]0.6375(0.6593]0.6351(0.6246|0.6135]0.5992(0.5976]0.6063(0.592710.5931]0.5859(0.5802

DTR (0.7547]0.6669(0.6742]0.6499(0.6252]0.6331{0.6288]0.6164]0.6127(0.6047]0.5895[0.59830.5855]0.5811

BPR | 107 [ 107 [ 10 ] 10 | 10 [ 10 ] 10 | 10 [ 10 | 10 [ 102 | 1020 | 102° [ 102

It is noteworthy that the chessboard can be three-dimensional [18]. This leads to further
decreasing the break-in probability. Indeed, the knight open tour problem has a far greater deal of
solutions for a starting position of the knight on a chessboard of size CxCxC'. For a depth position
z, on a chessboard of size CxCxC, where z, € {I,_C}, denote the number of solutions starting off

position (cube) {x,, »,,z} by S,(C;x,,»,z). There are C° starting positions on the chessboard

of size CxCxC. For a definite chessboard size and a definite starting position, there are four
versions of the pseudorandom walk for every face of the chessboard. Having six faces, the number

of versions of the pseudorandom walk is 6-4, and a raw estimation of the break-in probability is

1
6-45-C°-S,(C;x,, 1,5 2,)

Pbrea.k—in = (19)
being much lower than (17) for the same number C. However, estimation (19) is made for a one
sequence of C layers of the three-dimensional chessboard (successively from layer 1 to layer C,
going through a face). Altogether there are C! such sequences. So, a more precise estimation is

. 1
break-in 6_4C.C!-C3-SA(C;xlayl’Zl).

(20)

It is expected that an 8 x8x8 chessboard has far more than 10'* knight open tours for a starting
position, so S, (8; x,, ,, 2 ) >10" at least. Therefore, the break-in probability (20) is

1 1

])break—in = 8 3 - <10_26 (21)
6-4°-818°-S,(C;x,, v, 2,) 8117488189440-5,(8; x,, ¥,,2,)

for an 8x8x8 chessboard. However, computing knight open tours on a three-dimensional
chessboard may run into known computational issues [15, 16, 19], where searching for a specific
knight pseudorandom walk may become intractable (when it cannot be completed within reasonable
amount of time) due to a significantly deep “path” [20]. After all, the existence of solutions of the
knight open tour problem on three-dimensional chessboards has not been proved yet for any size.
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Discussion
Given a seed integer for a pseudorandom number generator, a distinct knight pseudorandom

walk (out of a manifold of pseudorandom walks) is built online. This means that the scrambled data
vector is built online as well, 1. e. every next knight move is immediately followed by moving an
entry of array (1) to a specific place. As any knight open tour algorithm has linear runtime
complexity [15], the knight-open-tour scrambler does not make it any (significantly) longer than
other scramblers.

Square chessboards are better than non-squarely-shaped chessboards as they contain richer
manifolds of knight pseudorandom walks. Indeed, cornered start positions of the knight produce
poorer manifolds. A square chessboard has the fewest corner-like start positions. Contrary to that, a
rectangular chessboard has more corner-like start positions closer to the shorter side. Say, a
horizontally stretched chessboard has corner-like start positions closer to the left and right sides
because the knight is more “squeezed” there having fewer possible moves upwards and downwards
than in the direction to the center.

The estimations of BPRs in Tables 1-5 may look too pessimistic, but they are considered as a
“lowest” bound of the gain in security provided by the knight-open-tour scrambler. This bound
might have been much bettered for bigger chessboards, but the number of the knight open tour
problem solutions is itself an open question for such chessboards. However, if to step aside a little
from the worst-case scenario, by assuming that another 10 squares along the chessboard dimension
decreases the BPR by the factor of 2, a BPR estimate for C =140 is 10° to 107**. It is also likely
that the estimations by (18) and (21) are better in most non-corner-like cases. Owing to using the
ratios, the reported comparative rates are expected to be independent of the hardware. However, it is
worth noting that the real-time operation speed of the knight-open-tour scrambler has a limit being
determined by the hardware performance. Thus, 19600 double-precision values are scrambled
within 150 milliseconds on a single CPU Intel Core 15-7200U@2.50GHz, which is 7.975 Mb/s in
terms of the speed. This means that the speed of streaming data intended for scrambling must not
exceed 7.975 Mb/s for such a hardware. This limit, being the worst-case scenario, keeps roughly the
same owing to the linear runtime complexity of the knight open tour algorithm. Moreover, the limit
is quite comparable to the speed of shuffler-based scrambling and scrambling by pseudorandom
binary numbers generated with using linear-feedback shift registers. Nevertheless, no limits exist
for data privacy and storage purposes, where the data are stationary and the only intention is to store
it securely protected.

Whichever the chessboard size is, the number of chessboard squares must be not fewer than
the data length by (5). Obviously, the redundant chessboard squares are not used in the case when a
multidimensional data array has fewer entries than the number of chessboard squares.

Conclusion
Multidimensional data array (1) is scrambled into array (7) by starting position (6) and

algorithm A4, whereupon the scrambled data array (10) has format (8) with indexation by (11)—(13).
To further improve balance of the scrambling simplicity and productivity, solutions of the knight
open tour problem are used. The break-in probability is dramatically decreased by taking into
account a knight pseudorandom walk manifold for a starting position on a given chessboard. The

10
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number of possible solutions is gigantic for an 8x8 chessboard, let alone bigger chessboards. Thus,
a pessimistic estimation of the break-in probability for an 8x8 chessboard is less than 107'°. A
similarly expected estimation for an 8x8x8 chessboard is less than 107*°. Meanwhile, the
similarity index is acceptable, rapidly dropping as the chessboard size is increased (for bigger
multidimensional data arrays).

Compared to an ordinary generator of pseudorandom numbers, the knight-open-tour
scrambler shuffles data also, having the same computational efficiency, but it has 10'° to 10*' times
lower break-in probability depending on the chessboard size and the starting position of the knight.
A knight open tour problem solution, also referred to as a knight pseudorandom walk, is determined
by the chessboard size, the starting position, the way to vectorize the knight pseudorandom walk,
and the pseudorandom number generator seed allowing to specifically move the knight onward
through situations with multiple possible moves of the knight.

From the practical point of view, the knight-open-tour scrambler has a limited operation speed
of 7.975 Mb/s while the data is streamed, whereas there is no such a limitation in securely storing
stationary data. The data dimensionality has no impact on the scrambler performance, but the
chessboard size should be consistent with the data length. Overall, the knight-open-tour scrambler is
mainly intended for private use and corporate body security purposes including business and
governmental agencies.
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PisHOMaHITTA NnceBaoBMNaAKOBUX 6/1yKaHb LLAXOBOro KOHA ANA
cKpembtoBaHHA 6araToBUMIPHUX AaHUX

Baaum PomaHioK

AHoTauin

3aza4a BiAKPUTOrO LMKAY LLIAXOBOrO KOHA MosArae y nobynosi NOCNAig0BHOCTI XOA4iB LAX0OBOro KOHA, AKa
MOBHICTIO NMOKPMBAE LIAxoBy AOLWKYy 6e3 NoBTOpiB, Ae NOYaTKOBE Ta KiHLEBE MOJIOMKEHHA € 3aBXAMW PI3SHUMM.
P03B’A30K 3a4a4i BigKpUTOro LMKY LWAXOBOro KOHA noAibHuiA A0 NOCNifAOBHOCTI NCEBAOBUNAAKOBUX YMCen, 3
AKMMM MOXKHa BifobpasnTh AaHi y KOpUcHy iHbopmauito 63 MOXKAMBOCTI i UNTAHHA. 3a4a4a BiAKPUTOrO LUMKAY
LLIAaXOBOr0 KOHA A1 MEBHOMO CTapPTOBOrO MOJIOKEHHA MA€E Pi3HOMAaHITTA PO3B’A3KIB, KiNbKICTb AKMUX 3a/1€KUTb Bif,
pO3Mipy LUAxOoBOi [AOWKKW. PO3B’A3KM 3ajadvi BiZAKPUTOrO LMKAY LIAXOBOMO KOHA BUMNALAOTb fAK HMOro
ncesaoBunagKose 6yKaHHA abo AK BUNAAKOBA NOCNIAOBHICTb MOro NonoXKeHb. Lli po3B’s3Ku BUKOPUCTOBYIOTHCA
ON1A NoJanblloro MOKpaweHHA 6anaHcy npocTtoT cKpembtoBaHHA Ta NPOAYKTUBHOCTI, A€ TFONOBHUMM
MOKa3HWKaMM € MMOBIPHICTb 371aMy Ta iHAEKC noAibHocTi. MMOBIpHICTb 3n1amy CYTTEBO 3MEHLLYETLCA 3aBAAKM
Pi3HOMaHITTIO NCeBAOBMNAAKOBUX OAyKaHb LIAXOBOFO KOHA A/1A MEBHOrO CTAapTOBOrO MOJOMKEHHA Ha AaHil
WwaxoBin gowui. MecuMicTMYHA OLiHKA MMOBIPHOCTI 371aMy ANS LWAXOBOI AOWKKM PO3MipoM 8x8 € MeHLOo 3a
107'°. AHanoriuHa OLHKa ANA LAX0BOi JOLWKM po3mipom 8x8x8 € meHLWwow 3a 1072°. KoHKpeTHa peanisaLis
nceBAoBMMNAAKOBOrO H6/lyKaHHA LIAX0BOro KOHA OYyAyeTbCA B PEXMMI OHNAMH 32 3a43aHOr0 NOYaTKOBOrO LLOro
ONA reHepaTopa NCeBAOBMMNAAKOBUX Yncen. BeKTop AaHUX Mnicna cKpembatoBaHHA TaKoX OyAyeTbca B pexumi
OHNaMH 3a NiHiMHOT YacoBoi cknaaHoCTI. IHAEeKC NOAIBHOCTI € NPUNHATHUM. BiH CTPIMKO naaae 3i 3pocTaHHAM
po3Mipy wWaxoBoi AOWKKM (ana 6inbwmx macueiB 6araToBMMipHMX p[aHux). KOHKpeTHe nceBLOBMNAZLKOBE
6/1yKaHHA LLIAXOBOr0 KOHA BM3HAYaETbCA PO3MIPOM LUAXOBOI AOLIKM, MOYATKOBUM MONOMKEHHAM, METOZOM
BEKTOPM3aLii NceBAOBUMNAAKOBOrO 6/yKaHHA LUAXOBOTO KOHA, @ TaKOX MOYATKOBUM LiAMM ANs reHepaTopa
ncesfoBunagkosmnx ymcen. Lli napameTpu BM3HayaloTb cneumdiuHUA pyx KOHA Yy CUTyaLifaX, KOAW MOCTatoTb
MHOMMHHI BapiaHTW noganbluoro pyxy. CKpembaep Ha OCHOBI BiKPUTOTO LMKAY LLIAXOBOrO KOHA Mae Big 10™
0 10 pasis MeHLLy AMOBIPHICTb 31aMy, NOPIBHAHO 3i 3BUYAITHMM NCEBAOBMNAAKOBMM reHepaToOpOM, 3a1eKHO
Bi4, pPO3Mipy LIAx0BOT AOLIKMU Ta MOYATKOBOIO MOJIOXEHHSA LLUAXOBOr0O KOHS.

KniouoBi cnoBa: ckpembitoBaHHA AaHUX; MCeBOOBUMNAAKOBE O/yKaHHA LAXOBOFO KOHA; MMOBIPHICTb
3namy; piseHb noAgibHocTi.
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moBa Python.

MeXaHi3My NOTOKiB

[loHeLbKNI1 HauioHaNbHUI yHiBEepcUTeT imeHi Bacuna Cryca

YHiBepcuTeT 3e1eHOrypCcbKuii

MeTol poboTn € AochigKeHHA edeKTUBHOCTI 3aCTOCYBaHHS NapasesibHoi
06p0bKM JaHWX Ha OCHOBI NOTOKIB y MoBi Python gns poss’AsaHHA 3agauv,
AKi NOTPebyTb 3HAYHUX PECYPCiB LLEHTPANbHOrO Npouecopa. B AKocTi Takoi
3agayvi po3rnsganacb 3agadya 06pO6KM OBOBMMIPHOTO MacuMBY BEIMKUX
po3mipiB  CcTaHAapTHMMM  3acobamm  Python 6e3  BMKOPWUCTAHHA
cneujianisoBaHmx 6ibniotek Ha KwTant Numpy. BussneHo HenporHosoBaHe
3MEHLUEHHA 4Yacy BWKOHAHHA 6araTonoToKoBoi nporpamm Ha 30% vy
NOPiBHAHHI 3 NOCNiAOBHOW (HenapanenbHO) peanisauielo po3s’s3yBaHOI
3aaadi. Lle aae 3mory nocTtasuTu Nig, CYMHIB 3ara/ibHOBIAOME TBEPAMKEHHA
npo Te, Wo 6araTonoToKoBe PO3B’A3aHHA NPOLECOPO3aNEKHMX 33434 came
B MOBi Python He € epeKTUBHUM, OCKINbKN HE NPUBOAUTb A0 3MEHLUEHHS
yacy poboTu nporpam. PaHile BBaXKanocs, Wo 3aBASKN BUKOPUCTAHHIO TaK
3BaHoro rnobanbHoro 3amka (GIL) iHTepnpeTaTop moBu Python y pasi
BMKOHaHHA 6araTonoTOKOBUX Mporpam i3 3actocyBaHHAM mogynsa Threading
CNPSAMOBYE YCi MOTOKM NPOrpamm Ha oA4He NPOLECOPHE AAPO, WO BUKAIOYAE
di3nyHe napanenbHe BUKOHAHHA MOTOKIB i 3a XXOAHWX YMOB He OA€E 3MOTK
3MEHWMUTN Yac poboTn nporpamu. Bigomow pekomeHaauiero ana
OTPMMaHHSA PeasibHOro BMrpaLly B Yaci € BUKOPUCTAHHA po3napasientoBaHHA
Ha OCHOBI MexaHiamy npoueciB i moayna «multiprocessing», AKWA
[0NOMarae 3a4iatm Kinoka ¢isnyHmnx agep npouecopa. OgHak Takn nigxia,
notpebye 00AaTKOBMX pecypciB npouecopa (a4ep) Ta A0OATKOBUX BUTpAT
Yyacy Ha O6MiH AaHMMM MiXK MPOLLECAMM, LLLO MOXKe 3BECTM HaHiBelb edeKT
Big H6aratoagepHoi 06pobKu. MpoBeaeHi aBTopaMmn eKCNePUMEHTU A0BENN,
LLL0 3aCTOCYBaHHA HAraTonoTOKOBOTO MigXo4y TaKOX MOXKe ByTu AO0UiNbHUM
Yy BMNAAKy nNpouecoposasexkHUX 3a4ad, OCKiNbKM BUrpaw y u4aci, wo
[OCAraEeTbCA, He noTpebye [0AaTKOBUX PecypciB 3 OOKy LEHTPasbHOro
npouecopa Komn’'toTepa Ta 3aMBMX BUTPAT Yacy Ha OOMIH OaHMMU MiXK
NOTOKaMu.

DOI: 10.31558/2786-9482.2024.1.2

Beryn

TexHonoriunuii mporpec HAOMM3WUBCA A0 MEXI MOXKIUBOCTEH 301IBIIEHHS IIBUIKOMIIT
MIPOIIECOPHUX EJIEMEHTIB KOMII IOTEepHOI TexHiku. YacToTa poboTH mporecopa Ha piBHiI 3—5 [T
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Oyna pnocsrHyta Oinbine 10 pokiB ToMy 1 3ynMHMJIAch Ha 1boMy piBHI. [lomambine cyrtreBe
3pOCTaHHS YaCTOTH BHSBUJIOCH (PI3MUYHO HEMOKIMBHUM, OCKUIBKH OOMEXYETHCS MaKCHUMAaJIbHOIO
MIBUJIKICTIO MTPOXO/KCHHS EIEKTPUYHOTO CTPYMY B MPOBIJHHKAX SK y MPOLECOPHOMY SIpi, TaK i
MiX IIPOIIECOPOM Ta OIEPATUBHOO mam’ITTio [1, 2].

[lepcnieKTUBHUM  HANPsIMOM  30UTBIICHHS TMPOJYKTHBHOCTI OOYHUCIIIOBAJBHHX CHUCTEM
BUSIBHJIOCS 3aCTOCYBaHHsI 0araTomporecopHux apxitektyp [3, 4]. Y HUX BUKOPUCTOBYETHCS KibKa
MPOIIECOPHUX E€JIEMEHTIB, SKi MalTh MOJMJIMBICTh TPAIfOBATH MapajelbHO Ta 3a3BUYal
peami3yloThCsl y BHUIJIANI NPOLECOPHUX ISP Ha €IMHOMY KpHCTali mporecopa. Y cdepi
MIPOTPaMHOTO 3a0€3MEUYCHHs CIIOCTEPITaeThCsl MEPEOpiEHTAIllI HAa OaraTosiIepHI apXiTEKTypH, IO
BiJIOOpaXaeThCsl HA MOMKIIMBOCTSIX ONEPAI[ifHUX CUCTEM 1 IPUKIAJHUX TporpaM. Y IbOMY acleKTi
OUYIKyBAaHUM € 3pOCTaHHS MIATPUMKH peajizaimii mapajliebHUX aIrOpUTMIB OararbMa MOBaMU
nporpamyBaHHsA. Texnosorii, sk-or OpenMP, MPI ta CUDA, nobpe Bimomi po3poOHHUKam
MPOrpamMHOTo 3a0e3leYeHHs] 1 JMarTh 3MOTY 3aisTH JIOJIATKOBE armapaTHe 3a0e3MeucHHs IS
NPHUIIBUAIICHHS PO3B’sI3aHHS 004YKCITIOBaIbHUX 3a1a4 [1, 3]. AJbTepHATHBOIO UM TEXHOJIOTISIM €
BUKOPUCTaHHS (YHKIIIOHANYy OMEpaliiHuX cucTeM, M[mo0 3a4iiTh pecypcH CydacHHX
OaraTosiIepHUX MPOIIECOPIB.

Moga nporpamyBanHs Python mictuTh 2 MOy MIATPUMKH HapajielbHUX alrOPUTMIB [5—7].
Moayns Multiprocessing peanizye mnapanenisM Ha OCHOBI MexaHi3My mporieciB. IIporpama,
HalKcaHa 3 BUKOPHUCTAaHHSM I[bOI'O MOIYJIS, Ja€ 3MOTY 3aIllyCTHTH JICKUIbKA MPOLECIB, KOXKEH i3
SIKMX MOYE BUKOHYBAaTHUCh Ha OKPEMOMY IPOIECOPHOMY S/IPi 1 Ma€ BiIOKPEMJICHY 00JIaCTh IaM’sITi.
[lepeBara Takux Mporpam IOJSATAE Y MOXKIUBOCTI OJHOYACHOTO BHKOHAHHS OKPEMHUX JIISTHOK
MPOrpaMu, HEJOJIKOM € 3HAayHI BUTPATH 4Yacy Ha OOMIH JAaHUMH MK HpPOIECaMH, SIKI MOXKYTb
HiBETIOBAaTU €(EeKT BiJl MyJIbTHIPOIIECOPHOI 0OPOOKH JaHUX.

[HIIIMM MOyJieM [UTs pO3pOOKH TapaielbHUX MporpaM € Moayib Threading, sikuii peatizye
mapajnenisM Ha OCHOBI MeXaHi3My IMOTOKIB. YcCi MOTOKH, fIKi CTBOPEHO OJIHI€I0 MPOTPaMoIo,
BUKOPHUCTOBYIOTh CHUIBHY O0JIaCTh MaM’STi, 110 3HAYHO CIPOIIY€ 1 MPUIIBUAIIYE OOMIH JTaHUMHU
Mk morokamu. OpjHak iHTepnperatop MoBH Python 3amyckae MOTOKH IHIlle Ha OJHOMY
MPOIIECOPHOMY spi Y peskuMi KoHKypeHiti [1, 6, 7]. Tak camo Ha OZHOMY SApi BHKOHYIOTHCS
3BUYaiiHi mocmigoBHi  Python-mporpamu, 1m0 He BHKOPHUCTOBYIOTH IKOIHHX  3aco0iB
posmapanentoBants. B Tux Python-nporpamax, siki 3Ha4uHy YaCTHHY 4acy BHTPa4yarOTh Ha Oreparii
BBOJY-BUBOy, Mapajieii3M Ha OCHOBI MOTOKIB Ja€ 3MOTY OTPUMATH 3HAYHY EKOHOMIIO Hacy.
Hanpukmnan, BUKOHaHHS OJHOYACHUX 3alHTIB O BEIHMKOI KUTBKOCTI BeOCalTiB He moTpedye
3HaYHUX BHUTpaT 3 OOKy ILIEHTPAJIBLHOTO TMpolecopa i Moxke OyTH JIETKO BHKOHAaHO Ha OJHOMY
MPOLIECOPHOMY SIApi Yy TICeBAOMapajelbHOMY pexumi. HaTomicTh ckiagHi OOYHCITIOBANbHI
QITOPUTMH, SKI  TOTpeOyIOTh  Oe3MepepBHOrO  BUKOPUCTAHHS MpOLECOpa, y  BUIAIKY
6araTonoTokoBoi peaiizalii OyqyTh BHMKOHYBATHUCh HE€ UIBHJIIE, a JOBIIE, MOPIBHAHO 3 iX
MOCTIIOBHOIO peaizalliero. 30UIbIIeHHS Yacy 0OyMOBJIICHE JOJaTKOBUMH JiSIMU 1HTEpIpeTaTropa
Python i omepartiifHOT cuCTeMH, CIPSIMOBAHUMH Ha CTBOPCHHS, 3aIlyCK 1 3aBEPIICHHS MHOXUHH
MOTOKIB.

Omxe, mapaneni3M Ha OCHOBI TMOTOKIB € HENPHJIATHUM MJisg pO3B’S3aHHS 3a/ad, o0
MOTpeOyIOTh 3HAYHOI MOTYXKHOCTI Tporiecopa. BTiM 11e TBep/KEHHS € CIpaBeJIMBUM JIHINE s
moBu Python, mo 3a3HaueHo y mokymenTarii moayis Threading [5, 6]. [IpuuuHa nonsirae y Tomy,
mo iHteprperarop Python BukopucToBye Tak 3BaHUWil rmoOanbHUi 3aMok iHTeprperaropa (GIL —
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Global Interpreter Lock), sikuii 1ae 3MOry BUKOHYBaTH OalT-KOJ TUIBKH OAHOMY IOTOKY B OJHMH
MOMEHT 4acy. 3actocyBaHHs GIL 3a0e3nedye BUKOHAHHS TUIBKH OAHIET aTOMapHOI 1HCTPYKIII 3a
pa3 i rapaHTye Oe3leKy Ta 3aXHCT JaHHWX y 0araTomoTokoBuX mporpamax. Lle crocyerncst Bepcii
Python 3.12, 1o € akTyanpHOI0 Choroani. Po3pobuuku Python marots muanu Ha nepepo6oky GIL 3
METOI0 OJIHOYACHOTO JOCTYIY IMOTOKIB JIO KUTBKOX siZiep MpOIlecopa, OHAK Hapa3i BUKOPUCTAHHS
MeXaHi3My TOTOKIB JIJIsl pO3NapaJIeIFOBaHHS CKIIQJHUX OOYHCITIOBAILHUX AITOPUTMIB BBAKAETHCS
HEJIOUUILHUM.

Mema cmammi TI0JIATa€ B €KCIICPUMEHTAIBHOMY JTOCIIKCHHI €()EeKTHBHOCTI BUKOPUCTAHHS
po3MapaselioBaHHsT TPOTrpaMyd Ha OCHOBI MeEXaHi3My IIOTOKIiB I pO3B’sI3aHHs 3ajadi, Mo
notrpe0ye 3HAYHUX PECYPCiB LIEHTPAIBHOTO MPOIECOpa, 3a KPUTEPIEM BUTPAT Yacy Ha BUKOHAHHS
POTPaMH.

IMocTanoBka 3aBAaHHS J0CTi>KEHHS

Y pob6oTi 3AiICHIOETBCS EeKCHEepUMEHTalbHa IE€peBipKa MPUIYILEHHS Npo Te, LIO0
BUKOPHCTAHHS Mapayeii3My Ha OCHOBI IOTOKIB MijJ Yac PO3B’SI3aHHS MPOLECOPO3AICIKHUX 3a1a4
MoBO0 Python He € nO1iIbHUM 1 HE IPUBOUTH [0 3MEHIICHHS 9acy pOOOTH MPOTPaAMH.

JIns mpoBeseHHs eKCIEpUMEHTY OOpaHO 3amady 3 OoOpoOKHM JBOBUMIPHOTO MAacHBY, SKa
(bOpMYITIOETBCS TaK.

3aoanuii 06osumipnuti macugé posmipom M paokie ma N cmoenyie, KOJCHUM eneMeHmOoM
K020 € ncegdosunaokose yine yucio 6 odianazoni 6i0 —I1000 oo 1000. 3uaiimu cepeo ycix
efleMeHmie Macusy KilbKiCmb MAakux enemMenmis, Ois AKUX CyMd yugp y 3HAYeHHi elemMeHmy,
HezanedcHo 6i0 3naka uucia, oopienioe 10 (nanpuxnao, 91, —253, 730, —28, 55). I[Tomim 3aminumu
Ha ye 4ucio yci eleMeHmu Macugy, sKi € Keaopamamu Yiiux 4ucei.

3anpornoHOBaHO TAKHI MOPSIOK IPOBEICHHS €KCIIEPUMEHTY .

1. Po3p’s13aTu MOCTaBJIeHy 3ajady 3a Jormomororo MoBu Python Oe3 BukopucTaHHs 3aco0iB
napajeabHOro IporpamyBaHHs. PesynbraTomMm Mae OyTH TMOCHiZIOBHA NpOrpaMHa peasi3aris
aJITOPUTMY 3a]aui.

2. Po3B’si3aTH mOCTaBIIeHy 3agady 3a JomoMoror MoBu Python i3 BuKOpHCTaHHSM
napajeni3My Ha OCHOBI MOTOKIB Ha 6a3i moaynst Threading. Pesynbratom mae OyTu mapasiesibHa
[porpaMHa peanisallis alropuTMy 3a/1adi.

3. Bumipatu TpuBalicTh pO3B’sI3aHHS 3aJadl 3a IOCTIJOBHOI 1 MapajesbHOI NMpOrpaMHHUX
peaizaniil Juist pi3HUX pO3MipiB MacHBY.

4. ITopiBHATH pe3ybTaTH BUMIpPY Yacy Ta 3pOOMTH BIAMOBIAHI BUCHOBKH.

OuikyBaHUM Pe3yJbTaTOM EKCIIEPUMEHTY € Te, 110 Yac poOOTH mapasesbHoi mporpamu Oye
piBHUM a0o0 OuTBIIMM 3a 4ac poOOTH MOCHiOBHOI mporpamu. Lle moB’s3aHo 3 TUM, IIO B MOBI
Python GararomoTokoBi mporpamMu MpUMYCOBO BUKOHYIOTHCS Ha OJHOMY siipi mporecopa. OTxe,
BIJICYTHS amapaTHa CKJIaJ0Ba, 110 Ja€ 3MOTY MPUCKOPUTH BUKOHAHHS 0araToOmoTOKOBOI MPOrpamH,
MOPIBHSHO 3 11 MOCJIIJOBHOIO BEPCI€l0.

Po3p’s13anHs 3ana4i y BUIJISAI OCJIZ0BHOI peasizamii
Posrnsinemo peanizaimito anropuTMy po3B’sS3aHHSI IOCTaBJIEHOI 3a/adi y MOCHIJOBHOMY
BHTJISI/I1, TOOTO 0€3 po3napaientoBaHHs;.
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3agamMo po3MipH MAacHBY y BHUTJIAAI KOHCTAaHT. CTBOPHUMO JIBOBHMIPHHUNA MAacHB PO3MIpPOM
MxN, 3armoBHEHHMIA TICEBIOBHUITAIKOBIMH ILTMMHU unciiamu B aiamasoni [—1000, 1000]:
import random
M, N=23, 4

mas = [] # IlinmroToBKa MNOPOXHLOTO MACHBY PAIK1iB
for i in range (0, M): # Lwka 3a pagkaMmu
mas i = [] # IMimroToBKa MNOPOXHBLOTO pPAIKa
for jJ in range (0, N): # IukJI 3a CTOBILAMU
n = random.randint (-1000, 1000) # TeHepauis PaHIOMHOTO uMCJIIa
mas_1.append(n) # JIomaBaHHA UMCJa Yy PAIOK
mas.append (mas_1) # JIomaBaHHSA PSOKa B MACUB

3HaliZileMO B MacWBi KUIBKICTh €JIEMEHTIB, cymMa HU(p SKHX, HE3aJEKHO BiJl 3HAKa YHCIa,
nopisaroe 10. J{st 30epiraHHst KUIBKOCTI 3HAWJEHUX €JIEMEHTIB OyZeMO BHKOPHUCTOBYBATH 3MIHHY
nlo0:
nl0 = 0

Oprani3yemMo BKJIaJIeHUH LUK, BCEPEIUHI SKOro OyeMo Opatu 3 MacuBY 4E€pProBHil eI€eMEHT

Ta paxyBatu cymy Horo uudp. [Iporpamuuii kox Moke BUTIIAIATH TaK:
for i in range (0, M): # luka 3a pgaaxKamu

for j in range (0, N): Ik 3a CTOBILAMU
n =mas[i][7] BEepemO ejleMEeHT MacCUuBY
s = str(n) [lepeBOOVMMO B CUMBOJIBHUM QopMaT
s = s.replace("-", "") Bumasnsgemo 3Hak "MiHyc", gkmo BiH €
m = [louaTKOBE 3HAUEHHS CyMM LUUbP

0

for ¢ in s: [lepebupaHHa CHMMBOJIIB paIka
m += int (c)

if m == 10:

nl0 = nl0 + 1

print(n, end=" ")

HDomaeMo uUMOPY OO CyMM
Axmo cyma umdp nopirHwoe 10

= oS S S S S 3 3

361JabyeMO K1JbKI1CTB

print ("\n3Haoexso umcesn:", nl0)

Y HaBegeHoMmy ¢parMeHTI TEepeloCTaHHA KOMaHJa print JoJaHa isd TEPEeBIpPKU
Mpane3gaTHOCTI MporpaMu 1 BHUBOAWTH HA €KpaH YCl €JIEMEHTH MacuBy, cyma LUpp SKUX
nopisaroe 10. Ils xomanma moTpiOHa nuie Ha eTami TecTyBaHHS mporpamu. Jlami BoHa Oyxe
BUJAJIEHA, OCKUIbKM BUBEACHHS IH(OpMalii Ha eKpaH MOXe 3aiiMaTH 3HA4YHUN BIJCOTOK dYacy
poboTH TIporpamu.

PesynbraT po6oTu nporpamu Juist MacuBy po3MipoM 10x10 Burisae tax:
145 -64 712 640 -307 631 541 -181
3HaiineHo umncen: 8

Po3B’spxkeMo Jpyry yacTHUHY 3aj]1adi: 3aMIHUMO BCl €IEMEHTH MacHBY, IO € KBaIpaTaMu ITUX
qucen, Ha 3HaieHe uncno nl0. s nporo OyaemMo nporisgaTd B UKL BCl €I€MEHTH MacHuBYy Ta
NEPEeBIPATH, UM € YEPTOBUM €JIeMEHT JOJATHUM 1 UM € KOPIHb 13 HbOTO LIIUM yucioM. /s nporo
BUKOPHUCTAEMO TaKUI ()parMeHT MPOTPAMHOI0 KOAY:
for i in range (0, M): # Luka 3a pgaaxamu

for 37 in range (0, N): # IIMKJI 3a CTOBILEMU

n =mas[i][J] # Bepemo ejleMeHT MacuBy
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if n > 0: # dAxmo uymMcyo momaTHEe
if n ** 0.5 == int(n ** 0.5): # fdxmo KOpiHBb € LiJaWM uUMCIJIOM
mas[i] [jJ] = nlO0 # PobumMmo saMiHy ejieMeHTY Ha nl0
print (" (", i, "1[(", 3, "] = ",n, " -> ", nl0, sep = "")

SIk 1 B momepeaHbOMYy (parMeHTi, OCTaHHS KOMaHAa print MNOTpiOHA IuIIe HAa erarmi
HAJIarO/KEHHSI TPOTPaMH.

[ToBHMI JIICTHHT MPOTPaMH yTBOPIOETHCS TMOCIIAOBHUM 00’€THAHHAM PO3TJSHYTHUX BUILE
¢dparmenTiB koay. 3anasum po3mipu MacuBy M =10, N = 10 i 3amycTuBImIM Iporpamy, OTPUMAEMO

TaKu¥ pe3yJIbTar:
-451 505 -640 -343 -235 -82 64
3HanaeHo uucen: 7
[4][5] = 121 -> 7
[5][2] = 9 -> 7
[6][4] = 784 -> 7
[8][1] = 64 -> 7
VY npukiani 3HaiaeHo 7 yucen, cyma nudp skux nopisaioe 10. [Totim Oyo 3HaiiieHO YOTUPU
qucla, 0 € KBaJaparamu uinux yucen: 121, 9, 784, 64. Yci uncna Oynu 3aMiHEeH1 Ha YUCIO /.
MacuB posmipom 10x10 He € AOCTaTHHO BEIUKHM, LI00 y HHOMY 3ycTpidaioch Oarato
TICEBJIOBUITAJIKOBUX YHCEN, L0 € KBaJpaTaMy LITUX 4YUcell. Y HaBEeIEHOMY BHUIIE MPUKIAAl TaKUX
qyceNl JIMIIe YOTUPH. SIKIIO 3amyCTUTH MpOorpaMy IIe KilbKa pa3iB, pe3yjbTaTH MOXYTh OyTH

TaKUMU.

-370 -244 -280 190
3HalnaeHo uucen: 4
[0][3] =784 -> 4
[31[3] = 196 -> 4

-235-190 -55 631 424 -730 910 -442 514
3HanaeHo uucen: 9
[3][2] = 484 -> 9

523 73 145 550 -811 -190 433 118 244 352
3HaiaeHo uncen: 10

B ocranHbOMy mnpukiaal KBagpaTH LUIMX YMCEN B3araial He OyJju 3HaiJieHl, 1 1€ LIUJIKOM
MOJKJIMBA CHUTYallis JJIsi MacUBY HEBEIUKOTo po3Mipy. SIkmio 3amatu po3mipu macuBy sik 20%20,

3HaICHUX KBaJApaTiB 3a3BUYail Oyje OubIe:
-55 -370 -370 226 -154 802 118 -271 -316 -253 -505 802 127 -19 352 253 -361 -190 433 433 -712 82 154 -64 -307
3HaitneHo uncen: 25
[1][14] = 676 -> 25
[3][9] = 529 -> 25
[4][5] = 625 -> 25
[4][14] = 121 -> 25
[7][0] = 900 -> 25
[12][2] = 25 -> 25
[18][0] = 49 -> 25
Jlonamo B mporpamy KOMaHAM Jis BUMIPY 4acy BHUKOHAaHHA (parMeHTiB koay. [lnst mporo
CKOPHCTAEMOCh MOJIJIMBOCTSIMH CTaHAapTHOro Moxyis Time. Ileprmii BUMip HMOTOYHOTO 4acy
3MIACHIOETHCS BiApa3y Micis MCEBJIOBUIIAAKOBOI ITeHepallii MacuBy, IpyrHil BUMIp — BiIpasy Micis

3aBepuIeHHs nporpaMu. Pi3HuIg B vaci OyJe OpIBHIOBATH KUIBKOCTI CEKYHJ, II0 BUTpayeHi Ha
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BUKOHAHHS BIAMOBIAHOTO KOAy mporpamu. CTPYKTypHO po3TallyBaHHS KOMaH JJI BUMIPY Yacy
BUIJISIIaTUME TaK:

import time

# TMceBmoBMNaIKOBa I'eHepalllid MacuUBy

tl = time.time () # [oyaTKOBUI UYac

# OBpobka MacubBy

t2 = time.time () # Kiuuesuir uac

print ("Uac poborm nporpamm:", t2-tl, "cexyHn.")

Po3B’s13anHs 3a1a4i y BUIJIsIAI 0araTonoToKOBOI peanizaumii

PeanizyemMo anroput™ po3B’s3aHHS MOCTABJICHOI 3a1a4i 0OpoOKH JBOMHBIPHOTO MacHBY 3
BUKOPUCTaHHSAM MEXaHi3My MOTOKIB.

3amada CKIIQAAETHCS 3 JABOX YAaCTHH. Y TEpIIid YacTHHI IIYKAEThCS KUIBKICTh €JIEMEHTIB
MacuBy, cyma udp sxux nopisHioe 10. Y apyriii 4acTHHI IIyKalOThCS 1 3aMIHIOIOTHCS €JIEMEHTH,
0 € KBaJpaTaMu LIIMX YUCeN. Y KOXHIM 4YacTHWHI ime poOora 3 yciMa eJeMEeHTaMH MacHBY,
PUYOMY TIOPSOK Teperisiy €IeMEHTIB MacuBy JUIs 1€l 3a7adi He Mae 3HaueHHs. Lle mae 3mory
3aisTH A1 0OpOOKHM MacuBy JAEKUIbKa JOYipHIX MOTOKiB. KOXXKHOMY IMOTOKY MOXHA HaJgaBaTh
SAKHICh ()parMeHT MacuBy, 1 MOTIK OyJae BHUKOHYBATH 3aBJIAHHs TUIbKM Jis Hboro. Komm moTtik
3aBepIIyBaTUME poOOTY, BiH IiepefaBaTUME TOJIOBHOMY IIOTOKY pe3yJIbTaTH CBO€i poOoTh i
3aBepIIyBaTUMEThCA. [ OJIOBHUI MOTIK Oyne IMBHAKO OOpOOIATH pPE3ynbTaTd pOOOTH IOUIpHIX
MOTOKIB.

CrpoekTyeMO Mporpamy Tak, 00 KOKEH JOUipHIH MOTIK BHKOHYBaB 0OPOOKY TIJIbKU OJHOTO
psiiKa TBOBHMIPHOTO MacHuBy. Pe3yapTaToM poOOTH € KUTBKICTh IIIBOBUX €IEMEHTIB, SIKI MiCTATHCS
B LIbOMY psaKy MacuBy. HampukiHiil poOoTH JOUIpHHOTO MOTOKY 3HaiieHa KUIBbKICTh 10Aa€ThCS 10
r7100anpHOi 3MIHHOI n10, B sIKIi BeAETbCS HAKONMUYEHHS PE3yJbTaTiB pOOOTH KOKHOTO MOTOKY. B
JAaHOMY BUMAJIKy HE0OXi/Ha KiJIbKICTh MOTOKIB JOPIBHIOE KITBKOCTI PSAKIB MACHBY.

KomaHu CTBOpEHHS 1 3alIOBHEHHSI MACHBY 3aJIMIIMMO TaKUMHU, SIK y TIONEPEAHIX MPUKIIAIaX,
3a BUHATKOM TOT0, IO Ha MOYaTKy MporpaMu mix’eaHaemMo Moayis Threading komanmow import
threading.

Honamo B mporpamy riobanbHui 3amok Tumy threading.Lock. Bin Oyne 3acrocoByBaTHCs
IUIsE MOHOTIOJIFHOTO BUKOPHUCTaHHS TIOTOKAMU KOMaHJ print Ta IOCTYIy J0 II00aThbHUX 3MIHHUX
3 METOIO yIepeKeHHs CTaHiB meperoxis (race conditions):

L = threading.Lock() # 3amox

SIk 1 7 MOCHiOBHOI peaiizalii, CTBOpUMO 3MiHHY nl0, y skiii OyJne HakOmM4YyBaTHUCh
KUTBKICTh 3HANICHUX €JIEMEHTIB MACHBY.

Hanumemo ¢yskimito £1, ska npuiiMae HOMEp psiika JBOBUMIPHOIO MacHBY, BUKOHY€E B
MeXax LbOT0 psjaKa IMOIIYyK KIIBKOCTI eleMeHTIB, cyMa mudp skux nopiBHioe 10, Ta momae 1o
KUTBKICTB J10 17100a1bHOT 3MIHHOT n10:

def f1(i): # Tlomyk y PSOKY 3 HOMEpPOM i
global nl0 # Bymemo 3MiHoBaATKU TJIOBANBHY 3M1iHHY
k=20 # KimpxicTb 3HaAMOEeHUX eJIeMeHT1B Yy PAIOKY
for j in range (0, N): # IuKJI 3a CTOBIILAMU
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n =mas[i][7] # Bepemo ejileMEeHT MacCuBy
s = str(n) # IlepeBOIMMO B CHUMBOJIBHUI GopMmaT
s = s.replace("-", "") # Bupajsigemo 3Hak "mMiHyc", gkmo BiH €
m= 0 # TouaTKOBE =BHAUEHHI CyMMu LUudp
for ¢ in s: # lepebupaHHsa CUMMBOJILIB paIka
m += int (c) # Iomaemo LGPy OO CyMM
if m == 10: # dxmo cyma umbp nopimshHioe 10
k=%k +1 # 360impmyeMo KiJbKicThb
L.acquire ()
nl0 += k # 36impmyemo TJIOBAJIBHY 3M1HHY

L.release()

OyHKIS TpaIoe 0e3nocepeHb0 3 TI00aThHIM MAacHBOM mas. Lle € MOXKIMBUM 3aBIsSIKU
TOMy, IO BCi godipHi motoku B Python mpaiorore 3 oaHi€0 007acTIO MaM’sTi 1 MarTh
6e3nocepeiHiii JOCTYyM 10 M00aTbHUX 3MIHHUX.

CTBOpPHMO MOPOXKHIM CHUCOK MOTOKIB, MIC/Is YOro B LMK CTBOpUMO M JOUipHIX MOTOKIB.
Koxen notik ctBopuMo Ha 6a3i ¢pyHKIii £1 1 mepeaaMo 10 Hel HOMEp psAKa MacHUBY:

t list = [] # IligroroBka CIMCKY IIOTOK1iB
for i in range (0, M): # Iuxa 31 cTBOpPEeHHS MOTOKI1B

t = threading.Thread(target=f1l, args=(i, ))

t list.append(t)

BukoHaeMo 2 IIUKIIM: MUK 13 3aITyCKY TIOTOKIB Ta ITUKJ 3 OYIKYBaHHS TIOTOKIB:

for t in t list: # Iuky 13 B3anycky IIOTOK1B
t.start ()

for t in t list: # LukJ 3 O4YikyBaHHA NOTOK1B
t.join ()

ITicna toro, sk poboTa BCIX MOTOKIB 3aBEPIIUTHCS, Yy 3MiHHIA nl0 OyJe 3HAXOAUTHUCH
KUTBKICTh €JIEMEHTIB MacHBY, cyMa Iudp sikux nopiBaioe 10.

Tenep po3napanenuMo Apyry 4aCTHUHY 3aBJaHHs, a caMe MPOIEC 3aMiHU €JIEMEHTIB MacHUBY,
IO € KBaJpaTaM¥ IUIMX YHCelI, HAa 3HAYCHHS KUTBKOCTI eJIeMEHTIB, cyma Iudp skux nopisHioe 10,
TOOTO Ha 3HAUEHHS 3MIHHOI n10.

Sk 1 U1 mepuIoi YacTUHM 3aBJIaHHS, po3MapajiearMMo oOpoOKy MacuBY Ha PIBHI OKPEMHUX
PSZIKIB — CTBOPUMO Ha KOKEH PSIOK MacHBY OAMH MOTIK. [y nporo Hanumemo QyHkiito £2, ska
npuiiMae ik apryMeHT HOMEp psAKa JBOBHUMIPHOTO MAacHBY, HPOTJISIIAE IEW PSIOK Ta 3aMiHIOE
€JIEMEHTH, 1110 € KBaJpaTamMu IUTNX YUCEN, Ha 3HAYeHHsI r7100abHO1 3MIHHOT n1 0!

def f2(1i): # 3BamMiHa y paIKy 3 HOMEPOM 1
global mas # MoxamBicTe 3MiHOBATK TUIOBAJILHUM MaCUB
for 37 in range (0, N): # IIMKJI 3a CTOBILAMMU
n =mas[i][J] # Bepemo ejileMeHT MacuBy
if n > 0: # Axmo umMcJo momaTHe
if n ** 0.5 == int(n ** 0.5): # fdxmo KOpPiHB € LiJAWM uUMCIJIOM
L.acquire () # BaxOoIJIeHHHd 3aMKa
mas[i] [j] = nlO0 # BamizHa ejemMeHTy MacuBy Ha nl0

L.release () # BUBiJIbHEHHA 3aMkKa
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Omepartiss 3anucy B TJIOOATbHUIA MacHB BHUKOHYETHCS Y «MOHOIIOJIBHOMY» PEKHUMI TICIIS
3aXOIUICHHS 3aMKa. Xoya Pi3HI MOTOKH MPAIIOIOTh 13 PI3HUMH DPSIKAMHA MAacHBY 1 BUHHUKHCHHS
CTaHy TEPEroHy JaHWX HE OYIKYEThCS, aBTOPH BBaKAIOTh BUKOPHCTAHHS 3aMKa IMPaBHIBHUM
MiXO0IOM, X04a 11 MOYKE TPOXH YIOBIJIBHUTH pOOOTH IPOTPaMHU.

PosnapanentoBanns ¢yHKINIT £2 BUKOHYETBCS TaK CaMo, K 1y BUMAAKY QYHKITT £1:

t list = [] # IigroroBka CIMCKY IIOTOK1iB

for i in range (0, M): # Uukxy 31 CTBOPEeHHS MOTOKI1B
t = threading.Thread(target=f2, args=(i, )) # ®dyuxkuia f2
t list.append(t)

for t in t list: # [k i3 3anycky IOTOKiB
t.start ()

for t in t list: # IIMKJI 3 OUlKYyBAHHSA MIOTOKIiB
t.join ()

O6’eqnaeMo BCi pO3IJIAHYTI BHILE (GparMeHTH KOy, NOB’sA3aHi 3 0ararornoTOKOBOIO
00poOKOI MacuBYy, B €IuHYy mporpamy. J[0o1aTKoBO J07aMO B MpOrpamy KOMaHIIU BUMIPY Yacy
poboTH noAidHO TOMY, SIK 11e OyJI0 3p00JIEHO y BUMAKY MOCTIAOBHOT BepCii MPOrpaMu.

Pe3yabTaTn eKcriepuMeHTAJbHHUX JOCTIIKEeHb

ExcniepumenTr 37ificHeHO Ha KoMIT'foTepi 3 mporiecopom i5-13500 ta 3 omeparuBHOIO
nam’stTio Tty DDRS  oGcsirom 64 I'6, sikmii mparroe mig  ynpasiiaasm OC Windows 11.
BukopucroByBanacek Bepcis Python 3.12.

[TopiBHSIEMO Yac BUKOHAHHS ITOCTIIOBHOI 1 TapajielibHOl Bepcid mporpamu. st 1boro
3poOHUMO TaKe.

1. Bu3nauumo Taki po3Mmipu MacuBy, 100 Horo nociigoBHa o0podka TpuBana 1, 2, 5, 10 ta
30 cexyna. Ilig wac mporo OyaemMo noTpumyBaTHCh piBHOCTI 3Ha4eHb M i N. PesynbraTé BUMIipiB
HaBeleHI B Tabm. 1. 3a po3mipiB MacuBy, BKa3aHUX y JAPyromy croBmii Tadn. 1, yac oOpoOku
MacuBY 3a JIOIIOMOTOIO0 TOCIIJOBHOI Bepcii mporpamMu OyB HalOUIbII ONM3BKUM 10 3HAYCHHS,
BKa3aHOro0 B IMEpIIOMY CTOBHI TaOnuil (3a yCepeAHEHMMM pe3yJibTaTaMH KIIbKOX 3aIlyCKiB
MIPOrpamMu).

Tabmuis 1. TpuBamicTs MOCHIIOBHOTO pO3B’sI3aHHS 3a]1a4l

Tpusanicts (1), ¢ Po3mip macuBy
1 1230x1230
2 1770x1770
5 2800x2800
10 3950%x3950
30 6850x6850

2. BusHaunMO TpWBANICTh BUKOHAHHS TTapalieIbHOI Bepcii Mporpamu JJisi pO3MipiB MacuBy,
BKa3aHMX Y IPYrOMYy CTOBIII Ta0u. 1. Pe3ynpTaTu BUMipiB HaBeneHi B Ta0m. 2.
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Tabnuus 2. TpuBaicTh napajaeabHOro PO3B’A3aHHS 3314l 13 BAKOPHCTAHHIM MEXaH13My MOTOKIB

Posmip macuBy Tpusanicts (15 ), ¢
1230x1230 0.80
1770x1770 0.96
2800x2800 3.52
3950%3950 6.84
6850x6850 20.5

[TopiBHIOIOYM 3HAYEHHS y MEPLIIOMY CTOBIII Tabn. 1 31 3HAYEHHAMHU y OPYTrOMY CTOBIIII
Tabn. 2, MOKHAa OauuTH, IO AJS YCIX PO3MVIIHYTUX PO3MIPIB MAaCHUBY TPUBANICTh BHUKOHAHHS
napajeibHOi MPOTrpaMH BUSBUJIACH MEHIIOK, HDK TPHUBAIICTh BHKOHAHHS CKBIBAJIEHTHOI
MOCTIIOBHOI TPOTPaMH.

3. BuzHaunMo Burpam y 4aci y pasi BUKOPUCTaHHI HapayeibHOI Bepcii mporpamMu 3aMiCTh
MOCJIIJIOBHOI. 3HaYEHHs BUrpallly Oya1eMo BUPaXKaTH y BICOTKaX:

E-127U 10006, (1)

t

Pesynbratu omiHoBaHHS e(eKTy Bij mapanenizmy (Tadu. 3) 3acBiI4yOTh, 110 BUTPAI Y Yaci
IUIE MAacWBIB BEIMKHX pO3MipiB csirae mpuOmm3ao 30%, MOpIBHSAHO 3 IMOCIIZOBHOIO 00pOOKOIO
MacHBY.

Tabmuus 3. Burpam B yaci 3a paxyHOK 0araTonoToKoBOCTi

Po3wmip macuBy ], c t,,C E, %
1230x1230 1 0.80 20
1770x1770 2 0.96 52
2800x2800 5 3.52 29.6
3950%3950 10 6.84 31.6
6850x6850 30 20.5 31.6

OO0roBopeHHs1 OTPUMAaHUX pe3yJbTaTiB

Posrnsinyta B mif poOoTi 3amaya oOpOOKM JIBOBUMIPDHOTO MAacHBY MOXE BBa)KaTHUCh
MIPOLIECOPO3AIEIKHOI0, OCKUIbKM Iependadyae 3HAUHUNA OOCSr MaTeMaTWYHUX OOYMCIEHb Ta HE
BUKOPUCTOBYE 3HAYHOIO MIPOIO oOmepanii BBOAY-BUBOAY JaHUX. XoO4ya BBAXKAETHCH, IO
0araTormoTOKOBa peaizaiis MPOIECOPO3ANeKHUX 3amad MoBoio Python He mnpuBoauThH 10
3MEHILIEHHS 4acy, MOPIBHIHO 3 IMOCIHIIOBHOIO peasi3alli€lo, OTPUMaHl pe3ybTaTh JAEMOHCTPYIOTh
3BopoTHe. OTpuMaHUil TPUALSTHUBIICOTKOBHI BHUrpaml y 4aci JOCATHYTUH JIMIIE 3a pPaxyHOK
0araTornoToKkoBOi peamizamii 0e3 Oyab-sKoi onTUMizalii airoputMy oOpoOku. Bonnouac
JOJATKOBUM 4Yac Ha CTBOpPEHHS, OOpOOKY Ta 3aBepLIEHHS KUIbKAaX THCSY IMOTOKIB HE 3aBajuB
3arajbHOMY BHUTpallly B yaci poOOTH Mporpamu.

3a NpoBEACHUMHU JTOCIIHKEHHSIMH OJJHO3HAUYHO BCTAHOBUTU NMPUYMHY OTPUMAHOIO BHUTpAILy
He Brajocs. ABTopamu Oyl TPOBEIEHI JOMATKOBI JOCTIIKCHHS, SIKI MOJSATAIA Yy TOAI0HOMY
pO3B’sI3aHHI 1HIIMX 3a/]a4, IOB’S3aHUX 3 O0OpOOKOI JBOBUMIPHMX MacuBiB. JlocnimkeHHs
MOKa3aJIM, 0 Y BUIMAJKY JCSIKUX 3a7ad BUTPAII TaKOX cAraB mpuodau3Ho 30%, Tosi SK ISl 1HITUX
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3amad BUTpam OyB BIACYTHIN, 1 4ac poOOTH TMapaielbHOi Bepcii mporpamMu OyB piBHHM abo
OUThIIMM 3a 4Yac poOOTH TOCIHITOBHOI Bepcii. SIKMXOCh y3arajibHEHb Ta TPYHTOBHHMX BHCHOBKIB
3pOOUTH HE BIAIOCS.

Jnst posrnsHyTOi B Iiii poOOTI 3amadi Burpam 30epiraBcs 3a pi3HUX KoHIryparmii
komi’torepa ta Bepcii OC Windows. Xoua (akTuyni 3HaYCHHS 4acy poOOTH mporpam Oyiu
OuThbIIMMK  (Yepe3 MEHII MPOAYKTUBHHUHA IPOIECOp), 3HAYCHHS BUTpAlly y KIJbKa JIECATKIB
BIICOTKIB 30epiranoch. Lle mae 3mory momepemHbO TOBOPHUTH IPO HE3AJIEKHICTh OTPUMAHOTO
e(deKTy BiJ armapaTHO-MPOrPaMHOT0 3a0€3MeUCHHSI.

Ha ocHOBiI OTprMaHUX pe3yJbTaTiB aBTOPH BBAKAIOTh 3a JONUIbHE MPOBECTH IOAATKOBI
JOCIIJKCHHS, SIKi MOJIATAaTUMYTh Y TAKOMY:

1) mocmi/KeHHS BIUIMBY Ha BHIpAIl CIIIBBiIHOIICHHS KIIBKOCTI PSAAKIB 1 CTOBIIIIB
JBOBUMIPHOTO MaCHUBY;

2) IOCIiKEHHS BIUTMBY Ha BUTPAIIl 3arajbHOT 3aBaHTAXKEHOCTI MPOoIecopa KOMIT I0Tepa;

3) mocimipKeHHs BIUIMBY Ha BUTPAII KiJIbKOCTI BAKOPUCTOBYBAHHX IMOTOKIB;

4) nocmimkeHHss e(peKTHBHOCTI 0araTomoTOKOBOI peami3alii iHIIMX MIPOLECOPO3aTCIKHUX
3aj1a4, 30KpeMa orepariiii MHOKEHHS MaTPHIIb;

5) mpoBeneHHsS 3a3HAYCHHUX JOCII/DKCHb Ha KOMII'IOTEpax IMiJ| YMNPaBIiHHAM Pi3HHX
OTepaliiHUX CUCTEM.

BucHoBku
ExcnepuMeHTanbHO  JOCTIIDKEHO  ©()EeKTUBHICTH  PO3B’S3aHHS  MPOLECOPO3ATECIKHUX

OOYHMCITIOBAILHUX 337a4 MOBOK Python i3 BHKOpHUCTaHHSM poO3MapajieiroBaHHS Ha OCHOBI
MeXaHi3My TOTOKiB. Pe3ymbraTh eKCIepuMEHTIB TOKa3ald, [0 Yy JEeSIKUX BHIIAAKax
0aratomoToKoBa peaiizailisi aaroputMy ckopouye Ha 30% TpuBadicCTh POOOTH TIPOrpaMH,
MOPIBHSIHO 3 TMOCIIJOBHOIO peaiizaiiero. Burpam pocsraerbcs Juile 3aBASKH 3aCTOCYBaHHIO
0araTornoToKOBOCTI, 0€3 BUKOPUCTAHHS JOJATKOBUX allapaTHUX PECypCiB Ta MPOrpaMHUX 3aco0iB,
TOOTO «O€3KOIITOBHO.

OTtpuMaHi pe3yJbTaTH CTaBIATh MiJl CYMHIB 3arajbHOINPHUIHATE TBEPIKEHHS MpPO Te, 110
3aCTOCYBaHHsS MeXaHi3My MOTOKiB y MoBi Python mig dYac BHKOHAHHS IPOIECOPO3ATCHKHUX
QITOPUTMIB € HEJOLUUIBHUM. SIKILIO pO3MapalieOBaHHs aJTOPUTMY Ha OCHOBI MPOIIECIB 32 IKUXOCh
IIPUYMH € HEMOXKJIUBUM 200 HEIOLIbHUM (HANPHUKIIAA, Y BUMAJKy BEJIMKUX BUTPAT yacy Ha OOMiH
JaHUMH MDK TIpollecaMH), mporpamictam Ha Python pexoMeHIyeTbcs 3aBXKAW PO3TIISIATH
MOKJIUBICTh 0araTomoTOKOBOi peajizallii aJropuTMIB Ta OIIHIOBATH BIANOBITHUN e(QeKT Yy
KOXXHOMY KOHKPETHOMY BMMaJKy. Lle Moxe npuBecTH 10 OTpUMaHHS BUTpallly B 4acl BUKOHAHHS
aNropuTMy 0€3 J0JaTKOBUX BUTpAT. Taka peKOMEHallisl BU3HAYa€ MPaKTUYHY I[IHHICTh OTPUMAHUX
pe3yJNbTaTiB Ta NEPCIEKTUBHICTh MOJAIBIINX JTOCHIIKEHb Y I[bOMY HalpsMI.
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Research on the efficiency of parallelization of processor-dependent tasks in
Python based on the thread mechanism

Roman Babakov, Olexander Barkalov

Abstract

The objective of the paper is to study the effectiveness of using parallel data processing based on
threads in the Python language to solve problems that require significant CPU resources. The task of
processing a two-dimensional array of large sizes using standard Python tools without using specialized
libraries such as Numpy was considered as such a problem. As a result of the research, an unexpected
decrease in the execution time of the multi-threaded program by 30% was found in comparison with the
sequential (non-parallel) implementation of the problem being solved. This makes it possible to question the
well-known statement that multi-threaded solving of processor-dependent tasks in the Python language is not
effective, as it does not lead to a decrease in the running time of programs. Previously, it was believed that
due to the use of the so-called global lock (GIL), the Python language interpreter, when executing
multithreaded programs using Threading module, directs all program threads to one processor core, which
excludes the physical parallel execution of threads and under no circumstances allows to reduce time of
program execution. A well-known recommendation for obtaining a real gain in time is the use of
parallelization based on the process mechanism and the "multiprocessing” module, which allows several
physical processor cores to be used. However, this approach requires additional processor resources (cores)
and additional time spent on data exchange between processes, which can nullify the effect of multi-core
processing. The experiments conducted by the authors proved that the use of a multithreaded approach can
also be appropriate in the case of processor-dependent tasks, since the time gain achieved does not require
additional resources from the computer's central processor and unnecessary time spent on data exchange
between threads.

Keywords: processor-dependent tasks; speed of data processing; parallelization; thread mechanism;
the Python language.
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JloHeLbKNI1 HauioHaNbHUI yHiBepcuTeT imeHi Bacuna Ctyca

3anponoHOBaHO peasiisalito aBTOMATM30BaHOI iHGOpPMaLiHOI cucTemm,
WO [Q€ 3MOry AOCANIAXKYBAaTM Ta aHaNi3yBaTWM BMJUB iHCTPYMEHTANbHUX
3acobiB po3pObOKM Ta CUMHTAKCUMYHWMX KOHCTPYKLiIM Ha LBWAKOAIID poboTH
nporpam. Y CUCTEMi 3aCTOCOBAHO apXIiTEKTYpy TpupiBHEBUX 6a3 AaHMX.
CneujanisoBaHnn gopatok LST Client BukopuctaHo siK KnieHT, LST Web
Service AK cepsep Aoagatkie, a MySQL aKk pensauyinHa CYB[. B3aemogin
popatka LST Client 3 LST Web Service BiabyBaetbca 3a sonomoroto Web API
3 BMKopucTaHHAM Application Key. Application Key ssnse coboto
YHIKanbHUA KAKOY, AKUI CTBOPIOETBCA A1 KOXKHOFO MPUCTpoto, Wwo bepe
yyacTb y gocnigKeHHi. Ona Tux BMNagKis, KOAM y AOCNIAXKEHI Ma€E B3ATU
yyacTb MNPUCTPIK, pPO3TallOBaHWI MO3a MeXaMu intranet-mepesi,
NiOKNIOYEHHA  3AJIACHIOETbCA  aHaNoryHMM  cnocobom, ane uyepes
cneuianbHO  HanawToBaHWMM  SSH-TyHenb. [NA  KOXHOrO  MPUCTPOLO
CTBOPHOETHCA BiANOBIAHUA KOPUCTYBay 3 aBTOPU3aLLi€lo 3a ocobucTum RSA-
K/NOYEM MAKCMMANbHOI [O0BXUHW. [locnigKeHHA npoBeaeHO ANA MOB
nporpamysaHHAa C, C++, Fortran, Java, C#, JavaScript, PHP, Python 3
BUKOPUCTAHHAM KOMMNINATOPIB Ta iHTepnpeTaTopiB, WO Hanexatb A0 x64
apxiTekTypu nig, KepyBaHHAM Windows 10 gna  OCBIiTHIX YyCTaHOB.
Pe3ynbtaTv eKcnepuMeHTiB 3acBiguyMau, WO Ha LWBMAKOALIKD Nporpamm
BM/IMBAE BEPCiA KOMNINATOPA YK iHTepnpeTaTopa, Ta Habip CMHTAKCUYHUX
KOHCTPYKLiM, WO BUKOPUCTOBYETbCA, HaMpuKaag, ++i Ta i++. Jlvwe
KomninATopyn moB nporpamysaHHa C, C++ Ta Fortran amornm ontumisysaTm
KOA Ta He BWKOHYBaTU 3aiBi UMKAW. Po3pobneHa cucTtema Aa€ 3mory
MaKCMManbHO aBTOMAaTU3yBaTH npouec  TecTyBaHHA wBemaKoaii
NPOrpamHoro Koay. 3anponoHoBaHa cucTema Moxe byTu BUKOpUCTaHa A
OLiHIOBAaHHA HOBWX BEpPCih MOB NPOrpamyBaHHA Ta MPOrpamHoOro
3abe3neyeHHA. BoHa TaKOX MoXKe OyTW 3agifsHa nig 4Yac BWMKNAAAHHA
OVCUMNNIH, NOB’A3aHMX i3 nNporpamyBaHHAM, AN 3BEPHEHHS yBaru
CTYOEHTIB Ha CnabKi Ta CWUAbHI  Micua MOB nNporpamyBaHHA Ta
iHCTPYMEHTa/IbHWX 3acobiB PO3pPO6KM.
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Beryn

IT-ramy3i nputamanHi CTpiMKi TpaHcopMarllii, BHACTIIOK SKHX CTEK TEXHOJIOTIH Ta
IHCTpYMEHTIB JAyXe€ IIBUAKO 3MiHIO€ThCS. Jleski TexHosorii abo MOBH TNpOrpaMyBaHHS
3 SBIISIOTBCS Ta 3aliMalOTh PUHOK, a MOTIM 3HHUKAIOTH a00 MPOJOBXKYIOTH CBOE iCHyBaHHsI Oarato
pokiB. Moske 3maBaTHCs, [0 TMHTAHHSA MIBUAKOMAII (ONMTUMIi3alii) mporpaM BXKE€ HE aKTyalbHE,
OCKUTBKA MO)XKHa CKOPHCTaTHCh XMapHHUMH TEXHOJIOTiSIMH 1 OTpUMATH OiIbIIE MOTYXHOCTEH Uist
PO3B’A3aHHSA THX YW IHIIMX 3a/1a4, OJHAK IIi MOTY)XHOCTI HAJalOThCs HEe OE3KOIITOBHO, 1 3a BCI
BUKOpPHUCTaHI pecypcu Tpeba Oyne mmatutd. OnTuMizaiis mporpam 3a IIBHUIKOIIEID MOXe OyTu
KOPHCHOIO Y BUNAJKaX CIIOPTUBHOTO MPOrpaMyBaHHS, pO3POOKH CKIIAIHUX BHCOKOHABAHTAKEHUX
CHCTEM, 0 3aliMarOThCs PO3paxyHKaMHu, abo onepariifHuX CUCTEM PEeaTbHOTO Yacy.

IMocTanoBka 3ana4i Ta aHaJi3 myOaikamiin
[lin yac CTBOpPEeHHsS NPOTPaMHOrO 3ale3NedeHHs pOo3pOoOHMKAM HEOOXiMHO HE JUIIe

BJIACHOPYY peai3oByBaTH mporpamuuii koj ta Unit-rectu, a ## BUKOPHUCTOBYBATH Pi3HOMAHITHI
KOMITUISTOPH / THTEPIIPETaTOpH, alrOPUTMH, 010II0TeKH, (PPeiMBOPKY, MATEPHU MPOrpaMyBaHHs. |
TYT OJlpa3y BUHHMKA€E MUTAHHS, SK HA MpaIe3aTHICTh MPOrpaMH BIUIMHYTh HOBI Bepcii 0i0mioTexn
(ppeiiMBOpKy) Ta Bepcis KOMIIUISTOpPa YM IHTEPIPETaTOpa, BHUKOPHCTAHHS Ti€l YHM IHIIOL
CUHTAKCUYHOI KOHCTPYKIIil; BUKOPUCTAHHS TUX YH IHIIUX OMNI[i KOMITUIATOpA M IHTEpIpeTaTopa
tomo. /o Toro x po3poOHMKaMm, apxitekropam Ta DevOps-am moTpiOHO pO3yMiHHSA, YM BapToO
MEPEeXOANTH HAa HOBY BEpCil0 MporpamHoro npoaykry, Hampukiaaa, 3 .NET 5 ma .NET 6 um na
.NETS, Ta 3 aKux camMe MPUYHUH — HOBI MOMJIMBOCTI PO3POOKH, 3a0IIaJDKEHHS JCSIKUX CHCTEMHHUX
pecypciB TomIo.

3MiHKM 0e3m0CepeIHhO y CHHTAKCHCI MOBH NPOTPAMyBaHHS € JOBOJII OYEBHIHUMH 1 JyXKe
PIIKO 3auIIaloThes 0€3 yBaru, Tak caMo, SIK 1 osiBa HOBOi MOBHU NporpamMmyBaHHs. BomgHovac Outbin
rMOOKI 3MIHM B 1HCTPYMEHTalIbHMX 3aco0ax po3poOKM (KOMIUIATOpaX, I1HTEPIPETATOpIB,
CTaHJapTHUX 010110TEeKax) ab0 MPUHIMIHN iX pOOOTH MOXYTb 3aJUIIATUCH O€3 yBaru.

Crporoani mpobGiemMaM NporpamMyBaHHsI IPHUCBSIYEHO BEIUKY KUIbKICTH poOiT. Tak, y poOoTi
[1] mpoBoauTBHCS NOPIBHSHHS IIBUAKOAIL apu(MeTHYHUX onepauid HaJ BEIMKUMHU LIIMMHU
yyciaMu a8 MoB mporpamyBaHHs C++ 13 Oi6miorekoro GMP Ta Python 31 BOymoBaHOrO
MIITPUMKOIO Takoi MOXJIUBOCTI. [lin 4ac ekcrnepuMEHTaNbHUX JIOCHTIKEHb aBTOPH PO3IIISIAIN
TaKi omneparii HaJl BEIUKUMHU IIJTUMHU YMCIIaMU: MHOKEHHSI JIBOX YHCET; TiJHECEHHS /10 CTETICHS 3a
MOJYJIEM; 3HAXOJ/KEHHS 3aJHUIIKy 32 MOJYJIEM; 3HaXO/HKCHHS HaWOLIBIIIOr0 CHIJIBHOTO JIIBHUKA.
ABTOpaMu OyJ0 BCTaHOBJIEHO, IO peaii3alis apuPMETUYHUX AITOPUTMIB HaJA LIJIMMHU UYHCIAMU
noBiTbHOT TouHOCTI Ha C++/GMP € B cepennbomy y 4 pasu mBuamor 3a Python-peanizaiiro, ane
nporpamyBanHs Ha C++ € cxmagnimuM. Hepomikamu poOOTH MOKHA BBaKaTH HAsBHICTH
BHUKJIIOYHO TICEBJIOKOY JUTsI KOKHOTO 3 aJITOPUTMIB, 0€3 JeTanbHOi peamizaiiii Ha moBax C++ Ta
Python.

Jlesiki OubIn TIMOOK] pe3ysbTaTH MOPIBHSHHS €(pEeKTUBHOCTI MOB nporpamyBaHHs C, C++,
Java, Perl, Python, Rexx, Tcl Bukonano y po6oti [2]. JlocCmiIKeHO JIMIIEe OAHY alrOPHTMIYHY
npobieMy, aie Haj ii po3B’S3aHHAM IMpaioBaigo /4 pizHi mnporpamicti. KokeH mporpamict
peaiii3oByBaB KoJl caMOCTiitHO. YacTuHa cy0’ekTiB Oyjia CTyJeHTaMH MariCTpaTypu KOMIT FOTEPHHUX
HayK. ABTOpM aHaII3yBaJld TakKl XapaKTEPUCTHKHU: yac poOOTH mporpamu; oOcsAr mam’sTi, LI0
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CIIOKHMBAE TIporpama; po3Mip MOYaTKOBOTO KOAY; IIUIBHICTH KOMEHTApiB; CTPYKTypa MPOTPaMH;
HaJIHHICTh; 00CAT 3yCHUJIb JJIsi HAMCAHHS TTporpaMu. Pe3ynbratu AoCTiKeHHS MoKa3aiu, Mo st
PO3B’s13aHHS MPOOJIEMH 3a JOIIOMOTOI0 CKpUINITOBUX MOB nporpamyBanHs (Perl, Python, Rexx, Tcl)
MOTPiOHO BJIBIUI MEHIIIE Yacy, HIXK JJII MOB, 1110 KommiorThes (C, C++, Java). Illono wacy po6oTu
Ta CIOXKMBAHHS TaM’sITi CKPUIITOBI MOBU NPOTpaMyBaHHS BHUSBWINCH KpalluMU 3a Java, Ta He
Habararo ripmummu Hik, C abo C++.

VY pob6ori [3] aBTOpH MOPIBHIOIOTH MIBUAKOAIIO poOOTH Java-mporpaMu Ha MiKPOKOMII IOTEpi
Raspberry Pi Ta kmacM4HOMYy HACTiLIBHOMY KOMIT'0TEpi. J[Ist MpOBeAEHHS AOCHIKEHHS aBTOPH
CTBOPWJIM 2 MPOTpaMM, a caMe Mporpamy sl IIBUIKOTO aJTOPUTMY IMONIYKY MPOCTUX YHUCEN J0
3amanoro nutoro yucia N (pemero ATKiHa) Ta mporpaMmy i poOOTH 3 YUCIaMH 3 KOMOIO, IO
miaBae. KigpkicTh 3amyckiB mporpamM MigiOpaHo Tak, 1100 CTaHJApPTHE BIAXWUJICHHS HE
nepeBuIyBano 5% BiJl CepeIHBOT0 4acy poOOTH mporpaMu. Y poOOTi HE HaBelIeHO aOCOIIOTHHUX
3HaYeHb IIBUIKOCTI, a JHIIe BIAHOCHI — MIBUAKICTH POOOTH NpPOrpaMH Ha CTaHIAPTHOMY
MEePCOHANBHOMY KOMIT'IOT€pl NPUHHATO 3a OJUHUINO. B pe3ynpTaTi BCTaHOBJIEHO, IO
Bukopuctanns Oracle JDK nae 3mory BukonyBaTtu nporpamu y 10—20 pa3iB mBuaiie, mOpiBHIHO 3
OpenJDK.

Y poborti [4] po3rnsgaeTbes npoOiema oOpaHHS MOBU IpOrpaMyBaHHS [JIsl HaBUaHHS abo
PpO3po0OKH MpOrpaMHOro 3abe3nedeHHs 32 KpUTEpieM MIBUAKOAIT mporpaM. YncaeHHI JOCTiKEHHS
MIPOBOAMIINCH Ui TakuX MOB nporpamysanus: C, C++, Fortran, Java, C#, PHP, Python, JavaScript.
Jlo HenomikiB poOOTH MOKHA BIIHECTH HAsBHICTh MIPOrPaMHOrO KOIY JIMIIE M MOBHU
nporpamyBaHHs C Ta BiACYTHICTh ONuUCy miaaTdopMu, Ha AKiil MPOBOIUIUCH JOCIIIKEHHS.

Y poGoti [5] 3a mgomoMOror MOBU MpOTpamMyBaHHS Java CTBOpEHO BeOJOJATOK Ta
MPOTECTOBaHAa MOro MIBUAKOMAIS AJI PI3HUX THUMIB cepBepiB y xMmapHux cepBicax AWS EC2, 3
MOJaJbIIMM BH3HAUEHHSM ONTHMAIbHUX BapiaHTIB MJii pO3TOPTaHHA LBOTO BeOIOAATKA.
OnTumanbHUM, Ha AyMYy AaBTOpiB, € Take pIlIeHHs, K€ Ja€ MaKCHMalbHE CITiBBiJIHOIICHHS
NPOAYKTUBHOCTI Ta CTaOUIBHOCTI /0 LIHM YTpUMaHHsA Takoi cucteMu. [[nsg 3amycky TecTiB Ta
Bi3yasi3auii OTpUMaHUX pe3yJIbTaTiB BUKOPUCTOBYBaBCs iIHCTpyMeHT Gatling.

JlocnipkeHHsT eHeproe()eKTUBHOCTI SK HOBOI METPUKM JJIsl OLIHIOBaHHS €(eKTUBHOCTI
porpaMHOro 3abe3rneueHHs 3MiificHeHo y pobotax [6, 7]. 3okpema, B [6] cTBOpeHO peiiTHHT
eHeproe(eKTHBHOCTI 27 MOB TpOrpaMyBaHHs Ha OCHOBI aHalli3y BIUTUBY IIBHJKOCTI BUKOHAHHS
MPOrpaMu Ta BUKOPHUCTAHHS OMEePaTHUBHOI MaM'ATi Ha PiBeHb CIIOXKUTOT eHeprii. JlimepamMu peUTunry
e C, Pascal ra Ada.

OTxe, MOXKHA 1MOOAYUTH, L0 JOCIIIKEHHs BIJIMBY 1HCTPYMEHTAJIBHHUX 3ac001B PO3pOOKHU Ta
CUHTAKCUYHUX KOHCTPYKIIIH Ha MIBUIKOAIIO MPOTpaM MPOBEIEHO HEAOCTATHHOIO Miporo. Takox He
PO3KpHUTa TMOBHICTIO MpoOjeMa BUKOPHUCTAaHHS i1H()OPMALIMHUX CUCTEM JJIS OMIHKU IIBUAKOII
pI3HOMaHITHUX MporpaM. Memorw podomu € BUSBICHHS BIUIMBY IHCTPYMEHTAJIBHHMX 3aC00iB
pPO3pOOKM Ta CHHTAaKCMYHUX KOHCTPYKIIM Ha IIBUAKOMII0 poOOTH TMporpam s pi3HUX
ONepaliiHUX CHUCTEM, NPUCTPOIB, IHTEPIPETATOPIB Ta KOMOUIATOPIB 3a  JIOTIOMOIOIO
aBTOMaTH30BaHOi 1H(OpPMAIiIHOT CHCTEMH.

Indopmaniiina cucremMa 1Jis1 eKCIEPUMEHTAJIBHUX AOCTI/’KeHb IIBUAKO/IT
IHdopmariiina cucreMa Ma€ BiAMOBIAATH TaKUM (PYHKIIIOHATHHIM BHMOTaM:
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e (YHKI[IOHYBaHHS CHCTEMH Ta 3alyCK TECTIB Ma€ BIOOyBaTHCS [UII PI3HUX MOB
IporpamMyBaHHs, KOMIIUIATOPIB Ta IHTEPIPETATOPIB;
® 3aIyCK TECTiB Mae€ 3AIMCHIOBATHCS HAa PI3HUX HPUCTPOSX 31 30epekeHHsIM iHpopmanii mpo
oreparfiiiny cuctemy, Iporecop Ta o0csAT onepaTuBHOI aM’SITi;
e cucTteMa Ma€ JaBaTH MOXJIMBICTh 3aJaBaTW pi3HI MapaMeTpu il KOMIIUISTOPIB
(iHTEpTIpeTaTopiB) Ta CEPEAOBUINIA BUKOHAHHS,
® JUIsl YUCTOTH €KCIIEPHUMEHTY Oy/ie BUMIPIOBATHCh Yac pOOOTH BUKITIOYHO SIKOTOCH AJITOPUTMY,
a He IPOTPaMu 3arajiom;
® 3amyCK KOXHOI MporpamMu BiZIOyBaTUMEThCS 3a7aHy KUTBKICTh pa3iB MOCIHLIb 3 000B’I3KOBUM
30epeXeHHSIM pPe3yJIbTaTiB y 0a3i JaHWX, 1 JJIs MOJAJBIIOr0 aHali3y BPaXOBYBAaTUMETHCS
TIMIIe HAWMEHIIIE 3HAUCHHST,
e (baiiny 3 MporpaMHUM KOJIOM 30€epiraroThbcs Ha piBHI (paiIoBoOi cUCTeMH, a He 0a3u JIaHUX,
® 3BiTH 332 TECTOM I'€HEPYIOTHCS 3 ypaxyBaHHSM IIPUCTPOIO, HA SKOMY BiH BUKOHYBAaBCH.
Jlnia peanizariii cuCTeMH Bi3bMEMO 32 OCHOBY apXiTEKTypy TpHpiBHEBHX 0a3 ganux. KiieHtom
Oyne Buctynatu cremiaiizoBanuii gogarok LST Client, na apyromy piBui Oyzae mparoBatu LST
Web Service nosepx BeOcepBepa Apache, a Ha TpeThboMy piBHI Oyae po3TalioBaHa peisiliiiHa

CYBJ] MySQL (puc. 1).

]

LST Client

LST Client

SSH Tunel

S5H Tunel

Intranet

SSH tunel

LST Client
 A—,

Server

T ‘\’: :h

LST WebService

LST Client

LST
LST Client DataBase

Pucynok 1. KoHnenryanpHa cxema B3aeMo/Iii KOMITOHEHTIB cucteMu LST

30



Ukrainian Journal of Information Systems and Data Science Volume 2, Issue 1, 2024

Bzaemonis momatka LST Client 3 LST Web Service BinOyBaetbes 3a mormomororo Web API 3
Bukopuctanusm Application Key. Application Key sBisie co0or0  yHIKaIbHHH KITHOY, SKHH
CTBOPIOETHCS TSI KOKHOTO MPUCTPOIO, 10 Oepe yJ4acTh y J0CiipKeHHI. st THX BUITAIKIB, KOJIH Y
JIOCIIUKEHI Mae B3ATH yd4acTh HPUCTPIH, pO3TAIlOBaHMK 103a Mexamu intranet-mepexi,
I IKJTFOYCHHS 31CHIOEThCS aHAJIOTIYHUM CITOCOOOM, ajie Yepe3 CreliaabHO HalamToBaHud SSH-
TyHeNb. JIJ KOXXHOrO MPHUCTPOIO CTBOPIOETHCS BIIMOBITHHN KOPHCTYBad 3 aBTOPH3AIEID 3a
ocobuctuM RSA-kmoueM MakCHUMallbHOI JOBXKHMHHM. PensmiiHa 06aza maHuxX iH(OpMaIiiHOi
CHUCTEMH, 32 BUHATKOM KOMIIOHCHTIB aBTOpH3aIlii Ta Oe3IeKkH, HaBeICHa Ha puC. 2.

B operation_system BB operation_system_type
133 operation_system_id 147 operation_system_type_id
123 operation_system_type_id REC operation_system_type
REC operation_system ROC execution_extension
[F test_mashin
135 test_mashin_id
145 pc_mashin_id
123 operation_system _id e
= st st rest . Aec application_key B8 pc_mashin BB pe_cpu EF pc_manufacture
1 ot tost reslt id e . 143 pc_mashin_id 13 pe_cpu_id 14§ pc_manufacture_id
5 testmashinid w5t pemashrame1® #BC cpu_name i o AbE pe_manufacture
Fomame i cpu.id . cors
@) test_start ® 15 RAM.GB 133 pe_manufacture,id
&) test_end

[ Ist_test_params

14 Ist_test_params_id

123 Ist_test_config_id e 5 Ist_test_config -
ABC params BB Ist_test BB algorithm

133 Ist_test_config_id N . N
13 Ist_test_id 1% algorithm_id

125 Ist_test_id o
: nasane antion id 153 algerithm_id REC algorithm_name
@) 155 programmin uage_option,

vl Preg 9-Ianguage_op REC test_description RBC description

B programming_language_option

RBC source file_end

133 programming_language_option_id
123 programming_language_id

REC language_options

.. EF programming_language
REC compiler_options . e et

REC result_file_name ) - 14j programming _language _id

RBC programming_language

REC file_extention

RBC runtime

RBC compiler

Pucynok 2. ®parment 6a3u nanux LST

Jlnsi eKCriepUMEHTAIbHOTO JIOCIIIKEHHS. BIUIMBY 1HCTPYMEHTAJIBbHHX 3ac00iB pO3pOOKH Ta
CUHTAaKCUYHUX KOHCTPYKLIH Ha MIBUAKOJIII0 POOOTH MporpaM MpPONOHYETbCS TAKUH TECTOBUH
AJITOPUTM:
for i = 1.M

for j = 1.M
for k = 1.M
for t = 1.M
s=i+j+k+t;
Ha meprmmii morsin, MeTa Takoro Koay — OOYHCIeHHS CyMH Ta il HakonmudeHHs y nukii. OmHak,
SIKIIO TIOJMBUTHUCH OUIBIN JETaThbHO HA OCTAHHIM PSNOK, MH TO0AYMMO, IO HAKOIMWYEHHS HE
B1JI0YBa€ThCs, 1 B pe3yJIbTaTl y 3MiHHIN s Oyje 30epiratuck yncio, o gopiHioe 4M. HesBaxaroun
Ha MPOCTOTY 3alPONOHOBAHOTO AJITOPUTMY, BiH J1a€ 3MOTY PO3KPHUTH ONTHUMI3aLliifHI MOMXJIUBOCTI
KOMITUIATOPIB Ta 1HTEPIPETATOPiB 1 3pO3YMITH, HACKUIBKH TTTHOOKO Ta SIKICHO BiOYBaeTbcs ILeH
nporiec. 3a HOro J0MOMOIOI0 MOXKHA 1 BIJICHIIKOBYBATH, YU BiJIOYBarOTHCS 3MIHM 3 BUXOJIOM HOBUX
Bepciii KOMIUIATOPIB a00 IHTEPIPETATOPIB.
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ExcniepumenTn mpoBefemMo Uisi KOMIUISTOPIB Ta 1HTEPHPETATOPiB MOB MPOTPaMyBaHHS 3
tabi. 1. Yci o6uncienHs mpoBeaeMo T XOCTIB 3 Ta0I1. 2 st KOMIUIATOPIB / iHTepIpeTaTopiB, 110
HaJeXaTh 10 X64 apXiTeKTypH.

Tabmuus 1. Cienmdikaris iHCTpYMEHTAILHUX 3aC001B

Mogsa Incrpyment [IceBnonim

C gce C

C++ g++ C++

Fortran gfortran Fortran

Java javac Java

C# csc C# NET

C# dotnet core3 C# Core

JavaScript Node JS JavaScript

PHP php5 PHP 5

PHP php7 PHP 7

Python pypy Python pypy

Python python3 Python 3

Tabmuus 2. [lapamerpu X0oCTiB

Machine ID |CPU RAM |OS
4 Core i3 6100 8 Windows 10 m1st ocBiTHIX ycTaHOB X64
6 Core i5 10500 |32 Windows 10 m1st ocBiTHIX ycTaHOB X64

TecToBuii anropuT™ peanizyeMo MOBOIO nporpamyBaHHs C Tak:

for(int i = 1; 1 <= M; i++)
for(int j = 1; j <= M; j++)
for(int k = 1; k <= M; k++)

for (int t

I~

1; t

s=i+j+k+t;
g aHamizy poOOTHM KOMILISATOpa CTBOPUMO 4 pi3HI mporpamu — 0e3 omnTumisaiii Ta 3

<= M;

t4+)

BUKOPUCTaHHSAM TPHOX cTaHmapTHuX ommiid -0, -O2 ta -0O3. J[o1aTkoBO CTBOPUMO III€ OJHY BEPCit0

KOy, B SIKIM 3aMmiCTh i++ BHKOPHUCTOBYBaBCS BapilaHT ++i. Y Tabi. 3 HaBeA€HO pe3yJbTaTH

JOCHIJUKeHb JJIs PI3HUX 3HaYeHb M, 3 SKHMX BHMJHO, IO HEONTUMI30BaHMHA Koja y 5-6 pasiB

MOBUTHHIIINHN, HIXk KOJ, CTBOPEHUH 3a nonomoroto omirii -O. s ommiii -O2 Ta -O3 yac BUKOHAHHS

porpaM JOpPIBHIOE HYJIO, OCKUIBKM KOMIUIATOP 3MII BH3HAUWTH, IO 3MiHHA S 3MIHIOETHCA Y

UK, ajieé OCTATOYHE 3HA4YeHHS OOYMCIIOEThCS Ha OCTaHHIN iTepamii nuximy. Kommismsrop

o0uucitoe e 3HaueHHs (4M) He BCTaBIIAIOUM UKIU B KOJ MporpaMu. J{iast MOBH mporpaMyBaHHS

C++ ko ayroputMy Oyje BUTISAATH TaK camo, K 1 Uit MoBH C, a pe3ysbTaTh Ta 3aKOHOMIPHOCTI

Maibke ieHTHYHI pe3ynbraram it MoBu C (Tabum. 4). TpuBaiicTs BUMIPSIHO y CEKYHIAX.
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Tabmuus 3. TpuBamicTh BUKOHAHHS TECTOBHUX ITporpam Ha MoBi C

Tect Machine ID M

50 | 100 | 150 | 200 | 250 | 300
C(i++) 4 0 0.156(0.8282.594]6.344]13.095
C(++i) 4 0 0.156(0.8282.594]6.329]13.033
C(-0; i++) 4 0 0.031{0.1560.484]1.156|2.36
C(-0O; ++i) 4 0 0.031]0.156(0.484]1.141]2.36
C(-02, -03; i++) 4 0 0 0 0 0 0
C(i++) 6 0.009{0.142]0.702]2.199|5.335|10.998
C(++i) 6 0.01 |0.145]0.708|2.199|5.324|11.017
C(-O; i++) 6 0.002{0.0280.137]0.408|0.975|1.994
C(-O; ++i) 6 0.002{0.0280.132]0.408{0.975|1.995
C(-02, -03; i++) 6 o o o Jo o o

Tabmuus 4. TpuBanmicTh BUKOHAHHS TECTOBUX ITporpam Ha MoBi C++

Tect Machine 1D M

50 | 100 | 150 | 200 | 250 | 300
CH++(i++) 4 0 0.156|0.828]2.61 16.344|13.142
CH+(++i) 4 0 0.1560.828]2.59416.329]13.095
C++(-0O; i++) 4 0 0.031]0.156]0.484|1.172]2.391
CH++(-O; ++i) 4 0 |0.031|0.156]|0.484|1.172]2.407
C++(-02,-03; i++) 4 o o fo Jo o o
CH++(i++) 6 0.009]0.142]0.70212.199]5.325]10.998
CH+(++i) 6 0.009]0.142]0.703]2.199|5.316|11
C++(-0; i++) 6 0.002{0.028|0.136]0.416{0.991|2.023
C++(-0O; ++i) 6 0.002]0.029]0.137]0.416]0.992]2.02
C++(-02,-03; i++) 6 0 0 0 0 0 0

Kox TectoBoi mporpamu Ha MOBi Fortran Burisiiae tak:

do i=1,M
do j=1,M

do k=1,M

do

1=1,M
s=i+j+k+1

end do
end do

end do
end do
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Ommii xommumsmii -O2 Tta -O3 g Fortran 3a0e3neuyioTh HYJIBOBHM Yac BUKOHAHHS
nporpamu. HeonTtrumizoBaHuii KO BUSBUBCS MOBUIBLHIMINN Y 6.5—7.2 pa3iB, HIXK KO, CTBOPCHUH 3a
normomororo omiii -O (tabi. 5).

Ta6muis 5. TpuBanmicTh BAKOHAHHS TECTOBHUX ITporpaM Ha MoBi Fortran
M

50 | 100 | 150 | 200 | 250 | 300
0.203]1.063|3.406]8.375]17.391
0.031]0.153]0.484|1.172]2.406
0 0 0 0 0
0.172]0.891|2.844]7.031|14.625
0.017]0.125]0.40610.984]2.031
0 0 0 0 0

Tect Machine ID

Fortran
Fortran(-O)
Fortran(-O2, -03)
Fortran
Fortran(-O)
Fortran(-O2, -03)

(o2 N>R BN TN NE N IS A
(@l Noll Noll Noll Noll o)

Jiis moB Java ta C# mporpamHuil Ko sl pealnizailii aaroputMmy Oyne BUTISIATH Tak camo,
sk 1 st moBu C. 3 naHux, HaBeJCHUX y Tabia. 6 Ta 7, BUIHO, IO MMiJl Yac BUKOPHCTaHHS i++ Ta
++1 pI3HHUI MK YaCOM BHUKOHAHHS IPOrpaMH Maiyke HE IMOMITHA, BOHA 3HAXOJMUTHCA Y MEkKax
noxuOku. [lozHauka AgQQres o3Hayae, IO IMporpamMa Java 3amyckajiacs 3 TIapaMeTpoM
-XX: +AggressiveOpts. Bukopucranus ontumizamii ans moBu C# mae 3Mory 30UTbIIATH
MIBUJKICTE POOOTH TIpOrpaMu BIBIYI 3a KOMIILIATOpa CSC.eXe Ta y 6 pa3iB 3a IHCTpyMEHTa
dotnet run. 3a 30inbIIeHHS KiUIBKOCTI iTepaliii pedynbTatd s Java, omrumizoBaHoro C# .NET
ta C# Core craroTh Maike 0THAKOBHMHU.

Tabmuus 6. TpuBamicTs BUKOHAHHS TECTOBUX MTPOTrpaM Ha MOBi Java
Tect Machine ID M
50 | 100 | 150 | 200 | 250 | 300

0.00410.032]0.145]0.43 |1.012]2.052
0.005|0.032]0.14410.428|1.01 |2.069

Java(Aggres; i++)

Java(i++) 4 0.005]0.046]0.172]0.5 |1.187]2.406
Java(++i) 4 0.005]0.031]0.172]10.5 |1.172]2.391
Java(Aggres; i++) 4 0.006]0.047]0.17110.5 |1.187]2.406
Java(Aggres; ++i) 4 0.005{0.031|0.172]0.5 |1.172]2.391
Java(i++) 6 0.004]10.033]0.14410.428]1.009]2.042
Java(++i) 6 0.004{0.0330.144]0.427(1.006|2.062

6

6

Java(Aggres; ++i)
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Tabmuus 7. TpuBanicTe BAKOHAHHS TECTOBUX Iporpam Ha MoBi C#
Tecr Machine ID M
50 | 100 | 150 | 200 | 250 | 300

0.004]0.032|0.14 ]0.422]10.999]2.034
0.013]0.159]0.773]2.405]5.837]12.029
0.00410.03210.141(0.423|1 2.034

C#.NET6(opt i++)
C#.NET3.1(i++)
C#.NET3.1(opt i++)

C#NET(i++) 4 0.062]0.122]0.369(1.022|2.38314.833
C#NET(++i) 4 0.061]10.122]0.368]1.021]2.379]|4.82
C#.NET(/o; i++) 4 0.06 10.092]0.22 |0.555]1.24 |2.469
C#.NET(/o; ++i) 4 0.05910.09110.221]0.553|1.236|2.464
C#Core(++i, i++) 4 0.00410.038]0.168]0.515]1.22 |2.49
C#.NET(i++) 6 0.006]10.057]0.267]0.819]1.962|4.022
C#.NET(++i) 6 0.00610.057]0.267]0.819]1.957|4.022
C#NET(/o; i++) 6 0.00410.032]0.143]0.4261.0082.049
C#.NET(/o; ++i) 6 0.00410.032]0.142]0.426]1.0082.049
C#.NET8(i++) 6 0.012]0.16 |0.774|2.407|5.83 |12.02
C#.NET8(opt i++) 6 0.01 10.037]0.146]0.425]1.00212.034
C#.NET6(i++) 6 0.012]0.158]0.77 |2.401]5.833|12.011

6

6

6

JIns MoBM mporpamyBaHHs JavaScript mporpaMHUN KOJA airopuTMmy Oyae BHUINISAIATH TaK
camo, sk 1 a1 MoBH C. 3 Tabi. 8 BUAHO, 110 omnepaiis ++i BUKOHY€TbCS HIBUALLE, HDK 1++, Ha
1.2-4.8%, 3anexHO Bijg KUTBKOCTI iTepariii s xocta Ned 31 craporo Bepciero Node.JS, Toxi sk s
xocTa Ne6 3 Node.JS 22 1151 pi3HHUIS € HETOMITHOIO.

Ta6muist 8. TpuBaicTh BAKOHAHHS TECTOBUX MporpaM Ha MoBi JavaScript
Tect Machine ID M

50 | 100 | 150 | 200 | 250 | 300
0.027]0.398 |1.991]6.258|15.141|31.047
0.026]0.389 |1.925]6 14.589(29.987
0.008|0.059 |0.264]0.802|1.936 |3.924
0.007]0.0589]0.2640.798|1.925 |3.887

JavaScript(i++)

JavaScript(++i)

JavaScript(i++)

(o2 BN IE= N [

JavaScript(++i)

Jlns moBu mporpamyBanHs PHP mporpamuuii kox anropuTmy, L0 po3risigaerbes, Oyne
TakUM caMuM, K 1 A MoBU mporpamyBaHHs C. Bukopucranus y MoBi nporpamysanHs PHP
KOHCTpyKLii ++1 pobuth mnporpamy Ha 6—-10% mBHALIOIO, TOPIBHSHO 3 BaplaHTOM, €
BUKOPHCTOBYETHCSI KOHCTPYKIisg i++ (Tadm. 9). [ns xocra Ned intepnperatop PHP 7 na 28%
mBUAmUi 3a iHTeprperarop PHP 5 sx must ++1, Tak i ansg i++. [ng xocta Ne6 3a KOHCTpyKIIii

i++ maemo, mo PHP 7 na 16.5-18% mBuammuii 3a inteprnperarop PHP 8, ta Ha 84—85% mBuammii
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3a PHP 5. /Ins cuntakcuanoi koHCTpyKii ++1 PHP 7 na 31% mBuammii 3a inTepnperatop PHP 8
ta Ha 91% mwBuamuii 3a PHP 5 (puc. 4).

Tabmuus 9. TpuBanicTh BAKOHAHHS TECTOBUX Mporpam Ha MoBi PHP

Tect Machine ID M
50 | 100 | 150 200 250 300
PHP5(i++) 4 0.24113.818]19.206]60.75 |147.946]306.009
PHP5(++i) 4 0.219]3.494117.487]55.205 |134.789]279.996
PHP7(i++) 4 0.186]2.953114.95 |47.2113|115.179]238.54
PHP7(++i) 4 0.17 |2.716]13.637]43.02 105.2111218.85
PHP5(i++) 6 0.227]13.555117.979]56.485 |137.732]284.984
PHP5(++i) 6 0.21213.311116.736]52.611 |128.59 |266.465
PHP7(i++) 6 0.122]11.92 ]9.689 |30.593 |74.543 |154.614
PHP7(++i) 6 0.112]11.736]8.737 |27.632 |67.462 |139.636
PHP8(i++) 6 0.146]2.268]11.287]36.09 88.067 |182.346
PHP8(++i) 6 0.146]2.269]11.418]136.076 |88.188 |182.612
275 ;
/
/
/
220 ,
/
’ — = PHP5 i++
165 l’ / = = PHP8j++
/ = = PHP7 (i+4)
1o J ,/ ——PHP5 (++])
J /s ——PHP8 (++i)
/ /,’ ——PHP7 (++)
55 AL
0
50 100 150 200 250 300

Pucynox 4. TpuBanicts BUKOHaHHs TecToBOiI porpaMu Ha PHP s xocta Ne6

Bbazoswii ko Ha Python Burisgae tak:

startTime=time.time ()
for i in range(1,M):

(
for j in range(1,M):
for k in range(1,M):
for t in range(1,M):

S=i+j+k+t
endTime=time.time ()
Jlnist iepeBipKu TiMmoTe3 , mo Ko Ha Python BUKOHYEThCS MIBUIIE, SIKIIO BiH PO3MIIIICHUN B

OKpeMiil pyHKIIiT, CTBOPUMO IlI€ TaKy IpOrpamy:

36



Ukrainian Journal of Information Systems and Data Science Volume 2, Issue 1, 2024

def test(M):
S=0
myr=range (1, M)
for i in myr:
for j in myr:
for k in myr:
for t in myr:

S=i+j+k+t
return S
startTime=time.time ()
S=test (M)

endTime=time.time ()
Jiis xocta Ne4 BUKOPUCTAHHS KOAY Y BHUIJISIL (DYHKINT MiBUIIY€E MMBUIKOMIO HA 56—62% 3a

cTaHgapTHOro iHteprperatopa Python, Ta wa 53-73% s intepnperaropa pypy (tadum. 10). s
xocta Ne6 BukopucraHHs (yHKIII migBUILye mBUAKOAI0 Ha 99-119% 3a cranmapTHOTrO
inTeprperaropa Python ta Ha 87-93% 3a inTepriperaTopa pypy. Bukopucranus pypy npHIIBUALIY€E
nporpamu y 42—-63 pasu.

Ta6munst 10. TpuBanicTh BUKOHAHHS TECTOBUX Iporpam Ha MoBi Python
Tecr Machine 1D M
50 | 100 | 150 200 250 300

0.01810.177 |0.85 |2.635 |6.4038 [13.224
0.01 |0.097 ]0.453 |1.39 3.333 |6.85

Python pypy
Python pypy(proc)

Python 3 4 0.688]10.767]57.756]197.302 p04.366 |1114.116
Python 3(proc) 4 0.464]7.186 |35.55 |121.888 B19.627 |713.882
Python pypy 4 0.015{0.265 |1.266 |3.938 |9.485 |[19.517
Python pypy(proc) 4 0.016]0.141 |0.719 |2.432 |6.198 |11.266
Python 3 6 0.488]7.662 |42.3531149.586|370.9261818.553
Python 3(proc) 6 0.19 |3.131 |19.31 |70.315 |185.049|410.683

6

6

BucunoBknu
HpOBe,I[eHi )IOCJ'IiI[)KeHHSI IIOKa3aJju, 110:

® yCi MOBHU IIpOrpamMyBaHHs Ta IHCTPYMEHTH PO3POOKM MarOTh CBOI TOHKOILI Ta OCOOJIMBOCTI,
SIK1 MalOTh OYTH JOCIIIKEHI;

e y pa3l JAEKUIbKOX KOMIUISATOPIB/ IHTEpPIpEeTaTopiB iX MOBENIHKa, MapaMeTpu Ta SKICTb
CTBOPEHUX MPOrpaM MOXKYTb CyTTEBO BIPI3HIATHUCS;

® 3 BHUIYCKOM HOBUX BEpCiii KOMIUIATOPIB/ IHTEPIpPETAaTOPiB, CUTYallii MOXKE CYTTEBO
3MIHIOBATHUCS,

e omepaliiiHa cucreMa Ta amapaTHO-TIpOrpaMHe 3a0e3MeueHHs! BIUIMBAIOTh Ha pPe3yJIbTaTh
TECTIB;

® CHUHTaKCHYHI KOHCTPYKIII ++1 Ta i++ MOXYTh IMO-Pi3HOMY 0OpOOIIFOBATHCS KOMIUIATOPaMH /
IHTepIpeTaTopaMu Ta BIUIMBATH HAa POOOTY MPOrpaMu;

e juie KoMIuiaTopu MoB nporpamyBanns C, C++ ta Fortran 3Mornm ontumizyBaTu KoJ Ta He
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CTBOpIOBATU 4 3aiiBi UKW, [ 1HIIMX 1HCTPYMEHTAJIbHUX 3aCO0IB CHUTYaIlisl 3aHIIAE€ThCS

HE3MIHHOIO BXK€ MPOTSITOM 7 POKIB.

Po3pobnena indopmariiiHa cucTtemMa Iae 3MOry MaKCHMAaJIbHO aBTOMAaTH3YBaTH NPOIIEC
TECTYBaHHS IIBUIKOJII MPOTPAMHOTO KOy 3 HOro mojanpimM aHaiizoM. Cucrema Moxe OyTH
BUKOPHUCTAHA JJIsl TAKKUX 3aB/IaHb:

® BISBJIICHHS KpallUX MPAKTHK Ta CIAa0KUX MICIb OOpaHOTO CTEKY TEXHOJOTIH Tia dac

PO3pOOKH POTpaMHOTO 3a0e3MeUeHHS;

e OIIIHIOBAaHHS HOBUX BEpCiii MOB MPOrpaMyBaHHS Ta MPOTPAMHOTO 3a0€3MEUYCHHS Ha MPEAMET

JOLUTLHOCTI MePEeX0/1y Ha HUX;

® AaKIICHTYBAaHHsS yBaru CTYJCHTIB Ha CIIA0KMX Ta CHUJIBHUX MICIIX MOB IMPOTpPaMyBaHHS Ta

IHCTPYMEHTAJIBHUX 3aC001B pO3pOOKH Iij] Yac BUKIJIAIaHHS TUCIUILUIIH 13 TPOrPaMyBaHHSIM.

[IpoBeseHi TecTH HE € BUYCPITHUMHU Ta HE BiIOOPaXKAIOTh MOBHOI KApPTUHH, aJie IOCTaTHHOIO
MIpOI0 UTFOCTPYIOTh MIHJIHMBICTh PE3yJIbTaTIB 3aJIeXKHO Bij croco0y HAMMCAaHHS KOAYy, apaMeTpiB
KOMIILJISITOpa / iHTepIIpeTaTopa Ta cepeloBullla BUKOHAHHS. PosrisiHyTa y po6oTi cuctema, micis
MiHIMAJILHUX 3MiH TaKOX MOKe OyTH 3a/isiHa Y aBTOMAaTH30BaHHX CHUCTEMax KOHTPOJIO 3HAHb 3
METOIO TIEPEBIPKH MPABIILHOCTI HAITMCAHHS IPOTPAM.
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Dependence of program speed on development tools and syntactic
constructions

Yuriy Antonov

Abstract

This article proposes the implementation of an automated information system that allows you to
research and analyze the influence of development tools and syntactic structures on the speed of the
programs. A fragment of the database scheme of this system and a conceptual scheme of the interaction of
components are given. The requirements for such a system are formulated. During the implementation of the
system, the architecture of three-level databases was used. The specialized application LST Client was used as
the client, LST WebService and the MySQL relational DBMS were used as the application server. The LST Client
application interacts with the LST Web Service using the Web API and the Application Key. The Application Key
is a unique key that is created for each device participating in the study. For those cases when the device to
participate in the research is located outside the intranet network, the connection is made in a similar way,
but through a specially configured SSH tunnel. For each device, a corresponding user is created with
authorization based on a personal RSA key of the maximum length. Numerical studies were performed for
programming languages C, C++, Fortran, Java, C#, JavaScript, PHP, Python using compilers/interpreters
belonging to the x64 architecture running Windows 10 for educational institutions. The conducted research
made it possible to establish that the speed of the program is affected by the version of the compiler /
interpreter and the set of syntax constructions used, for example ++i and i++. Only C, C++, and Fortran
compilers were able to optimize the code and avoid unnecessary loops. The developed system makes it
possible to automate the process of testing the speed of the software code as much as possible. This system
can be used to evaluate new versions of programming languages and software. The obtained results make it
possible to evaluate the expediency of switching to new versions of the software or to focus students'
attention on the weak and strong points of a certain programming language and development tools when
teaching disciplines related to programming.

Keywords: Compiler; interpreter; program operation speed; optimization of the program.

References
1. Novokshonov, A. K. (2016). Analiz efektyvnosti realizatsii aryfmetychnykh alhorytmiv na movakh
prohramuvannia C++ ta Python. Problemy prohramuvannia, (2-3). 26-31.

https://doi.org/10.15407/pp2016.02-03.026

2. Prechelt, L. (2000). An empirical comparison of C, C++, Java, Perl, Python, Rexx and Tcl. /EEE
Computer, 33(10), 23-29.

3. Didukh, O. I., Tyshchenko, V. V. (2015). Porivniannia shvydkodii Java na mikrokompiuteri Raspberry Pi.
Visnyk Natsionalnoho tekhnichnoho universytetu Ukrainy «Kyivskyi politekhnichnyi instytut». Seriia:
Radiotekhnika. Radioaparatobuduvannia, 60, 107-113.

4, Antonov, Yu. S., Dzihora K. R. (2017). Problema obrannia movy prohramuvannia, yak instrumentu dlia
navchannia ta rozrobky. Materialy naukovoi konferentsii profesorsko-vykladatskoho skladu, naukovykh
pratsivnykiv i zdobuvachiv naukovoho stupenia za pidsumkamy naukovo-doslidnoi roboty za period 2015—
2016 rr. (s. 23-25). Donetskyi natsionalnyi universytet imeni Vasylia Stusa.

5. Sihunov, 0., Demkiv, L. (2022). Doslidzhennia shvydkodii obrobky paralelnykh zapytiv khmarnymy
servisamy AWS. Elektronika ta informatsiini tekhnolohii. 20. 30-41. http://dx.doi.org/10.30970/eli.20.4

6. Pereira, R., Couto, M., Ribeiro, F., Rua, R., Cunha,)J., Fernandes,).P., & Saraiva,). (2021). Ranking
programming languages by energy efficiency. Science of Computer Programming, 205.
https://doi.org/10.1016/j.scico.2021.102609

7. Gordillo, A., Calero, C., Moraga, M. A. et al. (2024). Programming languages ranking based on energy
measurements. Software Quality Journal. https://doi.org/10.1007/s11219-024-09690-4

39


https://doi.org/10.15407/pp2016.02-03.026
http://dx.doi.org/10.30970/eli.20.4
https://doi.org/10.1007/s11219-024-09690-4

Ukrainian Journal of Information Systems and Data Science

Volume 2, Issue 1, 2024

40



Ukrainian Journal of Information Systems and Data Science

Volume 2, Issue 1, 2024

YK 001.02.3

EKcnpec-nipbip onoHeHTIB ANA pa30oBUX papg i3 3aXUCTy

Cepriu WToB6a
npodecop, 4-p TEXH. HayK
ORCID: 0000-0003-1302-4899
s.shtovba@donnu.edu.ua

MuKona MNMeTpuuko
ORCID: 0000-0001-6836-7843
mpetrychko@vntu.edu.ua

Kniouosi cnosa:

3a4a4a Npo NpM3HaYeHHs
peueH3eHTIB;
ekcnpec-niabip;

06pobKka NpupoaHOi MOBY;
KaTeropusauis;

OMCKpeTHa onTUMi3auis;
aHani3 gaHux;

Dimensions.

PhD-pguceprauin

JloHeLbKNI1 HauioHaNbHUI yHiBepcuTeT imeHi Bacuna Ctyca

BiHHMLbKWI HALiOHANbHUI TEXHIYHMIA YHiBEpPCUTET

CborogHi pagym i3 3axucty PhD-gucepTauin GopmytoTb y py4HOMY pexumi.
Lle 06ymMoB/OE AK KOPYNUiAHI PU3MKMK, TAK | 3HAYHI BUTPATKU Yacy Ha NOLWYK
Ta aHaNi3 KaHAMAATIB 3 BE/IMKMMU LIAHCAMM MPONYCTUTU KBanidikoBaHMX
OMNOHeHTIB. TOMy BMHMUKAE 3aLiKaBieHicTb y aBTOmaTu3auii GdopmyBaHHA
pa3’oBMX paf ANA YCYHEeHHA 3a3HavyeHMX PU3MKIB BNAMBY NHOACLKOrO
dakTopa. CtaTra QOKYCYeTbCA Ha eKcnpec-nigbopi pag, Koauv noTtpibHo
CUNbHO 3BY3UTW BE/MKMIA CMUCOK KaHAWAATIB. [lofanbwnii KOPOTKWUIA
CMWCOK MOXHA aHanisysatn abo Bpy4YHy, abo nepenasaTv Ha npouenypy
TOHKOro nigbopy, AKa € pecypcHO-BUTPATHOIO i BUMArae 3Ha4yHo 6inbworo
06’emy nouaTkoBoi iHopmauii. TPONOHYETbCA MeToh NpPU3HAYEHHSA
KOMaHAM peLeH3eHTIB 3a iX BiANoBigHICTIO TemaTuui amMcepTauii, AKUK, Ha
BiAMIHY Big, i30/bOBaHOro nigbopy KaHAMAATIB, BPAaXOBYE 34aTHICTb came
KOJIEKTUBY PELEH3EHTIB CMiJIbHO OLiHUTK pPobOTy 33 BCiMA acneKkTamu il
TemaTMkn. MeTog € 36anaHcoBaHMM 3a KpuTepiamum AKocTi nigbopy i
BUTPATaMM PecypcCiB Ha NOLWYK YneHis pagm. Metog, Bkatovae Tpu eTanu. Ha
nepwomy eTani 34iMCHIOETbCA KaTeropusalis gucepTauii Ta NoTeHUinHMX
YNeHiB pagu WAAXOM NpeacTaBAeHHA X TeMaTMK BEeKTopamMu y npocTtopi
HayKoBux cneuianbHocter 3 ANZSRC-2020. Ha pgpyromy eTani
PO3PaxOBYETbCA PiBEHb BiANOBIAHOCTI KaHAMAATIB TemaTuui gucepTauii 3
YypaxyBaHHAM CMOpPiAHEHOCTi HayKkosux cneuianbHocTen ANZSRC-2020. Ha
TpeTboMy eTani niadbupaeTbCa CKAag paau, fAKka BianoBigae TemaTtuui
AuvcepTauii 3 MaKCMMaNbHO MOXANBUM CTyneHem. Jna peanisaLii TpeTboro
€Tany 3anpomnoOHOBAHO Kifibka anroputmis onTtumisauii. TecTyBaHHA
anroputTMie Ha chopmoBaHOMY gaTtaceTi i3 67 PhD-gucepTauin nokasano,
WO HaVKpalwmi banaHc 3a KpuTepiamu AKOCTI Nigbopy M BMTpaAT pecypcis
Ha MOLWYK KOJIeKTUBY 3abe3neuytoTb XKagibHuit anroputm 6es enitmsmy Ta
nosHMn nepebip Ha nNPOpPIAYKEHIN MHOXMHI KaHampatie. BHacnigok
ONTMMI3aLii BAAIOCA MOKPALWLUTU CKNag, PA30BUX pajg, Yy cepeaHbomMy Ha 13—
34% 3aneXHo Big TMMY BUKOPUCTAHOrO aNropuTmy.

DOI: 10.31558/2786-9482.2024.1.4

Beryn

B Vkpaini PhD-guceprariii 3axuinaioTh y pa3oBUX pajaax. Pa3oBa pama cKiamgaeThes i3

5 HAyKOBIIIB, SKI MarOTh OyTH (axiBisgMu 3 TeMaTUku mgucepramii. ['omoBa pamm Ta 1 abo

2 peIeH3eHTH TIPEJICTABIIAIOTh 3aKJIajd, Y SKOMY YTBOPIOETHCS pa3oBa paaa, a 2 9M 3 ONMOHEHTH
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3ampoIIyIOTh 3 IHITUX yCTaHOB. UieHIB pa3oBoi paau 10OMparOTh BPYyUHY 1 3aTBEPKYIOTH ii CKIIaa
pIlIEHHSM BUSHOI pajii 3aKJIaay.

Pyune ¢opmyBaHHs pa3oBoi paau Mae Kijdbka HemoJiKiB. [lo-mepiie, e KOpyiiHi pU3HKH,
KOJIM panxy (GOpPMYIOTh BHKIIIOUHO 3 JIPYXKHIX OCIO, sIKi ampiopl HaJalOTh JIHUIIEC CXBaJIbHI BIATYKH
HE3JIC)KHO BiJl pe3yibTaTiB auceprTallii. B ycmimHoMy 3axucTi aucepraltii 3arikaBieHi K 0coou,
K1 TII0MParoTh WICHIB pPa30BOi pajau, TakK 1 3akiaj, SKUM 11 3aTBepIKye. 3a JTaHUMH 3
iHdopmariiinoi cucremu HA3SABO nHa moroynuit MomeHT BimOysocs S5 324 ycmimHi 3aXHCTH
JMcepTallii; BUIIAAKIB BiIMOB TPHUCY/PKEHHS HAYKOBOTO CTYNEHsS HeMae. I[HKOIM yCIHiITHO
3aXUINAI0Th HE JIMIIE BIABEPTO CIIAa0Ki AUCEpTAallii, aie HaBiTh SBHO NCEBIIOHAYKOBI. byBanu HaBiTH
BUTQJIKK, KOJIM 3700yBadi Jeab-JIeb PO3MOBILIM YKPAiHCHKOIO, ajie¢ II¢ HE BIUIMHYJIO Ha
YXBaJICHHSI IO3UTUBHUX pimieHb. [1o-apyre, BUTpauaeThbest 6arato yacy Ha py4YHUH MOIIYK Ta aHAJi3
KaHauaatiB y wieHu paau. [lomicsais B Ykpaini dopmyerbes npudimsHo 300 pa3zoBux paz. ko
MPUITYCTUTH, 110 Ha TIOUIYK WICHIB OJHIET paju B CEpeAHbOMY BHUTpadaeThes 10 JIFOJUHO-TOMIUH,
toni 3a wmicsaup HaGirae 3 000 momuHO-TOAMH, IO ekBiBaJieHTHO 18 craBkam. Ilo-Tpere,
chopMOBaHUH CKJIaJl pagd MOKE HE IMOBHICTIO BIJMIOBIATH TEMaTHIl JUCEPTAIlii yepe3 Te, L0
KOrOCh 13 XOpOIIMX KaHIWAATIB YIOyCTWIM TiJ dYac PYy4YHOro momykKy. Tomy BUHHKae
3alliKaBJICHICTh Y aBTOMaTH3allii (OpMyBaHHS Pa30BUX paj JJs YCYHCHHS 3a3HAYCHHX PH3HKIB
BIUTMBY JIFOJICHKOTO (haKkTopa.

dopmyBaHHS pa3oBUX paja i3 3axucty PhD-mucepramii € omsiero i3 3amau MpU3HAYESHHS
PELICH3CHTIB HAyKOBUX TBOPIB, SIKY B aHTJIOMOBHI# JiTepaTypi Ha3uBaioTh Reviewer Assignment
Problem a6o Paper-Reviewer Assignment. Jlist cnenmdiuHux 3amad MPH3HAYCHHS PELCH3CHTIB
BHKOPHCTOBYIOTh Takox Tepminu Committee Review Assignment ta Conference Paper Assignment
Problem [1]. Tyt mig npu3HaueHHSM PELEH3CHTIB PO3yMi€ThCs Mia0ip ycix ocib, sKi OLiHIOIOThH
HAyKOBI TBOPH. 3a TEPMIHOJIOTI€I0 IUX 3a/Jay TBIP, KU OIIHIOETHCS, Ha3UBAEThCS 3asBKOIO. B
KOHTeKcTi ekcrieptusu PhD-aucepraiiii perieH3eHTaMu € yci YICHH pa3oBoi pajau — i ToJIoBa pajH, i
OTIOHEHTH, 1 HOMIHAJIbHI PEIIEH3EHTH.

3ajava NpU3HAYCHHS PELICH3CHTIB CKIAIAEThCs 3 TPhoX eTamiB [2, 3]: 1) momryk pereH3eHTiB
1 BUOip MeTo/ay MpeACTaBJICHHS JAHUX MPO PELEH3EHTIB Ta 3asABKU; 2) MiAPAXyHOK CXOXKOCTI MIX
3asiBKOIO Ta pEIEH3EeHTaMU; 3) pO3MOJIiT 3asiBOK 3a PELEH3eHTaMHU Il MaKCHMi3allii arperoBaHoi
CXOXKOCTI 3a BCiMa TMPHU3HAYEHHSAMU 32 JEIKHMX OOMEXKEeHb. THUMOBUMHU OOMEXKECHHSIMH €
30aJ1aHCOBaHICTh HABAHTA)XKEHb PELIEH3EHTIB, BpaXyBaHHs iX BII0JI00aHb Ta 3amo0iraHHs KOHQIIKTY
iHTEepeciB. Y 1iil poOOTi BBAXKAETHCS, 1110 CIIUCOK MOTEHIIIMHUX PEIEH3EHTIB HasBHUH.

ABTOMATHYHUHN MiA0Ip peleH3eHTIB nepeadadae JOCTYMHICTh AEIKOi MOYaTKOBOi iH(popMartii
PO pelLEeH3eHTIB Ta 3asiBkH. CTPYKTypOoBaHy CYKYIHICTh Takoi iHpopMalii Ha3uBaTh MpodiieM
peuenzenTa Ta mpodineM 3asBku. JloBonmi wacto Juis moOyAoBH Tmpodins  peleH3eHTa
BUKOPUCTOBYETHCS Taka iH(OpMaLlis MPo HOro craTTi: Ha3Ba, aHOTAIisl, KIIOYOBI CJIOBA, MOBHHUH
TEKCT, CIMCOK MOCHJIaHb Ta CIUCOK 1UTyBaHb [4]. [Ipodinbs Takox MOXe MICTUTH 1 0COOUCTI JaHi
perier3enTa. s cTBOpeHHs Tpodins 3asBKU HaiyacTille BUKOPHCTOBYIOTH aHOTAIIFO, TTOBHHIA
TEKCT, KJIFOYOBI CIIOBa, HA3By POOOTH Ta Tainy3b JTOCITIHKEHHS [4].

[TobynoBa mpodiniB 3asgBKM Ta PEICH3EHTIB 3A1MCHIOETHCS 32 JOMOMOTOK Pi3HOMAHITHHUX
MeToliB 00pOOKM MPUPOIHOI MOBH Ha OCHOBI Mimka ciiB [4, 5, 6], TpuXoBaHOTO CEMaHTHYHOTO
anamizy [7, 8], rematuunoro moxentoBanus [9, 10, 11], craTHUHUX MOBHHUX MOJEJICH 3 MIMOOKUM
HaBuaHHsM [11, 12, 13, 14, 15, 16] Ta KOHTEKCTyaJIbHUX MOJEICH 3 TIMOOKUM HaB4aHHsM [17, 18,
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19, 20, 21]. [Tigxoau 10 BUPIIIEHHS 3aa4i aBTOMAaTHYHOTO MIPU3HAYCHHS PEIIEH3EHTIB y OLIBIIOCTI
BHUIMAJKIB TOTPeOyIOTh JOBOJI BEIMKOro 00cATy Mo4YaTKoBOi iHdopmarii mpo myOmikamil
pElEeH3EHTIB, iX B3a€MOII0 3 IHIIMMH HAYyKOBISIMH Ta aHAJIOTIYHY i1HGOpMAIil0 TpO aBTOPIB
3asBoK. OOpoOneHHss Takoi iHdopmarlii € BUTpaTHUM 1 He Oyje MOIIIBHUM, SKIIO MiJ KOXHY
pa3oBy pajay AeTajlbHO aHANI3yBaTH TUCSAY1 KaHAHUJIATIB.

Mu ¢dokycyemocs Ha 3amavi  eKCIpec-miadOpy pPEIEH3EHTIB, KOJIM IMOTPIOHO CHIIBHO
CKOPOTUTH JOBTMM ITOYaTKOBUU CHUCOK KaHauaaTiB. llomanmbimuii KOpPOTKHMH CIHUCOK MOXKHA
aHaJli3yBaTu BpPY4YHY, a00 aKTUBYBAaTH MPOLEAYypPy TOHKOTO MiI00pPY, SIKa € PECYpCHO-BUTPATHOIO 1
BHMarae 3Ha4HO OUTBIIOrO 00’ €My MOYAaTKOBOI iHGOpMAIii, HIXK 1€ TOTPIOHO I eKCIpec-1ia0opy.
[lin 4ac ekcmpec-miaOOpy BpaxoOBYEThCSA JIMIIE CEMAHTHYHA CXOXKICTh MDK 3asBKaMH Ta
peleH3eHTaMu — BiOYBAETHCS MIIPAXYHOK 1HICKCIB CXOXOCTI 1 Jlaji NMpU3HAYA€ThCs HEoOXiaHa
KUTIBKICTh PEIIEH3CHTIB TakK, 00 3a0€3MeYTH MaKCUMAJIbHY BiIMOBIIHICTh KOJICKTUBY PEIICH3CHTIB
3asBII 3a JAedkuM KputepieM. Po3poOka epekTUBHOro airoputMmy ekcrpec-hopMyBaHHS Pa30BOi
pamu mns PhD-auceprariiii, sikuii € 30a7aHCOBAaHMM 3a KPHTEPISIMH SKOCTI MiA0OpPY Ta BHUTpAT
pecypciB Ha pOpMyBaHHS KOJIEKTUBY, 1 € Mem Ol 1IbOTO JOCTIIKEHHS.

IIpeacraBiieHHS JaHUX PO 3a8IBKY TA PelleH3eHTIB
Ha mnepmomy etam mnpu3HAYeHHS PEIEH3CHTIB HEOOXigHO oOpaTw IMOYATKOBI JaHi s

NPUAHATTS PIIICHHS, a TAKOX METOJ| iX MpEeICTaBlICHHsS y BEKTOpHiH (opmi. Y BHManKy 3asiBKH
BUKOPUCTOBYETHCSI CIIMCOK 11 KIFOUOBHX CIIiB, @ Y BUIAJKY PEICH3EHTa — CIHCOK KIIOYOBUX CIIB,
KU OTPUMYETHCS 3 TOCTYITHUX JaHUX. Y 3arajJbHOMY BHITQJKy II€H CITUCOK KIIFOUOBHX CIIiB MOXKE
OyTu sIK 31 CBIXHMX IMyOJikamid kanmuaara, Tak i3 oro CV 4um i3 mpodiao 3 JIESKOro peecTpy
HAYKOBIIIB. 3a APYroro BUIAIKy KIIOYOBI CJI0Ba a00 IOCIITHUIBKI IHTEpeCH KaHauaaT Gopmye Ha
BJIACHUM PO3CyJd, TOOTO BOHHU IpEACTaBI€HI y JOBUIbHIA Qopmi 0e3 NMpuB’s3ku A0 OyAb-sIKOTO
pyOpukaropa 4u KiacudikaTtopa. 3a MOTOYHOI MPAKTUKH 3aXHMCTy BiTum3HsHMX PhD-muceprariiit
TEMaTHKa 4IeHa CIeLpaJu ONUCY€ETHCS KIOYOBUMHU CIOBaMU KUJIBKOX HOTO CBIKMX CTaTeH.

[TouaTkoBi JaHi 3a3BUYail O0OpOOJAIOTH 3 BUKOPUCTAHHSAM CTATUCTUYHUX MOJIENEH,
TEMaTUYHUX Mojeied Ta Mozaeneil emOenuHry. Jleski 3 HUX aHai3yIOTh 4YacTOTYy IMOSBU CHIB y
TEKCTl, 1HIN (OPMYIOTh BEKTOPU TPEJCTABICHHS Ha OCHOBI CHIBIOSIBU CJiB. 3a3BUYail
Pe3yIbTYI0Ul BEKTOPHI MPEICTaBICHHS CKIIAIHO iHTepHpeTyBaTH. [0 TOro * ISl OTpUMaHHS TaKUX
IIpe/ICTaBIeHb HEOOX1JHA BeJIMKAa KUIBKICTh JaHUX. MU MpPONOHYEMO BHUKOPHCTOBYBATH MiJX1A 3
[22], 3a sskuM CyKYNHICTh KJIFOUOBHX CJIiB KATETOPHU3YETHCS 1 BiZIOOPAKAETHCS IK BEKTOP y MPOCTOPI
HayKOBHUX cHemianbHocTel 3 ABcTpaniiicbko-HoBo3enanacbkoi cuctemu kiacugikaimii Hayk
ANZSRC-2020. ANZSRC-2020 Bxirouae B cebe 171 cnemianbHicTh 13 22 ramy3i. OTke, KiHIIEBE
MpeACTaBICHHS TPO(UTIB 3asgBKU Ta PEIEH3EHTAa BUTIAAAE K po3nomin Haa 171 mHaykoBumu
cnenianpHOCTSIME 3 ANZSRC-2020.

{006 3a1iicHUTH KaTeropu3allito, HEOOX1HO MaTH KOPITYC PO3MIUEHUX CcTaTel, Kl MpUIucaHi
70 OJHI€l YU KUTPKOX HAyKOBHMX CHEIIaJbHOCTEHW, Ta MOJENb MAIIMHHOIO HAaBYaHHS, sKa 3a
KJIIOYOBUMH CIIOBAMHU BiJHECE aHAJ30BaHUM Mpodiab A0 TUX YW IHIMHKX crenianbHocTeil. Lle
notpelye BeNHKOI KUTBKOCTI JIFOJCHKUX PECYpCIiB AJIsl PO3MITKH CTaTeH Ta MOCTIMHOTO OHOBJIEHHS
naHuX. MU TpONOHYyEMO BHKOPHUCTOBYBATH iH(oOpMaIlliifHi pecypcu cuctemu Dimensions, B skiii
noHan 100 minbiioHiB myOunikaniii Bxke kateropu3oBaHo 3a ANZSRC-2020. 3a mnomrykoBuM
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3amuToM y (opMi KirodoBoro cioBa Dimensions ¢opmye Bumady, B sKii 3a3HAYAETHCS, CKITbKH
MyOJTiKaIii 13 UM KJIFOYOBHM CJIOBOM BIJHECEHO JI0 KOXKHOI 31 creriaabHOoCTel. CXeMaTuyHO 11
nporeaypa 300pakeHa Ha puc. 1. 3 HbOro TaKoX BHJIHO, IO B 0a3i pO3MIYEHHX TOKYMEHTIB CTATTs
MOJXKE KaTeTOpPH3yBaTUCS JIO KUIBKOX CcCIelianbHocTel, Hampukinan, Cmammsa 1l BimHeceHa 10
Hayxu 1 ta Hayxu 2. Ha ocHOBI Takoi BHJa4l MOKHA MOOYAYBAaTH PO3IMOIiA TMOSIBH KIFOYOBOTO
ClIOBa B KOHTEKCTI Pi3HMX HayK. Hampwkman, ais KIOYOBOTO CIIOBa 3 pUC. 1 pO3Moaiia MOSBU
Matume Takui Bursia: Hayka 1 — 1 nosisa, Hayxa 2 — 1 nosisa, Hayxa 3 — 2 nosisu. Ha ocHoBi
TAKOr'0 PO3IMOJLTY Jajli BAKOHYEThCS KaTeropusailisi KJIro4oBoro ciosa “neural network” y mexax
cuctemMu kinacudikaii Hayk. J[is kareropusariii MHOXKUHHU KIIFOYOBHX CIIIB 3aCTOCYEMO aJITOPUTM 13
[22], sixuit onupaeThest Ha pecypcH Ta cepBicu iHdopMariiiiHoi cucremu Dimensions. Llei anroputm
BpPAaxOBYE SIK MOSBY 130JIbOBAaHUX KJIFOYOBHX CIIIB 13 TPOQLIIO pElIeH3eHTa UM 3asBKH, TaK 1 CIIIbHY
MOSIBY Tap KIYOBHUX CIIiB. AJITOPUTM Ja€ 3MOTy BiAQiIbTpyBaTH iH(GOPMALIHI IIyMH, IO
CIPUYUHEHH] SK CTOIM-CJIOBAMH, TaK 1 PIAKUMH KIIFOUOBUMH CJIOBaMH, JOCTOBIPHICTh BUCHOBKIB 32

SKHMMH HU3bKA.

Basa po3miueHux JOKYMEHTIB Cucrema xiacugikaiil Hayk

Knto4yoBe crnoBo,
Hanpuknag, "neural
networks"

Pucynok 1. CxemaTnuHe 300pakeHHs KaTeropu3allii KII040oBOI0 CJI0Ba

Buacnigok kareropusauii mpo¢iib 3asgBKM Yy (QOpMI MHOXMHHM 11 KIIOYOBUX CIIIB

Ay = {Wl, Wy, ..., Wn} MEPETBOPIOETHCS y MPOdiib 3a8BKU y (POpMI KaTeropiallbHOrO PO3MOJALTY 3a

crieniagbHOCTIM A = iutl (A), L, (A), ..., My (A) }, ne Hy, (A) €[0;1] — cryminb HajeXKHOCTI 3a9BKH A

1o cneuianpHocTi t;, 1=1m. Amnanoriyno, npoduib peLeH3eHTa y (GOpMI MHOXKHUHH HOro
KJIIOYOBHX CJIB YM JOCIIJIHUIBKHX iHTEpeciB Ry, ={W1,W2, ...,Wn} MEPETBOPIOETHCS Y MPodisib

peleH3eHTa y dbopmi KaTeropiaJbHOTO po3mnoaiTy 3a CIEIIATBHOCTSIM
Re = e, (R), at, (R), .. 1 (R)].

BuzHadeHHA CX0KOCTi MiK NPOPiNAMH 3aIBKH TA peLleH3eHTa
Jlnist 3icTaBlIEHHS PELICH3EHTIB Ta 3asBOK MOTPIOHO 3HATH, HACKUIBKU CXOXI 2 KaTeropiajbHi

PO3MOAIIN — PO3MOJT 3a CHEeIaJbHOCTAMHM KJIIOUYOBHX CIIIB pELEH3eHTa Ta pPO3MOAUT 3a
CMELiaTbHOCTSMHU KIIFOYOBUX CIIIB 3afBKH. Y KaTeropiaJbHOMY MPOCTOPi1 CXOXKICTh BOX 00’€KTIB
BU3HAYA€ThCSl 3a3BUYall SIK CYNEpHO3MIis CXOXKOCTI OO0’€KTIB 3a KOXXHOIO KaTeropiero.
Haituacrime — 11e cyma CX0>KOCTi 32 OKPEMUMH KaTeropisiMH, KOJIM KOKHA KaTeropist po3risiiaeTbes
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HE3aJIEXKHO Ta 130JIbOBAHO BiJ IHIIMX. YCI METPUKH CXOXKOCTI 3 OMIAAOBHX crareil [23, 24]
0a3yl0ThbCsl Ha TPUIYIIEHHI, 10 CIOPIAHEHICTh MIX KaTeTOpisIMU BIJICYTHSA. AJle JesKi HayKOBI
creniajgbHOCTI € cropigHeHumu, 30kpema ais ANZSRC-2020 B [25] BusBiaeno 20 map CHIIBHO
CIIOPIJIHEHHX CliemiaibHOCTel, 41 mapy 3 cepemHporo cropimHeHicTro Ta 70 map 31 ciabKoro
CIOpIiTHEHICTIO. TOMY CXOXICTh JIOIIJIBHO PO3paXxOBYBATH HE JIMIIE HANPIMY, SK CXOXICTh MiX
€KBIBaJICHTHUMHU CIEIIaJbHOCTSAMH, ajle BpaxyBaTH 1 NMEPEXPECHY CXOXKICTh IS CIIOPIIHEHUX
crierianbHOCTed. [l 11bOro 3acrocyemMo MeTpuky 3 [26]. MeTpuka po3paxoBye CXOXKICTh JABOX

06’extiB X Ta Y i3 Takumu Kareropianmbnumu posmominamu  (z4(X), to(X), ..., tm(X)) Ta
(,ul(Y), wY),.., ,um(Y)), e M— KUIbKICTh KaTeropiil, SKMMH B HAaIIOMy BUIAJKy € HayKOBi

crenianbHOCTI, 44(X) — cTymiHp HanexxHocTi o0’exra X mgo i-i kareropii, z4(Y) — cTymiHb

HAJISKHOCTI 00’ ekTa Y 10 i-1 kateropii, i =1, m. Po3noaiau MaTh OyTH HOPMAaTi30BaHMMH, TOOTO
3aJI0BOJIBHSTH TaKi yMOBH:

i (X) e[0;1], i (Y) €[0,1], i=1m;
_&li(x)zl;

i=1, m

Doui(Y)=1.

i=1,m

3a meTpukoro [26], cxoxicTh 00°€kTiB X Ta Y BU3HAYAETHCS TaK:

Fit(X,Y) =Y min(g (X), &(Y))+AF(X,Y), 1)
i=1, m
e Z min(,ui (X), 4 (Y)) — JIOJTAaHOK, III0 OIIHIOE Oe3rocepeiHio (MPsSMY) CXOXKICTh 00’ €KTiB

i=1,m
XTay;
AF(X,Y) — monaHoK, 110 BpaxoBYye cX0XicTh 00’€kTiB X Ta Y yepe3 CIopiHEeH] KaTeropii.
[Ticna po3paxyHKy IpsMOi CX0KOCTI OTPUMY€EMO TaKi 3JIMIIKH HAJIEKHOCTI:
R (X)=max(0, 4 (X)~44(Y)), 1 (Y)=max(0, g (Y)— (X)), i=1m.
BpaxyemMo BHECOK 3allMIIKIB y CXOXICTh ABOX OO’€KTIB 4epe3 CHOPIJHEHICTh KaTeropiu.

BBaxkxatumemo, 110 iHpopMallis npo MmomnapHy CHOPIIHEHICTh KaTeropid mogaHa y (opmi Takoro

O1HApHOTO BIIHOIIEHHS:
K=k

e kij € [0; 1]- koedimient criopinuenocri i-i Ta j-i kareropiii, i =1,m, j=1,m.
Uum Oinemn momiOHI Kareropii, THM BHIIMA KOE(IIMIEHT CHOpiTHEHOCTI. BimHOmeHHs
CTIOP1THEHOCT] € CUMETPUYHHUM Ta peQIIeKCUBHUM, BiJIIOBITHO kij =k ji Ta kij =1.
KomMrmo3uirito 3amumikiB IpecTaBUMO TaKOK0 MaTPUIICIO:
E=ey].

ne eij:min(ri(X),rj(Y)), i=1m, j=1m.
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Brecok 3anmumikiB uepes nepexpecHy CIopiIHEHICTh KaTeropid po3paxoBYEThHCS TaK:

AF(X,Y)= ; ;eij 'kij .

i=1,mj=lm

Ilin6ip penenseHTiB K 3a7a4a onTUMI3alii
PosrmsinaeTscs 3amava migoopy KOJICKTHBY PEIEH3CHTIB, SKi CyKYITHO HaWKpalie MiaXoasiTh

JUIsL eKCHepTH3U 3asaBKU. Jis miel 3amadi MOKIMBI 2 BUNaaku: (JOpMYyBaHHS KOJIEKTUBY 3 HYJIS Ta
JOTIOBHEHHS KOJIEKTHBY HOBHMH YJICHAMHU.
BBaxxatumemo BimoMuMu npodinb 3asBku A = {ytl(A), Hey (A, ooy (A)} ta mpodini

K MOTEHIIHUX  pPEelCH3CHTIB Rtj:{;Ltl(Rj),ytz(Rj),...,,utm(Rj)}, Jzﬁ y mpocropi 3

M crieniaabHOCTEH. Y CI0 MHOKHHY PELICH3CHTIB IMO3HAYNMO SIK R = {Rl, Ry, .., Rk }

[ToTpiOHO 3HAWTH MiIJIMHOKUHY peleH3eHTiB S C R, ska Mae HailOuIblly CyKynHY
BIJIIIOBIIHICTB 3asBIIi:
Fit(A, Agg(S))— max.
ne Agg(S) - ¢ymkuis arperanii KareropialbHUX —PO3MOAUIIB MHOXHMHHM  BixiOpaHux
PEICH3CHTIB.
Arperariio KaTeropialbHuX po3noiliB 3a NpoQiasiMu peleHsenTiB Ry, j= 1,k y MpocTopi

CIIeI[ialIbHOCTEH MPOIOHYETHCS peati3yBaTH 3a TPETIM €TalloM aIroOpuTMy KaTeropusaitii 3 [22].

KinbKicTh perieH3eHTIB I OJHI€T 3asBKU MO3HAYMMO Yepe3 C = |S| L5 KITBKICTh € CTaJIok;

3a3BMuai 1e Big 2 A0 5 oci0. PiBeHb BIAMOBIIHOCTI MK 3aSBKOIO Ta KOJEKTHBOM PEIICH3CHTIB
po3paxyemo 3a Gopmynoro (1).

AJITOPUTMH MiA0O0PY WieHIB crienpaau

3anaya migoopy OMOHEHTIB 3 MAaTEMAaTUYHOTO MOIVISAAY — Ii€ MOIIYK MiMHOXHHU (piKCOBaHOT
MOTYXHOCTI 3 JeSKOi MHOXHMHHU. Jl7s BUpIIIEHHS TakuxX 3aJad Ha MPaKTHUI[l 3aCTOCOBYIOTHCS
nepeBakHO HaOmkeH1 anroputMu. Cepel MHOKHHHM MOXJIMBUX QJITOPUTMIB HEOOX1AHO oOpaTu
TOH, skuil 3abe3meuye OanaHC 3a IMOKAa3HMKAaMHU SKOCTI Mi0Opy Ta BUTpaTaMU pECypciB Ha
3HAXOJKEHHS pO3B’A3KY. ¥ 11iil poOOTI MPONOHYETHCS BUKOPUCTATU TaKl aJITOPUTMHU.

Tloenuii nepebip. ONTUMAILHUN BapiaHT MO>KHA 3HAWTH MOBHUM Tiepedbopom. s 3asBku A
HEOOX1THO cepe]] yCIX MOXIJIMBHUX C-OK 13 €JIEMEHTIB MHOKMHHU MOTEHLIWHUX peleH3eHTiB R oOpatu
Taky, 1[0 3abe3nedye MaKCHUMajbHE 3HAYeHHS BIAMOBIAHOCTI. CKIaAHICTh Takoro mnepedopy
3pocTae Maiie EKCIOHEHIIHO, TOMY HaBITh Ui 3aJad CepelHbOl PO3MIPHOCTI Iepedparu Bci
MOJKJIMBI BapiaHTH Ta BKJIACTHCS B SKICh 4acoBI OOMEXEHHS HepealbHO. [IpuyoMy KUTBKICTh
BaplaHTIB yX€ CHJIbHO 3aJeXuTh BiJ c. Hampukman, sKmo moTpiOHO oOpaTu ABOX pPELEH3EHTIB
31 100, To moTpidbHo mpepedbparn 4 950 BapiaHTiB. A SKIIO SAKIIO OOMpPATH TPHOX PEICH3EHTIB 3i
100, Toxi kimbKicTh BapiaHTiB 3pocte 10 161 700.

Toenuii nepebip na npopiosicenii MHOMCUHI Kanouoamie. Ha mpakTHIll KaHAWIATH 3 HU3BKUM
pIBHEM CXOXOCTI HaBpsi[ 4 OynyTh NpPU3HAYEHI PELIEH3EHTaMU 3asBKUA. TOoMy palioHaIbHUM
KpOKOM OyJie HEXTyBaHHs OTEHUIHHUMU PELICH3eHTAMHU 3 Jy’K€ HU3bKOIO CXO0XKICTIO. BinkuHyBIIH
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KaHJWJATIB 13 HU3BKOIO CXOXICTIO 3 Aucepraniero, Hampukian, Ha piBHi 0.1 um 0.2, mMoxHa
BIIUYyTHO CKOPOTUTH Tiepebip. UMM CHIIBHINIE MPOPIHKYBATUMEMO ITOYAaTKOBUW  CITHMCOK
KaHJWJATiB, TUM MCHIIOI OyJe TPUBAJICTh ONTHUMI3allii, ajieé BOAHOYAC 3POCTAIOTh PHU3UKH
3aJIaJICKO BIIXMIIUTHUCS BiJl OITUMYMY.

Kaodionuii aneopumm. CyTh TIOJIATA€ y TOMY, IO PEIEH3EHTH MiJOMPAIOTHCS ITEPATHBHO 3
3a0e31eYeHHsT Ha KOKHOMY KPOIll MaKCHMaJIbHOI BIJIMTOBITHOCTI MOTOYHOTO (pparMeHTa KOJICKTUBY
3asBIli. AJNTOPUTM BHKOHYETbCS 3a c iTeparid. Ha koxHil iTepamii 10 KOJEKTHBY PEIICH3CHTIB
JIOJTA€ThCS OJIMH HOBUM 4JICH, SIKMM HA IiH iTeparii MakCUMi3y€e piBeHb BIAMOBIAHOCTI MOTOYHOTO
ckiany 3asBiii. Ha mepriii iTeparii 3HaX0[uMO KaHAu/1aTa 3 HAMBHUIIIOK CXOXKICTIO 3 JUCEPTAIII€ETO.
Ha npyriii itepartii oOuMpaeMo kKaHauaara, sKUH CYKyIHO 31 BXKE IMiIOpaHUM WICHOM paadl Mae
HaWBUIIY BIAMOBIAHICTH aucepranii. KinbkicTh omepariii mepebopy 3a Takoro MiAXOay 3HAYHO
3MEHIIYETHCS, alie PO3B’A30K MOXKE BUMTH HEONTUMAIbHUM. J1JI 3a1a4i 1ig00py OMOHEHTIB, OKPIM
BHUIIE OMKCAHOTO KJIACHMYHOTO BapiaHTa kaAi0HOTO alrOPUTMY, MOKIUBUN BapiaHT i3 €TITH3MOM.
Enitusm nonsirae B ToMy, 10 CIIOYATKY JOJA€THCSA KaHIUAAT 13 HAHOUTBIIMM PIBHEM BiJIITOBIHOCTI
mucepranii. [Ipy oMy piBeHb BIAMOBIIHOCTI OHOBJIEHOrO (parMeHTa paau aucepranii He
BpaxoByeTbes. Jlami, 1HII ONOHEHTH MiAOUPAIOTHCS 3a KIACUYHUM KaTiOHUM aIrOpUTMOM, TOOTO
MPU3HAYAIOTHCS KAHAUAATH, SIKI Ha MOTOYHIM iTepaiii MaKCHMI3yIOTh pPIBEHb BIANOBITHOCTI
KOJIEKTUBY eKCIepTiB aucepranii. JKamiOHuil anropuT™, OCOOJMBO MOro eniTapHa peasizalis,
CYTT€BO CKOPOUYIOTh TPUBATICTh ONTHUMI3allii.

[301v06anuti niodip. HanpocTtimuM crocoO0M MPU3HAYEHHS PEIEH3CHTIB € OOpaHHS THUX,
K1 HalOUIbII cX0Xi 3 mpodinem nuceprtanii. [Ipu 11boMy BiAMOBIAHICTH KOJEKTHUBY PELIEH3CHTIB
JucepTalii He BPaXxOBY€EThCSA. BBaXKaeThCsl, 0 YUM CHJIBbHINIE KOXKEH 13 KaHAMIATIB BiANOBiAae
TEMaTHIll JucepTalii, THM Kpaiiowo Oyzae i pazoBa pana. ['pybo kaxxyuu, BBaXKaeThCs, IO PIBEHb
BiJIMOBIAHOCTI PaJy € CyMOIO PiBHIB BiJMOBIIHOCTI KOKHOTO YjieHa. AJTOPUTMIYHO, 13071bOBaHUMN
migdip peanizyeTbCsi COPTYBAaHHAM KaHAWUIATIB 3a CHAJAaHHSIM PIBHA CXOXKOCTI JI0 aucepTalii Ta
BiOOpoM mepmmx c¢ KaHauaatie. lle mgyke IIBHAKHIA anroputM, aje 3 MaJlUMHU [IaHCAMH
MOTPANUTH B ONTUMYM. 3a TaKOTO alTOPUTMY MOXJIMBI CHUTYyallii, KOJU BCl YWIEHH Pa30BOi paau
BIJIMIOBIJATUMYTh JIMILE OJHOMY 1 TOMY X (parMeHTa TeMaTHKH JucepTalii, a iHmN (parMeHTu
TE€MaTHUKH JJOCTOBIPHO OLIHUTH He Oynie KoMy .

Maracer quceprauii
JInsi eKCIEepUMEHTIB 13 MiA00py peleH3eHTiB chopMmyemo jaatacer auceprartii [27]. s

pOoro ckopucraemoch iHpopmaniiitHoro cuctemoro HA3SABO — NAQA.Svr. ¥V 1m0 cucremy
MO/Ial0ThCsl 3aBKM HA Pa30Bl cHenpaau s iX 3aTBep/uKeHHs MIHICTEpCTBOM OCBITH 1 HayKu
VYkpainu. Koxna aucepTaiiist MiCTUTh NEpeNiK CYNPOBIAHUX JOKYMEHTIB Ta JaHi Ipo pa3oBy pajy,
10 MPOTIOHYETHCA 3akiagoM. Mu 3i0panu iHdopmartito 3a 67 mucepTarisMu: 17 13 HUX BIIXHWICHI
MIHICTEPCTBOM uepe3 cia0Ky BIAMOBIIHICT, TEMaTHKW CTaTed wWIEHIB paad Jaucepranii, a
50 mucepTamiit Oyno 3axumeno. Y Ti 50 quceprariit yBiiimmm 1 17 paHimie BIAXUICHUX, I SKUX
chopMmyBanii HOBiI pamu. 3i0paHi auceprallii Halexarh A0 PI3HHUX cleniadbHocTed (puc. 2) 3
JOMIHYBaHHSIM CIelianbHocTel 12-1 ramysi, a came 121, 122, 123, 124, 125 ta 126. KoxeHn 3anuc y
JaTaceTi BKIIIOYAE YHIKAIBHUN 1MeHTH(IKATOp AMCEpTarllii, mpi3BUIe Ta iM’s 3400yBaya, KIFOYOBI
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CJIOBa McepTallii aHTIIHCHKO0 MOBOIO, CITUCOK WICHIB Pa30BOI pajid pa3oM 3 KIIOUOBUMHU CIOBAMU
iX cTaTelt Ta cTaTyc paau — BIIXWJICHA UM CXBajeHa MIHICTEPCTBOM.

122
126
052
123
121
091
053
222
212
011
017
226
125
263
191
271
072
081
172
124

T T T T T T T

6 8 10 12 14
KinbkicTe gucepTauin

Q
N
S

Pucynok 2. Po3nopin quceprariii garaceTy 3a CremiatbHOCTIMU

Ha puc.3 momaHo paHroBHUU pO3MOMIT BIAMOBIAHOCTI JaucepTamii pa3oBidl pami, ska
3allpONOHOBAHA 3aKJaJoM. bijblla YacTMHa pa3oBUX paj MaioTh BianoBigHicts Buile 0.2
(62 panmm), a perita MarOTh HE3HAYYIIMK PiBEHb BIAMOBITHOCTI (5 pam). MiXKKBapTHIBHHUN iHTEpPBA
npubm3Ho nopisHioe [0.4; 0.8].

1.0

0.8 1 1

0.6 1 b -

0.4 1 b

BinnoBigHicTb gncepTadii

0.0 T T T T T T

PaHr gucepTauii

Pucynok 3. PanroBuii po3mo it BiAOBITHOCTI TUCepTAaIlii pa3oBiit paii, Ky copMyBaB 3aKiial
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ExcnepuMenTH 3 nigdopy onoHeHTiB
[IpoBeneMo ekcriepuMEHTH 3 Mi00py OMOHEHTIB Ha c(OPMOBAHOMY JaTaceTi AMCEpTaliid.

JUisi bOTO CIOYATKy KaTEeropu3y€eMO KIIOYOBI CJIOBA AMCEPTAIlil 32 aJrOpUTMOM KaTeropu3ariii
KIIIOYOBUX CIIIB y Mexax crenianbHocteil Hayk 3 ANZSRC-2020. Jlami, aHanoriyHuMm crnocoOom
KaTeropu3yeEMO KIIIOUOBI ClIOBa cTaTei wieHiB pazoBux pan. Ilapum xiarodoBux cmiB Oynemo
MOEIHYBAaTH y JOJATKOBI 3allUTH JUIIE B MeXax ofHiei ctarti. [ns KOoXHOI paad BUIILy4HMO
OIMOHEHTIB 1 crmpoOyeMo MmifidpaTu Kpamux i3 WieHiB iHmUX pa3oBux pax. Ilicns BuimydeHHs
OMOHEHTIB OTPUMYEMO MHOXXHHY (PparMeHTiB pa3oBUX paj, IO MICTATH TOJOBY Ta JBOX a0o0
OJHOTO pereH3eHTiB. HeoOXiHO 3HANTH ONOHEHTIB, JOAABAHHS SKHX 10 (parMEHTIB Pa3oBHUX pall
320€e3MeYnTh IX MAaKCUMAaTbHO MOKJIMBY BiJIMOBIAHICTh TEMATHII TUCEPTAILIIH.

PesynbraT minbopy OMOHEHTIB MOPIBHAEMO 3 BapiaHTOM Pa30BOi pajH, SIKUM CHOPMOBAHO
3aksaioM. KibkicHO e(eKT OLIHUMO CepeiHiM piBHEM 3MiHU BiAMOBIIHOCTI Pa30BUX pa:

new current

E= = NZ F_current 100%,
i=1, N |
e N — KIJIBKICTh TUCEpTAaIlii;
Flnew — piBeHb BiAMOBIAHOCTI Pa30BOi paau I-1 qucepTaii micis onTuMisanii, i = LN:

Ficurrent — piBeHb BIAMOBIAHOCTI Pa30Boi paau i-1 qucepTarii 1o ontumiszariii, i =1, N .

Ha puc. 4 nonano pe3ynpTaTé onTUMI3allli 3a Pi3HUX aIropuTMiB migdopy. Maiixe 11 BCix
BUIAJKIB Pa3oBl paay BiA 3akiiaqy MailOTh HIDKYY BIIMOBIAHICTH TEMATHINl AUCEpTaLliid, HIX
3Haii/ieHi 3a OyAb-SKUM alropuTMOM migdopy. B ymoBax pydHoro ¢opmyBaHHS paj 3aKjiaJoM Ta
00MEKEeHMX MOKIMBOCTEH 1100 BUOOPY WIEHIB paJl OTPUMYEMO CEpEeHii piBEHb BiIMOBIJHOCTI
TeMaTuLli. 3 1HIIOro OOKY, 382 aBTOMATUYHOTO Mi100PY WIEHIB pajy Ta JOCTATHHOTO BEJIUKOTO Yy
KaHMJIaTiB OTPUMY€EMO 3HaYHE MOKPAIIEHHS pajl JIMIIE 3a PaXyHOK Mi100py OMOHEHTIB.

1.0
|
0.8 A
5
]
=
o
g 0.6
=
o
0
5
T —— Pa3oBa pafa 3aknagy
0.4 4 n . .
@ = [loBHUI Nepebip
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o —— [loBHun nepebip 0.2
0.2 1 NoeHui nepebip 0.3
’ — XapibHuin
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Pucynok 4. PesynbraT ninbopy paj 3a pi3HUX aJrOPUTMIB ONTUMI3allii
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Ha puc. 5 Ta 6 mopiBHIOIOTECS PiBHI BIJIMOBITHOCTI Pa30BUX PaJl BiJl 3aKJIaqy 31 3HAHJICHUMU
BapiaHTaMH paj. 3a MOBHOTO IMepedopy HasBHE 3HAYHE IMOKPAIICHHS BIAMOBITHOCTI OUIBIIOCTI
pag— SK TUX, AKi OyiaM BiAXujeHl, Tak 1 BciX iHmmX. [leski pagum He mokpamieHo abo piBEHb
MOKpaIlIeHHs1 HU3bkuid. Lle 3yMOBIeHO Hacammepea THM, IO B JaTaceTi Po3IMOMii AUCEpTaIiil 3a
CIENiaTbHOCTSIMH € HEPIBHOMIPDHUM (IUB. pHUC. 2) i 1aTaceT Mae Maluil 00csar. 3a HaHIPOCTIIIOro
QITOPUTMY Ha OCHOBI 130JIbOBAHOTO MiAOOPY (IMB. pUC. 6) OLIBIIICTS PA30BUX Paj MOKPAIICHO, ajie
BIIMOBIIHICTh KIJIBKOX paj moripmiacs. [loripimeHHs] MOSCHIOETBCS THUM, IO BHCOKA CXOXKICTh
KaHJ#UIaTa 3 JUCEPTAIliEI0 HE O3HA4Ya€, IO YTBOPCHUHU 3a 130JbOBAHUM ITiIXOJ0M KOJIEKTUB OyIe
MOKPUBATH YCIO TEMATHKY JHUCEPTAIlil.
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Pucynox 5. IlopiBHSIHHS paj BiJ 3aKjary 3 IPONOHOBAHUMU paJaMu, siki CQOPMOBAHO 32 TOBHUM
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Pucynox 6. ITopiBHSIHHS paj Bl 3aKjamy 3 MPOMTOHOBAHUMH pajiaMH, sIKi COPMOBAHO 32
130J1bOBaHUM M100pOM

50



Ukrainian Journal of Information Systems and Data Science Volume 2, Issue 1, 2024

Ha puc. 7 mopiBHIOIOTECS pe3ynbTaTH MiAOOPY paja 3a Pi3HUMH aJTOPUTMaMHU OITHMI3aIlli.
[Tepebip Ha mpopimKeHiI MHOXKWHI KaHAWAATIB 3a mopory y 0.3 olHO3HAYHO HEBAANHM. Yci 1HIm
YTBOPIOIOTH MHOXHUHY [lapero. Tomy mig wac BUOOpY aiuropuTMy HEOOXITHO BpaxyBaTH
MPIOPUTETH — MOTPIOCH MIBUAKUHN Pe3yJbTaT UM SKICHUN. 3 puC. 7 BUIHO, IO PIBEHb MOKPAIICHHS
BHACITIJIOK TIEPEX0/1y 3 JKaaiOHOro TMONIYKYy Ha aJITOPHUTMHU MOBHOTO MEpedopy 3pocTae MOBLIBHO.
Anle TpUBAJICTh OMTHMI3AII] 3pOCTa€e CyTTEBO. Tomy HalOiIbII 30aJaHCOBAaHUM MOKHA BBa)KAaTH
XKaTIOHUIN anropuTM Mmiadopy 0e3 emiTu3My. AJIbTepHATHBOIO HOMY MOKE OYTH aJIfrOPUTM TTOBHOTO
nepedopy 3 MPOPIHKYBaHHAM MHOXMHHU KaHIUAATIB 3a piBHEM BiamoBigHocTi B okoui 0.25. Ase
Tpeba MaTH Ha yBa3i, IO Ili BUCHOBKU IPYHTYIOTHCSl Ha €KCIICPUMEHTAX Ha HEBEJIMKOMY JaTaceTi.
3a peanpHUX 0a3 JaHUX BEIUKOTO OOCATY TPHBAJICTh ONTHMI3alii 3a aJrOpuTMaMH ITOBHOTO
nepedopy MOXKe 3pOCTH 3aHAJITO CHIIBHO.
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Pucynok 7. OuiHka alropuTMiB IiI00py OMOHEHTIB 32 KPUTEPISIMU «TPUBATICTD — SIKICTH)»

IMpuxiaan nmokpameHHs pa3oBoi pajau Bil 3aKIaay
Posrnsinemo, ik BHaC/I1JOK ONTUMI3AIll BIAIOCS MOKPAILUTH CKJIaJ] pa3oBOl pajiu, MOPIBHIHO

31 CKJIQJIOM BiJl 3aKJIaly, Ha TpHUKJIaAl aucepTaiiii Moodeni ma memoou ob6pobKu Oanux cucmemu
8i00aneH020 MOHIMOPUHSY CMAHY NAYIiEHMI8 3 YyKposum Oiabemom aBTOPCTBA Bimanis
Jleskiscvkoeo; ineatudikarop auceprarii B HA3SBO — 4756.

KirouoBi cioBa guceprarii:

edge devices; loT;

diagnostics; diseases;

intelligent data analysis; information technologies;
medical information systems; modeling;

monitoring; data processing;

patient; forecasting;

software component model; system design;

diabetes.
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3 mepeniKy KIYOBUX CIIiB 3pO3YMiNIO, IO TEMAaTHKOK JHCepTallii € MeIndHi iHpopMaIliiHi
CUCTeMH 1 TEXHOJOril OTpuMaHHs Ta 0O0poOKM MeauuHuUX aaHuX. st kareropusamii Mo4aTkoBy
MHOXHHY KJIFOYOBHX CIIiB PO3HIMPUMO IOIAPHHUM IOETHAHHIM KJIFOUOBHX ciiB. Lle macts 3mory
MiJ] 9ac KaTeropw3aiii HaJaTd IepeBary TUM HAyKOBHM CIHEIIaIbHOCTSM, Y SKHX OIHOYACHO
3yCTPI4arOThCS MapH KIIFOYOBUX CIiB [22].

PesynbTar kareropusailii MHOKMHHU KITFOUOBHX CITIiB TUCEPTALlii € TAKUM:

4605 Data Management and Data Science — 0.382;

4606 Distributed Computing and Systems Software — 0.255;

4609 Information Systems — 0.205;

4203 Health Services and Systems — 0.158.

Ha3Bi HaykoBoi cmermianpHOCTI niepeaye ii wotupuiupoBuii igentudikarop B ANZSRC-
2020. Came ui ineHTH(IKATOPH BUKOPUCTOBYBATUMEMO I MOJAIBLIOIO BUKIIAAY Marepiamy.
0.382 0.255 0.205 0.158}

4605 ' 4606 ' 4609 ' 4203
VYV 6a3i HA34BO TEMaTHUKY JIOCIIHKEHb KOXKHOI'O 4JIeHa pagu npencTaBiI€HO KIHOYOBUMU

AmnanizoBaHa JucepTallisi IpeACTaBIsSETHCS TAKAM BEKTOPOM: Ay = (

cioBamu 3 abo 4 iforo crareit. [y iX kaTeropusailii 3aCTOCYe€MO IPUHIIUI MIIIKa KJIOYOBUX CIIB.
Kareropusaris BinOyBaeThcs Tak: 1) 1uist KOXKHOI MHOXHHH KIIFOUOBHUX CIIIB OJIHIET CTATTI J101a€MO
iX momapHi MoeaHaHHs; 2) 00’ €JHYEMO OTPUMaHI MHOXKHHH KJIFOUOBHX CIIiB PI3HHX CTaTeil B OAHY
MHOXHWHY — B OAUH MiH_IOK; 3) KaTCropusyemMo OTpuMaHy MHOKHHY KJIFOUOBHUX CIIiB 3a AJIropuTMOM
[22].

KitrouoBi ciioBa cTateii rojioBu pa30Bo'1' panu € TaKUMU.

1) information technology, cardiovascular system, diagnostics, SCORE, systematic coronary
risk evaluation, blood pressure, diseases, medical information systems;

2) information technology, data processing, data, data visualization, COVID-19, mobile
application, disease, medical information systems;

3) differential equations, acceleration, cloud computing, task analysis, computational
complexity, computer simulation, computerized integration procedure, integration procedure,
numerical method.

Pe3ynbraT Kareropusaiii roJ0BU pajy BUHIIOB TaKUM:

4609 Information Systems — 0.381;

4203 Health Services and Systems — 0.225;

4606 Distributed Computing and Systems Software — 0.214;

4601 Applied Computing — 0.180.

KitrouoBi ciioBa crareit MEpIIOTO PCUCH3CHTA € TaKUMHU.

1) 10T, monitoring system, microclimate parameters, educational institutions;

2) biotechnical system, edge device, photoplethysmograph, photoplethysmography, pulse
wave, saturation sensor, cardiovascular system, data handling, edge computing, optoelectronic
devices, quantum optics, circulatory disorders, functional state, mode of operations, non-contact
sensors, photoplethysmographic, physical conditions, pulse wave signal, technical realization,
digital storage;

3) pandemic, health-saving educational environment, model, information and digital
environment;

4) planning technologies, use case, project, systems design, project complexity.

Pe3yJ’ILT aT KaTer OpI/I3aI_IiI MEepIIoTro peUCH3CHTAa BUIIIOB TaKUM:

4606 Distributed Computing and Systems Software — 0.337;
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4605 Data Management and Data Science — 0.256;

4003 Biomedical Engineering — 0.244;

3208 Medical Physiology — 0.162.

KirouoBi ciioBa crarei Apyroro p€ucH3CHTa € TaKUMU.

1) mathematical model, biotechnical system, edge devices, methods of studying, human body
health, hemodynamic characteristics, diagnostic systems, digital signal processing, information
technology;

2) biotechnical system, edge device, photoplethysmograph, photoplethysmography, pulse
wavesaturationsensor, cardiovascular system, data handling, edge computing, optoelectronic
devices, quantum optics, circulatory disorders, functional state, mode of operations, non-contact
sensors, photoplethysmographic, physical conditions, pulse wave signal, technical realization,
digital storage;

3) loT, monitoring system, microclimate parameters, educational institutions, edge devices.

PeSyJ'ILTaT KaTeFOpI/ISaHﬁ APYyroro peucH3CHTa BUHIIIIOB TAKUM.

4606 Distributed Computing and Systems Software — 0.426;

4605 Data Management and Data Science — 0.299;

4003 Biomedical Engineering — 0.138;

4604 Cybersecurity and Privacy — 0.135.

Kirouosi ciioBa crarei [Iepmoro OIIOHCHTA € TaKUMU.

1) information expert system, control, method of fuzzy sets, medical diagnostics, diabetes,
dentistry;

2) medical information technologies, medical information systems, coronary channels,
coronary artery disease;

3) intelligent technologies, computer planning, modeling, medical diagnostics, nasal
breathing testing, treatment, rehabilitation, medicine, tissue trophic complex, magnetic data
analysis, electrocardiographic data analysis, audiological data analysis;

4) medical expert systems, fuzzy logic, coronary artery disease, coronary arteries, problems
of cardiology, cardiovascular diseases, myocardial infarction, patient safety.

PGSyJ'II;T aT KaTeFOpI/I?»aI_Iﬁ MEepmoro OrOoHCHTa BUIIIIOB TaKHUM.

3201 Cardiovascular Medicine and Haematology — 0.387;

3203 Dentistry — 0.215;

4605 Data Management and Data Science — 0.205;

4602 Artificial Intelligence — 0.192.

KirouoBi ciioBa crareit APpYyroro OIoHCHTA € TaKUMMU.

1) Data analysis, Computational modeling, Neural networks, Predictive models, Safety,
Personnel, Task analysis, hypertension, medical robotic platforms, TIMA, health and safety digital
competencies;

2) Medical Diagnosis, Forecasting, Neuroevolution, Synthesis, Adaptive Mechanism, Genetic
Algorithm, Parallel Genetic Algorithm, Crossover, Hospital data processing, Intelligent systems,
Neural networks, Crossover operator, Medical diagnostics, Modern computer systems, Network
synthesis, Neuro evolutions, Parallelizations, Resource consumption, Synthesis process, Diagnosis;

3) dermatoscopy, medical diagnosis, convolutional neural network, skin disease, ResNet50
model, software component model.
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Pesynprar kateropusariiii Ipyroro oroHEHTa BUMIIIOB TaKHM:
4602 Artificial Intelligence — 0.435;

4611 Machine Learning — 0.357;

4605 Data Management and Data Science — 0.208.

3BeneMo OTpuUMaHi pe3ynbTat B Ta0u. 1. 3 Hei BUIHO, 110 BCI YWICHU Pa30BOi paadl MarOTh
3HAYHMA PIBEHb CXOXKOCTI 3 JUCEPTAIi€0. ATperyeMo pe3ysbTaTH KaTeropusallii ycix WICHIB
pazoBoi pamu, 100 3HAWTH pIBEHb BIAMOBIAHOCTI Pa3oBOi paau JaucepTailii. ArperyBaHHS
peamizyeMoO TpeTiM €TalmoM aJrOpPUTMYy KaTeropusaiii KiarodoBuX cioiB 3 [22]. Buacmigok
arperyBaHHsI OTPHUMY€EMO:

0.381 0.225 0.214 0.180j

4609’ 4203 4606 4601
0.337 0.256 0.244 0.162

4606 ' 4605 4003’ 3208)
0.426 0.299 0.138 0.135J _[0.389 0.374 0.236)

4606 4605 4003 4604 4606 4605 4602
0.387 0.215 0.205 o.192j

3201’ 3203 4605 4602
0.435 0.357 0.208)

4602 4611 4605

Agg

Tabmuis 1. Pesynbratu kateropusaiii npodiiiB 4ieHIB pa30BOi paau BiJ 3aKiIaay

Unen pa3oBoi paau IIpo¢ins unena pagu R it CXO0XKiCTh MK JUCEPTAIli€l0 Ta
YIICHOM pajn Fit(A, R j)

Tonosa 0.381 0.225 0.214 0.180 0.577

(4609 ' 4203 ' 4606 ' 4601 j
Penensenr 1 0.337 0.256 0.244 0.162 0.564

(4606 ' 4605 ' 4003 ' 3208 J
Petiensent 2 0426 0.299 0.138 0.135 0.521

[4606 ' 4605 ' 4003 4604}
Ononenr 1 0.387 0.215 0.205 0.192 0.239

(3201 ' 3203 ' 4605 ' 4602 j
OroneHT 2 0435 0.357 0.208 0.227

[4602 4611 4605j

Pisenn BIJIITOBITHOCTI paszoBoi panu o aucepTarii CTaHOBUTE.

Eit 0.382 0.255 0.205 0.158) (0.389 0.374 0.236
4605 4606 4609 ' 4203 )\ 4606 ' 4605 4602

D=0.631. Ile moBoni HeMmoOraHwii piBEHb

BIJIMOBIAHOCTI, SKUH B OCHOBHOMY OOYMOBJIEHO CHUJIBHUM CHIBIAIIHHSAM 32 JBOMa
CIeiaTbHOCTSIMHU 13 YOTHPHOX, a came 3a 4606 Distributed Computing and Systems Software ta
4605 Data Management and Data Science. Ilin yac po3paxyHKy piBHS BiAMOBITHOCTI TaKOX

BpaxoBaHO CITOpiHeHOCTI crerianbHOcTed 4602 Ta 4605 Ta cmemiamsHOcTel 4605 Ta 4606, ski
nopiearoi0Th 0.122 Ta 0.124, BigmosigHo [25].
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CnpobyeMo mifiOpaTy Kpamux OMOHEHTIB, 00 MIABUIIMTH CYKYITHY BiJIOBITHICTh Pa30BOi
pamu nuceptailii. Sk TMOTEHIIWHUX KaHAWAATIB BI3bMEMO WICHIB YCIX IHIIMX Pa30BUX paj
chopmoBaHoro aaracetry. BHaciaigok onTumizamii onoHeHTamMu npuszHaueHo Okcarny Menexoseys 13
BIAMOBIIHICTIO TemaTuil aucepranii Ha piBHi 0.158 ta Kawminy Cmopuax 13 BiANOBIIHICTIO
Temartuili aucepraitii Ha piBHi 0.542.

KirouoBi ciioBa crarei IEPIIOTO 3aIIPOIIOHOBAHOI'O OIIOHCHTA € TaKUMU.

1) trophic ulcers, diabetes mellitus, chronic venous insufficiency, photodynamic therapy,
plasma therapy;

2) diabetes mellitus, diabetic foot, photodynamic therapy, autologous plasma;

3) type 2 diabetes, middle age, obesity, quality of life, physical therapy program;

4) type 2 diabetes, middle age, obesity, physical therapy program.

Pe3y.]'II>TaT KaTeropmauﬁ' MIEPIIOTO 3aIIPOIIOHOBAHOIO OIIOHEHTA BUHIIIOB TaKHM:

3210 Nutrition and Dietetics — 0.274;

4203 Health Services and Systems — 0.261;

4202 Epidemiology — 0.251;

3205 Medical Biochemistry and Metabolomics — 0.214.

KirouoBi ciioBa crareit ApYyroro 3alipoIrOHOBAHOI'O OIIOHCHTA € TaKUMU.

1) intelligent data analysis, data mining system, neural network;

2) web system, machine learning, web development, Heroku, Streamlit;

3) machine learning methods, neural network, smart home, failures, prediction, data analysis,
decision theory, information technology.

PGSyJ'ILTaT KaTeI‘OpI/ISaHﬁ APyroro 3alinpoIrIoHOBAHOI'O OIIOHCHTA BUHIIIOB TaKUM.

4605 Data Management and Data Science — 0.555;

4611 Machine Learning — 0.306;

4609 Information Systems — 0.139.

BukonaeMo arperyBaHHs Mpo(iiB WIEHIB Pay 3a HOBUX OMOHEHTIB!

0.281 0.269 0.228 0.222 j

4611° 4605 4602 4608
0.556 0.302 0142)

4612 4602 4007
0.457 0.196 0.183 0163) __(0361 0.335 0.156 (1148)

4611° 4603 4605 4609 ) | | 4605 4606 4609 4203
0.274 0.261 0.251 0214j

3210 4203° 4202 3205
0.555 0.306 a139j

4605 4611 4609

Agg

PiBeHp BinmoBimHOCTI JucepTalii pa3oBiii pagi 3 HOBUMH OINOHEHTAMH CTaHOBHTD:

Fit 0.382 0.255 0.205 0.158) (0.361 0.335 0.156 0.148
4605 4606 ' 4609 ' 4203 )'\ 4605 4606 4609 ' 4203

D:O.923. [opiBHIOIOUM 3 Pa30BOIO

pasoro BiA 3akiady, 0auMMoO CyTT€BE IMOKpAIICHHS PIBHS BIANOBIAHOCTI — MPOQuib HOBOI paau
OMHUCY€ETHCSI BCIMAa THUMHM CaMHUMH CHEIIaJbHOCTSAMH, IO 1 aucepraiis. [TokpaiieHHs: CTaHOBHTH
npuOIn3HO 46%.
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3 HaBeJCHOTO MPHKIAAY BHIHO, IO XOYa IHIWBIAyalbHa CXOXICTh OKPEMOTO WICHA pPajH
aucepTarii Moxke OyTH 1 TTOCepeaHBOI0, MPOTE CYKYITHO PiBEHb BIJIMOBIIHOCTI pagyd MOXE BUUTH
BucokuM. lle BimOyBaeTbcs 3aBISIKM TOMY, IO HOBHUH OIOHEHT IMOKPUBAE TaK 3BaHy MiHOPHY
YaCTUHY TEMATUKH TUCEPTallii, sIKa 3HaXOJUThCS 11032 MOJIEM EKCIEPTU3U 1HIIMX 4WiIeHiB paau. B
aHaJIi30BaHOMY IIPHKIIAIIl [I€ YaCTHHA TEMATHKH, KA Bianosigae creriansHoctsam 4609 Information
Systems ta 4203 Health Services and Systems (puc. 8).

1.0
E [lvcepTauis
Papa Bif 3aknany
Il [(lponoHoBaHa paja
0.8 1
=
3
T 0.61
%
(]
[
(]
I
A
z
€ 0.4
[
@]
0.2 A
0.0 - T

4203 4602 4605 4606 4609

Pucynok 8. [TopiBHSIHHS KaTeropu3allii qucepTarlii Ta JBOX Pa3oBUX pal

BucHoBku
VY po0oTi 3ampornoHOBaHO IIBHIKHIA MeToA Mmimdopy pa3oBoi paau s 3axucty PhD-

aucepTalii, KU, Ha BIIMIHY BiJl 130JIbOBAHOTO MiAOOpY PELEH3EHTIB, BPaXOBYE 3JaTHICTh came
panu sIK KOJIEKTUBY CHUIBHO OLIIHUTH JUCEpTallilo 3a yciMa acrekTamu ii Tematuku. Ha nmepuomy
eTarni migdopy 3MiMCHIOEThCS KaTeropusauis AMcepTalii Ta MOTEHLIMHUX YIEHIB pa3oBOi paau
[UISXOM TPEACTaBIEHHS iX MNpo(diTiB SK BEKTOPIB y MPOCTOpI HAYKOBUX CIELiaIbHOCTEH 3
ANZSRC-2020. Ha apyromy erami po3paxOBYIOThCS PiBHI BiIMOBIIHOCTI NMOTEHLIHHUX YJICHIB
panu TeMaTHIll JucepTalii 3 ypaxyBaHHSIM CIIOPIHEHOCTI HAYKOBUX creniaabHocTei. Ha Tpetbomy
eTari mig0upaeTbes CKIa paad, sika BiANOBIAAae TeMaTHIll JUCepTaLii 3 MAaKCUMaIbHO MOXIUBUM
cryneHeM. [l peanizaiii TpeTbOro eramy 3alpollOHOBAHO aJTOPUTMH Ha OCHOBI ITOBHOI'O
nepebopy Ha yciii MHOKMHI KaH/IUAATIB, IOBHOT'O Mepedopy Ha MPOpPiKEeH1 MHOKUHI KaHIU/1aTiB,
Ha OCHOBI ’kaaiOHOro miaxoay 0e3 emiTU3My Ta 3 EeJITH3MOM, Ta 3a MPOCTUM 130JIbOBAaHUM
nourykoM. TecTyBaHHsI anropuTMmiB Ha copmoBaHOMy Aartaceti i3 67 PhD-aucepramiii mokasano,
10 HaWKpamuid 6ajgaHc 3a KPUTEPIsIMH SAKOCTI Mi00py Ta BUTPAT PECypciB HA MOLIYK KOJEKTUBY
3abe3neuye KagiOHUN anroputM Oe3 eniTU3My Ta HMOBHUHM mepelip Ha MPOpIIKEHIN MHOXUHI
KaHauIaTiB. BHacainok ontumizanii BAagocs NOKpAIUMTH CKIIAJ pa3oBHX paj B cepeIHbOMY Ha 13—
34% 3amexHO BiJ TUIY BHUKOPUCTAaHOTO QJIrOPUTMY. 3alpolOHOBAaHMA METOA  MOXeE
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3aCTOCOBYBAaTHCh JIJISl TOKpAIIeHHS eQEKTUBHOCTI YINpaBIiHHSA TpPOIECaMU  TpH3HAYCHHS
PEIEH3EHTIB 711 eKCIIEPTH3HU JIOTOBiICH Ha KOH(DEPEHITiSAX, PEIICH3YBaHHS PYKOIHCIB KypPHAITBHUX
cTarei, eKCIepTU3M HAYKOBUX IPOEKTIB Ta TPAHTOBHX 3asBOK, EKCIEPTU3U JUCEPTAIliil TOIIO.
Metoa MOke BUKOPHCTOBYBATHCS 1 B ayTMTOPCHKUX LUISIX YIS IMIBUAKOI MEPEBIPKA KOPEKTHOCTI
chopMOBaHUX PA30BUX paJ 3 MOAAIBIIAM BIZOOPOM TMIIO3pUIMX CHOpaB JUIsi TIPYHTOBHOL
peCypCOBHUTpATHOT eKcrepTh3n. [lomanblmi JOCHiPKEHHS MOXYTh CTOCYBAaTHCS 3aCTOCYBAaHHS
3ampOIIOHOBAHOTO METOAY E€KCIIPEC-MiA00pYy PEICH3EHTIB y OUIbII TPYJOMICTKHUX Ta 1TEPAaTUBHHUX
nporenypax (GopMyBaHHS KOJEKTHBY PEIICH3CHTIB, KOJM IOTPIOHO BPaxOBYBaTH HE JIHIIE
BIJIMOBIIHICTh TEMAaTHUIIl POOOTH, aje ¥ BiACYTHICTh KOH(MIIKTY iHTEpeciB, OalaHC HABAaHTAKCHHS
Ha PEIEH3CHTIB Ta IHII MOXJIMBI 0OMexeHHs. [lomanpini JOCTiIKEHHS TaKOXK BapTO 30CEPEIUTH
Ha CTBOPEHHI OUIBIIOr0 Ta PENPE3eHTAaTUBHOTO JaraceTy Il e(PEeKTUBHOI OIIIHKH SKOCTI
PI3HOMAHITHUX MiAXOAIB A0 MiaAOOpy pereH3eHTiB. JomiapHo Takoxk mif dac (GopmMyBaHHS pajau
BpaxoByBaTH HE JIMIIE BIANOBIAHICTh TEMAaTHUKM PEIEH3EHTIB Ta JAMCepTalii, a TaKoxX 1
KBaidiKaiiHUN PiBEeHb EKCTIEPTIB.
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ABtopu BUCIOBIIOWTH Tonsky Digital Science & Research Solutions Inc. 3a HamanHs

noctymy a0 pecypeiB Dimensions 3a mpoektom DIM-371.
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Express assignment of reviewers for a PhD thesis defense committee

Serhiy Shtovba, Mykola Petrychko

Abstract

Today PhD thesis defense committee are formed manually. This causes both corruption risks and
significant time spent on searching and analyzing candidates with a high chance of missing qualified
opponents. Therefore, there is an interest in automating the formation of committees, which would allow to
eliminate the mentioned risks of the human factor. The paper focuses on the express committee assignment
when there is a need to narrow down a large list of candidates. The resulting short list can be analyzed either
manually or processed by a fine-grained assignment procedure which is resource consuming and requires a
much larger volume of initial information than the express assignment. A method of assigning a team of
reviewers based on their relevance to the topic of the thesis is proposed, which, unlike the isolated
assignment of candidates, takes into account the ability of the team of reviewers to jointly evaluate the work
in terms of all aspects of its topic. The method is balanced in terms of assignment quality and resource costs
criteria for the search of committee members. The method consists of 3 stages. At the first stage, the thesis
and potential committee members are categorized by representing their topics with vectors in the space of
research specialties from ANZSRC-2020. At the second stage, the level of correspondence of candidates to the
topic of the thesis is calculated, taking into account the affinity of the research specialties of ANZSRC-2020. At
the third stage, the committee is assigned, which corresponds to the topic of the thesis to the maximum
possible extent. To implement the third stage, several optimization algorithms are proposed. Algorithm
testing on the generated dataset of 67 PhD theses showed that the best balance in terms of assignment
quality and resource costs criteria for team search provides a greedy algorithm without elitism and a complete
search on a truncated set of candidates. As a result of the optimization, it was possible to improve the
composition of committees by an average of 13-34%, depending on the type of algorithm used.

Keywords: reviewer assignment problem; express assignment; natural language processing;
categorization; discrete optimization; data analysis; Dimensions.
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YepKacbKuit AeprKaBHUI TEXHONOTYHUI yHiBEPCUTET

YepKacbKuii AepHKaBHUIA TEXHONOTIYHMIA YHiBEpCUTET

YepKacbKui AeprKaBHUIM TEXHONOTYHUI YHiBEPCUTET

CbOrogHi akTyasbHMM 3aBAaHHAM € PO3POOKa iHTENEeKTyaNbHUX METOZ4B,
CNPAMOBaHMX Ha pPO3B’A3aHHA 3a4ay YNpas/iHHA 3anacamu. barato
CYy4YaCHMX KOMMaHi gna BAOCKOHA/NIEHHA Ta onTMMmisauii cBoix 6isHec-
NMpoLEeciB BUKOPUCTOBYIOTb TEXHOJIOTIKO Teopii 0bMexKeHb, fKa 3abe3neyye
OVHamiyHe ynpaBniHHA ©Oydepom 3amaciB i BMKOPUCTOBYETbCA ANA
ynpaBAiHHA NaHUloraMn NocTaBoK. MeToo poboTM € nNigBULLEHHSA
edeKTUBHOCTI YNpaB/liHHA 3anacamu 3a AOMNOMOrol Helpo-acoLiaTUBHOIO
HaBYaHHA Ha OCHOBi o0obOmexeHOi MalwmnHM Kowi Ta HaB4YyaHHA 3
nigkpinieHHAam Ha ocHoBi Q-HaByaHHA Ta SARSA. [OnAa p[ocArHeHHA
NoCTaBAEHOI MeTM CTBOPEHO METOoZ Ha OCHOBi 0bmerkeHOoi MalwmnHn Kowwi
ONa ynpasniHHA 6ydepom 3anacis, meToz Ha oCHOBIi Q-HaBYaHHA Ta MeToq,
Ha ocHoBi SARSA pgna 3arasbHUX 3a4a4y  YNpasAiHHA  3amacammu.
3anponoHoBaHa HellpomeperkeBa Moaenb 0bmeXKeHoi mawmnHK Kowi mae
retepoacouiaTuBHy nam’sTb 6e3 obmerkeHb Ha EMHICTb i 3abesneuye
BMCOKY TOYHiCTb ynpasaiHHA 6ydepom 3anacis. Mogenb BMKOPUCTOBYE
posnogin Kowi, WO noKpawye 36ikKHICTb MeToQy nNapaMeTpPUYHOI
ineHTMdiKauii, nopiBHAHO 3 TpaguUiHOW OBMEXEeHO MaLUMHO
BonbumaHa. Ha BigMmiHy Big NMoBHOT MawuHW Kolwi, obmerkeHa MalumHa
Kowi gae 3mory npautoBatv 3 6inbwmm obcarom nam'ati. Moguodikauia
meToaiB Q-HaB4yaHHA Ta SARSA 3a paxyHOK AMHAMIYHMX NapameTpiB Oa€

3Mory  nigsuMWMTM  WBMAKICTb  HaBYaHHA 3@  33[3HOTO0  PiBHA
cepenHbOKBaAPaTUYHOI NOMWKN. MpoBeaeHi obuncnoBanbHi
eKCNepMMEHTU MNOKasanu, Lo KepyBaHHA BaXK/IMBICTIO Haropogu,

napameTpom LWWBWAKOCTI HaBYaHHA, MaApameTpoM Ana g-kagibHoro
nigxogy anAa metogis Q-HaByaHHA Ta SARSA pae 3mory Ha MO4YaTKOBUX
CTagifax 3pobuTn MoWyK piweHHA 6ifblWw rNob6anbHUM, @ HaA 3aKIHOYHUX
CTafZifXx 3pO6MTU MOLWYK pilleHHA 6inbl NOKanbHMM. 3anponoHOBaHiI
MeToaM  JaloTb  3MOry  po3wuputn  cpepy 3acTOCyBaHHA  Hempo-
acouiaTMBHOIO  HaBYaHHA Ta HaBYaHHA 3 MiAKPiNAeHHAM, WO
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nNigTBEPOKYETLCA X afanTali€ed AnAa 33a4advy ynpas/iHHA 3anacamu Ta

CNpUAEe NiABULLEHHIO e(dEKTUBHOCTI  IHTE/NIEKTYaZIbHUX  KOMM HOTEPHUX

CUCTEM 3arafbHOro i cneuianbHOro npusHavyeHHA. [lepcnektuBamu

NoAanblMX AOCAIOXKEHb € 3aCTOCYBaHHA 3aNpPOMOHOBAHMX MeToAiB ANA

iHLWKMX 33424 NPUIHATTA pilleHb, 30Kpema i Y 061acTi LUTYYHOrOo iHTeNeKTy.
DOI: 10.31558/2786-9482.2024.1.5

Beryn
CpOroJHi akTyaJlbHUM 3aBJaHHSIM € PO3pOOKa METOIB, CIPSIMOBAaHHX HA BHPILICHHS 3a1ad4

YOpaBIiHHA 3amacaMy, sIKI BHUKOPUCTOBYIOTHCS B 1HTEJIEKTYaJIbHMX KOMII IOTEPHUX CHCTEMax
3arajibHOTO Ta CHEIlaJIbHOTO Ipu3HaueHHs. Bce Oiiblne KoMIaHil MparHyTh BAOCKOHAIIOBATH Ta
ONTHMI3yBaTH CBOi Oi3HEC-MPOIECH HA OCHOBI BIPOBA/KEHHSI TEXHOJIOTIT Teopii 0OMEXeHb, sSKa
3a0e3nevyye auHaAMIvHE YmpaBiiHHSA Oydepom 3amaciB 1 BHKOPUCTOBYETHCS IJIsi yIPABIIHHS
JIAHIFOTaMK OCTaBoK [1-4]. BHACiI0K 1bOTO iCTOTHO 3pOCTAa€ AKTYAIbHICTh PO3POOKH METOJIIB
onTHMI3aIii JJII TEXHOJIOTil Teopii oOMexeHb. MeToau onTHMi3alii, MO 3HAXOAATh TOYHHM
PO3B’SI30K, MalOTh BUCOKY OOYHMCIIOBAJIbHY CKJIaJHICTh. MeToau onTuMmizallii, 10 3HaXOASTh
HaONMKEHUI PO3B’SI30K 32 JIOMIOMOTOI0 CIPSMOBAHOTO MOIIYKY, YacTO MOTPAIISIOTh Y JIOKaJIbHUMA
eKCTpeMyM. MeToaM BHIAIKOBOTO IOIIYKY HE TapaHTyloTh 30DKHOCTI. Uepe3 1ie BHUHUKAE
npobiieMa HeAOCTaTHhOI e(EeKTHMBHOCTI METOJIB ONTHUMI3alii, ska moTpedye BupimeHHs. [lns
MIPUCKOPEHOT0 3HAXO/KEHHS PO3B’SA3KY [UIS 3ajJad yYOpaBJiHHA 3amacaMd Ta 3HUKCHHA
HMOBIPHOCTI TMOMAJaHHA B JIOKAJBHUN EKCTPEMyM BHKOPUCTOBYIOTbCS HEHPO-acolliaTUBHE
HABYaHHS Ta HABYAHHS 3 MM1AKPIIJICHHSIM.

Memow pob6omu € TinBUILEHHS €()EKTHUBHOCTI TMOUIYKY pO3B’S3KIB 3a7ad YIPaBIiHHS
3amacaMu 3a JIOTIOMOTOI0 HEHpO-acoIliaTUBHOTO HABYAHHS Ta HAaBUAHHS 3 MiAKpirieHHsAM. [ns
JOCATHEHHS TIOCTaBJICHOI METH HEOOX1THO BUPIIIMTH TaKi 3aBJIaHHS:

1) crTBOpUTH HelipoMepeKEeBY MOJIEIb YIpaBIliHHs OydepoM 3amacis;

2) 3amporoHyBaTH KpUTEpill eheKTUBHOCTI HeilpoMepekeBoi Mojieli ynpasiiHHs Oydepom

3aracis;

3) CTBOpUTH METOJ MapaMeTpUuHOi igeHTH(iKalii HefipoMepekeBoi Moeli yIpaBIiHHSI

Oydepom 3amnacis,;

4) 3anpornoHyBaTH KpUTEpiil epEeKTHBHOCTI yIIPaBIIiHHS 3alacaMH;

5) cTBOpuTH METOI HAa OCHOBI Q-HaBUaHHS JUIs 33124 YIIPaBIIiHHs 3aMacaMH;

6) crBOpUTH MeTO/ Ha 0OCHOBI SARSA 1151 337124 yIIpaB/IiHHS 3aMacamu;

7) TPOBECTH YHCENIbHE JOCIIKSHHS 3aIPOITOHOBAHUX METO/IIB.

ITocTtanoBka npodJiemu
Hexait 111 Mojieni ynpaptinas GydepoM 3amaciB 3anano HauambHy Bubipky S ={(x,d>")},

i - t o o . .
mel M, ne X, — m-ii BekTop o3Hak, do' — M-if BekTOp BUY Jii, KA 3MiHIOE po3Mip Gydepy
3amaciB. Toxl mpoOneMy MiABUINEHHS TOYHOCTI YIMpaBiiHHA OydepoM 3amaciB 3a MOJEILTIO

obmexenoi mamman Komi (RCM-monenmo) 3anumemo Tak: ¢(X",W), me X" — BEKTOp O3HAK,
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W — BekTop mapameTpiB. IloTpi6Ho migiGpatu Takuil BekTOp HmapaMeTpiB W , sikuii 3abesmeuye
. . 13 in o x .
MiHiMyM KpuTepito: F = MZ:(g(x:;1 W) —d2")? — min.
=1

[Tpobnema migBUIIEHHS €PEKTHMBHOCTI BHUPIIICHHS 3ajad yNpaBJIiHHS 3alacaMd Ha OCHOBI
METOJIIB HaBYaHHS 3 miakpirmieHHsM (Q-HaB4uanHsS Ta SARSA) mpencraBiserbes sk mpoOieMa

3HAXOJKEHHS TAKOro Po3B’ 3Ky X , mo6 F(X') —min, e X — BEKTOp KiJIbKOCTI 3aKyNOBYBAaHOIO
TOBapy y nocrayajibHuka, a F(-) — ninboBa (QyHKIIis, SKa OB’ s3aHa 3 BUTPAaTaAMU Ha 3aKYMIBIIIO Ta

30epiraHHs TOBapiB.
3 moriAay €KOHOMIYHOTO 3MCKY MiJBUIIEHHS €()EeKTUBHOCTI BUPILICHHS 3a7ay YHpPaBIiHHI
3aracami Ja€ 3MOTy 3MEHIIMTH BUTPATH BiJ 1e(DilUTy TOBApy Ta BUTPATH BiJ 30epiranHs ToBapy.

Orasp jgitepatypu
Cepen KOHEKIIIOHICTCBKAX METOMIB, II0 BUKOPUCTOBYIOTHCS MJsl YHOPABIiHHS PI3HUMHU

00’exktamu [5-8], Bak/IMBY pOJIb BiZirpatOTh METOAM HAa OCHOBI AaCOIIaTHUBHUX HEHPOMEpEK.
MeTtoau Helpo-acoLiaTUBHOIO HaBYaHHS MAarOTh OJKMH a00 OLIbIlle 3 TAaKUX HEAOMKIB: 1) HEe MarOTh
rerepoacoriatuBHol mam’sti [9-11]; 2) He mpamroroTh i3 aifichumu nanumu [12-14]; 3) He mMarTh
BHCOKOI €eMHOCTI acoriaTuBHOI mam’siti [15-17]; 4) ne maroth Bucokoi Tounocti [18-20]; 5) marots
BHCOKY OOYHCITIOBANIbHY CKiIaaHicTh [21-23]. Uepes 1ie mocrae 3aBaaHHs mMoOymoBH e(hEeKTHBHUX
METO/IiB HEHPO-aCOIiaTUBHOTO HABYAHHSI.

Mertoau HaBYaHHS 3 MiAKPIIUIEHHSAM MalOTh OAMH a00 OiNbIIEC 3 TAKMX HEIOMIKIB: 1) € nuiie
aOCTPaKTHUH OMKC METOJY YU OIKC METOLY OPIEHTOBAHO Ha PIllICHHS JIMIIE TIEBHOTO 3aBAaHHs [24,
25]; 2) He rapanTyeTbes 301KHICT MeToy [26, 27]; 3) He BpaXxOBYEThCS BILTUB HOMEpa iTepallil Ha
npoiiec mouryky pimenss [28, 29]; 4) BiAcyTHS MOXJIMBICTh BHPIIIyBaTH 3aBJaHHS YMOBHOI
ontumizartii [30]; 5) HemocratHs Tounicth Metoay [31, 32]; 6) He aBTOMATH30BaHO MPOIEIYPY
BU3HAYCHHs 3HaueHb mapametpis [33]. Uepes e mocrae 3aBnaHHs M0OYI0BU €EKTUBHUX METOIB
HABYaHHS 3 MiAKPIIICHHIM.

MeTtoa Heiipo-acoliaTUBHOI0 HABYAHHA IS 32/1a4 yIpaBJliHHs Oydepom 3anacis
CdopmyeMo BXifHI Ta BUXi/HI 3MiHHI. BXiTHUMHU 3MIHHUMH 00paHo:

X, — IIOTOYHHUI 0OCAT 3amacy;
X, —4ac 3HaX0JUKEHHs Y YepBOHii 30H1 Oydepa 3anacis;
X, — Yac 3HaXOJUKEHHs y 3eJeHiil 30H1 Oydepa 3amacis.

BuxinHoro 3MiHHOIO Y 0OpaHO HOMep BHIY Aii (30UIBLIMTH, 3MEHIIMTH, HE MIHATH), IO
3MiHIO€ po3Mip Oydepa 3anacis.

BxingHi Ta BUXiHI 3MiHHI TOJAIOTHCS Y O1HAPHOMY BHTJISIIL.

CrpykTypHa cxema HelpoMepexeBoi Mojeni ynpasiiHHs Oydepom 3anaciB y Gopmi RCM-
Mojeni 300pakeHa Ha puc. 1. Bona sBisie co0OI0 pPEKypeHTHY HEHpPOHHY Mepexy 3 OJHHM
BUJMMUM Ta OJIHUM NPUXOBAHUM IIAPAMHU.
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nis

MMOTOYHUI 00csAT 3amacy,

4ac nepeOyBaHHs y YePBOHIN
30H1 Oydepa 3amacis,

yac nepedyBaHHs y 3eNIeHIN
30HI Oydepa 3anacis

Bunnmi IIpuxoBani
HEUPOHU HEUpOHU

Pucynok 1. Ctpykrypna cxema RCM-moneni

Komnonenramu RCM € npuxoBaHi CTOXaCTHYHI HEHPOHH, CTaH SIKUX OMUCYETHCS HA OCHOBI
po3noniny bepHysun y BUTTIsiAI:

1, 3 iimoBipHicTio P,

X, = L. .
' 10, 3iimoBipHicTIO 1 — P,

VIMOBipHICTb IEPEXOLY | -TO CTOXACTUYHOIO HEMpOHA y cTaH | po3paxoByeThCs TaK:

P, :%Jr%arctan(AEj),

ne  AE; — 30inbmenns eneprii HeHpOHHOT Mepeski BHACIIIOK 3MiHH CTaHY ] -TO CTOXAaCTUYHOrO

HeripoHa 3 0 Ha 1.

[TepeBaru RCM-moneni:

1) Ha BiAMIHY Bij OUTBIIOCTI HEHPOHHUX MEPEXK, MA€E TETEPOACOIIATUBHY 1AM’ SITh;

2) Ha BiAMIiHY Bijx MamuHu bonbliMaHa, He Mae 0OMEKEHb Ha EMHICTh TTaM sITi;

3) Ha BiMiHY BiJ MamuHu boibiiMaHa, Mae MEHIIy OOYHCITIOBAIbHY CKIIHICTb.

BusnaunmMo HelipomepexeBy MO/IeNb yIIpaBiIiHHs OydepoM 3amacis.

Tosumusna ¢gpaza (kpoxu 1-2)

1. [Imimiamizamist cTaHy BUJIMMMX BXIJTHUX HEMPOHIB, SIK1 BIAMOBIJAIOTH BXIJHUM 3MIHHUM
X,, X, Ta X; y OlHAapHOMY BHUIJIsAAI x1" = x"

2. OOuucieHHs cTaHy TPUXOBAaHUX HEHPOHIB:

Nin ) )
P :%+%arctan b}‘+;wi'j”‘hx];” , jeLN";

1L P>UO0IL .
1" = ! 1L,N"
%10, p<u@n 15T

ne  U(0,1) — ¢yukis, mo noBeprae piBHOMIPHO PO3MOiJICHE BUIAIKOBE YHCIO B Jiarna3oHi
[0, 1].

Hezamuena ¢asza (xpox 3)
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3. OOuucieHHs CTaHy BHUAMMHUX BUXIJHUX HEUPOHIB, SKI BIAMOBINAIOTH BUIY il Yy
OlHApHOMY BUTJISIL:

Nh

P =1 Larctan b2+ we X |, jel,N™;
2 )
1, P >U(0)
X2 = ) jel, N
i Tlo, p<u@ ST

h - H o
ne b j —HOpIir Juist | -T0 HEUPOHA NPUXOBAHOTO 1IAPY;

t . H o .
bi" — mopir ast j -ro Helipona BUAMMOro BUXixHOTO MWIAPY;

in—h . . o . . o
' — Bara 3B’A3Ky BiJ i-TO HeifpoHa y BMAMMOMY BXiJHOMY IIapi A0 J-TO HeipoHa

Wi

IIPpUXOBAHOT'O mapy;
out-h

WIJ

— Bara 3B 3Ky Bifl |-ro HefpoHa y BHAMMOMY BHUXiIHOMY LIapi JO0 ] -ro HelpoHa
IIPUXOBAHOTO LIAPY;

N" — KinbKicTh HEHpOHIB Y IPHXOBAHOMY IIApi;

N"™ — KiJIbKICTh HEHPOHIB y BUANMOMY BXiTHOMY HIapi;

N — kinbKicTh HEHPOHIB y BUAMMOMY BUXiJHOMY ILIapi.

Bubepemo kputepiii eheKTUBHOCTI HEHpOMEpeKeBOi Moeil yrpasiiHHS Oydepom 3amacis.
BinmosigHo 10 minboBoi ¢ysKIii HaBdanHs RCM-mopeni y 3HaX0KeHHI TaKUX 3HA4eHb BEKTOpa
in-h in-h out—h out-h

)

napamerpis W = (W ooy Wil s Wiy ey W

eees W oty SAKi MIHIMI3yIOTh  CEpPEIHBOKBAIPATHUYHY

MIOMMJIKY Ha BUOIpIIl JaHUX:

ot
M(Nln+N0ut)

M
2 :
ZHXZ;“t —d>*|” — min,
w
m=1

e X22" — m-ii omiHOYHMIA BEKTOp BUIY Aii 32 MOIEIIO;

d> — m -it BexTop BUY Ail.

3anponoHyeMoO METOJl mapamMeTpuuHoi ieHTu(ikauii HelipoMmepekeBoi Mozl yHIpaBIiHHS
Oydepom 3amaciB Ha ocHOBi amroputmy CD-1 (one-step contrastive divergence). Merton
napaMeTpu4HoOi ieHTUdiKalii HelpoMmepexkeBoi Mozeni ympaBiaiHHA Oydepom 3amaciB 3

ypaxyBaHHsM anroputmy CD-1 (puc. 2) ckinagaeTbcs 3 BOCBMH OJIOKIB.
1. Tmimiamizarmis

Homep itepauii mapuamms N =1: iminiamisanis 3cysis (moporis) b™(n), iel, N, b? (n),

jeLN", i Bar W' "(n), ieLN", jeLN", w"(n), ieLN*, jeLN", w'"(n)=0,

ij ii

wM " (n)=0, V\/iij"_h (n) = W;?_h (n), V\/i(j’”t_h (n) = W‘j)i”t_h(n) 3a piBHOMIpHUM PO3MOJJIOM Ha iHTEepBaIi

(0, 1) abo [-0.5, 0.5].
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1. Iminiamizamisg

[«

v
2. [Himiamizamis cTaHy BUAMMUX BXITHUX HEHPOHIB
(mo3utuBHa (aza)

3. rimiamizamist craHy BUIUMHX BUXITHUX HEHPOHIB
(mo3utuBHa (aza)

4. OGuncneHHs CTaHy IPUXOBAHUX HEHPOHIB
(mo3utuBHa (aza)

5. O0umcneHHs cTaHy BUAMMHX BUXITHUX HEHPOHIB
(weraTuBHa ¢aza)

6. O0urcIIeHHs CTaHy MPUXOBaHUX HEHUPOHIB
(meraTuBHa aza)

7. HamamryBaHHs CHHAIITHYHHUX Bar Ha OCHOBI
CTOXaCTUYHOTO MpaBuUiIa

8. ITpomosxkuTH?

Hi

Pucynox 2. IlocnijoBHICTh MpoLEAYp METOAY HapaMeTpHuHoi 1JeHThudiKaLii
HelfpomepeskeBoi MoJieni yrnpaBiiHHA Oy¢depom 3anaciB Ha ocHOBI CD-1

. H H Nin Nout Pa—— in
Bamaetbest HaBuanbHa BuGipka {(X7, X)X €(0,)" ,x* €(0,)" '}, melM, nme X, -

t

M -l BXiZHMIT BEKTOD 31 3HAYEHHAMM y OiHApPHOMY BHMIJIAI, X o

m — BEKTOp BuAy Aii B OlHapHOMY

Burisiai, M — po3mip HaBYaTbHOT BUOIPKH.
Tosumuena ¢haza (kpoxu 2—4)
2. Iuimiamizamis cTaHy BUIUMHUX BXIJHHX HEHPOHIB, sIKI BIAMOBINAlOTH BXiJTHUM 3MIHHUM
X, X, Ta X; y OIHApDHOMY BUIJISL:
XLt =x", mel,M .

3. Imimiamizamiss craHy BHUAMMHUX BHXIJIHUX HEHWPOHIB, SKi BiANMOBIAAIOTH BUAY il y
O1HapHOMY BUIJISIIL:
t t
X' =x7", melLM.

m

4. OOGuuCIEHHs CTaHy MPUXOBAHUX HEHPOHIB!
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N in Ncut

P, = % + i arctan (b:‘ (n)+ Z_llvw‘j”’“ (n)xL". + 2—1: Wet " (n) Xyt J ,melM;

1h = L mj> (0’1) melM, jel Nh
X1 = , .
" 10, P,;<U(0D)’ M

Hezamuena ¢paza (xpoxku 5-6)

5. OOuucClIeHHS CTaHy BUAMMHUX BUXIJIHHMX HEUPOHIB, K1 BIJIOBINAIOTH dii y OiHapHOMY

BUTJIAIL:

NP -
gt =D M)+ oY W (XA, meLM, jel,N™;
i1
x2p = +0"N(0,1), meL M, jel, N,
6. OOuucieHHs cTaHy MPUXOBAaHUX HEHPOHIB:

N in Nout

Py = % +%af0tan [b,-“ () + 2wy () + ;w?“t-“(n)xz°9tJ meLM;

mi

LM,jel,N".

N VI
*n o, B, <u@1 M

7. Ha.]'IaI_HTy'BaHHH HOpOI‘iB Ta CHHAIITUYHHUX Bar Ha OCHOBI CTOXaCTUYHOTO mpaBuia.

M M
b (n+1) = b (n) +n(ﬁ2 i —ﬁszgﬁtJ el N,
m=1 m=1

M M
bih(n+1):bih(n)+77[izxj-:n —iZXZEﬂJ, iel,N";
M m=1 M m=1

+ 1 - in P in ¢ .
pij:MZ_leminh ieL,N™, jel,N";

mj !

- 1 o in H in H
pij:MZ;Xlixzh ieL,N™, jelN";

m mj !

in—h in—h
\Niljn (n+1) = Wiljn

(n)+77(pl]r_pli)a ieLNina jE]_,Nh ’
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M
pi;:izxr’“‘xl:u, ielL,N™, jeLN";

..:_szomxzh iel, N, jelN";

out h(n+1) Wout h(n)+77(pi}'_pi;), iEl,NOUt, jEl,Nh .

8. HepeBipKa YMOBH 3aBEpPIICHHS:

NOU(
ZZ| XL —x2% | > &, Toni n=n+1 i nepexix 10 2.

AKII0
out
N m=1 i=1

MeToan HABYAHHA 3 MIAKPINJIEHHSM JJIA 3a1a4 YIPaBJIiHHA 3aMacaMu
Busnaunmo minkoBy (YHKIIIO IS 33724 YIPABIiHHS 3amacaMu K T00yTOK ABOX (DyHKITIH:

F(x,2) =F1(x,z)+ F2(x,z) > mXin ;
F1(x,z) = iv\rl- max(O, z™ — (X, + 2,4 — D, )) ;

F2(x,z)= in-max(O, X, +2,,—D,—2™ )
m=1

Z,=%X,+2,,—D,,

ne  FA() —Butparu Bix aedinuty TOBapy,
F2(-) — Burparu Bix 30epiranus ToBapy,
W1 — mpubyTOK BiJ MPOAaXKy OJHI€] OAUHUII TOBAPY;
W2 — BUTpaTH Ha 30epiranHs OIHI€l OTMHHMIII TOBAPY;

X, — KUIBKICTh TOBapy, 10 3aKyIMOBY€EThHCS Y MOCTaYaJIbHUKA MPOTATOM M -TO eTaIly;

m

Z,, — KIJIBKICTB 3aI1aciB TOBapy B KiHIII M -To eTary,
Z, — BUXI1/{Ha KLJIBKICTb 3aI1aciB TOBapy;

z™ 2™ — miHiMambHO JOMYCTHMI Ta MAaKCHMMAlIbHO IOMYCTHMi 3amacM TOBapy B KiHII

KOXHOTO eTary;
D,, — KUIBKICTB TOBapy, 1110 IPOAAETHCS NPOTATOM M -To erary,

M — KiTBKICTh €TamiB.
KinpKicTh 3aKyIOBYBaHOTO TOBAapy B MOCTayaIbHUKa 0OMEXEHO B TaKHil crocio:
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X" <x <x™, melLM,

min max

e X, X MiHIMaJbHa 1 MaKCHUMallbHa KUIBKICTh TOBapy, IO 3aKy[OBYEThCA Y
nocravyajibHHUKA MPOTATOM KOXKHOTO €TaIy.

[TponioHoBanuii MeTOa Ha OCHOBI Q-HaBYaHHS 3 JMHAMIYHUMU TapaMeTpPaMHu CKIATAEThCS 3
13 xpoxkiB.

1. Imimiamizamis

min max

1.1. 3amaemo mapameTpu cucteMHu ympamiiHHS 3amacamu —N, M | wl, w2, x™ X",
zmn zmex Z,, D,, melM a Takox TmapamMeTpH aIrOpUTMY: ™, p™ s ynpapiiHHES
mBuakicTio  HapuauHsa, 0<p™ <p™ <1;  &™ &™  jus  g-xanibHOrOo  mMiaxomy,

O<e™ <™ <1; @™ ,0™ s BUSHAUCHHS BAKIMBOCTI MaifOyTHBOI  BHHATOPOJIH,
0<O™ <™ <1.
1.2. Inmimiamizyemo Tabmmuio Bunaropoau Q =[Q(i, j)], Q(, j) =0, i, j elLM.

2. BcranosmoeMo HOMEp iTepamii N =1.
3. OOuucnoeMo napameTpu:

max max min n-1 .

n)= — — _—,
p) =p™ =™ =p™) 5
max max min n-1

n)= — — _—,
e(nN)=¢ (¢ ™) N1
i iny N—1

a(n) = emln + emax _Hmm )
(n) ( .

4, 3az[a€M0 MMOYaTKOBUM CTaH S = ZO'

5. 3anaemo movatkoBuil HOMep etamy M =1.
6. BuOupaetbcs nis @ (KUIBKICTh TOBapy, L0 3aKyHNOBYETbCS y MOCTadalbHUKA), 32 SKOIO
BUXOIUMO 31 cTaHy S3a & -xkanionum migxomom. Skmo U(0,1) <&(n), Toxmi obupaemo miro a

BHIIAIKOBUM CITIOCOOOM 13 MHOKHMHH j03BoJIeHHX miid {X", X" }, iHAKIIe 0OMPAEMO IO &, TaKy,

mo6 a=arg mtc;:lXQ(S,b), be{x™, x™3}. O6pana mis @ cTac HOBHM KOMIIOHEHTOM BEKTOpA

KIJIBKOCTI TOBapy, 10 3aKyIIOBY€ThCS y OCTaYalbHHUKA, TOOTO X =4a.

7. Slxkmo BinOyBaeThcsl ocTaHHIM erarm, ToOTo M=M , Toxmi mepexoauMo 10 Kpoky 13,
1IHaKme m=m-+1.

8. OO0umcII0EMO eleMeHT TabHIli TOTOYHO1 BuHaropoau R(S,a):
R(s,a) :—(Wl- max(0,z™ —(a+s-D,))+w2-max(0,a+s-D, —zmax)).

9. Omnommoemo 3anacu ToBapy: €=a+Ss—D, .
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10. OOGumcmoemo enemeHT Tadbmui BuHaropoau Q(S,a) :
Q(s,a) =(1- p(n))Q(s,a) + p(n)(R(s, a)+0(n) - n;axQ(e,b)) ,be{x™, ..., x™}.

11. BcraHoBIIOEMO HOBUI IOTOYHUIN CTaH S =€ 1 MePEeX0UMO JI0 KPOKY 6.
12. SIxmo Halikpale 3Ha4eHHS IUThOBOI (DYHKIIIT HA MOTOYHIN iTeparlii MEHIIIe BiJl KPaIoro

3HAYEHHS 3a IMOIepeHIME iTepalisM, To0To F(X) <F(X), To OHOBHTH BEKTOp KUIBKOCTI TOBapy,

110 3aKYTIOBYEThCA y MOCTAYANBHAKA: X = X.

13. Axmo n< N, To mepelT 10 KpoKy 3, IHAKIIIE 3aBEPIIUTH POOOTY.

[IpononoBanmii mMetonm Ha ocHOBI SARSA 3 nuHaMiYHMMH TlapamMeTpamH 30iraetbcs 3
HONEepeIHIM METOJOM Ha OCHOBI (Q-HaBYaHHA 3 AMHAMIYHHMMH [apaMeTpaMu 3a BCiMa KpOKaMH,
OKpiM zeB’siToro. Lle Kpok peanizyeTbcs Tak:

9. Bubupaerbcs it C (KUIBKICTh TOBapy, IO 3aKyINOBYEThCS y MOCTAYaJbHHUKA), 33 SKOIO
NOTPIOHO MEPEMICTUTHCS 31 CTaHy €, BUKOPUCTOBYIOUH & -kamioumii miaxin (sxkmo U (0,1) < &(n),
min

TO BMOpATH Mil0 C BHUIIAJKOBUM CIIOCOOOM i3 MHOKMHHU 103BojieHnX mid {x™",..., X"}, inakuie

BuOparu filo C sk C=arg méiXQ(e,b), be{x™,...,x™}). Bubpana nmis C cTae HOBHM

KOMIIOHEHTOM BEKTOpa KIJIBKOCTI TOBapy, IO 3aKyNOBYETbCA y IOCTayalbHUKA, TOOTO X =C.

OOUnCTIOETHCS €IEMEHT Ta0JINIII BUHATOPOIU 32 (hOPMYJIOIO:

Q(s,a) = (- p(n)) Q(s,a) + p(n) (R(s,a) +6(n) Q(e,c)).

ExcnepumenTu
YucenbHe )IOCJ'IiI[)KeHH}I 3aIIPpOIIOHOBAHUX MCTOJ_'[iB MpoBCACMO 3 BUKOPHUCTAHHAM IIAKCTY

Python. [Ins wmeronie Q-naBuanHs Ta SARSA BCTaHOBUMO TaKi MapaMeTpd HaBUYaHHSI
P™M=01," =09 6™=0.16™=09. EkcrmepMMEHTH IIPOBEJEMO Ha OCHOBi JAHHX
norictuuHoi kommadii “Ekol Ukraine” 1e iHTerpoBaHa JOricTUYHA KOMIIaHisl, sKa Hajae
IHTEJIEKTyallbH1 KJIIEHTOLIEHTPUYHI PIIIEHHS B YIPaBIIIHHI JAHIIOTOM OCTa4aHHA, CIPSIMOBaHI Ha
MacmTaOyBaHHS Ta po3BUTOK Oi3Hecy. OOcsr natacery cranoButh 1000 peamizamiit koM 0TepHOT

TEXHIKU IPOTATOM OJIHOTO POKY.

Banexuicte mapamerpa @(n) 3amamo 3poctarouoro:  &(n) = O™ + (0™ —o™) :I_ll _

: : max max min n-1
BanexxHocti mapamerpiB p(n) ta &£(n) samamo cmagaumu p(n) = p" —(p™ - p )N—1 Ta

iny N—1 . . .
g(n)=&™ — (g™ —gm'”)m . I'padiku 3a7eKHOCTEN IMX IMapaMeTPiB MPEICTaBIEHO Ha puC. 3.
3mina mapamerpa &(N) MOYaTKOBHX iTEpallisx 3MEHIIYE BaXKIIUBICTh HATOPOIH, [0 POOUTH MOIIYK

piteHHsT OUThIN TI00ATBPHUM, a Ha 3aKIIOYHUX ITEpaIlisX ITJABHIIYE BAXKIWBICTH HArOpOAH, IO
pPOOUTH TOMIYK pillleHHs OUThIN JOKambHUM. 3MiHa mapamerpa p(N) Ha MOYATKOBHX ITEparrisx

MiBUIIY€E MIBUAKICTH HABYAHHS, 110 POOUTH MOIIYK PIlIEHHS OLIbII TTI00AIBHUM, a Ha 3aKITIOYHIX
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iITeparfisix 3MEHIIY€e MBHUKICTh HaBYAHHS, IO POOUTH MOIIYK PIIEHHS OUTBIN JIOKAJIbHUM. 3MiHA
napametpa &£(N) Ha MOYATKOBHX iTEpallisfX MiIBUINY€E HMOBIPHICTh BUIIAJKOBOTO BUOOPY CTaHy, IO

pOOHTH TOIIYK PIilIEHHS OUTBII TI00aJbHUM, a Ha 3aKIIOYHUX ITEpallisix 3MEHIIye HMOBIPHICTH
BHITQIKOBOTO BUOOPY CTaHYy, 10 POOUTH MOITYK PIllIEHHS OB JIOKAJTLHHUM.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

1 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98
n

ro(n), eps(n) teta(n)

Pucynok 3. 3anexuicts mapamerpis #(n), p(n) ta £(n) Bix HOMepa iTeparmii N

Pe3ynpTaT HaBUaHHS MO TECTOBIM BUOIPII 3amporioHoBaHo1 HelipomepexeBoi RCM-moneni 3
HEHpOMepeKeBO Mojieuto OaratoriapoBoro mnepcentpoHa (MLP) 3 nBoma miapamMu Ha OCHOBI
KPUTEPII0 CEPEIHbOKBAAPATHYHOI MMOMMJIIKH TIpeacTaBlieHo B Tabm. 1. 3 Tabmuili BHAHO, IO
Bukopuctanus RCM 3MeHIIye cepelHbOKBAIPAaTUUHY MOMMIKY, YUM IMiJBUIIYE TOYHICTb
ynpaBiiHHa Oydepom 3amaciB. IlopiBHSHHS MO TecTOBiM BHOIpIi 3alpONOHOBAHOIO METOIY
Q-HaBYaHHA 3 JUMHAMIYHMMH @apamMeTpaMM Ta 3 TpaAuLIHHUM MeToJoM (Q-HaBYaHHS 3a
CepeIHbOKBAIPAaTUYHOIO TTOMUJIKOIO 1 3@ KUIBKICTIO iTepalii A BUpPIIIEHHS 3a/adi yNpaBiIiHHSA
3amacaMy 3JiHCHEHO B Ta0xd. 2. AHAJIOTIYHI pe3yabTaTh OTPUMAHO JJIs 3alPOIIOHOBAHOTO METOY
SARSA 3 quHaAMiYHUMH MapaMeTpaMu Ta 3 TpaauliiHuM MetoqoM SARSA (ta6n. 3). 3 tadm. 2-3
BUIHO, 10 Moaudikaris MeToniB Q-HaB4yaHHsS Ta SARSA 3a paxyHOK IWHaAMIYHHX HapaMeTpiB
301IbIIYy€ MBUKICTh HABYAHHS 3 30€pEeKEHHS CepeTHbOKBAIPATUYHOT TOMMUIIKUA METOY.

Tabmuus 1. IopiBHsHHA HelipomepexeBux moaeneit RCM ta MLP

CepeHpOKBaIpaTH4HA IOMHJIKA HEHPOMEPEXKEBOI MOAEI
RCM MLP
0.05 0.1

Tabmurs 2. [TopiBHSIHHS 3aIIPOIIOHOBAHOTO MeTO Ty Q-HaBYaHHS 3 TPAIUIIHIM

CepeHbOKBaIpaTHUHA TOMHIJIKA METOY KinmbkicTh iTeparniit
3aIIPOIIOHOBAHOTO TPaIUIIHHOTO 3aIIPOIIOHOBAHOTO TPAUIIHHOTO
0.05 0.05 300 2000

Ta6muus 3. TopiBHSIHHS 3anTponioHOBaHOTO MeToy SARSA 3 TpaaumiiHuM

CepeHpOKBaIpaTHIHA TTOMIIIKA METOTY KinbkicTh iTepariii
3aIIPOIIOHOBAHOTO TPAUIIHHOTO 3aIIPOIIOHOBAHOT0 TPaIUIIiHHOTO
0.05 0.05 300 2000
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BucHoBku
3ampornoHOBaHa HeHpoMepekeBa MOJIeNb oOMexeHoi MamuHu Kot Mae rerepoacoiiaTuBay

nam’siTh Ta HE Mae OOMEXKEHb Ha €MHICTh mam’siTi. BoHa BukopuctoBye posmoain Komr, 1o
HiABHILY€E 301KHICTh MapaMeTpuuHoi ineHTu(ikamii Ta 3a0e3nedye BUCOKY TOUHICTh YHPABIiHHA
Oydepom 3amacis.

3anpornonoBana Monugikamis meroaiB Q-HaBuaHHS Ta SARSA 3a paxyHOK BHKOPHCTaHHS
IMHAMIYHUX T1apaMeTpiB y TpaBWIi OHOBJICHHS TaOJMII BUHATOPOIM Ja€ 3MOTY IiJABHIIUTH
MIBUJIKICTh HABYAHHA. 3alporoOHOBaHI MOAUQIKalis 3aBIASKHA JOCTIKEHHIO BCHOTO MPOCTOPY
MOIIYKYy Ha IIOYAaTKOBHX ITEpamisX Ta CHOPSAMOBAHOCTI IMOIIYKY Ha 3aKIIOYHHUX ITeparisx
3a0e31euy0Th BUCOKY TOYHICTh PO3B’SI3aHHSI 3a/1a4i yIIPaBIiHHS 3aI1acaMHu.

3anpornoHoBaHi METOAM PO3LIMPIOIOTH chepy 3aCTOCYBaHHS HEHPO-aCOLIaTUBHOTO HABYAHHS
Ta HAaBYaHHSA 3 MIAKPIIUICHHSAM, IIO IIATBEP/DKYEThCS X amamTaliero JUis 3ajad YIpaBIiHHS
3amacamu. Lle crpusituMe miABHINEHHIO €(DEKTUBHOCTI IHTENEKTYaJbHUX KOMIT IOTEPHUX CHUCTEM
3araJlbHOTO Ta CHELialbHOTO MpH3HAYeHHsS. llepcrekTMBaMy TOAANBIINX JOCHIUKEHb €

MacmTaOyBaHHS 3alIPOIIOHOBAHUX METOIIB Ha IIUPOKUH KJIAc 3a/1a4 IITYYHOTO 1HTEJIEKTY.
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Methods of solving the problem of stock management based on
neuro-associative learning and reinforcement learning
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Abstract

Today, the development of intelligent methods aimed at solving inventory management problems is an
urgent task. Many modern companies use the technology of constraint theory to improve and optimize their
business processes, which provides dynamic inventory buffer management and is used for supply chain
management. The aim of the work is to improve the efficiency of inventory management through neuro-
associative learning based on the constrained Cauchy machine and reinforcement learning based on Q-
learning and SARSA. To achieve this goal, a method based on a constrained Cauchy machine for inventory
buffer management, a method based on Q-learning, and a method based on SARSA for general inventory
management tasks are created. The proposed neural network model of the constrained Cauchy machine has a
hetero-associative memory with no capacity limitations and provides high accuracy for inventory buffer
management. The model uses the Cauchy distribution, which improves the convergence of the parametric
identification method by comparison with the traditional restricted Boltzmann machine. Compared to the full
Cauchy machine, the constrained Cauchy machine allows working with a larger memory size. Modification of
the Q-learning and SARSA methods by means of dynamic parameters allows to increase the learning speed at
a given level of the mean square error. Computational experiments have shown that controlling the
importance of the reward, the learning rate parameter, and the parameter for &-greedy approach for the
Q-learning and SARSA methods allows making the solution search more global at the initial stages and more
local at the final stages. The proposed methods allow expanding the scope of neuro-associative learning and
reinforcement learning, which is confirmed by their adaptation for inventory management tasks, and
contributes to the efficiency of intelligent computer systems for general and special purposes. Prospects for
further research are the application of the proposed methods to other decision-making tasks, including the
ones in the field of artificial intelligence.

Keywords: neuro-associative learning; learning with reinforcement; inventory management; bounded
Cauchy machine; Q-learning method; the SARSA method.
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