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public static class Program
{
public static async Task<int> Main(string[] args)
{
var registrations = new ServiceCollection();
registrations.AddTransient<ICompressAlgorithm, Adaptive>():;
registrations.AddTransient<ICompressAlgorithm, Huffman>();
registrations.AddTransient<ICompressAlgorithm, LZ77>();
registrations.AddTransient<ICompressAlgorithm, RLE> () ;
registrations.AddTransient<ICompressAlgorithm,
ArithmeticCoding> () ;

var registrar = new TypeRegistrar (registrations);
var app = new CommandApp (registrar);
app.Configure (config =>

config.AddCommand<CompressCommand> ("compress") ;
config.AddCommand<DecompressCommand> ("decompress") ;

return await app.RunAsync (args);

public class CompressCommand : Command<CompressCommandSettings>

{

private readonly IEnumerable<ICompressAlgorithm> compressAlgorithms;

public CompressCommand (IEnumerable<ICompressAlgorithm>
compressAlgorithms)
{

this.compressAlgorithms = compressAlgorithms;

public override int Execute (CommandContext context,
CompressCommandSettings settings)
{
var compressAlgorithm = GetCompressAlgorithm(settings.Algorithm);
var sourceFileString = File.ReadAllText (settings.SourceFilePath,
Encoding.UTEFES8) ;
var timer = new Stopwatch():;

timer.Start () ;
compressAlgorithm.Encode (sourceFileString, settings.EndFilePath);
timer.Stop ()

var originalSize = new FileInfo(settings.SourceFilePath) .Length;
var compressedSize = new FileInfo(settings.EndFilePath) .Length;
var compressRation = (double) compressedSize / originalSize;

DisplayResultTable (settings.Algorithm, originalSize,
compressedSize, compressRation, timer.ElapsedMilliseconds);
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return O;

}

private static void DisplayResultTable(string algorithm, long
originalSize, long compressedSize, double compressionRatio, long time)

{

var table = new Table();

table.AddColumn ("Algorithm") ;
table.AddColumn ("Original size");
table.AddColumn ("Compressed size");
table.AddColumn ("Compression ratio");
table.AddColumn ("Time") ;
table.AddRow (algorithm, originalSize + "b", compressedSize + "b",
compressionRatio.ToString (CultureInfo.CurrentCulture), time.ToString() +
"ms" ) ;

AnsiConsole.Write (table);

}

private ICompressAlgorithm GetCompressAlgorithm(string algorithmType)

{
switch (algorithmType)

{

case "A" : return compressAlgorithms.First(x => x.Type ==
CompressAlgorithm.ArithmeticCoding) ;

case "H" : return compressAlgorithms.First(x => x.Type ==
CompressAlgorithm.Huffman) ;

case "L" : return compressAlgorithms.First(x => x.Type ==
CompressAlgorithm.LZ77) ;

case "R" : return compressAlgorithms.First(x => x.Type ==
CompressAlgorithm.RLE) ;

case "M" : return compressAlgorithms.First(x => x.Type ==

CompressAlgorithm.Adaptive);
}

return null;
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Crnaiinu npe3eHrarii

gég ‘ o B aiTh HAvicn | i
W yxpainu NURE :m:;!v;omm
JocaijpkeHHss MeTO/IiB
Ta aJITOPUTMIB
' KoMIpecil JaHUX

Xuxapcokui [lerpo Osnekcangposuy, IN3m-22-1
HayxoBui kepiBHUK: sow. Kayk BikTop IBaHoBUY

17 yepBHs 2024

AKTYaJIbHBICTB AOC/IIXKEHHS

» AKTyanpHICTh poOOTH 3 JIOCII/DKEHHS METOJIB Ta QJIrOPUTMIB KOMIIpPECii JaHuX
3yMOBJIEHA 00CArOM reHepoBaHHX 1 30epexeHux JaHux. MynbTHMeaiHHI JaHi Ta
IHII  JoKepena BUMaraioTh eheKTHBHHX MeTofiB 30epiranHs 1 nepezadi
iHbopmauii.

» Ilpuctpoi 3 0OMEXEHHMH 0OYHCIIOBAIILHUMYU PeCypcaMy IMOTpeOyIOTh METO/IB,
110 JIAI0Th 3MOrY MIHIMI3yBaTH BHKOPMCTAHHS I1aM'ATi Ta NPOIYCKHOI 3/aTHOCTI
Mepexi.

i
[
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[TocTaHoBKa 3az1a4i

» InpoaHaji3yBaTH Ta 0OpaTH aropuTMHU Ui KOMIIPECI 1aHuX;

» BU3HAUUTH METPHKH, iKI OyayThb BHKOPHMCTaHI JUIl IPOBEJCHHS EKCIEPUMEHTY Ta

MOJAJIBIIOI0 OLIIHIOBAHHS

» BU3HAUMTH (QYHKUIOHAIBHI BHMOTM /IS KOHCOJBHOI'O 3aCTOCYHKy, sKud Oyne

BHKOPHCTAHO JUIS NPOBEJCHHS €KCIIEPUMEHTY, Ta pO3podUTH HOrO;

» BHUMIPSTH Ta MHiIpaxyBaTd 3HAYEHHSA OOpPaHMX METPHK /Ui KOXHOI'O 3 AJIrOPUTMIB;
HAJaTH PEKOMEH/ALlIT 11{0/10 BUKOPUCTAHHS KOXHOIO 3 METO/IB.
o

[ -,

Bu6ip MeTO/1iB Ta aJITOPUTMIB 151
NOCJI1PKEHH S

AnropuTm

» RLE Xahdpmana .
» Huffman v

qwertyyuiopqwerty gwergwerabaaba
» LZ77

aaaaaabbbbbbbcccee | abcddabegwerre
» ApupmeruuHe Ko lyBaHHS A

- ApndmeTnuHe

» ANlanTHBHMI alIrOPUTM RLE KOTYEBHHA
e p—



[Is1aHyBaHHA eKClIepUMEHTAJIbHOI'0
JOCJIIPKEeHH S

Jlnst nnpoBesieHHs AociipkeHHs Oyiu oOpaHi HACTYITHI METPHKH!
[TouarkoBuii po3mip dainy
Po3smip daitny micis koMmpecii
Koedinient komnpecii
Yac xomnpecii

»

>

»

»

» Yac nexomnpecii
—
-

[Is1TaHyBaHHSA eKClIepUMEHTAJIbHOTO
NOCAIPKEeHH S

Jlist npoBeieHHs JocipkeHHs Oyiu obpani HacTyIHI THIIH GaiiB:
» JlokyMeHT i3 TeKkcToM Yy (hopmari txt;

» JloxymeHrT i3 TekcToM y popmari docx;

» 3obpaxennsa y popmati bmp;

» 3o0paxenHs y dopmari jpg.
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Omnuc nporpamMHOro 3abe3ne4yeHHs, 1110

0yJi0 BAKOPUCTAHO y AOCJi>KEeHHI

MpoexT 4N5 NPOBeAeHHN A0CNIAXKEHHS —
KOHCONbHWIA 3aCTOCYHOK Ha naaTtdopmi .NET 8

bibnioTeka ans creBopeHHA CLI iHTepdeiicy -
Spectre.Console

Moga nporpamysaHts - C# 11

Yci anroputmu 6ynu peanizoBaHi BnacHopyu 6e3
33CTOCYBaHHA CTOPOHHIX BibnioTek

===
I

a.dll <COMMAND>

Prints help intormation
Prints version information

Conpress given file
Decompress given file

Onuc nporpaMHoOro 3abesnedyeHHs, 1[0
0yJi0 BAKOPUCTAHO y AOCJi>KEHHI

sanlenfaceic.
IComprassAlgarithin

+ Caomgress (syng. wringh void
= |+ Comompmes (srng)  wnng
ST B 3

RLE

+ Compecas (strirg, s¥ng): wad
+ Decomaeess (slrigl : sing

—_—

frihmeli: cocieg

.+ Comgeesa (a¥ing, gring). void
+ Decomgress (st ng) @ sning

e
« Compeeas [sting, ¥ing): wid
= Decomorass [elrimg) tsrng

Huffman

+ Compress (aring. dring)h void
+ Decompress (s ng) ~ sining

A

Adaptive
+ Compress (S¥ing. sring) void
+ Cecompross (s ng) - sining

f

CamprossCormand E

DucampressCammand

= [xacutn|CommancContnel, ComposesCommandSetings)

+ DmaiwCommardConisct, Nscompesess CommancSatings]




Pe3ysibTaTu eKCIEPUMEHTY

AnroputMm XadppmaHa

» Bucoka wBunAakictb
po6oTn

» Bucokuni koediuieHT
Komnpecii

» Benukuin yac
Aekomnpecii y
MOPIBHAHHI i3 Yacom
Komnpecii

1105612b
(3t [IEEIPES
[ 1.d0c  [BICIETS
BN
.
Lbmp R18058b
3275658b
3.bmp T372938b
1 D
BT oo
3jp  [ECELTS

Hazea gailxy Hogarxosuil
poamip
(1e  [ORIGE

Poamip nicas Koegimicar Hac Hac
xomupecii xomupechi xommpecii | aexommpecil
27ms

217140b 0327 1989ms
361310b 0326 42ms 5076ms
13718170 0,331 156ms 19914ms
196021b 0,906 189ms 21270ms
310022b 0.831 290ms 36123ms
1066562b 0,760 1394ms 178884ms
729979 0,892 902ms 101754ms
2721545b 0,830 4898ms 28043 1ms
5946655b 0.806 13933ms 483275ms
380324b 0,801 328ms 29185ms
577176b 0.775 552ms 43954ms
1029390b 0,750 1153ms 104584ms

Pe3ysibTaTu eKCIEPUMEHTY

Anroputm LZ77

» Bucoka WwBunAaKicTb
po6oTn

» 3aA0BiNbHUIA
KoediLieHT
KoMnpecii avwe Ha
TeKCToBUX palinax

» Bucoka wsunakictb
Aekomnpecii

e

Hasea gailxy Hosarxosuii
poamip
(1e  [ORIGE

2.txt 1105612b
4133129%
216144b
372732b
1402567
R18058b
3275658b
T372938b
474441b

T744692b
1372378b

Poamip nicas Koegimicar Hac Hac
xomupecii xomupechi xommpecil | aexommpecil
0,698

463119 161ms 21ms
B08896D 0,731 252ms 32ms
3034398b 0,734 1050ms 121ms
303718b 1,405 124ms 17ms
528100b 1416 220ms 28ms
1993783b 1421 802ms 95ms
1126186b 1376 419ms S6ms
4354731b 1,329 1422ms 182ms
9694066b 1314 3293ms 390ms
665728b 1,403 267ms 36ms
1037663b 1393 366ms 47ms
1905057 1388 688ms 82ms
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Pe3ysibTaTu eKCIEPUMEHTY

Anroputm RLE

» Bucoka wBunAakictb
po6oTn

» KoediuieHT
KoMnpecii 3aBxau
6inbLue 1

» Bucoka weunakicts
Aexomnpecii

Hazea gailxy Hogarxosuil
poamip
(1e  [ORIGE

1105612b
(3t [IEEIPES
(1.d0c  [BICIETS
2.doc INTD
i,
Lbmp R18058b
3275658b
3.bmp T372938b
1 D
BT oo
3jps  [ECELTS

1092814b 1,647
1809457 1,636
6807283b 1.647
500263b 2314
865753b 2322
3278302b 2337
1890505b 231

7567690b 231

16966333b 23

1124113b 2369
1755625 2357
3218170b 2344

Pe3ysibTaTu eKCIEPUMEHTY

ApundmeTmnyHe

KoAyBaHHA

» [yxe mana
LWBMAKICTL KOMNpecii

» KoeoiujeHT
KOoMMpecil 3aBxau
6inbuue 1

Hasea gailxy Hosarxosuii
poamip
R s

1047574b

Poamip nicas Koegimicar Hac
CTHCKAHER xommpech wommpecii
1579

Poamip nicas Koegimicar Hac Hac
xomupecii xomupechi xommpecii | aexommpecil
19ms 32ms

44ms 52ms
138ms 217ms
12ms 12ms
23ms 24ms
65ms 92ms
37ms 52ms
159ms 261ms
3l4ms 585ms
22ms 3Tms
42ms 46ms
64ms 91ms

600min
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Pe3ysibTaTu eKCIEPUMEHTY

AAa NTNBHW i/‘l Hasea $ailxy Hosarxosuii Poamip nicas Koeginicar Hac Hac
anro p UTM poamip xomupecii xomupecii xommpecii | aexommpecil
663442b 0,65

4315326 206ms 130ms

» Bucoka wenakicts 11056125 7241855 0,655 349ms 189ms
pO6OTIA _ 4133129 2734833b 0,66 1187ms 607ms

> 3ap0BinbHUN [ 1d0c  [BICITTS 3999070 1.85 239ms 151ms
KoePiLliEHT [200c DRI 684951b 1837 W2ms 207ms

i 1402567 25788410 1.836 1332ms  840ms

KOMMpecii avwie Ha = 818058b 1388699b 1697 754ms 409ms
TeKCTOBUX painax = 32756580 55979285 17 2823ms  1445ms

» Bucoka LWBMAKICTL 7372938 12851990b 1,743 6O%3ms  4404ms
(1jpr  RTTI 8485915 1788 45Tms  248ms

AekoMnpecil P o 13239736 177 69%ms  439ms
— B s 2420543b 1763 I23Ims  667ms

AHaJ1i3 OTpUMaHUX pe3yJIbTATIB

»  OnTHManbHHI METOAOM KOMIpecii Janux € anmroputm Xaddmana, 3 TOUKH 30py YHIBEpCATBHOCTI Ta
KoedimieHTy KoMnpecii. B Toii e 4ac BiH Ma€ OJJMH CYTTE€BHH HeJOJIK, 1I¢ MBHIKICTh JEeKOMIIPECii.
BoHa € gyxe HH3bKa Y TOPIBHSAHI 13 IBHIKICTIO KOMIIPECIT.

» Anroput™ LZ77, axuii Ma€ TPOXHM MEHIIY MIBHJKICTE po6OTH Hik anroput™ Xaddmana Ta 3Ha4HO
BHCOKY HIBHJKICTH JEKOMIIPECii, ale Mae NeBHY KUIBKICTh HEIOINIKIB, SIKIi HE Jal0Th HOMY 3MOTY
KOHKypyBarH i3 anroputMom Xaddmana. [lepmmii i ocHOBHHI HeJIONIK 1e e)eKTHBHICTE Ha JIMIIE HA
TEKCTOBHX (haiinax, iHmi THnH (dainie nokaszanu koedinieHT komnpecii 6inbme 1. Jpyruit Hegomik 1e

HEBHUCOKHH KOe(IIiEHT KoMIIpecii /s TEKCTOBHX (haiIliB y MOpIiBHAHHI i3 anropurMoM Xadhdmana.

RS .

——
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Arnpo0arrist pe3yJbTariB poooTH




Conference name -«XXVI MixkHapoHa HayKoBO-npaKTuyHa KoHdepeHuis «Theoretical and
practical aspects of modern research»
Section name - Information technology and cyber security

DATA COMPRESSION ALGORITHMS

Petro Zhykharskyi

Master's degree student

Department of Software engineering

Kharkiv National University of Radioelectronics, Ukraine
petro.zhykharskyi@nure.ua

The amount of data is increasing rapidly, and more and more information is
generated and processed every year. In this regard, it becomes important to be able to
manage data effectively, not only to preserve information, but also to optimize its use
and transfer. One of the key tools for this is data compression.

Data compression is the process of reducing the amount of data with minimal or
no loss of information. Various compression algorithms and methods can
significantly reduce the size of the data, saving their basic content and key
characteristics. This is useful in various situations: saving storage space, speeding up
data transmission, reducing the cost of Internet traffic and increasing the efficiency of
information processing and analysis systems.

The main idea of data compression algorithms is to reduce the amount of data
while saving its information value. Data compression is widely used in various fields
such as compression of audio and video files, images, file archiving, and more.

Compression of audio and video allows you to significantly reduce the size of
files required for their storage and online transmission. This is particularly important
for streaming services and messengers, where high quality playback is required at
minimal bandwidth costs.

Image compression is a key aspect in the visual content, where download speed
and display graphic elements on different devices is important. Using compression
algorithms allow to optimized images for different operating systems and screens,
minimizing file size without loosing visual quality.

Each compression algorithm has its own specific features and applications. In
this article we will look at different data compression algorithms, their advantages in
different spheres, and discuss the key principles on which they are based.

Basic principles of data compression algorithms:

1. Redundancy removal

The first principle of data compression is to remove redundancy. Redundancy
covers repetitive data and linear dependencies. Repetitive data appear when the same
information occurs several times. Methods such as Lempel-Ziv-Welch method or
RLE algorithm (Run-Length Encoding).

2. Replacing data with shorter representations
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The second principle of data compression is to replace data with shorter
representations, which involves the use of dictionaries and the replacement of
characters and character sequences.

The use of dictionaries is an effective compression method, especially when
there are many repetitive elements. A dictionary contains a set of unique characters or
longer sequences of data and their abbreviated codes. During compression, the data is
replaced with these codes from the dictionary.

The replacement of characters and character sequences is based on their
frequency. Frequently occurring characters or sequences are replaced with shorter
codes and rare characters or sequences are replaced with longer codes. Optimal
replacements are determined using the Huffman algorithm or adaptive arithmetic
coding.

3. Arithmetic coding

Arithmetic coding is a data compression method in which the entire input data
stream is represented by a single number within a certain interval. In this process,
each character or sequence of characters is assigned an interval of real numbers
proportional to their probability. During decoding, the input stream is divided into
intervals corresponding to the characters or sequences of characters, which allows the
reconstruction of the original data.

4. Lossy compression

The last principle of data compression involves the use of lossy compression
techniques. In such cases, some data quality may be lost, but a higher compression
ratio is achieved. Examples of lossy compression algorithms are JPEG for images and
MP3 for audio.

One of the key points in data compression is choosing the right algorithm for
the task. Let's consider two main categories of data compression algorithms: lossless
and lossy algorithms.

Lossless data compression algorithms are designed to reduce the size of data
without changing its content. They rely on detecting and exploiting patterns and
repetitive structures in the data.

1. Huffman algorithm

The algorithm is based on creating an optimal prefix code for each character in
the original data. Prefix code is an encoding system, where each symbol corresponds
to a unique code word, which is not a prefix for another code word. Such feature of
coding allows to compress data efficiently without loss of information at their
subsequent decoding.

2. Lempel-Ziv-Welch algorithm (LZW)

The LZW algorithm is based on the idea of forming a dictionary containing
strings that have already occurred in the input data. The process starts by initialising
the dictionary with basic characters, such as single characters or short strings. LZW
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then looks at the input data and compares the current string with the already present
dictionary entries.

If the current string is already present in the dictionary, LZW moves to the next
character and repeats the process. If the current string is not present in the dictionary,
LZW adds it to the dictionary and replaces the current string with a reference to a
previous matching dictionary entry. This reduces the amount of data by replacing
repeated sequences with shorter references.

The LZW algorithm continues scanning and building the dictionary until it
reaches the end of the input data or the dictionary size limit. The resulting references
and final dictionary are then used to reconstruct the original data by performing the
reverse process, decompression.

Lossy data compression algorithms are used in cases where a small loss of
information may be acceptable to achieve greater data reduction. These techniques
are used extensively in areas where space saving is critical, such as in multimedia and
audio-video compression.

1. JPEG

The JPEG algorithm is based on the concept of dividing an image into
frequencies and quantising them. For this purpose, the Discrete Cosine Transform
(DCT) is used, which translates the spatial representation of an image into its
frequency representation. Each block of image pixels is represented by the
amplitudes of different frequency components, from low to high. After applying the
DCT, each block is quantised, which removes the less important frequencies with
greater accuracy. The algorithm is based on the use of quantisation tables, where each
table defines a quantum value for the corresponding frequency components. These
tables have different quantisation levels, which reduces the amount of data while
preserving details.

After quantisation, the data undergoes further Huffman coding to further reduce
the file size. This method is based on using shorter codes for more frequent characters
and longer codes for rare characters, which ensures efficient data compression.

2. MP3

The MP3 algorithm for lossy audio compression uses a psychoacoustic model to
analyse the properties of audio signals and their human perception. Then, based on
this information, the algorithm removes the less noticeable components of the audio
file that are not subjectively perceived by humans. This makes it possible to
significantly reduce the size of the audio file without compromising the sound quality
when playing it.

In conclusion, data compression algorithms are an integral part of modern
information technology, providing more efficient use of resources and increasing data
transfer rates. They represent an important tool for optimising data storage and
transmission, and their application can be highly beneficial for various domains,
including Internet services, multimedia applications and information systems.
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