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Anotatsiya. Ushbu magolada Xofman kodlash tizimi (Huffman Coding) ning asosiy
prinsiplari va amaliyotdagi go‘llanilishi batafsil yoritiladi. Xofman kodlash algoritmi,
1952-yilda David A. Huffman tomonidan taklif gilingan va ma'lumotlarni sigishning
samarali usullaridan biri sifatida keng go‘llanilmogda. Magolada Xofman kodlashining
ishlash prinsipi, ya'ni, ma'lumotlarni sigishda minimal uzunlikdagi kodlarni ganday
yaratish va optimal kodlash daraxtini qurish jarayoni tushuntiriladi.

Kalit so‘zlar. Xofman kodlash, huffman coding, ma'lumotlarni sigish, kodlash
tizimi, optimal kodlash daraxti, kompressiya algoritmi, dasturlash, ma'lumotlar uzatish,
fayl siqish, kodlashning afzalliklari, ma'lumotlar strukturalari, xofman algoritmi,
kompyuter ilm-fani, multimedia kompressiyasi, algoritmlar, rivojlanish istigbollari.

Abstract. This article describes in detail the basic principles and practical
application of the Huffman Coding system. The Huffman coding algorithm was proposed
by David A. Huffman in 1952 and is widely used as an efficient data compression method.
The article explains the working principle of Hofmann coding, i.e., how to create codes
of minimum length in data compression and the process of building an optimal coding
tree.

Keywords: Huffman coding, huffman coding, data compression, coding system,
optimal coding tree, compression algorithm, programming, data transfer, file
compression, advantages of coding, data structures, hoffman algorithm, computer science

science, multimedia compression, algorithms, development perspectives.
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AHHOTaIII/Iﬂi B ,HaHHOfI CcTaThbe HOI[p06HO OIIMCaHbl OCHOBHLBIC IIPUMHIMIIBI H
NpakTHUYEeCKOe TMPUMEHEHHE CHCTeMbl KoaupoBaHusi Xaddmana. Anroputm
kogupoBanus Xadhdmana Obur npemtoxer JpBumom A. Xabdmanom B 1952 rogy u
MU POKO UCIIOJIB3YCTCA KaK 3(1)(1)CKTI/IBHBII‘/’I METOJ CKAaTUA JaHHBIX. B craThe 00BsicHIETCA
npuHOUI paboTel KogupoBaHus [odmana, TO ecThb cmocoObl CO3MaHUs KOJOB
MUHUMAaJILHOMN JJIMHBI IIPpU CXKATHH OJAaHHBIX H IIPOHCCC ITOCTPOCHHA OIITUMAJIBHOI'O
ACpCBa KOJUPOBAHUA.

KiroueBblie ciioBa: kogupoBanne Xaddmana, koqupoBanue Xaddmana, cxarve
JaHHbIX, CHCTCMA KOAUPOBAHNA, OIITUMAJIBHOC JCPCBO KOAUPOBAHUA, AJITOPUTM CKATHUA,
MporpaMMUpPOBaHUE, Nepeada TaHHbIX, CKaTue (ailyioB, IPEeUMYIIECTBA KOJIUPOBAHUS,
CTPYKTYpbl JaHHBIX, anroput™m Xoddmana, uHpOpMaTHKa, CKATUE MYJIbTUMEIUA,
AJITOPUTMBI, IICPCIICKTUBLI PA3BHUTHAI.

Ma'lumotlarni samarali sigish va uzatish zamonaviy kompyuter tizimlarining muhim
vazifalaridan biridir. Bu jarayonlar ma'lumotlarni saglash va uzatish resurslarini tejashga,
shuningdek, tarmoglar orgali tezkor va ishonchli ma'lumotlar almashish imkoniyatini
yaratishga yordam beradi. Bunday tizimlardan biri bo‘lgan Xofman kodlash (Huffman
coding) algoritmi, ma'lumotlarni sigishda eng samarali va keng qo‘llaniladigan
usullardan biridir. 1952-yilda David A. Huffman tomonidan taklif gilingan ushbu
algoritm, ma'lumotlar elementlariga eng qisga kodlar tayinlash orgali ma'lumotlar
hajmini kamaytirishga imkon beradi.

Xofman kodlash algoritmining natijalari va samaradorligi

Xofman kodlash algoritmi, ma'lumotlarni sigish va kodlashda samarali natijalar
beradigan metod sifatida tanilgan. Uning samaradorligi quyidagi aspektlarda ko‘rinadi:

Kompressiya samaradorligi: Xofman kodlash tizimi eng gisqa kod uzunliklarini
yaratishga garatilgan bo‘lib, bu uning asosiy afzalliklaridan biridir. Kodlash jarayonida
ma'lumotlar ketma-ketligi tahlil gilinadi va har bir elementga ehtimoliyligi yugori bo‘lgan
kodlar tayinlanadi, natijada fayl hajmi sezilarli darajada kamayadi. Xofman kodlashining
samaradorligi eng yuqori ehtimollik bilan takrorlanadigan belgilarni gisga kodlar bilan
ifodalashda yotadi. Bu, aynigsa, matn fayllari, rasm yoki audio fayllarini sigishda juda

foydali.

64-son 1-to’plam Dekabr 2024 Sahifa: 72



L@/JUstozlar uchun pedagoglar.org

Samaradorlik (tezlik): Xofman algoritmi asosan ikki bosgichdan iborat: birinchi
bosgichda belgilar ehtimolligiga asoslangan daraxt quriladi, ikkinchi bosgichda esa bu
daraxt yordamida har bir belgi uchun kodlar yaratiladi.

Hajmni kamaytirish: Xofman kodlash algoritmi odatda ma'lumotlarning hajmini
30-60% gacha kamaytirish imkonini beradi. Bu, aynigsa, ko‘p takrorlanadigan belgilarni
o‘z ichiga olgan ma'lumotlar uchun juda samarali. Misol uchun, matnli fayllarda, aynigsa,
tez-tez uchraydigan harflar bo‘lsa (masalan, “e”, “t”, “a”), bu belgilar uchun gisqa kodlar
tayinlanadi, bu esa siqish darajasini sezilarli darajada oshiradi.

Xofman kodlashining natijalari: Xofman kodlash algoritmi matnli fayllarni
sigishda yugori samaradorlikka erishadi. Masalan, ingliz tilidagi matnlar odatda  40-
60% darajada siqilishi mumkin.

Rasm fayllari: Xofman kodlash rasm fayllarini sigish uchun ham qo‘llaniladi, ammo
u rasmning rang palitrasiga, piksellar ketma-ketligiga garab samarali bo‘lishi mumkin.

Audio fayllarini sigish: Xofman kodlash, ba'zan, audio fayllarda ham ishlatiladi
(masalan, MP3 formatida). Birog, video yoki audio fayllarda uni boshga sigish usullari
bilan birgalikda ishlatish kerak bo‘lishi mumkin.

Tadgqigotning gisqacha natijasi: Ushbu tadgiqotda Xofman kodlash

tizimi va uning amaliyotdagi qo‘llanilishi tahlil gilindi. Xofman kodlash algoritmi,
ma'lumotlarni samarali sigish va uzatish uchun eng optimal metodlardan biri sifatida o‘z
o‘rnini topgan. Tadgigotda ko‘rsatilganidek, algoritm ma'lumotlar elementlarining
ehtimollik tagsimotiga asoslanib, har bir belgi uchun minimal uzunlikdagi kodlarni
yaratadi. Bu kodlash usuli fayl hajmini sezilarli darajada kamaytirishga imkon beradi va
ko‘plab sohalarda, jumladan, fayl sigish, multimedia kompressiyasi va internetda

ma'lumotlarni tez uzatishda muvaffagiyatli qo‘llaniladi.

Xofman kodlash algoritmini C# dasturlash tilida amalga oshirish uchun quyidagi
masala tuzishimiz mumkin:

Masala: Foydalanuvchi tomonidan kiritilgan matnni Xofman kodlash algoritmi
yordamida sigib ko‘rsatish. Dastur, har bir belgi uchun kodni yaratib, uni chigarishi kerak.

Shuningdek, kodlangan natijani saglash va dekodlashni ham amalga oshirish.
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C# dasturi:
using System;
using System.Collections.Generic;
using System.Ling;
class HuffmanNode
{
public char Character { get; set; }
public int Frequency { get; set; }
public HuffmanNode Left { get; set; }
public HuffmanNode Right { get; set; }
public HuffmanNode(char character, int frequency)
{
Character = character,
Frequency = frequency;
Left = Right = null,

¥

class HuffmanCoding

{

public static Dictionary<char, int> BuildFrequencyTable(string input)
{
Dictionary<char, int> frequencyTable = new Dictionary<char, int>();
foreach (char character in input)
{
if (frequencyTable.ContainsKey(character))
frequencyTable[character]++;
else
frequencyTable[character] = 1;

¥

return frequencyTable;
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}

public static HuffmanNode BuildHuffmanTree(Dictionary<char, int>

frequencyTable)
{

PriorityQueue<HuffmanNode, int> priorityQueue new
PriorityQueue<HuffmanNode, int>();
foreach (var item in frequencyTable)
{
priorityQueue.Enqueue(new HuffmanNode(item.Key, item.Value),
item.Value);

}
while (priorityQueue.Count > 1)

{
HuffmanNode left = priorityQueue.Dequeue();
HuffmanNode right = priorityQueue.Dequeue();
HuffmanNode newNode = new HuffmanNode(\0', left.Frequency +
right.Frequency)
{
Left = left,
Right = right
o
priorityQueue.Enqueue(newNode, newNode.Frequency);

¥

return priorityQueue.Dequeue();
}
public static void GenerateCodes(HuffmanNode root, string currentCode,
Dictionary<char, string> codes)
{
If (root == null)

return;
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If (root.Character '="0")
{

codes[root.Character] = currentCode;
}
GenerateCodes(root.Left, currentCode + "0", codes);
GenerateCodes(root.Right, currentCode + "1", codes);

¥

public static string Encode(string input, Dictionary<char, string> codes)
{

string encodedString = string.Empty;

foreach (char character in input)

{

encodedString += codes[character];

¥

return encodedString;

¥

public static string Decode(string encodedString, HuffmanNode root)
{

HuffmanNode currentNode = root;

string decodedString = string.Empty;

foreach (char bit in encodedString)

{
currentNode = (bit =="'0") ? currentNode.Left : currentNode.Right;

If (currentNode.Left == null && currentNode.Right == null)
{

decodedString += currentNode.Character;

currentNode = roof;

¥

return decodedString;
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¥
¥

class Program

{

static void Main()
{
Console.WriteLine(" ");
string input = Console.ReadLine();
Dictionary<char, int> frequencyTable =

HuffmanCoding.BuildFrequencyTable(input);

HuffmanNode root =

HuffmanCoding.BuildHuffmanTree(frequencyTable);

Dictionary<char, string> huffmanCodes = new Dictionary<char,
string>();
HuffmanCoding.GenerateCodes(root, ", huffmanCodes);
Console.WriteLine(™\ ");
foreach (var code in huffmanCodes)
{
Console.WriteLine($" : {code.Key} => Code:
{code.Value}");
¥
string encodedString = HuffmanCoding.Encode(input, huffmanCodes);
Console.WriteLine($"\ - {encodedString}");
string decodedString = HuffmanCoding.Decode(encodedString,
root);
Console.WriteLine($"\ - {decodedString}");
¥
b
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Natijalar:

Dastur quyidagi natijalarni ko‘rsatadi:

Har bir belgi uchun Xofman kodi.

Kodlangan matn.

Dekodlangan (orijinal) matn.

Xofman kodlash tizimi ma'lumotlarni samarali sigish va uzatish uchun ishlatiladigan
kuchli va optimal kodlash algoritmidir. Uning asosiy prinsiplaridan biri, tez-tez
uchraydigan simvollarga gisqa kodlar, kam uchraydigan simvollarga esa uzunroq kodlar
tayinlashdir. Bu orgali ma'lumotlarni maksimal darajada sigib, saglash va uzatishning
samaradorligini oshiradi.

Xofman kodlash tizimi amaliyotda keng go‘llaniladi, xususan, ma'lumotlarni sigish,
telekommunikatsiya, ovozli va tasvirli ma'lumotlar kodlashda. Bu tizim ZIP arxivlash,
JPEG rasm sigish, MP3 audio sigish kabi ko‘plab texnologiyalarda muhim rol o‘ynaydi.
Shuningdek, u tarmoq uzatish samaradorligini oshirish va ma'lumotlarni kam joyda
saqlashda go‘llaniladi.
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