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Annotatsiya: Floyd-Warshall algoritimi — bu graf nazariyasida, aynigsa, yo'l
masofalarini hisoblashda ishlatiladigan klassik algoritndir. U, barcha juft nugtalar
orasidagi har bir tugun orasidagi enf gisqa yo'lni topish uchun mo'ljallangan bo'lib,
grafdagi har bir tugun orasidagi eng qisqa masofani aniglashda yordam beradi.
Algoritmning asosiy g'oyasi, har bir juft tugun orasidagi masofani iteratsiya orgali
yangilash va eng gisga yo'llarni topishdan iborat. Bu algoritmning asosiy afzalligi
shundaki, u barcha juft nugtalarni orasidagi eng gisga yo'llarni topish uchun yagona
ishvo berish amaliyoti biln bajariladi.

Kalit so’zlar: Floyd-Warshall algoritmi. Graf nazariyasi. Kislorodning
gisqa yo'li. Yig'ishdagi eng qisga yo'llar. Grafning barcha juft nugtalari orasidagi
eng qisga yo'l. Dinamik dasturlash. Algoritmik komplekslik. C# dasturlash tili. Yo'l
masofasini matritsalar yordamida hisoblash. Grafni ifodalash (matritsa yoki ro‘yxat).
Floyd-Warshallning implementatsiyasi kodini yozish. Grafning mustahkamligi. Eng
gisqa yo'l masofalarini topish. Asosiy algoritmik g'oyalar. Floyd-Warshall
algoritmining arxitekturasi. Algoritmni optimallashtirish. Dasturdagi murakkablik
darajalari. Floyd-Warshall algoritmining amaliy go'llanilishi.

AnHoTanus: AnroputMm drolga-Yopuienna — 3TO KIACCUYECKUN aJrOPUTM,
UCIIOJIb3yeMbId B TeOpuH TpadoB, OCOOCHHO IS BBIYUCICHHS PACCTOSHUNU MEXKITY
IIyTAMU. On MpCaAHA3HAYCH IJIs1 HaAXOXICHHA Kp&T‘IB.ﬁIIIGFO IIyTH MCKIY K&)K,Z[Oﬁ
napoit y3soB B rpade, moMmoras ornpeaeanuTh KpaTyaiiinee pacCTOSHUE MEXKTY JTF00ObIMU
ABYMs  y3J1aMH rpa(ba. OcHoBHas HACA aJIl'OpHUTMa 3aKII4YacTCdad B TOM, YTOOBI
OOHOBJISITh PACCTOSIHUSA MEXKAY KaKIOM Mapod y3JIOB 4Yepe3 UTEpalud U HAXOIUTh
KpaTqaﬁmHe IIyTH. OcHOBHOE NpEUMyHICCTBO 3TOIr0 aJIrOPUTMaA 3aKJIHOYaCcTCAd B TOM,
4dTO OH BLBIIMOJHACT OJAHY OIICpAlMIO IJIA HAXOXKIACHHA KpaTqafIHJHX HYTGﬁ MCKIY
BCCMH I1apaMHU Y3JI0B.
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KiaroueBbie caoBa: Anroputm  ®mnoiiga-Yopuiemia.  Teopust  rpados.
Kparuaiimmii myts kucnopona. Kparwaitmme mytu B cOopke. Kparwaitmmii myTh
MCXKIY BCCMH IIapaMHU  Y3JIOB rpa(ba. I[I/IHaMI/I‘leCKOC ImporpaMMupOBaHHC.
AJITOpUTMHYECKAsT CIIOKHOCTb. SI3pIKk mporpammupoBanus C#. Beraucienue
PacCTOSHUSI MEXKIY MYyTsIMU C MOMOIIsI0 Matpuil. [IpencraBinenne rpada (MaTpuia
Win cnucok). Peanuzamnus anroputma @noitna-Yopmiemwia. YcToMunuBocTh rpada.
Haxoxnenue kpatdailinx paccTosstHud. OCHOBHBIE aNTOPUTMHYECKHE UEH.
Apxutektypa anroput™ma ®ioiga-Yopmemwia. OnTuMuszanus aaropurma. Y poBHU
CIOKHOCTH nporpaMmmel. [Ipaktuueckoe nmpuMmenenune anropurma Ouoraa-y opuiesa.

Abstract: The Floyd-Warshall algorithm is a classical algorithm used in graph
theory, particularly for calculating path distances. It is designed to find the shortest
path between every pair of vertices, helping to determine the shortest distance between
all pairs of nodes in a graph. The core idea of the algorithm is to iteratively update the
distance between each pair of vertices and find the shortest paths. The main advantage
of this algorithm is that it performs a single operation to find the shortest paths between
all pairs of vertices.

Keywords: Floyd-Warshall algorithm. Graph theory. Shortest path of oxygen.
Shortest paths in a collection. Shortest path between all pairs of nodes in a graph.
Dynamic programming. Algorithmic complexity. C# programming language.
Computing path distances using matrices. Graph representation (matrix or list).
Implementation of the Floyd-Warshall algorithm. Graph stability. Finding the shortest
path distances. Core algorithmic ideas. Architecture of the Floyd-Warshall algorithm.
Algorithm optimization. Complexity levels of the program. Practical applications of
the Floyd-Warshall algorithm.

Kirish: Floyd-Warshall algoritmi graf nazariyasida eng gisqga yo'llarni hisoblash
uchun ishlatiladigan klassik algoritmdir. U barcha juft tugunlar orasidagi eng gisga
yo'llarni topishga imkon beradi va bu algoritm juda samarali bo'lib, ko'plab real dunyo
masalalarida go'llaniladi. Masalan, yo'l tarmog'ida trafikni boshqgarish, kompyuter
tarmoqlaridagi eng gisga yo'llarni hisoblash va boshgalar. Ushbu magolada biz Floyd-
Warshall algoritmining nazariy asoslarini ko'rib chigamiz va uni C# dasturlash tilida
ganday amalga oshirishni ko'rsatamiz.

Floyd-Warshall Algoritmi Nima?

Floyd-Warshall algoritmi — bu dinamik dasturlash (dynamic programming)
usulida ishlaydigan, grafdagi barcha juft tugunlar orasidagi eng gisqga yo'llarni topish
uchun ishlatiladigan algoritmdir. Algoritm barcha tugunlar orasidagi eng gisga
yo'llarni topish uchun bir vaqgtning o'zida barcha mumkin bo'lgan yo'llarni hisoblashni
amalga oshiradi.
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Algoritmning o'ziga xos xususiyati shundaki, u gisqa yo'llarni iterativ
ravishda yangilab boradi, bunda har bir tugun bir necha bor gilingan hisob-kitoblarda
eng qgisga yo'lni tanlash uchun tekshiriladi.

Algoritmning Ishlash Prinsipi

Floyd-Warshall algoritmi, oddiy qgilib aytganda, har bir juft tugunlar orasidagi
eng gisga yo'lni hisoblash uchun uchta asosiy qadamni bajaradi:

1. Boshlang'ich holat: Algoritm, grafdagi barcha tugunlar orasidagi masofalarni
saglovchi matritsa (masofa matritsasi) yaratadi. Agar ikki tugun orasida bevosita
bog'lanish bo'lsa, masofa to'g'ridan-to'g'ri bog'lanish giymati bo'ladi, aks holda
u cheksiz giymatga teng bo'ladi.

2. lteratsiya: Har bir tugunni gadam-bagadam tekshirish orgali, u orgali o'tgan eng
gisga yo'llarni hisoblash. Har bir yangi yo'Ini hisoblashda, o'sha tugun orgali
o'tadigan yo'lni yangilash.

3. Natija: Natijada, grafdagi barcha juft tugunlar orasidagi eng qgisqa yo'llar
matritsasi olinadi.

Algoritmning Murakkabligi

Floyd-Warshall algoritmining murakkabligi O(n®) bo'lib, bunda n — grafdagi
tugunlar sonidir. Algoritmning bu murakkabligi uni katta graflar uchun sekinlashtiradi,
ammo kichik yoki o'rta hajmdagi graflarda samarali ishlaydi.

Floyd-Warshall Algoritmini C# Tilida Amaliyotda Qo'llash

Endi Floyd-Warshall algoritmini C# dasturlash tilida ganday amalga oshirishni
ko'rib chigamiz. Quyidagi kod misolida biz 4 ta tugundan iborat grafni ko'rib chigamiz
va har bir juft tugunlar orasidagi eng gisga yo'llarni hisoblaymiz.

C# Tilida Floyd-Warshall Algoritmi

using System;

class Program

{

static void Main()

{

I/l Tugunlar soni
intVv =4,

/Il Masofalar matritsasini yaratish
int[,] dist = new int[V, V];

/l Matritsani boshlang'ich giymatlarda to'ldirish
for (inti=0; 1<V, i++)
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{
for (intj=0; <V, |jt++)
{
if (i==}j)
dist[i, j] = 0; // O'z-0'zidan masofa 0 bo'ladi
else
dist[i, j] = int. MaxValue; // Bog'lanmagan tugunlar uchun cheksiz
giymat
¥
¥
/I Graflar orasidagi bog'lanishlarni go'shish
dist[0, 1] =3;//0dan 1 ga
dist[0, 2] =5; // 0 dan 2 ga
dist[1,2]=1;//1dan2ga
dist[1,3] =7;//1dan 3 ga
dist[2,3] =2;//2dan 3 ga
/I Floyd-Warshall algoritmini ishlatish
FloydWarshall(dist, V);
// Natijalarni chigarish
Console.WriteLine("Eng gisga yo'llar matritsasi:");
for (inti=0;1<V;it+)
{
for (intj=0; ) <V;|jt++)
{
If (dist[i, j] == int.MaxValue)
Console.Write("INF ".PadRight(6));
else
Console.Write(dist[i, j]. ToString().PadRight(6));
b
Console.WriteLine();
}
by
I/ Floyd-Warshall algoritmi
static void FloydWarshall(int[,] dist, int V)
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{
for (intk = 0; k < V; k++) // O'rtadagi tugunni ko'rib chigamiz
{
for (int i = 0; i <V; i++) // Har bir boshlang'ich tugun uchun
{
for (intj = 0; j <V; j++) /[ Har bir tugun orasidagi masofani yangilash

{
if (dist[i, k] != int. MaxValue && dist[k, j] !'= int. MaxValue &&

dist[i, j] > dist[i, K] + dist[k, j])

{
dist[i, j] = dist[i, k] + dist[k, j]; // Yangilangan eng gisga yo'l

Kodning Izohli Tushuntirishlari:

1. Boshlang'ich matritsa: dist matritsasi, grafdagi barcha tugunlar orasidagi
masofalarni saglaydi. O'zaro bog'lanmagan tugunlar orasidagi masofa
int. MaxValue (cheksiz) deb belgilangan.

2. Grafni boshlang’ich holatda to'ldirish: Ma'lum bog'lanishlar o'rnatilgan
(masalan, 0 dan 1 ga 3, 1 dan 2 ga 1 va hokazo).

3. Floyd-Warshall algoritmi: 3 o'lchovli sikl yordamida har bir juft tugunlar
orasidagi eng gisga masofalar hisoblanadi. Agar biror tugun orgali o'gish orgali
masofa gisgaradigan bo'lsa, matritsa yangilanadi.

4. Natijalarni chigarish: Algoritm natijasida barcha juft tugunlar orasidagi eng
gisqa yo'llar ekranga chigariladi.

Kutilgan Natija:
Agar yugoridagi kodni bajarilsa, quyidagi matritsa ekranga chiqariladi:
Eng qisqga yo'llar matritsasi:
0 3 4 6
INF 0 1 3
INF INF 0 2
INF INF INF O
Bu matritsada:
. 0dan 2 gacha bo'lgan eng gisga yo'l masofasi 4,
. 1dan 3 gacha bo'lgan eng gisga yo'l masofasi 3 ekanligini ko'rishimiz mumkin.
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Floyd-Warshall Algoritmining Afzalliklari va Kamchiliklari
Afzalliklari:
« Har bir juft tugunlar orasidagi eng gisqga yo'llarni bir martada topadi.
. Graflarda cheksiz bog'lanishlar yoki o'zaro yo'llar bo'lsa ham samarali ishlaydi.
Kamchiliklari:
o Algoritmning vaqt murakkabligi O(n®) bo'lgani uchun katta hajmdagi graflarda
ishlashda samaradorligi kamayadi.
« Har bir juft tugun orasidagi yo'Ini hisoblashda vaqt sarfini ko'paytiradi.
Floyd-Warshall algoritmi graf nazariyasida juda foydali vosita bo'lib, barcha juft
tugunlar orasidagi eng qisga yo'llarni hisoblashga imkon beradi. C# dasturlash tilida
ushbu algoritmni amalga oshirish oson va samarali bo'lib, uni ko'plab amaliy
masalalarda qo'llash mumkin. Algoritmning afzalliklari va kamchiliklarini inobatga
olgan holda, uni kerakli hol.
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