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Annotatsiya: Kruskala algoritmi graf nazariyasida minimal ulash daraxtini topish
uchun samarali va sodda usullardan biri hisoblanadi. Ushbu algoritm grafdagi barcha
girralarni ularning giymatiga’garab, tartiblaydi va gadam-bagadam eng kam xarajatli
ulanishlarni tanlash orgali optimal natijaga erishadi. Kruskala algoritmi tarmoq
qurilishi, transport tizimlarini < optimallashtirish, energiya ta’'minoti va aloga
tarmogqlarini boshqansh kabi sohalarda keng qo‘llaniladi. Uning greedy yondoshuvi
orgali har bir bosgichda eng yaxshi lokal yechim tanlanadi va bu global optimal natijaga
olib keladi. Samarali ishlash uchun gqirralarning tam‘blangan bo ‘lishi zarur bo ‘lib,
algoritmning vaqt murakkabligi O(E log E) ko ‘rinishida anquanadz bu esa katta graflar
bilan ishlash imkonini beradi. = e

Kalit so‘zlar: Kruskala algofitmi, minimal ulash daraxtl graf nazariyasi, tarmoq
optimallashtirish, greedy yondoshuv, samaradorlik, eng kam Xarajat.

Annotatsiya: Areopumii’ J(paczcaﬂa — 3mMO 00uH u3 Ippexmuenvix U NPOCMbIX
Memodos O HaxXoHCOMA MUHUMATBHOZ0  OCTNOGHO20 ()epeea 6 epagax. Omom
arcopumm copmupyem 6ce pe }_a\a‘}-"/a’gba no ux cmoumocmu T ‘waz 3a wazom, evibupaem
MURUMATIBHO  3ampamHbsle fcoeounenuss 0 nocmpoeHust . OnmumailbHo20 peueHuA.
AJZZO]?MI’I’IM Kpacxaﬂa,.w’upoko npuMeHﬂemc;}_ 6 maxKkux 06JZCICI’I’Z}DC, KAaK nocmpoeHue
cemeti, ONMUMUIAYU mpa‘chopmezX cucmem, j/?p'a'eﬂeﬂue SHep2emu4ecKumu U
meneKoOMMYHUKAYUOHHRBIMU CEMAMU. E20 swcaonwviit nooxoo noszeonsiem na kaxcoom uiaze
6b16up6177’Zb Haulyyuiee J1oOKajlbroe pewerue, 4umo npueodum K 2100a/1bHO onmumailbHOMY
pezyromamy. s agpghekmusnoil pabomul areopumma mpedyemcst copmuposka pébep, a
e2o epemenHas croxcHocmo cocmasiiem O(E log E), umo nossonsem pabomamsv c
borvuumu epagamu.

KaroueBble cnoBa: Ancopumm Kpackana, munumansuoe ocmogroe 0epeso, meopus
epaghos, onmumuzayus cemeil, IHCAOHBIL NOOX00, IPHeKMuUHOCMb, MUHUMATbHbIE
sampamibol.

Annotation: Kruskal's algorithm is one of the most efficient and simple methods for
finding a minimum spanning tree in graphs. This algorithm sorts all the edges of the
graph by their cost and, step by step, selects the least expensive connections to construct
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the optimal solution. Kruskal’s algorithm is widely used in areas such as

network construction, transport system optimization, and management of energy and
communication networks. Its greedy approach allows the selection of the best local
solution at each step, leading to a globally optimal result. To work efficiently, the
algorithm requires the sorting of edges, and its time complexity is O(E log E), which
makes it suitable for large graphs.

Keywords: Kruskal's algorithm, minimum spanning tree, graph theory, network
optimization, greedy approach, efficiency, minimum cost.

Hozirgi kunda, kompleks-tizimlar va ularga asoslangan tarmoglar doirasidagi
masalalarni hal etish uchun samarali algoritmlar ishlab chigish hayotiy ahamiyat kasb
etmoqgda. Ular fagat ilmiy izlanishlar va akademik tadgigotlar uchun emas, balki kundalik
hayotimizda qo‘llaniladigan bir gancha sohalarda ham zarur bo‘lib bormoqda. Aynan shu
sababli, graf nazariyasi vaunga-asoslangan algoritmlar muhim o‘rin egallaydi. Bu
sohada minimal ulash daraxti’(minimum spanning tree) kabi muammolarni hal gilish
uchun turli xil algoritmlar ishlab chiqilgan bo‘lib; ularning eng mashhuri va samarali
bo‘lib, Kruskala:algoritmi tanilgan.

Bu magolada, Kruskala algorltmlnlng umumiy'tamoyillari, uning samaradorligi va
turli sohalarda qo‘llanilishi haqidagi ‘fikrlarni batafs\ll muhokama qilamiz. Unga
qo‘shilgan yangi yondoshuvlar va optimallashtirish usullari, algoritmning ishlash
tezligini oshirishga xizmat giladiva undan yanada samarali foydalanish imkonini beradi.
Kruskala algoritmining mohiyatigi tushunish, bugungi kunda rivojlanayotgan ilm-fan va
texnologiyalarni tezda o‘zlashtirishga yordam beradi, bu €sa bizning jamiyatimizni yangi
muammolarni hal gilishda yanada samarali gilishga xizmat giladi.

Asosiy gism -

Kruskala algoritmini o rgamsh'Va uning mohiyatini tu L’ﬁish, eng avvalo, bizning
kundalik hayotimizda, aynigsa transport, aloga tarmoglari, va energetika sohalarida
ganday asosiy muammolarni. yechishga yordam berishi mumkinligini anglashni talab
etadi. Kruskala algdritmining samaradorligi uning eng Kam xarajatli ulanishlar yaratishga
imkon berishida yotadi. Biroq, bu jarayon qanday shartlarda samarali bo‘ladi? Yana bir
savol: bu algoritmni ishlatishda, fagat xarajatlarni kamaytirish yetarlimi yoki boshga
omillar ham inobatga olinishi kerakmi?

Algoritmning asosi o‘zgarmaydi: barcha qirralar qiymatiga ko‘ra tartiblanadi va
ulardan birma-bir eng kam xarajatli ulanishlar tanlanadi. Birog, bu jarayonning
samaradorligi nafaqat uning o°zi bilan, balki graflarning strukturasiga ham bog‘liq. Misol
uchun, agar graf juda katta va noaniq bo‘lsa, unda ushbu algoritmni ishlatishning
qiyinchiliklari qanday bo‘ladi? Yoki agar grafda ko‘p girralar va kamroq tugunlar bo‘lsa,
algoritmni qo‘llashda qanday strategiyalarni tanlash kerak? Bu savollar, albatta, Kruskala
algoritmining samaradorligini aniglashga yordam beradi.
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Bir necha shaharni bog‘lash uchun eng kam xarajatli yo‘lni tanlashimiz

kerak. Har bir yo‘lning narxi turlicha, va bizning vazifamiz — barcha shaharlarni minimal
xarajat bilan bog‘laydigan yo‘Ini topish.
Bunga misol sifatida 6 ta shaharni olamiz va ularning o‘rtasidagi yo‘l xarajatlarini
taqdim etamiz. Har bir yo‘lning narxi graflardagi qirralar sifatida ifodalanadi.
Graflarning tuzilishi:
Tugunlar: 6 ta shahar

—

ar:

« Qirralar (yo‘llar) va ular orasidagi xaraj étl
o A-B:4 7/ '
o A-C:3 A, >
o B-C1 ‘-;\) | )
o B-D:2 r:l; - v
o C-D:5 </ -
o C-E:6 ,"~",' - —
o D-E7 VA
= V) )\
Cikodii T A‘,
using R, N I ! System;
using (\ o - ‘/- = System.Collections.Generic;
using ‘N ) System.Ling;
N f
public 7 tless : ";\*\ KruskalAlgorithm
{ .l -2
I Tugunlar (Shaharlar) * uehun </ma‘+ukmotlar tuzilmasi
class s / \ Edge
. (] |
bl r U int r"/ Start
public in X art;
public (‘(-J int .~ End;
public oy = int_ , Weight;
G\ T e
public Edge(int start, int end, int weight)
{
Start = start;
End end;
Weight = weight;
}
}
Il Union-Find ma'lumotlar tuzilmasi (Disjoint Set)
UnionFind
| R |
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private int[] parent;
private int[] rank;
public UnionFind(int n)
{
parent = new int[n];
rank = _ new int[n];
for (int i 4 =A B i < n; i++)
{ . lg-:/ V I > /" .
parent[i] :;‘ P = I;
rank[i] ‘LS 7 0;
} ;&/”3 '.:'.\‘ )
} 2 0, ~
_ ~_-‘.7" / _/‘? /”‘\é\ o
public B (/lnt) 147 D\ Find(int X)
{ B LV D
if ?;Q’“ © (parentp <+ 1= X)
7 Sy 0 AN : :
parent[x] =57 - W = e Find(parent[Xx]);
return ) W s parent[x];
} o [ &
public void < Union(int %, int y)

int ¥ arootX / = 3 Find(x);
int Cﬂ;ootYf? K ;

/ ; )/ Find(y);

if A7 (rootX / s~ rootY)
{ ':‘Vr‘}a} y&<{ Nzl
I N RanKbased = optimizatsiya
if (rank[rootX] > rank[rootY])
parent[rootY] = rootX;
else if (rank[rootX] < rank[rootY])
parent[rootX] = rootY;
else
{
parent[rootY] = rootX;

rank[rootX]++;
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I Kruskala algoritmi
public static void Kruskal(int n, List<Edge> edges)
{
/l Qirralarni narx bo‘yicha tartiblang
edges.Sort((el, e2) => _ . el.Weight.CompareTo(e2.Weight));
) ol *\K’ £
/l Union-Find ‘C;/ :malumotlar tuzilmasini yaratish
UnionFind uf-& ?;5._--- new UnionFind(n);
‘1.} )
int msIV\gelght { = 0;
List<Edge> mséﬁgges o _F new List<Edge>();
B I e
I brr ~ girrani tekshirib chigamiz
foreach e (‘var ,, _ édge"; in edges)
{ O, ) I A
int U/ro6tStart- ¥ / ‘={\ uf.Find(edge.Start);
int rootEnd WY K= ) uf.Find(edge.End);
(2
/I Agar ikkala tugun ;.h}r-xﬂ’ setga teglsh-l%)o‘lmasa, ularni bog‘laymiz
if ( tart g \Ix rootEnd)
{ mF N S
uf.Union(rootStart, | 7 3 rootEnd);
mstEdges.Add Ll S S lon.
mstWeight | & X {»/ edge.Weight;
} A% K
¥ tf -:' o L P
( ’ \_, r —
Il Natijani chiqarish
Console.WriteLine("Minimal Spanning Tree (MST):");
foreach (var edge in mstEdges)
{

Console.WriteLine($"Tugun {edge.Start} -> Tugun {edge.End}, Xarajat:
{edge.Weight}");

}
Console.WriteLine($"Jami xarajatlar: {mstWeight}");

void Main(string[ args)

104 P=00§
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Il Graflar (shaharlar orasidagi yo‘llar va xarajatlar)
List<Edge> edges = new List<Edge>

{
new Edge(0, 1, 4), /! A-B
new Edge(0, 2, 3), Il A-C
new Edge(1, 2, 1), Il B-C
new Edge(1, .4 A3, ¥ 2), Il B-D
new Edge(g' ¥y r e 5), I C-D
new Edge(2y /7, A4, 6), Il C-E
new Edge(3y) X2 4,7 7 1l D-E

}; o (:, >
(’;)/‘ o
/l | -, Ay tugun (shaharlar)
int . nutnberprowns ¢ O\ = 5;
fl*k,, . 7 U ) .
Il (P Kruskalal oy algoritmini chagiramiz
Kruskal(nu\[)ercm‘ owﬁs . ¥ ':,\ edges);
} 4 k.
} ~ {

Natija: o »

Minimal ning Tree (MST):
Tugun 1 -> Tugun - gx"’\ Xarajat: 1
Tugun 1 :g Tugun ~ 3 Y Xarajat: 2
Tugun 0 L Tugun 2, /  Xarajat: 3
Tugun 3 N7 Tugun 4 ?/ Xarajat: 7

f(-\/‘ 3

Jami xarajatlar: 13
Kruskala algorltmffgraflardamlnlmal ulash daraxtini qurlsh uchun eng samarali va
eng sodda usullardé{ biridir."Uo° zining greedy yonMn va girralarni tartibga solish
tamoyiliga asoslanib, har bir gadamda eng kam xarajatli ulanishlarni tanlaydi va shu
orqgali optimal yechimga erishishga harakat giladi. Ushbu algoritmning tarixi va amaliy
qo‘llanishi bizga bir gancha muammolarni hal gilishda zarur vositalarni taqdim etadi.
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