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Annotatsiya. Johnson algoritmi — bu yo'nalishli va og'irliklari mushat yoki
manfiy bo'lishi mumkin bo'lgan grafalarda barcha juftliklar o'rtasidagi eng gisga
yo'llarni  topish uchun ishlatiladigan algoritm. U Bellman-Ford va Dijkstra
algoritmlarini birlashtiradi. Birinchi bosgichda, Bellman-Ford algoritmi yordamida
yangi tepadan barcha tepalarga bo'lgan eng gisga yo'llar topiladi, so'ngra grafaning
og'irliklari gayta hisoblanadi (re-weighting). Keyin, har bir tepadan Dijkstra algoritmi
yordamida eng gisga yo'llar hisoblanadi.

Kalit so’zlar. Kompyuter grafikasi va o‘yin dasturlashida Johnson algoritmiga
oid kalit so‘zlar quyidagilar bo‘lishi mumkin: eng gisga yo'l, grafik nazariyasi, manfiy
og'irlikli aylanishlar, bellman-Ford algoritmi,dijkstra algoritmi,grafni
optimallashtirish,yo’'nalish algoritmlari, yo'l toppish, yo'l topishda samaradorlik,grafni
ifodalash, go'shni matritsa, chegara og'irliklari, eng qisga yo'l muammosi, barcha
juftliklar o'rtasidagi eng qisqa yo'l, 0’yin sun'iy intellekti (AI).

Annotation. The Johnson algorithm is used to find the shortest paths between
all pairs of vertices in a directed graph, where edge weights can be either positive or
negative. It combines the Bellman-Ford and Dijkstra algorithms. In the first step, the
Bellman-Ford algorithm is used to calculate the shortest paths from a newly added
source vertex to all other vertices, and then the edge weights are recalculated (re-
weighting). Afterward, the Dijkstra algorithm is applied from each vertex to compute
the shortest paths.

Keywords. Johnson Algorith,Shortest Path,Graph Theory,Negative Weight
Cycles, Bellman-Ford Algorithm,Dijkstra's Algorithm,Graph Optimization,Routing
Algorithms,Pathfinding, Efficiency in Pathfinding,Graph Representation, Adjacency
Matrix,Edge Weights,Shortest Path Problem,All-Pairs Shortest Path,Game Al.

AHHOTaumMs. Aunroput™M JIXKOHCOHa UCHONB3YyeTCS JJISI  HAXOXKJICHHS
KpaT4almmx MyTed MEeXJy BCEMHU IMapaMy BEpIIWH B HAMNpaBICHHBIX rpadax, y
KOTOPLBIX BC€Ca pe6ep MOT'YT 6I>ITB KaK ITOJOXUTCIbHBIMHA, TaK 1 OTPHUIATCIIbHBIMU. On
oObenuusier anroputmbl bemnmana-®opna u Jleiikctpsl. Ha mepBom 3rtame ¢
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IIOMOUIBI0 anroput™Ma bemmana-dopaa BEIYUCIAIOTCS KpaT4alllike IIyTH OT BHOBb
N00aBJIEHHOM BEpUIMHBI KO BCEM OCTaJbHbIM  BEpIIMHAM, IIOCJIE€  YEro
[EPECUUTHIBAIOTCS Beca pédep (IepeB3BEIIMBAHKE). 3aT€M Ul KaXKJ10M BEPIIUHBI C
IOMOILBIO ArOpUTMa JIeMKCTPBI BBIYUCISIFOTCS KpaTYaIlie Iy TH.

KnawueBbiMu ciaoBamu. Kparuaiiimmii myTs, Teopust rpadoB,0TpUIlaTeIbHBIC
LUKJIBI C BecaMu, anroput™ bemnmana-dopaa, anroputM JIeHKCTpBI, ONTUMHU3ALMUSA
rpadoB, anroput™mbl Mapmipytuzanuu, llonck mnyTtH, 3¢p(EeKTUBHOCTH TOUCKA
IyTH,lIpeicTaBieHre rpagda, MaTpula CMEXKHOCTH, Beca pEédep, 3a/1aua KpaTyaniiero
IyTH, KpaT4yalIuil IyTh MEKy BCEMH IapaMH BEPILHH.

Johnson algoritmi — bu og'irliklari musbat yoki manfiy bo'lishi mumkin bo'lgan
yo'naltirilgan grafda barcha juftliklar o'rtasidagi eng gisga yo'llarni topish uchun
ishlatiladigan algoritmdir. Bu algoritm, aynigsa, manfiy og'irlikli grafiklarda ishlashda
foydalidir, chunki u manfiy og'irlikli sikllarni ham boshgaradi. Johnson algoritmi
Bellman-Ford algoritmi va Dijkstra algoritmning kombinatsiyasidan foydalanadi.

Johnson algoritmi ishlash tartibi:

1. Yangi tepa qo'shish: Grafiga yangi bir tepa go'shiladi va bu yangi tepa barcha
boshqga tepalarga nol og'irlikdagi yo'llar bilan bog'lanadi.

2. Bellman-Ford algoritmini ishga tushirish: Yangi tepadan (ya'ni, dan)
Bellman-Ford algoritmi ishlatiladi. Bu algoritm barcha tepalarga eng gisga yo'llarni
hisoblaydi va har bir tepa uchun nomli giymatlarni topadi. Bu giymatlar yangi tepaga
nisbatan har bir tepaning eng qisga masofasini ifodalaydi. Agar Bellman-Ford
algoritmi grafda manfiy og'irlikli sikini aniglasa, algoritm to'xtaydi va "eng gisga yo'l
mavjud emas" deb xabar beradi, chunki manfiy sikllar eng qgisqa yo'lni belgilab
bo'lmaydi.

3. Dijkstra algoritmini ishlatish: Har bir tepadan Dijkstra algoritmini ishlatib,
gayta og'irlashtirilgan grafikda barcha tepalarga bo'lgan eng qisga masofalarni
hisoblash kerak.

Johnson algoritmini C# tilida soddarog misol orgali tushuntirish uchun, biz
avvalo grafaning barcha juftlar o'rtasidagi eng gisga yo'llarni topish masalasini hal
gilishga e'tibor garatamiz. Bu misolda, bizning grafigimizdagi og'irliklar musbat
bo'lishi kerak, va algoritmning asosi bo'lgan Bellman-Ford va Dijkstra algoritmlarini
go'llaymiz.

C# tilidagi Johnson algoritmining dasturlash kodi:
using System;

using System.Collections.Generic;

class Graph

{
public int V; // Vertex count

@& https:/Iscientific-jl.ora/ [ 146 ] 34-son_2-to 'plam_Dekabr -2024


https://scientific-jl.org/

e - . . . . ) ISSN: 3030-3621
Ta'lim innovatsiyasi va integratsiyasi

public List<Tuple<int, int, int>> Edges; // Edges (start, end, weight)
public Graph(int V)
{
this.V = V;
this.Edges = new List<Tuple<int, int, int>>();
}
/[ Add edge to graph
public void AddEdge(int u, int v, int w)

{
Edges.Add(Tuple.Create(u, v, w));

¥
// Bellman-Ford algorithm to find the shortest paths from a source vertex
public int[] BellmanFord(int source)
{
int[] dist = new int[V];
for (inti=0;1<V;i++) dist[i] = int. MaxValue;
dist[source] = 0;
for (inti=1;i<V;it+tt)
{
foreach (var edge in Edges)
{
int u = edge.lteml, v = edge.ltem2, w = edge.ltem3;
if (dist[u] != int. MaxValue && dist[u] + w < dist[Vv])
{
dist[v] = dist[u] + w;
¥
¥
}

return dist;

}
/I Dijkstra's algorithm to find shortest paths from a source vertex (for re-weighted
graph)
public int[] Dijkstra(int source)
{
int[] dist = new int[V];
bool[] visited = new bool[V];
for (inti=0; i<V, i++) dist[i] = int. MaxValue;
dist[source] = 0;
for (inti=0;i<V,; i++)
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{
intu=-1;
for (intj=0; )<V, jt++)
{
it (Ivisited[j] && (u == -1|| dist[j] < dist[u]))
u=j
by
visited[u] = true;
foreach (var edge in Edges)
{
int v = edge.ltem2, w = edge.ltem3;
If (dist[u] != int. MaxValue && dist[u] + w < dist[v])
{
dist[v] = dist[u] + w;
}
¥
¥
return dist;
}
Il Johnson's algorithm to find all-pairs shortest paths
public void Johnson()
{
// Step 1: Add a new vertex 's' and connect it to all vertices with 0-weight edges
Graph gNew = new Graph(V + 1);
foreach (var edge in Edges)

{
gNew.AddEdge(edge.lteml, edge.ltem2, edge.ltem3);

}
for (inti=0;i1<V,i++)
{
gNew.AddEdge(V, i, 0);
¥
// Step 2: Run Bellman-Ford from the new vertex 's' to find the potential values
int[] h = gNew.BellmanFord(V); // h[v] stores the shortest path from 's' to 'V’
/Il Step 3: Re-weight the edges using the potential values
List<Tuple<int, int, int>> reWeightedEdges = new List<Tuple<int, int, int>>();
foreach (var edge in Edges)

{

int u = edge.lteml, v = edge.ltem2, w = edge.ltem3;

@& https:/Iscientific-jl.ora/ [ 148 ] 34-son_2-to 'plam_Dekabr -2024


https://scientific-jl.org/

------------------- Ta'lim innovatsiyasi va integratsiyasi S ——

reWeightedEdges.Add(Tuple.Create(u, v, w + h[u] - h[v]));
}
/Il Step 4: Run Dijkstra for each vertex to find the shortest paths
for (inti=0;1<V;it+tt)
{
Console.WriteLine($"Shortest paths from vertex {i}:");
int[] dist = Dijkstra(i);
for (intj=0; <V, j++)
{
/I Adjust the distances back to the original values
if (dist[j] '= int.MaxValue)
{
dist[j] = dist[j] + h[j] - h[i];
Console.WriteLine($"To vertex {j}: {dist[jI}");
}

else

{
Console.WriteLine($"To vertex {j}: No path");
}
}
}
}
}

class Program

{

static void Main()

{
/I Create a graph with 4 vertices
Graph g = new Graph(4);

/l Add edges (u, v, weight)
g.AddEdge(0, 1, -1);
g.AddEdge(0, 2, 4);
g.AddEdge(1, 2, 3);
g.AddEdge(1, 3, 2);
g.AddEdge(3, 1, 1);
g.AddEdge(3, 2, 5);

// Run Johnson's algorithm to find all-pairs shortest paths
g.Johnson();

¥
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}

Kodning ishlash prinsipi:

1. Bellman-Ford algoritmi - Bu algoritm birinchi gadamda barcha juftliklar o'rtasidagi

eng qisqa yo'llarni hisoblash uchun ishlatiladi.

2. Dijkstra algoritmi - Ikkinchi gadamda, har bir tepadan eng gisga yo'Ini topish uchun

Dijkstra algoritmi ishlatiladi, lekin grafa gayta og'irlashtirilgan bo'lib, Dijkstra fagat

musbat og'irlikli graflarda ishlaydi.

3. Re-weighting - Bellman-Ford algoritmi yordamida yangi tepadan har bir tepa uchun

eng gisga masofalar topilganidan so'ng, grafa og'irliklari gayta hisoblanadi (re-

weighting), va Dijkstra algoritmi yordamida har bir juftlik orasidagi eng qgisqa yo'llar
topiladi.
Chiqish:

Bu kodda, g.Johnson() chaqirig'i orgali grafa bo'yicha barcha juftliklar o'rtasidagi eng

gisga yo'llar hisoblanadi va chigariladi.

Misol uchun, quyidagi grafada:

og'irligi -1

og'irligi 4

og'irligi 3

og'irligi 2

og'irligi 1

og'irligi 5

Natija quyidagi shaklda bo'lishi mumkin:

Shortest paths from vertex 0:

To vertex 0: 0

To vertex 1: -1

To vertex 2: 2

To vertex 3: 1

Johnson algoritmi, grafa nazariyasida keng qo'llaniladigan va samarali usul

bo'lib, barcha juftliklar o'rtasidagi eng gisga yo'llarni topish uchun ishlatiladi. U

Bellman-Ford va Dijkstra algoritmlarining kombinatsiyasi bo'lib, musbat va manfiy

og'irliklarga ega bo'lgan graflarda ham ishlaydi. Birog, uning samaradorligi va

resurslarni talab etishi grafa kattaligi va tuzilishiga bog'lig bo'lishi mumkin.
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