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// A C program for Prim’s Minimum Spanning Tree (MST) algorithm.
// The program is for adjacency matrix representation of the graph

#include <stdio.h>
#include <limits.h>
#define TRUE 1
#define FALSE O
typedef int bool;
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Vo V1 V2 V3 V4 V5 Vg V7 Vg

Vo /0100 0 0110 0 O
vi| 10 0 18 0 0 0 16 0 12
v2| 0 0 0220 0 0 0 8
vs| 0 022 0 20 0 0 16 21
val 0 0 0 20 0 26 0 7
vs| 11 0 0 0 26 0 17 O

[eNeNeoNe N

Ve | 016 0 0 0 17 0 19
vz 0 0 016 7 019 0
ve N0 12 8 210 0 0 O
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// Number of vertices in the graph
#define V 5

// A utility function to find the vertex with minimum key value, from
// the set of vertices not yet included in MST
int minKey (int key[], bool mstSet[])
{
// Initialize min value
int min = INT_MAX, min_index;

for (int v = 0; v < V; v++)
if (mstSet[v] == FALSE && key[v] < min)
min = key[v], min_index = v;
return min_index;

}

// A utility function to print the constructed MST stored in parent []
void MST_print(int parent[], int n, int graph[V][V])
{
printf ("Edgey ,uWeight\n");
for (int i = 1; i < V; i++)
printf ("%d -u%duuuukdu\n", parent[i], i, graph[il]l[parent[il]]);
}

// Function to construct and print MST for a graph represented using adjacency
// matrix representation
void MST_prim(int graph[V][V])
{
int parent[V]; // Array to store constructed MST
int key[V]; // Key values used to pick minimum weight edge in cut



bool mstSet[V]; // To represent set of vertices not yet included in MST

// Initialize all keys as INFINITE
for (int i = 0; i < V; i++)
key[i] = INT_MAX, mstSet[i] = FALSE;

// Always include first 1st vertex in MST.
key [0] = 0; // Make key O so that this vertex is picked as first vertex
parent [0] -1; // First node is always root of MST

// The MST will have V vertices

for (int count = 0; count < V-1; count++)

{
// Pick the minimum key vertex from the set of vertices
// not yet included in MST
int u = minKey(key, mstSet);

// Add the picked vertex to the MST Set
mstSet [u] = TRUE;

// Update key value and parent index of the adjacent vertices of

// the picked vertex. Consider only those vertices which are not yet
// included in MST

for (int v = 0; v < V; v++)

// graph[u]l [v] is non zero only for adjacent vertices of m
// mstSet[v] is FALSE for vertices not yet included in MST
// Update the key only if graph[u]l[v] is smaller than key[v]
if (graph[ul[v] && mstSet[v] == FALSE && graph[ull[v] < keyl[v])
parent[v] = u, key[v] = graph[ull[v];
}

// print the constructed MST
MST_print (parent, V, graph);
}

// driver program to test above function
int main(void)

{
/* Let us create the following graph
2 3
(0) --(1)--(2)
I /\ |
61 8/ \5 |7
I/ \
(3)-=----- (4)
9
*/
int graph[V][V] = {
{0, 2, 0, 6, 0},
{2, o, 3, 8, 5},
{o, 3, 0, 0, 7%},
{6, 8, 0, 0, 9},
{0, 5, 7, 9, 0},
3

// Print the solution
MST_prim(graph);

return 0;
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// A union-find algorithm to detect cycle in a graph
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

// a structure to represent an edge in graph
typedef struct



{

int src, dest;
} Edge;

// a structure to represent a graph
typedef struct

{
// V-> Number of vertices, E-> Number of edges
int V, E;
// graph is represented as an array of edges
Edge * edge;

} Graph;

// Creates a graph with V vertices and E edges
Graph * createGraph(int V, int E)

{
Graph * graph = (Graph *) malloc( sizeof (Graph) );
graph->V = V;
graph->E = E;
graph->edge = (Edge *) malloc( graph->E * sizeof( Edge ) );
return graph;
}

// A utility function to find the subset of an element i
int Find(int parent[], int i)
{
if (parent[i] == -1)
return ij;
return Find(parent, parent[i]);

}

// A utility function to do union of two subsets
void Union(int parent[], int x, int y)
{

int xset = Find(parent, x);

int yset = Find(parent, y);

parent [xset] = yset;

}

// The main function to check whether a given graph contains
// cycle or not
int isCycle( Graph * graph )

{
// Allocate memory for creating V subsets
int * parent = (int #*) malloc( graph->V * sizeof (int) );
// Initialize all subsets as single element sets
memset (parent, -1, sizeof (int) * graph->V);
// Iterate through all edges of graph, find subset of both
// vertices of every edge, if both subsets are same, then
// there is cycle in graph.
for(int i = 0; i < graph->E; ++i)
{

int x = Find(parent, graph->edge[i].src);

int y = Find(parent, graph->edge[i].dest);
if (x == y)
return 1;
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Union (parent, x, y);
}

return O;

}

// Driver program to test above functions
int main(void)

{
/* Let us create following graph
0
[\
| \
1----- 2 */

int V= 3, E = 3;
Graph * graph = createGraph(V, E);

// add edge 0-1
graph->edge [0] .src = 0;
graph->edge [0] . dest = 1;

// add edge 1-2
graph->edge [1].src = 1;
graph->edge [1] .dest = 2;

// add edge 0-2
graph->edge [2] .src = 0;
graph->edge [2] . dest = 2;

if (isCycle(graph))
printf ( "graph,contains cycle.\n" );
else
printf ( "graph, doesn’tcontaing cycle.\n" );

return O0;

2.4 #HAHEEFEAKruskal F %

// C++ program for Kruskal’s algorithm to find Minimum Spanning Tree
// of a given connected, undirected and weighted graph

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

// a structure to represent a weighted edge in graph
typedef struct
{
int src, dest, weight;
} Edge;

// a structure to represent a connected, undirected and weighted graph
typedef struct
{

// V-> Number of vertices, E-> Number of edges

int V, E;

// graph is represented as an array of edges. Since the graph is
// undirected, the edge from src to dest is also edge from dest
// to src. Both are counted as 1 edge here.
Edge * edge;

} Graph;
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// Creates a graph with V vertices and E edges

Graph * createGraph(int V, int E)

{
Graph * graph = (Graph *) malloc( sizeof (Graph) );
graph->V = V;
graph->E = E;

graph->edge = (Edge *) malloc( graph->E * sizeof (Edge) );

return graph;

}

// A utility function to find the subset of an element i
int Find(int parent[], int i)
{
if (parent[i] == -1)
return i;
return Find(parent, parent[i]);

}

// A utility function to do union of two subsets
void Union(int parent[], int x, int y)

{

int xset Find (parent, x);
int yset = Find(parent, y);
parent [xset] = yset;

}

// Compare two edges according to their weights.
// Used in gsort() for sorting an array of edges
int myComp (const void * a, const void * b)
{

Edge * al (Edge *)a;

Edge * bl = (Edge *)b;

return al->weight > bl->weight;

}

// The main function to construct MST using Kruskal’s algorithm
void MST_Kruskal (Graph * graph)
{

int V = graph->V;

Edge result[V]; // Tnis will store the resultant MST

int e = 0; // An index variable, used for result[]

int 1 = 0; // An index variable, used for sorted edges

// Allocate memory for creating V subsets

int * parent = (int #*) malloc( graph->V * sizeof (int) );

// Initialize all subsets as single element sets
memset (parent, -1, sizeof (int) * graph->V);

// Step 1: Sort all the edges in non-decreasing order of their weight

// If we are not allowed to change the given graph, we can create a copy of
// array of edges

gsort (graph->edge, graph->E, sizeof (graph->edge[0]), myComp) ;

// Number of edges to be taken is equal to V-1
while (e < V - 1)
{
// Step 2: Pick the smallest edge. And increment the index
// for mnext iteration
Edge next_edge = graph->edge[i++];
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}

int x
int y

Find (parent,
Find (parent,

// If

// in

if (x
{

result and increment the
1= y)

result [e++] = next_edge;
Union(parent, x, y);
}
// Else discard the next_edge
¥

next_edge.
next_edge.

including this edge does’

src) ;
dest) ;

t cause cycle, include it
index of result for next edge

// print the contents of result[] to display the built MST
printf ("Followingare, the edgesyin,the constructed ;MST\n");

for (i = 0; i < e; ++1i)
printf ("%dy--y%hdu==u%d\n",
result[i].weight);
return;

result[i].src,

result[i].dest,

// Driver program to test above functions
int main(void)

{

/* Let us create following weighted graph

10
S 1
[\ |
6| 5\ |15
| \
2------=-- 3
4
*/
int V = 4; // Number of vertices in graph
int E = 5; // Number of edges in graph
Graph * graph = createGraph(V, E);

// add edge 0-1

graph->edge [0] .src = 0;
graph->edge [0] .dest = 1;
graph->edge [0] . weight = 10;
// add edge 0-2

graph->edge [1].src = 0;
graph->edge [1] .dest = 2;
graph->edge [1] . weight =

// add edge 0-3
graph->edge [2] .src = 0;
graph->edge [2] . dest = 3;
graph->edge [2] . weight = 5;
// add edge 1-3

graph->edge [3] .src = 1
graph->edge [3].dest =

3;
graph->edge [3] . weight =

15;

// add edge 2-3
graph->edge [4] .src = 2
graph->edge [4] . dest =

33
graph->edge [4] . weight =

4;
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MST_Kruskal (graph) ;

return O;

}

BITHR

Following are the edges in the constructed MST
2 -- 3 == 4
0 -- 3 ==25

1 == 10
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