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Fpadol (Graphs)

|

OL ypadot (graphs) sival pia Sopr de6o0uévwy MOV XPNOLUOTIOLE(TAL YLlol VO OVATIAPACTHOEL TV LAONUOTIKNA
£gvvola Twv ypadwv. Mpokettal yia €va olvolo amd kopudég / kopPoug (nodes) kat akpég (edges) mou
ouvS£ouv Toug KOUPBOUG autouc. Zuxvd, ol ypddol Bewpouvtal Ul yevikeuon Twv 8évEpwv OMou avtl va
gxoupe pla ‘koBapr’ CUCYETION TOTPLKOU KOPPBoU Ue KOUPouC Taldld, UAOTIOLOUME HLOl TIO TEPLMAOKN
Slaouvdeon Twv KOUBWV.

‘Evag ypadog G eival éva datetaypévo auvolro (V,E) émou G(V) eivat To cuvolo Twv KOUPwV Tou ypadou Kal
G(E) elvat To oUvoAo Twv akuwv. H akoAoubn swova pag mapouaotalel va mapadelypa evog ypadou.
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OLypadol pmopet va eival kateuBuvopevol (directed) | pn (undirected). Ztoug kateuBuvVopEVOUC YypddOoUC OL
OKUEG EXOUV OUYKEKPLUEVN KaTtewBuvaon, emitpénovtag Tty ‘Kivhon’ novo mpog tnv katevBuven mou Seixvouv.
JTOUG KN KateuBuvopevoug ypadouc, oL aKUEG SEV €X0UV KATIOLA CUYKEKPLUEVN KateuBuvaon.
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MNa kaBe akun e=(u,v) mou cuvdéel Toug KOUPBOUG U, v, oL KOUPOL u,v ovoUAlovTaL YELTOVLKOL KOl aroTteAOUV Ta
TEAKA onuela TG akpnc. Otav ol akpéG GEPOUV ETIKETA OTNnV omola avatiBevral kamola dedopéva (m.y. Evag
aplBudc), tote o ypadog ovopaletal ypadog pe Bapn (weighted graph).
Mo TV avamnapactoon Twv ypadwv, otn BLBAloypadia cuvavtdpe tpelg (3) Tpomoud:

- AkolouBLakd, xpnolpomouwvrtag £va Ttivaka yettviaong (adjacency matrix)

- Avamapadoctaon pe Alota kol TO ouykekplpéva pe Alota yewtviaong (adjacency list), omou

amnoBnkelovtal yla KaBe KOUPO oL yeitoveg Tou o pia Alota
- TMoAAhamAég AloTeg yeltviaong mou amoteAel pLa emMEKTAON Tou SeUTEPOU AVATIHPAOTACNC TWV Ypadwy

Nivakeg Mertviaong

Ou mivakeg yettvioong amoBnkelouv 1o molol koppol yettvialouv pe molouC. EE oplopou, Suo kopPol
vettvialouv edOooOV UTIAPXEL OKUN TIOU Toug ouvdéel. MNa kdBe ypdado mou €xel N kOpPoug, o Tivakag
vettviaong Ba €xel Stadotacn NXN. Ol ypapueEG Kal ol OTAAEG TOU Tivaka Ba £€X0UV WG ETIKETEC TOL OVOLLATA TWV
kOuBwv. K&Be otolelo a; Tou mivaka Ba eival ioo pe 1 av oL kopPol i, j elvar yeitoveg Stapopetikd Ba eivat ioo
pe 0. AkoAouBouv kamola mapadsiypata mvakwy yettvioonc.
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Ta akéAouBa cupnepdcuotTa Pmopouv eUKoAa va €axBouv:
- T éva ypado mou dev €xel KUKAOUG, N Slaywvlog Tou Ttivaka yeitviaong Oa eival ion pe 0
- O mivakag yettviaong evog pn kateuBuvopevou ypdadou Ba elval CULUETPLKOC
- H pvApn mou amotteitol yla Tty amoBrkeuon Ttou mivaka yettvioong Ba eivatr O(N?) — N eival to
TANBo¢ Twv KOUPwv
- O mivakag yeltvioong yla €va ypado pe Bapn, Ba amobnkelel oe kdBe otolxeio o PAPOG TNG
QVTLOTOLXNG OKUNG

Code 1

#tinclude<stdio.h>

#include<conio.h>

int dir_graph();

int undir_graph();

int read_graph(int adj_mat[50][50], int n );

int main()
{
int option;
do
{
printf("\n A Program to represent a Graph by using an ");
printf("Adjacency Matrix method \n ");
printf("\n 1. Directed Graph ");
printf("\n 2. Un-Directed Graph ");
printf("\n 3. Exit ");
printf("\n\n Select a proper option : ");
scanf("%d", &option);
switch(option)

{
case 1 : dir_graph();
break;
case 2 : undir_graph();
break;
case 3 :return 0;
}// switch
} while(1);
}
int dir_graph()
{
int adj_mat[50][50];
intn;

intin_deg, out_deg, i, j;

printf("\n How Many Vertices ? : ");

scanf("%d", &n);

read_graph(adj_mat, n);

printf("\n Vertex \t In_Degree \t Out_Degree \t Total_Degree ");
for(i=1;i<=n;i++)

{



in_deg = out_deg =0;
for(j=1;j<=n;j++)
{
if (adj_mat[j][il==1)
in_deg++;
}
for(j=1;j<=n;j++)
if (adj_mat[il[j]==1)
out_deg++;
printf("\n\n %5d\t\t\t%d\t\t%d\t\t%d\n\n",i,in_deg,out_deg,in_deg+out_deg);
}

return O;

int undir_graph()
{
int adj_mat[50][50];
intdeg, i, j, n;
printf("\n How Many Vertices ? : ");
scanf("%d", &n);
read_graph(adj_mat, n);
printf("\n Vertex \t Degree ");
for(i=1;i<=n;i++)
{
deg=0;
for(j=1;j<=n;j++)
if (adj_mat[i][j] == 1)
deg++;
printf("\n\n %5d \t\t %d\n\n", i, deg);
}

return O;

int read_graph ( int adj_mat[50][50], intn)
{
inti, j;
int reply;
for(i=1;i<=n;i++)
{
for(j=1;j<=n;j++)
{
if(i==j)
{
adj_mat[il[j] = 0;
continue;
}
printf("\n Vertices %d & %d are Adjacent ? (Y:1/N:0) :",i,j);
scanf("%d", &reply);
if (reply==1)
adj_mat[i][j] = 1,



else
adj_mat[il[j] = 0;
}
}

return O;

| Nioteg lettviaong

H doun autn amnoteAeital and pa Alota otnv onoia anoBnkevovtat 6Aot ot KopBoL tou ypadou. O kdbBe évag
KOUPOC 0T CUVEXELD CUVOEETAL PHECW HLOG ALOTAG LE TOUC YELTOVIKOUG TOU KOUPOUC. Ta MAEOVEKTHOTA QUTAG
NG TEXVIKAG elval Ta akdAouBa:

- MmnopoUue eUkoAa va akoAouBrGoulE TIC AlOTEG

- Eilvai mpotiuotepn Soun otav £{OUHE VA aVATTAPACTHOOUE apalolc ypadoug

- HmnpooBnkn véwv KOUBwV yilvetal Lo eUKoAQ o€ avtiBeon Pe TOUG TIIVOKEG YELTViaONG
AkoAouBoUv karmola napadeiypata AloTwy yeLtviaong.
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Code 2

#include <stdio.h>
#include <conio.h>
#include <malloc.h>

struct node
{
char vertex;
struct node *next;
12
struct node *gnode;
void displayGraph(struct node *adj[], int no_of_nodes);
void deleteGraph(struct node *adj[], int no_of_nodes);
void createGraph(struct node *adj[], int no_of nodes);

int main()

{



struct node *Adj[10];

inti, no_of_nodes;

printf("\n Enter the number of nodes in G: ");

scanf("%d", &no_of_nodes);

for(i = 0; i < no_of_nodes; i++)
Adj[i] = NULL;

createGraph(Adj, no_of nodes);

printf("\n The graph is: ");

displayGraph(Adj, no_of nodes);

deleteGraph(Adj, no_of nodes);

getch();

return O;

void createGraph(struct node *Adj[], int no_of_nodes)

{

struct node *new_node, *last;
inti, j, n, val;
for(i = 0; i < no_of_nodes; i++)

{
last = NULL;
printf("\n Enter the number of neighbours of %d: ", i);
scanf("%d", &n);
for(j=1;j<=n;j++)
{
printf("\n Enter the neighbour %d of %d: ", j, i);
scanf("%d", &val);
new_node = (struct node *) malloc(1 * sizeof(struct node));
new_node -> vertex = val;
new_node -> next = NULL;
if (Adj[i] == NULL)
Adj[i] = new_node;
else
last -> next = new_node;
last = new_node;
}
}

void displayGraph (struct node *Adj[], int no_of_nodes)

{

struct node *ptr;
inti;
for(i = 0; i < no_of_nodes; i++)
{
ptr = Adj[il;
printf("\n The neighbours of node %d are:", i);
while(ptr != NULL)
{
printf("\t%d", ptr -> vertex);



ptr = ptr -> next;

void deleteGraph (struct node *Adj[], int no_of_nodes)

struct node *temp, *ptr;
for(i = 0; i <= no_of_nodes; i++)

}
}
{
inti;
{
}
}

ptr = Adjl[i];

while(ptr != NULL)

{

temp =

ptr;

ptr = ptr -> next;

free(temp);

}
Adji] = NULL;

| AAyopLOpot Ardoxiong Npddpwv

Ma tn dwaoxion ypadwv xpnolpomnolovvrot Suo pébodot:

o Avalfitnon katd nAdtog (breadth-first search)

e Avalntnon katd Badog (depth-first search)
H avalntnon katd mAAGTog uloBeTel tn Sour TtNg OUPAG WOTE VO TPAYHATOMOLCEL TNV avaltnon evw n
avalitnon kotd Baboc vioBetel tn doun tng otoifag. Kot ol SUo alyoplBuot Bacilovtal os pla PetaBAnti
STATUS mou unodelkvUeL TNV Katdotacn Twv kKopBwyv. Quoikd, pmopel va umtapEouv ka AAAEG UAOTOLNOELS yLa
TNV aQvamapaoTacn TtTng KATAoTaong Twv KOUBwv. O emoOpevog mivakag mapouotalel Tig TiuéG STATUS kal tn

onuaaoia toug.
Status | State of the Description
node
1 Ready The initial state of the node N
2 Waiting Node MW is placed on the queue or stack and waiting to be processed
3 Processed Node N has been completely processed

A. Avaintnon Kotd mAdrog
O BFS (breadth-first search) €ekwva amo to pulikd kOpPBo kot e€etdlel 6Aou¢ toug yeitovég tou. Adou
oAOKANPWOEL TNV £€£TAON TWV YEITOVWY, ylo. KAOe éva amo autoug e€eTdlel OAOUC TOUG YELTOVIKOUG TOUC av
Sev éxouv Nén efetaotei. O alyoplOpog £xel we €€NC:



Step 1: SET STATUS = 1 (ready state)
for each node in G

Step 2: Enqueue the starting node A
and set its STATUS = 2
(waiting state)

Step 3: Repeat Steps 4 and 5 until
QUEUE is empty

Step 4: Dequeue a node M. Process it
and set its STATUS = 3
{processed state).

Step 5: Engueue all the neighbours of
M that are in the ready state
(whose STATUS = 1) and set
their STATUS = 2
(waiting state)
[END OF LOOP]

Step 6: EXIT

AkoAouBel éva mapddelypa ekTéEAeoNnC TOU aAyopiBuou. Ito mapadelypa auto, Epa omd TOUG amapaitnTtoug
Selkteg TNG oupag mou emefepyaldUaote, Kpatape otov Tivaka ORIG tov matplkd KaBe kOpBou katd tnv
ektéAeon tou BFS. H ektéleon teppartiletal otav ¢ptacoupe otov kKoppo .

Adjacency lists

TIQITmMOoOOmE
Tmaooomme

FRONT = O [ QUELUE = A
REAR = 0 [ ORIG = O

FROWNT = 1 | QUELE = A B
REAR = 3 |[ORIG = O A
FRONT = 2 | QUEUE = A B C D E
REAR = 4 |[ORIG = ™0 A A A B
FRONT = 3 | QUEUE = A B C D E
REAR = 5 |[ORIG = O A A A B
FRONT = 4 | QUEUE = A B C D E a
REAR = 5 | ORIG = MO A A A B
FRONT = 5 | QUELUE = A B C D E G F
REAR = & | ORIG = O A A A B C E
FRONT = & [QUEUE = A B C D E G F
REAR = 9 |[ORIG = 7O A A A B C E G €]

Execution: https://visualgo.net/dfsbfs

Code 3

#include<stdio.h>
#include<stdlib.h>



t#tdefine MAX 100

ttdefine initial 1
#define waiting 2
#define visited 3

intn;

int adj[MAX][MAX];
int state[MAX];

void create_graph();
void BF_Traversal();
void BFS(int v);

int queue[MAX], front = -1,rear = -1;
void insert_queue(int vertex);

int delete_queue();

int isEmpty_queue();

int main()

{
create_graph();
BF Traversal();
return O;

void BF_Traversal()

{

intv;

for(v=0; v<n; v++)
state[v] = initial;

printf("Enter Start Vertex for BFS: \n");
scanf("%d", &v);
BFS(v);

void BFS(int v)
{

inti;

insert_queue(v);
state[v] = waiting;

while(lisEmpty_queue())
{
v = delete_queue( );
printf("%d ",v);
state[v] = visited;



for(i=0; i<n; i++)
{
if(adj[v][i] == 1 && state[i] == initial)
{
insert_queue(i);
state[i] = waiting;

}
printf("\n");

void insert_queue(int vertex)
{
if(rear == MAX-1)
printf("Queue Overflow\n");
else
{
if(front == -1)
front =0;
rear = rear+1;
gueue[rear] = vertex ;

}
}
int isEmpty_queue()
{
if(front == -1 | | front > rear)
return 1;
else
return O;
}

int delete_queue()
{
int delete_item;
if(front == -1 | | front > rear)
{
printf("Queue Underflow\n");
exit(1);

delete_item = queue[front];
front = front+1;
return delete_item;

void create_graph()

{

int count,max_edge,origin,destin;



printf("Enter number of vertices : ");
scanf("%d",&n);
max_edge = n*(n-1);

for(count=1; count<=max_edge; count++)

{
printf("Enter edge %d( -1 -1 to quit ) : ",count);
scanf("%d %d",&origin,&destin);

if((origin == -1) && (destin == -1))
break;

if(origin>=n | | destin>=n || origin<0 | | destin<0)

{
printf("Invalid edge!\n");
count--;

!

else

{
adj[origin][destin] = 1;

!

B. Avaintnon katda Badog

O DFS (depth-first search) €ekiva amo tov apxLko / puliko KopPo kat cuveyilel tpog Toug KOPPBouc matdlda péxpt
va Bpebel o koppog avalntnong n va ¢tdocoups os KOUPO xwpic maldid. Otav o alyoplBuog ¢tdoel ot
ab1E€obo, toTe omioBoywpsel emotpédpovrag otov Mo npodcdato kopPo mou dev £xel mMARpw¢ e€epeuvndel. O
oAyOpLOuOG £xeL WG €ENG:

Step 1: SET STATUS = 1 (ready state) for each node in G

Step 2: Push the starting node A on the stack and set
its STATUS = 2 (waiting state)

Step 3: Repeat Steps 4 and 5 until STACK is empty

Step 4: Pop the top node N. Process it and set its

STATUS = 3 (processed state)

Step 5: Push on the stack all the neighbours of N that
are in the ready state (whose STATUS = 1) and
set their STATUS = 2 (waiting state)

[END OF LOOP]

Step 6: EXIT

To akdAouBo mopddetypa Eekva amod tov kéuPBo H kat mpoomabel va tuntwaoetl GAoug Toug KOUBOUG Tou eivat
TPOOPACLUOL ATtd AUTOV.



Adjacency lists

ABC D

B:E

CBG

DCG

E:CF

F:-C.H

= F,H, I

H: E, I

I: F

| STACK:H

PRINT: H | STACK:E.I |
PRINT: I | STACK-EF |
PRINT. F STACK:E. C
PRINT. C STACK:E.B. G
PRINT: G STACK:E. B
PRINT: B |  STACK-E |
PRINT. E STACK:

Execution: https://visualgo.net/dfsbfs

Code 4

#include<stdio.h>

void DFS(int);
int G[20][20],visited[20],n; //nis no of vertices and graph is sorted in array G[10][10]

int main()
{
inti,j;
printf("Enter number of vertices:");

scanf("%d",&n);

//read the adjecency matrix
printf("\nEnter adjecency matrix of the graph:");

for(i=0;i<n;i++)
for(j=0;j<n;j++)
scanf("%d", &G[il[j]);

//visited is initialized to zero
for(i=0;i<n;i++)



visited[i]=0;

DFS(0);

void DFS(int i)

{
int j;
printf("\n%d",i);
visited[i]=1;

for(j=0;j<n;j++)
if(Ivisited[j]1&&G[i][j]==1)
DFS(j);

‘ Aévépa EmikaAuyng EAaxiotou Kootoug (Minimum Spanning Trees) ‘

Ta 6évépa emukdAung (spanning trees) sival 6&vSpa ta omoio KAAUTITOUV OAOUC TOUG KOUBOUC evog ypadou.
‘Evag ypadog umopet va €xet meplocotepa amnod Eva S&vdpa emikaAuPng. Av €xouv amodoBel Bapn OTLC AKUEG
ToU ypadou, Tote To 8£vépo emikaAuPng eAayiotou K6otoug (minimum spanning tree - MST) eivat to §évdpo
eTUKAALPNC IOV €XEL TO UIKPOTEPO ABpolopa Bapwv amod oha ta Sévdpa emkaAung.

MNapadeiypata:

{Unwheighted graph)
&6
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(Total cost = 11) | (Total cost = 11) | (Total cost = 14) | (Total cost = 15) [ (Total cost = 14)

O AAyopiBpog tou Prim

O aAyoplOuoc uloBetel tnv anmAnotn pebodo kat Statnpet Tpia cuvola KOUPBwV:
e Tree vertices. OL kKOBoOL amoteAoUV TR Tou MST.

e Fringe vertices. Ol koupol autol dev eival Tunpa tou MST aAAd eival yeltoveg KOUPwWY TOU AVKOUV
oto MST.



e Unseen vertices. O\oL oL utoAoLmol Kool
O aAyoplOuocg £xel wg €AG:

Step 1: Select a starting vertex
Step 2: Repeat Steps 3 and 4 until there are fringe vertices

Step 3: Select an edge e connecting the tree vertex and
fringe vertex that has minimum weight
Step 4: Add the selected edge and the vertex to the

minimum spanning tree T
[END OF LOOP]
Step 5: EXIT

Noapadsiypota ektéAeong.

A. Exkkivnon aro tov kouBo A

@_L (B) _I -(8) _I:
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B. Exkivnon amo tov kouBo D



Code 5

#include <stdio.h>
#include <limits.h>

// Number of vertices in the graph
#define V5

// 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 (intv=0; v<V;v+t)
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[]
int printMST(int parent[], int n, int graph[V][V])
{
printf("Edge Weight\n");
for (inti=1;i<V;i++)
printf("%d - %d %d \n", parent[i], i, graphl[i][parent[i]]);

// Function to construct and print MST for a graph represented using adjacency
// matrix representation
void primMST(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 (inti=0;i<V;i++)
keyl[i] = INT_MAX, mstSet[i] = false;

// Always include first 1st vertex in MST.
key[0] =0; // Make key 0 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 (intv=0; v<V;v+t)

// graph[u][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][v] is smaller than key[v]

if (graph[u][v] && mstSet[v] == false && graph[u][v] < key[V])
parent[v] =u, key[v] = graph[u][v];



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

// driver program to test above function
int main()
{
/* Let us create the following graph
2 3
(0)--(1)--(2)
| /\ |
6|8/ \5]|7
WA

9 */
int graph[V][V] = {{0, 2, 0, 6, 0},
{2,0,3,8,5},
{0,3,0,0,7},
{6,8,0,0,9},
{0,5,7,9,04},
I

// Print the solution
primMST(graph);

return O;

Execution: https://visualgo.net/mst

‘ O AAyopOpuocg tou Kruskal

O aAyoplBuog avalntd to UMoCUVOAO aKMWV TIou oxnuatilouv éva 6évépo mou meplhapBavel 6Aoug Toug
KOMBoUG. Av 0 ypadog bev elval ouvdedepévog, o alyoplBuog emiotpedel éva dAacog ano MSTs. O alyoplBuog
ULOBETEL Lo OUPA HE TPOTEPALOTNTA OTNV OTOLA Ol OKMEG HE TO MIKPOTEPO PAPOC €XOUV WEYOAUTEPN
TPOTEPALOTNTA EVAVTL TWV UTIOAOIMWVY. O aAyopLlOuog XL we €ENG:

Step 1: Create a forest in such a way that each graph is a separate
tree.

Step 2: Create a priority gqueue Q that contains all the edges of the
graph.

Step 3: Repeat Steps 4 and 5 while Q is NOT EMPTY

Step 4: Remove an edge from Q

Step 5: IF the edge obtained in Step 4 connects two different trees,
then Add it to the forest (for combining two trees into one
trea).
ELSE

Discard the edge
Step 6: END

Nopadsypa



APXLKA €XOUE:

Ornote

F={{A}. {B}. {C}. {D}. {E}. {F}}
MST = {}
Q= {(A. D). (E. F). (C. E). (E. D). (C. D). (D. F).
(A.C). (A.B). B. O)}

F ={{A, D}, {B}, {C}, {E}, {F}}
MST = {A, D}
Q={(E, F), (C, E) (E D}, (C,D), (D, F) & C), (A B), (B, C)}

F={{A, D}, {B}, [C}, {E F}
MST = {(A, D}, (E, F)}
Q= {(C, E), (E, D), (C, D), (D, F), (A, C), (A, B), (B, C}

F={{A D} (B} {C.EF}
MST = {{A, D), (C, E), (E, FJ}
Q= {[E D), (C,D) (D F) (A C), (A B) (B C)}

F={{A C,D,E F}, {E}}
MST = {(A, D), (C. E), (E, F), (E, D)}
Q={C, D) (D, F), A C), A B), (B C)



F = {{A.C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D);
Q =1{D.D.(A.C).(A.B).(B.C)}

F = {{A. C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D)}
Q ={(A.C).(A.B). (B.C)}

F = {{A. C.D.E.F}. {B}}
MST = {(A. D). (C. E). (E. F). (E. D)}
Q ={(A.B).(B.O)}

F={a B CDEF}
MST = {(A, D), (C, E), (E, F), (E, D), (A, BJ}
Q={B CJ

F={A B CD,EF)
MST = {(A, D), (C, E), (E, F), (E, D), (A, B)}
Q={

Code 6

// 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
struct Edge
{

int src, dest, weight;

|3

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

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

intV, 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.
struct Edge* edge;
|3

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

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

}

// A structure to represent a subset for union-find
struct subset
{

int parent;

int rank;
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// A utility function to find set of an element i
// (uses path compression technique)
int find(struct subset subsets[], int i)
{
// find root and make root as parent of i (path compression)
if (subsets[i].parent !=1)
subsets|i].parent = find(subsets, subsets[i].parent);

return subsetsl[i].parent;

// A function that does union of two sets of x and y
// (uses union by rank)
void Union(struct subset subsets[], int x, int y)
{
int xroot = find(subsets, x);
int yroot = find(subsets, y);

// Attach smaller rank tree under root of high rank tree

// (Union by Rank)

if (subsets[xroot].rank < subsets[yroot].rank)
subsets[xroot].parent = yroot;

else if (subsets[xroot].rank > subsets[yroot].rank)
subsets[yroot].parent = xroot;

// If ranks are same, then make one as root and increment
// its rank by one



else

{
subsets[yroot].parent = xroot;
subsets[xroot].rank++;

// Compare two edges according to their weights.
// Used in gsort() for sorting an array of edges
int myComp(const void* a, const void* b)
{
struct Edge* al = (struct Edge*)a;
struct Edge* b1l = (struct Edge*)b;
return al->weight > b1->weight;

// The main function to construct MST using Kruskal's algorithm
void KruskalMST(struct Graph* graph)
{
int V = graph->V;
struct Edge result[V]; // Tnis will store the resultant MST
inte =0; // An index variable, used for result[]
inti=0; // Anindex variable, used for sorted edges

// 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);

// Allocate memory for creating V ssubsets
struct subset *subsets =
(struct subset*) malloc( V * sizeof(struct subset) );

// Create V subsets with single elements
for (intv=0; v<V; ++v)
{

subsets[v].parent = v;

subsets[v].rank = 0;

// 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 next iteration
struct Edge next_edge = graph->edgeli++];

int x = find(subsets, next_edge.src);
inty = find(subsets, next_edge.dest);



// If including this edge does't cause cycle, include it
// in result and increment the index of result for next edge
if (x I=y)
{
result[e++] = next_edge;
Union(subsets, x, y);

}
// Else discard the next_edge

// print the contents of result[] to display the built MST
printf("Following are the edges in the constructed MST\n");
for(i=0;i<e;++i)
printf("%d -- %d == %d\n", result[i].src, result[i].dest,
result[i].weight);
return;

// Driver program to test above functions
int main()
{
/* Let us create following weighted graph
10

4 */
int V=4; // Number of vertices in graph
int E=5; // Number of edges in graph
struct 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 = 6;

// 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 = 3;
graph->edge[4].weight = 4;

KruskalMST(graph);

return O;

Execution: https://visualgo.net/mst



