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#define MAX NODES 50

typedef struct graph {
int n; /* Number of vertices in graph */
int adj[MAX NODES][MAX NODES]; /* Adjacency matrix */

} Graph;



* creoke o Qra;iv\

void create graph(Graph *adj mat) {

int i, j;

for (int i = 0; i < adj_mat->n; ++i) {
for (int j = 0; j < adj mat->n; ++3j) {
adj mat->adj[i][]j] = 0;

while (1) {
printf("Enter source and destination vertices: ");
scanf("%d %d", &i, &Jj);

if (1 <0 && j <=0 || 1 > adj mat->n || j >= adj mat->n) {

break;

adj_mat->adj[i][]] = 1;

* Find e ir\deame of a node

int indegree(Graph *adj_mat, int v) {
int count = 0;
for (int i = 0; i < adj mat->n; ++i) {
if (adj_mat->adj[i][v] == 1) {
++count;

}

return count;



* Find e Outdepree of o wnode

int outdegree(Graph *adj mat, int v) {
int count = 0;
for (int j = 0; j < adj _mat->n; ++j) {
if (adj_mat->adj[v][j] == 1) {
++count;

}

return count;

Data  Structure Rzpresm’n'(\g (\d\i,acevu,g Lisk

* ute an arroy of node Srewdures ‘o vepresent multi-lisk

#define MAX NODES 50

typedef struct node {
int data; /* Value of the column of the connection */
struct node *next;

} Node;

/* Inside main(), initialise the array of nodes */

Node *adj list[MAX NODES];



* creoke o %ra?\r\

void create graph(Node *adj list[], int n) {

int i, J;

for (int 1 = 0; i < n; ++i) {

adj list[i] = NULL;

while (1) {
printf("Enter source and destination vertices: ");
scanf("%d %d", &i, &j);

if (1 <0 && j <=0 || i>n || J>n){

break;

// Both for undirected

insert(adj list, i, j);

* Find e 0u+d%ree of o wnode

int outdegree(Node *adj list[], int n, int v) {
int count = 0;

Node *traverse = adj list[v];

while (traverse != NULL) ({
++count;
traverse = traverse->next;

}

return count;



° Find the indeﬂme of a node

int indegree(Node *adj list[], int n, int v) {

int count = 0;

for (int i = 0; i < n; ++i) {

Node *traverse = adj list[i];

while (traverse != NULL) {
if (traverse->data == v) {
++count;
}
traverse = traverse->next;
}
}
return count;
}
* ingert helper Function - ingerk to the end
void insert(Node *adj list[], int i, int j) {

Node *new_node =

new_node->next

(Node *) malloc(sizeof(Node));
NULL;

new_node->data = j;

Node *traverse = adj list[i];

if (traverse == NULL) {
adj list[i] = new_node;
return;

}

while (traverse->next != NULL) {
traverse = traverse->next;

}

traverse->next =

new_node;
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Taitioliste  voriables 4 acceprs inpuit before calling  dlfs —helper

void dfs(Graph *adj mat) {

int vertex, *visited;

// Accept user input
printf ("Enter source vertex: ");

scanf("%d", &vertex);

// Out of bounds
if (vertex < 0 || vertex >= adj_mat->n) {
printf("Vertex not in graph.\n");

return;

// Initialise visited list and set to 0s

visited = (int *) calloc(adj _mat->n, sizeof(int));

// Call recursive function

dfs helper(adj mat, vertex, visited);

// Free memory used by visited

free(visited);

Ackually performg  DFS

void dfs helper(Graph *adj mat, int vertex, int *visited) {
// Mark node as visited and display
visited[vertex] = 1;

printf("%d ", vertex);

// call dfs helper on all of its unvisited connections
for (int i = 0; i < adj _mat->n; ++i) {
if (adj_mat->adj[vertex][i] == 1 && visited[i] == 0) {
dfs helper(adj mat, i, visited);
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void insert(Node *adj list[], int i, int j) {

Node *new node = (Node *) malloc(sizeof(Node));
NULL;
i

new_node->next

new_node->data

Node *temp = adj_list[i];

adj list[i] = new_node;

new_node->next = temp;



void dfs(Node *adj_list[], int n) {

int vertex, *visited;

// Accept user input
printf("Enter source vertex: ");

scanf("%d", &vertex);

// Out of bounds
if (vertex < 0 || vertex >= n) {
printf("Vertex not in graph.\n");

return;

// Initialise visited list and set to 0s
visited = (int *) calloc(n, sizeof(int));

// Call recursive function
dfs helper(adj_list, vertex, visited);
printf("\n");

// Free memory used by visited

free(visited);

void dfs helper(Node *adj list[], int vertex, int *visited) {
// Mark node as visited and display
visited[vertex] = 1;

printf("%d ", vertex);
Node *traverse = adj_ list[vertex];

while (traverse != NULL) {
if (visited[traverse->data] == 0) {
dfs helper(adj_list, traverse->data, visited);

}

traverse = traverse->next;
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Code Irplementation a«)oxcema modrix

void bfs(Graph *adj mat) {

int vertex, *visited, *queue, qr = -1;

// Accept user input
printf("Enter source vertex: ");

scanf ("%d", &vertex);

// Out of bounds
if (vertex < 0 || vertex >= adj mat->n) {
printf("Vertex not in graph.\n");

return;

// Initialise visited list and queue (init 0)
visited = (int *) calloc(adj _mat->n, sizeof(int));

queue = (int *) calloc(adj _mat->n, sizeof(int));

// Loop
append(queue, vertex, &qr);
visited[vertex] = 1;

// While queue is not empty
while (qr != -1) {
vertex = delete(queue, &gr);
printf("%d ", vertex);
for (int i = 0; i < adj _mat->n; ++i) {
if (adj_mat->adj[vertex][i] == 1 && visited[i] == 0) {
visited[i] = 1;
append(queue, i, &qr);

}

printf("\n");

// Free memory used by visited and queue
free(visited);

free(queue);



void append(int *queue, int v, int *pqgr) {
++(*par) ;
queue[*pgr] = v;

int delete(int *queue, int *pgr) {
int res = queue[0];

for (int i = 0; i < *pqgr; ++i) {
queue[i] = queue[i + 17];

}

-=(*pgr) ;

return res;

ud:)acema Wt

void bfs(Node *adj list[], int n) {

int vertex, *visited, *queue, qr = -1;

// Accept user input
printf("Enter source vertex: ");

scanf("%d", &vertex);

// Oout of bounds
if (vertex < 0 || vertex >= n) {
printf("Vertex not in graph.\n");

return;

// Initialise visited list and queue (init 0)

visited = (int *) calloc(n, sizeof(int));
queue = (int *) calloc(n, sizeof(int));
// Loop

append(queue, vertex, &qr);
visited[vertex] = 1;



// While queue is not empty
while (qgr != -1) {
vertex = delete(queue, &qr);
printf("%d ", vertex);

Node *traverse = adj_list[vertex];

while (traverse) {
if (visited[traverse->data] == 0)
visited[traverse->data] = 1;
append(queue, traverse->data,

}
traverse = traverse->next;
}
}
printf("\n");

// Free memory used by visited and queue
free(visited);

free(queue);

Owtput for  dhe same graph
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void dfs path(Node *adj_list[], int n, int source, int dest)
int *visited, *path, count = 0;

// Out of bounds
if (source < 0 || source >= n) {

printf("Source not in graph.\n");

return;

}

if (dest < 0 || dest >= n) {
printf("Destination not in graph.\n");
return;

}

// Initialise visited list and path list to 0s
visited = (int *) calloc(n, sizeof(int));

path = (int *) calloc(n, sizeof(int));

// Call recursive function
print path(adj_list, source, dest, visited, path, count);
printf("\n");

// Free memory used by visited and path
free(visited);

free(path);



// Recursive function
void print path(Node *adj list[], int source, int dest, int *visited, int
*path, int count) {

// Mark node as visited and display

visited[source] = 1;
path[count] = source;
++count;

// Print array if destination reached
if (source == dest) {
for (int i = 0; i < count; ++i) {
printf("%d ", path[i]);

}
printf("\n");
}
else {
for (Node *t = adj_list[source]; t != NULL; t = t->next) {
if (!visited[t->data]) {
print path(adj_list, t->data, dest, visited, path, count);
}
}
}
// Backtrack
—-—-count;
visited[source] = 0;

Output

Enter the number of vertices: 4
Enter source and destination vertices:

Enter source and destination vertices:

Enter source and destination vertices:

w w NN

0
0
Enter source and destination vertices: 1
1
2

Enter source and destination vertices:
Enter source and destination vertices: -1 -1
Enter source vertex: 0

Enter destination vertex: 3

0123

013

023
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int bfs path(Graph *adj mat, int source, int dest) {

int *visited, *queue, gr = -1, vertex;

// Out of bounds
if (source < 0 || source >= adj mat->n) {

printf("Source not in graph.\n");

return 0;

}

if (dest < 0 || dest >= adj mat->n) {
printf("Destination not in graph.\n");
return 0;

}

// Initialise visited list and queue (init 0)

visited = (int *) calloc(adj_mat->n, sizeof(int));
queue = (int *) calloc(adj_mat->n, sizeof(int));
// Loop

append(queue, source, &dr);
visited[source] = 1;



// While queue is not empty
while (qr != -1) {

vertex = delete(queue, &qr);

// Destination reached
if (vertex == dest) {

return 1;

for (int i = 0; i < adj _mat->n; ++i) {
if (adj _mat->adj[vertex][i] && !visited[i]) {
visited[i] = 1;

append(queue, i, &qr);

}

// Free memory used by visited and queue
free(visited);

free(queue);

return 0;

Hetper funchiong for gueues

void append(int *queue, int v, int *pqr) {
++(*par) ;
queue[*pqr] = v;

int delete(int *queue, int *pqgr) {

int res = queue[0];

for (int i = 0; i < *pgr; ++i) {
queue[i] = queue[i + 1];

}

-=(*par);

return res;
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Codle Imp\emenm’rion

© ureate groph funcrion for dicected & undivecred graphe
© Using BFS

void create graph(Graph *adj mat, char undir) {

int i, 3;

// Is graph undirected?

int un = (undir == 'y' || undir == 'Y');
for (int i = 0; i < adj_mat->n; ++i) {
for (int j = 0; j < adj_mat->n; ++3j) {
adj mat->adj[i][]] = 0;

while (1) {
printf("Enter source and destination vertices: ");

scanf("%d %d", &i, &Jj);

if (1 <0 & j <=0 || i > adj mat->n || j >= adj mat->n) {

break;

adj mat->adj[i][]j] = 1;
if (un) {
adj mat->adj[jl[i] = 1;

+ bfs-con for s’rro%\ tonwnecred 6ra?\/\s
n o\lo do wiw L



int bfs con(Graph *adj mat) {
int *visited, *queue, qr = -1;
visited = (int *) calloc(adj_mat->n, sizeof(int));
queue = (int *) calloc(adj _mat->n, sizeof(int));

for (int start = 0; start < adj mat->n; ++start) {
// Initialise visited array
for (int i = 0; i < adj_mat->n; ++i) {
visited[i] = 0;
}
oo T ST oppend Shark vertex ko gueue
L and ok 05 ik
// While queue is not empty
while (qgr != -1) {
// Dequeue first element

vertex = delete(queue, &qr);

// Enqueue all unvisited connections
for (int i = 0; i < adj_mat->n; ++i) {
if (adj_mat->adj[vertex][i] && !visited[i]) {
visited[i] = 1;
append(queue, i, &qgr);

}
// Check visited array
for (int i = 0; i < adj mat->n; ++i) {
if (!visited[i]) {
free(visited);
free(queue);

return 0;

}

// Free memory used by visited and queue
free(visited);
free(queue);

return 1;



COmputer Network Topologu

+ oWl verkies have deocee =2
v no of ‘d‘b“" no of verkicee

* no. of linkg = vno. of nodes —|
» ong (entval vertex (ownected 4o all  othere
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* wwmplere  gph

©overy node has degee=a  except ending nodeg whidn
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Presence of tycle in Groph
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Code Implementation

int dfs cycle(Graph *adj mat) {

int

/* For a connected graph */

int *visited;

/* Initialise visited list and queue (init 0) */
visited = (int *) calloc(adj_mat->n, sizeof(int));
_ . o — ?aren\'
int res = dfs(adj_mat, 0, visited, -1);

\ vertex
/* Free memory used by visited and queue */

free(visited);

return res;

dfs(Graph *adj mat, int vertex, int *visited, int parent) {

L e— mMork visited

for (int i = 0; i < adj mat->n; ++i) {

int res;

visited[vertex] =

/* If the connection exists and is not the parent */
if (adj_mat->adj[vertex][i] && i != parent) {

/* If the child is visited */

if (visited[i]) {

return 1;

}
/* If child is not visited */ oW
else { L//’ PﬂfQﬂ*
res = dfs(adj_mat, i, visited, vertex);
if (res) return res;
}

}

return 0;



Acrienlation Poind

© Moo called b vertex

» Verkox paat when vemvoved moker o groph  disconneced
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Find BPe 4 P
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D Remove one vertex and thece for tonneetividy
2) Repear for oMl vertices

3 tan find oll artwlakion pointe
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§) ¥ graph digconnected when ony one verfex  hag
been removed, vt vertex i N’ articulation poiny



INDEXING) USING  B-TREES
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B-Tree of Order m

9 AW \eaves on tame level

D AL internal nodes eycept the root have OF most ()
non-emply children ond  oF leatk [m)y] on-ewp
Crildren ;" st most (m-D keyc ond o least T =11
keys (non-root)

3) Nuwber of Yeus wn eadn inxermnal node i< one lets khan
the number of now-empry thildfen and partifioning &
bosed on Searth Avee Concept

(.( CL C?>

¥) Roo¥ max : m children omd wan: 3 cwildren /o wildren

Contiruttion of o B-ree /Inserkon

Queskion 14

B-Tree of order §

50, 60,20, 10, 30, 4o, 5, § | &0, 100



Mmin keys = (S'v:\] =2

Mo keyt = Sl = 4

"
-

oy
—

\
o

W hodes

[\]
o\

mos nodes

+ note: keys will Stop gekting added only  offer  the
nave vu‘)?(,\ned MO I J 3

Read SO v Y
lcegs
Read 60 e
Reod 20 o in ovder
Kwd lO < in Orde(
Read 30 overflow

(0,290,320, 50,60

.\

* Toke widdle § sphivr  Cfor even can choose bias)



30

S

10,20 0,60

Read 4o

¢ Added +o leaves Lbovmm—up)

30
10,20 40,50,60
Reud 5
30
§,10,20 40,50, b0
Reod R
30
5,8,l0,20 40,50, 60
Read 80
30

5,8,l0,20 40,50,60, 80



Read 100

20 over £low

§,8,l0,20 40,50,60, 80,100

+ Toke widdle § tpliv Cadd +o topmost node)

e— if 4hie ever overflows,

30, bo split and move up

| N

40,50

5,8,10,20 80,100

o o \evel O \evel of indexir\%

. Al caled For 4ree (Short- € wide)

Delexion in B-Trees

+ Deletion can be internal node or leaf node
D Non-lea [interra) node
* e immediofe  predecessor | Successor will ve n o \ead

* promote imwediode predecesor [ Suctessor +o  posikion of
elered node



2 Leof node
G) Case L- leof containg keys > min no. of keys
' simply delete the key
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