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Ansl

A priarity gueue is a abstract data type In computer programming, supporting the
following three operations:

= zadd an element to the queue with an associated priarity
= remove the element from the queue that has the highest priarity, and return it
= [optionally) peek at the element with highest priority without remowing it

Aosimple way to implement a priority queue data type is to keep a list of elements, and
zearch through the list for the highest priority element for each "minimum® or "pesek”
aperation. This implementation takes (1) time to insert an element, and C(n) time
for "minimum” or "peek". There are mamny more efficient implementations awvailable.

If & =elf-balancing binary search tree is used, all three operations take O(log n) time;
this i= a popular saolution in ermviranments that already prowvide balanced trees. The
wan Emde Boas tree, another assoaciative array data structure, can perform all three
aperations in O(lag log n) time, but at a space cost for small queues of about O

(2”“2). where m is the numhber of hits in the priority walue, which may be prohibitive.

Implemeantation of Priority Qlueues:

Friority Clueues can be implemented far:

Priority Clueues can be implemented for:
1. Bandwidth Managerment

2. Discrete Event Simulations

3. A" Search Algorithm

Exarmple of Priarity Cueue:

M Program of Insertion, Deletion and Display in a Priority queue using linked list™f
# include=stdio h=
# include=malloc h=

=struct node

1

Nt priorty;

int info,;

struct node *link;
P front = MLILL;

1

Nt choice;
worhiile( 1)

i

prmntfC" 1 Jdnsertu™]);
prntf(" 2 Dhelete™nn"]);
prntf(" 2 . Displasyhn™]);

[T W ) e S DI} Y o Rl
printfi"Enter wour choice - "],
scanf("%%ed", Schaice];

swvwitch({chaoice])

Ccase 1:
imsert(];
lareals;
cCase 2
clel);
lareals;
Case 3:
displawi().
lareals;
Cas=e <}:




e,
case 4:

exit{ 17,

default :

printf{""rong choicen");
F*End of switch™rf
FrEnd of while™f

FrEnd of main(J* s

insert()

struct node *tmp 7 q;

int added_itermn,iterm_priority;

tmp = (struct node "Jmalloc(sizeof(struct node));
printf("Input the item walue to be added in the queue : "};
scanf("%d" S&added_iterm);

printf("Enter its priarity : "),

scanf("%d" Eitermn_priority];

tmp-=info = added_itern;

tmp-=priarity = iterm_priority,

Mueue is empty or itern to be added has priority more than first iterm™s
if{ front == KULL || itern_priority <= front-=priority )

N

[ ey [ Cen ey

:’;‘.ddueue i= ermpty D.t’_irfer'n to be added has priority rmoare than first item™s
iff front == NUILL || term_priority <= front-=priarity )

timp-=link = frant;
front = trmip;

¥

elzse

{

0 = front;

while[ g-=link 1= MULL && g-=link-=priarity == iterm_priority )
q=g-=link;

trmp-=link = g-=link;
g-=link = tmp;
W*End of else®f
W*End of insert(J*f

del()
{

struct node *tmp;

if{front == MILLL)
printf("Cueue Underflowiny,
elze

printf{"Crueue Linderflowveiin™]);
el=e

trmp = frant;

printf{"OCieleted iterm is *odwn” tmp-=info]j,
fromt = front—=linlk;

free(trmp];

W ERd of del(1™/

displawi()
1

=truct naode *ptr;
ptr = front;

if(fraomnt == MILILL)
printf{"Cueue is ermpbyhin'];
else

4L printfi"Cueue i= vty
printf{"FPriarity [termhh™];
wwhile(ptr 1= ML)

1
printf{"2ood FeSdwn”  ptr-=priarity, ptr-=infa),;
ptr = o= =lirk;




cisplayl)

struct nade *ptr;

ptr = front;

if(front == MILLL)
printf{"Cueue is emptyn®);
else

{ printf{"Cueus is "),
printf{"Priarity [termtn");
wehile(ptr 1= MIULL)

printf{"*e5d ¥adin", ptr-=priority, ptr-=infao);
ptr = ptr-=link;

W*End of elzse *f
W End of display() *f

Ans?2

™ Program of polynomial addition using linked list *f
#include <=stdio.h>

#include =malloc.h=

#include <conio.h=

=struct node

float coef;
int expo;
struct node Tlink;

I3

struct node *paly_add(struct node * struct nade *];
struct node Tenter{struct nade *);
struct node *insert{struct nade * float,int);

rmaing
struct node *pl1_start,*p2__start *p3_start;

p1_start=NULL,

Pl __start=rLL;
P2 start=rlLL;
P2 start=rlLL;

clr=cri ],
printf{"Falymarmial 1wy,
Pl _start=enter{p1__start];

printf{"FPolynomial 2wy,
P2 start=enter{p?_start];

P3_start=poly_add(p1_start,p2__=start];

printf{"FPaolynarmial 1 is ;0 "]);
displaw(p1__start);
printf{"FPaolyvnaomial 2 is . "]);
displawv(pZ_ start];
printf{"~Added polvnaomial is ;0 "),
displaw(p3d__start];

ENd of rmain( )™ s



struct nade "enter(struct node *start)

i

int i,m,ex;

float co;

printf{"Howy rmany terrms o wwant to enter @ "),
scanf("*ed" &n];

forf(i=1;i==n;i++]

printf{"Enter coeficient for terrm 2.d . ".i];
scanf("%of", &co);

printf{"Enter exponent far terrm %od © ",i]);
scanf("*od" e,
start=insert{start,co,ex];

*

returmn start;

Y End of enter( ™5

struct node Finsert{struct node *=start float coint ex)

struct node *ptr,*trmip;
trmp= malloc(sizeaf{=truct node]);

struct node *ptr,*tmp,

tmp= malloc(sizeof{struct nade)];
tmp-=coef=co;

trp-=expo=gx;

Mlist empty or exp greater than first one *¥
if{start==rUILL || ex=start-=expo)

tmp-=link=start;
start=trmp;

else

ptr=start;

while{ptr-=linkI=MNILULL && ptr-=link-=expo=ex)
ptr=ptr-=link;

tmp-=link=ptr-=link;

ptr-=link=tmp;

if{ ptr-=link==MLILL} iterm to be added in the end *f
trmp-=link=MLILL;

return start;

oY e DO (- S L)
y o .

struct node *poly_add({struct node *p1 ,struct node *p2)

1

struct node *p2_start,*p2 . "tmp;
p3_start=MLULL,;

if{p1==rMLLL && pZ==MIILL])
return p2_start;

wehilefp 11 =MULL && p2l=MILL )

tmp=malloc(sizeof(struct node]];
if{p3_start==rLILL)
1

p3_start=tmp;
p3=p3_start;
T

else

{
pa-=link=tmp;
pa=p3-=link;

If{pl-=expo = p2-=expo)
{

tmp-=coef=p1-=coef;




M- —e=p0 = f==e=p0]
1

trmp-=coef=p1-=coef,
trmp-=expo=—pl-=expo,
p1=pl1-=link;

else

if{p2-=expo = pl-=expo)
1

trmp-=coef=p2Z2-=caoef;
trmp-=expo=pXZ-=aexpao,
p2=p2-=link;

¥

el=e=

fipl-=expo == pZ-=expa)
1

trmp-=coef=pl-=coef + p2-=>=coef;
tmp-=expo=pl-=expo,
pl1=p1-=link;

pZ2=p2-=link;

T
W End of while™f§
webile(p 1 I=MILILL)
I

| —
e Lp T T

trmp=malloc(sizeof(struct node]],;
trmp-=coef=p1-=coef,
tmp-=expo=pI1-=expo,

if (p2_start==rILILL) s~ polv 2 is empby™r

p2__start=tmp;
pI3=p3__start;

else

i
p3-=link=trmp,
pI=p3-=link;

p1=p1-=link;
W End aof while =5
wahile(p2Z2 I=MILILL)

trmp=rmallac(sizeof{struct naode)]],;
trmp-=coef=p2Z-=caoef,
trmp-=expo=p2X-=expao,

if (p2__start==RkILILL) #palyv 1 is ermpby™sr
r



if (p3_start==rLUILL) Mpoly 2 1= empty~f
{

p3_start=tmp;
p3=p3d_start;
+

else

{

p3-=link=tmp,
p3=p3-=link;

+

pl1=p1-=link;
WENd of while *f
wehile(p2 =rILLL)

tmp=malloc(sizeof{struct node];
tmp-=coef=p2-=coef,
trmp->expo=p2->expo;

if (p3_start==MKILILL) #paly 1 iz empty™r
i

p32__start=tmip;

pI=p3_start;

¥

elze

{

p3-=link=tmp;
p3=p3-=link;
p2=p2-=link;

YENd of while™s
pa-=link=rIILL;

return p3_start;

Y End of paly_add() *r

dizsplayv(struct node *ptr)
if{ptr==rJI_ILL}

1
printf("Emptyin™);
returm;

T
wehile(ptr!i=rMILILL)

1
printf("(% . 17"%%d) + ", ptr-=coef,ptr-=expa];
ptr=ptr-=link;

o= e e e L T T e ] o = —+ L — e F S

;Ljrintf("Empt\_,r‘Ln");
return;

}
wihile(ptrI=MIULL)

printf("{% . 1H"%d) + ", ptr-=coef ptr-=expo);
ptr=ptr-=link;

printf( "tk "), 5~ bth to erase the last + sign *F
H*End of displaw()*r

Ans3



S Program of double linked list — Create, Reverse and Display =7
# include =stdio h=
# include =malloc h=

struct node

struct node *prew,;
int info;
struct nocde "rnext;
1 =tart;

rmaing)

int choice n,m,po,i;
start=rLILL;

wehile( 1)

1

printf("1 . Create Listhn");
printf("2 Add at beginingwn"];
printf("3 Add aftern");
printf("4 Deletehn™);

orintfii"S Misolawhn™

r_lIIIILIIq_ L e P LN R B B B e B Y B ) _.I.
printf("4 Deleten™]);

printf("S Displayhn™]y;

printf("6 Zountu™]);
printf(" ¥ FRewversewn"];
printf("2 et "],

printf{"Enter wvour choice © "]},
scanf("%%d" Z&choice],;
=swvwitchi{choice)

case 1:

printf{"Howw rmany nodes wou want - "),
scanf("%%d", &nl;

for{i=0;i=mn;i+-+])

printf{"Enter the elerment . "]},
scanf("%%d", Zrmg;
create_ list(rm];

T

brealk;

case 2

printf{"Enter the elerment . "]},
scanf("%%d", Zrmg;

case T

printf{"Enter the elerment : "};
scanf("%%d" Emd;
addatbeg(rm];

brealk;

case 3:

printf{"Enter the elerment : "};
scanf("%%d" Emd;
printf("Enter the position after which this element is inserted : "],
scanf("%%d" &po);
addafter(rm ,pao];

breal;

case <

printf("Enter the element for deletion : "];
scanf( "% d" Em);

del{rm],

bhreal;

case 9

cisplawil;

bhreal;

case B:

countl;

breal;




oreak;

case A

count( ],

breals;

case 7.

res(];

breals;

case 8:

exit(]);

default:
printf{"w"rong choicewn"};
WENd of switch™s
WENd of while™s
YENd of main()™s

create_ list{int num)

=truct node *q ,*tmp,

trmp= malloc(sizeof(struct node]),
trmp-=info=nurm,
trmp-=next=MILILL;
if{start==M1L_ILL)}

I

1
trmp-=prew=r_LL;
start-=prew=tmp,
start=trmp;

else

q=start;
wwbile)g-=rnextI =ML )
O=g-=next;

- =rnext=trmp,
tmp-=prew=oq;

T
YENd of create_ list( 1™/
addathegint num)

=truct node *trmip;
trmp=malloc({sizeof(struct node]];
trmp-=prew=MrL_ILL;
trmp-=info=nurm,
tmp-=next=start;

(RN NSRRI § N -

Tmp-=next=start,
start-=prev=tmyp,
start=tmpp;

W*End of addatheg()*s

addafter(int nurm,int )
struct node *tmip,*q;
int i,

q=start;
for(i=0;i=c-1;i++)

OQ=0->next;
ifg==MIILL]

printf("There are less than %d elementsin®,.c];

returm,

tmp=malloc(sizeof(struct node] J;
tmp-=info=num;
O-=next-=prev=tmp,
trmp-=next=g-=next,




int i;
g=start;
for(i=0;i=c-1;i++)

0=0->nesxt;
iftg==rLILL)

printf (" There are less than %d elementsin®,c};
returs;

s

trmp=malloc(sizeof{struct node] J;
trmip-=info=nurm,;

- next-=prew=tmip;
trmip-=next=0q-=ne:xt;
tmp-=prew=oq;

O-=next=tmy;

WEnd of addafter(] *r

del{int nurm)

struct nade *tmip,Fq;
if{ start-=info==nurm)

struct node "tmp 7 q;
if{ start->info==num)

trmp=start;

start=start-=next; Mfirst elerment deleted®’
start-=prew = MNLUILL,

free(trmp];

return;

T
o=start;
wihileg-=next->nextI=rLILL)

if{g-=next->info==num) /M Element deleted in betaween™

tmp=g-=next,
O-=next=tmp-=next,
tmp-=next-=prewv=q;
free(trmp);

return;

}

=g-=next

t

T
o=r-=next;

If{ - =next-=info==nurm) Flast elerment deleted®f
I tmp=g-=next;

free(tmp];

g-=next=MLILL,;

return;

printf{"Element %d not foundwn" numy;
WEnd of del()*f

displaw()
{

struct node *q;
if{start==rULL)

1

printf("List is emptyin");
returm,

T

q=start;

printf("List is "),
sachile ol =MLY




. ,
VUTIME LT —TT L]

{
printf("%%d ", g-=info];
O=0-=next;

+
printf"™n"y;
WENd of display() *f

count()

I struct node *g=start;
int cnt=0,;
wihile{g!=MUILL)

{

O=0-=next;
Crt++;

print("MHumber of elements are %% dwn", cnt);
WENd of count()*f

ressQ( )

struct node "p1 7 p2;
pl1=start;

res )

struct nade *p1 " p2;
p1=start;
pZ2=p1-=next;
p1-=nesxt=MIILL,;
pl-=prevw=p2;
wwhile(p2l=MIULL)

i

p2-=prev=p2-=next;

p2-=next=p1,

pl=p

pZ2=pZ-=prey; Fhnext of p2 changed ta prew *f

start=pT,
W End of resw()*r

Ans4

™ Program for traversing a graph through and DRSS 7rF
#include<stdio h>
#oefine MAX 20

typedef enum boolean{false truel boal,

int adjhAX][MAR];

boal visited[MAX];

int n; ™ Denotes number of nodes in the graph *f
maing)

int i v choice;

create_graph();
wibiile(1)

{

printf{"wn"y;

printf("1. Adjacency matrizin");

printf("2. Depth First Search using stackiin");
printf("3. Depth First Search through recursionn®),
printf{"s. Adjacent werticesin"),

printf("6. Companentsin");

printf("y. Exitn");

mrintfi"Enter worir chioice - "




[SLR R L A i o Y] P R ) I | BT ) Oy W LY - VI I 8
printf("6. Componentsin"y;
printf("y¥ . Exitu"];

printf{"Enter vour choice © "};
scanf("%%d" &choice],;

=witchi{chaoice)

casze 1:

printf{"Adjacency Matriz=n'),

displany();

breal:

case 2:

printf{"Enter starting nade for Depth First Search @ "),
scanf("%od", &),

far(i=1;i<==n;i++])

wisited[i]=falze;

cf=(~];

breal:

case 3:

printf{"Enter starting nade for Depth First Search @ "),
scanf("%od", &),

far(i=1;i<==n;i++])

seicito oIl —Ffol oo

LR = L
forfi=1;i==n;i++]
wisited[i]=fal=seg;
df=(w],;
breal;
caze 3
printf{"Enter starting node for Depth First Search @ "],
scanf("*ad" S,
forfi=1;i==mn;i++]
wisited[i]=false;
dfs_reci+];
breal;
case 4 FPrintf("w Mot Used 1)
case O
printf("Enter node to find adjacent wvertice=s : "]};
scanf("%od", S,
printf("Adjacent YWertices are | "];
ad|] nodes(w];
brealk;
case B:
camponents();
lreal;
casze ¥
exit( 17;

default:

printf{"rong choicewn");
break;

W*End of switch™F
W*End of while™f

W*End of main(J*¥

create_graphi)

int i,max_edges,origin,destin;
printf{"Enter numhber of nodes : "];
scanf("%¥d" &n);
max_edges=n*(n-1J;
forfi=1;i==max_edges;i++)

1
printf{"Enter edge %od( 0 0O to quit ) "i);
scanf("%d Yod" Eorigin, &desting,

if{{origin==0) && [(destin==01)
breals;




B R T P TS F e Py

if{{origin==0) && (destin==0])
hreal;

if{ arigin = n || destin > n || origin==0 || destin==0)

printf("lmealid edgehn'y;

|——
elze

oo _
adj[arigin][destin]=1;

HFEnd aof far*s
HEnd aof create__graph()®s

displayi)

Lo

inti,j;
for(i=1;i==n;i++)
for(j=1.j==nj++)

PUPER TR U, B 1 IR TS oL | e

Tari=T, ==, 1++]

1

far(j=1;j==n;j++]
printf("%4d" adilil{l);
printf{"wn");

1
W*End of display()™f
dfs_rec(int v}

int i

wvisited[w]=true;

printf" ad " s,

far{i=1;i==n;i++)

if{adil][i]==1 && visited[i]==Ffalse)
dfs_recii);

W*End of dfs_rec()*f

dfs{int »)

int i, stack[MAaX] top=-1 pop_~,j.t
int ch;

top++;
stack[top]=;
wihile (top==0)
{

pop_w=stack[top];
top--; Mpop from staclks™s
if{ wvisited[pop_v]==falze)

printf{"%d " pop_w;
wvisited[paop_w]=true;

elze
continue;

far{i=n;i==1;i--]
if{ adj[pop_v][i]==1 && visited[i]==false)
{

top++; /™ push all unvisited neighbours of pop_w ™/
stack[top]=i;

F*End of if*f

FEnd of for*f

L*End of while*s




ad]_nodes{int )

int i

for{i=1;i==n;i++)
if(adi[~][[]==1)
printf("%d i),
printf{"n"];

WEnd of adj_nodes(1*r

components()
i

inti;
for{i=1;i==n;i++)
visited[i]=fal=se;
for{i=1;i==n;i++)

ifi~isited[i]==falze)
df=_rec(i),

¥
it n" Y,
WEnd of camponents()©r

Ans5

M Program of single linked list with N integers
dizplayved in 4 =eperate Lists *f

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

struct node

int info;
struct node *link;
Fstart Tlist1 Tlist2 Flist3 Flistd;

woid maing)

Nt choice n,m,position,i;
Mt c1=0,c2=1,c3=2 c4=3;
list1=MI_ILL,;

listZ2=rI_ILL,;

it A=l 1l | -

int choice ,n,m position,,i;
iNntcl=0,c2=1,c3=2,cd4=3;
list1=rI_LL;

list2=rJI_LL;

list3=rILL;

list=d=rJILL;

wrbile (1]

f clrscr(],

print e,

printf{"whvn0 Zreate List");
printf ("1l Display 1st List");
printf("wmhvn2 Display 2nd List");
printf("wmhvn3 Display 3rd List"];
printf (" Display 4th List");
print (" S ity
printf{" v Enter ywour chaice: "),
scanf("*d", &chaice);
=witchichoice)

case O
printf{"Hows many nodes waou want @ "),
=canf("%ed" &n);




1

casze 0

printf{"Howw many nodes wyou want - ")
scanf("%d", &n);

for{i=0;i=mn;i++)

L

iffi==c1)

i

printf("Enter the elerment : "},

scanf("%d", &m];
create_list1{m];

cl=c1+4;
T
if(i==c2)
i

printf("Enter the elerment : "),
scanf("%d", Z&m];
create_list2(my;

Cc2=cl+;

T

ifili==r"
1
if(i==c3)
1

printf{"Enter the element : ");
scanf{"¥od", &m);
create_lista(m);

c3d=c3+4;
}
ifli==c4)

printf{"Enter the element : "};
scanf{"¥d", &m);
create_listd({m]);

cad=cd+4,

T
} 1 End of Far Loop
break;

case 1T:display1();
hreak;

case 2:
display2(;
hreak;

case 3:display3();
hreak;

case 4:displayd();
breal;

case Sexit(],
hreak;

default:

printf("“Wrong choicewn"),
W End of switch *f
HrEnd of while *f

FEnd of main()*f

create_list1(int data)

1




create_list1{int data)

struct node *q,*tmp;

tmp= malloc(sizeof(struct node)};
tmp-=info=data;

trmp-=link=MI_LL;

if{listT==MILILL) /~If list is ermpby ™/
list1=trmpp;

elzse

{ "Element inserted at the end *f
a=list1;

wihile(g-=link!=MLILL)

g=g-=link;

o-=link=tmp;

1
W*End of create_list1()%/f
create_list2({int data)

struct node *q,*tmp;
tmp= malloc(sizeof{struct node)}];

1

struct node *q " tmp;

tmp= malloc(sizeof(struct node]]};
tmp-=info=data;
trmp-=link=MIJLL;

if(list2==MIILL) #If list is empty *f

listZ2=trmp;

else

I Element inserted at the end *f
q=listZ;

wehile(g-=link!=MI_ILL)

q=o-=link;

q-=link=tmpp,
T
W End of create_ list2(1"f

create_ list3(int data)

1

=truct node g, tmp;

trmip= malloc(sizeof{struct node])),;
tmp-=info=data;

trmno=limbe=rl0 00 -

LITTR= =TT TR =TT,

if{list3==NULL]) /If list is empty *f
list3=trmp;

else

{ #Element inserted at the end *f
g=list3;

while(g-=linkI=MULL)

g=g-=link;

g-=link=tmp;

L End of create_list3()*f
create_listd{int data)

struct node g *tmp;

tmp= malloc{sizeof{struct node)};
tmp-=info=data;

trmp-=link=MULL;

if(listd==NULL]) /If list iz empty *f
listd=trmp;
else




[N

{ "Element inserted at the end */
g=listd;

while(g-=link!=MULL)

g=g-=link;

g-=link=tmp;

1
W*End of create_list4( )/

display1()
{

struct node *q;
if{list1 == MUILL)

{
printf("List is emptyn");
return;

L

g=list1;
printf{"List is "y,
wehile(gl=MILLL)

printf("%d ", g-=info};
q=g-=link;
1

print("n"y;
getchi);
W End of display1() *F

display2()
{

struct node *g;
if{list? == MNULL)

1
printf("List is emptyn®);
returr,

yoo

g=list2;

printf("List is "),
wahile(gl=MULL)

{

printf("%d ", g-=infao};
g=g-=link;

yo

printf{"n"};

getch(};
Y End of display2() *F

printf("wn");
getchi);
W End of display2() *F

displawy3()
i

struct node *q;
if{list3 == MIULL)

{
printf{"List is ermptyn");
return,

L.

o=list3;
printf{"List is "y,
wehile (gl =MILILL)

printf{"%d ", g-=info};
g=g-=link;

printf"™n"y;
getchi(l;
WENd of display3() *r
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getchi);
H*End of display3() *rf

dizplayd(])
{

struct node *q;
ifliztd == MLILL)

{
printf("List is ermptyn®);
return;

Yo

o=list,
printf("List is "),
wabiile (gl =MILILL)

printf("%d ", g-=infa};
g=g-=link;

printf{"n"};
getch();
FEnd of displayd() *r

Ans6

MProgram of Create deletion and Display as per Cluestion in B tree®™r
#include=stdlib .h=

#include=stdio .h=

#define M &

struct node{

intrm;, & n =M MNo. of keys in node will ahvays less than order of B tree *f
int keys[M-1]; Marray of keys™f

struct node *pM]; & (n+1 pointers will be in use) *f

Froot=MLULL,

enum KeyStatus { Duplicate, SearchFailure, Success Insertlt LesskKeys 1,

woid insertlint key);
woid display(struct node *root,int);
woid Delrode(int =],

(RPN U T U

woid searchiing =J;

enum KeyStatus ins(struct node *r, int x, int™ v, struct node™  wuj;
int searchFos(int x,int *key_arr, int nJ;

enum HeyStatus del{struct node *r, int =),

int maing)

int ke,

int choice;

printf("Creation of B tree for node %adwn” MY,
while( 1]

1

printf("1 Inserthn");

printf("2 Deleten"];
printf("3 . Searchin");

printf("4 Displayn");
printf("S Caita"y;
printf{"Enter wvour choice : "];
scanf("%d" &choice],

switchi{choice)

case 1:




i

case 1:

printf("Enter the kew . "),
scanf("%oed" Skey]);
insert{ ke,

breals

case 2

printf("Enter the kew . "),
scanf("%oed" Skey]);
CielMode(keyl;

breals

case 3:

printf("Enter the kew . "),
scanf("%oed" Skey]);
searchikey];

breals

case 4:

printf("Btree is ")
display(root,07};

breals

case o

exit(17;

default:

it rono choiceYyn "

et 17;

default:

printf{"rong choicein");
hreal;

T End of switch™f

L End of while®s

return O,

W End of main()*f

woid insert{int key)

struct node *newnode;

int upkey;

enum KeyStatus value;

walue = ins(root, key, &upkey, &newnode];

if (value == Duplicate)
printf{"Fey already awvailahlein");
if (value == Insertlt)

struct node Tuproot = root;
root=rmalloci{sizeof{struct nade));
root-=n = 1;

Frmto = leanes T = ninlkd e



g = FEY] |_I_IIJ — OPr-Ev,
root-=p[0] = uproot;
root-=p[1] = newnode;
YEnd of if *f

YWEnd of insert(1*f

enum KeyStatus ins(struct node *ptr, int key, int *upkey struct node **newnode)

struct node *newftr, *lastFtr;
int pos, i, n,splitPos;

int newlkiey, lastkey,

enum KeyStatus value;

if (ptr == MULL)

"newnode = MULL,

*upkey = key,

return Insertlt;

I

n = ptr-=n,

pos = searchPos(key, ptr-=keys, nj;

if ([pos = n && key == ptr-=keys[pos])

return Duplicate;

walue = ins{ptr-=p[pos], key, &newley, &newPtr);
.

i v amlias L — Lo ol

L. 1

If [walue T= Tnsertt)

return value;

~If keys in node is less than M-1 where M is arder of B tree®™f
ifin="M-1)

1

pos = searchPos(newliey, ptr-=keys, nj;
M Shifting the key and pointer right for inserting the news key™f
for {i=n; I=pos; i--)

ptr-=keys[i] = pt-=keys[i-1];
ptr-=p[i+1] = ptr-=>p(i];
T

FHeyis inserted at exact location®™

ptr-=kevs[pos] = newilkiey,

ptr-=p[pos+1] = newP1tr;

++ptr-=n; Mincrementing the number of keys in node™f
return Success;

Y End of if *f

FIf keys In nodes are maximum and position of node to be inserted is last™f
if (pos ==M- 1]

1

lastkey = newlkey,

lastPtr = newP'tr;

=



L s

lastkey = newliey,
lastPtr = newPtr;

else If keys in node are maximum and position of node to be inserted is not last™s

{

lastkey = ptr-=keys[M-2];
lastPtr = ptr-=p[M-1];

for {i=M-2; i=pos; i--)

JFL;.tr_pREYS[i] = ptr-=keys[i-17;
ptr-=pli+1] = ptr-=>p[i];
1

ptr-=keys[pos] = newkey,
ptr-=p[pos+1] = newP1tr;

¥
splitPos = (k- 1072,
[Fupkey) = ptr-=keys[splitFaos];

"rnewnodel=malloc(sizeof{struct node) ), Right node after split™s
ptr-=n = splitPos; ko, of keys for left splitted node®’
("rnewnodel-=n = M-1-splitPos; Mo, of keys for right splitted node®/f
for {i=0; i = (*newnode)]-=n; i++)

i{*newnudé)—:}n = M—'I—SplitF'l:TS;f"ND. of Reys for right splitted node™s
for (iI=0; i = ("newnode)-=n; i++]

1

("newnode)-=pli] = ptr-=p[ + splitFos + 1],

if{i = (*newnode)-=n- 1)

[("newnode)-=keys[i] = ptr-=keys[i + splitFos + 1];
elze

[("newnode)-=keys[i] = lastkey,

("newnode)-=p[(*newnode)->n] = lastPtr;
return Insertlt;
HWEnd of ins()*f

woid display(struct node Fptr, int blanks)

if [ptr)

i

int i
far{i=1;i==blanks;i++)
printfet ",

far {(i=0; i = ptr-=>n; i++])
printf("%d " ptr-=keys[]);
printf "y

for (i=0; | == ptr-=n; i++)
display(ptr-=p[i], blanks+107;
ENd of if*f

L*End of display()*F

waid searchiint key)

1

int pas, i, n;

struct node *ptr = root;
printf{"Search path:n"];
wihile [ptr)

1

n = ptr-=n,

for {i=0; i = ptr-=n; i++)

printf(" %d" ptr-=keys[i]];

printf{"n"};

pos = searchPosikey, ptr-=keys, nj;
if (pos = n && key == ptr-=keys[pos])

1
printf{"ey %d found in position %d of last dispalyed noden" kevy.i);
returm;

otr = otr-=nloosT
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¥
printf("key %d is not awvailablein" key],
¥*End of search{J*s

int searchFPos(int key, int *key_arr, int n)

int pos=0,

wihile (pos = n && key > key_arr[pos])
pos++;

return pos;

WEnd of searchPos(J*/

woid DelMode(int key)

struct node *uproot;
enum kKeyStatus walue,
walue = del{root key],
switch (value)

case SearchFailure:
printf("key %d is not awvailablein" key],
hreak;

= L= L3
uproot = root;

root = root-=p[0];
free{uproot],

hrealk;

H*End of switch™f
W*End of delnode()*r

enum KeyStatus del(struct node *ptr, int key)

int pos, i, pivat, N min;,
int *key_arr,

enum KeyStatus walue,
struct node **p *lptr *rptr;

if (ptr == MULILL)
return SearchFailure;
MAssigns values of node™s
n=ptr-=n,
kew arr = ptr-=keys,
= ptr-=p;
min = [k - 102 Minimum number af keys™f

o

p”_— =1, .
min = (M - 102 7 Minimum number of keys®™f

pos = searchPos(key, key_arr, nj;
if {p[0] == MUILL)

if (pos == n || key = key_arr[pos])
return SearchFailure;

M Shift keys and pointers left™s
far {i=pos+1; i < n; i++])

key_arr[i-1] = key_arr(il;

]r?[l] = pli+1];

return --ptr-=n == [(ptr==roat ¥ 1 : min) ¥ Success
W End of if *f

if (pos <= n && key == key_arr[pos])

1

struct node *qp = plpos], *qp1;
int nkey,

wihile(1)

{u

c Lesskeys;




int nkey;

while( 1)

{

nkey = qp-=n,

gpl = gp-=pnkey];

if {qp1 == MILL)

break;

Op = gp’; ]

W ENnd of while®s

key arr[pos] = gp-=keys[nkeyw-17;
gp-=keys[nkey - 1] = ke,
W End of if *f

walue = del{p[pos], key);
if (wvalue 1= Lesskeys)
return wvalue;

if ([pos = 0 && p[pos-1]-=n = min]}
{

pivot = pos - 1; pivot for left and right node®r
Iptr = p[pivot];

rptr = plpos];

MAssigns walues for right node™f
rptr-=p[rptr-=n + 1] = rptr-=p[rptr-=n];

rPIr = pLRsvoTE 1|,
Mmerge right node with left node™f’
Iptr-=keys[lptr-=n] = key_arr[pirvot];
Iptr-=p[lpt->n + 1] = rptr-=p[0];
for (i=0; | = rptr-=n; i++)

{
Iptr-=keys[lptr-=n + 1 + i] = rptr-=keys[i];
Iptr-=p[lptr-=n + 2 + 1] = rptr-=p[i+1];

Iptr-=n = Iptr-=>n + rptr-=>n +1,
free(rptr); #Remowe right node™f
for {i=pos+1; i = n; i++)

{

key_arrfi-1] = key_arri;

]F?[l] = pli+1];

return --ptr-=n == (ptr ==raot 7 1 : min) ¥ Success : Lesskeys;,
WEnd of del(}*r



