Design and Analysis of
Algorithms

Subject Code : 10CSL47

Lab Manual




1. Sort a gwen set of elementy using the Quicksort metirod and
determine the tume requarved to- sort the elements. Repeat the
experument for different valuey of w, the number of elements un the
Ust to- be sorted and plot a grapiv of the time token versus n. The
elementy can be read from a fle or can be generated wsing the
roandom number generator.

# unclude <stdlo-lv>
# unclude <conio:lv>
# include <time. >

void Exehfint *p, int %)
{
it temp = *p;
=9
*q = temp;
3

voldl QuickSort{int af], unt lows uint highh)
{
wt G, §, key, ks
(lows=high)
refurng
key=Llows (=low+1; j=lhighy
wihile(L=))
{
wirile (afl] <= afkey] ) (=i+1;
while ( off] > afkey] ) j=j-1;
{(K)) Exch(&all], &al(]);
}
Exch(&alj], &afkey]);
QuickSort{a, lows j-1);
QuickSortla, j+1, high);

void main()

{
it n, a[1000],k; 1




clock, + stret;
douwple ty
clirsen();
privtf("\n Enter How many Numbers: ');
scanf("Bo, &n);
prutf("\nThe Random Numbers are\n');
for(k=1; ki=n; k++)
{
afk]=rand();
printf(" %o\t alk]);
3

st=cloek();
QuickSor{a, 1, n);
et=cloek();
= (dowhle)(et-sB)/ CLOCKS_PER SEC;
pritf("\nSorted Numbery are: \n");
for(k=1; ki=n; k++)

prundtf("%dNt", afk]);
pritf("\nThe time taken s % 13);
gete();

Enter How many Numbers: 90

The Random Numbers are:

130 10982 1690 22948
14558 3571 22879 22463
31441 7190 13985 14779
19651 17995 23593 15561
11288 28466 8664 17639
100 25795 8812 19774
26383 9666 16941 16190
13429 2285 2422 6460

8160 24842 29142 1156

Sorted Mumbers are:
100 130 346 2285
3734 3979 4279 6415
6936 7117 7190 8812
9666 10941 16982 12666
13390 13429 13565 15168
16092 16190 17418 18492
19774 19816 227 22766
23593 24115 24842 26721
28466 29142 29667 31937

The time taken iz O.000000+00




2. Using OpenMP, implement a poarallelized Merge Sort algorithm to-
sort oo gwew set of elementy and determune the tume required to- sort
the elements. Repeat the experument for different volues of wn, the
number of elements v the Ust to- be sorted and plot a grapiv of the
time token versusy n. The elements can be read from o file or can be
generoted wsing the random number generotor.

# nclunde <ol
# nclunde <conio-i>
# ncludeltime >
voldl Merge(int af], int lows unt mid, int highh)
{
ut G, §, k, b[20];
(=lows j=muid+1; k=lows
witide ( K=mdd && j<=lrigiv)

{
S ald <= aff])
blk++] = afi++] ;
else
blk++] = afj++] ;
3

wihhile (K=mdd)  blk++] = aft++] ;
while (j<=high) blk++] = afj++] ;
for(k=lows k<=lhighy; k++)

afk] = bk];
}
void MergeSorf{int al], unt lows nt highh)
{
flow->= high)
refurng
mid = (Lowthigh)/2 ;
MergeSort(a, lows mid);
MergeSori{a, midal, high);
Merge(a, lows mid, high);
1




nt n, af2000],k;
ok, t+ stet;
double t3;
clrsen();
privtf("\n Enter How many Numbers:");
scanf(" %!, &n);
prutf("\nThe Random Numbery are\n'");
for(k=1; ki=ng ki+)
{

afk]=rand();

print K" %o\t , afk]);
3
st=cloek();
MergeSovrt(a, 1, n);
et=cloch();
fs=(double)(et-st)/CLOCKS_PER_SEC;
printf("\w Sovrted Numbery are : \n');
for(k=1; ki=ng kt+)

privtf(" %o\, afk]);
printf("\wThe fime taken s %e! 15);
getei();

Enter How many Mumbers:15

The Random Numbers are:
130 10982 1090 11656 7117 17595 6415 22948
14558 3571 i e 18492
Sorted Humbers are :
130 346 1090 3571 6415 7117 004 10982 11656
17595 18492 22879 22948 311726
The time taken iz 0.000000e+00_




3. a. Obtoin the Topological ordering of vertices un a gven digrapin.

# nclundeL stolio >
# unclundeL conios vy
unt a[10][10],n,ndegirre[10];
void. find, indegre()
{ Ut §, L s
for(j=05j<ns j++)
{
swm=0;
for(L=0; Kn; Li+)
svam+=af U] [JT;
unolegrefj]=smm;
3
}
votd topology()
{
it L, vsH10],810] top=-1 ,k=0;
fund indlegre();
for(L=0; (Kn; Lk+)
{
f(ndegre[U]==0) s[++top]=y;
}
while(top!=-1)
{
w=s{top--];
Hkr+]=w
for(v=0;v<ng v++)
{
fafu][v]==1)
{
wdlegrefv]--;
(f(indegre[]==0) s[++opl=v;

}

}

prindtf{("The topological Sequence (g \n');

for((=0; K, ir+) 5
provtf("%o " U);




¥

{
wt U, f;
clirser();
privtf("Enter nmumber of jobs);
scanf("%d) & n);
printf("\nEnter the adjacency matrix\nh);
for(L=0;(Kn; Lk+)
{
for(J=0;j<nsj++)
scanf("%l, &al U][}]);
¥
topology();
geteh();
}
Owtpwt:

Enter number of job=z:6

Enter the adjacency matrix:

o
&
o
o
=
&
Tk

e topological Sequence is:
1 4 8 2 3 5




3. b Compute the transitive closure of a gwen durected graphv using
Warsihallls algorithm.

# nclude <stoio->
# include <conio:lv>
nt waf10][10],p[1O][10];

void patiy)
{
for((=0; Kn; Li+)

for(j=0sj<nsj++)
PLULT={ YL
for(k=O; k<ng k++)
for(L=0; Kn; Li+)
for(j=0;j<nsj++)
HPplUlk]==1&&p[k][]]==1) P{U[]=1;
}
{
it s
clirsen();
privtf("Enter the number of nodey:");
scanf(" %o & n);
pritf("\nEnter the adjocency matriw\n!');
for(L=0;(Kn; Lk+)
for(j=0sj<nsj++)
seanf(" %!, &al J[J]);
path();
privtf("\nwThe pativ matrix & showm belowAn);
for(L=0;(Kn; Lk+)
{

fo—r( J':—‘O,' j<w; J'++) Enter the number of nodes:4

pruntf(" %ok ”JP’["/]DDJ Enter the ad jacency matrix:
printf("\n); )

1
B
B

}
geteh();

} IThe path matrix is showm below

1
Owtput: é, '7




4. Implement O/1 Knapsack probplem wsing Dynamic Progromming.

# nclundeL stolio >
#nclude<conlov>
unt wl10],p{10].v{20][10] .m0y .cap,x[10]={O};
it maUnt L, ndt )
{
refurne ((U2))?0));
}
unt kinagp{ bnt L, undt )
{
wunt vadine;
A U[]<0)
{
<wid])
value=kinap{ -1 ,));
else
value=man( kinap{ -1 f),p{U+knap(i-1,j-wi]));
U [T=velue;
}
retvarn VU []);
}
vold mainf)
{
it profut,couwnt=0;
clrsen();
pritf("\nEnter the number of elementsAnt');
scanf("%dl & n));

prindtf("Enter the profit and weighty of thve elementAn);
for(L=1; (K= Lr+)
{
pruvtf{("For uem no- %o\n',0);
scanf("%dBd ,&p U], &w]]);
}
prutf{("\nEnter the capacity \n');
sconf("%d & cap);
for(L=0; K= L++)
for(j=0;j<=capsj++) 8
f(i==0)||(j==0))




v[j1=0;
else
dll=-1;
profit=knap{n,cap);
J=eaps
wiile(j1=0& &iI=0)
{
FAULT = -210T)
{
=1
J=-wilds
3
else
3
prutf("ltems uncluded are\n!');
privtf("Sl.no\tweigh\tprofitn');
for((=1;K=n;L++)
L)
pr bt (" e ONtTe N N ,++comntsw] U], p [ U]);
privtf("Total profit = %d\n!,profit);
geteh();

Enter the number of elements
Owtput: g

Enter the profit and weights of the elements

For item no 1

10 30

For item no 2

20 15

For item no 3

30 50

the capacity

included are
weight profit
30 10
15 20
profit = 30




5. From a given vertex un o weighted connected grapih, find sihortest
potihs to- otiver vertices using Dykstra!s algorithvm.

# uncluodleL stolio >
# unclunde<condio >
#oefune infuity 999
voud dj(nt w,int vsunt cost{ 10][10],unt dist{ 1O0T)
{
Wt Lwscountws flagl 10],min
for(l=1;K=nji+)
flag[=0,dist{(]=cost{ v[];
comnt=2;
wiille(comnt<=n)
{
mun=99;
for(w=1;w<=njw++)
At wi<min && !flag[w])
mun=olst] wi,u=ws
flag[u]=1;
CoOUnH+;
for(w=1; wl=n; w++)
S (Aist{uf+cost{u][wi<dstiw]) &é& !flaglw])
dst{ wi=distlu+costu][w];

¥

{

v cost{10][10],ust{10T;
clwrsen();
prindf("\w Enter the number of nodes:");
sconf(" %o, &n);
pritf{("\n Enter the cost matrig\n');
for(l=1;K=n; i++)

for(J=1;j<¢=ns++)

{

sconf(" %, &eost [)]);

(ot U[[]==0) 10

costl J[[]=nfinity;




3
pridtf("\n Enter e source matrin:);
scanf(" %o & \);
Ay(n, vseostoist);
pruntf("\n Shortest pativi\n');
for(L=1;K=njL++)

K=

prundt (' %eol—> %k, cost= %o\ v LM U]);

getei();

Ouwtput: Enter the number of nodes:5

Enter the cost matrix:
5 12 1?
0] 999 8
999 4] 3
999 999 4]
999 999 999

Enter the source matrix:1

Shortest path:
1->2,cost=5
1->3,cost=12
1->4,cost=13
1->5,cost=12

11




6. Find Munimum Cost Spanning Tree of a gwen undirected grapin
wsing Kruskally algovritihm.

# nclunde< stolios >

# unclude<conio vy

# incluole< stollib: >

unt L f ke b us v ne=1;

Ut milin,miincost=0,cost{ 9][ 9], parent 9];

unt fundint);

votdb main()

{
cwrsen();
pr A "\ N\ H mplementation of Kruskal's algoriHum\n\n");
prudf(\nEnter the no- of vertices\n’);
scanf(" %o & n);
privtf("\nEnter the cost adjacency matri\w');
for(l=1;K=n;i++)

{
for(j=1;j<=nsj++)
{
scoanf("%d & cost{ U[]);
Heost{U][j]==0)
cost{U[[]=999;
}
}
privtf("\nThe edges of Minimum Cost Spanning Tree are\n\n');
wihile(nesin)
{
for(L=1,min=999;(K=n;(++)
{
for(j=1;j<=nsj++)
{
Heost {[J]<min)
{
min=cost{ U[];
a=uzs(;

. 12




}
w=funo(w);
v=find(v);
Huni(w,v))
{
printf("\nd. edge (%, %) =%oNW jnet+,a, b min);
MANCOSE += U
3
costla][b]=cost{b][a]=994;
3
pr U "\ NEM b cost = %o\ miincost);
geteh();
3
{
(=parent]l];
refurn U
}
unt wnf Unt L, undt §)
{

H(U=))

{ Implementation of Kruskal’s algorithm
porentJ=y ¥ J
refurne 1

} nter the no. of vertices

refirn O; Enter the cost ad jacency matrix

} 10 50
(318)] 999
Ouwtput: &) 40

40 B

Minimum Cost Spanning Tree are

=10
edge (1,2) =20
3 edge (3,4) =40

Minimum cost = 70

13




7. . Print all the nodes reachable from a guwen storting node un a

dgrapiv using BFS metiod

# ncluoles stolio- o>
# nclundeLconio: >
nt af[20][20],4{20] visited[20],n,i,),f=0,r=-1;
voldl bfs{ int v)
{
for((=1;K=n;i++)
HaVI[U] && !visited[l])
g[++r]=4
f(f<=r)
{
visited[qffI]=1;
bf L f++1);
3
3
{
wt v3
carsen();
P’V(’”‘#(II\W Enter tie V\A/WVVW af- \/‘W")}
scanf(" %l & in));
for((=1;K=n; (++)
{
9[U=0;
visited{U[=0;
3
printf("\nw Enter grapiv dota unv matrix formi\n');
for(L=1;K=nL++)
for(j=1;j<=nsj++)
seanf(" %!, &al J[J]);
privdtf("\n Enter the starting vertex:");
scanf(" %l & \);
bfs(v);

prundtf{"\n The nodle witvich are reachable are\n);

for(L=1;K=njL++)
fvusuted]])
privt (" %o\, 0);

14




Enter the number of vertices:4

Enter graph data in matrix form:
1 1

g

g 4] 1
8 1] 5]
& 1 4]

Enter the starting wvertex:1

The node which are reachable are:
3 4

15




7. b. Check whether a gwen grapihv s connected or not using DFS
metirodl.

# unclundeL stolio- >
# unclude<conio vy
unt MZO}[ZO],VMZO],M
voldl dfs{ bnt v)
{
reachv]=1;
for(L=1;K=nj L++)
Hafvi[d && !reachfl])
{
prit "\ Bol->%dl v 0);
Afs(0);
1
1
{
it Uf,count=0;
clarsew();
pritf("\w Enter nmumber of vertices:");
scoanf(" %l ,&n);
for(l=1;K=nji+)
{
reachU]=0;
for(J=1;j<=nsj++)
a{[j1=0;
3
prudf("\nw Enter the adjacency matriw\n');
for(L=1;K=njL++)
for(J=1;j<=nsj++)
scanf("%d,&af U[J]);
Af(1);
privtf("\n);
for(L=1;K=n; LH+)

{
freachd]) 1 6

cowintt++;




¥
Hecount==n)
printf("\w Graphv s connected);

else
prodtf("\w Grapiv s not connected);
geteh();
1
Ouwtput: Enter number of wertices:4

Enter the ad jacency matrix

1
1
B
o

1->2
£->4
4->3

Graph iz commected

17




8. Fulnd a subset of o gwen set S = {s4,5,.....,5n} of n positve unfegers
wihose sum  equal to- o gwen positwwe unteger di For example, of S=
{1, 2, 5, 6, 8} and d = 9 Hrere are two soluntions {1,2,6} and {1,8}.A
suitople message s to- be displayed f Hhe given problem instonce
doesnt howe a soluwtion.

# uncluoleL stolio: v

# unclundeL conios v

unt [10] , ¥[10],0 ;

vold sumofsudp (Lnt, Lnt, Unt) ;

{
wnt i, sum =0 ;
Wt L
clrsen () ;

printf (" \w Enter the size of the set: ") ;
scanf ("B, &) ;
privdf- (" \n Ender the set in increasing order:\n!' ) ;
for (L=1; <= n; U++)
seanf ("%, &5[i] ) ;
pridf (" \w Enter Hhe value of db: \n ") ;
scanf ("%, &d ) ;
for (L=1; 0<= nw; Uk+)
s = sume + U]
U (s < o || 2] > o)
printf (" \n No- subset possiple : ") ;
else
sumofsud (O, 1, s ) ;
getei () 5
}
vold sumofsudy ((bntm , bnt ko, ntr)
{
Wt (=1 ;
k] =1 ;
P sTk]) == db)
{
pruntf("Supset:");
for (L=1; U0<=k; t++) 18




3

else
3
Ouwtput:

(U ==1)
prindf-("\t% , U] ) ;
prindf-("\wW') ;

U ( v+ k] + sfk+1] <= d)
sumofsud- (e + k], k+ 1, v - k] ) ;
S((m+r-3k] >=d) && ( m+ Jk+1] <=d))

{
x[k] = O;
sumofsudp (e, k+ 1, r - Jk]) ;

Enter the =ize of the set : 5

Enter the =et in increaszing order:
Z 5 b ]

Enter the value of 4 :

£z
8

s
-




9. Implement any scheme to find the optimal solution for the

Troaveling Salesperson proplem and then solve Hre same problem
wstonce wsing ony approximation olgorithm and determine the
ervor un the approxumation.

20




10. Find Minimum Cost Spanning Tree of o guwen undirected grapih
wsing Prum'y algoritivm.

# ncludeL stolio- >

#unclundeL conio: vy

Wt a, b, v, by f,ne=1;

it visited] 10]={0}, min,mincost=0,cost{ 1O][10];

{
crsen();
prudtf{"\n Enter tive number of nodes:");
scanf(" %o & n);

privtf("\w Ender the adjacency matrig\n!);
for(l=1;K=nji+)
for(j=1;j<=nsf++)
{
seonf(" %l &eost [)]);
fcost{ J[j]==0)
cost{J[j]=999;
3
visited[1]=1;
prndtf("\nw);
wiile(ne<sn)
{
for(L=1,min=999;(K=n;++)
for(J=1;j<=nsj++)
eost{ U [[]<min)
S visited]]!=0)
{
min=cost{ U[];
a=uU=;
b=v=j;
1
R visited[u]==0 || visited[v]==0)
{

priuntf{"\nw Edge %oi(%dk %dl) cost:%d) net+ 0l min);
MANCOVHE-= i
vusited|b]=1;

21




costa][bl=cost{bI[a]=799;

}
pruntf{"\ne Minimuun cost=%" mincost);
geteh();

}

0!!ﬁ2!!t- Enter the number of nodes:4

Enter the ad jacency matrix:
Pl 10 50
o 6O 999
60 o] 40
993 40 o

Edge 1:(1 3) cost:10
Edge Z2:(1 2) cost:20
Edge 3:(3 4) cost:40
Minimun cost=70

22




11. Implement AU-Pairs Shortest Pathy Problem wsing Floydls
algoritivm. Parallelize this algoribm, implement Ut using OpenMP

# nclunoeL stollo- v
# ncludeLcondlov>
vt i Lnt; unt);
vold floyds{int p[1O][10],int )
{
unt Gyf,k;
for(k=1;k<=n; k++)
for(l=1;K=nji+)
for(j=15j¢=nsft+)

H(1==))
PlUlI=0;
else
PLUlI=min eI L Uk +pIkIL]);

}
unt i Unt a,unt b))
{

faxh)

return(a);
else
refuarn(b);

3
{

nt p{10][10],wsns,e, s vsiy)s;

clirsen();

prutf("\w Enter the number of vertices:");

sconf(" B, &n);

priundtf{"\n Enter the numbper of edgesy\n');

W\f(”%d/’l)&e/)).

for(L=1; K= Lr+)

{

for(j=15j<=nsj++)

plUlil=a494;
} 23

for(L=1;K=e;0++)




privdtf("\n Enter Hhe end vertices of edgefdl withv ity weight \nw/',0);

seonf(" % dTodl, &, & v, & W;
Plwd[vi=ws
}
prudtf{"\n Matrix of unput data\n');
for(l=1; K= i++)

{
for(j=1;j<=nsj++)
printf(" %o \t,p{ J[J]);
M"/V\}{_f(ll\y\/ll)).
}
oyds(p,n);

prundtf("\n Transitive closure\n');
for(L=1; (K= Lr+)

{
for(j=1;j<=nyj++)
printf(" %o \t*,p{ J[J]);
W('/V\){,f(ll\ Vv“);
}

prundtf("\w The shortest pativg are\n');
for(L=1;K=nj L++)
for(j=15j<=nsj++)

{
LHU=))
pritf("\n <%ol, %o>=%d ,0,f,p{ U [)]);
¥
geteh();

24




Enter number of wvertices:4
Enter number of edges:
Enter end vertices of

3

Enter end vertices of
pd

Enter end vertices of
7

Enter end vertices of
1

Enter end vertices

999 3

999 999
7 999
999 399

Transitive closure:
3
(4] 5
7 (1]
16 9
The shortest paths are:

<1,2>=10
<1,3>=3
<1,4>=4
{£,1>=2
££,3>=h
{Z2,4>=b
€3,1>=7¢
{3,2>»=7¢
<3,4>=1
<4,1>=6
<4,2>=16
<4,3>=9

with i

with i

with i

with i

with i

25




12. Implement N Queents problem wsing Back Trocking.

# unclundeL stolio >
# unclundeL conio: v
# unclundel mativ >
nt a{30],count=0;
unt place(nt poy)
{
for(L=1;Kpos; Lt+)
{
H(afJ==alpos])||(abs(a]i-alpos])==abs(i-pos))))
refurve O;
}
refurne 1;
}
{
it Uy
cowintt+;
prundf( "\ \nSolution # %l \n' ,couwnt);
for(lL=1; (K= Lr+)
{
for(j=1;j<=nsj++)
{
fafd==))
printf("Q\t");
else
printf(\E);
3
M"/V‘#(II\V‘/II)).
}
3
voud gueen(int w)
{
unt k=1;
alk]=0;
wirile(k!/=0)

{

26




}

a[k]=afk]+1;
while((afk]<=n)&&!place(k))
a[k]++;
fafk]<=n)
{
f(k==n)
prunt_sol(n);
else
{

votd main()

{

Wt L
clrsen();
pritf("Enter the number of Queens\n);
scanf(" % & n);
gueen(n);

privtf("\nwTotal solntions=%d" ,covnt);
getei();

Enter the number of Queens

Folution #1:

Golution #2:

otal solutions=2_
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