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Introduction

RECURSION

This is where a function repeatedly calls itself to perform
calculations. Typical applications are games and Sorting trees
and lists.

Consider the calculation of 6! ( 6 factorial ) i . e.
6! =6 *5* 4* 3 * 2* 1
6! = 6 * 5l
6! =6 * ( 6 1)!
nf =n* (n-1)!
n* (n 1)* (n- 2)* .. * 1

Recursion and Function
Prototype



Properties

e There nmust be sone situation In
whi ch a recursive function does
not 1 nvoke 1tself; That neans
every recursive function nust
have a base case

e The function I nvoked al ways
returns to 1ts I nvoker.

« When a function I nvokes i1tself,
the values used In testing for
t he base case nmust change

Recursion and Function
Prototype




[* An example for demonstrating recursion */
#include <stdio.h>

long Int factorial( long int ); /* ANSI function
prototype */

long int factorial( long int n)

{
long int result;
If(n==0L)
result = 1L;
else

result = n * factorial( n - 1L );
return ( result );

}

Recursion and Function
Prototype



main( ) {
Int J;
for(j=0;j<11; ++j)
printf("%2d! = %ld\n",
factorial( (long) j) );

Recursion and Function
Prototype



Example :

I5=5%*15-1 Results 120+
4*13 returns 24—
3*12 returns 6—

2*11 returns 2«
1*10 returns 1—

Recursion and Function
Prototype



REVERSING A STRING

#include<stdio.h>

void StackChar()

{ char c;
scanf(“%c”,&c);
If(c!="\n")

{ StackChar();
printf(“%c”,c);}

}

void main(){
printf(“Enter a string to be reversed;”);
StackChar(); printf(*\n™);
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#include<stdio.h>
void StackChar(int level)
{ charc;

++|evel,

scanf(“%c”,&c);

printf(“Reading at level %d\n” level);

If(c!="\n") { StackChar(level);

printf(“Printing at level %d : %c\n” level,c);}
}
void main(){
printf(“Enter a string to be reversed;”);

StackChar(); printf(*\n”); printf(*\n”);
! A
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Multiplication of Natural Numbers

The product a*b, where a and b are +ve integers, may
defined as a added to itself b times. An equivalent recursive
definition Is
a*b=a Ifb ==
a*b =a*(b-1) + a ifb>1

Example : To evaluate 6*3 by the definition,we first
evaluate 6*2 and then add 6. To evaluate 6*2, we first
evaluate 6*1 and then add 6.

Thus 6*3 = 6*2+6 =
6*1+6+6=
6+6+6 =18
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Calculating Powers Recursively
#include<stdio.h>

float power(flat x,int n) {

If(n>0) return(x*power(x,(n-1)));
return(1.0); }
void main() {

float X;

Int n;

printf(“Enter x and n :”);

scanf(“%f %d”, &x,&n);

printf(“%f ~ %d \n”,x,n,power(x,n));
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#include<stdio.h>
float power(flat x,int n, int level) {
float tempPower;
++|evel,
If(n > 0)
{ tempPower = x*power(x,n-1,level);
printf(“Level %d About to return value %f \n”,
level,tempPower);
return(tempPower);
h
printf(“Bottom of recursion reached at level %d\n”,level);

return(1.0);
€l
} -
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Void main()
{ float x; Int n;

printf(“Enter x and n :”);

scanf(“%f %d”,&x,&n);

printf(“%f " %d = %f \n”’x,n,power(x,n));
}
A run to calculate 2 * 3 produces :
Enter xand n: 2 3
Bottom of recursion reached at level 4
|_evel 3 About to return the value 2.000000
|_evel 2 About to return the value 4.000000
_evel 1 About to return the value 8.000000
2.000000"3 = 8.000000 fad
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FIBONACCI SERIES
The Fibonacci sequence Is the sequence of integers
0,1,1,2,3,5,8,13,21 24 .......cccvvrviviinnn....

Each element in this sequence Is the sum of the two
preceding elements

0+1=1,1+1=2,1+2=3, 243 =5,3+5=8 ......

If we let fib(0) = 0,fib(1) =1 and so on. We may define the
Fibonacci Series by the following recursive definition

fib(n)=n1 n==0 orn==
fib(n) = fib(n-2) + fib(n-1) ifn>2
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FIBONACCI SERIES
fib(n) = fib(n-2) + fib(n-1) ifn>2
For an example
fib(6) = fib(4) +fib(5) = fib(2)+fib(3)+fib(b)=
0+1+fib(3)+fib(5)= 1+fib(1)+fib(2)+fib(5)=
1+1+fib(0)+fib(1)+fib(5)=
1+1+0+1+fib(3)+fib(4)=
3+fib(1)+fib(2)+fi(4)=
3+1+fib(0)+fib(1)+fib(4)=
4+0+1+fib(2)+fib(3)=
5+fib(0)+fib(1)+fib(3)=
5+0+1+fib(1)+fib(2)= 6+1+fib(0)+fib(1)
7+0+1=8 by
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FIBONACCI SERIES

fib(n)
Int n;
{ Int X,y;
If(n<=1) return(n);
X = fib(n-1);
y = fib(n-2);
return(x+y);
¥

Example :  fib(5)
11235
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TOWER OF HANOI

This Is a ‘true’ story which dates back to very
ancient times...

Somewhere In the far east, there exists a
Monastery with a a pile of sixty four (164) disks of
Increasing size made of pure gold, stacked one on
each other, with the largest on the bottom. Each disk
IS plerced with a hole and they rest in a single pile
on a pin(peg) of purest diamond!

| For more complete, lucid details, including
location maps and access means, refer
Mathematical Recursions and essays” by W.W.
Rouse Ball ] by

rrrrrrrrrrrrrrrrrrrrrr
ooooooooooooooooooo




TOWER OF HANOI
The monks played the following game at their
leisure ..

Move the golden disks from the diamond peg to
another peg, according to the following rules:

* Only one disk to be moved at a time

* A large disk could never be placed on top of a
smaller one

* The original pile could be moved from one
position (Say A) to another position(Say C)
using a single additional temporary position (Say
B) about a peg. 6
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TOWER OF HANOI

Move from peg A to peg C can be represented as A ---> C
‘n’ represents number of disks

Analysis of “ordinary” situations:

n=1: A-->C [1 Move]
n=2: A--->BA-->C,B--->C [3 Moves]
n=3:. A-->C A->C, C---->B,A-->C

B-->A B-->C, A---- >C [7 I\/Iovevs]
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TOWER OF HANOI

The Problem :

Using the concept of Recursion, It Is required to move
‘n’ disks from starting peg ‘A’ to ending peg ‘C’, using an
auxiliary peg B.

SOLUTION :

o Move the top n-1 disks from peg A to peg B.
o Move the top disk from peg A to peg C

. Move the top n-1 disks from peg B to peg C
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TOWER OF HANOI
Mathematical equation for this Recursive problem :

M(ﬂ) :{ 1, n=1

2.M(n-1) +1, n>1
Since moving a pile of n disks involves moving a pile of
n-1 disks, then moving 1 and then moving the pile of
n-1 disks.
This recurrence relation generates
n = 1 2 3 4 5 6...
M(n) = 1 3 7 15 31 63
M(n) = 2" -1
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TOWER OF HANOI
Move all disks from A to C using B as auxiliary peg.

1) If n==1 move the disk from Ato C

2) Move top n-1 disks from A to B using C as
auxiliary.

3) Move the n th disk from A to C.

4) Move n-1 disks from B to C using as auxiliary.
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TOWER OF HANOI
Now revert to the original story ....
Turning point ......

For n = 64 disks
M(n) = 1.84 E+19 moves

If the monks worked at the rate of one move per second, then
this would require about 585 billion years !!!

A present day computer operating at one Million moves per
second takes about 585 thousand years

Finally ............
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TOWER OF HANOI
When this “Towers of Hanoi” is completely moved from one

F 3
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TOWER OF HANOI

main()
{ Intn;
scanf(“%d”,&n);
towers(n,’A’,’B’,’C’);
}
towers(n,frompeg,topeg,auxpeq)
Int n; char frompeg,topeg,auxpegq;
{if(n==1)
{ printf(*“\n %s%c%s%c”,”Move diskl from
peg”,frompeg,”to peg”,topeq,);
return; }
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towers(n-1,frompeg,auxpeg,topeq);

printf(“\n %s%c%s%c”,”Move disk”,n,”from
Peg”,frompeg,”to peg”,topeg);

towers(n-1,auxpeg,topeg,frompeg);
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EXERCISE

Write a recursive function
ODD TIMER(N) that finds the
product of first N odd numbers.
The Nth odd number is given by
the formula 2*N-1. le. The 3™ odd
number is 2*3-1 = 5.

E.g. -

ODD TIMER(4) = 1*3*5*7



#1 ncl ude <stdi o. h>

[ *Procedure To Cal cul ate Odd Nunbers */
CDD Tl MER( N)
Il nt N;
{

I nt X,V,;

i1f (N <= 0)

return(l);

X=N- 1;

y=0DD Tl MER( X) ;

return((2*N-1) * vy);
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[ *Procedure To Check If N>O O To D spl ay
The ODD TI MER OF N*/

checki ng(N)
I nt N,
{ Int Xx;
i1 f (N> 0)
X = ODD Tl MER(N);
el se
X = 0;

printf("\'n The ODD TI MER of (%) = %
\n", N, X);

}
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[*Main Program To Di splay The Message And
To Read The | nput*/

[*And Al so To Display If Invalid I nput
Have Entered*/

mai n()
{ Iint N X;
printf(" Please Enter N Odd Nunbers

ll)’
scanf ("%", &N);

1f (N >= 0)
checki ng(N) ;
el se

printf("\n Invalid | nput Have Entere&‘
\n");} el
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THE END OF
1 LESSON
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