CSE1301 S2-2003

Topics
CSE1301 * Recursion
Computer Programming « Unary Recursion
Lecture 27

* N-ary Recursion
Recursion (Part 1)

Recursion What is Recursion?

* Queue processing

* A procedure defined in terms of (simpler
* Sorting versions of) itself
* Searching » Components:
—Base case

—Recursive definition
— Convergence to base case

Example: Queue processing Example: Queue processing

procedure ProcessQueue ( queue ) procedure ProcessQueue ( queue )
{ {
if ( queue not empty ) then if (queue not empty ) then
{ {
process first item in queue
remove first item from queue
ProcessQueue ( rest of queue )
} }
} . }

Base case: queue is empty
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Example: Queue processing

ProcessQueue
if ( queue not empty ) then

{

ProcessQueue

}

Recursion: call to ProcessQueue

Example: Queue processing

process first item in queue
remove first item from queue
ProcessQueue ( rest of queue )

Convergence: fewer items in queue

Unary Recursion

¢ Functions calls itself once (at most)

¢ Usual format:
function RecursiveFunction ( <parameter(s)> )
{
if ( <base case>) then
return <base value>
else
return RecursiveFunction ( <expression>)

}
¢ Winding and unwinding the “stack frames”

9

Example: Factorial

Givenn = 0:
nN=nxn-1)x(n-2)x..x2x1

0'=1

Example:
5!=5x4x3x2x1=120

10

Example: Factorial

* Problem: Write a recursive function
Fact ori al (n) which computes the value

of n!

e Base Case:
Ifn=0orn=1:
Factorial(n) = 1

1

Example: Factorial

* Recursion:
nN=nxn-1)x(n-2)x.x2x1
- J

Ifn>1:

Factoria (n) = n x Factoria(n - 1)

12
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Example: Factorial

» Convergence:

| 4] x | Factorid(d) |
/

[ 3 | x [ Factoria( |

[ 2 | x | Factoria@) |

(1] =

Example: Factorial

The Factorial function can be defined
recursively as follows:

Factorial(0) = 1
Factorial(1) =1
Factorial(n) = n x Factorial(n - 1)

14

Example: Factorial

function Factorial (n )

if ( nis less than or equal to 1 ) then
return 1
else

return n X Factorial (n- 1)

15

Example: Factorial

if (n is less than or equal to 1 ) then
return 1

16

Example: Factorial

return n X Factorial (n- 1)

17

Example: Factorial

function Factorial (1) Recursion
{

Factorial ( )

Lecture 27: Recursion 1
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Example: Factorial

Factorial (n ) Convergence

Factorial (n- 1)

19

Example: Factorial

| 4] x | Factorid(d) |

[ 3 ] x [ Factoria( |

[ 2 | x | Factoria() |

IE

Example: Factorial

4

| x| Factoria(3) |

\

IE

x| Factoria(2) |

Example: Factorial

| 4] x | Factorid(d) |

A

\

IE

x | Factoria(2) |

[z ]~ I

22

Example: Factorial

A

4

| x| Factoria(3) |

< s

-

23
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Example: Factorial

| 4] x | Factorid(d) |

N
(3] « I

A

24
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Example: Factorial

25

Example: Factorial

[+ ] ~ I

26

Example: Factorial

EN - N

27

Example: Factorial

28

Example: factorl.c

Computes the factorial of a number

function Factorial (n)

if (nis less than or equal to 1)
then

return 1
else

return n x Factorial (n- 1)

}

/* Compute the factorial of n */

int factorial (int n)
{
if (n<=1)

{
}

el se

{

}
}

return 1;

return n * factorial(n-1);

29

Example: “Frames” during calculation of f act ori al (4)

printf (“%d”, factorial(4));

30
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Example: “Frames” during calculation of f act ori al (4)

L factorial (4)

int factorial ( int n )
{

if (4 <=1)
{

return 1;

el se

{

}
}

return 4 * factorial(4 - 1);

31

Example: “Frames” during calculation of f act ori al (4)

g

factorial ( 3 )

32

Example: “Frames” during calculation of f act ori al (4)

"

int factorial ( int n )

if (3 <=1)
{

}

el se

{
}

return 1;

return 3 * factorial( 3 - 1);

1}

33

Example: “Frames” during calculation of f act ori al (4)

"

factorial( 2 )

Example: “Frames” during calculation of f act ori al ( 4)

" \

int factorial ( int n )

{
if (2 <=1)
{

return 1;

el se

{

— return 2 * factorial( 2 - 1 );
L }

}

35

Example: “Frames” during calculation of f act ori al (4)

" \

— factorial ( 1 )

36
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g

int factorial ( int n )

if (1 <=1)
{

return 1;

el se

{

return n * factorial( n - 1 );

}

]

Example: “Frames” during calculation of f act ori al (4)

37

Example: “Frames” during calculation of f act ori al (4)

g

int factorial ( int n )

if (1 <=1)

o 1

} factorial (1)

Base case:

38

"

factorial ( 1 )

H_J

Example: “Frames” during calculation of f act ori al (4)

39

Example: “Frames” during calculation of f act ori al (4)

"

int factorial ( int n )

{

if (2 <=1)
{

return 1;

}

el se

{

return 2 * factorial( 2 - 1);

}

)

40

g

int factorial ( int n )

{

if (2 <=1)
{

factorial(2)

return 1;

el se

{

}
}

is

Example: “Frames” during calculation of f act ori al (4)

2
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Example: “Frames” during calculation of f act ori al (4)

"

factorial ( 2 )

42
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Example: “Frames” during calculation of f act ori al (4)

g

if (3 <=1)
{

}

el se

{
}

return 1;

1}

int factorial ( int n )

return 3 * factorial( 3 - 1);

43

Example: “Frames” during calculation of f act ori al (4)

g

int factorial ( int n )
if (3 <=1)
{
return 1;

el se

{
cose

}

1}

factorial (3) is 6

Example: “Frames” during calculation of f act ori al (4)

"

factorial ( 3 )

a5

Example: “Frames” during calculation of f act ori al (4)

"

int factorial ( int n )
{

if (4 <=1)
{

}

el se

{
}

}
6|

return 1;

return 4 * factorial(4 - 1);

a6

Example: “Frames” during calculation of f act ori al (4)

g

int factorial ( int n )
{

if (4 <=1)

{

return 1;

el se

{

}
}

e

factorial (4) is 24

47

Example: “Frames” during calculation of f act ori al (4)

printf (“%d”, factorial(4));

Output: 24

48
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Example: testprog.c

#include <stdio. h>
#include “factorl.c”

/* Main program for testing factorial() function */
int main(void)
int n;

printf ("Please enter n: ");
scanf ("%d", &n);

printf ("$d! is %d\n", n, factorial(m));

return 0;

}

49

N-ary Recursion
* Sometimes a function can only be defined

in terms of two or more calls to itself.
» Efficiency is often a problem.

50

Example: Fibonacci

¢ A series of numbers which
— begins with 0 and 1

— every subsequent number is the sum of the
previous two numbers

«0,1,1,2,3,5,8,13,21,...
* Write a recursive function which computes
the n-th number in the series (n=0, 1, 2,...)

51

Example: Fibonacci

The Fibonacci series can be defined recursively
as follows:

Fibonacci(0) = 0
Fibonacci(1) = 1

Fibonacci(n) = Fibonacci(n - 2) + Fibonacci(n - 1)

52

Example: fibonacc.c

function Fibonacci (n)
{
if ( n is less than or equal to 1) then
return n
else
return Fibonacci (n - 2) + Fibonacci (n-1)

}

/* Compute the n-th Fibonacci number,
when=0,1,2,... */

long £fib ( long n )

if (n<=1)
return n ;
el se
return fib( n - 2 ) + fib( n - 1 );

Example: Computation of fi b(4)

long fib ( long 4 )
{

if (4 <=1)
return n ;
el se
return £fib( 4 - 2 ) + fib( 4 - 1 );

Lecture 27: Recursion 1
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Example: Computation of fi b(4)

long fib ( long 2 )

{
if (2 <=1)
return n ;
el se
return fib( 2 - 2 ) + £fib( 2 - 1);
}

fib(2)

55

Example: Computation of fi b(4)

long fib ( long () )

if (0 <=1)
return () ;

el se
return fib( n - 2 )

+ fib(n - 1);

56

Example: Computation of fi b(4)

long fib ( long 0 )
{
if (0 <=1)
return () ;

=

57

Example: Computation of fi b(4)

long fib ( long 2 )

if (2 <=1)
return n ;

el se
return 0

fib(2) |

58

Example: Computation of fi b(4)

long fib ( long 1 )
{

if (1l <=1)
return 1 ;
el se
return fib( n - 2 ) + fib( n - 1 );

B

59
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Example: Computation of fi b(4)

long fib ( long 1 )
{

if (1 <=1)
return | ;

¥

60

10
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Example: Computation of fi b(4)

long fib ( long 2 )
{
if (2 <=1)
return n ;
el se
return 0 + 1 ;
}
fib(2)
+

61

Example: Computation of fi b(4)

return 0 + 1 ;

62

Example: Computation of fi b(4)

long fib ( long 4 )
{
if (4 <=1)
return n ;
el se
return 1 + fib( 4 - 1);
}

63

Example: Computation of fi b(4)

long fib ( long 3 )

if (3 <=1)
return n ;
el se
return £ib( 3 - 2 ) + £fib( 3 - 1 );

Example: Computation of fi b(4)

long fib ( long 1 )
{

if (1l <=1)
return 1 ;
el se
return fib( n - 2 ) + fib( n - 1 );

65

Lecture 27: Recursion 1

Example: Computation of fi b(4)

long fib ( long 1 )
{

if (1 <=1)
return | ;

66

11
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Example: Computation of fi b(4)

long fib ( long 3 )
{
if (3 <=1)
return n ;
el se
return 1
}

+ fib( 3 - 1);

fib(3) |

67

Example: Computation of fi b(4)

long fib ( long 2 )

if (2 <=1)
return n ;
el se
return fib( 2 - 2 ) + fib( 2 - 1);

68

Example: Computation of fi b(4)

long fib ( long 0 )
{
if (0 <=1)
return () ;
el se
return fib( n - 2 )
}

4+ fib(n- 1);

69

Example: Computation of fi b(4)

long fib ( long () )

if (0 <=1)
return () ;

-

Example: Computation of fi b(4)

long fib ( long 2 )
{

if (2 <=1)
return n ;

el se
return 0

+ fib( 2 - 1);

fib(2) |

71
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Example: Computation of fi b(4)

long fib ( long 1 )
{

if (1 <=1)
return | ;
el se
return fib( n - 2 ) + fib( n - 1 );

|

12
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Example: Computation of fi b(4)

long fib ( long ] )
{
if (1 <=1)
return ] ;

Example: Computation of fi b(4)

long fib ( long 2 )

if (2 <=1)
return n ;
el se
return 0 + 1 ;

Example: Computation of fi b(4)

return 0 + 1 ;

Example: Computation of fi b(4)

return 1 + 1 i

77
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fib(2)
+ 74
Example: Computation of fi b(4)
long fib ( long 3 )
if (3 <=1)
return n ;
el se
return 1 + 1 ;
}
fib(3)
+
76
Example: Computation of fi b(4)
long fib ( long 4 )
{
if (4 <=1)
return n ;
el se
return 1 + 2 i
}

78
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Example: Computation of fi b(4) Example: Computation of fi b(4)

Thus, f i b(4) returns the value 3.

return 1 + 2

79 80

Example: fibonacc.c

Reading

Sample mai n() for testing the f i b() function:

{:’.nt main (void) ¢ King Chapter 9
long number; Section 96
printf ("Enter number: "); ° D&D Chapter 5

scanf ("%$1d", &number);

Sections 5.13 to 5.14
¢ Kernighan & Ritchie Chapter 4
return 0;
} Section 4.10

printf ("Fibonacci (%1d) = %$1d\n",
number, fib (number));

81 82
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