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Motivations

Recursion is a technigue that leads to
elegant solutions to problems that are
difficult to program using simple loops.

e A recursive function is one that invokes itself.

Suppose you want to find all the files under a
directory that contains a particular word.
How do you solve this problem? There are
several ways to solve this problem. An
intuitive solution is to use recursion by
searching the files in the subdirectories
recursively.
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 Example: Factorials



Factorials in Math

ol'=1 -

1'=1 1 x 0!
2!@(1 2 x 1!
3! 1 3 x 2!
4! = 1 4 x 3!
5=5 2Xx1 5 x 4!
6! =6x5x4x3x2x1 6 X 5!
J'=7x6x5x4x3x2x1 7 X 0!

Bl=8x7xXx6XxXx5x4x3x2x1 8 x 7!

91 =9 x8x7xXx6Xx5x4%x3%x2x%x 9x8!
1

10! =10x9x8x7x6XxXx5%x4x 10 x09!
3x2x1



Computing Factorial

n! =nx(n-1) x (n - 2) x ... x 2 x
1

o! = 1;

n! =nx(n-1)!' n>20

factorial(0) = 1;

factorial(n) = n*factorial(n-1):

ComputeFactorial Run


http://liveexample.pearsoncmg.com/liang/cpp3e/html/ComputeFactorial.html

ComputeFactorial.cpp

#include <iostream>
using namespace std;

// Return the factorial for a specified index
long long factorial(int n)

{
if (n == 0) // Base case
return 1;
else
return n * factorial(n - |1); // Recursive call
}
int main()
{

// Prompt the user to enter an integer

cout << "Please enter a non-negative integer: ";
int n;

cin >> n;

// Display factorial
cout << "Factorial of " << n << " is " << factorial(n);

, e O Factorial of 4 is 24
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Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4)



Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)




Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)




Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
=4 * 3 * (2 * factorial(1))
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Computing Factorial

factorial(0) = 1;
factorial(n) = n*factorial(n-1);

factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
= 4 * 3 * (2 * factorial(1))
= 4 * 3 * (2 * (1 * factorial(0)))
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Computing Factorial

factorial(0) = 1;

. . factorial(n) = n*factorial(n-1);
factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
= 4 * 3 * (2 * factorial(1))
4 *3*(2*(1*factorial(0)))
4*3*%(2*(1*1)))




Computing Factorial

factorial(0) = 1;

. . factorial(n) = n*factorial(n-1);
factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
4 * 3 * (2 * factorial(1))
4*3*(2*(1*factorial(0)))
=4*3*(2*(1*1)))




Computing Factorial

factorial(0) = 1;

. . factorial(n) = n*factorial(n-1);
factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
= 4 * 3 * (2 * factorial(1))
(2 * (1 * factorial(0)))
4*3*(2*(1*1)))
=4*3*(2%*1])
4 * 3 %2




| animation |
Computing Factorial

factorial(0) = 1;

. . factorial(n) = n*factorial(n-1);
factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
= 4 * 3 * (2 * factorial(1))
2 * (1 * factorial(0)))
2*(1%*1)))
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Computing Factorial

factorial(0) = 1;

. . factorial(n) = n*factorial(n-1);
factorial(4) = 4 * factorial(3)
= 4 * 3 * factorial(2)
= 4 * 3 * (2 * factorial(1))
2 * (1 * factorial(0)))
2*(1%*1)))




Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

| |
return 4 * factorial(3)

lStep 1: executes factorial(3)

Ireturn 3 * fac:torial(Z)I

Step 8: return 6

Step 2: executes factorial(2)
Step 7: return 2

return 2 * factorial(li

Step 6: return 1 Step 3: executes factorial(1)

Iretum 1 * facto ial(O)I

Step 5: return 1 < Step 4: executes factorial(0)

return 1

Stack

Space Required
for factorial(4)

Main function

18



Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
| |
return 4 * factorial(3)

lStep 1: executes factorial(3)

Ireturn 3 * fac:torial(Z)I

Step 8: return 6

Step 2: executes factorial(2)
Step 7: return 2 Stack

return 2 * factorial(l)I

Step 6: return 1 Step 3: executes factorial(1)

| 1
I‘etll].”l'l ]. * faCtO ial(O) Sfpacfe Required
or factorial(3)
Step 4: executes factorial(0 Space Required
Step 5: return 1 < P ©) for factorial(4)
Main function
return 1
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

| |
return 4 * factorial(3)

lStep 1: executes factorial(3)
/

Ireturn 3 * fac:torial(Z)I

Step 8: return 6

Step 2: executes factorial(2)
Step 7: return 2

return 2 * factorial(li

Step 6: return 1 Step 3: executes factorial(1)

Iretum 1 * facto ial(O)I

Step 5: return 1 < Step 4: executes factorial(0)

return 1

Stack

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main function
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

| |
return 4 * factorial(3)

lStep 1: executes factorial(3)

Ireturn 3 * fac:torial(Z)I

Step 8: return 6

Step 2: executes factorial(2)

Step 7: return 2 Stack
|

return 2 * factorial(1)

Space Required

Step 3: executes factorial(1) for factorial(1)

Space Required
for factorial(2)

Step 6: return 1
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Space Required
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Step 5: return 1 Space Required
for factorial(4)

return ]_ Main function
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

| |
return 4 * factorial(3)

Step 8: return 6 lStep 1: executes factorial(3)
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Step 2: executes factorial(2)
Step 7: return 2

return 2 * factorial(li
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Stack
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Space Required
for factorial(1)

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main function

22



Trace Recursive factorial

factorial(4)
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Step 9: return 24
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Step 8: return 6 J lStep 1: executes factorial(3)
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

{“eturn 4 % factoria1(3)I

J lStep 1: executes factorial(3)

I1retu1rn 3 * fact01ria1(2)I

Step 8: return 6
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24



Trace Recursive factorial

factorial(4)
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Trace Recursive factorial

factorial(4)
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

{“eturn 4 % factoria1(3)I

Step 8: return 6 lStep 1: executes factorial(3)

I1retu1r1r1 3 * fact01rial(2)I

Step 2: executes factorial(2)
Step 7: return 2 Stack

return 2 * factorial(l)I

Step 6: return 1 Step 3: executes factorial(1)

| |
return 1 * factorial(0)
Space Required
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Trace Recursive factorial

factorial(4)

Step 0: executes factorial(4)
Step 9: return 24

{“eturn 4 % factoria1(3)I

Step 8: return 6 lStep 1: executes factorial(3)

I1retu1r1r1 3 * fact01rial(2)I

Step 2: executes factorial(2)
Step 7: return 2
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TdCLOINLal(4) otadaCkKk

Trace

Activation Record
for factorial(4)
n: 4

Activation Record
for factorial(1)
n: 1

Activation Record
for factorial(2)
n: 2

Activation Record
for factorial(3)

-

m

Activation Record
for factorial(4)
n: 4

Activation Record
for factorial(0)
n: 0
4 | Activation Record Activation Record
for factorial(1) for factorial(1)
n 1 n: 1
3 Activation Record Activation Record Activation Record
for factorial(2) for factorial(2) for factorial(2)
n: 2 n 2 n: 2
Activation Record Activation Record Activation Record Activation Record
for factorial(3) for factorial(3) for factorial(3) for factorial(3)
n: 3 n: 3 n: 3 n: 3
Activation Record Activation Record Activation Record Activation Record
for factorial(4) for factorial{4) for factorial(4) for factorial(4)
n: 4 n 4 n 4 n: 4
Activation Record
for factorial(2)
n: 2
Activation Record 8 | Activation Record
for factorial(3) for factorial(3)
n: 3 n: 3
Activation Record Activation Record g | Activation Record
for factorial(4) for factorial(4) for factorial(4)
n: 4 n 4 n. 4
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