CS 161
Intro to CS |




Example: Factorial

* Definition
0!=1;
nl=n*(n-1) * ... * (n-(n-1)) *1=n*(n-1)! ; n>0
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Iterative Factorial
factorial(0) = 1;
factorial(n) = n*n-1*n-2*...*n-(n-1)*1;

long factorial(int n) {
long fact;
if(n==0)
fact=1;
else
for(fact=n; n>1; n--)
fact=fact*(n-1);
return fact;

}



Recursive Factorial

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

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

}
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Computing Factorial Iteratively

factorial(o) = 1;

*1.

factorial(n) = n*(n-1)*...¥2*1;

factorial(4)
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Computing Factorial Iteratively

factorial(o) = 1;

*1.

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) =4 * 3
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Computing Factorial Iteratively

factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) = \73/

=12 %2
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Computing Factorial Iteratively

factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) =4 * 3
= 24* 1
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Computing Factorial Iteratively

factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) =4 * 3
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Computing Factorial Recursively

factorial(o) = 1;

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

factorial(4)

USU Oregon State University



Computing Factorial Recursively

factorial(o) = 1;

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

factorial(4) = 4 * factorial(3)
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Computing Factorial Recursively

factorial(o) = 1;

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

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

factorial(o) = 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 Recursively

factorial(o) = 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 Recursively

factorial(o) = 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)))
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Computing Factorial Recursively

factorial(o) = 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))
=4%(3*(2*1j)
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Computing Factorial Recursively

factorial(o) = 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)))

S4%(3%(2%1)
e
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Computing Factorial Recursively

factorial(o) = 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*(17*1)))
=4*(3*(2%1))

-
=4*6
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Computing Factorial Recursively

factorial(o) = 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*(17*1)))
=4*(3%*(2%1))
=4* (3 *2)
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* Pros
— Readability

* Cons
— Efficiency
— Memory
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Recursive Factorial

o beashoonly)

factorial(4)
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Recursive Factorial

~ factorial(4)

l Step 0: executes factorial(4)
ot ] Beaueshcoraly) |

Stack

Space Required
for factorial(4)

Main method
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Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep l: execu

return 3 "“factorrial(2)I

Stack

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method
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Recursive Factorial

factorial(4)
Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep 1: executes factorial

Ireturn 3 "“factorial(2)I

Stack

Ireturn 2 * factorial(1)

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method
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Recursive Factorial

factorial(4)
Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep 1: executes factorial(3)

Ireturn 3 "“factorial(2)I

Step 2: executes fa
Stack

return 2 * factorial(li

. S Required
Step 3: effcutes factorial(1) for factorial(1)

Space Required
for factorial(2)

Iretum 1 * factorial( 0;

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method

Oregon State University



Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep 1: executes factorial(3)

Ireturn 3 "“factorial(2)I

Step 2: executes fact

return 2 * factorial(li

Step 3: exec

Iretum 1 * factorial(0
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return 1

factorial(1)

4: executes factorial(0)

Stack

Space Required
for factorial(0)

Space Required
for factorial(1)

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method




Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep 1: executes factorial

return 3 * factorial(2)

ep 3: executes factorial(1)

Step 5: return’l
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* facto 'al(Oi
Step 4: executes factorial(0)

return 1

Stack

Space Required
for factorial(1)

Space Required
for factorial(2)

Space Required
for factorial(3)

Space Required
for factorial(4)

Main method




Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

{return 4 * factorial(3 )I

lStep 1: executes fact

Ireturn 3 "“factorial(2)I

: executes factorial(2)
Stack

* factorial(li

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

Space Required
for factorial(2)

| 1
return 1 * factorial(0) '
Space Required
‘ Step 4: executes factorial(0 for factorial(3)
Step 5: I'etU.I‘Il 1 < p ( ) Space Required

for factorial(4)
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Recursive Factorial

factorial(4)
Step 0: executes factorial(4)

{return 4 * factorial(3 )I

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

return 2 * factorial(li

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

| 1
return 1 * factorial(0) |
Space Required
‘ Step 4: executes factorial(0 for factorial(3)
Step 5: I'etU.I‘Il 1 < p ( ) Space Required

for factorial(4)
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I'etum ]. Main method




Recursive Factorial

factorial(4)

Step 0: executes factorial(4

J
return 4 * fa

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

Ireturn 3% factorial(2)I

Step 2: executes factorial(2)

Step 7: return 2 Stack
| |

return 2 * factorial(1)

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

Imtum 1 * facto 'al(Oi
Step 5: return 1 < ‘ Step 4: executes factorial(0) T

for factorial(4)
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I'etum ]. Main method




Recursive Factorial

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

{return 4% factorial(3)I

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

return 3* factor1a1(2)

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

return 2 * factorial(li

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

Imtum 1 * facto 'al(Oi
Step 5: return 1 < ‘ Step 4: executes factorial(0)
return 1
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In-class Exercise #4

* Getinto groups of 4 —5.

* Write your own recursive int pwr() function that
takes two integers as arguments and returns the
integer result.

— What does the function prototype look like?
— Now, write the function definition...

I
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1 #include <iostream>

using namespace std;

int power(int base, int exponent) {
int p=1;
for(int i=0; i<exponent; i++)
p*=base;

return p;

}

int pwr(int base, int exponent) {
//base
if(exponent==0)
return 1;
else
return base*pwr(base,exponent-1);

}

int main() {
int base, exp;
cout << "Enter base and exponent, ex. 2 4: " << endl;
cin >> base;
cin >> exp;
cout << power(base, exp) << endl;
cout << pwr(base, exp) << endl;

return 0O;




In-class Exercise

Pointers vs. References
* What if you made a pointer (p2) that points to a |

pointer (p) to an int (x)? Er—géﬁj

— What would the picture look like? P D pd

— Write the code for this picture. LAt X )PP H pl;

P
e Can you make this same picture for ! pA= by, .
references? M\p | P9 Jcalﬁ*‘w

- - PN
_xWhat if you had two references, r and r2? *Pl 03103 coresd
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