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«EactoriaI(O) =1, &=
actorial(n) = n*n-1*n-2*..*n-(n-1)*1;
L/\

long factorial(int n) {

long fact;

if(n==0)
fact=1;

Ise
for(fact=n; n > 1; n--)

fact=fact*(n-1);
return fact;



Recursive Factorial

actorial(Q) = 1; o Ca%/
actorial(n) = n*fe(orlal(n 1);

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

PN o
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// Recursive call
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Computing Factorial lteratively <5 =i

factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4)
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factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) = 4 * 3
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Computing Factorial lteratively <5 =i

factorial(o) = 1;

*q.

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) = ﬁ?
=12 %* 2
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factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) = 4 * 3
=12 * 2
=24 * 1
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Computing Factorial lteratively <5 =i

factorial(o) = 1;

factorial(n) = n*(n-1)*...¥2*1;

factorial(4) = 4 * 3
=12 * 2
=24 *1
= 24
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Computing Factorial Recursively &=

factorial(o) = 1;

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

factorial(4)
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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;
n*factorial(n-1);

factorial(n)
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%*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%*1))
=4 * (3 * 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)))
=4 * (3 * (2*(1*factorial(0))))
=4 % (3% (2%*(1%*1)))
=4 % (3% (2*1))
=4 * (3 *2)
=4 %6
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Computing Factorial Recursively &=

factorial(o) = 1;

factorial ( 3) factorial(n) = n*factorial(n-1);
(3 * factorial(2))

( 3 * (2 * factorial(1)))

(3 *(2*(1*factorial(0))))
(3*(2*(1*1)))
(3
(

factorial(4) =

*(2*1))
3 * 2)
6

*
X
*
*
b3
*
S

I 1 | | | | Y [ QN

X
4
4
4
4
4
4
4
2

4



0. Oregon State University
Differences ) Colegeofngineeing

* Pros
— Readability

« Cons
— Efficiency
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Recursive Factorial

factorial(4)
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Recursive Factorial

factorial(4)

l Step 0: executes factorial(4)
oy Beaesfoily) |

Stack

Space Required] W
for factorial(4)
Main method S } !
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Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

Ireturn 4% 'factorial(?a)I

Step 1: execu

I1return 3 *‘factorial(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)

Ireturn 4% 'factorial(?a)I

! A
return 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)

Ireturn 4% 'factorial(?a)I

Step 1: executes factorial(3)

I1return 3 *‘factorial(2)I

Step 2: executes fa
Stack

Ireturn 2% factorial(l)I

Space Required

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

Space Required
for factorial(2)

Ireturn 1 * factorial( 0)I

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)

Ireturn 4% 'factorial(?a)I

Step 1: executes factorial(3)

I1return 3 *‘factorial(2)I

Step 2: executes fact
Stack

Space Required
for factorial(0)

Ireturn 2% factorial(l)I

Space Required

factorial(l ) for factorial(1)

Space Required
for factorial(2)

Step 3: exec

|
return 1 * factorial(0 _
Space Required

for factorial(3)

4: executes factorial(0)
Space Required
for factorial(4)

I‘etul‘l’l 1 Main method




Recursive Factorial

factorial(4)

Step 0: executes factorial(4)

return 4 * factorial(3)

* factorial(0)

Step 5: return’l

return 1

ep 3: executes factorial(1)

Step 4: executes factorial(0)

Oregon State University
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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)

Step 1: executes fact

Ireturn 3 *‘factorial(2)I

: executes factorial(2)

* factorial(1 )I

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

Ireturn 1 * facto ial(O)I

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

return 1

Oregon State University

y College of Engineering

Stack

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)

Ireturn 4% 'factorial(3)I

actorial(2)

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

Ireturn 2* factorial(l)I

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

Ireturn 1 * facto ial(O)I

Step 4: tes factorial(0
Step 5: retum 1 ep exceutes factoria ( ) Space Required

for factorial(4)
I‘etum 1 Main method

Space Required
for factorial(3)
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Recursive Factorial

factorial(4)

Step 0: executes factorial(4

|
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

Ireturn 2* factorial(l)I

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

Ireturn 1 * facto ial(O)I

Step 4: tes factorial(0
Step 5: I"Ctum 1 ep exceutes factoria ( ) Space Required

for factorial(4)
I‘etum 1 Main method
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Recursive Factorial

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

Iretum 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 Stack

Ireturn 2* factorial(l)I

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

Ireturn 1 * facto ial(O)I

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

I‘etum 1 Main method
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« 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...

32
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#include <iostream> A Ering

using namespace std;

int pwr(int base, int exp) {
int result=1;

for(int i=0; i<exp; i++) {
result=result*base;

CoOo~JoOU kWP

}

return result;

}

int pwr_r(int base, int exp) {
if(exp==0) //base case
return 1;
else
return base*pwr_r(base, exp-1); //get us closer to base case

}

int main() {

23 cout << pwr(2,1000000) << endl;

24 cout << pwr_r(2,1000000) << endl; //too deep of recursion, blow stackl

25

-- INSERT -- 24,74 Top M
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static vs. Dynamic

« Static Semantics

— Assign address of variable

int *i, j=2;

1=8j; _

« Dynamic Semantics

— Create memory

-

— ASS|gn memory to pointer
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What About Memory Leaks?

 What happens here...

int main () {
int *i=NULL; //created in main function
while(1) {
| = new Int;
y




- = 0. Oregon State University
lelng Memnrv leaks_“ College of Engineering

« What happens here...

|nt main () {
int *i=NULL; //created in main function
while(1) { :
i = new int; Co U\A’<<)_é

deleW e memory that i points to, preventing mem leaks
P



