


recursion
defining a function in terms of itself
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factorial

the product of all positive integers less than or
equal to a given non-negative number
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factorial

the product of all positive integers less than or
equal to a given non-negative number

Bl =50 x4 x3x2x1
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Recursive solutions must satisfy three rules:

1. Contain a recursive case



Or Opertiog

Recursive solutions must satisfy three rules:

2. Contain a base case
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Recursive solutions must satisfy three rules:

3. Must make progress toward the base case



Every recursive function has an equivalent
iterative solution.



Every iterative function has an equivalent
recursive solution.



Every iterative function has an equivalent
recursive solution.

Some problems can be easier to solve one

_way than the
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int factorial(int n) HQ”aﬁve

{ Version
int 1, product = 1; -
\
/* computes n*n-1... */ |
for (i=n; 1>1; 1=1i-1)
{

product = product * 1;

}

/* the value returned */
return (product);

}
R —
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int factorial (int n)

( |

int product;

if (n == 0)
product = 1;
else

product = n * factorial(n-1);

return (product);
} .—4
D — |
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int factorial (int n)

{

int product;
i1f (n == 0)
product = 1;
else
product = n * factorial(n-1);

return (product);
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else

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

product = n * factorial(n-1)3}
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int factorial (int n)
{
int product;
i1f (n == 0)
product = 1;
else

product = n * factorial(n-1);

return (product);

at is the _
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i1f (n == 0)
product = 1;

~ What is the _
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int factorial (int n)

( |

int product;

if (n == 0)
product = 1;
else

product = n * factorial(n-1);

return (product);
} .—4
D — |
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return 1



return 1




return 2*1 = 2



return 3*2 = 6



return 4*6

24



return 5*24

120
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int multiply(int m, int n)

{ (

int answer;

\

1f (n == 1)
answer = m;
else
answer = m + multiply(m, n - 1);

return answer;
Ve —— -——-——-—-—-—-Iilj




M Ulﬁp[i@aﬁOn
int multiply(int m, int n)
{

int answer;

1f (n == 1)
answer = m;
else
answer = m + multiply(m, n - 1);

return answer;

recursive case?
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recursive

else | ] .
answer = m + multiply(m, n 1);

What is the recursive case?
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recursive

else . - .
answer = m + multiply(m, n 1)5

What is the recursive case?
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int multiply(int m, int n)

{ (

int answer;

\

1f (n == 1)
answer = m;
else
answer = m + multiply(m, n - 1);

return answer;
Ve —— -——-——-—-—-—-Iilj
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int multiply(int m, int n)
{

int answer;

1f (n == 1)
answer = m;
else
answer = m + multiply(m, n - 1);

return answer;

" What is the
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int multiply(int m, int n)

{ (

int answer;

\

1f (n == 1)
answer = m;
else
answer = m + multiply(m, n - 1);

return answer;
Ve —— -——-——-—-—-—-Iilj




Write-out the recursive multiplication function
call trace form =3 and n =4.
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Fibonacci number:
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1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89. 144
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Fibonacci number:
F,=F,_ 1+ F,_o n > 2
Fp, =1
Fy=1
Fio F11 Fio
5o, &89, 144




int fibonacci (int N) ’fer‘aﬁve

{ Vergion
int k1, k2, k3;
kl = k2 = k3 = 1; \
for (int j = 3; j <= N; j++)
{
k3 = k1l + k2;
kl = k2;
k2 = k3;
}
return k3;
}

R ——



int fibonacci(int N) Ubro:
er.
{ an

if (N ==1) || (N ==2) )
{

return 1;

}

else

{

return
( fibonacci(N-1) + flbonac01(N 2)
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int fibonacci(int N) me.
{ 10N

if (N ==1) || (N ==2) )
{

return 1;

}

else

{

return
( fibonacci(N-1) + fibonacci(N-2) );

recursive case?




Recur Qe
Ub@km

else

{

return
( fibonacci(N-1) + fibonacci(N-2) );

recursive case?




Recur Qe
Ub@km

else

{

return
(7fibonacci(N-1)t"+ fibonacci(N-2) );

recursive case?




else

{

return
( fibonacci(N-1) +{ fibonacci(N-2)');
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int fibonacci(int N) Ubro:
‘ eraion
if (N ==1) || (N ==2) )
{
return 1;
}
else
{

return
( fibonacci(N-1) + fibonacci(N-2) );

t is the ~
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if (N ==1) || (N ==2) )
{

return 1;

}




int fibonacci(int N) Ubro:
er.
{ an

if (N ==1) || (N ==2) )
{

return 1;

}

else

{

return
( fibonacci(N-1) + flbonac01(N 2)




Only one disk can move at a time



Only one disk can move at a time

Each move takes the upper disk from one stack and
places it on top of another stack



Only one disk can move at a time

Each move takes the upper disk from one stack and
places it on top of another stack

No disk may be placed on top of a smaller disk









void TowersOfHanoi(int n, char a, char b, char c)

{

1f(n==1)

printf("\nMoved from %c to %c",a,c);
else
1

TowersOfHanoi(n-1,a,c,b);
TowersOfHanoi(l,a,’' ',c);
TowersOfHanoi(n-1,b,a,c);












