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Review of Recursion

* Recursion is tricky the first time you see it
* And the second
* And the third

* You will get used to it
* Here's a review using Fibonacci numbers

* Slides done by Karen Tu, a TA for an earlier ECS 36A class (thanks,
Karen!), modified for ECS 36A Spring 2025



Function Demonstration Notations

Inputs: (int n) An area in memory allocated for

a function call.

int int n

Return Value (int):




Function Demonstration Notations

| ‘ Inputs: (int n) \

ﬂ Return Value (int):

outline means the function
space is allocated but the program is
not running in that allocated space.

Green outline means the program
is currently executing in this function
space.



Example Function Call: Recursion

/* function declaration */ |nputs:( )4
int fib(int n)
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int):

}



Example Function Call: Recursion

/* function declaration */ Inputs: (int n) 4
int fib(int n) n < 4
{ .

int a, b; INt a

if (n <= 1) intb

return n;
a = fib(n-1);
b = fib(n-2)
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int):

}
}



Example Function Call: Recursion

/* function declaration */ Inputs: (int n) 4
int fib(int n) n < 4
{ .

int a, b; INt a

if (n<=1) n=14>1 int b

return n;
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int):

}



Example Function Call: Recursion

/* function declaration */
int fib(int n)

{

int a, b;

if (n <=
return

a = fib(n

b = fib(n

return a + b;

}

int main (void)

{

printf (“%d\n”
return 0;

}

; a « fib(4-1) fib(3)

Inputs: ( ) 3

fib(4);

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 3
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2)

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 3

int a

int b

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 3
{

int a, b;

if (n <= 1) n=3>1
return n;
a = fib(n-1); a « fib(3-1) = fib(2)
b = fib(n-2);
return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 3

int a

int b

Return Value (int):

10



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: ( ) 2

Return Value (int):

1]



Example Function Call: Recursion

/* function declaration */ | |nputS: (int n) 2 |
int fib(int n) n « 2
i | Int a |

int a, b;

|intb |

I | |
N N —

if (n <= 1) n=2»>91
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): :I

}

12



Example Function Call: Recursion

/* function declaration */ | H1puts:“ntl1)2

int fib(int n) n « 2

{ |inta

int a, b;
if (n <= 1) n=2>»:1 ||ntb

I | |
N N —

return n;
a = fib(n-1); a « fib(2-1) = fib (1)
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int):

}



Example Function Call: Recursion

/* function declaration */
int fib(int n) n <« 1
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 1

Return Value (int):

1]



Example Function Call: Recursion

/* function declaration */
int fib(int n) n <« 1
{

int a, b;

if (n <=1) n =1 == 1
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

| Inputs: (int n) 1

|inta

|intb

LIl 1l |
I | — —
LI 1L

Return Value (int):

1]
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Example Function Call: Recursion

/* function declaration */
int fib(int n) n <« 1
{

int a, b;

if (n <= 1) n =1 ==
return n; returns 1

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

| Inputs: (int n) 1

|inta

|intb

LIl 1l |
I | — —
LI 1L

Return Value (int): 1

1]

16



Example Function Call: Recursion

/* function declaration */ | |nputS: (int n) 2 |
int fib(int n) n « 2

{ |Mta:1 |

int a, b;
|intb |

I | |
N N —

if (n <= 1) n=2»>91
return n;
a = fib(n-1); a « fib(2-1) = fib (1) = 1
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): :I

}

17



Example Function Call: Recursion

/* function declaration */ | |nputS: (int n) 2 |
int fib(int n) n « 2
i |Mta:1 |

int a, b;

|intb |

I | |
N N —

if (n <= 1) n=2»>91
return n;

a = fib(n-1); a « fib(2-1)

b = fib(n-2); b « fib(2-2)

return a + by

}

fib(1l) =1
f1b (0)

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): :I

}

18



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « O
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) O

Return Value (int):

1]



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « O
{

int a, b;

if (n <= 1) n=0<1
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

| Inputs: (intn) 0

|inta

|intb

L LIl |
I | | —
LI L]

Return Value (int):

1]
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Example Function Call: Recursion

/* function declaration */
int fib(int n) n « O
{

int a, b;

if (n <=1) n =0 < 1
return n; returns 0

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

| Inputs: (intn) 0

|inta

|intb

L LIl |
I | | —
LI L]

Return Value (int): O

1]

21



Example Function Call: Recursion

/* function declaration */ | H1puts:“ntl1)2
int fib(int n) n « 2
v |inta:1

int a, b;

|Mtb:0

if (n <= 1) n=2»>91

I | |
N N —

return n;
a = fib(n-1); a « fib(2-1)
b = fib(n-2); b « fib(2-2)
return a + by

}

fib (1)
f1b (0)

int main (void)

{
printf (“%d\n”, fib(4);

return 0; Return Value (int):

}



Example Function Call: Recursion

/* function declaration */ | H1puts:“ntl1)2
int fib(int n) n « 2
v |inta:1

int a, b;

|Mtb:0

if (n <= 1) n=2»>91

I | |
N N —

return n;
a = fib(n-1); a « fib(2-1) fib (1)
b = fib(n-2); b « fib(2-2) fib (0)
return a + b; returns 1 + 0 or 1

}

int main (void)

{
printf (“%d\n”, fib(4);

return 0; Return Value (int): 1

}



Example Function Call: Recursion

int fib(int n) n « 3

{

int a, b;

if (n <= 1) n
return n;

/* function declaration */ |nputS: (int n) 3
inta=1
L int b
a = £i1b(3-1) = fib(2) =1

a = fib(n-1);
b = fib(n-2);
return a + b;

}

int main (void)

{
printf (“%d\n”,
return 0;

}

fib (4);
Return Value (int): :|

24



Example Function Call: Recursion

int fib(int n) n « 3

{
int a, b;

if (n <= 1) n
return n;

/* function declaration */ |nputS: (int n) 3
inta=1
L int b
a = £i1b(3-1) = fib(2) =1
b = fib(3-2) = fib (1)

a = fib(n-1);
b = fib(n-2);
return a + b;

}

int main (void)

{
printf (“%d\n”,
return 0;

}

fib (4);
Return Value (int): :I

25



Example Function Call: Recursion

/* function declaration */
int fib(int n) n <« 1
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2)

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 1

Return Value (int):




Example Function Call: Recursion

/* function declaration */ | InpUtS: (int n) 1 |:|:|
int fib(int n) n < 1

int a, b; nte

e 1) 1 |intb |:|:|

return n;
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (|nt) :I

}

27



Example Function Call: Recursion

/* function declaration */ | |nputS: (int n) 1

int fib(int n) n <« 1

{

int a, b;

|inta

if (n<=1) n =1 == |intb

L LIl
I B -

return n; returns 1
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): 1

}



Example Function Call: Recursion

int fib(int n) n « 3

{

int a, b;

if (n <= 1) n
return n;

/* function declaration */ |nputS: (int n) 3
inta=1
I intb=1
a = £i1b(3-1) = fib(2) =1
b = £ib(3-2) = fib(1l) =1

a = fib(n-1);
b = fib(n-2);
return a + b;

}

int main (void)

{
printf (“%d\n”,
return 0;

}

fib (4);
Return Value (int): :I

29



Example Function Call: Recursion

int fib(int n) n
{

int a, b;

if (n <= 1) n
return n;

/* function declaration */ |nputS: (int n) 3
«— 3 .
inta=1
I intb=1
a = £i1b(3-1) = fib(2) =1
b = fib(3-2) = fib(1l) =1

a = fib(n-1);
b = fib(n-2);
return a + b;

}

int main (void)

{
printf (“%d\n”,
return 0;

}

i
return 1 + 1 or 2

fib (4);
Return Value (int): 2 :I
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Example Function Call: Recursion

int fib(int n) n < 4

{

int a, b;

/* function declaration */ Inputs: (int n) 4
inta=2
== 4 > 1 int b

if (n <= 1) n
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”,
return 0;

}

a = fib(4-1) = fib(3) = 2

fib(4);

Return Value (int):

31



Example Function Call: Recursion

int fib(int n) n < 4

{

int a, b;

if (n <= 1) n
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{

/* function declaration */ Inputs: (int n) 4
inta=2
=4 > 1 int b
a = fib(4-1) = fib(3) = 2
b = fib(4-2) = fib (2)
fib(4);

printf (“%d\n”,
return 0;

}

Return Value (int):

32



Example Function Call: Recursion

/* function declaration */ |ru)utS:( ) 2
int fib(int n) n « 2
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int):

}



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

if (n <= 1) n=2»>91
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 2

int a

int b

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

if (n <= 1) n=2»>91
return n;
a = fib(n-1); a = fib(2-1) = fib (1)
b = fib(n-2);
return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 2

int a

int b

Return Value (int):

35



Example Function Call: Recursion

/* function declaration */
int fib(int n) n <« 1
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2)

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 1

Return Value (int):




Example Function Call: Recursion

/* function declaration */ | InPUtS: (int I’\) 1 |:|:|

int fib(int n) n < 1

{ ' :l
int a, b; | e | :l
if m<=1) n=1==1 |intb |:|:|

return n;
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): :I

}

37



Example Function Call: Recursion

/* function declaration */ | |nputS: (int n) 1

int fib(int n) n <« 1

{

int a, b;

|inta

if (n<=1) n =1 == |intb

LJL_IL_]
I | - -

return n; returns 1
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (int): 1

}



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

if (n <= 1) n=2»>91
return n;

a = fib(n-1); a = fib(2-1)

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) 2

inta=1

int b

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

N
Vv
|_\

if (n <= 1) n =
return n;
a = fib(n-1); a
b = fib(n-2);
return a + by

}

fib(2-1)
fib(2-2)

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

fib (1)
fib (0)

Inputs: (int n) 2

inta=1

int b

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « O
{

int a, b;

if (n <= 1)
return n;

a = fib(n-1);

b = fib(n-2)

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) O

Return Value (int):




Example Function Call: Recursion

/* function declaration */ | InpUtS: (int n) 0 |:|:|

int fib(int n) n < 0

{ ' :l
int a, b; | e | :l
e D om0 |intb |:|:|

return n;
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{

printf (“%d\n”, fib (4);
return 0; Return Value (Int) :I

}

42



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « O
{

int a, b;

if (n <= 1) n=0<1
return n; returns 0

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

Inputs: (int n) O

int a

int b

Return Value (int): O

43



Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2
{

int a, b;

N
Vv
|_\

if (n <= 1) n =
return n;
a = fib(n-1); a
b = fib(n-2);
return a + by

}

fib(2-1)
fib(2-2)

int main (void)

{
printf (“%d\n”, fib (4);
return 0;

}

fib (1)
fib (0)

Inputs: (int n) 2

inta=1

intb=0

Return Value (int):




Example Function Call: Recursion

/* function declaration */
int fib(int n) n « 2

{

int a, b;

if (n <= 1) n

return n;
a = fib(n-1);
b = fib(n-2);
return a + by

}

int main (void)

{
printf (“%d\n”,
return 0;

}

=2 > 1
a = fib(2-1)

b = fib(2-2)
returns 1 + 0

fib(4);

| Inputs: (int n) 2

|Mta:1

|Mtb:0

LI L]

Return Value (int): 1

45



Example Function Call: Recursion

int fib(int n) n < 4

{

int a, b;

if (n <= 1) n
return n;

a = fib(n-1);

b = fib(n-2);

return a + by

}

int main (void)

{

/* function declaration */ Inputs: (int n) 4
inta=2
== 4 > 1 intb=1
a = fib(4-1) = fib(3) = 2
b = fib(4-2) = fib(2) =1
fib(4);

printf (“%d\n”,
return 0;

}

Return Value (int):

46



Example Function Call: Recursion

int fib(int n) n

{

int a, b;

if (n <= 1) n
return n;

a = fib(n-1);

b = fib(n-2);

/* function declaration */ Inputs: (int n) 4
— 4
inta=2
== 4 > 1 intb=1
a = fib(4-1) = fib(3) = 2
b = fib(4-2) = fib(2) =1
returns 2 + 1 = 3

return a + b;

}

int main (void)

{
printf (“%d\n”,
return 0;

}

fib(4);

Return Value (int): 3

47
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