Recursive Function Calls
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The Fibonacci sequence

h=2ay 2+ap1 a=1 a=1

1. Ifyou are passed=1orn= 2,
then return 1.

2. Otherwise, “call yourself” with
argumentvalues — 2 andn—1

3. Sum these results and return the
value.

These diagrams show how the stack
grows downward with each successive
function call. EacHi b() has its own
portion of the stack to store itg

nM nus2, andnM nus1 variables.

Qlide: 2

1/xx The fibonacci sequence stack.

2#include <iostream>

isaan easy to program recursive fUnCtlonB using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib( int n)

if(n<=2){

return 1;
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;

*/



1/xx The fibonacci sequence stack.

2#include <iostream>

Although the variables are named the q b“(a”i“nefpjc)%‘d;

same, eachi b() function “sees” only 5
those variables in its own stack frame. Fof}

the same reason, different functionscan &8 }? . .
9 int nMinus2( fib (n-2) );

if(n<=2){
return 1;

share like-named variables without 10 int nMinusi( fib (n-1) );

ConﬂiCt. i; :’r;ttu:ﬁ ?!;\/IinUSZ + nMinusl );
13}

No wonder they are callegutomatic 15 i(m meno

variables. Memory to hold their valuesis 15 ["L [, ).

automatically found on the program stack.ig cout << "fibonacci (4)="

<< f << endl;
20 return 0;
21}
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*/



In order to make these diagrams more
readable, the functioh b is referred to
along with the value ofi it is called with.
The main function calléi b(4), and it
then calldib(2) andfib(3),...

The parameter value has been added to
fib() purely for readability. There are
not differentf i b functions for each value
ofn.
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1/xx The fibonacci sequence stack.

2#include <iostream>
3 using namespacestd;
4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );

11 int r( nMinus2 + nMinusl );

12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}

*/
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The Operating System callsmai n()

<0OS>
Program StaCk 1/*:* The fiponacci sequence stack.
Istack 2#|Qc|ude <iostream>
3 using namespacestd;
4int fib( int n)
5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n—2) );
10 int nMinus1( fib (n—1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap

*/
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The Operating System callsmai n()
create call frame fomai n

<0S>
Program StaCk 1/*:* The fiponacci sequence stack.
IStack) 2#|Qc|ude <iostream>
R T 3 using namespacestd;
- 4int fib( int n)

5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n—2) );
10 int nMinus1( fib (n—1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap

*/
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Line 14: Function mai n entry

<OS>=— main

Program StaCk 1/*:* The fiponacci sequence stack. x/
Istack) 2#|Qc|ude <iostream>
R T 3 using namespacestd;
- 4int fib( int n)

5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n—2) );
10 int nMinus1( fib (n—1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main() /] <==
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap
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Line 16: Declaref

<0OS>=— main

Program Stack 1 /%% The fibonacci sequence stack. x/

2#include <iostream>
| Stack} X
—— 3 using namespacestd;
frame: main 4int fib( int n )

var: main::f = GARBAGE 5
6 if(n<=2)¢{
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f; M ===
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap



Linel7: Callfi b(4)

<OS>=— main

Program StaCk 1/x* The fibonacci sequence stack. x/

2#include <iostream>
Stacl
! K 3 using namespacestd;

TAmEAMAi) 4int fib( int n )
var: main::f = GARBAGE 5{

6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n—2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4); Il <==
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

{Heap
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Linel7: Call fi b(4)
create call frame fofi b( 4)

<OS>=— main

Program StaCk 1/x* The fibonacci sequence stack. x/

2 #include <iostream >

|/Stack) X

R T 3 using nanjespacesld;

= 4int fib( int n)

var: main::f = GARBAGE 5{

frame: fib(4) 6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4); Il <==
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap
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Linel7: Call fi b(4)
create formal param of fi b(4)

<OS>=— main

Program StaCk 1/x* The fibonacci sequence stack. x/

2 #include <iostream >

|/Stack) X

R T 3 using nanjespacesld;

- 4int fib( int n)

var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;

8 }
9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4); Il <==
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap
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Line4: Functionfi b(4) entry

<OS>=— main—= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/

IStack) 2#include <iostream >

R T 3 using namespacestd;

= . 4int fib( int n) Il <==

var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;

8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap



Line6: Isn==1 or n==27

<0S>=— main— fib(4)

Program Stack 1 /%% The fibonacci sequence stack. x/

2#include <iostream>

| Stack} X k

frame: main 3 using nanjespacesld,

= 4int fib( int n)

var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2)¢{ i
var: fib(4):n=4 7 return 1;

8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap
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Line9: No, n > 2, DeclarenM nus?2...

<0S>=— main— fib(4)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = GARBAGH

fiHeap

1/«x+ The fibonacci sequence stack. x/
2 #include <iostream >

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n-2) ); ===
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}
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Line9: Call fi b(2)

<OS>=— main= fib(4)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = GARBAGH

fHeap

1/x* The fibonacci sequence stack. x/
2 #include <iostream >

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n-2) ); Il <==
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}
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Line9: Call fi b(2)
create call frame foiri b(2)

<OS>=— main= fib(4)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = GARBAGH

frame: fib(2)

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n—-2) ); /I <==
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;
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Line9: Call fi b(2)
create formal param of fi b(2)

<OS>=— main= fib(4)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = GARBAGH

frame: fib(2)

var: fib(2)::n=2

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n—-2) ); /I <==
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;
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Line4: Functionfi b(2) entry

<0S>= main = fib(4) = fib(2)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = GARBAGH

frame: fib(2)

var: fib(2)::n=2

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >
3 using namespacestd;

4int fib( int n) Il <==
5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Line6: Isn==1 or n==27

<0S>=— main= fib(4) = fib(2)

Program Stack 1/«+ The fibonacci sequence stack. x/
2#include <iostream>
| Stack)
— 3 using namespacestd;
flamegmain 4int fib( int n )
var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2)¢{ /] <==
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = GARBAGH 8 }

frame: fib(2) 9 int nMinus2( fib (n-2) );

var: fib(2)=n= 2 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap
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Line7: Yes, nis2, return!

<0S>=— main= fib(4) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = GARBAGH

frame: fib(2)

var: fib(2)::n=2

fHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;
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Line7: Yes, nis2, return!
copy return value

<0S>=— main= fib(4) = fib(2)

Program Stack 1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
| Stack} .
— 3 using namespacestd;
flamegmain 4int fib( int n )
var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2){
var: fib(4)::n=4 7 return 1; Il <==
var: fib(4)::nMinus2 = 1 8 }
frame: fib(2) 9 int nMinus2( fib (n-2) );
var: fib(2)=n= 2 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fHeap
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Line7: Yes, nis2, return!
discardfi b(2) parameten

<0S>=— main= fib(4) = fib(2)

Program Stack 1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
| Stack} .
— 3 using namespacestd;
flamegmain 4int fib( int n )
var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2){
var: fib(4)::n=4 7 return 1; Il <==
var: fib(4)::nMinus2 = 1 8 }
frame: fib(2) 9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
{Heap
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Line7: Yes, nis2, return!
discard call frame, return to caller

<0S>=— main= fib(4) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

fiHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;
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Line9: Return fromfi b(2)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/

| Stack) 2#include <iostream>

3 using namespacestd;

TAmEAMAi) 4int fib( int n )
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
9 int nMinus2( fib (n-2) ); Il <==
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap
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Line 10: DeclarenM nus1...

<0S>=— main— fib(4)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >

3 using namespacestd;

4int fib( int n)

5¢
6 if(n<=2){
7
8

return 1;

}
9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) ); [l <==
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
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Linel10: Call fi b(3)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/

|Stack) 2#include <iostream >

3 using namespacestd;

Tamedmain 4int fib( int n )
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = GARBAGH 9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) ); /] <==
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
{Heap
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Linel10: Call fi b(3)
create call frame foki b( 3)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2#include <iostream>
|/Stack)
frame. man 3 using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = GARBAGH 9 int nMinus2( fib (n—2) );
frame: fib(3) 10 int nMinus1( fib (n-1) ); /] <==
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fHeap
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Linel10: Call fi b(3)
create formal param of fi b( 3)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2#include <iostream>
|/Stack)
frame. man 3 using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = GARBAGH 9 int nMinus2( fib (n—2) );
frame: fib(3) 10 int nMinus1( fib (n-1) ); /] <==
— —— 11 int r( nMinus2 + nMinusl );
var: fib(3)::n=3 12 R 7
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap
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Line4: Functionfi b(3) entry

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >
3 using namespacestd;

4int fib( int n) Il <==
5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Line6: Isn==1 or n==27

<0S>=— main= fib(4) = fib(3)

Program Stack 1/«+ The fibonacci sequence stack. x/
2 #include <iostream >
| Stack) .
frame: main 3 using namespacesld,
= 4int fib( int n)
var: main::f = GARBAGE 5
frame: fib(4) 6 if(n<=2){ /] <==
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = GARBAGH 9 int nMinus2( fib (n-2) );
frame: fib(3) 10 int nMinus1( fib (n-1) );
var: fib@3):n =3 11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap

Qlide: R0
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Line9: No, n > 2, DeclarenM nus?2...

<0S>=— main= fib(4) = fib(3)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

fHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n )

if(n<=2){
return 1;
}
int nMinus2( fib (n-2) ); ===
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 32

Line9: Call fi b(1)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) ); Il <==
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 33

Line9: Call fi b(1)
create call frame foiri b( 1)

<0S>=— main= fib(4) = fib(3)

Program StaCk 1 /x% The fiponacci sequence stack. x/
UStack) 2 #include <iostream >
frame. mamn 3 using namespacestd;
- . 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = GARBAGH 9 int nMinus2( fib (n-2) ); i ===
frame: fib(3) 10 !nt annus_l( flb(n—:}) );
var: fib(3):n =3 g :r;ttur”(] r;!\/\lnusZ + nMinusl );
var: fib(3)::nMinus2 = GARBAGH 13} '
frame: fib(1) 14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap



Qlide: R4

Line9: Call fi b(1)
create formal paramof fi b(1)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

frame: fib(1)

var: fib(1):n=1

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n—-2) ); /I <==
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 35

Line4: Functionfi b(1) entry

<0S>= main=> fib(4) = fib(3) = fib(1)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

frame: fib(1)

var: fib(1):n=1

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >
3 using namespacestd;

4int fib( int n) Il <==
5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 26

Line®6: Is

==1or n==27

<0S>=— main= fib(4) = fib(3) = fib(1)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

frame: fib(1)

var: fib(1):n=1

fHeap

1/x% The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){ Il <==
7 return 1;

8 }

9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 37

Line7: Yes, nisl, return!

<0S>=— main= fib(4) = fib(3) = fib(1)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = GARBAGH

frame: fib(1)

var: fib(1):n=1

fHeap

1/«x% The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 38

Line7: Yes, nisl, return!
copy return value

<0S>=— main= fib(4) = fib(3) = fib(1)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

frame: fib(1)

var: fib(1):n=1

fHeap

1/«x% The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: R9

Line7: Yes, nisl, return!
discardfi b(1) parameten

<0S>=— main= fib(4) = fib(3) = fib(1)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

frame: fib(1)

fiHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 40

Line7: Yes, nisl, return!
discard call frame, return to caller

<0S>=— main= fib(4) = fib(3) = fib(1)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

fHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 41

Line9: Returnfromfi b(1)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) ); Il <==
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 42

Line 10: DeclarenM nus1...

<0S>=— main= fib(4) = fib(3)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 = GARBAGH

fHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >

3 using namespacestd;

4int fib( int n)

5
6 if(n<=2){
7
8

return 1;

}
9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n—-1) ); Il <==
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}



Qlide: 43

Linel10: Call fib(2)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 = GARBAGH

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) ); /] <==
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 44

Linel10: Call fib(2)
create call frame foiri b(2)

<0S>=— main= fib(4) = fib(3)

Program StaCk 1 /x% The fiponacci sequence stack. x/
2 #include <iostream >
||Stack} 3 ]
AT using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4):nMinus1 = GARBAGH 9 int nMinus2( fib (n-2) );
frame: fib(3) 10 int nMinusi( fib(n-1) ); /] <==
var: fib(3):n =3 g :r;ttur”(] r;!\/\lnusZ + nMinusl );
var: fib(3):nMinus2 = 1 13} '
var: fib(3)::nMinus1 = GARBAGH 14 int main()
frame: fib(2) 15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap



Qlide: 45

Linel10: Call fib(2)
create formal param of fi b(2)

<0S>=— main= fib(4) = fib(3)

Program StaCk 1 /x% The fiponacci sequence stack. x/
2 #include <iostream >
||Stack} 3 ]
AT using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4):nMinus1 = GARBAGH 9 int nMinus2( fib (n-2) );
frame: fib(3) 10 int nMinusi( fib(n-1) ); /] <==
var: fib(3):n =3 g :r;ttur”(] r;!\/\lnusZ + nMinusl );
var: fib(3):nMinus2 = 1 13} '
var: fib(3)::nMinus1 = GARBAGH 14 int main()
frame: fib(2) 15 {
var: fib(2)::n=2 16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap



Qlide: 46

Line4: Functionfi b(2) entry

<0S>= main=> fib(4) = fib(3) = fib(2)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 = GARBAGH

frame: fib(2)

var: fib(2)::n=2

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream >
3 using namespacestd;

4int fib( int n) Il <==
5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 47

Line®6: Is

==1or n==27

<0S>=— main= fib(4) = fib(3) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 = GARBAGH

frame: fib(2)

var: fib(2):n=2

fiHeap

1/x% The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){ Il <==
7 return 1;

8 }

9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 48

Line7: Yes, nis2, return!

<0S>=— main= fib(4) = fib(3) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 = GARBAGH

frame: fib(2)

var: fib(2)::n=2

fiHeap

1/«x% The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 49

Line7: Yes, nis2, return!
copy return value

<0S>=— main= fib(4) = fib(3) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 =1

frame: fib(2)

var: fib(2)::n=2

fiHeap

1/«x% The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int

© o~ U
-~

10

11

12
13}
14 int
15 {
16

17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 50

Line7: Yes, nis2, return!
discardfi b(2) parameten

<0S>=— main= fib(4) = fib(3) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 =1

frame: fib(2)

fHeap

1/«x% The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 51

Line7: Yes, nis2, return!
discard call frame, return to caller

<0S>=— main= fib(4) = fib(3) = fib(2)

Program Stack
| Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4)::n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinus1 =1

fiHeap

1/«x+ The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4 int
5{
6
7
8
9
10
11
12
13}
14 int
15 {
16
17

fib ( int n )

if(n<=2){
return 1; Il <==
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 52

Line 10: Return fromfi b(2)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinusl =1

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) ); /] <==
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="

19 << f << endl;

20 return 0;

21}



Qlide: 53

Line1l: Declarer (nM nus2+nM nus1l)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinusl =1

var: fib(3):ir=2

fHeap

1 /x* The fibonacci sequence stack.
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;

21}

x/

Il <==
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Line12: Returnr =2 fromfi b( 3)

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinus1 = GARBAGH

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinusl =1

var: fib(3):ir=2

fHeap

1 /x* The fibonacci sequence stack.
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;

21}



Line12: Returnr =2 fromfi b( 3)
copy return value

<0S>=— main= fib(4) = fib(3)

Program StaCk 1 /x% The fiponacci sequence stack. x/
UStack) 2 #include <iostream >
frame. mamn 3 using namespacestd;
- . 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4):nMinus1 = 2 9 int nMinus2( fib (n-2) );
frame: fib(3) 10 !nt annus_l( flb(n—:}) );
var: fib(3):n =3 11 int r( nMinus2 + nMinusl );
2 o 12 return r; =
var: fib(3)::nMinus2 = 1 13}
var: fib(3)::nMinus1 = 1 14 int main()
var: fib(3):ir=2 15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fiHeap

Qlide: 55



Line12: Returnr =2 fromfi b( 3)
discard the auto (local) variabféb(3)::r

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinusl = 2

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

var: fib(3)::nMinusl =1

fiHeap

Qlide: 56

1 /x* The fibonacci sequence stack.
2#include <iostream>

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;

21}

x/

M ===



Qlide: 57

Line12: Returnr =2 fromfi b( 3)
discard the auto (local) variabléb(3): : nM nus1

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinusl = 2

frame: fib(3)

var: fib(3)::n=3

var: fib(3)::nMinus2 = 1

fHeap

1 /xx

The fibonacci sequence stack. x/

2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r; i ===

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 58

Line12: Returnr =2 fromfi b( 3)
discard the auto (local) variabléb(3): : nM nus2

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinusl = 2

frame: fib(3)

var: fib(3)::n=3

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19
20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r; i ===

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 59

Line12: Returnr =2 fromfi b( 3)
discardfi b(3) parameten

<0S>=— main= fib(4) = fib(3)

Program StaCk 1/x* The fibonacci sequence stack. x/
2#include <iostream>
|/Stack)
frame. mamn 3 using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = 2 9 int nMinus2( fib (n—2) );
frame: fib(3) 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fHeap



Qlide: 60

Line12: Returnr =2 fromfi b( 3)
discard call frame, return to caller

<0S>=— main= fib(4) = fib(3)

Program Stack
|/Stack)

frame: main

var: main::f = GARBAGE

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinusl = 2

fiHeap

1/x* The fibonacci sequence stack. x/
2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib ( int n)

if(n<=2){
return 1;
}
int nMinus2( fib (n-2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r; i ===

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;



Qlide: 61

Line 10: Return fromfi b( 3)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/

| Stack) 2#include <iostream>

3 using namespacestd;

TAmEAMAi) 4int fib( int n )
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = 2 9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) ); /] <==
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
{Heap



Qlide: 62

Line1l: Declarer (nM nus2+nM nus1l)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2 #include <iostream >
|/Stack) X
R T 3 using nanjespacesld;
= 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = 2 9 int nMinus2( fib (n-2) );
var: fib(4):r=3 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl ); // <==
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap



Qlide: 83

Line12: Returnr =3 fromfi b(4)

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2#include <iostream>
|/Stack)
frame. man 3 using namespacestd;
- 4int fib( int n)
var: main::f = GARBAGE 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = 2 9 int nMinus2( fib (n—2) );
var: fib(4):r=3 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fHeap
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Line12: Returnr =3 fromfi b(4)
copy return value

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2#include <iostream>
|/Stack)
frame. man 3 using namespacestd;
- 4int fib( int n)
var: main:f=3 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
var: fib(4)::nMinus2 = 1 8 }
var: fib(4)::nMinus1 = 2 9 int nMinus2( fib (n—2) );
var: fib(4):r=3 10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
fHeap



Line12: Returnr =3 fromfi b(4)
discard the auto (local) variabiéb(4)::r

<OS>=— main= fib(4)

Program Stack
|/Stack)

frame: main

var: main:f=3

frame: fib(4)

var: fib(4):n=4

var: fib(4)::nMinus2 = 1

var: fib(4)::nMinusl = 2

fiHeap

Qlide: 65

1/x* The fibonacci sequence stack.
2 #include <iostream >

3 using namespacestd;

4int fib( int n)

5{

6 if(n<=2){

7 return 1;

8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;

13}

14 int main()

15 {

16 int f;

17 f = fib (4);

18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;

21}

x/

M ===



Qlide: 66

Line12: Returnr =3 fromfi b(4)
discard the auto (local) variabléb(4): : nM nus1

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2 #include <iostream >
|/Stack) X
R T 3 using nanjespacesld;
- 4int fib( int n)

var: main:f=3 5{

frame: fib(4) 6 if(n<=2){

var: fib(4):n=4 7 return 1;

var: fib(4)::nMinus2 = 1 8 }

9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fHeap



Qlide: 67

Line12: Returnr =3 fromfi b(4)
discard the auto (local) variabléb(4): : nM nus2

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2 #include <iostream >
|/Stack) X
R T 3 using nanjespacesld;
- 4int fib( int n)
var: main:f=3 5{
frame: fib(4) 6 if(n<=2){
var: fib(4):n=4 7 return 1;
8 }
9 int nMinus2( fib (n—-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}
{Heap



Qlide: B8

Line12: Returnr =3 fromfi b(4)
discardf i b(4) parameten

<OS>=— main= fib(4)

Program StaCk 1/*:* The fiponacci sequence stack. x/
2 #include <iostream >
||Stack) 3 ) K
R T using nanjespacesld,
_ 4int fib( int n)

var: main:f=3 5{

frame: fib(4) 6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap



Qlide: 89

Line12: Returnr =3 fromfi b(4)

discard call frame, return to caller

<OS>=— main= fib(4)

Program StaCk 1/x* The fibonacci sequence stack. x/
2 #include <iostream >
|/Stack) X
R T 3 using nanjespacesld;
_ 4int fib( int n)

var: main:f=3 5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r; i ===
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

{Heap



Qlide: 70

Linel7: Returnfromfi b(4)

Program Stack
|/Stack)

frame: main

var: main:f=3

fiHeap

<OS>=— main

1 /+% The fibonacci

2#include <iostream>
3 using namespacestd;

4int
5{

6

7

8

9

10

11

12
13}
14 int
15 {
16

17

18

19

20
21}

fib ( int n )

if(n<=2){
return 1;
}

int nMinus2( fib (n—2) );
int nMinus1( fib (n-1) );
int r( nMinus2 + nMinusl );
return r;

main()

int f;

f = fib (4);

cout << "fibonacci (4)="
<< f << endl;

return 0;

sequence stack.

*/

M ===
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Line 18: Print to console

<0OS>=— main

Program Stack 1 /%% The fibonacci sequence stack. x/
2#include <iostream>
| Stack} X
—— 3 using namespacestd;

frame: main 4int fib( int n )

var: main:f=3 5
6 if(n<=2)¢{
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)=" Il <==
19 << f << endl;
20 return 0;
21}

fiHeap



Qlide: 72

Line 20: Returnto OS

<0OS>=— main

Program Stack 1 /%% The fibonacci sequence stack. x/
2#include <iostream>
| Stack} X
—— 3 using namespacestd;

frame: main 4int fib( int n )

var: main:f=3 5
6 if(n<=2)¢{
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0; M ===
21}

fiHeap



Qlide: 73

Line20: Returnto OS
discard the auto (local) variabii n: ; f

<0OS>=— main

Program Stack 1 /%% The fibonacci sequence stack. x/

2#include <iostream>

| Stack} X

—— 3 using namespacestd;

frame: main 4int fib( int n )
5{
6 if(n<=2)¢{
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0; M ===
21}

fHeap
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Line 20: Returnto OS
discard call frame, return to caller

<0OS>=— main

Program Stack 1/«+ The fibonacci sequence stack. x/
UStack) 2#include <iostream>
3 using namespacestd;
4int fib( int n)
5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n-2) );
10 int nMinus1( fib (n-1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0; =
21}

fiHeap
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Return from mai n

<0S>
Program StaCk 1/*:* The fiponacci sequence stack.
IStack) z#mclude <iostream>
3 using namespacestd;
4int fib( int n)
5{
6 if(n<=2){
7 return 1;
8 }
9 int nMinus2( fib (n—2) );
10 int nMinus1( fib (n—1) );
11 int r( nMinus2 + nMinusl );
12 return r;
13}
14 int main()
15 {
16 int f;
17 f = fib (4);
18 cout << "fibonacci (4)="
19 << f << endl;
20 return 0;
21}

fiHeap

*/



finis

Qlide: 76



