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Reading These Slides
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Line 19: Call function’&

create formal param 'b’ of 'a’

Descriptive text with the current line number is providedhat top of each
slide. One C++ statement may actually generate multiple @Bttuctions:
these instructions are displayed in a second descriptiegewhich is a lighter
shade of blue.
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Line 19: Call function’&

create formal param 'b’ of 'a’
<0OS>=— main

Below the descriptive text is a call graph of the applicatibbegins with just
CS, which is the operating system (Windows, Linux, ...). Therming
system callsrai n() , andmai n() will then call other functions. The call
graph shows the nesting of function calls that matches tpkcagtion stack.
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Line 19: Call function’&

create formal param b’ of 'a’

<0OS>=— main

1 [ xx
2 x A test file for the stack
3 x visualization framework
4 %/
5#include <iostream>
6 using namespacestd;

To the right,<== marks the the C++ 7

) . 8 void a( double b )
statement that is currently executing. S bl o

. 0
Some C++ statements perform multipleir ¢ = 5 + 1.010010001;
. . 712 cout << ¢ << endl;
CPU instructions, so the marker doesnz  return;

necessarily move with every stack 12’

change. 1
18 int x(3);
19 a(x); Il <==
20 cout << x << endl;
21 return 0;
22}
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Line 19: Call function’&

create formal param 'b’ of 'a’

<OS>=— main

Program Memory
| Stack)

o To the left is a representation of

var: main:x =3 program memory. At the “top” is the

frame: a

Varab=3 program stackvhich grows

downward. Theorogram heajs
located at the other end of memory
and grows “upward.”

The stack contains one of three
types of data: call frames, formal
function parameters, and automatic
(“local”) variables.

fHeap)
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Line 19: Call function’&

create formal param 'b’ of 'a’

<OS>=— main

Program Memory

| Stack)
_Trame: main_ Call Framesontain “bookkeeping”
frame: a information for a function call. Such
vara:h=3 as: where et ur n values should be
placed in memory, and which C++
statement in the application should
be returned to when a function
finishes.
Every function call has a call frame.
fHeap)
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Line 19: Call function’&

create formal param 'b’ of 'a

Program Memory
| Stack)

frame: main

var: main:x = 3

frame: a

var: a:b=3

fHeap)

<OS>=— main

Formal Parametei@e passed by
value or by reference (indicated with
a—) to a function. You will see that
thecaller sets these variables up in
memory, and theallee (the function
using the parameters) “discards”
them from the stack.



Line 19: Call function’&

create formal param 'b’ of 'a’

<OS>=— main

Program Memory

| Stack)
frame: main . i
var: main:x=3 The (nonst at i ¢) variables declared
frame: a . . .
Varab=3 with a function areautomaticor
localvariables.
They are called automatic because
their memory is allocated
automatically on the program stack,
without the need for operating
system or linker support.
fHeap)
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Line 19: Call function’&

create formal param ’'b’ of 'a’

<OS>=— main

Program Memory

| Stack)
frame: main
var: main:x = 3
frame: a
varaih=3 .. is the C++scoping operator
Sonmai n: ; x represents theai n
function’s automatic variable; and
a:: brepresenta’s doubl e b
parameter.
fHeap)
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Line 19: Call function’&

create formal param 'b’ of 'a’

Critical to understanding these slides is knowing that #iegraph, code
listing (with <== line indicator), and the program memory diagram (the stac
and the heap), all represent the program st&€ER the program step
described in the title has taken place.

That's a long sentence, read it again. Be sure you undergtand

It means that when elements ZREATEDiIn memory the slides are easy to
interpret (because the newly created element in memory €zeén on the
slide!).

But, when elements ai@ESTROYEDin memory, you may need to compare
the program memory diagram with the figumee slide back, to really see the
effect.
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A Simple Example

The following is an example of how C++ (and programs in gelhdeep
track of function calls, parameters passed to functionsdiyey and the local
variables of functions.
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OScallsmai n()

<0S>
Program Stack 1 v
UStack) 2 x Avtestvhl‘e for the stack
3 x visualization framework
4 %/
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9 {
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
fiHeap 22}
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OScallsmai n()
create call frame fomai n

<0S>
Program Stack 1 [ v
2 % A test file for the stack
UStack} 3 % vi o
- # visualization framework
frame: main 4 s
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9 {
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
fHeap 22}
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Line 16: Function mai n entry

<OS>=— main

1 /% %%
Program StaCk 2 x A test file for the stack

i}StacN}. 3 x visualization framework
frame: main 4 s/
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9 {
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main() /] <==
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
{Heap 22}
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Line 18: Declare x

<0OS>=— main

Program Stack LR v

2 % A test file for the stack

| Stack} . . .

- 3 x visualization framework
frame: main 4 ./
var: main::x = 3 5#include <iostream>

6 using namespacestd;
7
8 void a( double b )
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3); Il <==
19 a(x);
20 cout << x << endl;
21 return 0;
22}

fiHeap
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Line 19: Call function a

<0OS>=— main

Program Stack 1w .
IStack 2 % A test file for the stack

- 3 x visualization framework
frame: main 4 s/

var: main:x =3 5#include <iostream >

6 using namespacestd;

7

8 void a( double b )

9 {

10 double c;

11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return;

14}

15

16 int main()

17 {

18 double x(3);

19 a(x); /] <==
20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 19: Call function a
create call frame foa

<0OS>=— main

Program Stack L% _
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4 s/
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
7
8 void a( double b )
9{

10 double c;
11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return;

14}

15

16 int main()

17 {

18 double x(3);

19 a(x); /] <==
20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 19: Call function a
create formal pararn of a

<0OS>=— main

Program Stack 1B .
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4«
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
8 void a( double b )
9{

10 double c;
11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return;

14}

15

16 int main()

17 {

18 double x(3);

19 a(x); /] <==
20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line8: Function a entry

<0OS>=— main=— a

1 /4
Program StaCk 2 x A test file for the stack

uStaCm. 3 x visualization framework
frame: main 2
var: main:x =3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
8 void a( double b ) Il <==
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
22}
fiHeap
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Line 10: Declarec

<0OS>=— main= a

Program Stack N :
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4 s/
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
var: a::.c = GARBAGE 8 void a( double b )
9{
10 double c; Il <==
11 c=bhb+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
22}
frHeaph
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Line11: Calculatec

<0OS>=— main= a

Program Stack N :

2 % A test file for the stack

| Stack} . . .

- 3 x visualization framework
frame: main 4 s/
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
var: a::.c = 4.01001 8 void a( double b )

9{
10 double c;
11 c=bhb+ 1.010010001; Il <==
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
22}

frHeaph
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Line 12: Print to console

<0OS>=— main= a

Program Stack 1

2 % A test file for the stack

| Stack)

- 3 * visualization framework
frame: main 4 ./
var: main::x =3 5#include <iostream>
frame: a 6 using namespacestd;
var: a:xb=3 7
var: a::.c = 4.01001 8 void a( double b )

9{
10 double c;
11 c=bhb+ 1.010010001;
12 cout << ¢ << endl; Il <==
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
22}

fiHeap
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Line 13: Returntomai n

<0OS>=— main= a

Program Stack 1B .
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4«
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
var: a::.c = 4.01001 8 void a( double b )
9{

10 double c;
11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return; M ===
14}

15

16 int main()

17 {

18 double x(3);

19 a(x);

20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 13: Return to mai n
discard the auto (local) variabée: ¢

<0OS>=— main= a

1 [k
Program Stack {

UStacN}. 3 x visualization framework
frame: main 4«
var: main::x = 3 5#include <iostream >
frame: a 6 using namespacestd;
var: azb=3 7
8 void a( double b )
9{

10 double c;
11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return; M ===
14}

15

16 int main()

17 {

18 double x(3);

19 a(x);

20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 13: Return to mai n
discarda parameteb

<0OS>=— main= a

Program Stack N :
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4 s/
var: main::x =3 5#include <iostream >
frame: a 6 using namespacestd;
7
8 void a( double b )
9{

10 double c;
11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return; M ===
14}

15

16 int main()

17 {

18 double x(3);

19 a(x);

20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 13: Return to mai n
discard call frame, return to caller

<0OS>=— main= a

Program Stack 1 e

2 % A test file for the stack
Stacl . . .
s K 3 x visualization framework

frame: main 4 4/

var: main:x =3 5#include <iostream>

6 using namespacestd;

7

8 void a( double b )

9{

10 double c;

11 c=bhb+ 1.010010001;

12 cout << ¢ << endl;
13 return; M ===
14}

15

16 int main()

17 {

18 double x(3);

19 a(x);

20 cout << x << endl;
21 return 0;

22}

fHeap
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Line 19: Return from a

<0OS>=— main

Program Stack 1w .
IStack 2 % A test file for the stack

- 3 x visualization framework
frame: main 4 s/

var: main:x =3 5#include <iostream >

6 using namespacestd;

7

8 void a( double b )

9 {

10 double c;

11 c=b+ 1.010010001;

12 cout << ¢ << endl;
13 return;

14}

15

16 int main()

17 {

18 double x(3);

19 a(x); /] <==
20 cout << x << endl;
21 return 0;

22}

fiHeap
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Line 20: Print to console

<0OS>=— main

Program Stack LR v

2 % A test file for the stack

| Stack} . . .

- 3 x visualization framework
frame: main 4 ./
var: main::x = 3 5#include <iostream>

6 using namespacestd;
7
8 void a( double b )
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl; i ===
21 return 0;
22}

fiHeap
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Line 21: Returnto OS

<0OS>=— main

Program Stack LR v
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4 ./
var: main::x = 3 5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0; M ===
22}

fiHeap
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Line2l: Returnto OS
discard the auto (local) variabti n: : x

<0OS>=— main

Program Stack LR v
2 % A test file for the stack
| Stack} . . .
- 3 x visualization framework
frame: main 4 ./
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0; M ===
fiHeap 22}
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Line21: Returnto OS
discard call frame, return to caller

<0OS>=— main

Program Stack LR v
Stack) 2 % Avtestvhl‘e for the stack
3 x visualization framework
4 x/
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9{
10 double c;
11 c=b+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0; M ===
22}

fiHeap
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Return from mai n

<0S>
Program Stack 1 _
IStack) 2 % A_lesl_fll_e for the stack
3 x visualization framework
4 %/
5#include <iostream>
6 using namespacestd;
7
8 void a( double b )
9 {
10 double c;
11 c=bhb+ 1.010010001;
12 cout << ¢ << endl;
13 return;
14}
15
16 int main()
17 {
18 double x(3);
19 a(x);
20 cout << x << endl;
21 return 0;
THean! 22}



finis
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