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Line 19: Call function ’a’

create formal param ’b’ of ’a’

Descriptive text with the current line number is provided atthe top of each
slide. One C++ statement may actually generate multiple CPUinstructions:
these instructions are displayed in a second descriptive line which is a lighter
shade of blue.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Below the descriptive text is a call graph of the application, it begins with just
OS, which is the operating system (Windows, Linux, ...). The operating
system callsmain(), andmain() will then call other functions. The call
graph shows the nesting of function calls that matches the application stack.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

To the right,<== marks the the C++
statement that is currently executing.
Some C++ statements perform multiple
CPU instructions, so the marker doesn’t
necessarily move with every stack
change.

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 i n t x ( 3 ) ;
19 a( x ) ; / / <==
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Program Memory
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

To the left is a representation of
program memory. At the “top” is the
program stackwhich grows
downward. Theprogram heapis
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.

Slide: 6



Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Program Memory
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

Call Framescontain “bookkeeping”
information for a function call. Such
as: wherereturn 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.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Program Memory
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

Formal Parametersare passed by
value or by reference (indicated with
a→) to a function. You will see that
thecaller sets these variables up in
memory, and thecallee (the function
using the parameters) “discards”
them from the stack.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Program Memory
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

The (nonstatic) variables declared
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.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

<OS>=⇒ main

Program Memory
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

:: is the C++scoping operator.

Somain::x represents themain
function’s automatic variablex; and
a::b representsa’s double b
parameter.
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Line 19: Call function ’a’

create formal param ’b’ of ’a’

Critical to understanding these slides is knowing that the call graph, code
listing (with <== line indicator), and the program memory diagram (the stack
and the heap), all represent the program stateAFTERthe program step
described in the title has taken place.

That’s a long sentence, read it again. Be sure you understandit.

It means that when elements areCREATEDin memory the slides are easy to
interpret (because the newly created element in memory can be seen on the
slide!).

But, when elements areDESTROYEDin memory, you may need to compare
the program memory diagram with the figureone 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 general) keep
track of function calls, parameters passed to functions by value, and the local
variables of functions.
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OS calls main()

<OS>

Program Stack
⇓Stack⇓

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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OS calls main()
create call frame formain

<OS>

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 16: Function main entry

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( ) / / <==
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 18: Declare x

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ; / / <==
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 19: Call function a

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ; / / <==
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }

Slide: 17



Line 19: Call function a
create call frame fora

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ; / / <==
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 19: Call function a
create formal paramb of a

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ; / / <==
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 8: Function a entry

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b ) / / <==
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 10: Declare c

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

var: a::c = GARBAGE

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ; / / <==
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 11: Calculate c

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

var: a::c = 4.01001

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001; / / <==
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 12: Print to console

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

var: a::c = 4.01001

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l; / / <==
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 13: Return to main

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

var: a::c = 4.01001

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ; / / <==
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 13: Return to main
discard the auto (local) variablea::c

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a
var: a::b = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ; / / <==
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 13: Return to main
discarda parameterb

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

frame: a

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ; / / <==
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 13: Return to main
discard call frame, return to caller

<OS>=⇒ main=⇒ a

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ; / / <==
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 19: Return from a

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ; / / <==
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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Line 20: Print to console

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l; / / <==
21 r e t u r n 0 ;
22 }
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Line 21: Return to OS

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::x = 3

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ; / / <==
22 }
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Line 21: Return to OS
discard the auto (local) variablemain::x

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ; / / <==
22 }
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Line 21: Return to OS
discard call frame, return to caller

<OS>=⇒ main

Program Stack
⇓Stack⇓

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ; / / <==
22 }
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Return from main

<OS>

Program Stack
⇓Stack⇓

⇑Heap⇑

1 /∗ ∗∗
2 ∗ A t e s t f i l e f o r t h e s t a c k
3 ∗ v i s u a l i z a t i o n framework
4 ∗ /
5 # i n c l u d e < i o s t r eam >
6 u s i n g namespaces t d ;
7
8 vo id a( doub le b )
9 {

10 doub le c ;
11 c = b + 1.010010001;
12 co u t << c << en d l;
13 r e t u r n ;
14 }
15
16 i n t main( )
17 {
18 doub le x ( 3 ) ;
19 a( x ) ;
20 co u t << x << en d l;
21 r e t u r n 0 ;
22 }
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