Global Variables
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The following example demonstrates the
use ofglobalvariables in C++ functions.
Global variables have the following
interesting traits:

1. Global variableshould always be
initialized with values (no GARBAGE
values!)

2. Global variables are visible to and
shared byall the functions in a C++
source file.

Note that there is no global keyword in
C++. Since global variables do not belong
to any one particular function, they are
written as: : var Nane in C++.
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1 [ xx

2 x global variables in the Heap

3 x/

4 #include <iostream>
5using namespacestd;

6 int

numCalls(0);

7int f( int x )

8 {
9
10}

return xxnumcCallst+;

11int g( int y )

12§
13

14}

return yxnumcCalls++;

15int main()

16 {
7

18

19

20
21

int Af( f(2)
int Bf( f(2)
int Cf( f(2)
cout <<
"Af =" <<
"Ag=" <<
cout << "Bf ="
"Bg=" <<
cout << " Cf ="
"Cg=" <<
return 0;

). Ag( 9(2) );
). Bg( 9(2) );
). Ca( 9(2) );

Af << " " <<
Ag << endl;
<< Bf << " "
Bg << endl;
<< Cf << " "

Cg << endl;

<<

<<
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The Operating System initializes: : nunCal | s

<0S>
Program Stack i CEl(@)

Istack ;;nt f( int x )
9 return xxnumcCalls++;
10}
11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " "
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " "
26 "Cg=" << Cg << endl;
27 return 0;

fiHeap 28}

<<

<<
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The Operating System callsmai n()

<0S>
Program Stack i CEl(@)

Istack ;;nt f( int x )
9 return xxnumcCalls++;
10}
11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;

fiHeap 28}
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The Operating System callsmai n()
create call frame fomai n

<0OS>
Program Stack i CEl(@)

Istack ;;nl f( int x )

Tamedmain 9 return xxnumcCalls++;
10}
11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap
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Line 15: Function nmai n entry

<OS>=— main

Program Stack 6 int numcCalls(0);

7int f( int x )

||Stack) 81

Tamedmain 9 return xxnumcCalls++;
10}
11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main() /] <==
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fHeap
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Line 17: Declare Af

Program Stack
|/ Stack)

<0OS>=— main

6 int numcCalls(0);

7int

frame: main

8 {
9

var: main::Af = GARBAGE

10 }

fiHeap

124
13
14}
15int
16 {
17

f( int x

return xs

11int g( int y

return yx
main()

int Af( f
int Bf( f
int Cf( f
cout <<
" Af ="
" Ag="
cout << "
" Bg="
cout << "
" cg="
return 0;

)

numCallst++;

)

numCallst+;

(2) ), Ag( 9(2) );
(2) ), Bg( 9(2) );
(2) ), Co( 9(2) )

<< Af << " "
<< Ag << endl;

Bf =" << Bf << " |

<< Bg << endl;

Cf=" << Cf << " |

<< Cg << endl;

<<

<<

i ===
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Linel7: Call f (2) for Af

<OS>=— main

Program Stack i Gl E(©)
Istack ;;nt f( int x )
frame: mam 9 return xxnumCalls++;
var: main::Af = GARBAGE 10 }

11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ); [/l <==
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap



Linel7: Call f (2) for Af
create call frame folr

<OS>=— main

Program Stack i Gl E(©)
Istack ;;nt f( int x )
frame: mam 9 return xxnumCalls++;
var: main::Af = GARBAGE 10}

frame: f 11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ); [/l <==
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Linel7: Call f (2) for Af

create formal param of f

<OS>=— main

Program Stack i Gl E(©)
Istack) ;;nt f( int x )
frame: mam 9 return xxnumCalls++;
var: main::Af = GARBAGE 10}

frame: f 11int g( int y )

var: fux=2 12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ); [/l <==
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

THeap
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Line7: Function f entry

<0S>=— main=—f

Program Stack 6 int numcCalls(0);

7int f( int x ) /] <==

||Stack) 81

frame: mam 9 return xxnumcCalls++;

var: main::Af = GARBAGE 10}

frame: f 11int g( int y )

var: fux=2 12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fHeap
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Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fix=2 12 {
var: f:tempF = GARBAGE 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fix=2 12 {
var: f:tempF =0 13 return yxnumcCalls++;

14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack i M (©);
IStack) gznl f( int x )
frame: main 9 return xxnumcCallst+; Il <==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fx=2 12 {
var: f:tempF =0 13 return yxnumcCalls++;

14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap



Qlide: 15

Line9: Return valueof t enpF

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fix=2 12 {
var: f:tempF =0 13 return yxnumcCalls++;

14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++; ==
var: main::Af =0 10}
frame: f 11int g( int y )
var: fix=2 12 {
var: f:tempF =0 13 return yxnumcCalls++;

14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line9: Return valueof t enpF

discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack 6int numCalls(0);
Stack) gznt f( int x )
framg: Tamn 9 return xxnumcCalls++; i ==
var: main::Af =0 10}
frame: f 11int g( int y )
var: fix=2 12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( £(2) ). Ag( 9(2) );
18 int Bf( £(2) ). Ba( 9(2) );
19 int Cf( £(2) ). Co( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack 6int numCalls(0);
Stack) gznt f( int x )
framg: Tamn 9 return xxnumcCalls++; i ==
var: main::Af =0 10}

frame: f 11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( £(2) ). Ag( 9(2) );
18 int Bf( £(2) ). Ba( 9(2) );
19 int Cf( £(2) ). Co( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line 9: Return valueof t enpF
discard call frame, return to caller

<OS>=— main=f

Program Stack 6int numCalls(0);
Stack) gznt f( int x )
framg: Tamn 9 return xxnumcCalls++; i ==
var: main::Af =0 10}

11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( £(2) ). Ag( 9(2) );
18 int Bf( £(2) ). Ba( 9(2) );
19 int Cf( £(2) ). Co( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap



Line 17: Return from f

<0OS>=— main

Program Stack i MUl E(©);
UStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}

11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int AT( f(2) ), Ag( g(2) ); /I <==
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line 17: Declare Ag

<0OS>=— main

Program Stack i MUl E(©);
UStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int AT( f(2) ), Ag( g(2) ); /I <==
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
THeap
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Line 17: Call g( 2) for Ag

<0OS>=— main

Program Stack i MUl E(©);
UStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int AT( f(2) ), Ag( g(2) ); /I <==
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
THeap
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Linel7: Call g(2) for Ag
create call frame fog

Program Stack
|/ Stack)

<0OS>=— main

frame: main

var: main::Af =0

var: main::Ag = GARBAGE

frame: g

fiHeap

numCalls(0);
f(int x )

return xknumcCalls++;

g( inty)

return yxnumcCalls++;

main()
int Af( f(2)
int Bf( f(2)
int Cf( f(2)
cout <<
"Af =" <<
"Ag=" <<
cout << "Bf="
"Bg=" <<
cout << "Cf="
"Cg=" <<

return 0;

—_———

Af << " _"

Ag << endl;

. Ag( 9(2) )
» Bg( 9(2) )
» Ca( 9(2) )

<<

<< Bf << " "

Bg << endl;

<< Cf << " "

Cg << endl;

<<

<<

i ===
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Linel7: Call g(2) for Ag
create formal paramy of g

Program Stack
|/ Stack)

<0OS>=— main

frame: main

var: main::Af =0

var: main::Ag = GARBAGE

frame: g

var: giy =2

fiHeap

numCalls(0);
f(int x )

return xknumcCalls++;

g( inty)

return yxnumcCalls++;

main()
int Af( f(2)
int Bf( f(2)
int Cf( f(2)
cout <<
"Af =" <<
"Ag=" <<
cout << "Bf="
"Bg=" <<
cout << "Cf="
"Cg=" <<

return 0;

—_———

Af << " _"

Ag << endl;

. Ag( 9(2) )
» Bg( 9(2) )
» Ca( 9(2) )

<<

<< Bf << " "

Bg << endl;

<< Cf << " "

Cg << endl;

<<

<<

i ===
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Line 11: Function g entry

<OS>=— main— g

Program Stack 6 int numCalls(0);

7int f( int x )

|/Stack) 81

framg: main 9 return xxnumcCalls++;

var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y ) /] <==

frame: g 12 {

var: gy =2 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap
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Line 13: Declaret enpGfor Return Value

<OS>= main= ¢

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 return yknumcCalls++; Il <==
var: f::tempG = GARBAGE 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line13: Calcy*nuntCal | s, storeint enpG

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 return yxnumcCalls++; Il <==
var: f::tempG = 2 14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap
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Line13: Increment nuntCal | s

<OS>= main= ¢

Program Stack 6 int numCalls(0);
7int f( int x )
|/ Stack) 81
framg: main 9 return xxnumcCallst+;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 return yxnumcCalls++; Il <==
var: f:tempG = 2 14}
15int main()
16 {
17 int Af( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( £(2) ). Co( 9(2) ):
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap
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Line 13: Return valueof t enpG

<OS>= main= ¢

Program Stack 6 int numCalls(0);
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 return yxnumcCalls++; Il <==
var: f::tempG = 2 14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap



Line 13: Return valueof t enpG
copy return value

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
frame: g 12 {
var: giy =2 13 return yxnumcCalls++; Il <==
var: f::tempG = 2 14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap
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Line 13: Return valueof t enpG
discard the auto (local) variabie: t enpG

<0S>=— main—g¢

Program Stack
|/ Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

frame: g

var: giy =2

fiHeap

numCalls(0);
f(int x )

return xknumcCalls++;

g( int y)
return yxnumcCalls++; Il <==
main()
int AT( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bo( 9(2) );
int Cf( f(2) ), Ca( g(2) );
cout <<
"Af=" << Af << " " <<
"Ag=" << Ag << endl;
cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<

"Cg=" << Cg << endl;

return 0;



Qlide: 32

Line 13: Return valueof t enpG
discardg parametey

<O0S>= main=g¢g

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )

frame: g 12 {
13 return yxnumcCalls++; Il <==
14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line 13: Return valueof t enpG
discard call frame, return to caller

<O0S>= main=g¢g

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )

12 {
13 return yxnumcCalls++; Il <==
14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap



Line 17: Return from g

<0OS>=— main

Program Stack i MUl E(©);
UStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )

12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int AT( f(2) ), Ag( g(2) ); /I <==
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

THeap

Slide: 4
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Line 18: Declare Bf

Program Stack
|/ Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = GARBAGE

fiHeap

<0OS>=— main

numCalls(0);

f(int x )
return xknumcCalls++;
g( int y)
return yxnumCallst+;
main()
int Af( f(2) ). Ag( 9(2) );
int Bf( f(2) ), Ba( 9(2) );
int Cf( f(2) ), Ca( g(2) );
cout <<
"Af=" << Af << " " <<
"Ag=" << Ag << endl;
cout << "Bf=" << Bf << " "
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " "
"Cg=" << Cg << endl;
return 0;

<<

<<

11

<==
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Line18: Call f (2) for Bf

Program Stack
|/Stack)

frame: main

var: main::Af = 0

var: main::Ag = 2

var: main::Bf = GARBAGE

fiHeap

<OS>=— main

numCalls(0);

return xxnumcCallst+;

return yxnumCallst+;

int AF( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 9(2) );

cout << "Bf=" << Bf << " |

cout << "Cf=" << Cf << " |

f( int x )
g( inty)
main()
cout <<
" Af ="
" Ag="
" Bg="
"cg="
return 0;

<< Af << " "
<< Ag << endl;

<< Bg << endl;

<< Cg << endl;

<<

<<

<<

i ===



Line18: Call f (2) for Bf
create call frame folr

<OS>=— main

Program Stack §int numCalls(0);
UStack) ;;nt f( int x )
ramedmain 9 return xxnumcalls++;
var: main::Af =0 10 }
var: main::Ag = 2 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( g(2) ); [/ <==
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap

Qlide: 37



Line18: Call f (2) for Bf

create formal param of f

<OS>=— main

Program Stack §int numCalls(0);
UStack) ;;nt f( int x )
ramedmain 9 return xxnumcalls++;
var: main::Af =0 10 }
var: main::Ag = 2 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumCallst+;
var: fix =2 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( g(2) ); [/ <==
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap

Qlide: 38



Qlide: R9

Line7: Function f entry

<0S>=— main=—f

Program StaCk 6 int numcCalls(0);
7int f( int x ) Il <==
|/Stack) 8{
ramedmain 9 return xxnumcalls++;
var: main::Af =0 10 }
var: main::Ag = 2 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumcCalls++;
var: fux =2 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap
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Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack g int numCalls(0):
UStack) gznt f(int x )
frame: main 9 return xknumcCalls++; Il <==
var: main::Af =0 10 }
var: main::Ag = 2 11int g( int y)
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumcCalls++;
var: fix =2 14} ;
var: f:tempF = GARBAGE 12 |{nt main()
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << A << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
THeap
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Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
framg: mamn 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumcCalls++;
var: f:x =2 14}
var: f.:tempF = 4 15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap
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Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack
|/ Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = GARBAGE

frame: f

var: fix=2

var: f:tempF =4

fiHeap

numCalls(0);

f( int x )

return xxnumCalls++; Il <==

g( int y)

return yxnumcCalls++;

main()

int AT( 1(2) ), Ag( 9(2) );

int Bf( £(2) ), Ba( g(2) );

int Cf( £(2) ). Co( 9(2) ):

cout <<
"Af=" << Af << " " <<
"Ag=" << Ag << endl;

cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0;
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Line9: Return valueof t enpF

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
framg: maimn 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 return yxnumcCalls++;
var: fix =2 14}
var: f::tempF = 4 15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap
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Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
framg: maimn 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
frame: f 13 return yxnumcCalls++;
var: fix =2 14}
var: f::tempF = 4 15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap
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Line9: Return valueof t enpF
discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
framg: maimn 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
frame: f 13 return yxnumcCalls++;
var: fix =2 14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap
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Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack §iint numCalls(0);
IStack) gznt f(int x )
(EICE WETR 9 return xxnumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
frame: f 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line9: Return valueof t enpF
discard call frame, return to caller

<OS>=— main=f

Program Stack i MUl E(©);
UStack) gznt f(int x )
framg: main 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap



Line 18: Return from f

<0OS>=— main

Program Stack i MUl E(©);
UStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) ); /I <==
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 TAFET << AT << ) <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
THeap

Qlide: 48
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Line 18: Declare Bg

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( 9(2) ); /I <==
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line 18: Call g(2) for Bg

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( 9(2) ); /I <==
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap
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Line 18: Call g(2) for Bg
create call frame fog

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumcCalls++;
frame: g 14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) ); [/ <==
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap



Line 18: Call g(2) for Bg
create formal paramy of g

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumCalls++;
frame: g 14}
e —— 15int main()
var: giy =2
9y 16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) ); [/ <==
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap

Qlide: 52
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Line 11: Function g entry

<OS>=— main— g

Program Stack i M (©);
IStack) ;;nl f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af = 0 10}
var: main::Ag = 2 11int g( int y ) Il <==
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yknumcCalls++;
frame: g 1‘5‘} -
P —— int main
var: gy =2 161
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 54

Line 13: Declaret enpGfor Return Value

<OS>= main= ¢

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumCalls++; Il <==
frame: g 14} ;
var: giy = 2 12 |{nt main()
var: f:tempG = GARBAGE 17 int AF( £(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fHeap



Qlide: 55

Line13: Calcy*nuntCal | s, storeint enpG

<OS>= main= ¢

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumCalls++; Il <==
frame: g 14} ;
var: gy = 2 12 '{”‘ main()
var: f:tempG =6 17 int AF( £(2) ), Al 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap
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Line13: Increment nuntCal | s

<OS>= main= ¢

Program Stack o 10E - MO {(®):
IStack gznl f( int x )
framg: main 9 return xxnumcCallst+;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumcCalls++; ==
frame: g 14} ;
var: gty =2 12 l{nt main()
var: f:tempG = 6 17 int AF( £(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap
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Line 13: Return valueof t enpG

<OS>= main= ¢

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = GARBAGE 13 return yxnumCalls++; Il <==
frame: g 14} ;
var: giy = 2 12 |{nt main()
var: f:tempG = 6 17 int AF( £(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fHeap
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Line 13: Return valueof t enpG
copy return value

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
frame: g 14} ;
var: giy =2 12 I{nl main()
i Lienge e 7 int AT 1(2) ). Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fHeap



Qlide: 59

Line 13: Return valueof t enpG
discard the auto (local) variabie: t enpG

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
frame: g 1‘51} 0
P —— int main
var: gy =2 16
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap



Qlide: 60

Line 13: Return valueof t enpG
discardg parametey

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
(EICE WETR 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
frame: g 14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap



Line 13: Return valueof t enpG
discard call frame, return to caller

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
IStack) gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
14}
15int main()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap

Qlide: 61



Qlide: 62

Line 18: Return from g

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( 9(2) ); /I <==
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap



Qlide: 83

Line 19: Declare Cf

<0OS>=— main

Program StaCk 6 int numcCalls(0);
7int f( int x )
|/ Stack) 8{
framg: main 9 return xxnumcCallst+;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yknumcCalls++;
var: main::Cf = GARBAGE 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Co( g(2) ); /I <==
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 64

Line19: Call f (2) for Cf

Program Stack
|/Stack)

frame: main

var: main::Af = 0

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf = GARBAGE

fiHeap

<OS>=— main

numCalls(0);

return xxnumcCallst+;

return yxnumCallst+;

int AF( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 9(2) );

cout << "Bf=" << Bf << " |

cout << "Cf=" << Cf << " |

f( int x )
g( inty)
main()
cout <<
" Af ="
" Ag="
" Bg="
"cg="
return 0;

<< Af << ")
<< Ag << endl;

<< Bg << endl;

<< Cg << endl;

<<

<<

<<

i ===



Qlide: 65

Line19: Call f (2) for Cf
create call frame folr

Program Stack
|/Stack)

frame: main

var: main::Af = 0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf = GARBAGE

frame: f

fHeap

<OS>=— main

6 int numCalls(0);

7int
8 {
9

10}

11int g(

12 {
13
14}
15int
16 {
17

18

f( int x )

return xxnumcCallst+;

inty)

return yxnumCallst+;

main()

int AF( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 9(2) );

cout <<
" Af ="
"Ag="

<< Af << " " <<
<< Ag << endl;

cout << "Bf=" << Bf << "_"

" Bg="

<< Bg << endl;

cout << "Cf=" << Cf << " "

" og="

return 0;

<< Cg << endl;

<<

<<

i ===



Qlide: 66

Line19: Call f (2) for Cf

create formal param of f

Program Stack
|/Stack)

frame: main

var: main::Af = 0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf = GARBAGE

frame: f

var: fix=2

fiHeap

<OS>=— main

6 int numCalls(0);

7int
8 {
9

10}

11int g(

12 {
13
14}
15int
16 {
17

18

f( int x )

return xxnumcCallst+;

inty)

return yxnumCallst+;

main()

int AF( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 9(2) );

cout <<
" Af ="
"Ag="

<< Af << " " <<
<< Ag << endl;

cout << "Bf=" << Bf << "_"

" Bg="

<< Bg << endl;

cout << "Cf=" << Cf << " "

" og="

return 0;

<< Cg << endl;

<<

<<

==



Qlide: 67

Line7: Function f entry

<0S>=— main=—f

Program Stack o 10E - MO {(®):
IStack) ;;nl f( int x ) /] <==
framg: main 9 return xxnumcCalls++;

var: main::Af = 0 10}

var: main::Ag = 2 11int g( int y )

var: main::Bf = 4 12 {

var: main::Bg = 6 13 return yknumcCalls++;

var: main::Cf = GARBAGE 14} ;
frame: 12 ‘|{nt main()
var: fix=2 17 int Af( £(2) ). Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: B8

Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf = GARBAGE

frame: f

var: =2

var: f:tempF = GARBAGE

fiHeap

numCalls(0);

f(int x )

return xxnumcCalls++; ==

g( int y)

return yxnumcCalls++;

main()

int AT( f(2) ), Ag( 9(2) );

int Bf( f(2) ), Bo( 9(2) );

int Cf( f(2) ), Ca( g(2) );

cout <<
"Af=" << Af << "M <<
"Ag=" << Ag << endl;

cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0;



Qlide: 89

Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack i U Cal(©)¢
Stack) gznt f(int x )
framg: man 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg =6 13 return yxnumcCalls++;
var: main::Cf = GARBAGE 14}
frame: f 15int main()
— 16 {
g 7 int AT 1(2) ). Ag( 9(2) );
RIS 18 int BR( 1(2) ), By( 9(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeaph



Qlide: 70

Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack i M (©);
IStack) gznl f( int x )
framg: main 9 return xxnumcCallst+; Il <==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yknumcCalls++;
var: main::Cf = GARBAGE 14} ;
frame: f 12 |{nt main()
R 7 int AT( 1(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fiHeap



Qlide: 71

Line9: Return valueof t enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf = GARBAGE

frame: f

var: =2

var: f:tempF =8

fiHeap

numCalls(0);

f(int x )

return xxnumcCalls++; ==

g( int y)

return yxnumcCalls++;

main()

int AT( f(2) ), Ag( 9(2) );

int Bf( f(2) ), Bo( 9(2) );

int Cf( f(2) ), Ca( g(2) );

cout <<
"Af=" << Af << "M <<
"Ag=" << Ag << endl;

cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0;



Qlide: 72

Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack i U Cal(©)¢
Stackl gznt f(int x )
framg: main 9 return xknumcCalls++; ==
var: main::Af =0 10}
var:mai'n::Ag=2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
var: main::Cf= 8 14}
frame: f 15int main()
= 16 {
2 7 int AT 1(2) ). Ag( 9(2) );
RIS 18 int Bf( (2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}

fiHeap



Qlide: 73

Line9: Return valueof t enpF

discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

frame: f

var: fix=2

fiHeap

numCalls(0);
f(int x )

return xxnumcCalls++; ==

g( inty)

return yxnumcCalls++;

main()
int Af( f(2)
int Bf( f(2)
int Cf( f(2)
cout <<
"Af =" <<
"Ag=" <<
cout << "Bf="
"Bg=" <<
cout << "Cf ="
"Cg=" <<

return 0;

. Ag( 9(2) )
» Bg( 9(2) )
» Ca( 9(2) )

—_———

Af << " " <<

Ag << endl;
<< Bf << " " <<
Bg << endl;
<< Cf << " " <<

Cg << endl;



Qlide: 74

Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack 6int numCalls(0);
Stack) gznt f( int x )
framg: Tamn 9 return xxnumcCalls++; i ==

var: main::Af =0 10}

var: main::Ag = 2 11int g( int y )

var: main::Bf =4 12 {

var: main::Bg = 6 13 return yxnumcCalls++;

var: main::Cf= 8 14}

frame: f 15int main()

16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }

fiHeap



Qlide: 75

Line9: Return valueof t enpF
discard call frame, return to caller

<OS>=— main=f

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
var: main::Cf= 8 14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap



Qlide: 76

Line 19: Return from f

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) ;;nt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumCallst+;
var: main::Cf=8 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( 9(2) ); /I <==
20 cout <<
21 TAFET << AT << ) <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap



Qlide: 77

Line 19: Declare Cg

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
var: main::Cf= 8 14} ;
var: main::Cq = GARBAGE 12 '{”‘ main()
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) ); /I <==
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 78

Line 19: Call g(2) for Cg

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
var: main::Cf= 8 14} ;
var: main::Cq = GARBAGE 12 '{”‘ main()
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) ); /I <==
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 79

Line 19: Call g(2) for Cg
create call frame fog

<0OS>=— main

Program Stack i U Cal(©)¢
Stackl gznt f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
B 14}
var: main::Cq = GARBAGE 12 '{”‘ main()
rame: 9 7 int AT 1(2) ). Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) ); /I <==
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fiHeap



Qlide: 80

Line 19: Call g(2) for Cg
create formal paramy of g

<0OS>=— main

Program Stack i U Cal(©)¢
Stackl gzm f(int x )
framg: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++;
B 14}
var: main::Cq = GARBAGE 12 '{”‘ main()
Tameg 7 int AT 1(2) ). Ag( 9(2) );
9= 18 int Bf( f(2) ), Ba( 9(2) );
19 int Cf( f(2) ), Cg( g(2) ); /I <==
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeaph



Qlide: 81

Line 11: Function g entry

<OS>=— main— g

Program Stack 6 int numCalls(0);
7int f( int x )
|/Stack) 81
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y ) T <==
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yknumcCalls++;
var: main::Cf= 8 14} ;
var: main::Cq = GARBAGE 12 "{”‘ main()
frame' 9 17 int AT( 1(2) ), Ag( 9(2) );
vorgy=2 18 int BI( f(2) ), Bo( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 82

Line 13: Declaret enpGfor Return Value

<0S>=— main—g¢

Program Stack §int numCalls(0);
\Stackl gzm f(int x )
framg: T 9 return xxnumcallst++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
3 14}
var: main::Cq = GARBAGE 12 '{m V()
"f”‘"‘.‘?fz 17 int Af( £(2) ). Ag( 9(2) ):
var: giy = 18 int Bf( f(2) ), Bg( g(2) );
var: f:tempG = GARBAGE 19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap



Qlide: 83

Line13: Calcy*nuntCal | s, storeint enpG

<0S>=— main—g¢g

Program Stack 6 int numCalls(0);
IStack) gznt f( int x )
framg: main 9 return xxnumcalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; 1 <==
var: main::Cf=8 14 } ;
var: main::Cg = GARBAGE 12 '{m V()
frfarjfe.g 17 int Af( f(2) ), Ag( 9(2) );
var: giy = 2 18 int Bf( f(2) ), Bg( g(2) );
var: f:tempG = 10 19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af =" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
frHeaph



Line13: Increment nuntCal | s

<0S>=— main—g¢

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

var: main::Cg = GARBAGE

frame: g

var: gy =2

var: f:tempG = 10

fHeap

Qlide: 84

numCalls(0);

f( int x )

return xxnumcCallst+;

g( int y)

return yxnumcCalls++; Il <==

main()

int AF( f(2) ), Ag( g(2) );

int Bf( f(2) ), Bg( 9(2) );

int Cf( f(2) ), Co( 9(2) ):

cout <<
"Af=" << Af << " " <<
"Ag=" << Ag << endl;

cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0;



Qlide: 85

Line 13: Return value of t enpG

<0S>=— main—g¢

Program Stack i e O
\Stackl 82n1 (int x )
framg: T 9 return xxnumcallst++;
var: main::Af =0 10 }
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
var: main::Cf=8 14} :
var: main::Cg = GARBAGE 12 '{m V()
amedq 17 int Af( £(2) ), Ag( 9(2) );
var: giy =2
19y 18 int Bf( f(2) ), Bg( 9(2) );
var: f:tempG = 10 19 int Cf( f(2) ), Cag( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fiHeap



Qlide: 86

Line 13: Return value of t enpG
copy return value

<OS>= main= ¢

Program Stack g?m ?umca”sww
Stackl 82n1 (int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
var: main::Cf= 8 14} ;
var: main::Cg = 10 12 '{”‘ main()
frame' 9 7 int AT 1(2) ). Ag( 9(2) );
var: giy =2
I 18 int Bf( f(2) ), Ba( 9(2) );
var: f:tempG = 10 19 int cf( f(2) ), ca( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap
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Line 13: Return value of t enpG
discard the auto (local) variabie: t enpG

<0S>=— main—g¢

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

var: main::Cg = 10

frame: g

var: gy =2

fiHeap

numCalls(0);
f(int x )

return xknumcCalls++;

g( int y)
return yxnumcCalls++; ==
main()
int Af( f(2) ), Ag( g(2) );
int Bf( f(2) ), Bg( 9(2) );
int Cf( f(2) ), Cg( 9(2) );
cout <<
"AfE" << Af << " <<
"Ag=" << Ag << endl;
cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;
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Line 13: Return valueof t enpG
discardg parametey

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
Stackl gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yknumcCalls++; /] <==
var: main::Cf= 8 14} ;
var: main::Cg = 10 12 '{”‘ main()
rame: 9 7 int AT 1(2) ). Ag( 9(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Ca( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
fHeap
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Line 13: Return valueof t enpG
discard call frame, return to caller

<OS>= main= ¢

Program Stack o 10i mmCEIS(@):
Stackl gznt f( int x )
framg: main 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf =4 12 {
var: main::Bg = 6 13 return yxnumcCalls++; Il <==
var: main::Cf=8 14}
var: main::Cg = 10 15 liptemain()
16 {
17 int AT( £(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 "Af=" << Af << "M <<
22 "Ag=" << Ag << endl;
23 cout << "Bf =" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28 }
fHeap
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Line 19: Return from g

Program Stack
|/ Stack)

<0OS>=— main

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

var: main::Cg = 10

fiHeap

numCalls(0);
f(int x )

return xknumcCalls++;
g( int y)
return yxnumcCalls++;

main()

int Af( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( 9(2) );
int Cf( f(2) ), Ca( g(2) ); /I <==
cout <<
"Af=" << Af << "M <<
"Ag=" << Ag << endl;
cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;
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Line 20: Print to console

Program Stack
|/ Stack)

<0OS>=— main

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

var: main::Cg = 10

fHeap

numCalls(0);

f(int x )

return xknumcCalls++;

g( int y)

return yxnumCallst+;

main()

int Af( f(2) ). Ag( 9(2) );

int Bf( f(2) ), Ba( 9(2) );

int Cf( f(2) ), Ca( g(2) );

cout << =
"Af=" << Af << " " <<
"Ag=" << Ag << endl;

cout << "Bf=" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0;
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Line 27: Returnto OS

Program Stack
|/ Stack)

<0OS>=— main

frame: main

var: main::Af =0

var: main::Ag = 2

var: main::Bf = 4

var: main::Bg = 6

var: main::Cf=8

var: main::Cg = 10

fHeap

numCalls(0);

f(int x )

return xknumcCalls++;

g( int y)

return yxnumCallst+;

main()

int Af( f(2) ). Ag( 9(2) );

int Bf( f(2) ), Ba( 9(2) );

int Cf( f(2) ), Ca( g(2) );

cout <<
"Af=" << Af << " " <<
"Ag=" << Ag << endl;

cout << "Bf=" << Bf << " " <<
"Bg=" << Bg << endl;

cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;

return 0; Il <==
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Line27: Returnto OS
discard the auto (local) variabtei n: : Cg

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) ;;nt f(int x )
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumCallst+;
var: main::Cf=8 14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 TAFET << AT << ) <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }
fHeap
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Line27: Returnto OS
discard the auto (local) variabiai n: ;: Cf

<0OS>=— main

Program Stack i U Cal(©)¢
IStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
var: main::Bg = 6 13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }
fiHeap
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Line27: Returnto OS
discard the auto (local) variabtei n: : Bg

<0OS>=— main

Program Stack i MUl E(©);
UStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )
var: main::Bf = 4 12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 TAFET << AT << ) <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }
THeap
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Line27: Returnto OS
discard the auto (local) variabii n: : Bf

<0OS>=— main

Program Stack i MUl E(©);
UStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 2 11int g( int y )

12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( g(2) );
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( g(2) );
20 cout <<
21 TAFET << AT << ) <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }

fiHeap



Slide: 97

Line 27: Returnto OS
discard the auto (local) variabtei n: : Ag

<0OS>=— main

Program Stack i MUl E(©);
UStack) ;;nt f(int x )
framg: man 9 return xknumcCalls++;
var: main::Af =0 10}

11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }

fiHeap
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Line 27: Returnto OS
discard the auto (local) variabiai n: : Af

<0OS>=— main

Program Stack i MUl E(©);

UStack) ;;nt f(int x )

frame: main 9 return xknumcCalls++;
10 }
11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0; Il <==
28 }

fiHeap
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Line27: Returnto OS
discard call frame, return to caller

<0OS>=— main

Program Stack i MUl E(©);

UStack) ;;nt f(int x )
9 return xknumcCalls++;
10 }
11int g( int y )
12 {
13 return yxnumCallst+;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) ):
18 int Bf( f(2) ), Bg( g(2) );
19 int Cf( f(2) ), Cg( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " "
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " "
26 "Cg=" << Cg << endl;
27 return 0;

fHeap 28}

<<

<<

/I <==



Return from mai n

<0S>
Program Stack i CEl(@)

IStack) gznt f( int x )
9 return xxnumcCallst+;
10}
11int g( int y )
12 {
13 return yxnumcCalls++;
14}
15int main()
16 {
17 int Af( f(2) ), Ag( 9(2) );
18 int Bf( f(2) ), Bg( 9(2) );
19 int Cf( f(2) ), Ca( 9(2) );
20 cout <<
21 "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endlI
27 return 0;

fHeap 28}
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