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1 /% %%

2 x static variables in the Heap
3 x/

4 #include <iostream>

5using namespacestd;

6int f( int x )

74
. 8 static int numcCalls(0);
The following example demonstratesthe §  *.7 ' xxnumCallst+:

use ofst ati ¢ variables in C++ functions. 10}
11int g( int y )

stati c variables have the following 124

H H Hrp. 13 static int numcCalls(0);

IntereStmg traits: 14 return yxnumcCallst+;
15}

1. static variables must be initialized 16 int main()

with values (no GARBAGE values!) 1% | . 12) ). Ao o2 o

. . . . 19 int Bf( f(2) ), Bg( 9(2) );
2. stati ¢ variables retain their value 20 int Cf( f(2) ), Co( 9(2) )
. 21 cout << "Af=" << Af << "' <<
across function calls. 2 T < [ <& @l
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
27 return 0;
28}
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The Operating System initializesf : : nuntCal | s

<0OS>
Program Stack ‘R
YStacky 8 static int numCalls(0);
9 return xxnumcCalls++;
10}
11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
e = 27 return 0;
var: f:numcCalls = 0 28}

fiHeap
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The Operating System initializesg: : nuntCal | s

Program Stack

||Stack)

Slide: 4

6int

7{

8

9
10}

f( int x )

static int numcCalls(0);
return xxnumcCalls++;

11int g( int y )

12 {
13
14
15}
16 int
17 {
18
19
20
21
22
23
24
25
26
27
28 }

static int numCalls(0);
return yxnumCallst+;

main()
int Af( f(2) ), Ag( 9(2) );

int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 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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The Operating System callsmai n()

<0OS>

Program Stack 6 [lE
||Stack) 71

10}
11 int
12 {
13

14
15}
16 int
17 {
18

19

20

21

22

23

24

25

26

28 }

f( int x )

static int numcCalls(0);
return xxnumcCalls++;

g( int y)

static int numCalls(0);
return yxnumCallst+;

main()
int Af( f(2) ), Ag( 9(2) );

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

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

"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;



The Operating System callsmai n()

Program Stack

|/Stack)

frame: main

var: g::numcCalls = 0

var: f:numCalls = 0

fiHeap
Qlide: 6

6int
74
8
9
10}
11 int
12 {
13
14
15}
16 int
17 {
18
19
20
21
22
23
24
25
26
27
28}

create call frame fomai n

f( int x )

static int numCalls(0);
return xxnumcCalls++;

g( int y)

static int numCalls(0);
return yxnumCallst+;

main()
int Af( f(2) ), Ag( 9(2) );

int Bf( f(2) ), Bg( g(2) );
int Cf( f(2) ), Cg( 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 16: Function nmai n entry

<OS>=— main

Program Stack ‘R
frﬁritea'cr?ain 8 static int numcCalls(0);
. 9 return xxnumcCalls++;

10}
11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main() /] <==
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 }
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Line 18: Declare Af

Program Stack
| Stack)

frame: main

var: main::Af = GARBAGE

var: g::numcCalls = 0

var: f:numCalls = 0

fHeap

<0OS>=— main

f( int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

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

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

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

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

return 0;

11

<<

<<

<<

*F==
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Line18: Call f (2) for Af

<OS>=— main

Program Stack q i )
frﬁritea'cri}ain 8 static int numCalls(0);
- - 9 return xxnumcCalls++;
var: main::Af = GARBAGE 10}
11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( g(2) ); /I <==
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numcCalls = 0
fHeaph
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Line18: Call f (2) for Af
create call frame folr

<OS>=— main

Program Stack q i )
frﬁritea'cri}ain 8 static int numCalls(0);
- - 9 return xxnumcCalls++;
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( g(2) ); /I <==
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28 }
var: f:numCalls = 0
fiHeap
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Line18: Call f (2) for Af
create formal param of f

<OS>=— main

Program Stack q i )
frﬁritea'cri}ain 8 static int numCalls(0);
- - 9 return xxnumcCalls++;
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( g(2) ); /I <==
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 0 28}
var: f:numcCalls = 0
fHeaph
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Line6: Function f entry

<0S>=— main=—f

Program Stack ‘R <=
frﬁritea'cri}ain 8 static int numCalls(0);
- - 9 return xxnumcCalls++;
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numcCalls = 0 28 }
var: f::numCalls = 0
fHeap
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Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
[amemainy 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 124
var: f:tempF = GARBAGE 13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 0
frHeaph
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Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
frame. main 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 124
var: f:tempF =0 13 static int numcCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 0
fHeap
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Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack ‘R
UStalcN}. 8 static int numCalls(0);
frame. U=l 9 return xxnumCalls++; Il <==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 12 {
var: f:tempF =0 13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
{Heap
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Line9: Return valueof t enpF

<OS>=— main=f

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
[amemainy 9 return xknumcCalls++; ==
var: main::Af = GARBAGE 10}
frame: f 11int g( int y )
var: fux=2 124
var: f:tempF =0 13 static int numcCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
frHeaph
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Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack ?}”‘ fCint x)
fUStalcN}. 8 static int numCalls(0);
rame:fmain 9 return xknumcCalls++; ==
var: main::Af =0 10}
frame: f 11int g( int y )
var: fix=2 12 {
var: f:tempF =0 13 static int numcCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
fHeap
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Line9: Return valueof t enpF
discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack gém fCint x )
UStalcN}l 8 static int numCalls(0);
framg. Tamn 9 return xxnumCalls++; Il <==
var: main::Af =0 10}
frame: f 11int g( int y )
var: fix=2 12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( £(2) ). Ag( 9(2) ):
19 int Bf( £(2) ). Ba( 9(2) );
20 int Cf( £(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28 }
var: f::numCalls = 1
fHeap
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Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack gém fCint x )
UStalcN}l 8 static int numCalls(0);
framg. Tamn 9 return xxnumCalls++; Il <==
var: main::Af =0 10}
frame: f 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( £(2) ). Ag( 9(2) ):
19 int Bf( £(2) ). Ba( 9(2) );
20 int Cf( £(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
frHeaph
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Line9: Return valueof t enpF
discard call frame, return to caller

<OS>=— main=f

Program Stack g;m fCint x )
UStalcN}l 8 static int numCalls(0);
framg. Tamn 9 return xxnumCalls++; Il <==
var: main::Af =0 10}
11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( £(2) ). Ag( 9(2) ):
19 int Bf( £(2) ). Ba( 9(2) );
20 int Cf( £(2) ), Cg( 9(2) );
21 cout << "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
var: g::numCalls =0 g;} eI ©F
var: f:numCalls = 1
fiHeap



Qlide: 21

Line 18: Return from f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: g::numcCalls = 0

var: f:numCalls = 1

fHeap

<0OS>=— main

f( int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

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

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

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

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

return 0;

11

<<

<<

<<

*F==
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Line 18: Declare Ag

<0OS>=— main

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
famegmann 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) ); [/l <==
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28 }
var: f:numCalls = 1
fHeap
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Line 18: Call g(2) for Ag

<0OS>=— main

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
famegmann 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) ); [/l <==
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28 }
var: f:numCalls = 1
fHeap



Qlide: 24

Line 18: Call g(2) for Ag
create call frame fog

<0OS>=— main

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
famegmann 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) ); [/l <==
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f::numCalls = 1
fiHeap
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Line 18: Call g(2) for Ag
create formal paramy of g

<0OS>=— main

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) ); [/l <==
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
frHeaph
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Line 11: Function g entry

<OS>=— main— g

Program Stack ‘B i w3 )
frﬁritea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af = 0 10}
var: main::Ag = GARBAGE 11int g( int y ) Il <==
frame: g 12 {
var: giy =2 13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ):
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numcCalls = 0 28}
var: f:numCalls = 1
fiHeap
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Line 14: Declaret enpGfor Return Value

<0S>=— main—g¢

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = GARBAGE

frame: g

var: giy =2

var: f:tempG = GARBAGE

var: g::numcCalls = 0

var: f:numCalls = 1

fiHeap

f( int x )

static int numCalls(0);
return xknumcCalls++;

g( inty)

static int numCalls(0);
return yxnumcCalls++; Il <==

main()

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

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

int Cf( f(2) ), Cg( 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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Line14: Calcy*nuntCal | s, storeint enpG

<0S>=— main—g¢g

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = GARBAGE

frame: g

var: giy =2

var: f:tempG =0

var: g::numcCalls = 0

var: f:znumCalls = 1

fHeap

f( int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++; ==

main()

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

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

int Cf( f(2) ), Cg( 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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Line 14: Increment nuntal | s

<0S>=— main—g¢

Program Stack ‘B i 0g 53
UStalcN}. 8 static int numCalls(0);
framt_" U1y 9 return xxnumCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y)
frame: g 12 {
var: giy =2 13 static int numCalls(0);
var: f::tempG = 0 14 return yxnumCallst+; 1l <==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g:numCalls = 1 28 }
var: fnumCalls = 1
fHeap



Qlide: R0

Line 14: Return value of t enpG

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = GARBAGE 11int g( int y )
frame: g 12 {
var: giy =2 13 static int numCalls(0);
var: f:tempG = 0 14 return yknumcCalls++; Il <==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f::numCalls = 1
fiHeap



Qlide: 21

Line 14: Return value of t enpG
copy return value

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
frame: g 12 {
var: giy =2 13 static int numCalls(0);
var: f:tempG = 0 14 return yknumcCalls++; Il <==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f::numCalls = 1
fiHeap



Qlide: 32

Line 14: Return value of t enpG
discard the auto (local) variabie: t enpG

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
frame: g 12 {
var: giy =2 13 static int numCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:numCalls = 1
frHeaph



Qlide: 33

Line 14: Return value of t enpG
discardg parametey

<0S>=— main—g¢

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
frame: g 12 {
13 static int numCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f::numCalls = 1
fiHeap



Qlide: R4

Line 14: Return value of t enpG
discard call frame, return to caller

<0S>=— main—g¢

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f:numCalls = 1
fHeap



Qlide: 35

Line 18: Return from g

<0OS>=— main

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
famegmann 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) ); [/l <==
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f:numCalls = 1
fHeap



Qlide: 26

Line 19: Declare Bf

<0OS>=— main

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = GARBAGE 124
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( g(2) ); [/ <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 1 28}
var: f:numCalls = 1
fHeap



Qlide: 37

Line19: Call f (2) for Bf

<OS>=— main

Program Stack q i )
frﬁritea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = GARBAGE 12 {
13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) );
19 int Bf( f(2) ), Bg( g(2) ); [/ <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:numcCalls = 1
fHeaph



Qlide: 38

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

<OS>=— main

Program Stack q i )
frﬁritea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 static int numCalls(0);
14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) );
19 int Bf( f(2) ), Bg( g(2) ); [/ <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:znumCalls = 1
fiHeap



Qlide: R9

Line19: Call f (2) for Bf
create formal param of f

<OS>=— main

Program Stack 3}”‘ i 0g 53
frﬁr?wtea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 static int numCalls(0);
var: fi:x=2 14 return yxnumcCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) );
19 int Bf( f(2) ), Bg( g(2) ); [/ <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f:numcCalls = 1
fHeap



Qlide: 40

Line6: Function f entry

<0S>=— main=—f

Program Stack 52”‘ i 0g 53 o =
frﬁr?wtea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af = 0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = GARBAGE 12 {
frame: f 13 static int numCalls(0);
var: fix =2 14 return yxnumCallst+;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numCalls = 1 28 }
var: f::numCalls = 1
fHeap



Qlide: 41

Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = GARBAGE

frame: f

var: =2

var: f:tempF = GARBAGE

var: g::numCalls = 1

var: f:numCalls = 1

fiHeap

f(int x )

static int numCalls(0);
return xxnumcCalls++; ==

g( int y)

static int numCalls(0);
return yxnumcCalls++;

main()
int Af( f(2) ), Ag( 9(2) );

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

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

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

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

return 0;



Qlide: 42

Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = GARBAGE

frame: f

var: fix=2

var: f:tempF = 2

var: g::numCalls = 1

var: f:numCalls = 1

fiHeap

f(int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

int Cf( f(2) ), Cg( 9(2) );

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

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

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

return 0;

Il <==

<<

<<

<<



Qlide: 43

Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = GARBAGE

frame: f

var: fix=2

var: f:tempF = 2

var: g::numcCalls = 1

var: f:numCalls = 2

fiHeap

6int

74

8

9
10}

f( int x )

static int numCalls(0);
return xxnumCallst+; Il <==

11int g( int y )

static int numCalls(0);
return yxnumcCallst+;

main()

int Af( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( 9(2) ):
int Cf( f(2) ), Cg( 9(2) ):
cout << "Af=" << Af << " "
"Ag=" << Ag << endl;
cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;

<<



Qlide: 44

Line9: Return valueof t enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = GARBAGE

frame: f

var: =2

var: f:tempF = 2

var: g::numCalls = 1

var: f:numCalls = 2

fiHeap

f(int x )

static int numCalls(0);
return xxnumcCalls++; ==

g( int y)

static int numCalls(0);
return yxnumcCalls++;

main()
int Af( f(2) ), Ag( 9(2) );

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

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

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

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

return 0;



Qlide: 45

Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
Tamedman 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
frame: f 13 static int numCalls(0);
var: =2 14 return yxnumcCalls++;
var: f:tempF = 2 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( g(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f:numcCalls = 2
fHeaph



Qlide: 46

Line9: Return valueof t enpF
discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack ?}”‘ QD
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
frame: f 13 static int numCalls(0);
var: fix=2 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numCalls = 1 28}
var: f::numCalls = 2
fiHeap



Qlide: 47

Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack gém i 0ng 53 )
fUStalcN}. 8 static int numCalls(0);
fame: main 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
frame: f 13 static int numcCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:numCalls = 2
frHeaph



Qlide: 48

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

<OS>=— main=f

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. main 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f::numCalls = 2
fiHeap



Qlide: 49

Line 19: Return from f

<0OS>=— main

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( g(2) ); [/ <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 1 28}
var: f:numCalls = 2
fHeap



Qlide: 50

Line 19: Declare Bg

<0OS>=— main

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = GARBAGE 13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ); /I <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:numCalls = 2
frHeaph



Qlide: 51

Line 19: Call g(2) for Bg

<0OS>=— main

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = GARBAGE 13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ); /I <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28}
var: f:numCalls = 2
frHeaph



Qlide: 52

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

<0OS>=— main

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
flamesmain 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = GARBAGE 13 static int numCalls(0);
frame: g 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ); /I <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:znumCalls =1 28}
var: f:numCalls = 2
fiHeap



Qlide: 53

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

<0OS>=— main

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
flamesmain 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = GARBAGE 13 static int numCalls(0);
frame: g 14 return yxnumcCalls++;
s 15}
var: g:y =2 16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ); /I <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 1 28 }
var: f:numcCalls = 2
fHeap



Qlide: 54

Line 11: Function g entry

<OS>=— main— g

Program Stack 52”‘ i MG 3% )
frﬁr?wtea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y ) T <==
var: main::Bf = 2 12 {
var: main::Bg = GARBAGE 13 static int numCalls(0);
frame: g 14 return yxnumCallst+;
P —— 15}
Var: gy =2 16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numcCalls = 1 28}
var: f:numcCalls = 2
fiHeap



Qlide: 55

Line 14: Declaret enpGfor Return Value

<OS>= main= ¢

Program Stack ?}”‘ i 0ng 53 )
frﬁritea'cr‘:fain 8 static int numCalls(0);
= 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = GARBAGE 13 static int numCalls(0);
frame: g 14 return yxnumcCalls++; ==
var: giy =2 15}
var: f:tempG = GARBAGE 13 |{nt Ed(()
18 int Af( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cag( g(2) );
21 cout << "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;
var: g:numcCalls = 1 28}
var: f::numCalls = 2
fiHeap



Qlide: 56

Line14: Calcy*nuntCal | s, storeint enpG

<0S>=— main—g¢g

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = GARBAGE

frame: g

var: giy =2

var: f:tempG = 2

var: g::numcCalls = 1

var: f:numCalls = 2

fHeap

f(int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

int Cf( f(2) ), Cg( 9(2) );

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

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

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

return 0;

Il <==

<<

<<

<<



Qlide: 57

Line 14: Increment nuntal | s

<0S>=— main—g¢

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = GARBAGE

frame: g

var: gy =2

var: f:tempG = 2

var: g::numcCalls = 2

var: f:numCalls = 2

fHeap

6int

74

8

9
10}

f( int x )

static int numCalls(0);
return xxnumCalls++;

11int g( int y )

static int numCalls(0);
return yxnumCallst+; Il <==

main()

int Af( f(2) ), Ag( 9(2) );
int Bf( f(2) ), Bg( 9(2) ):
int Cf( f(2) ), Cg( 9(2) ):
cout << "Af=" << Af << " "
"Ag=" << Ag << endl;
cout << "Bf =" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;

<<



Qlide: 58

Line 14: Return value of t enpG

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = GARBAGE 13 static int numCalls(0);
frame: g 14 return yknumcCalls++; Il <==
var: gy =2 12 }nt —
I 1
var: f:tempG = 2 174
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numCalls = 2 28}
var: f:numCalls = 2
fiHeap



Qlide: 59

Line 14: Return value of t enpG
copy return value

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
frame: g 14 return yknumcCalls++; Il <==
var: gy =2 12 }nt —
I 1
var: f:tempG = 2 174
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numCalls = 2 28}
var: f:numCalls = 2
fiHeap



Qlide: 60

Line 14: Return value of t enpG
discard the auto (local) variabie: t enpG

<OS>= main= ¢

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
frame: g 14 return yxnumcCalls++; Il <==
s 15}
var: g:y =2 16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 2 28 }
var: f:numcCalls = 2
fHeap



Qlide: 61

Line 14: Return value of t enpG
discardg parametey

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
frame: g 14 return yknumcCalls++; Il <==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 2 28 }
var: f::numCalls = 2
fiHeap



Qlide: 62

Line 14: Return value of t enpG
discard call frame, return to caller

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numCalls = 2
frHeaph



Qlide: 83

Line 19: Return from g

<0OS>=— main

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) ); /I <==
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numCalls = 2
frHeaph



Qlide: 64

Line 20: Declare Cf

<0OS>=— main

Program Stack 52”‘ i MG 3% )
UStalcN}. 8 static int numCalls(0);
framt_" main 9 return xxnumcCallst+;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf = GARBAGE 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Ca( 9(2) ); [/l <==
21 cout << "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;
var: g::numCalls = 2 28}
var: f::numCalls = 2
fHeap



Qlide: 65

Line20: Call f (2) for Cf

Program Stack
|/Stack)

<OS>=— main

6int
74
8

frame: main

9

var: main::Af = 0

10 }

var: main::Bf = 2

12 {

var: main::Bg = 2

13

var: main::Cf = GARBAGE

14

15}
16 int
17 {
18

var: g::numcCalls = 2

var: f:numCalls = 2

fiHeap

f( int x )

static int numCalls(0);
return xxnumcCalls++;

11int g( int y )

static int numCalls(0);
return yxnumCallst+;

main()

int Af( f(2) ), Ag( 9(2) ):
int Bf( f(2) ), Bg( 9(2) ):
int Cf( f(2) ), Ca( 9(2) ); [/l <==
cout << "Af=" << Af << " " <<
"Ag=" << Ag << endl;
cout << "Bf=" << Bf << " " <<
"Bg=" << Bg << endl;
cout << "Cf=" << Cf << " " <<
"Cg=" << Cg << endl;
return 0;



Qlide: 66

Line20: Call f (2) for Cf
create call frame folr

<OS>=— main

Program Stack gém i MG 3% )
frﬁr?wtea-cri}ain 8 static int numCalls(0);
— 9 return xxnumcCallst+;
var: main::Af =0 10}
11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf = GARBAGE 14 return yxnumcCallst++;
frame: f 15_} i
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Ca( 9(2) ); [/l <==
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numCalls = 2
fiHeap



Qlide: 67

Line20: Call f (2) for Cf
create formal param of f

<OS>=— main

Program Stack gém i 0g 53
frﬁr?wtea'cri}ain 8 static int numCalls(0);
— 9 return xxnumCallst+;
var: main::Af =0 10}
11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf = GARBAGE 14 return yxnumcCallst++;
frame: f 12 i}nt main()
var: fix=2 174
18 int Af( f(2) ). Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Ca( 9(2) ); /I <==
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numcCalls = 2
fHeap



Qlide: B8

Line6: Function f entry

<0S>=— main=—f

Program Stack gz”‘ i MG 3% ) <=
frﬁr?wtea'cri}ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af = 0 10}
var: main::Ag =0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf = GARBAGE 14 return yxnumcCalls++;
frame: f 12} . in()
- int main
var: fix=2 17 {
18 int Af( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( g(2) );
21 cout << "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;
var: g:numCalls = 2 28}
var: f::numCalls = 2
fHeap



Qlide: 89

Line9: Declaret enpF for Return Value

<OS>=— main=f

Program Stack ?}”‘ QD
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf = GARBAGE 14 return yxnumcCalls++;
frame: f 15}
var: =2 13 |{nt main()
var: f::tempF = GARBAGE 18 int AT( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 2 28}
var: f:numCalls = 2

fiHeap



Qlide: 70

Line9: Calcx*nuntal | s, storeint enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = 2

var: main::Cf = GARBAGE

frame: f

var: fix=2

var: f:tempF =4

var: g::numcCalls = 2

var: f:numCalls = 2

fiHeap

f(int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

int Cf( f(2) ), Cg( 9(2) );

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

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

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

return 0;

Il <==

<<

<<

<<



Qlide: 71

Line9: Increment nunmCal | s

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = 2

var: main::Cf = GARBAGE

frame: f

var: fix=2

var: f:tempF =4

var: g::numcCalls = 2

var: f:numCalls = 3

fiHeap

f( int x )

static int numCalls(0);

return xxnumcCallst+; Il <==

g( inty)

static int numCalls(0);

return yxnumCallst+;

main()

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

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

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

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

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

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

return 0;



Qlide: 72

Line9: Return valueof t enpF

<OS>=— main=f

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = 2

var: main::Cf = GARBAGE

frame: f

var: =2

var: f:tempF =4

var: g::numcCalls = 2

var: f:numCalls = 3

fiHeap

f(int x )

static int numCalls(0);

return xknumcCalls++; ==

g( int y)

static int numCalls(0);

return yxnumcCalls++;

main()

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

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

int Cf( f(2) ), Cg( 9(2) );

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

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

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

return 0;



Qlide: 73

Line9: Return valueof t enpF
copy return value

<OS>=— main=f

Program Stack 3}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
Tamedman 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
frame: f 15}
var: =2 13 |{nt main()
var: f:tempF =4 18 int AT( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 2 28}
var: f:numcCalls =3

fiHeap



Qlide: 74

Line9: Return valueof t enpF
discard the auto (local) variabie: t enpF

<OS>=— main=f

Program Stack q
UStalcN}. 8 static int numCalls(0);
Tamedman 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++;
frame: f 12 }nt main()
I 1
var: fix=2 17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numCalls = 2 28}
var: fnumCalls = 3
fiHeap



Qlide: 75

Line9: Return valueof t enpF
discardf parametek

<OS>=— main=f

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
Tamedman 9 return xknumcCalls++; Il <==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
frame: f 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( g(2) );
19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( g(2) );
21 cout << "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;
var: g::numcCalls = 2 28 }
var: f:numcCalls =3
fHeap



Qlide: 76

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

<OS>=— main=f

Program Stack ?}”‘ QD
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++; ==
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numcCalls = 2 28}
var: fnumCalls = 3
fiHeap




Qlide: 77

Line 20: Return from f

<0OS>=— main

Program Stack ?}”‘ QD
UStach}. 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag =0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( 9(2) ); /I <==
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numcCalls =3
fHeap



Qlide: 78

Line 20: Declare Cg

<0OS>=— main

Program Stack ime G ind )
Ustack) g -
— 8 static int numCalls(0);
frame: main .
- 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++;
var: main::Cg = GARBAGE 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( g(2) ); /I <==
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numcCalls =3
fHeap



Qlide: 79

Line 20: Call g(2) for Cg

<0OS>=— main

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
var: main::Cg = GARBAGE 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( g(2) ); /I <==
21 cout << "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;
var: g::numcCalls = 2 28 }
var: f:numcCalls =3
fHeap



Qlide: 80

Line 20: Call g(2) for Cg
create call frame fog

<0OS>=— main

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
e 14 return yxnumcCalls++;
var: main::Cg = GARBAGE 12 I}m main()
frame: g 17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( 9(2) ); [/l <==
21 cout << "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;
var: g:numCalls = 2 28}
var: fnumCalls = 3
fiHeap
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Line 20: Call g(2) for Cg
create formal paramy of g

<0OS>=— main

Program Stack q
frﬁritea'cr‘:fain 8 static int numCalls(0);
— 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++;
var: main::Cg = GARBAGE 15}
frame: g 13 |{nt HiFENi(0)
var: g:y =2 18 int AT( 1(2) ), Ad( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( g(2) ); /I <==
21 cout << "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;
var: g::numCalls = 2 28}
var: f:numcCalls =3
fHeap
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Line 11: Function g entry

<OS>=— main— g

Program Stack 52”‘ i MG 3% )
frﬁritea-cr?ain 8 static int numCalls(0);
— 9 return xxnumcCalls++;
var: main::Af = 0 10}
var: main::Ag = 0 11int g( int y ) Il <==
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf= 4 14 return yxnumCallst+;
var: main::Cg = GARBAGE 15 }
frame: g ig |{nt main()
vorgy=2 18 int AT( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ). Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) ):
21 cout << "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;
var: g::numcCalls = 2 28}
var: f:numCalls = 3
fHeap
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Line 14: Declaret enpGfor Return Value

<0S>=— main—g¢

Program Stack q
frﬁritea'cr‘:fain 8 static int numCalls(0);
— 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++; Il <==
var: main::Cg = GARBAGE 15}
frame: g 13 |{nt HiFENi(0)
Jerg:y 22 18 int AT( 1(2) ), Ad( 9(2) );
var: f:tempG = GARBAGE 19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numCalls = 2 28}
var: f::numCalls = 3

fiHeap
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Line14: Calcy*nuntCal | s, storeint enpG

<0S>=— main—g¢g

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = 2

var: main::Cf =4

var: main::Cg = GARBAGE

frame: g

var: gy =2

var: f:tempG = 4

var: g::numcCalls = 2

var: f:numCalls = 3

fHeap

f(int x )

static int numCalls(0);

return xknumcCalls++;

g( inty)

static int numCalls(0);

return yxnumcCalls++; ==

main()

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

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

int Cf( f(2) ), Cg( 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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Line 14: Increment nuntal | s

<0S>=— main—g¢

Program Stack
| Stack)

frame: main

var: main::Af =0

var: main::Ag = 0

var: main::Bf = 2

var: main::Bg = 2

var: main::Cf= 4

var: main::Cg = GARBAGE

frame: g

var: gy =2

var: f:tempG = 4

var: g::numCalls = 3

var: f:numCalls = 3

fHeap

6int

74

8

9
10}
11int

f( int x )

static int numCalls(0);

return xxnumCalls++;

g( inty)

static int numCalls(0);

return yxnumCallst+; Il <==

main()

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

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

int Cf( f(2) ), Cg( 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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Line 14: Return value of t enpG

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++; Il <==
var: main::Cg = GARBAGE 15}
frame: g 13 |{nt HiFENi(0)
yar g:y 22 18 int AT( 1(2) ), Ad( 9(2) );
var: f:tempG = 4 19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:znumcCalls = 3 28 }
var: f:numCalls = 3

fiHeap
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Line 14: Return value of t enpG
copy return value

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
framg. main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
= 12 {
13 static int numCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
—— 17 {
yar g:y 22 18 int AT( 1(2) ), Ad( 9(2) );
var: f:tempG = 4 19 int Bf( f(2) ), Bg( g(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:znumcCalls = 3 28 }
var: f::numCalls = 3

fiHeap
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Line 14: Return value of t enpG
discard the auto (local) variabie: t enpG

<0S>=— main—g¢

Program Stack q
frﬁritea'cr‘:fain 8 static int numCalls(0);
— 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yknumcCalls++; Il <==
var: main::Cg =4 15}
frame: g 13 |{nt HiFENi(0)
var: g:y =2 18 int AT( 1(2) ), Ad( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 3 28}
var: f:numcCalls =3
fHeap
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Line 14: Return value of t enpG
discardg parametey

<0S>=— main—g¢

Program Stack q
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
= 12 {
13 static int numCalls(0);
14 return yxnumcCalls++; ==
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g:numcCalls = 3 28}
var: fnumCalls = 3
fiHeap
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Line 14: Return value of t enpG
discard call frame, return to caller

<OS>= main= ¢

Program Stack ?}”‘ i 0ng 53 )
UStalcN}. 8 static int numCalls(0);
frame: main 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++; Il <==
var: main::Cg = 4 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 3 28 }
var: f:numcCalls =3
fHeap
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Line 20: Return from g

<0OS>=— main

Program Stack i G g 5% )
Ustack) T -
— 8 static int numCalls(0);
frame: main .
- 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numcCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
var: main:Cg =4 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Ca( g(2) ); /I <==
21 cout << "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;
var: g::numCalls = 3 28 }
var: f:numcCalls =3
fHeap
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Line21: Print to console

<0OS>=— main

Program Stack ?}”‘ QD
UStach}. 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag =0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
var: main::Cg=4 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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;
var: g::numCalls = 3 28}
var: f::numCalls = 3
fiHeap
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Line 27: Returnto OS

<0OS>=— main

Program Stack ?}”‘ QD
UStach}. 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag =0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
var: main::Cg=4 15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 <==
var: g::numCalls = 3 28}
var: f::numCalls = 3
fiHeap
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Line27: Returnto OS
discard the auto (local) variabtei n: : Cg

<0OS>=— main

Program Stack ?}”‘ QD
UStach}. 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag =0 11int g( int y )
var: main::Bf = 2 12 {
var: main::Bg = 2 13 static int numCalls(0);
var: main::Cf=4 14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 <==
var: g::numcCalls =3 28}
var: f:numcCalls =3
fHeap
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Line27: Returnto OS
discard the auto (local) variabiai n: ;: Cf

<0OS>=— main

Program Stack ?}”‘ QD
UStach}. 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;

var: main::Af =0 10}

var: main::Ag =0 11int g( int y )

var: main::Bf = 2 12 {

var: main::Bg = 2 13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ), Ag( 9(2) );
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 <==

var: g::numCalls = 3 28}

var: f::numCalls = 3

fiHeap
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Line27: Returnto OS
discard the auto (local) variabtei n: : Bg

<0OS>=— main

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
var: main::Bf = 2 124
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 <==
var: g::numcCalls =3 28}
var: f:numCalls = 3
fHeap
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Line27: Returnto OS
discard the auto (local) variabii n: : Bf

<0OS>=— main

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
var: main::Ag = 0 11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "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 <==
var: g::numCalls = 3 28 }
var: f:numCalls = 3
fHeap
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Line27: Returnto OS
discard the auto (local) variabtei n: : Ag

<0OS>=— main

Program Stack gém i 0ng 53 )
UStalcN}l 8 static int numCalls(0);
framg. man 9 return xknumcCalls++;
var: main::Af =0 10}
11int g( int y )
12 {
13 static int numCalls(0);
14 return yxnumcCalls++;
15}
16 int main()
17 {
18 int Af( f(2) ). Ag( 9(2) ):
19 int Bf( f(2) ), Bg( 9(2) );
20 int Cf( f(2) ), Cg( 9(2) );
21 cout << "Af=" << Af << " " <<
22 "Ag=" << Ag << endl;
23 cout << "Bf=" << Bf << " " <<
24 "Bg=" << Bg << endl;
25 cout << "Cf=" << Cf << " " <<
26 "Cg=" << Cg << endl;
var: g::numCalls = 3 g;} relumm @ 1=
var: f:numCalls = 3
fHeap
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Line27: Returnto OS
discard the auto (local) variabiai n: : Af

<0OS>=— main

Program Stack g;m i 0ng 53 )
quta.CW. 8 static int numCalls(0);
famemanny 9 return xknumcCalls++;

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

var: g::numCalls = 3 g;} eI ©F i ==

var: f:numcCalls =3

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

<0OS>=— main

Program Stack g;m i 0ng 53 )
UStacky 8 static int numCalls(0);

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

var: g::numcCalls = 3 g; return 0; /] <==

var: f:numCalls = 3 }

fHeap
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Return from mai n

<0S>

Program Stack 6 [lE
|Stack} 7"

10}
11 int
12 {
13

14
15}
16 int
17 {
18

19

20

21

22

23

24

25

26

28 }

f( int x )

static int numCalls(0);
return xxnumcCallst+;

g( inty)

static int numCalls(0);
return yxnumCallst+;

main()

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

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

"Bg=" << Bg << endl;

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

"Cg=" << Cg << endl;
return 0;



finis

Qlide: 10?2



