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These figures show how call by value prevents a function’s changes to it’s
parameters from being seen in the calling function.

◮ Thearg parameter ofincrement is passed by value (int).

◮ Whenincrement callsarg++, the function changes its own “local” copy
of the variable (located on the stack, underneath of its callframe).

◮ main::v is unaffected since its value is stored elsewhere on the stack.
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The Operating System calls main()

<OS>

Program Stack
⇓Stack⇓

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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The Operating System calls main()
create call frame formain

<OS>

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 11: Function main entry

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( ) / / <==
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 13: Declare v

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ; / / <==
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 14: Print to console

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v << / / <==
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 17: Call function increment

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ; / / <==
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }

Slide: 8



Line 17: Call function increment
create call frame forincrement

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ; / / <==
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 17: Call function increment
create formal paramarg of increment

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

var: increment::arg = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ; / / <==
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 5: Function increment entry

<OS>=⇒ main=⇒ increment

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

var: increment::arg = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g ) / / <==
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 7: Increment arg

<OS>=⇒ main=⇒ increment

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

var: increment::arg = 1

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g; / / <==
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 8: Return to main

<OS>=⇒ main=⇒ increment

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

var: increment::arg = 1

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ; / / <==
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 8: Return to main
discardincrement parameterarg

<OS>=⇒ main=⇒ increment

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0
frame: increment

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ; / / <==
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 8: Return to main
discard call frame, return to caller

<OS>=⇒ main=⇒ increment

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ; / / <==
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 17: Return from increment

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ; / / <==
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 19: Print to console

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v << / / <==
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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Line 22: Return to OS

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main
var: main::v = 0

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ; / / <==
23 }
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Line 22: Return to OS
discard the auto (local) variablemain::v

<OS>=⇒ main

Program Stack
⇓Stack⇓

frame: main

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ; / / <==
23 }
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Line 22: Return to OS
discard call frame, return to caller

<OS>=⇒ main

Program Stack
⇓Stack⇓

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ; / / <==
23 }
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Return from main

<OS>

Program Stack
⇓Stack⇓

⇑Heap⇑

1 # i n c l u d e < i o s t r eam >
2 u s i n g namespaces t d ;
3
4 /∗ ∗ i n c r e m e n t s arg by one ∗ /
5 vo id i n c r em en t( i n t a r g )
6 {
7 ++a r g;
8 r e t u r n ;
9 }

10
11 i n t main( )
12 {
13 i n t v ( 0 ) ;
14 co u t << "v=" << v <<
15 " before increment " << en d l;
16
17 i n c r em en t( v ) ;
18
19 co u t << "v=" << v <<
20 " after increment " << en d l ;
21
22 r e t u r n 0 ;
23 }
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