
Introduction to C, C++, and Unix/LinuxIntroduction to C, C++, and Unix/Linux

CS 60
More on Functions

→ Finish C!
→ Reading [KR] Chapters 1-7
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Notes

Questions?
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Function pointers
• Functions (including mai n) are 

instructions that reside in the memory 
space of the application

• Function names are symbols (like 
variable names) that represent a memory 
address

• We can create pointers to functions and 
call functions through pointers

Code

Heap

Stack

Data
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i nt f unc( i nt b)
{

r et ur n( b+b) ;
}

i nt mai n( voi d)  
{  

pr i nt f ( “ Addr ess of \ n”
“ mai n( ) :    %p\ n”
“ f unc( ) :    %p\ n”
“ pr i nt f ( ) :  %p\ n” ,
&mai n,  &f unc,  &pr i nt f ) ;  

r et ur n 0;  
}  

“ abc” “ def ” ���� “ abcdef ”

%p – prints pointer address

r et ur n 0 ���� r et ur n( 0)

By the way...

or  “ mai n,  f unc,  pr i nt f ) ; ”

Oddly, both work
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i nt f 1( doubl e) ;

i nt * f 2( doubl e) ;

i nt ( * f 3) ( doubl e) ;

f 3 = f 1;
/ *  f 3 = f 2;  * /

x = ( * f 3) ( 3. 14) ;
x = f 3( 3. 14) ;

f 1 is a function that takes a double 
argument and returns an int

f 2 is a function that takes a double 
argument and returns a pointer to 
an int

f 3 is a pointer to a function that 
takes a double argument and 
returns an int

Assigns the pointer to a function
Error – type mismatch

Legal call to the function f 1
Oddly, this is legal too!
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i nt var f un( i nt i ndex,  i nt ar g)  
{  

i nt ( * pf ) ( i nt ) ;
i nt val ;

pf  = f unl i st ( i ndex) ;
val = ( * pf ) ( ar g) ;

r et ur n val ;  
}  

pf is a pointer to a function 
that takes an integer 
argument and returns an 
int

f unl i st ( ) is a function 
that returns a pointer to a 
function
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i nt ( * f unl i st ( i nt i ndex) ) ( i nt )
{

i nt ( * pf ) ( i nt ) ;
swi t ch ( i ndex)  {

case 1:  pf  = f 1;
br eak;

case 2:  pf  = f 2;
br eak;

def aul t :  pf  = f 3;
br eak;

}
r et ur n pf ;

}

i nt var f un( i nt i ,  i nt ar g)  
{  

i nt ( * pf ) ( i nt ) ;
i nt val ;

pf  = f unl i st ( i ) ;
val = ( * pf ) ( ar g) ;

r et ur n val ;  
}  
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Casting a function pointer

i nt x,  ( * f 3) ( doubl e) ;
unsi gned i nt addr = 0x8f f 324;

f 3 = addr ;  / *  War ni ng * /

f 3 = ( i nt ( * ) ( doubl e) )  addr ;

x = ( * f 3) ( 3. 14159) ;
x = f 3( 3. 14159) ;     / *  or  t hi s way * /
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Recursive call to main

i nt mai n( voi d)

{

t ypedef i nt ( * PM) ( voi d) ;

. . .

PM f p = mai n;  / *  or  &mai n * /

( * f p) ( ) ;

. . .

}

or just call  mai n( )
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To review…
• Variable x

– A symbol (name) representing an address where we store some 
value of a certain type (i nt ,  doubl e,  char * ,  . . . )

– Address = &x , Value = x
• Array variable a

– A symbol (name) representing an address where a block of 
memory has been reserved for values of a certain type

– Address = a, Values = a[ 0] ,  a[ 1] ,  …

• Function name f unc
– A symbol representing the address of a piece of code which we can 

jump to, and designating the parameter and return variable types
– Address: &f unc or f unc
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Passing parameters (pass-by-value)

a=1;  b=2;
swap( a, b) ;
/ /  Af t er  t he cal l  …
/ /  a has val ue 1 and b has val ue 2
/ /  because val ues ar e copi ed
voi d swap( i nt x,  i nt y)
{

i nt t emp = x;
x = y;
y = t emp;

}



12

Passing arrays ….

a[ 0] =0;  a[ 1] =1;
swap( a) ;
/ /  Af t er  t he cal l  …
/ /  a[ 0]  has val ue 1 and a[ 1]  has a 0
/ /  because addr ess of  f i r st  el ement  of
/ /  x i s same as t he f i r st  el ement  of  a.
voi d swap( i nt x[ ] )
{

i nt t emp = x[ 0] ;
x[ 0]  = x[ 1] ;
x[ 1]  = t emp;

}
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Passing structs is expensive

• Huge structs are expensive to pass because they 
are copied.
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Passing Pointer (like List* last class)

pr i nt i t ( header ) ;

/ /  The poi nt er  t o t he header  node
/ /  st or ed i n header  i s st or ed i n
/ /  var i abl e x at  t he t i me of  t he cal l .
/ /  Bot h header  and x poi nt  t o same l oc.

voi d pr i nt i t ( Li st *  x)
{

/ /  pr i nt s t he Li st  …
…

}
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Creating a list in function (like initialize list)

set _uni on( a_header , b_header , c_header ) ;

voi d set _uni on( Li st *  a_h, b_h, c_h)
{

/ /  Per f or ms t he uni on of  set s a_h
/ /  and b_h l eavi ng t he r esul t  i n a
/ /  newl y cr eat ed l i s t  c_h
…

}
/ /  c_h does not  get  back when we do
/ /  c_h=( Li st * ) mal l oc( si zeof ( Li st ) ) ;
/ /  i n set _uni on
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Creating a list in function (returning List*)

c_header =set _uni on( a_header , b_header ) ;

Li st *  set _uni on( Li st *  a_h, b_h)
{

/ /  Per f or ms t he uni on of  set s a_h
/ /  and b_h l eavi ng t he r esul t  i n a
/ /  newl y cr eat ed l i s t  c_h whi ch i s
/ /  r et ur ned
r et ur n( c_h) ;

}  
/ /  c_h get s back cor r ect l y.   But  i f
/ /  bef or e t he cal l  c_header had a val ue
/ /  ( a Li st )  i t  wi l l  cause a memor y l eak
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Passing parameters (pass-by-address)

a=1;  b=2;
swap( &a, &b) ;
/ /  Af t er  t he cal l  …
/ /  a has val ue 2 and b has val ue 1
/ /  becaue px becomes t he addr ess of  a
/ /  and py becomes t he addr ess of  b
voi d swap( i nt * px,  i nt * py)
{

i nt t emp = * px;
* px = * py;
* py = t emp;

}  
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Passing parameters (pass-by-reference) in C++

a=1;  b=2;
swap( a, b) ;
/ /  Af t er  t he cal l  …
/ /  a has val ue 2 and b has val ue 1
/ /  becaue x i s t he same as a
/ /  and y i s t he same as b
voi d swap( i nt & x,  i nt & y)
{

i nt t emp = x;
x = y;
y = t emp;

}  
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2D arrays:  * * dat a

i nt * * dat a;

dat a = ( i nt * * ) mal l oc( 12* si zeof ( i nt * ) ) ;

f or  ( i =0;  i <12;  i ++)

dat a[ i ]  = ( i nt * ) mal l oc( 4* si zeof ( i nt ) ) ;

Creates and allocates a 12x4 array of integers

Similar to dat a[ 12] [ 4]
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2D arrays:  * * dat a

t ypedef i nt * pi nt ;

pi nt  * dat a;

dat a = ( pi nt  * ) mal l oc( 12* si zeof ( pi nt ) ) ;

f or  ( i =0;  i <12;  i ++)

dat a[ i ]  = ( i nt * ) mal l oc( 4* si zeof ( i nt ) ) ;

t ypedef i nt *  pi nt ;

Same as previous slide (typedef makes it clearer)
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dat a[ 0] dat a[ 4] dat a[ 11]dat a[ 8]

data[0][0] data[1][0] data[2][0]

arr[0][0] arr[1][0] arr[2][0]

data[3][1] data[4][3]

arr[3][1] arr[4][3]

arr[0] arr[1] arr[2] arr[3] arr[4] arr[5]

...

...

i nt ar r [ 12] [ 4] ;

i nt * * dat a
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• How many bytes will a 4x4 char array take up?

char  ar r [ 4] [ 4] ;

char  * * ar r ;

16 bytes

32 bytes

16 bytes of addresses (4 pointers) + 16 bytes of data



23

Passing 2D arrays of any size

i nt * * a, n, m;
scanf ( “ %d%d” , %n, %m) ;

a = ( i nt * * ) mal l oc( n* si zeof ( i nt * ) ) ;

f or  ( i =0;  i <n;  i ++)

a[ i ]  = ( i nt * ) mal l oc( m* si zeof ( i nt ) ) ;
sum( a, n, m) ;

voi d sum( i nt * * x, i nt n, m)
{

/ /  Use x[ i ] [ j ]  wi t hout  pr obl ems
}  
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Passing 2D arrays of fixed size

i nt a[ 10] [ 20] , n, m;

sum( a, n, m) ;

voi d sum( i nt x[ ] [ 20] , i nt  n, m)
{  / /  20 must  be a const ant  mat chi ng

/ /  t he decl ar at i on i n cal l i ng f unct i on.

/ /  Use x[ i ] [ j ]  wi t hout  pr obl ems
/ /  but  onl y x[ ] [ 20]

}  
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• What’s the value of x?

char  ar r [ ] [ 2]  = { { 1, 2} ,  { 3, 4} } ;

i nt x = ( i nt ) ar r [ 1, 1] ;

x i s  - 1073994722 ! !

Because [1,1] evaluates to [1] (remember the comma operator!)
So this is equivalent to

i nt x = ( i nt ) ar r [ 1] ;

which sets x to the address of ar r [ 1] [ 0]
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i nt mai n( i nt ar gc,  char  * * ar gv)

• General declaration for mai n function
– ar gc – argument count

The number of command arguments the program 
was invoked with

– ar gv – argument vector
A pointer to an array of character strings, one for 
each argument

i nt mai n( i nt ar gc,  char  * ar gv[ ] )
or
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ar gc = 5

ar gv[ 0]  = “ mypr og”

ar gv[ 1]  = “ - l ”

ar gv[ 2]  = “ 32”

ar gv[ 3]  = “ - p”

ar gv[ 4]  = “ / usr / l ocal ”

% mypr og –l  32 –p / usr / l ocal
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f or  ( i =1;  i <ar gc;  i ++)
{

i f  ( ! st r cmp( ar gv[ i ] ,  " - h" ) )
hel p = 1;

el se i f ( ! st r cmp( ar gv[ i ] , " - l " ) )
num = at oi ( ar gv[ ++i ] ) ;

el se i f  ( ! st r cmp( ar gv[ i ] ,  " - p" ) )  {
f i l ename = ( char  * ) mal l oc( 128) ;
st r cpy( f i l ename,  ar gv[ ++i ] ) ;

}
}

% mypr og –l  32 –p / usr / l ocal
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Useful string utility functions (B.3 and B.5)
st r cpy

st r ncpy

st r cmp

st r ncmp

st r l en

st r chr

st r r chr

at oi

at of

at ol

r and

exi t

syst em

abs

…and more…
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Memory functions
memcpy

memmove

memcmp

memchr

memset

To copy a whole block of memory, 
don’t copy byte by byte – use 
memcpy!
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Math functions (B.4)
si n

cos

t an

asi n

acos

at an

at an2

exp

l og

l og10

pow

sqr t

cei l

f l oor

f abs

…and more…


