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Preprocessing
Modification of the source code file before

compiling begins

The proprocessor is run automatically when you
compile your program
– use ÐE option to gcc  if you want to do just

preprocessing
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Program Development, Again

Source File  pgm.c

Program Object Code File  pgm.o

Executable File  a.out (or a.exe)

Preprocessor

Modified Source Code

Compiler

Linker

Other Object Code Files (if any)

Editor
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Preprocessing (cont’d)
Applications?

– file inclusion
– macro substitution for common (short) fragments of

code
– conditional compilation

Not available in Java!
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Recommendations
GNOME: “If you have random 'magic values' in

your program or library, use macros to define
them instead of hardcoding them where they are
used”
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Preprocessor Commands
Any lines starting with the # character

Command is terminated by the end of the line,
unless continued with a \

Ex.:
#def i ne PI  \
       3. 14159265358979323846264
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#def i ne

#def i ne i dent i f i er  t oken- sequence

Replace any occurrences of i dent i f i er  with
t oken- sequence before compiling the program

One use: giving names to “magic” constants

Ex.: #def i ne E 2. 718282
#def i ne BI GRAI SE 50000
#def i ne FALSE 0
#def i ne TRUE 1
#def i ne ERROR - 1
#def i ne EQ ==
#def i ne TABSI ZE 100
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#def i ne (cont’d)

This is not the same as declaring a variable!

Simple string substitution

#def i ne BI GRAI SE 50000
#def i ne TRUE 1
#def i ne EQ ==
É
i f  ( r eal l y_good_year  EQ TRUE)
   sal ar y += BI GRAI SE;

i f  ( r eal l y_good_year  == 1)
   sal ar y += 50000;

 
preprocess to getÉ
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#def i ne (cont’d)

is translated by the preprocessor (before
compiling) into…

i nt  t abl e[ TABSI ZE] ;
É
f or  ( i  = 0;  i  < TABSI ZE;  i ++)
   i f  ( t abl e[ i ]  EQ 15)
   É

i nt  t abl e[ 100] ;
É
f or  ( i  = 0;  i  < 100;  i ++)
   i f  ( t abl e[ i ]  == 15)
   É
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More About #def i ne

#def i nes can also contain #def i ne’d values
#def i ne DI AMETER 2* PI * RADI US

By convention, #def i ne identifiers are written in
ALL CAPS

Don’t terminate #def i ne by ‘; ’ or it becomes part
of t oken_sequence!

#def i ne PI  3. 1416 ;
É
ar ea = PI  *  r  *  r ;

ar ea = 3. 1416 ;  *  r  *  r ; 
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More… (cont’d)
If a #def i ne contains multiple statements,

separated by semi-colons, put the whole thing in
braces (i.e., use block structure)

#def i ne MYMAC \
i nt  i  = 0;  \
i  = j  + k ;  \
j  * = 2
É
i f  ( m > 27)
   MYMAC;

I f  ( m > 27)
    i nt  i  = 0;
    i  = j  + k ;
    j  * = 2;

 

Without braces
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More… (cont’d)

Which is better for this:
– a macro MYMAC?
– a function mymac( ) ?

#def i ne MYMAC \
{  \
i nt  i  = 0;  \
i  = j  + k ;  \
j  * = 2;  \
}
É
i f  ( m > 27)
   MYMAC;

I f  ( m > 27)
    {
    i nt  i  = 0;
    i  = j  + k ;
    j  * = 2;
    }

 

With braces
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More… (cont’d)
The t oken_sequence does not need to be a valid

expression or statement, e.g.,

#def i ne TI MES2 *  2
É
a = b TI MES2 ; a = b *  2  ; 
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Macro Expansion
#def i ne can take parameters (like functions), e.g.,

#def i ne DI AM( r adi us)  2* PI * ( r adi us)
É
di amet er  = DI AM( r ) ;

Note: no white space!

di amet er  = 2* PI * ( r ) ; 

looks like a function call, but it’s not!
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Macros vs. Functions

One difference: do not have to type the
parameters of a macro
– remind you of something?

#def i ne DI AM( r adi us)  2* PI * ( r adi us)

f l oat  di amf  ( f l oat  r adi us)
{ É}

f l oat  di ami  ( i nt  r adi us)
{ É}

f l oat  di amd ( doubl e r adi us)
{ É}

vs.
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Function Overloading?
Java (PrintStream class):

publ i c  voi d pr i nt l n( St r i ng out put )

publ i c  voi d pr i nt l n( i nt  out put )

Two methods with the same name, but different
types of input
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Macros vs. Functions
More differences

– no overhead of function call
– cannot single step into instructions in a macro during

symbolic debugging (at least, with gdb)
– (however, if use -E option to gcc, not a problem)
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Use Parentheses for Macro Params!
Without parentheses:
#def i ne SQUARE( x)  x  *  x
É
y = SQUARE( z+1)  ;

y  = z+1 *  z+1 ; 

#def i ne SQUARE( x)  ( x)  *  ( x)
É
y = SQUARE( z+1)  ;

y  = ( z+1)  *  ( z+1)  ; 

difference???With parentheses:



4

copyr ight  2007 Douglas S. Reeves 20

Macro Expansion of Macro Expansion of …

Ex:
#def i ne ABSDI FF( a, b)  \
             ( ( a) >( b)  ? ( a) - ( b)  :  ( b) - ( a) )

What is result of…?
x = ABSDI FF( 5, 35)  ;

( ( 5) >( 35)  ? ( 5) - ( 35)  :  ( 35) - ( 5) )

 
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Macro Expansion of… (cont’d)

What is result of…?

x = ABSDI FF( 70,  ABSDI FF( 5, 35) )  ;

( ( ( 70)  > ( ( 5) >( 35) ?( 5) - ( 35) : ( 35) - ( 5) )  ?
( 70- ( ( 5) >( 35) ?( 5) - ( 35) : ( 35) - ( 5) )  :
( ( 5) >( 35) ?( 5) - ( 35) : ( 35) - ( 5) ) ) - ( 5) ) - ( 70) ) )

 
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Side Effects and Macro Arguments
Watch out for input parameters to macros that

have side effects, like x++

#def i ne MAX( a, b)  ( ( a) >( b)  ? ( a)  :  ( b) )

x = MAX( y++, z++) ;

What happens with…

zy

32 ?

X zy

??
 

x = ( ( y++) >( z++)  ? ( y++)  :  ( z++) ) ;

Before execution After execution
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Side Effects… (cont’d)

Moral: avoid side effects in macro arguments!

x = MAX( y++, z++) ;

What happens with…

zy

23 ?

X zy

??

 

x = ( ( y++) >( z++)  ? ( y++)  :  ( z++) ) ;

Before execution After execution
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Two More Things…

Concatenation with the ## characters

#def i ne TMPFI LE( di r , f name)  #di r  #f name
É
char  * s = TMPFI LE( / usr / t mp, t est 1)  ;

char  * s = Ò/ usr / t mpÓ Òt est 1Ó ; 

Quoting with the # character

#def i ne CAT( x, y)  x  ## y
É
a = CAT( b, 123)  ; a = b123; 
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#i ncl ude

Inserts into the source code the contents of
another file
– often called a header  file, usually with name of type

f i l ename. h

#i nc l ude <s t di o. h>
#i ncl ude Òmydef s. hÓ

Where does gcc look for these files?
– implementation / installation dependent
– commonly: / usr / i nc l ude

– always searches in same directory as source code file
– options control where gcc looks (more later…)
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#i ncl ude (cont’d)
Common contents of header files

– constant definitions
– function prototype declarations (for libraries)
Ð ext er n declarations (we’ll discuss later)

When the header file changes, all source files that
include it have to be recompiled
– i.e., there is a dependency of this source code on the

contents of the header file
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Some Useful Header Files
st di o. h

st ddef . h

mat h. h

st r i ng. h

f l oat . h and l i mi t s. h

Take a look in / usr / i ncl ude on your system
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Conditional Compilation
To control what source code gets compiled in order

to create an executable program

Commonly: to resolve at compile time platform
(machine- or OS-) dependencies

Use the following preprocessor directives
Ð #i f

Ð #i f def

Ð #i f ndef

Ð #el se

Ð #el i f

Ð #endi f
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Conditional Compilation: Example

And when compiling this
program, can define
what SYSTEM is by
using the - D option to
gcc

#i f  SYSTEM == LI NUX
#def i ne HDR Òl i nux. hÓ
#el i f  SYSTEM == WI NDOWS
#def i ne HDR Òwi ndows. hÓ
#el se
#def i ne HDR Òdef aul t . hÓ
#endi f

#i nc l ude HDR

#def i ne HDR Òwi ndows. hÓ

#i ncl ude HDR

gcc ÐDSYSTEM=WI NDOWS mypr og. c É

 
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Another Use
To avoid repeatedly including the same header file,

in every file of the source code
– what problem would this cause if not prevented?
#i f ndef  MYHDRFI LE   / *  MYHDRFI LE * /
#def i ne MYHDRFI LE 1
Éheader  f i l e cont ent sÉ
#endi f               / *  MYHDRFI LE * /

#i nc l ude Òmyheader . hÓ
É
#i ncl ude Òmyheader . hÓ

Éheader  f i l e cont ent sÉ 
Included only once
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Practice
#def i ne PI  3. 14159  / /  Val ue of  pi  t o 5 pl aces
É
a = PI  *  3;

a = 3. 14159  / /  Val ue of  pi  t o 5 pl aces *  3;

 



6

copyr ight  2007 Douglas S. Reeves 32

Practice
#def i ne PI PLUSONE PI  + 1. 0

x = PI PLUSONE *  2;

x = 3. 14159 + 1. 0 *  2;

 
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Practice
#i f  0
x = y + z;   / *  updat e x * /
y  = q /  r ;   / *  updat e y * /
z  = x -  y ;   / *  updat e z * /
#endi f

 
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Practice
#def i ne MULT( x, y)  x  *  y
É
a = MULT( 3+2, 4+2) ;

 

a = 3+2 *  4+2;
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More Practice
#def i ne SWAP( a, b)  \
    a ^= b;  \
    b ^= a;  \
    a ^= b
É
i f  ( x  > y)
    SWAP( x, y) ;

 

i f  ( x  > y)
    a ^= b;
    b ^= a;
    a ^= b;
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More Practice
#def i ne PRI NT_TOKEN( t oken)  \
               pr i nt f ( #t oken "  i s  %d" ,  t oken)
É
PRI NT_TOKEN( x+y) ;

 

pr i nt f ( Òx+yÓ Ò i s  %dÓ,  x+y) ;


