The C Preprocessor and Libraries



Unit 4 Objectives

» Describe the compilation steps

» Use preprocessor directives in a program

o Use existing library functions



C Compilation Steps and UNIX System cc(1) Options
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The C Preprocessor



C Preprocessor Overview

» First compilation step
» Advantages:
Readability
Maintainability
Flexibility
Portability
e Directives:
Begin with #
May be anywhere in file, often at top
o Features: _
Strips comments
Define constants and macros
Include files
Conditional compilation



Symbolic Constants
#define identifier token-string

o Subsequent occurrences of identifier in the file
replaced with token-string

o Upper-case convention

1 #define TRUE 1

2 #$#define FALSE O

3 #define MAXITEMS 500

4

5 main()

& {

g int i, feound, wval [MAXITEMS]:;
8

= found = FALSE:

10 while (found == FALSE) {
11 e
1.2 if (ezpresston)
J-d found = TRUE:
14 }
15 s e
16 for (i = O 1 < MAXITEMS; it+)
17 read value into valft]

158
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Macros

#define identifier(argf, arg/...) token-string

» Short routine that accepts arguments
« Upper-case convention
o Parenthesize if used with operators

#define SQUARE (X) (i o 4 AL S
#define PRINT(A,B) printf("A: %d, B: %d\n",A,E

main ()

1

int intllcdntd;

intl = SQUARE (3) :
int2 = SQUARE (intl + 1);
PRINT (intl, intZz);

k

COutput:
intli: 9, intid: 100
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Macros, Continued

» Use \ to extend macro beyond one line
e« Use a block for more than one statement

#define SWAP(AB) { int temp:’
temp = AN
A= B\
B = temp;\
i

$define PRINT(A,B) printf("A: ¥d, B: yd\n" A E

main ()

i

int numl = ‘30, numZ = 90;

PRINT (numl, num2) :
if (num2 > numl)

SWAP (numl, num?l) ;
PRINT (numl, num2) ;

e

Output:

numl: 30, numz: 90
numl: 90, num: 20



Functions vs. Macros

o« SPEED:
Macros faster, in-line replacement
Functions slower, have stack overhead

« SIZE OF EXECUTABLE PROGRAM:
smaller if functions used, code appears once

« OTHER:

Functions can return value with return statemen
macros can not

MNo macro recursion

Macros often harder to debug



Header Files, Include Files

#include  (fileh>
#include "file.n"

« Acopy of the file is included in the program

« Conventional .h suffix

« Contain #define's, function and external
variable declarations, etc.

e fOr general-purpose use

o for project-specific use
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Sample Header File

#define TABLESIZE 1000
ktcdefine SYSNAMELEN 20
#define MASK 010

#define CLEARLINE() while (getchar () !=
#define MAX (A, B) (A Bz e po . ncs)
extern int status;

extern char sysnamel[];
extern double table[]:

extern void cale_err(]g
extern double std dev();

typedef char BYTE:; /* SBee next page */

II‘\,".'-'I.



Renaming a Type - typedef

typedef ezisting _type

new_type

C statement - new name for a data type

Often found in header files
Readability and Portability
Syntax like variable declaration

Upper-case recommended

-t
QW O d0 0N d

typedef char BYTE:;

typedef unsigned
Typedef int

short

Lypedef int WORD ;
main ()
{
BYTE input:
WORD bt [512]:

MATRIX prev,

current:

USHORT ;

MATRIX [20] [40] :



Organization of Program Files

mA L,

#includa “projX.h'
mair}
£

N

a2

Efetlie

Binclude
ginclude
static BYTE

cstdia.h>
“p";—ﬂj:‘:.h“

£illbuf ()

{

2

emptybuf [}
{

k-1
¥

buf[1024]; |

calc.c

projil.n

e fine TABLESIZE 1030
#delfine SYSIHAMELEN 20
#dafine MASK L
foefine MAN (A, B) (A>B7A;B)
aextern int status;
extern char sysnama []
axtern double table[]:
aextern wvold calc_err(]:;
extarn double std_dewv ()}
tyvpedef char EYTE.;

defs.c

#include "erojX-h"

int status;

char sysname [SYSHAMELEN] ;

double table[TABLESIZE]:

double std_dew/()

<
by

void calc_arr ()

{

3




Conditional Compilation
#if, #ifdef, #ifndef

o Conditionally adds C and/or preprocessor
statements to a program

» Allows several versions of a program

L =3 hodn b o e M

#include R 7o T ok 1 0 g
#if vax || u3b || u3b5 || u3b2
#define MACGIC 330
#else

#define MAGIC 500
#endif

#ifdef LIMIT

#undef LIMIT

#endif

#define LIMIT 1000
£()

{

#1ifdef DEBUG

printf (M i= wd\n.oc);

printf{'y is Ya\n",¥y]:
#endi f

¥



EXxer cise — Prepr ocessor

1. The C compiler finds an error on line 5. Why?

1 #define LINELEN 80;

2

3 main()

4

5 char line[LINELEN] ;
6 int X ;

7

2. What iswrong with the ISDIGIT macro? Fix the macro.

#define ISDIGIT(C) return((C) >=‘0" && (c) <='9’);
main()
L | -

int input, digits=0;

input = getchar() ;
if (ISDIGIT(input))
digits ++;

POO~NOOITRWNE
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Libraries



What isaLibrary?

 Collection of shared functions
» Supplied with system or created by programmer
 Library functions usually supplied with C compiler
| nput/output - “Standard |/O”
String handling
Character handling
Memory allocation
General utilities

Math functions



Libraries on the UNIX System

libc.a

getchar.o COS.0
putchar.o sin.o
printf.o tan.o ctypeh |
scanf.o log.o
stremp.o DOW.0
strlen.o sqrt.o | mathh |
strepy.o
toupper.o
tolower.o
calloc.o
malloc.o
atol.o

atof.o

libcurses.a

string.h

cursesh stdioh |




Some General Utility Functions



Converting Characters to Upper/Lower-case

SYNOPSIS  #include <ctypeh>

int toupper(c)
int c;

int tolower(c)

Intc:

EXAMPLES

l /* Reads from stdin, writes tec stdout, */
2 /* converting lower-case To upper-case. =y
T

4 #include <stdio.h>

5 #include <ctype.h>

&

7 main()

8 A

o int i
10
171 while ((c=getchar()) != EOF)
12 putchar (toupper (c) )

ot
L
!



Exitinga C Program - exit()

SYNOPSIS void exit(status)

int status;

DESCRIPTION Causes normal program termination.

status == 0 implies success, other
values implementation-defined.

EXAMPLES

OCoO~NOOUITA~WNPE

#include <stdio.h>

void exit() ;
int option ;
switch (option) {
case ‘a’: add() ;

break ;

case ‘d': delete() ;
break ;

default : printf(* Illegal option\n”) ;
exit(1) ;

}

exit(0) ;



Some Math Library Functions



Exponential, L og, Power,
and Square Root Functions

SYNOPSIS #include <math.h>

double exp(x)
doublex ;

double log(x)
doublex ;

doublelog 10(x)

[* ex*/

/* natural log of x */

/* log base 10 of x */

[* xYy*/

[* squareroot of x */

double x ;
double pow(x,y)
doublex,y ;
double sgrt(x)
doublex ;
EXAMPLES
1 #include <stdio.h>
2 #include <math.h>
3 main()
4 {
5 double z=77.9;
6 printf(“*%g %g 7, exp(2),log(2) ;
7 printf(*%g %g ”,logl0(z), pow(z, 5.0)) ;
8 printf(“ %g\n”, sqrt(2)) ;
9 }
$ cc prog.c -Im
$ a.out

6.78485e+33 4.35543 1.89154 2.868/1e+09 8.8261



Trigonometric Functions - sin{), cos{), and tan()

SYNOPSIS  #include <mathh>

double sin(x)
double x;  /* radians */

double cos(x);
double x; /* radians */

double tan(x)
double »;,  /* radians */

EXAMPLES
o

1 /* Flots a cardieid. radius = a(l - cosl) */

2 f#include <stdio.h>

3 #include <math.h>

4 F#define A &

5 main()

6 {

7 double radius, radians:

g8 int theta, center_x, center_y:

9 1 o

10  for (theta=0; theta < 360: theta++) {
11 £ radians = theta * M_PI./ 180:
iz radius = A * (1 - cos(radians));
@ e plot point using center_z, center_y,

14 radians, and radius

15 ¥



