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Modules

CS 217

The C Programming Language
• Systems programming language

� originally used to write Unix and Unix tools
� data types and control structures close to most machines
� now also a popular application programming language

• Notable features
� all functions are call-by-value
� pointer (address) arithmetic
� simple scope structure
� I/O and memory mgmt facilities provided by libraries

• History
� BCPL   à B   à C   à K&R C à ANSI C

1960         1970     1972       1978              1988
� LISP          à Smalltalk   à C++  à Java 
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Example Program 1
#i ncl ude <st di o. h>
#i ncl ude <st r i ng. h>

i nt mai n( )
{

char  * st r i ngs[ 128] ;
char  st r i ng[ 256] ;
char  * p1,  * p2;
i nt  nst r i ngs;
i nt f ound;
i nt i ,  j ;

nst r i ngs = 0;
whi l e ( f get s( st r i ng,  256, st di n) )  {

f or  ( i  = 0;  i  < nst r i ngs;  i ++)  {
f ound = 1;
f or  ( p1 = st r i ng,  p2 = st r i ngs[ i ] ;  * p1 && * p2;  p1++,  p2++) {

i f  ( * p1 > * p2)  {
f ound = 0;
br eak;

}
}
i f  ( f ound)  br eak;

}
f or  ( j  = nst r i ngs;  j  > i ;  j - - )

st r i ngs[ j ]  = st r i ngs[ j - 1] ;
st r i ngs[ i ]  = st r dup( st r i ng) ;
nst r i ngs++;
i f  ( nst r i ngs >= 128)  br eak;

}
f or  ( i  = 0;  i  < nst r i ngs;  i ++)

f pr i nt f ( st dout ,  " %s" ,  st r i ngs[ i ] ) ;

r et ur n 0;
}

What does this program do?What does this program do?

Example Program 2
#i ncl ude <st di o. h>
#i ncl ude <st r i ng. h>

#def i ne MAX_STRI NGS 128
#def i ne MAX_STRI NG_LENGTH 256

voi d ReadSt r i ngs( char  * * st r i ngs, i nt * nst r i ngs,  i nt  maxst r i ngs,  FI LE * f p)
{

char  st r i ng[ MAX_STRI NG_LENGTH] ;

* nst r i ngs = 0;
whi l e ( f get s( st r i ng,  MAX_STRI NG_LENGTH,  f p) )  {

st r i ngs[ ( * nst r i ngs) ++]  = st r dup( st r i ng) ;
i f  ( * nst r i ngs >= maxst r i ngs)  br eak;

}
}

voi d Wr i t eSt r i ngs( char  * * st r i ngs, i nt  nst r i ngs,  FI LE * f p)
{

i nt i ;

f or  ( i  = 0;  i  < nst r i ngs;  i ++)
f pr i nt f ( f p,  " %s" ,  st r i ngs[ i ] ) ;

}

i nt  Compar eSt r i ngs( char  * st r i ng1,  char  * st r i ng2)
{

char  * p1 = st r i ng1;
char  * p2 = st r i ng2;

whi l e ( * p1 && * p2)  {
i f  ( * p1 < * p2)  r et ur n - 1;
el se i f  ( * p1 > * p2)  r et ur n 1;
p1++;  
p2++;

}

r et ur n 0;
}

What does this program do?What does this program do?

voi d Sor t St r i ngs( char  * * st r i ngs, i nt  nst r i ngs)
{

i nt i ,  j ;

f or  ( i  = 0;  i  < nst r i ngs;  i ++)  {
f or  ( j  = i +1;  j  < nst r i ngs;  j ++)  {

i f  ( Compar eSt r i ngs( st r i ngs[ i ] ,  s t r i ngs[ j ] )  > 0)  {
char  * swap = st r i ngs[ i ] ;
st r i ngs[ i ]  = st r i ngs[ j ] ;
st r i ngs[ j ]  = swap;

}
}

}
}

i nt mai n( )
{

char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  st di n) ;
Sor t St r i ngs( st r i ngs, nst r i ngs) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

r et ur n 0;
}
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Modularity
• Decompose execution into modules

� Read strings
� Sort strings 
� Write strings

• Interfaces hide details
� Localize effect of changes

• Why is this better?
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes

i nt mai n( )
{

char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  st di n) ;
Sor t St r i ngs( st r i ngs, nst r i ngs) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

r et ur n 0;
}

Modularity
• Decompose execution into modules

� Read strings
� Sort strings 
� Write strings

• Interfaces hide details
� Localize effect of changes 

• Why is this better?
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes

i nt mai n( )
{

char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  st dout ) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;
Sor t St r i ngs( st r i ngs, nst r i ngs) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

r et ur n 0;
}
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Modularity
• Decompose execution into modules

� Read strings
� Sort strings 
� Write strings

• Interfaces hide details
� Localize effect of changes 

• Why is this better?
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes

Mer geFi l es( FI LE * f p1,  FI LE * f p2)
{

char  * st r i ngs[ MAX_STRI NGS] ;
i nt nst r i ngs;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  f p1) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  f p2) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

}

Modularity
• Decompose execution into modules

� Read strings
� Sort strings 
� Write strings

• Interfaces hide details
� Localize effect of changes 

• Why is this better?
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes

i nt  Compar eSt r i ngs( char  * st r i ng1,  char  * st r i ng2)
{

char  * p1 = st r i ng1;
char  * p2 = st r i ng2;

whi l e ( * p1 && * p2)  {
i f  ( * p1 < * p2)  r et ur n - 1;
el se i f  ( * p1 > * p2)  r et ur n 1;
p1++;  
p2++;

}

r et ur n 0;
}

C S 2 1 7 0

st r i ng1

I S F U N

C S 2 1 7 0

st r i ng2

R O C K S
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Modularity
• Decompose execution into modules

� Read strings
� Sort strings 
� Write strings

• Interfaces hide details
� Localize effect of changes 

• Why is this better?
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes

i nt  St r i ngLengt h( char  * st r i ng)
{

char  * p = st r i ng;
whi l e ( * p)  p++;
r et ur n p - st r i ng;

}

i nt  Compar eSt r i ngs( char  * st r i ng1,  char  * st r i ng2)
{

r et ur n St r i ngLengt h( st r i ng1)  -
St r i ngLengt h( st r i ng2) ;

}

C S 2 1 7 0

st r i ng1

I S F U N

C S 2 1 7 0

st r i ng2

R O C K S

Separate Compilation
• Move string array into separate file

� Declare interface in st r i ngar r ay. h
� Provide implementation in st r i ngar r ay. c
� Allows re-use by other programs

ext er n voi d ReadSt r i ngs( char  * * st r i ngs, i nt * nst r i ngs,  
i nt  maxst r i ngs,  FI LE * f p) ;

ext er n voi d Wr i t eSt r i ngs( char  * * st r i ngs, i nt  nst r i ngs,  FI LE * f p) ;
ext er n voi d Sor t St r i ngs( char  * * st r i ngs, i nt  nst r i ngs) ;

ext er n i nt  Compar eSt r i ngs( char  * st r i ng1,  char  * st r i ng2) ;

st r i ngar r ay. h
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Separate Compilation (2)
st r i ngar r ay. c

#i ncl ude <st di o. h>
#i ncl ude <st r i ng. h>

#def i ne MAX_STRI NG_LENGTH 256

voi d ReadSt r i ngs ( FI LE * f p,  char  * * st r i ngs,  

i nt * nst r i ngs, i nt  max st r i ngs )
{

char  s t r i ng[ MAX_STRI NG_LENGTH] ;

* ns t r i ngs = 0;
whi l e ( f get s( st r i ng,  MAX_STRI NG_LENGTH, f p) )  {

s t r i ngs[ ( * nst r i ngs ) ++]  = st r dup( st r i ng) ;
i f  ( * nst r i ngs >= maxst r i ngs)  br eak;

}
}

voi d Wr i t eSt r i ngs ( FI LE * f p,  char  * * st r i ngs, i nt  nst r i ngs)

{
i nt i ;

f or  ( i  = 0;  i  < nst r i ngs ;  i ++)
f pr i nt f ( f p,  " %s " ,  st r i ngs [ i ] ) ;

}

i nt  Compar eSt r i ngs ( char  * s t r i ng1,  char  * st r i ng2)

{
char  * p1,  * p2;

f or  ( p1 = st r i ng1,  p2 = st r i ng2;  * p1 && * p2;  p1++,  p2++)  {
i f  ( * p1 < * p2)  r et ur n - 1;
el se i f  ( * p1 > * p2)  r et ur n 1;

}

r et ur n 0;
}

voi d Sor t St r i ngs ( char  * * st r i ngs, i nt  ns t r i ngs)

{
i nt i ,  j ;

f or  ( i  = 0;  i  < nst r i ngs ;  i ++)  {
f or  ( j  = i +1;  j  < nst r i ngs;  j ++)  {

i f  ( Compar eSt r i ngs( s t r i ngs [ i ] ,  st r i ngs[ j ] )  > 0)  {
char  * s wap = s t r i ngs[ i ] ;
st r i ngs [ i ]  = s t r i ngs[ j ] ;
st r i ngs [ j ]  = s wap;

}
}

}
}

Separate Compilation (3)

#i ncl ude “ st r i ngar r ay. h”

#def i ne MAX_STRI NGS 128

i nt mai n( )
{

char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

ReadSt r i ngs( st r i ngs,  &nst r i ngs,  MAX_STRI NGS,  st di n) ;
Sor t St r i ngs( st r i ngs, nst r i ngs) ;
Wr i t eSt r i ngs( st r i ngs,  nst r i ngs,  st dout ) ;

r et ur n 0;
}

sor t . c
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Separate Compilation (4)

sor t :  sor t . o st r i ngar r ay. a
cc - o sor t  sor t . o st r i ngar r ay. a

sor t . o:  sor t . c  st r i ngar r ay. h
cc - c sor t . c

st r i ngar r ay. a: st r i ngar r ay. c
cc - c st r i ngar r ay. c
ar  ur  st r i ngar r ay. a st r i ngar r ay. o        

c l ean:
r m sor t  sor t . o sor t ar r ay. a sor t ar r ay. o

Makef i l e

Structures

#i ncl ude <st di o. h>
#i ncl ude “ st r i ngar r ay. h”

i nt mai n( )
{

st r uct  St r i ngAr r ay * st r i ngar r ay = mal l oc( si zeof ( st r uct  St r i ngAr r ay)  ) ;
st r i ngar r ay- >nst r i ngs = 0;

ReadSt r i ngs( st r i ngar r ay,  st di n) ;
Sor t St r i ngs( st r i ngar r ay) ;
Wr i t eSt r i ngs( st r i ngar r ay,  st dout ) ;

f r ee( st r i ngar r ay) ;
r et ur n 0;

}

#def i ne MAX_STRI NGS 128

st r uct  St r i ngAr r ay {
char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

} ;

ext er n voi d ReadSt r i ngs( st r uct St r i ngAr r ay * st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Wr i t eSt r i ngs( st r uct  St r i ngAr r ay * st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Sor t St r i ngs( st r uct  St r i ngAr r ay * st r i ngar r ay) ;

sort.c

stringarray.h
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Typedef

#i ncl ude <st di o. h>
#i ncl ude “ st r i ngar r ay. h”

i nt mai n( )
{

St r i ngAr r ay_T st r i ngar r ay = mal l oc( si zeof ( st r uct  St r i ngAr r ay)  ) ;
st r i ngar r ay- >nst r i ngs = 0;

ReadSt r i ngs( st r i ngar r ay,  st di n) ;
Sor t St r i ngs( st r i ngar r ay) ;
Wr i t eSt r i ngs( st r i ngar r ay,  st dout ) ;

f r ee( st r i ngar r ay) ;
r et ur n 0;

}

#def i ne MAX_STRI NGS 128

t ypedef st r uct  St r i ngAr r ay {
char  * st r i ngs[ MAX_STRI NGS] ;
i nt  nst r i ngs;

}  * St r i ngAr r ay_T;

ext er n voi d ReadSt r i ngs( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Wr i t eSt r i ngs( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Sor t St r i ngs( St r i ngAr r ay_T st r i ngar r ay) ;

sort.c

stringarray.h

Opaque Pointers

#i ncl ude <st di o. h>
#i ncl ude “ st r i ngar r ay. h”

i nt mai n( )
{

St r i ngAr r ay_T st r i ngar r ay = NewSt r i ngs( ) ;

ReadSt r i ngs( st r i ngar r ay, st di n) ;
Sor t St r i ngs( st r i ngar r ay) ;
Wr i t eSt r i ngs( st r i ngar r ay,  st dout ) ;

Fr eeSt r i ngs( st r i ngar r ay) ;

r et ur n 0;
}

t ypedef  st r uct  St r i ngAr r ay * St r i ngAr r ay_T;

ext er n St r i ngAr r ay_T NewSt r i ngs( voi d) ;
ext er n voi d Fr eeSt r i ngs( St r i ngAr r ay_T st r i ngar r ay) ;

ext er n voi d ReadSt r i ngs( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Wr i t eSt r i ngs( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d Sor t St r i ngs( St r i ngAr r ay_T st r i ngar r ay) ;

sort.c

stringarray.h
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Abstract Data Types
• Module supporting operations on single data structure

� Interface declares operations, not data structure
� Implementation is hidden from client (encapsulation)
� Use features of programming language to ensure encapsulation

• Common practice
� Allocation and deallocation of data structure handled by module
� Names of functions and variables begin with <modulename>_
� Provide as much generality/flexibility in interface as possible
� Use void pointers to allow polymorphism

Example ADT - Interface

#i f ndef ARRAY_H
#def i ne ARRAY_H

t ypedef  st r uct  Ar r ay * Ar r ay_T;

ext er n Ar r ay_T Ar r ay_new( voi d) ;
ext er n voi d Ar r ay_f r ee( Ar r ay_T ar r ay) ;

ext er n voi d Ar r ay_i nser t ( Ar r ay_T ar r ay,  voi d * dat ap) ;
ext er n voi d Ar r ay_r emove( Ar r ay_T ar r ay,  voi d * dat ap) ;

ext er n i nt Ar r ay_get Lengt h( Ar r ay_T ar r ay) ;
ext er n voi d * Ar r ay_get Kt h( Ar r ay_T ar r ay,  i nt k) ;

#endi f

array.h
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Example ADT - Client 1

#i ncl ude “ ar r ay. h”
#i ncl ude <st di o. h>

i nt mai n( )
{

Ar r ay_T ar r ay;
i nt i ;

ar r ay = Ar r ay_new( ) ;

Ar r ay_i nser t ( ar r ay,  ( voi d * )  “ CS217” ) ;
Ar r ay_i nser t ( ar r ay,  ( voi d * )  “ I S” ) ;
Ar r ay_i nser t ( ar r ay,  ( voi d * )  “ FUN” ) ;

f or  ( i  = 0;  i  < Ar r ay_get Lengt h( ar r ay) ;  i ++)  {
char  * st r  = ( char  * )  Ar r ay_get Kt h( ar r ay,  i ) ;
pr i nt f ( st r ) ;

}

Ar r ay_f r ee( ar r ay) ;

r et ur n 0;
}

string_client.c

Example ADT - Client 2

#i ncl ude “ ar r ay. h”
#i ncl ude <st di o. h>

i nt mai n( )
{

Ar r ay_T ar r ay;
i nt one=1,  t wo=2,  t hr ee=3,  i ;

ar r ay = Ar r ay_new( ) ;

Ar r ay_i nser t ( ar r ay,  ( voi d * )  &one) ;
Ar r ay_i nser t ( ar r ay,  ( voi d * )  &t wo) ;
Ar r ay_i nser t ( ar r ay,  ( voi d * )  &t hr ee) ;

f or  ( i  = 0;  i  < Ar r ay_get Lengt h( ar r ay) ;  i ++)  {
i nt * dat ap = ( i nt * )  Ar r ay_get Kt h( ar r ay,  i ) ;
pr i nt f ( “ %d “ ,  * dat ap) ;

}

Ar r ay_f r ee( ar r ay) ;

r et ur n 0;
}

int_client.c
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Example ADT - Implementation

#i ncl ude “ ar r ay. h”

#def i ne MAX_ELEMENTS 128

st r uct  Ar r ay {
voi d * el ement s[ MAX_ELEMENTS] ;
i nt  num_el ement s;

} ;

Ar r ay_T Ar r ay_new( voi d)
{

Ar r ay_T ar r ay = mal l oc( si zeof ( st r uct  Ar r ay) ) ;
ar r ay- >num_el ement s = 0;
r et ur n ar r ay;

}

voi d Ar r ay_f r ee( Ar r ay_T ar r ay)
{

f r ee( ar r ay) ;
}

array.c (1 of 3)

Example ADT - Implementation

voi d Ar r ay_i nser t ( Ar r ay_T ar r ay,  voi d * dat ap)
{

i nt i ndex = ar r ay- >num_el ement s;
ar r ay- >el ement s[ i ndex]  = dat ap;
ar r ay- >num_el ement s++;

}

i nt Ar r ay_get Lengt h( Ar r ay_T ar r ay)
{

r et ur n ar r ay- >num_el ement s;
}

voi d * Ar r ay_get Kt h( Ar r ay_T ar r ay,  i nt  k)
{

r et ur n ar r ay- >el ement s[ k] ;
}

array.c (2 of 3)
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Example ADT - Implementation

voi d Ar r ay_r emove( Ar r ay_T ar r ay,  voi d * dat ap)
{

i nt i ndex,  i ;

f or  ( i ndex = 0;  i ndex < ar r ay- >num_el ement s;  i ndex++)  
i f  ( ar r ay- >el ement s[ i ndex]  == dat ap)  br eak;

i f  ( i ndex < ar r ay- >num_el ement s)  {
f or  ( i  = i ndex+1;  i  < ar r ay- >num_el ement s;  i ++)  

ar r ay- >el ement s[ i - 1]  = ar r ay- >el ement s[ i ] ;
ar r ay- >num_el ement s- - ;

}
}

array.c (3 of 3)

Summary
• Modularity is key to good software

� Decompose program into modules
� Provide clear and flexible interfaces

• Abstract Data Types
� Modules supporting operations on data structure
� Well-designed interfaces hide implementations, but provide flexibility

• Advantages
� Separate compilation
� Easier to understand
� Easier to test and debug
� Easier to reuse code
� Easier to make changes


