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Software Design
(Abstract Data Type Example)

CS 217

Software Design
• Abstract Data Types

� Modules supporting operations on data type
� Interfaces hide implementations, but provide flexibility
� ADTs facilitate modifications, debugging, testing, etc.

• Challenge
� Decompose software into meaningful modules
� Enable re-use of common data structures

• Strategies
� Top-down – decompose problems into smaller ones
� Bottom-up – build pieces first, and then combine them
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StringArray Example

#i ncl ude <st di o. h>
#i ncl ude <st r i ng. 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 = St r i ngAr r ay_new( ) ;

St r i ngAr r ay_r ead( st r i ngar r ay, st di n) ;
St r i ngAr r ay_sor t ( st r i ngar r ay,  st r cmp) ;
St r i ngAr r ay_wr i t e( st r i ngar r ay,  st dout ) ;

St r i ngAr r ay_f r ee( 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 St r i ngAr r ay_new( voi d) ;
ext er n voi d St r i ngAr r ay_f r ee( St r i ngAr r ay_T st r i ngar r ay) ;

ext er n voi d St r i ngAr r ay_r ead( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d St r i ngAr r ay_wr i t e( St r i ngAr r ay_T st r i ngar r ay,  FI LE * f p) ;
ext er n voi d St r i ngAr r ay_sor t ( St r i ngAr r ay_T st r i ngar r ay,  

i nt ( * compar e) ( const  char  * s1,  const  char  * s2) ) ;

sort.c

stringarray.h

Dynamic Array ADT
• Goal:

� Build an array ADT that stores sequences of any type
� Support add, remove, get, sort, ...

• Advantages over C arrays:
� Can grow dynamically to any size (with realloc)
� Can insert in middle (other shifted get moved up)
� Can provide run-time array bounds checking

• Advantages over ADT arrays of specific types:
� Can re-use code
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Dynamic Array Operations
• Insert elements into array:

Ar r ay_addLast ( ar r ay,  “ Hel l o” ) ;

Ar r ay_addLast ( ar r ay,  “ Wor l d” ) ;

• Remove elements from array:
Ar r ay_r emoveFi r st ( ar r ay) ;

Ar r ay_r emoveLast ( ar r ay) ;

• Get elements from array:
char  * s1 = Ar r ay_get Fi r s t ( ar r ay) ;

char  * s2 = Ar r ay_get Last ( ar r ay) ;  

char  * s3 = Ar r ay_get Kt h( ar r ay,  k ) ;

• Manipulate array elements:
Ar r ay_sor t ( ar r ay,  Compar eSt r i ngs) ;

Ar r ay_r ever se( ar r ay) ;

...

Example: echo

i nt mai n( i nt  ar gc,  char  * * ar gv)
{

Ar r ay_T t okens;
i nt i ;

t okens  = Ar r ay_new( ) ;

f or  ( i  = 1;  i  < ar gc;  i ++)  {
Ar r ay_add( t okens, ar gv[ i ] ) ;

}

f or  ( i  = 0;  i  < Ar r ay_get Lengt h( t okens) ;  i ++)  {
char  * t oken = Ar r ay_get Kt h( t okens,  i ) ;
pr i nt f ( " %s " ,  t oken) ;

}

Ar r ay_f r ee( t okens) ;

r et ur n 0;
}
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Dynamic Array Interface

?

Dynamic Array Interface
t ypedef  s t r uc t Ar r ay  * Ar r ay_T;

Ar r ay_T Ar r ay_new( voi d) ;
voi d Ar r ay_f r ee( Ar r ay_T oAr r ay) ;

i nt Ar r ay_get Lengt h( Ar r ay_T oAr r ay) ;

voi d * Ar r ay_get Fi r s t ( Ar r ay_T oAr r ay) ;
voi d * Ar r ay_get Last ( Ar r ay_T oAr r ay) ;
voi d * Ar r ay_get Kt h( Ar r ay_T oAr r ay , i nt k ) ;

voi d Ar r ay_addFi r s t ( Ar r ay_T oAr r ay ,  voi d * pv I t em) ;
voi d Ar r ay_addLast ( Ar r ay_T oAr r ay ,  voi d * pv I t em) ;
voi d Ar r ay_addKt h( Ar r ay_T oAr r ay ,  voi d * pv I t em, i nt k ) ;

voi d Ar r ay_r emoveFi r st ( Ar r ay_T oAr r ay) ;
voi d Ar r ay_r emoveLast ( Ar r ay_T oAr r ay) ;
voi d Ar r ay_r emoveKt h( Ar r ay_T oAr r ay , i nt k ) ;

voi d Ar r ay_sor t ( Ar r ay_T oAr r ay ,  i nt ( * compar e) ( voi d * p1,  voi d * p2) ) ;
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Implementation of new/free
#i nc l ude " ar r ay . h"

s t r uc t Ar r ay {
voi d * el ement s [ 128] ;
i nt  nel ement s ;

} ;

Ar r ay_T Ar r ay_new( voi d)
{

Ar r ay_T oAr r ay = ( Ar r ay_T) mal l oc( s i zeof ( s t r uc t Ar r ay) ) ;
oAr r ay- >nel ement s = 0;
r et ur n oAr r ay ;

}

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

oAr r ay- >nel ement s = 0;
}

Implementation of get*

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

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

voi d * Ar r ay_get Fi r s t ( Ar r ay_T oAr r ay)
{

r et ur n Ar r ay_get Kt h( oAr r ay ,  0) ;
}

voi d * Ar r ay_get Last ( Ar r ay_T oAr r ay)
{

r et ur n Ar r ay_get Kt h( oAr r ay , oAr r ay- >nel ement s - 1) ;
}
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Implementation of add*

voi d Ar r ay_addFi r s t ( Ar r ay_T oAr r ay ,  voi d * pv I t em)
{

Ar r ay_addKt h( oAr r ay, pv I t em,  0) ;
}

voi d Ar r ay_addLast ( Ar r ay_T oAr r ay ,  voi d * pv I t em)
{

Ar r ay_addKt h( oAr r ay, pv I t em, oAr r ay- >nel ement s) ;
}

voi d Ar r ay_addKt h( Ar r ay_T oAr r ay ,  voi d * pv I t em, i nt k )
{

i nt i ;

f or  ( i  = oAr r ay- >nel ement s ;  i  > k ;  i - - )
oAr r ay- >el ement s [ i ]  = oAr r ay- >el ement s [ i - 1] ;

oAr r ay- >el ement s [ k ]  = pvI t em;
oAr r ay- >nel ement s++;

}

Implementation of remove*

voi d Ar r ay_r emoveFi r st ( Ar r ay_T oAr r ay)
{

Ar r ay_r emoveKt h( oAr r ay ,  0) ;
}

voi d Ar r ay_r emoveLast ( Ar r ay_T oAr r ay)
{

Ar r ay_r emoveKt h( oAr r ay , oAr r ay- >nel ement s) ;
}

voi d Ar r ay_r emoveKt h( Ar r ay_T oAr r ay , i nt k )
{

i nt i ;

f or  ( i  = k+1;  i  < oAr r ay- >nel ement s ;  i ++)
oAr r ay- >el ement s [ i - 1]  = oAr r ay- >el ement s [ i ] ;

oAr r ay- >nel ement s- - ;
}
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Implementation of sort

voi d Ar r ay_sor t ( Ar r ay_T oAr r ay , i nt ( * compar e) ( voi d * p1,  voi d * p2) )
{

i nt i ,  j ;

f or  ( i  = 0;  i  < oAr r ay- >nel ement s ;  i ++)  {
f or  ( j  = i +1;  j  < oAr r ay- >nel ement s ;  j ++)  {

i f  ( ( * compar e) ( oAr r ay- >el ement s [ i ] , oAr r ay- >el ement s [ j ] )  > 0)  {
voi d * swap = oAr r ay- >el ement s [ i ] ;
oAr r ay- >el ement s [ i ]  = oAr r ay- >el ement s [ j ] ;
oAr r ay- >el ement s [ j ]  = swap;

}
}

}
}

Dynamic Array Usage Example

t ypedef Ar r ay_T St r i ngAr r ay_T;

voi d St r i ngAr r ay_r ead( St r i ngAr r ay_T s ,  FI LE * f p)
{

char  s t r i ng[ MAX_STRI NG_LENGTH] ;

whi l e ( f get s( s t r i ng,  MAX_STRI NG_LENGTH, f p) )  {
Ar r ay_addLast ( s , s t r dup( s t r i ng) ) ;

}
}

voi d St r i ngAr r ay_wr i t e( St r i ngAr r ay_T s ,  FI LE * f p)
{

i nt i ;

f or  ( i  = 0;  i  < Ar r ay_get Lengt h( s) ;  i ++)
f pr i nt f ( f p,  " %s" ,  Ar r ay_get Kt h( s,  i ) ) ;

}



8

Dynamic Array Usage Example
#i nc l ude “ poi nt . h”
#i nc l ude “ ar r ay . h”

i nt mai n( )
{

Ar r ay_T poi nt s ;
f l oat  x ,  y,  z ;

poi nt s  = Ar r ay_new( ) ;

whi l e ( f scanf ( f p,  “ %f %f %f ” ,  &x ,  &y,  &z)  == 3)  {
Poi nt _T poi nt  = Poi nt _new( x,  y ,  z ) ;
Ar r ay_addLast ( poi nt s ,  poi nt ) ;

}

f or  ( i  = 0;  i  < Ar r ay_get Lengt h( poi nt s ) ;  i ++)  {
Poi nt _T poi nt  = poi nt s. get Kt h( i ) ;
Poi nt _f r ee( poi nt ) ;

}

Ar r ay_f r ee( poi nt s ) ;
}

Summary
• Abstract data types

� Modules supporting operations on data type
� Interfaces hide implementations, but provide flexibility
� ADTs facilitate modifications, debugging, testing, etc.

• Good software has well-designed modules
� Reusability
� Composition
� Understandability
� Testability


