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29. Ownership

Questions?
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39. Ownership

Exercise 2 – ArrayList

public class Ar r ayLi st {

private rep i nt [ ]  ar r ay;
private i nt next ;

public Ar r ayLi st ( )  {
ar r ay = new rep i nt [  20 ] ;
next  = 0;

}
public void add(  i nt i  )  {

if(  next ==ar r ay. l engt h )  {  r esi ze(  ) ;  }
ar r ay[  next  ]  = i ;
next ++;

}
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49. Ownership

Exercise 2 – ArrayList

public void set El ems(  readonly i nt [ ]  i a )  {

if(  ar r ay. l engt h < i a. l engt h )  {
ar r ay = new rep i nt [  i a. l engt h ] ; }

for( i nt i =0;  i <i a. l engt h;  ++i  )  {
ar r ay[ i ]  = i a[ i ] ; }

next  = i a. l engt h;

}
protected void r esi ze( )  {

if(  next ==ar r ay. l engt h )  {
readonly i nt [ ]  oa = ar r ay;

ar r ay = new rep i nt [ 2* oa. l engt h] ;
set El ems(  oa ) ;  }

}
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59. Ownership

Exercise 2 – ArrayList

public readonly i nt [ ]  get El ems( )  {  
return ar r ay;  }

public static void mai n(  St r i ng[ ]  ar gs ) {
i nt [ ]  myar r = new i nt [ 10] ;
for( i nt i =0;  i <myar r . l engt h;  ++i )

myar r [ i ]  = i ;
Ar r ayLi st al  = new Ar r ayLi st ( ) ;

al . set El ems(  myar r ) ;
Syst em. out . pr i nt l n( " Bef or e:  "  + al ) ;
myar r [ 0]  = 42;

Syst em. out . pr i nt l n( " Af t er :   "  + al ) ;  }
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69. Ownership

Exercise 2 – ArrayList

� Array is encapsulated
� Readonly access possible
� No external modifications

array:
next:

list1

array

ListItr
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79. Ownership

Exercise 3 – Entries

class Ent r y {

readonly Obj ect  el ement ;

peer Ent r y pr evi ous,  next ;

Ent r y(  readonly Obj ect  o,

peer Ent r y p,  peer Ent r y n )  {

el ement  = o;

pr evi ous = p;

next  = n;  }

}
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89. Ownership

Exercise 3 – LinkedList

public class Li nkedLi st {

private rep Ent r y header ;

private i nt s i ze;

public Li nkedLi st ( )  {

header  =
new rep Ent r y( nul l ,  nul l ,  nul l ) ;

header . next = header ;

header . pr evi ous = header ;

s i ze = 0;

}
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99. Ownership

Exercise 3 – LinkedList

public void add(  readonly Obj ect  o )  {

rep Ent r y newE =
new rep Ent r y( o, header , header . next ) ;

header . next . pr evi ous = newE;

header . next = newE;

++si ze;

}



Werner Dietl – Konzepte objektorientierter Programmierung, WS 05/06

109. Ownership

Exercise 3 – LinkedList

public pure readonly Obj ect
get (  i nt i dx )  {

if(  i dx > si ze )  return nul l ;

readonly Ent r y e = header . next ;

for(  i nt i =0;  i <i dx;  ++i  )  {
e = e. next ;  }

return e. el ement ;

}
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119. Ownership

Exercise 3 – LinkedList

LinkedList

Entry

Entry Entry Entry

DeleteIt

ReadIt
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129. Ownership

Exercise 3 – LinkedList

public pure peer ReadI t er at or
get ReadI t er at or ( )  {

return new peer ReadI t er at or (  
header  ) ;

}

public pure peer Del et eI t er at or
get Del et eI t er at or ( )  {

return new peer Del et eI t er at or (  
this,  header  ) ;

}
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139. Ownership

Exercise 3 – LinkedList

/ /  pr econdi t i on t hat  t he node bel ongs t o us

/ * @ requires e. owner == t hi s;  @* /

protected void del et e(  readonly Ent r y e )  {

rep Ent r y r e = ( rep Ent r y)  e;

if(  r e. pr evi ous ! = nul l  )

r e. pr evi ous. next = r e. next ;

if(  r e. next ! = nul l  )

r e. next . pr evi ous = r e. pr evi ous;

- - s i ze;

}
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149. Ownership

Exercise 3 – ReadIterator

public class ReadI t er at or {

public ReadI t er at or ( readonly Ent r y h)  
{

// the header is a dummy that is 
// never null

cur r ent  = h;

header  = h;

}

public pure bool ean hasNext ( )  {

return cur r ent . next ! = header ;  }
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159. Ownership

Exercise 3 – ReadIterator

public void moveNext ( )  {

cur r ent  = cur r ent . next ;

}

public pure readonly Obj ect  el ement ( )  {

return cur r ent . el ement ;

}

protected readonly Ent r y cur r ent ;

protected readonly Ent r y header ;

}
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169. Ownership

Exercise 3 – DeleteIterator

public class Del et eI t er at or
extends ReadI t er at or {

public Del et eI t er at or (  peer Li nkedLi st l ,
readonly Ent r y h )  {

super(  h ) ;  l i s t  = l ;
}

public void del et e( )  {

l i s t . del et e( cur r ent ) ;

cur r ent  = cur r ent . next ;
}

private peer Li nkedLi st l i s t ;

}
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179. Ownership

Exercise 3 – LinkedList Main

public static void mai n(  St r i ng[ ]  ar gs )  {
Li nkedLi st l l = new Li nkedLi st ( ) ;
l l . add(  new I nt eger ( 20)  ) ;
l l . add(  " xyz"  ) ;
l l . add(  new Fl oat ( 2. 2f )  ) ;
l l . add(  " Hel l o Wor l d"  ) ;
l l . add(  new Obj ect ( )  ) ;
ReadI t er at or i t r = l l . get ReadI t er at or ( ) ;
i nt i  = 0;
while(  i t r . hasNext ( )  )  {  i t r . moveNext ( ) ;

Syst em. out . pr i nt l n( " El ement [ "  +i + " ] :  "  + 
i t r . el ement ( )  ) ;

++i ;
}
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189. Ownership

Exercise 3 – LinkedList Main

Del et eI t er at or i t d = l l . get Del et eI t er at or ( ) ;

i t d. moveNext ( ) ;
i t d. moveNext ( ) ;

i t d. del et e( ) ;
Syst em. out . pr i nt l n( " Del et ed second el ement . " ) ;
i t r = l l . get ReadI t er at or ( ) ;

i  = 0;
while(  i t r . hasNext ( )  )  { i t r . moveNext ( ) ;

Syst em. out . pr i nt l n( " El ement [ "  +i + " ] :  "  + 
i t r . el ement ( )  ) ;

++i ;

}
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199. Ownership

Exercise 3 – LinkedList

� Entries are encapsulated
� Readonly access possible
� No external modifications
� Iterator has to delegate

the modification to
the LinkedList

� LinkedList is in control

LinkedList

Entry

Entry Entry Entry

DeleteIt
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209. Ownership

?
?

?

?

?
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219. Ownership

Type Scheme Combinator
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229. Ownership

Object Creation

readonly T v = new readonly T( ) ;

Objects have to be created in a specific Universe –
this is needed e.g. for dynamic casts from readonly to
readwrite types.

Compilation Error!
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239. Ownership

Attribute Access on this

rep T f ;

T v = this.f ;

this.f = new rep T( ) ;

Compilation Error!
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249. Ownership

Attribute Access

class C {  rep T f ;  … }

C w = …;

rep T v;

v = w. f ; Compilation Error!
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259. Ownership

Method Calls

class C {  T m(  T par  ) ;  … }

rep C w = …;

rep T v;

v = w. m(  new rep T( )  ) ;
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269. Ownership

Functional Method Calls

class C {

functional rep T m(  readonly T par  ) ;  … }

rep C w = …;

rep T v;

v = w. m(  new rep T( )  ) ; Compilation Error!
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279. Ownership

Parameters of Functional Methods

class C {

functional void m(  rep T par  ) ;  … }

readonly C w = …;

w. m(  new rep T( )  ) ;

� all parameters of functional methods have to be 
r eadonl y

C

w
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289. Ownership

Method Calls on this

class C {  rep T m(  rep T par  ) ;  … }

rep T v;

v = this. m(  new rep T( )  ) ;
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299. Ownership

Functional Method Calls on this

class C {

functional rep T m(  readonly T par  ) ;  
… }

rep T v;

v = this. m(  new rep T( )  ) ;


