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9. Ownership

Exercise 2 — ArrayList

public class ArraylList {
orivate rep int[] array;
orivate I nt next;
publ1c ArrayList() {
array = new rep int|] 20 ];
next = 0;

}
public void add( int i ) {

1 f( next==array.length ) { resize( ); }
array[ next ] =i;
next ++;
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9. Ownership

Exercise 2 — ArrayList

public void setElens( readonly int[] 1a) {
1 f( array.length < ia.length ) {
array = newrep int|[ ta.length ]; }
for(int 1=0; I<ia.length; ++I ) {
array[1] =1a[l]; }
next = 1 a.length;
}
protected void resize() {
| f( next==array.length ) {
readonly Int[] oa = array;
array = new rep int[2*oa.l ength];
setElens( oa ); }

}
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9. Ownership

Exercise 2 — ArrayList

public readonly int[] getEl ens() {
return array,; }

public static void main( String[] args ){
Iint[] nyarr = new i nt[10];
for(int 1=0; i<nyarr.length; ++i)
myarr[i] =1;
ArrayList al = new ArraylList();
al .setEl ens( nyarr );

Systemout.println("Before: " + al);
nyarr[ 0] = 42;
Systemout.println("After: " + al); }
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9. Ownership 6

Exercise 2 — ArrayList

Colistl )

Listltr
array:| ¢ ’
_ next: \ .
= Array Is encapsulated D o
= Readonly access possible array
= No external modifications
N
—__/
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9. Ownership

Exercise 3 — Entries

class Entry {
readonly nject el enent;
peer Entry previous, next;

Entry( readonly Qbject o,
peer Entry p, peer Entry n ) {
el ement = o;
previ ous = p;
next = n; }

}
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9. Ownership 8

Exercise 3 — LinkedList

public class LinkedLi st {
private rep Entry header;
private int size;

publ i ¢ Li nkedList() {

header =
new rep Entry(null, null, null);

header . next = header;
header. previ ous = header;
size = 0;

}
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9. Ownership

Exercise 3 — LinkedList

public void add( readonly Object o ) {

rep Entry newkt =
new rep Entry(o, header, header. next);

header . next. previ ous = newk;
header . next = newkg;
++S| Z€;
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9. Ownership
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Exercise 3 — LinkedList

public pure readonly Cbject
get( 1nt 1dx ) {
1 f( 1dx > size ) return null;

readonly Entry e = header. next;
for( 1nt 1=0; 1<idx; ++ ) {

e = e.next; }
return e. el enent;
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9. Ownership
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Exercise 3 — LinkedList

LinkedList

/Deletelt\

-
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9. Ownership

12

Exercise 3 — LinkedList

publ i c pure peer Readlterator
get Readlterator() {

return new peer Readlterator(
header );

}

public pure peer Del etelterator
getDeletelterator() {

return new peer Deletelterator(

t hi s,

header );
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9. Ownership
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Exercise 3 — LinkedList

[/ precondition that the node bel ongs to us
[*@requires e.ower == this; @/
protected void delete( readonly Entry e ) {
rep Entry re = (rep Entry) e;
1 f( re.previous !'= null )
re. previous. next = re. next;
1f( re.next !'= null )
re. next.previous = re. previous,;
-- Sl z€;
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9. Ownership

14

Exercise 3 — Readlterator

public class Readlterator {

public Readlterator(readonly Entry h)

{
[/ the header 1s a dumry that Is
[/ never null
current = h;
header = h;

}

public pure bool ean hasNext () {
return current.next != header; }
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9. Ownership
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Exercise 3 — Readlterator

public void noveNext () {
current = current. next;

}

public pure readonly QOoject elenent() {
return current. el ement;

protected readonly Entry current;
protected readonly Entry header;
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9. Ownership
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Exercise 3 — Deletelterator

public class Del etelterator
ext ends Readlterator {

public Deletelterator( peer LinkedList |,
readonly Entry h ) {

super( h ); list =1;
}
public void delete() {
|1 st.delete(current);

current = current. next,;

}

private peer LinkedList |ist;

}

Werner Dietl — Konzepte objektorientierter Programmierung, WS 05/06




9. Ownership
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Exercise 3 — LinkedList Main

public static void main( String[] args ) {

i nkedLi st || = new LinkedLi st ();
.add( new I nteger(20) );
cadd( "xyz" );

.add( new Float (2.2f) );

.add( "Hello World" );

.add( new (bject() );

Readlterator itr = |l.getReadlterator();
int 1 = O;

while( 1tr.hasNext() ) { 1tr.noveNext();
Systemout.println("El ement[" +i+ "]

+

itr.elenent() ),

++

}
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9. Ownership 18

Exercise 3 — LinkedList Main

Del etelterator itd = 1||.getDeletelterator();

| t d. noveNext () ;

| t d. noveNext () ;

| td. del ete();

Systemout.println("Del eted second el enent.");
Itr = |l.getReadlterator();

| = O;

while( 1tr.hasNext() ) { i1tr.noveNext();

Systemout.println("Elenment[" +i+ "]: " +
Itr.element() );

++]
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Exercise 3 — LinkedList

= Entries are encapsulated
» Readonly access possible
= No external modifications

* |terator has to delegate
the modification to
the LinkedList

= | inkedList Is In control

LinkedList

/Deleteltx

L
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9. Ownership
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Type Scheme Combinator

* : TypeScheme x TypeScheme — TypeScheme U {undef }

grndS(C) | repS(C) | roS(C) | boolS | intS | nullS
grndS(D) || grndS(C) | repS(C) | roS(C) | boolS | intS | nullS
repS(D) repS(C) | undef roS(C) | boolS | intS | nullS
roS(D) roS(C) roS(C) | roS(C) | boolS | intS | nullS
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9. Ownership 22

Object Creation

Compilation Error!
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.

TS <g [v], TS is grndS or repS
~ v=new TS();
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9. Ownership 23

Attribute Accessont hi s

rep T f;
Tv =this.f;: Compilation Error!

this.f = newrep T();

this] x [f] <g [V]

— v=this.f;

this] is no roS, [e] <g [this]  [f]

— this.f=e;
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9. Ownership
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Attribute Access

class C{ rep T f; ...}
Cw =

rep T v;
v = W f; Compilation Error!

f] is repS = [w] is roS, [w] x [f] <5 [V]

— v=w.T;

v] is no roS,[f] is no repS,[e] =g [v] x [f]

— v.f=e;
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9. Ownership

25

Method Calls

class C{ T m T par ); ...}
rep Cw= .;
rep T v;
v =wmnm newrep T() );
m s not functional,
par(m) is no repS, res(m) is no repsS,
w| is mo roS,
e| <5 [w] * par (m), [w] x res (m) <g [V]

- v=w.m(e);
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9. Ownership 26

Functional Method Calls

class C {
functional rep T n( readonly T par ); ...}
rep Cw = .;
rep T v;
v =wm newrep T() ); Compilation Error!

m s functional®,
res (m) is repS = [w] is roS,
e| <g [w] * par(m), [w] x res(m) <g [V]

- v=w.m(e) ;
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9. Ownership 27

Parameters of Functional Methods

class C {
functional void m rep T par ); ...}
readonly Cw = .
w.m( newrep T() ); c
" =

=» all parameters of functional methods have to be
readonl y
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Method Callsont hi s

class C{ rep T nm rep T par ); ...}
rep T v;
Vv = this.m newrep T() );

m s not functional,
e| <s [this] x par (m), [this] * res (m) <g [v]

- v=this.m(e);
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Functional Method Callsont hi s

class C {

functional rep T m( readonly T par );

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

m s functional,
e| <g [this] x par (m), [this] * res (m) <g [v]

- v=this.m(e);
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