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28. Aliasing

Alias Control by Extended Typing

� We introduce different types 
for the different roles of 
objects
- peer types for objects in the 

same context as this
(interface objects)

- Rep types for representation 
objects in the context owned 
by this

- Readonly types for argument 
objects in any context

� Type rules replace the 
programming discipline

LinkedList

Entry

Entry Entry Entry

ListItr
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38. Aliasing

Linked List Example

public class Li nkedLi st {

public void add(  readonly Obj ect  o )  { . . . }

public readonly Obj ect  get Fi r st ( )  { . . . }

...

Li nkedLi st l  = new peer Li nkedLi st ( ) ;

l . add(  new peer I nt eger ( 3)  ) ;

l . add(  new peer Obj ect ( )  ) ;

peer Obj ect  o = ( peer Obj ect )  l . get Fi r st ( ) ;
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48. Aliasing

Alias Control by Extended Typing

� We introduce different types 
for the different roles of 
objects
- peer types for objects in the 

same context as this
(interface objects)

- Rep types for representation 
objects in the context owned 
by this

- Readonly types for argument 
objects in any context

� Type rules replace the 
programming discipline

LinkedList

Entry

Entry Entry Entry

ListItr
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58. Aliasing

Homework – Exercise 1

class Zi mmer  {
private Mensch m;
void bet r et en(  Mensch m )  { }
Mensch ver l assen( )  { }

}
public class Haus {

private Zi mmer [ ]  r aeume;
void bet r et en(  Mensch m )  {

r aeume[ 0] . bet r et en(  m ) ; }
Mensch ver l assen( )  {

r aeume[ 0] . ver l assen(  m ) ;  }
}
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68. Aliasing

Homework – Exercise 1

class Zi mmer  {
private /*arg*/ Mensch m;
void bet r et en( /*arg*/ Mensch m )  { }
/*arg*/ Mensch ver l assen( )  { }

}
public class Haus {

private /*rep*/ Zi mmer [ ]  r aeume;
void bet r et en(  /*arg*/ Mensch m )  {

r aeume[ 0] . bet r et en(  m ) ; }
/*arg*/ Mensch ver l assen( )  {

r aeume[ 0] . ver l assen(  m ) ;  }
}
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78. Aliasing

Homework – Exercise 2

public class Assi gnment s {
private /* rep */ I nt eger  at t r _x;
private /* arg */ I nt eger  at t r _y;
private I nt eger  at t r _z;
public void m(  /* arg */ I nt eger  a )  {
/* rep */ I nt eger  x = new /* rep */

I nt eger ( 4) ;
/* arg */ I nt eger  y = new I nt eger ( 3) ;

I nt eger  z = new I nt eger ( 2) ;
x = y; y = x;
x = z; y = z;
at t r _x = x; at t r _y = a;

}
} Error!
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88. Aliasing

(Simplified) Programming Discipline

� Rule 1: No Role Confusion
- Expression with one alias mode must not be assigned to 

variables with another mode

� Rule 2: No Representation Exposure
- rep-mode must not occur in an object’s interface
- Methods must not take or return rep-objects
- Fields with rep-mode may only be accessed on this

� Rule 3: No Argument Dependence
- Implementations must not depend on the state of 

argument objects
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98. Aliasing

ArrayList

class Ar r ayLi st {

protected i nt [ ]  ar r ay;

protected i nt next ;

public void add( i nt i )  {

if(  next ==ar r ay. l engt h ) {  

r esi ze(  ) ; }

ar r ay[  next  ]  = i ;

next ++;

}   

array:
next:

list

…

length:
0:

array

…

1:
2:
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108. Aliasing

ArrayList

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

ar r ay = i a;

}

public i nt [ ]  get El ems( )  {

return ar r ay;

}

� set El ems is Capturing an external array
� get El ems is Leaking the internal representation
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118. Aliasing

ArrayList – Main Program

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 ) ;

myar r [ 0]  = 42;

}
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128. Aliasing

Annotated ArrayList

class Ar r ayLi st {

protected /* rep */ i nt [ ]  ar r ay;

protected i nt next ;

� Array is part of the internal representation
� Marking it as /* rep */ makes this explicit for the 

programmer
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138. Aliasing

ArrayList – setElems

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

ar r ay = new /* rep */ i nt [  i a. l engt h ] ;  

Syst em. ar r aycopy
( i a,  0,  ar r ay,  0,  i a. l engt h ) ;

next  = i a. l engt h;  

}

� The input array is of default type and can not 
directly be assigned to the /* rep */ array

� We have to create our own copy that can be used 
as internal representation � no Capturing
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148. Aliasing

ArrayList – getElems

public i nt [ ]  get El ems( )  {

return ( i nt [ ] )  ar r ay. c l one( ) ;

}

� The /* rep */ array can not be passed out 
directly as default array

� We create a clone of the internal array and return it 
as result

� The internal representation is still encapsulated �
no Leaking
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158. Aliasing

Annotated LinkedList – Setup

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;

}

LinkedList

Entry

Entry Entry Entry
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168. Aliasing

LinkedList – add

public void add(  /* arg */ 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;

}

public /* arg */ Obj ect  get (  i nt i dx )  {  … }

LinkedList

Entry

Entry Entry Entry
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178. Aliasing

Helper Class Entry

class Ent r y {

private /* arg */ Obj ect  el ement ;

private Ent r y pr evi ous,  next ;

public Ent r y(  /* arg */ Obj ect  o,  Ent r y p,

Ent r y n )  {

el ement  = o;

pr evi ous = p;

next  = n;

}

}

Entry

Entry Entry Entry
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188. Aliasing

Some Main Program

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(  new Fl oat ( 2. 2f )  ) ;

Syst em. out . pr i nt l n( " El ement [ 0] :  "  +
l l . get ( 0) ) ;

Syst em. out . pr i nt l n( " El ement [ 1] :  "  +
l l . get ( 1) ) ;

}
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198. Aliasing

public class Set  {

private /* rep */ Ar r ayLi st ar r ay;

public Set ( )  {

ar r ay = new /* rep */

Ar r ayLi st ( ) ;

}

…

}

Class Set as user of ArrayList

LinkedList

Entry

Entry Entry Entry

Set
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208. Aliasing

Problems with Annotations

� No help from the compiler, just comments
� Other developers do not have to follow the 

annotation
� Subclasses do not have to follow the annotation

public class BadAr r ayLi st

extends Ar r ayLi st {
public i nt [ ]  l eakAr r ay( )  {
return ar r ay;

}

}
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218. Aliasing

Just one Object can be the Owner

� Sometimes we would like to allow multiple objects 
access to the internal representation

� E.g. an iterator access to a list

LinkedList

Entry

Entry Entry Entry

ListItr
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228. Aliasing

Problems with two Owners

Li st I t r get I t r ( )  {

Li st I t r r es = new Li st I t r ( ) ;

r es. cur r ent = header . next ;    }

class Li st I t r {

/*rep*/ Ent r y cur r ent ;

/*arg*/ Ent r y cur r ent ;

Ent r y cur r ent ;

}

LinkedList

Entry

Entry Entry Entry

ListItr
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238. Aliasing

Problems with two Owners

/* rep */ Ent r y cur r ent ;
would denote an Entry object in ListItr’s own 
context!

LinkedList

Entry

Entry Entry Entry

ListItr
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248. Aliasing

Problems with two Owners

/* arg */ Ent r y cur r ent ;
would denote a readonly reference to an Entry 
object in the LinkedList context, which might be OK!

LinkedList

Entry

Entry Entry Entry

ListItr
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258. Aliasing

Problems with two Owners

Ent r y cur r ent ;
would denote an Entry object on ListItr’s level!

LinkedList

Entry

Entry Entry Entry

ListItr
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268. Aliasing

C++ const

� “When using a pointer, two objects are involved: 
the pointer itself and the object pointed to. 
‘Prefixing’ a declaration of a pointer with const
makes the object, but not the pointer, a constant. 
To declare a pointer itself, rather than the object 
pointed to, to be a constant, we use the declarator
operator * const instead of plain * .”

� Bjarne Stroustrup: “The C++ Programming 
Language, Third Edition”, page 94
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278. Aliasing

C++ const is not transitive

class At t r {

At t r ( i nt i )  { x = i ; }

i nt x;

} ;

class A {

A( )  {  at t r =

new At t r ( 5) ;  }

At t r * at t r ;

} ;

class Mai n {

Mai n( )  {  a =

new A( ) ;  }

const A * a;

} ;
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288. Aliasing

C++ const is not transitive

Mai n * var = new Mai n( ) ;

var - >a- >at t r - >x = 9;

var - >a- >at t r = new At t r ( 9) ;

var - >a = new A( ) ;

A
attr

Main
a

Attr
x

Compilation Error!
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298. Aliasing

Readonly Access in Java

� Can be explicitly modeled by using read-only 
super-interfaces for all classes

� Only return read-only interface to clients
� Problems:

- Not transitive, we need to change all involved 
interfaces

- Hard to reuse existing libraries
- Not safe, the representation can still leak and it is 

easy to cast the reference to the read-write type
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308. Aliasing

Programming Discipline

� The programming discipline was just comments for 
the programmer

� No enforcement by the compiler
� No support for multiple developers
� Easy to make errors even for one developer
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318. Aliasing

Extended Types as a Solution

� We extend the type system of our language to 
support additional modifiers on types

� Not just annotations in comments, but real changes 
to the language, new keywords and a different type 
system

� This provides us with direct support from the 
compiler in checking whether programs are correct

� We have an experimental Java compiler with 
support for extended types � not standard Java
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328. Aliasing

Types

� Each class or interface T introduces two types

� Peer type peer(T)
- Denoted by T in programs

� Readonly type ro(T)
- Denoted by readonly T in programs

� For each variable, attribute and parameter 
we can decide whether it should be read-
write or read-only
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338. Aliasing

Subtype Relation

� Subtyping among peer and readonly types is 
defined as in Java
- S extends or implements T

� peer(S) < peer(T)
- S extends or implements T

� ro(S) < ro(T)
� Peer types are subtypes of corresponding 

readonly types
- peer(T) < ro(T)
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348. Aliasing

Type Scheme Combinator

� Usually, an access of the form a. b has the type of b
� Now we need to combine the extended types of a

and b to get the type of the result

� By using this combinator readonly becomes 
transitive

ro(T)ro(T)ro(S)

ro(T)peer(T)peer(S)

ro(T)peer(T)a * b
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358. Aliasing

When do we need the combinator?

� When accessing attributes of an object:

cl ass A:   B b;
a. b � result has type a *  b

� When invoking methods:

cl ass A:   B m( ) ;
a. m( ) � result has type a *  B
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368. Aliasing

Questions?


