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Subtyping and Generics 
Collection<String> ls = new ArrayList<String>(); // OK 
Collection<Object> lo = ls; // OK? 
lo.add(new Object()); // lo is a list of object 
int i = ls.iterator().next().length; // oops!!! 

The hardest 
thing to learn 

about generics!! 

Collection<Object>


Collection<String>


Object


String


but 
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Subtyping Rules for Generics 

  If C<E> extends or implements D<E>  then C<E> is a 
subtype of D<E> 

  Type parameters must match exactly! 

void printCollection(Collection<Object> c)  

      can be applied to objects of type  
Collection<Object> or List<Object> or Set<Object>    

 but cannot not be applied to objects of type  
Collection<String> or List<String>  



WILDCARDS 
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<E> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<E> c);        

    boolean retainAll(Collection<E> c);        

    void clear();   


    ...                           

}
 needlessly restrictive 
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<E> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<E> c);        

    boolean retainAll(Collection<E> c);        

    void clear();   


    ...                           

}
 for example... 



Example 
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Collection<Displaceable> c = ...

Collection<Point> points = ...


...


if (c.containsAll(points)) {

  ...

}

...
 not allowed! 

Collection<Displaceable>


Collection<Point>
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<Object> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<E> c);        

    boolean retainAll(Collection<E> c);        

    void clear();   


    ...                           

}


better?? 



Not better! 
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Collection<Displaceable> c = ...

Collection<Point> points = ...


...


if (c.containsAll(points)) {

  ...

}

...
 not allowed! 

Collection<Object>


Collection<Point>
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<?> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<E> c);        

    boolean retainAll(Collection<E> c);        

    void clear();   


    ...                           

}


“wildcard” 



Better 
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Collection<Displaceable> c = ...

Collection<Point> points = ...


...


if (c.containsAll(points)) {

  ...

}

...
 allowed! 

Collection<?>


Collection<Point>




10/15/09 13 

public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<?> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<?> c);        

    boolean retainAll(Collection<?> c);        

    void clear();   


    ...                           

}


similarly 
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<?> c);

    boolean addAll(Collection<E> c); 

    boolean removeAll(Collection<?> c);        

    boolean retainAll(Collection<?> c);        

    void clear();   


    ...                           

}


what about 
this one?? 



Example 
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Collection<Displaceable> c = ...

Collection<Point> points = ...


...

c.addAll(points);

...


not allowed! 

Collection<Displaceable>


Collection<Point>
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<?> c);

    boolean addAll(Collection<?> c); 

    boolean removeAll(Collection<?> c);        

    boolean retainAll(Collection<?> c);        

    void clear();   


    ...                           

}


better? 



Example 
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Collection<Displaceable> c = ...

Collection<String> strings = ...


...

c.addAll(strings);

...


not correct!!! 
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public interface Collection<E> {

    // Basic operations

    int size();

    boolean isEmpty();

    boolean contains(Object element);

    boolean add(E element); 

    boolean remove(Object element); 

    Iterator<E> iterator();


    // Bulk operations

    boolean containsAll(Collection<?> c);

    boolean addAll(Collection<? extends E> c); 

    boolean removeAll(Collection<?> c);        

    boolean retainAll(Collection<?> c);        

    void clear();   


    ...                           

}


“accept any 
element type 
that is a 
subtype of E” 



Better 
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Collection<Displaceable> c = ...

Collection<String> strings = ...

Collection<Point> points = ...


...

c.addAll(points);

c.addAll(strings);

...


not allowed 

Collection<? extends Displaceable>


Collection<Point>


allowed 

Collection<String>
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Bounded wildcards I 
 Wildcard ?: stands for any type 

 Collection<? extends E> 
 “Collection of elements of some type that is a 
subtype of E“ 

  Collection<? extends Displaceable> 
 includes Collection<Displaceable>, 
Collection<Point>,  List<Circle>, 
Set<Rectangle>,… 
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Bounded wildcards II 
  Only collections of Displaceable 

  Collections of any subtype of Displaceable 

void moveDisplaceables( 
  List<Displaceable> l, double dx, double dy) { 
     … l.get(i).move(dx,dy) … 
} 

void moveDisplaceables( 
  List<? extends Displaceable> l, 
  double dx, double dy) { 
  … l.get(i).move(dx,dy) … 
} 
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Collection Interfaces 
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Strictly speaking, a Map is not actually a 
Collection (Map does not extend 
Collection).  Nevertheless, 
collections and maps are jointly referred 
to as “the Java collection interfaces.” 



SETS 
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Set interface 
 The Set interface contains only methods 

inherited from Collection  
  It adds the restriction that duplicate 

elements are prohibited. 
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Set implementations 
 HashSet  

  uses hash codes to access set elements 
  very fast find 

 TreeSet 
  slower access 
  but iterator gives elements in sorted order 

 …more details in CIS 121 



LISTS 
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List interface 
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public interface List<E> extends Collection<E> {

    // Positional access

    E get(int index);

    E set(int index, E element);    

    boolean add(E element);         

    void add(int index, E element); 

    E remove(int index);            

    boolean addAll(int index,

        Collection<? extends E> c); 


    // Search

    int indexOf(Object o);

    int lastIndexOf(Object o);


    // Iteration

    ListIterator<E> listIterator();

    ListIterator<E> listIterator(int index);


    // Range-view

    List<E> subList(int from, int to);
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Maps 
  Sets of key-value pairs 
  AKA dictionaries 
  Efficient access to the value for a given key 
  Examples: 

  Dictionary: words  meanings 
  Word occurrences  webpages 
  Students  grades 



3/02/09 CIS 120 31 

Generic Map<K,V> Interface 

public V get(Object key) 
Return the value for this key, or null if no such key 

public V put(K key, V value) 
Store this value under this key, returning the old value for that key 

(or null if the key did not exist in the map) 

public boolean containsKey(Object key) 
Whether the map has an entry with this key 

public boolean containsValue(Object value) 
Whether the map has one or more entries with this value  



Map interface 
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public interface Map<K,V> {


    // Basic operations

    V put(K key, V value);

    V get(Object key);

    V remove(Object key);

    boolean containsKey(Object key);

    boolean containsValue(Object value);

    int size();

    boolean isEmpty();


    // Bulk operations

    void putAll(Map<? extends K, ? extends V> m);

    void clear();


    // Collection Views

    public Set<K> keySet();

    public Collection<V> values();

    ...


}
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Three views of Maps 
  Set of keys 
  Collection of values 
  (Set of key-value pairs) 

public Set<K> keySet() 
Return the set of keys for this map. This is the actual set of keys for the 

map, so changes for the map are reflected in the set 
public Collection<V> values() 

Return the collection of values for this map. This is the actual collection of 
values for the map, so changes for the map are reflected in the 
collection 

(skip for today) 
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java.util Map implementations 
 HashMap: uses hash codes for fast 

access to entries 
 TreeMap: somewhat slower access, but 

iterator yields elements in sorted order (by 
key) 

 … 


