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Goals

* Be able to define and use generics

» Know how to design and implement a
generic class

* Know how to constrain generic types

e Understand inheritance and interfaces in the
context of generics
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What is a Generic

* A generic class/method has one or more
type parameters that can be specified at
compile time

— This allows flexibility in design that can be
restricted in specific usages

* This used to be done (pre Java 5) using
Object and instanceOf

— Checking had to occur during runtime
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API and Generics

* Many API classes were rewritten (in Java 5)
to allow generics — Instantiations of generic
types are called parameterized types

— ArrayList<String>
* ArrayList of String
— Historically, all ArrayLists were ArrayList<Object>
— Comparable<Shape>

 The compareTo method will accept only Shape
objects
— Historically, compareTo allowed any Object
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Motivation

* Generics were added in Java 5 to create
type-safe collections and parameters
— allows the compiler to eliminate obvious type-
mismatch errors
* Collection classes and parameters can be
restricted to elements of a specific type or
range of types
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Roll Your Own Generic

type
Thing parameter
Thing
Thing

Thing LI
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Type Arguments

/IParameterized types
Integer # $ Integer
Account # $ Account
String # $ String

/IGeneric Type
Thing
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Type Arguments
Integer # $ Integer
Account # $ Account

String # $ String
» Each distinct type argument creates a new class
— Set<Integer> is a different class from Set<String>
» Set s =new Set();

— Raw type: results in a warning
« Consider using Set<Object> instead or just be more specific
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No Primitives Allowed

* Generic type arguments must be Object

types

— Primitives are not allowed
* Auto boxing/unboxing is common

% & # $ &
i SR

* boxes 287 as new Integer(287)
% # U

* unboxes some Integer using the .intValue() method
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Invalid Use of Generic Types

* Arrays of generic and parameterized types
can not be instantiated
% J #
new ArrayList<String>[20]
% . #new T[35]
* The right side is illegal
« The left side is illegal
%0 ®
12" 3 +
3 +
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Generics and Statics

« Static members in a generic class are shared
by all parameterized types instantiated from
the class

class A<T>{
public static int x = 0;

A<Integer> ai;
A<String> as;
System.out.printin(A.x);
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Bounded Generic Types

» Type arguments can be restricted to one part
of the class hierarchy
* public class Set<E extends Number>

— Allows Set<Integer>, Set<Double>, and
Set<Number>

— Disallows Set<String>

©2008 Dr. Tim Margush




Multiple Restrictions

+ The following class allows only type arguments that
implement two common interfaces
— In addition, it is a Set of E's and it is itself Serializable
— To be serializable, the elements in the set must be serializable
— To allow the compareTo method, E must be Comparable (to E)

4
<E extends Comparable<E> & Serializable>
" E + + Serializable
E
+ E
‘compareTo 5
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Parameterized Parameters

+2 ]
+#5
$ ' 6
+7# 0 1"
+
+ 8 987 ' +2
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Parameterized Parameters

+2 &

+#5 This method makes no sense
$ ' 6 if we pass a Set<Account>
+TH " "Il object since it is designed to
add numbers together —
fortunately this is not
s allowed anyway!

+ 8 987 ' +2 sa IIIin:

Illegal argument type
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Wildcard Parameterized Types

» These allow method parameters to match
more than one parameterized type
e Take careful note...
— List<Integer>
* ISNOT A List<Number>
* ISNOT A List<Object>

— But List<Whatever> IS A List<?>
e The ? is a wildcard
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Using a Wildcard
’ show(List<?>
? +9
+' ' +

ArrayList<String>as# $
List<Integer>ai# $ &
$as
$ ai
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Invalid Wildcard Uses

* You cannot instantiate unknown types

# %

* You cannot use methods that need to know the
actual unknown type
change(List<?>
‘add $4 <

— The compiler cannot verify that the argument sent to
add is of the correct parameterized type (i.e. ? is
unknown)
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Constraining Wildcards

» Wildcard parameters can be restricted to a
subtree of the class hierarchy
— This ensures that more methods and properties
will be available than just Object stuff

 ? extends ActionListener means there is an
actionPerformed method

« ? extends Number means the type has all of the
things a Number has

— List<? extends P> means a List of unknown
descendants of P (including P)
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Constrained Wildcard Types

2
2 <? extends Number>
#5
$ ' 6
7# s.getNext().doubleValue();

Double sd
Short ssh
+' 8 987 ' 2 sd
+' 8 987 ' 2 ssh
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Generic Methods

* When a method defines its own generic type
variable it is a generic method

<T> T
#88
T3 el ®# O+
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Bounded Type

» The generic method's type may be bounded
to ensure certain behaviors
<T extends Number>

+ T
+#5
Tt + 7# +.intValue()
-+
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Wildcards vs. Generic Method

This does not compile:
& ? 32

: + +

This does compile:
T & T 3T

Prefer wildcard solutions if possible
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Constraining Bounds

+ Extends is used to specify an upper bound for the

wildcard

" +
» To specify a lower bound for the

wildcard we use super

= +
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