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The Context

We need to create various reusable data structures:
lists, sets, queues, stacks, etc.
What data type to use for representing the elements?
//Homogenous structure
class Stack {
private int[] items;
public void push (int item) {...}
public int peek() {...}

}
...
Stack stack = new Stack();
stack.push(100);
int n = stack.peek();
stack.push(123.45); // compile error
stack.push("Hello World!"); //compile error

//Heterogeneous structure
class Stack {

private Object[] items;
public void push (Object item) {...}
public Object peek() {...}

}
...
Stack stack = new Stack();
stack.push(100);
stack.push("Hello World!");
String s = stack.peek(); //compile error
String s = (String) stack.peek(); //cast

Most languages support parametric polymorphism, allowing
you to write code that works with any type, while maintaining
type safety. C++ offers templates, which provide compile-time
polymorphism. In Java, they are called generics.
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Generics
Generics provide a mechanism for defining classes, interfaces,
and methods with type parameters. This supports type
safety, code reuse, and compile-time type checking.
/**
* A generic version of the Stack class
* @param <E> the type of the elements
*/
public class Stack<E> {

// E is a generic data type
private E[] items;
public void push(E item) { ... }
public E peek() { .. }

}

A class, interface or method can have any number of type
parameters.
class Triple<S, U, V> { ... }
public interface Map<K, V> { ... }
protected <T> void methodName(List<T> elements) { ... }
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Example: The Pair class
public class Pair<K, V> {

private K key;
private V value;

public Pair(K first, V second) {
this.key = first;
this.value = second;

}
public void setKey(K key) {

this.key = key;
}
public void setValue(V value) {

this.value = value;
}
public K getKey() {

return key;
}
public V getValue() {

return value;
}

} //An old debate: Why Java doesn't have Pair / Tuple classes?
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Using Generics
Generic types allow parameterization of types: List<String> is
a parameterized type, where String is the type argument.
List<String> list = new ArrayList<String>(); //redundant
List<String> list = new ArrayList<>(); //diamond operator <>
list.add("Hello");
String s = list.get(0); // No cast needed

When using the diamond <> operator, the compiler can
determine, or infer, the type arguments from the context.
Generic methods introduce their own type parameters.
public <T> int countNullValues(T ... elements) {

int count = 0; // Why not use Object instead of T?
for (T e : elements) {

if (e == null) ++count;
}
return count;

}
//countNullValues("a", null, "b");
//countNullValues(1, 2, null, null, 3.5);
//countNullValues(1, 2.5, null, "a", "b");
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Bounded Type Parameters
Bounded type parameters restrict the types that can be used
as arguments for a generic type (class, interface, or method).
public static <T extends Number> double add(T a, T b) {
//Number is superclass for Byte, Short, Integer, Long,
//Float, Double, BigInteger, BigDecimal
return a.doubleValue() + b.doubleValue();

}
add(100, 200);
add(Math.PI, BigDecimal.TEN);

extends can be followed by multiple class types and interfaces.
class Node<T extends Number & Cloneable & Comparable<T>> {

// The content in the node is numeric, can be cloned,
// and two nodes can be compared by their content

}

Advantages: Enforce type safety and constraints, offer access
to methods of the bound, improve readability and intent.
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Type Erasure
Type erasure is the process by which generic type information is
removed at compile-time, so generic type parameters do not
exist at runtime. One reason for this is to maintain backward
compatibility with earlier versions of Java.
List<String> list = new ArrayList<>();

//becomes at runtime: List list = new ArrayList();
Map<String, Double> map = new HashMap<>();

//becomes at runtime: Map map = new HashMap();

Implications:
You can’t use instanceof with generics
You can’t create arrays of generic types.
You can’t get the class of a generic type parameter.

list instanceof List<String>; //compile error
new T[]; //compile error, if T is a generic type
T.class; //compile error, if T is a generic type
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Variance
Variance refers to how subtyping between more complex types
relates to subtyping between their components.
If B extends A,

how does Container<B> relates to Container<A>?
Covariance means that the subtyping relation is preserved. In
Java it is true for arrays, but not for generic collections.
class Pet {} class Dog extends Pet { }
Pet[] pets = new Pet[10]; Dog[] dogs = new Dog[10];
dogs instanceof Pet[] // true (implicit covariance)
pets instanceof Dog[] // false (no contravariance)
List<Dog> dogs = new ArrayList<>(); //generics are invariant
dogs instanceof List<Animal> //compile error due to type erasure

Invariance means that there is no subtyping relation:
List<Pet> has no relation with List<Dog>.
Contravariance means that the subtyping relation is reversed:
a Trainer<Pet> is more general than a Trainer<Dog>.
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Wildcards
Unbounded: <?> means ”any type”
public void printList(List<?> list) {

for (Object elem: list) System.out.print(elem + " ");
//can read as Object, cannot add anything (except null)

}

Upper Bounded: <? extends T> means ”some unknown
subtype of T” – used for enforcing explicit covariance.
public double sumOfList(List<? extends Number> list) {

//it works on List<Integer>, List<Double>, List<Number>, etc.
double sum = 0.0;
for (Number number : list) sum += number.doubleValue();
return sum;
//can read as Number, cannot add anything

}

Lower Bounded: <? super T> means ”some unknown
supertype of T” – used for enforcing explicit contravariance.
public void addNumbers(List<? super Integer> list) {

//it works on List<Integer>, List<Number>, and List<Object>
for (int i = 1; i <= 10; i++) list.add(i);
//can add Integer number, can read as Object

}
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Example: Wildcards and Variance
abstract class Pet {} class Dog extends Pet {} class Cat extends Pet {} class Trainer<T> {}

class PetManager {
private List<Pet> pets = new ArrayList<>();
private List<Trainer<? super Dog>> dogTrainers = new ArrayList<>();
private List<Trainer<? super Cat>> catTrainers = new ArrayList<>();

//Upper Bounds - Covariance
public void addPets(List<? extends Pet> pets) { this.pets.addAll(pets); }

//Lower Bounds - Contravariance
public void addDogTrainer(Trainer<? super Dog> trainer) { dogTrainers.add(trainer); }
public void addCatTrainer(Trainer<? super Cat> trainer) { catTrainers.add(trainer); }

}

var petManager = new PetManager();

//Covariance
List<Dog> dogs = List.of(new Dog()); petManager.addPets(dogs);
List<Cat> cats = List.of(new Cat()); petManager.addPets(cats);

//Contravariance
var dogTrainer = new Trainer<Dog>(); var catTrainer = new Trainer<Cat>();
var drDolittle = new Trainer<Pet>(); //can train both dogs and cats by speaking to them

petManager.addDogTrainer(dogTrainer); petManager.addDogTrainer(drDolittle);
petManager.addCatTrainer(catTrainer); petManager.addCatTrainer(drDolittle);
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