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What Is an Interface?

Webster: "a place at which independent and often unrelated systems
meet and communicate with each other”, respecting a set of rules.

API
Methods

PUT
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A Contract for Classes

@ An interface defines a contract for the behavior of a class.
It defines a set of methods that a class must provide, if it
implements that interface.

@ Interfaces help achieve total abstraction.

They define what a class should do, but not how it does it.

@ They cannot define state and cannot be instantiated,
making them "more abstract” than abstract classes.

@ Interfaces promote loose coupling, a key ingredient to
dependency injection.

@ Similar to abstract base classes with pure virtual functions in
C++.
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Declaring an Interface

[public] interface InterfaceName
[extends SuperInterfacel, SuperInterface2, ...]

The Interface Body
Constants
Abstract methods
Default methods
Static methods

Their primary goal is to define public abstract methods.
No instance variables (no state), only global public constants.
No constructors (they cannot be instantiated).

Multiple inheritance is allowed @ .

Normal interfaces contain one or more abstract methods.
Functional interfaces contain a single method.

Marker interfaces contain no methods.
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Examples of Interfaces

public interface Movable {
void move(int x, int y);
int getX();
int getY();

public interface Runnable {
void run(); // Functional
}

public interface Cloneable {
} // Marker

public interface Shape { // from Java2D
Rectangle2D getBounds2D();
boolean contains(Point2D p);
boolean intersects(double x, double y, double w, double h);
PathIterator getPathIterator(AffineTransform at);
//. ..
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Implementing an Interface

@ A concrete class implementing an interface must provide code
for all abstract methods in the interface.

@ An abstract class can implement an interface, but it is not
required to implement all abstract methods.

public interface Speaker {
void speak(); // Implicitly public and abstract
}

public class Person implements Speaker {
public void speak() {
System.out.println("Hello!");
}

public class Dog implements Speaker {
public void speak() {
System.out.println("Woof!");
}

public class Rock implements Speaker { } // Compile error A\

6/29



Interface Segregation Principle (ISP)

@ "Clients should not be forced to depend on interfaces
they do not use.” (SOLID Principles)
Interfaces should be specific to the needs of their classes rather
than large, general-purpose contracts.
It is better to create multiple small, role-specific interfaces than
a single, large, monolithic one (avoid "fat interaces”).

//A common use for interfaces is to define an ability
public interface Flyer {
void fly();

public interface Singer {
void sing();
void whistle(); //?

}

public
public
public
public

class
class
class
class

Person implements Speaker, Singer { ...
Dog implements Speaker { ... }

Parrot implements Speaker, Flyer, Singer
Rock { ... }

}
{ ...}

7/29



Interfaces vs. Abstract Classes

e Interfaces and abstract classes do not exclude each
other, each has its specific role in object oriented programming.
@ An interface defines a behavior shared by unrelated classes.
— light relationship

public class Student extends Person implements Speaker { ... }
public class Dog extends Animal implements Speaker { ... }

@ An abstract class defines a common state and behavior
shared (inherited) by its subclasses.
— strong relationship

public abstract class Animal {
protected String name; //defines a common state
protected String setName() { this.name = name; }
protected String getName() { return name; } //behavior

public class Dog extends Animal { } //inherits the name
public class Cat extends Animal { } //inherits the name
// What if Animal was an interface?
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Interface as a Reference Type

o Interfaces are reference types, just like classes and arrays.
o We say that an object is of type X, where X is an interface,
if that object is an instance of a class implementing X.

Speaker john = new Person("John");
Speaker coco = new Parrot("Coco");
Speaker[] speakers = {john, coco, new Dog("Max")};

e Dynamic dispatch: the actual method called on an interface
variable depends on the runtime type of the object.

public void startSpeaking(Speaker[] speakers) {
for(var s : speakers) {
s.speak();
}

}

@ Let's say this again: "Interfaces cannot be instantiated”.

Speaker s = new Speaker{); //compile error and exam failure
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Multiple Implementations of an Interface

@ Creating multiple implementations of the same interface is a
fundamental OOP design pattern, the main purpose being:
— decoupling code from specific implementations.

public interface Matrix {
void set(int row, int col, double value);
double get(int row, int col);
Matrix add(Matrix other);

Matrix multiply(Matrix other); ... //specifications about the matrix behavior
}
public class DenseMatrix implements Matrix {
private double[][] data; //efficient data structure for dense matrices
public DenseMatrix(int rows, int cols) { ... }

public class SparseMatrix implements Matrix {
private int row[], col[]; //storing only the non-zero values
private double[] data; //efficient data structure for sparse matrices
public SparseMatrix(int rows, int cols) { .

} //Extensibility: easy to add other types of matrlces later

public Matrix compute (Matrix a, Matrix b) {
//decoupling code: working with Matrix as a type
//without knowing whether it's a dense or sparse implementation
Matrix c = a.add(b);
return c.multiply(c);
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Interfaces and the Factory Pattern

The Factory Pattern enables runtime selection of the most suitable
implementation, based on the characteristics of the data.

public class MatrixFactory {

public Matrix create(String type, int rows, int cols) {
switch (type) {

case "dense":
return new DenseMatrix(rows, cols);

case "sparse":
return new SparseMatrix(rows, cols);

default:
throw new IllegalArgumentException("Unknown type");

}

@ Hides creation details.
@ Chooses an implementation at runtime.

@ Decouples code from concrete classes.
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Evolving Interfaces

@ What happens if we add a new method to an existing
interface, that has various implementations already in use?

public interface Matrix {
void reset(); //add a new abstract method to the interface

// What happens to DenseMatrix, SparseMatrix
// and all other possible implementations?

@ The existing classes will break as they no longer respect the
new contract of the interface.
@ What can be done in this case?
e You should have anticipated all use cases for your interface and
specify it completely from the beginning!
o Create a new interface Matrix2, extending the old one, and
slowly migrate the existing implementations to it. Not so nice.
o Use default methods (introduced in Java 8).
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Default Methods

@ Default methods allow interfaces to evolve in a non-breaking,
backward-compatible way, using "default” implementations.

public interface Matrix {

default void reset() {
for (int i = 0; i < rowCount(); i++) {
for (int j = 0; j < columnCount(); j++) {
set(i, j, 0);
}

} // the default method has no idea how the matrix is implemented

@ The existing classes will inherit the default implementation of
the new method, having the possibility to override it, if it can
be performed in a more efficient way.

public class SparseMatrix implements Matrix {

@Override
public void reset() {
for (int i = 0, n = data.length; i < n; i++)
data[row[i]][col[i]] = O;

13/29



Considerations About Default Methods

Allowed only in interfaces, not in abstract or concrete classes.
Reduce the need for base abstract classes just to share code.
Can blur the line between interfaces and abstract classes.

Overusing them may violate the Interface Segregation
Principle, especially if unrelated behaviors are bundled together.
Conflict resolution: If a class implements multiple interfaces
with default methods having the same signature, the
implementing class must override it to resolve ambiguity.

interface A {
default void hello() { System.out.println("Hello from A"); }

interface B {
default void hello() { System.out.println("Hello from B"); }
}

class C implements A, B {
public void hello() {
A.super.hello(); // or B.super.hello();

} //similar with the Diamond Problem from C++
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Static Methods in Interfaces

o Belong to the interface itself, not to the instances of the
implementing classes.

@ Useful for utility or factory methods.

@ Not inherited by implementing classes or extending interfaces.

interface IA {
static void foo() { System.out.println("IA"); }
static void bar() { }

)
interface IB extends IA {

static void foo() { System.out.println("IB"); }
}

class B implements IB {
static void foo() { System.out.println("B"); }
}

public static void main(String args[]) {
IA.foo(); IB.foo(); B.foo(); //ok
IB.bar(); B.bar(); //compile error
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Private Methods in Interfaces

@ Used internally within the interface, as helpers, to support code
reuse. Can be implemented static or non-static.

public interface ChatBot {

default void answerScienceQuestion(String question) {
sayWelcomeMessage();
System.out.println("I am a scientist myself.");

}

default void answerPoliticsQuestion(String question) {
sayWelcomeMessage();
System.out.println("I am not trained to answer that.");

}

private void sayWelcomeMessage() {
System.out.println("Great question!");
}

@ Invisible to implementing classes.
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Callback functions

@ A callback function is a function passed as a parameter to
another function, so that it can be "called back” at a later time,
in response to an event, or once a task is completed.

@ In Java, callbacks are implemented using interfaces.

o Examples:

o Traversing a graph and executing a function at each node.

graph.traverse( processingFunction );

e Parsing an XML in an event-based manner.

o Passing a comparator callback to a sorting function that is
called repeatedly to compare pairs of elements, etc.

o Filtering a collection or the files in a folder, based on a callback
predicate which is called on each item to decide if it should be
included.

folder.list( filteringPredicate );
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Example: File.list

//Listing the files from a folder, filtered by extension
import java.io.*;
public class ListFiles {
public static void main (String [] args) {
File folder = new File("."); //current directory
String[] files = folder.list( new MyFilter("pdf") );
for (var file : files) {
System.out.println(file);
}

class MyFilter implements FilenameFilter {
private String extension;
public MyFilter (String extension) {
this.extension = extension;

public boolean accept(File dir, String name) {
return name.endsWith("." + extension);

} // How to reduce the boilerplate, for simple filters like this one?
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Anonymous Classes

@ Anonymous classes are inner classes (defined inside a method)
used to create a only-use-once implementation of an interface,
or extension of a class, without explicitly naming the new class.

folder.list( new FilenameFilter() {
//this is an anonymous class
//implementing FilenameFilter
public boolean accept (File dir, String name) {
return ( name.endsWith(".pdf") );
}

b

@ The syntax new InterfaceName() {...} creates an object
from an anonymous class generated by the compiler, and
implementing the specified interface.

— It does not instantiate an interface!

@ Anonymous classes inside an QuterClass are compiled into files
named OuterClass$l.class, OuterClass$2.class
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Functional Interfaces

e Contain exactly one abstract method.
@ May contain other default, static methods, or Object methods.
@ Are usually annotated with @Functionallnterface.

package java.io;

@Functionallnterface
public interface FilenameFilter {

boolean accept(File dir, String name);
)

@ A lambda-expression "”->" can be used instead of an
anonymous class, omitting the name of the interface and the
name of the method.

folder.list( (dir, name) -> name.endsWith(".pdf"));

@ A lambda expression is a syntactic shortcut for implementing a
functional interface, allowing functions to be passed as

first-class values.
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Examples of Using \-expressions

Type variable = (parameters) -> expression;

interface Function {
int apply(int a, int b);
}

Function sum = (x, y) -> X + y;
System.out.println(sum.add(3, 5));

Thread t = new Thread(() -> {
System.out.println("Running in thread");

b

t.start();

Predicate<Integer> isEven = n -> n % 2 == 0;

System.out.println(isEven.test(4));

ActionListener listener = e -> System.out.println("Clicked");
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Method References

@ Bulky code should be extracted into separate methods, which
can then be invoked from within the lambda expression.

public class ListFiles {
public static boolean isPdf(File dir, String name) {
return name.endsWith(".pdf");
}

public static void main (String [] args) {
File folder = new File(".");
String[] files = folder.list((dir,name) -> isPdf(dir, name));
for (var file : files)
System.out.println(file);

} //isPdf must have the signature of FilenameFilter.accept

@ A method reference :: is a syntactic construct that refers to
an existing method (static or instance) without executing it.

File[] files = folder.list(ListFiles::isPdf);
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Comparing Objects

public class Person {
private final int id;
private final String name;
public Person (int id, String name ) {
this.code = code;
this.name name ;

}
public String toString () {
return id + ", " + name;

} //or simpler: public record Person (int id, String name) {}

Person persons[] = {
new Person (4, "Ringo")
new Person (3, "George");
new Person (2, "Paul");
new Person (1, "John");

I
Arrays.sort(persons); //what happens here?
System.out.println(Arrays.toString(persons));
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The Comparable Interface

@ Imposes a total ordering, called natural ordering on the objects
of each class that implements it.

package java.lang;

public interface Comparable<T> { //T is a generic type
/**Returns a negative integer, zero, or a positive integer
* as this object is less than, equal to, or greater
* than the specified object. **/
public int compareTo(T o);

public class Person implements Comparable<Person> {
@Override
public int compareTo(Person other) {
return this.id - other.id; //ascending by id
} //should be consistent with the Object.equals method

}

o Lists (and arrays) of objects that implement this interface can be

sorted automatically by Collections.sort (and Arrays.sort).
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The Comparator Interface

@ Defines a comparison function, which imposes a total ordering
on some collection of objects. Comparators can be passed to a
sort method or to a data structure that keeps its elements
sorted.

package java.util;

@Functionallnterface
public interface Comparator<T> {
int compare(T ol, T 02);
boolean equals(Object obj); @
// ... contains default methods, such as .thenComparing

Arrays.sort(persons, new Comparator<Person> () {
public int compare(Person a, Person b) {
return a.getName().compareTo(b.getName());
}

1)

25/29



More About Comparators

@ Simple comparators can be expressed using lambda
expressions or method references.

//lambda expression
Arrays.sort(persons,
(a, b) -> {return a.getName().compareTo(b.getName());}
)5
//reference to a custom method matching the signature of compare
Arrays.sort(persons, Person::compareByAge);

//reference to an existing property accessor
Arrays.sort(persons, Comparator.comparing (Person: :getName));
Arrays.sort(persons, Comparator.comparingInt(Person::getld));

@ Comparators can be chained and reversed:

Comparator<Person> comparator = Comparator
.comparingInt(Person::getAge)
.thenComparing(Person: :getName)
.reversed(); //these are all default methods in Comparator
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Marker Interfaces

@ Have no methods or fields.

interface Serializable {} //used by object serialization
interface Cloneable {} //used by Object.clone()
interface Remote {} //used by RMI (Remote Method Invocation)

@ They are used to "mark” a class in a type-safe manner, to
indicate it has a certain property that is recognized at runtime.

public class Person

implements Serializable, Cloneable { }
//the serialization algorithm works only for Serializable objects
//cloning works only for Clonable objects

e Annotations are preferred over marker interfaces.

@Deprecated //used by javadoc
public void oldMethod() {}

@Entity(table="persons") // JPA (Java Persistence Framework)
public class Person {}
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Cloning and the Prototye Pattern

@ Prototype is a creational design pattern that allows creating
new objects by copying an existing object, known as the
prototype. The object itself is responsible for returning the copy.

@ Object.clone method is "dangerous” A\

record Person(int id, String name) implements Cloneable {
@Override // clone has protected access in Object
public Person clone() {
try {
return (Person) super.clone();
} catch (CloneNotSupportedException e) {
System.err.println(e); throw e;

}

} // Person a = new Person(1l, "John"); Person b = a.clone();

@ .clone returns a shallow-copy, not a deep-copy.
@ .clone does not invoke any ctor for the cloned object.

@ For complex objects, use copy ctors or factory methods.
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Example: Creating a Copy of an Object

public record Item (String name) { //Item is immutable
public Item(Item other) { // Copy constructor
this(other.name()); // Item(String name) is generated by default
}

public class Order {
private int id;
private Item[] items;
public Order(int id, Item... items) { // Normal constructor
this.id = id;
this.items = items;

}

public Order(Order other) { // Copy constructor
this.id = other.id; // Correct, because Item is immutable
this.items = Arrays.copyOf(other.items, other.items.length);

public Order shallowCopy() { // Same as clone(), not correct
return new Order(id, items);

}

public Order deepCopy() { // Clones the items also
int n = items.length; // Unnecessary,
Item[] copyItems = new Item[n]; // because Item is immutable

for (int 1 =0; i < n; i++) {
copyItems[i] = new Item(items[i]);

return new Order(id, copyItems);
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