Generics

You never know what you’re gonna get.

Bram Janssens
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Forrest Gump (1994) - Paramount Pictures — all screenshots in these slides are taken from Netflix.




My mama always told me...

void main() {
life = like.a(box).of(chocolates);

> java nl.bramjanssens.RunForrest

You never know what you're gonna get.

— Forrest Gump




Generics — You Never Know What You're Gonna Get.

— Bram Janssens
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capture of ? extends Chocolate

capture of 7 extends Chocolate

both methods have same erasure

Cannot access class object of a type parameter

-

& & List<byte> :

Type argument cannot be of a primitive type




Dealing with smart colleagues

“You should make it covariant”.
@ “Generics are implemented with type erasure.”

® “This is use site variance.”







Actudlly, it's quite'\

Bram Janssens

Trainer/consultant




Now we ain't strangers anymore.

- F. Gump




Topics

* Types
* Type systems
* Classes and types
* Generics
* Subtypes

* Type erasure
* Variance
* Breaking type safety
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Types

* Why?
* Benefits
* Reliability
* Adds complexity




Type systems

* Weak and dynamic typing
* Strong and static typing




Weak and dynamic typing

 Data may have a type (weak)
* The type can change (dynamic)

JavaScript, PHP, Python, ...




Weak and dynamic typing

JavaScript

let myVar = 44;
console.log( myVar is a ${typeof myVar}: ${myvar} );

myVar = "I am a string now";
console.log( myVar is a ${typeof myVar}: ${myvVar} );

myVar is a number: 44

myVar is a string: I am a string now




Weak and dynamic typing

JavaScript

console. log("44" -
console. log("42" +

console. log("44" - null + 2) 46
console. log("42" null + 2) 42null2




Duck typing

JavaScript

class Duck { sound = "Quack!™ }
class Cat { age = 44 }

function makeSomeNoise(maybeDuck) {
console. log("Make some noise: " + maybeDuck.sound);

by

makeSomeNoise(new Duck())

makeSomeNoise({sound: "I'm a shrimp..."})
makeSomeNoise({sound: "Is this nonsense?", nonsense: true})
makeSomeNoise(new Cat())

: Quack!

: I'ma shrimp...

: Is this nonsense?
: undefined

IF IT WALKS

LIKE A DUCK
AND QUACKS

LIKE A DUCK

2253

o= 3

)
IT’S PROBABLY

A DUCK




... could lead to runtime errors

Uncaught TypeError: Cannot read properties of undefined (reading ‘street’)

Uncaught TypeError: doSomething is not a function







Strong and static typing

* Data must have a type (strong)
* The type cannot change (static)

Java, C#, Kotlin, ...




Create a type and use it

// 1. Declaration site @
public class Chocolate { }
// ClaSS ANAAN

// 2. Use site ¥
void smell(Chocolate c) { }




Class - type

Class yvields type Relationship
Chocolate Chocolate 1 ->1

Box<T> Box<Candy> 1 -> *
Box<Chocolate>
Box<Shrimp>

So class and type are not exactly the same...




Speaking about generics...




Generic

* [ juh-neh-ruhk]

* Awhole group of similar things, rather than one particular thing.




Generics

* Generic thingS

* Generic typeS
* Typein atype
* Parameterized types

* C<T>is acontainer of type C with content of type T
* List<E> Optional<T> Box<C>




Benefit — type safety

public static void useRawTypes() {
List naturalNumbers = new ArraylList();

// We can add anything...
naturalNumbers.add(1);
naturalNumbers.add("2"); // allowed
naturalNumbers.add(3);

// We get Object, not int

Object first = naturalNumbers.getFirst();
Object middle = naturalNumbers.get(1);
Object last = naturalNumbers.getLast();

// We have to cast them...
int = (int) first + (int) 1last;

// Could be unsafe...
int = (int) middle; // ¥ ¥

public static void useGenericTypes() {
List<Integer> naturalNumbers = new ArraylList<();

/]  MAAAAA = type argument

// We can add Integers only...
naturalNumbers.add(1);

// naturalNumbers.add("2"); // not allowed

naturalNumbers.add(3);

// We get Integers, not objects:
Integer first = naturalNumbers.getFirst();

Integer last = naturalNumbers.getlLast();

// We don't have to cast them.
int = first + last;

// Can't be unsafe!




Benefit — reusability

To make List reusable and type safe...

* Instead of copying class List
* ListOfInteger, ListOfPerson, ListOfChocolate,

e ...wereusetheclass List<T>
* List<Integer>, List<Person>, List<Chocolate>,

* where T isthe type parameter

<..>are typearguments




Subtypes




Subtypes

> Childis asubtype of Parent if...
... you can safely passa Childinto a method
where a Parent is expected.

volid method (Parent p) {
method (aChild) ;

It’s about substitutability.




Create and use subtype

class Chocolate extends Candy { /* ... */ } Sub class creates a sub type

void inspect(Candy c¢) { What type can we pass safely?

} CosiR ()3 What can we do with c in this context?

| Allowed?
forrest.inspect(candy);

forrest.inspect(chocolate); 7




Conclusion

Chocolateis asubtype of Candy

Simple types

A Super

Sub

Here, subclass and subtype are the same.




What about generics?

1. Declaration site
public class Box<T> { } /

llse s1te

forrest.inspect(candies); : Box<Candy>
forrest.inspect(chocolates); : Box<Chocolate>

What can we pass safely?
How can we use box in this context?

Generic types
Allowed?

Box<Candy>

Let’s see...

Box<Chocolate>




Introducing...

Forrest




smart man,
but I know

what love is...




The story

* Forrest Jenny.
* He buys her a W/ of stuff she likes.

* Before handing it over, he inspects the box to:

6 Check if each candy is fresh.
&= Safely fill the box.




First try

List<byte> bites = new ArrayList<>();

bites.add(bitel); Type argument cannot be of a primitive type

bites.add(bite2); Replace 'byte' with ‘java.lang.Byte' More actions...
bites.add(bite3);
bites.add(bite4);

What @2




Why?

* Generics introduced in Java 5 (2004)
* Java 4 compiled code should still run on JVM 5
* Java 4 compiled code should still run on JVM 6
. Jav§4 compiled code should still run on JVM 7

NECL

* Java 4 compiled code should still run on JVM 27!

* The JVM is backwards compatible.




void main(String[] args) {
System.out.println("I'm running on Java " +
System.getProperties().getProperty("java.specification.version"));

$ /opt/j2sdkl.4.2_19/bin/javac example/Example. java

$ java —cp . example.Example
I'm running on Java 25




%
... let me tell you a secret ¢

" The JVM doesn't know
generics...




owW?

Compile time Run time
List<Integer> box = .. List box = ..

boolean add(T e) { .. } boolean add(Object e) { .. }
T getFirst() { Object getFirst() {

return (T) get(9); return (Object) get(9);
} ‘e

byte I= Object




s -




Implications type erasure

* T must be atleastan Object
* i.e. areference type
* primitives are not allowed

* T cannot be used at runtime
* ? are "captured" during compilation




Compile time only

* InJava, T is gone at runtime: non-reifiable

public <T> void materialize() {
var = T.class; //

Cannot access class object of a type parameter

* In Kotlin,youcanhaveareifiedT

inline fun <reified T> materialize() { fyn mustbe inline
val = T::class

y

* I[n .NET, T is not erased at all.




Capturing

When compiling code like void opens (List<?> box) ...
? is the "wild card type": any generic type argument

? must be temporarily “captured” during compilation
* wild card capturing = inferring the type of a wildcard, i.e.:
"what type is ? in this case”

* capture of ? =theinferredtype (compilerinternal)

And when something is wrong with ? you get errors like:

incompatible types: Integer cannot be converted to capture#l of ?




Type erasure wrap up

* Java generics are a compile time construct.
* T must be areference type
* 2 is captured during compilation

* Generic types are not available at run time.
* T cannot be used at runtime




Variance

Back to subtyping with generics.




| don't wanna be called stupid.

— Forrest Gump




Let's help him out...




Recall

Chocolateis asubtype of Candy

Simple types

e

A Super

Sub

oot

Here, subclass and subtype are the same.




What about generics?

Generic types

Box<Candy>




Subtypes and generics?

/1. Declaration site

public class Box<T> { } // with type parameter T

: How can we use box in this
rype AAAAAA context?

forrest.inspect(candies); What can we pass safely?

-~

forrest.inspect(chocolates);

Cannot resolve method ‘inspect(Box<Chocolate>)'




from this context!

-

chocolates + <?> —

Type in this context.

public void inspect(Box<Candy> box) {
box.forEach(Candy: :smell); // read @B
if (box.isNotSquare()) {

box.add(new GummyBear()); // write @@
}

Chocolate GummyBear




Conclusion

Box<Chocolate>is NOT a subtype of Box<Candy>

Simple types Generic types

Box<Candy>

A Super

Sub

Box<Chocolate>

variant =“ o direction”




Let's try overloading...

void inspect(Box<Candy> box) { } // with type argument Candy
void inspect(Box<Chocolate> box) { } // with type argument Chocolate

'inspect(Box<Candy>)' clashes with 'inspect(Box<Chocolate>)'; both methods have same erasure

« Aha! ¥

* Box<Candy> === Box<Chocolate> ==




Next attempt...

. Es ciies Simple types Generic types
public void inspectSafely(Box<? extends Candy> box) { :
: Covariant

¥
Box<? extends Candy>

A Super Super
Sub Sub

forrest.inspectSafely(candies); o] Box<Chocolate>

forrest.inspectSafely(chocolates);

variant=* direction”




Implications covariant

candies

v
chocolates + 2 -

public void inspectSafely(Box<? extends Candy> box) {

Lapuuic vl . TALCHUS \_dlluy




Not done yet...

Backlog
O Check if each candy is fresh. 4
== Safely fill the box.




Final attempt

Cite Simple types Generic types

pe Contravariant

Box<Candy>

A Super Sub

}

Sub WV Super
forrest.inspectSafely(candies); Box<? super Chocolate >
forrest.inspectSafely(chocolates);

Contravariant = “opposite direction”




Implications objects + % = B

L
candies '+ =%
s
*4

chocolates + ) =

public void inspectSafely(Box<? super Chocolate> box) {

GummyBear

Truffle




Conclusion

Backlog Done?
O Check if each candy is fresh. v with covariant, consumer
== Safely fill the box. V' with contravariant, producer




The saga continues...

* Forrest nature too.

* He wants to recycle boxes.
* Move any chocolate from one box into another box.




objects
candies

chocolates chocolates
pralines

public void recycle(Box<? extends Chocolate> prod, Box<? super Chocolate> cons) { PECS =

Producer extends
Consumer super

prod.stream()

.forEach(cons::add);




Some observations...




Where to declare variance?

* Java
* only at the use site of a type:
in method declarations

* Kotlin
* also at the declaration site of a type:
in method declarations and class declarations




: . N o
Example Kotlin variance declaration

Declaration site variance Use site variance

class AnyBox<T> { // Invariant by default fun <T> add( : AnyBox<in T>) {
} P —— o E—

class OutBox<out T> { // Covariant always

t fun <T> get( : AnyBox<out T>) {

class InBox<in T> { // Contravariant always

}




Focus?

* Java: what you can pass
Box<? extends T> = co
Box<? super T> = contra

* Kotlin: what you can do
Box<out T> = producer
Box<in T> = consumer




Breaking type safety o+




The final chapter

public void inspect(Candy[] candies) { ',
stream(candies).forEach(Candy: :smell); k‘&
candies[candies.length - 1] = new Shrimp(); N

BUBBA G

Q SHRIMP?

bubba.inspect(arrayOfChocolates);

Does this compile..? ¥
5 {
Runtime: chocolates + ’ =




Exception in thread "main™ java.lang.ArrayStoreException: nl.bramjanssens.domain.Shrimp

s, y AN " oung \,‘
A \ : v, i ty

NT cant S N1,z REA
* Arraysiare covariant but NOT type“safe,*Bubba!
> : L ,v‘ ¢ “ »

A &) ANA — 1

~




Let's drive this story home

redits: Boxoffice Movie Scenes




The Importance of Variance

1. Increases code Flexibility and Reusability
* Allows using super or subtypes when needed

2. Enables safer and cleaner generic code
» Safely read/write a container

3. Improves Functional Programming Patterns
* Monads like Stream, Optional, Try, Maybe, ...

4. Understand ® and impress Lyour colleagues!




Java Variance Cheat Sheet

Bridging the gap between inheritance hierarchies and generic type systems.

Simple types

A Super

Sub

PECS

Producer extends
Consumer super

Generic types

Invariant Covariant Contravariant
pI’OdUCGI’ consumer

Box<Candy> Box<? extends Candy> Box<Candy>
Sub

Super

VW Super

Sub
Box<Chocolate> Box<Chocolate> Box<? super Chocolate >

Arrays are covariant and not type safe!
Generics are erased during compilation.
Variance is declared at the use site only.




Generics

Now you know what you’re gonna get!




slides + cheat sheet

@ bramjanssens.nl
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