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Fazit

. Type Erasure ist nicht schlecht, sondern gut.
. Es gibt zu wenig Type Erasure.
. Neue Typparameter braucht das Land.

A W N A

. In Scala ist alles besser.



Fazit

. Type Erasure ist nicht schlecht, sondern gut.
. Es gibt zu wenig Type Erasure.
. Neue Typparameter braucht das Land.

A W N A

. In Kotlin ist vieles besser.
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Was ist Type Erasure?

jshell> clazz.getDeclaredMethods( )
interface Container<T> { ==> Method[1] {

T get(); '€)
i }

Object Container.get()



Java Generics

seit Java 5 (09/2004)

® |ist<String> statt List

® Tlist.get(0) statt (String) list.get(0)
Syntax inspiriert von C++

® aber: komplett anders implementiert!




Making Java
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Wadler Odersky Bracha Stoutamire




The Generic Java Gang of Four

Wadler/Haskell: Typen werden vollsténdig entfernt
Odersky/Scala: dhnlich wie Java

Bracha/Newspeak: ungetypt

Stoutamire: ???
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he-benefits-of ~ Diese Seite Gbersetzen
04.01.2014 - Type Erasure I Good. Let’s stick to he facts. A ot of the answers thus far are overly ...
This s not to say that testing s intrnsically a bad idea, but the quoted Twitter user is suggesting that
there is a much better way. So our goal




Warum ist Type Erasure so
unbeliebt?

Fast jede Java-Programmiererin ist schon einmal darUber gestolpert ...



Arrays of Wisdom of the Ancients

Collection.toArray(new T[0]) or Collection.toArray(new T[size]), that's the question

Table of Contents

Introduction
API Design
Performance Runs
Experimental Setup
Benchmark
Performance Data
Not an Allocation Pressure
Performance Analysis
Meet VisualVM (and other Java-only profilers)
Meet JMH -prof perfasm
Meet Solaris Studio Performance Analyzer
Preliminaries
Follow-Ups
New Reflective Array
Empty Array Instantiation
Uninitialized Arrays
Caching the Array
Historical Perspective
Conclusion
Parting Thoughts

Aleksey Shipilév, @shipilev, aleksey@shipilev.net

o This post is also available in ePUB and mobi.

Thanks to Claes Redestad, Brian Goetz, Ilya Teterin, Yurii Lahodiuk, Gleb Smirnov, Tim Ellison, Stuart Marks, Marshall
Pierce, Fabian Lange and others for reviews and helpful suggestions!
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Folgerung

Durch Type Erasure wird eine (scheinbar) einfache Operation viel
komplizierter.



Warum ist toArray so kompliziert?

jshell> Object[].class
$1 ==> class [Ljava.lang.0Object;

jshell> String[].class
$2 ==> class [Ljava.lang.String;

jshell> Object[][].class
$3 ==> class [[Ljava.lang.0bject;



Warum sind Arrays so
kompliziert?

jshell> Object array[] = new String[1];
array ==> String[1] { null }

jshell> array[0] = 0;

| Exception java.lang.ArrayStoreException: java.lang.Integer
| at (#3:1)



Arrays vs.
Collections

Speichern eines falschen Werts in ...

e ... einem Array: knallt sofort
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Arrays vs.
Collections

Speichern eines falschen Werts in ...
e ... einem Array: knallt sofort

e ... einer Collection: knallt erst spdter

Folgerung: Arrays und Collections sind
zwei verschiedene Welten
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® ... eine Funktionalitat des Compilers?
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Was ist ein
Typsystem?

® ... eine Funktionalitat des Compilers?
® ... ein leichtgewichtiger Formalismus?

e ... ein Werkzeug zur Unterjochung von
Entwickler*innen?




Definition: Typsystem

€€ Atype system is a tractable syntactic method for proving the absence
of certain program behaviors by classifying phrases according to the 9
kinds of values they compute.

— Benjamin Pierce
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1. Erhaltung
2. Fortschritt




Eigenschaften

Ein gutes Typsystem erfillt zwei
Anforderungen:

1. Erhaltung
2. Fortschritt

MaiN LEMMA 4.3 (Subject Reduction). If I't>e,:t and e, — e, then
e,

THEOREM 4.12 (Syntactic Soundness). If ©e:t then cither eff or
er—>vand >v:T.




Was ist kein Typsystem?

> ||1|| + 1

TypeError: can only concatenate str (not "int") to str

>> 1/ 0
ZeroDivisionError: division by zero



Was ist kein Typsystem?

> ||1|| + 1

TypeError: can only concatenate str (not "int") to str

>> 1/ 0
ZeroDivisionError: division by zero

Folgerung: , Laufzeittyp" ist ein Widerspruch in sich



Zorn
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List<Dog> goodDogs = new List<Dog>();
List<? extends Animal> goodAnimals = goodDogs;



Ko- und Kontravarianz

Java

List<Dog> goodDogs = new List<Dog>();
List<? extends Animal> goodAnimals = goodDogs;

Scala

val goodDogs: List[Dog] = List.empty
val goodAnimals: List[Animal] = goodDogs



Ko- und Kontravarianz

Java (use site)

List<Dog> goodDogs = new List<Dog>();
List<? extends Animal> goodAnimals = goodDogs;

Scala (declaration site)

val goodDogs: List[Dog] = List.empty
val goodAnimals: List[Animal] = goodDogs
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Reifizierte Generics fUhren zu zwei Problemen:
1. Festlegung auf "use site"-Varianz
2. Laufzeitprifung von parametrisierten Subtyp-Beziehungen
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1. Festlegung auf "use site"-Varianz
2. Laufzeitprifung von parametrisierten Subtyp-Beziehungen



Laufzeitchecks

jshell> List<Object> list = List.of("foo", "bar");
list ==> [foo, bar]

jshell> List<Integer> list2 = (List<Integer>) (List) list;
| Warning: unchecked cast
1ist2 ==> [foo, bar]



Laufzeitchecks

jshell> List<Object> list = List.of("foo", "bar");
list ==> [foo, bar]

jshell> List<Integer> list2 = (List<Integer>) (List) list;

| Warning: unchecked cast
1ist2 ==> [foo, bar]

... wo ist das Problem? &



Java Generics are Turing Complete

Radu Grigore

University of Kent, United Kingdom

Abstract

This paper describes a reduction from the halting problem of Turing
machines to subtype checking in Java. It follows that subtype
checking in Java is undecidable, which answers a question posed by
Kennedy and Pierce in 2007. It also follows that Java’s type checker
can recognize any recursive language, which improves a result of
Gil and Levy from 2016. The latter point is illustrated by a parser
generator for fluent interfaces.

Categories and Subject Descriptors  D.3.3 [Language Constructs
and Features]

Keywords Java, subtype checking, decidability, fluent interface,
parser generator, Turing machine

1. Introduction

Is Java type checking decidable? This is an interesting theoretical
question, but it is also of interest to compiler developers (Breslav
2013). Since Java’s type system is cumbersome for formal reasoning,
several approximating type systems have been studied. Two of these

e cvetarme ara Fnowum it he imndanidable: (K annadyy and Plara

Theorem 1. It is undecidable whether t <: t' according to a given
class table.

Theorem 2. Given is a context free grammar G that describes a
language L C X" over an alphabet ¥ of method names. We can
construct Java class definitions, a type T, and expressions Start,
Stop such that the code

T0 = Start.fP0.£P0 ... f™().5top

type checks ifand only if f f@ . f(™) € L. Moreover, the class
definitions have size polynomial in the size of G, and the Java code
can be type-checked in time polynomial in the size of G.

Theorem 1 is proved by a reduction from the halting problem
of Turing machines to subtype checking in Java (Section 5). The
proof is preceded by an informal introduction to Java wildcards
(Section 2) and by some formal preliminaries (Sections 3 and 4).
It is followed by Theorem 2, which is an application to generating
parsers for fluent interfaces (Section 6). The parser generator makes
use of a compiler from a simple imperative language into Java types;
this compiler is described next (Section 7). Before we conclude, we
refleet on the imnlicatione of Theoreme 1 and 2 (Secticon R)



Java Generics are Turing Complete

Theorem 1. It is undecidable whether t <: t' according to a given

class table.

Abstract

This paper describes a reduction from the halting problem of Turing
machines to subtype checking in Java. It follows that subtype
checking in Java is undecidable, which answers a question posed by
Kennedy and Pierce in 2007. It also follows that Java’s type checker
can recognize any recursive language, which improves a result of
Gil and Levy from 2016. The latter point is illustrated by a parser
generator for fluent interfaces.

Categories and Subject Descriptors  D.3.3 [Language Constructs
and Features]

Keywords Java, subtype checking, decidability, fluent interface,
parser generator, Turing machine

1. Introduction

Is Java type checking decidable? This is an interesting theoretical
question, but it is also of interest to compiler developers (Breslav
2013). Since Java’s type system is cumbersome for formal reasoning,
several approximating type systems have been studied. Two of these

e cvetarme ara Fnowun i he imndanidable: (K annardyr and Plara

Theorem 1. It is undecidable whether t <: t' according to a given
class table.

Theorem 2. Given is a context free grammar G that describes a
language L C 3™ over an alphabet ¥ of method names. We can
construct Java class definitions, a type T, and expressions Start,
Stop such that the code

T0 = Start.fP0.£P0 ... f™().5top

type checks ifand only if f f@ . f(™) € L. Moreover, the class
definitions have size polynomial in the size of G, and the Java code
can be type-checked in time polynomial in the size of G.

Theorem 1 is proved by a reduction from the halting problem
of Turing machines to subtype checking in Java (Section 5). The
proof is preceded by an informal introduction to Java wildcards
(Section 2) and by some formal preliminaries (Sections 3 and 4).
It is followed by Theorem 2, which is an application to generating
parsers for fluent interfaces (Section 6). The parser generator makes
use of a compiler from a simple imperative language into Java types;
this compiler is described next (Section 7). Before we conclude, we
refleet on the imnlicatione of Theoreme 1 and 2 (Section R)




Java Generics are Turing Complete

Theorem 1. It is unde

: et <ot/ according to a given
class table.

Abstract

This paper describes a reduction fro;
machines to subtype checking in J;
checking in Java is undecidable, whicl.
Kennedy and Pierce in 2007. It also follow!
can recognize any recursive language,
Gil and Levy from 2016. The latter p
generator for fluent interfaces.

s undecidable whether t <: t' according to a given

is a context free grammar G that describes a
over an alphabet ¥ of method names. We can
ass definitions, a type T, and expressions Start,
he code

Start. fV0).FP() ... f™().Stop

onlyif fMf@ . f™) € L. Moreover, the class
size polynomial in the size of G, and the Java code
ecked in time polynomial in the size of G.
orem 1 is proved by a reduction from the halting problem
ing machines to subtype checking in Java (Section 5). The
roof is preceded by an informal introduction to Java wildcards
ection 2) and by some formal prelimi cctions 3 and 4).
llowed by Theorem 2, whichg

Categories and Subject Descriptors
and Features]

f
Keywords  Java, subtype checking, decidabili
parser generator, Turing machine

1. Introduction
Is Java t




Verhandlung



Was machen denn die anderen?

Andere Sprachen haben doch auch Generics W



Was sind eigentlich Generics?



Was ist eigentlich
Polymorphismus?



Was ist eigentlich
Polymorphismus?

Subtyp-Polymorphismus

Die konkrete Methode, die bei einem Aufruf obj.f(x) aufgerufen wird, ist
erst zur Laufzeit ermittelbar.



Was ist eigentlich
Polymorphismus?

Ad-hoc-Polymorphismus

Die Implementierung einer Uberladenen Methode wird vom Compiler
statisch an Hand der involvierten Typen selektiert.



Was ist eigentlich
Polymorphismus?

Parametrischer Polymorphismus

Eine Funktion (oder Klasse) ist nicht nur Uber Werte, sondern auch Uber
Typen parametrisiert.
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Typen parametrisiert.
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Situation in anderen Sprachen

C# reifizierte Generics
C++ Monomorphisierung, bevorzugt statisches Dispatching
Rust Monomorphisierung, bevorzugt statisches Dispatching
Go @
Haskell alle Typen werden entfernt
Idris auch Terme werden entfernt



Situation in Haskell

unsafeCast :: a => b



Situation in Haskell

unsafeCast :: a => b

cast :: (Typeable a, Typeable b) => a -> Maybe b



Situation in Haskell

unsafeCast :: a => b
cast :: (Typeable a, Typeable b) => a -> Maybe b

class Typeable a where
typeRep# :: TypeRep a



Leid
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You re NOT gonna need it!

[Practices, XProgramming]

Often you will be building some class and you’ll hear yourself saying “We're
going to need...”.

Resist that impulse, every time. Always implement things when you actually
need them, never when you just foresee that you need them. Here’s why:

« Your thoughts have gone off track. You're thinking about what the class
might be, rather than what it must be. You were on a mission when you
started building that class. Keep on that mission rather than let yourself
be distracted for even a moment.

« Your time is precious. Hone your sense of progress to focus on the real
task, not just on banging out code.

« You might not need it after all. If that happens, the time you spend
implementing the method will be wasted; the time everyone else spends
reading it will be wasted; the space it takes up will be wasted.



YAGNI und Typen

€€ Folks think parametric polymorphism is an example of YAGNI - this
is backwards.



YAGNI und Typen

€€ Folks think parametric polymorphism is an example of YAGNI - this
is backwards. b
Premature concretization is an example of YAGNI.

— Michael Pilquist



Mehr Typparameter!

Traditioneller Entwurf
case class BlogPost(
date: Date,
title: String,
author: User,
text: String



Mehr Typparameter!

Parametrischer Entwurf
case class BlogPost[T](
date: Date,
title: String,
author: User,
text: T



Mehr Typparameter!

Parametrischer Entwurf
case class BlogPost[T]( ® BlogPost interessiert sich nicht fUr
date: Date, den Text:
title: String, > kodiert (UTF-8)
author: User, dekodiert (Codepoints)
text: T internationalisiert
) escaped (HTML)

vvyy



Mehr Typparameter!

Parametrischer Entwurf
case class BlogPost[T](
date: Date,
title: String,
author: User,
text: T

¢ Operationen interessieren sich nicht
fUr den Text:
» Archivibersicht
» Publikation
» Bearbeiten von Metadaten



Mehr Typparameter!

Parametrischer Entwurf
case class BlogPost[T]( e Sdtze fur lau
date: Date,
title: String,
author: User,
text: T



Sadatze fur lau

® basierend auf ,,Parametrizitat”
e vereinfacht: Funktion mit Typparameter weif3 nichts und darf nichts



Sadatze fur lau

® basierend auf ,,Parametrizitat”
e vereinfacht: Funktion mit Typparameter weif3 nichts und darf nichts

Beispiel
// Signatur beschreibt exakt eine moégliche Funktion
public <T> T 1d(T t);



Sadatze fur lau

® basierend auf ,,Parametrizitat”
e vereinfacht: Funktion mit Typparameter weif3 nichts und darf nichts

Fortgeschrittenes Beispiel

// Summary enthalt nicht den Text
public <T> Html renderSummary(BlogPost<T> post);



Sadatze fur lau

® basierend auf ,,Parametrizitat”
e vereinfacht: Funktion mit Typparameter weif3 nichts und darf nichts

Fortgeschrittenes Beispiel

// Summary enthalt nicht den Text
public Html renderSummary(BlogPost<?> post);



Sadatze fur lau

® basierend auf ,,Parametrizitat”
e vereinfacht: Funktion mit Typparameter weif3 nichts und darf nichts

Beispiel aus der Bibliothek

list.map(f).map(g) == list.map(f.andThen(g))
list.map(f).filter(g) == list.filter(f.andThen(g)).map(f)



Theorems for free!

Philip Wadler
University of Glasgow™

June 1989

Abstract

From the type of a polymorphic function we can de-
rive a theorem that it satisfies. Every function of the
same type satisfies the same theorem. This provides
a free source of useful theorems, courtesy of Reynolds’
abstraction theorem for the polymorphic lambda calcu-
lus.

1 Introduction

Write down the definition of a polymorphic function on
a piece of paper. Tell me its type, but be careful not
to let me see the function’s definition. T will tell you a
theorem that the function satisfies.

The purpose of this paper is to explain the trick. But
first, let’s look at an example.

list of A yielding a list of A’, and ry : A* — A* is the
instance of r at type A.

The intuitive explanation of this result is that » must
work on lists of X for any type X. Since r is provided
with no operations on values of type X, all it can do is
rearrange such lists, independent of the values contained
in them. Thus applying a to each element of a list and
then rearranging yields the same result as rearranging
and then applying a to each element.

For instance, r may be the function reverse
VX. X* — X* that reverses a list, and a may be the
function code : Char — Int that converts a character to
its ASCII code. Then we have

code* (reversechar [‘@’, b, ¢’])
[99,98,97)
= reversem, (code* [‘a’, ‘b’, ¢’])



Verbotene Dinge

® null

® Exceptions (auBer Error, sofern unfangbar)
® isinstanceof

e Casting

® equals, toString, hashCode

® getClass

® globale Seiteneffekte
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Aber ich brauche Sammlungen
von Objects...

€€ If you encounter an Object in your code you should worry.



Aber ich brauche Sammlungen
von Objects...

€€ If you encounter an Object in your code you should worry. >3/
Where did it lose its type information?

- Jens Schauder



Metaprogrammierung

€€ Metaprogramming is a workaround for an abstraction your program- >3/
ming language doesn’t have yet.



Metaprogrammierung

€€ Metaprogramming is a workaround for an abstraction your program- >3/
ming language doesn’t have yet.

In Java ist Metaprogrammierung grundsdtzlich unsicher.



Was kann man tun?

¢ ,Super Type Tokens" nach Neal Gafter,' 2006
® ermdglicht ,Typesafe Heterogeneous Containers”

1https://gafter.blogspot.de/2006/12/super—type—tokens.html
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Was kann man tun?

¢ ,Super Type Tokens" nach Neal Gafter,' 2006
® ermdglicht ,Typesafe Heterogeneous Containers”

public abstract class TypeToken<T> {}

new TypeToken<List<Int>> {}

1https://gafter.blogspot.de/2006/12/super—type—tokens.html
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Type Tokens in Scala

scala> classTag[List[Int]]
res®: ClassTag[List[Int]] = List

scala> typeTag[List[Int]]
resl: TypeTag[List[Int]] = TypeTag[List[Int]]



Type Tokens in Scala

scala> classTag[List[Int]]
res®: ClassTag[List[Int]] = List

scala> typeTag[List[Int]]
resl: TypeTag[List[Int]] = TypeTag[List[Int]]

scala> def foo[T] = typeTag[T]
<console>:17: error: No TypeTag available for T
def foo[T] = typeTag[T]



Akzeptanz
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In der Praxis?

Type Erasure ist gut.

Problem
e sichere Abhilfen existieren (z.B. Scala)
e aber: bringen wenige Vorteile gegenUber Type Reification
® besser: Entwurfsmuster Uberdenken



Schrittweise Abstraktion
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Schrittweise Abstraktion

Konstruktion von replizierten Datentypen

trait Set[K] {
// ...
}



Schrittweise Abstraktion

Konstruktion von replizierten Datentypen

trait Map[K, V] {
val valuelLattice: Lattice[V]
// ...

b

type Set[K] = Map[K, Unit]



Typgetriebene Entwicklung

Leitlinien
¢ konkrete Typen vermeiden

* Implementation durch Typen
einschrdanken

e Compiler als Hilfe, nicht als Hindernis Kby

® ungultige Zustdnde unreprdsentierbar
machen

e Type Tetris"2

2http://underscore.io/blog/posts/2017/04/11/type—tetris.html
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