
L i e b e r e i n

T y p p a r a m e t e r
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F a z i t

1 . T y p e E r a s u r e i s t n i c h t s c h l e c h t , s o n d e r n g u t .

2 . E s g i b t z u w e n i g T y p e E r a s u r e .

3 . N e u e T y p p a r a m e t e r b r a u c h t d a s L a n d .

4 . I n S c a l a i s t a l l e s b e s s e r .



F a z i t

1 . T y p e E r a s u r e i s t n i c h t s c h l e c h t , s o n d e r n g u t .

2 . E s g i b t z u w e n i g T y p e E r a s u r e .

3 . N e u e T y p p a r a m e t e r b r a u c h t d a s L a n d .

4 . I n K o t l i n i s t v i e l e s b e s s e r .



V e r w e i g e r u n g

Z o r n

V e r h a n d l u n g

L e i d

A k z e p t a n z



W a s i s t T y p e E r a s u r e ?

interface Container<T> {

T get();

}

:
jshell> clazz.getDeclaredMethods()

==> Method[1] {

Object Container.get()

}



J a v a G e n e r i c s

• s e i t J a v a 5 ( 0 9 / 2 0 0 4 )

• List<String> s t a t t List

• list.get(0) s t a t t (String) list.get(0)

• S y n t a x i n s p i r i e r t v o n C + +

• a b e r : k o m p l e t t a n d e r s i m p l e m e n t i e r t !









T h e G e n e r i c J a v a G a n g o f F o u r

• W a d l e r / H a s k e l l : T y p e n w e r d e n v o l l s t ä n d i g e n t f e r n t

• O d e r s k y / S c a l a : ä h n l i c h w i e J a v a

• B r a c h a / N e w s p e a k : u n g e t y p t

• S t o u t a m i r e : ? ? ?



≈ 6 2 9 k

≈ 1 3 1 0 k



≈ 6 2 9 k

≈ 1 3 1 0 k



W a r u m i s t T y p e E r a s u r e s o

u n b e l i e b t ?

F a s t j e d e J a v a - P r o g r a m m i e r e r i n i s t s c h o n e i n m a l d a r ü b e r g e s t o l p e r t . . .







. . . 3 6 S e i t e n



F o l g e r u n g

D u r c h T y p e E r a s u r e w i r d e i n e ( s c h e i n b a r ) e i n f a c h e O p e r a t i o n v i e l

k o m p l i z i e r t e r .



W a r u m i s t toArray s o k o m p l i z i e r t ?

jshell> Object[].class

$1 ==> class [Ljava.lang.Object;

jshell> String[].class

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

jshell> Object[][].class

$3 ==> class [[Ljava.lang.Object;



W a r u m s i n d A r r a y s s o

k o m p l i z i e r t ?

jshell> Object array[] = new String[1];

array ==> String[1] { null }

jshell> array[0] = 0;

| Exception java.lang.ArrayStoreException: java.lang.Integer

| at (#3:1)



A r r a y s v s .

C o l l e c t i o n s

S p e i c h e r n e i n e s f a l s c h e n W e r t s i n . . .

• . . . e i n e m A r r a y : k n a l l t s o f o r t

• . . . e i n e r C o l l e c t i o n : k n a l l t e r s t s p ä t e r

F o l g e r u n g : A r r a y s u n d C o l l e c t i o n s s i n d

z w e i v e r s c h i e d e n e W e l t e n
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A r r a y s v s .

C o l l e c t i o n s

S p e i c h e r n e i n e s f a l s c h e n W e r t s i n . . .

• . . . e i n e m A r r a y : k n a l l t s o f o r t

• . . . e i n e r C o l l e c t i o n : k n a l l t e r s t s p ä t e r

F o l g e r u n g : A r r a y s u n d C o l l e c t i o n s s i n d

z w e i v e r s c h i e d e n e W e l t e n



V e r w e i g e r u n g



W a s i s t e i n

T y p s y s t e m ?

• . . . e i n e F u n k t i o n a l i t ä t d e s C o m p i l e r s ?

• . . . e i n l e i c h t g e w i c h t i g e r F o r m a l i s m u s ?

• . . . e i n W e r k z e u g z u r U n t e r j o c h u n g v o n

E n t w i c k l e r * i n n e n ?
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W a s i s t e i n

T y p s y s t e m ?

• . . . e i n e F u n k t i o n a l i t ä t d e s C o m p i l e r s ?

• . . . e i n l e i c h t g e w i c h t i g e r F o r m a l i s m u s ?

• . . . e i n W e r k z e u g z u r U n t e r j o c h u n g v o n

E n t w i c k l e r * i n n e n ?



D e f i n i t i o n : T y p s y s t e m

“ A t y p e s y s t e m i s a t r a c t a b l e s y n t a c t i c m e t h o d f o r p r o v i n g t h e a b s e n c e

o f c e r t a i n p r o g r a m b e h a v i o r s b y c l a s s i f y i n g p h r a s e s a c c o r d i n g t o t h e

k i n d s o f v a l u e s t h e y c o m p u t e . ”
– B e n j a m i n P i e r c e



D e f i n i t i o n : T y p s y s t e m

“ A t y p e s y s t e m i s a t r a c t a b l e s y n t a c t i c m e t h o d f o r p r o v i n g t h e a b s e n c e
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D e f i n i t i o n : T y p s y s t e m

“ A t y p e s y s t e m i s a t r a c t a b l e s y n t a c t i c m e t h o d f o r p r o v i n g t h e a b s e n c e
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k i n d s o f v a l u e s t h e y c o m p u t e . ”
– B e n j a m i n P i e r c e



D e f i n i t i o n : T y p s y s t e m

“ A t y p e s y s t e m i s a t r a c t a b l e s y n t a c t i c m e t h o d f o r p r o v i n g t h e a b s e n c e
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k i n d s o f v a l u e s t h e y c o m p u t e . ”
– B e n j a m i n P i e r c e



E i g e n s c h a f t e n

E i n g u t e s T y p s y s t e m e r f ü l l t z w e i

A n f o r d e r u n g e n :

1 . E r h a l t u n g

2 . F o r t s c h r i t t



E i g e n s c h a f t e n

E i n g u t e s T y p s y s t e m e r f ü l l t z w e i

A n f o r d e r u n g e n :

1 . E r h a l t u n g

2 . F o r t s c h r i t t



W a s i s t k e i n T y p s y s t e m ?

>>> "1" + 1

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

>>> 1 / 0

ZeroDivisionError: division by zero

F o l g e r u n g : „ L a u f z e i t t y p “ i s t e i n W i d e r s p r u c h i n s i c h



W a s i s t k e i n T y p s y s t e m ?

>>> "1" + 1

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

>>> 1 / 0

ZeroDivisionError: division by zero

F o l g e r u n g : „ L a u f z e i t t y p “ i s t e i n W i d e r s p r u c h i n s i c h



Z o r n



K o - u n d K o n t r a v a r i a n z

J a v a

( u s e s i t e )

List<Dog> goodDogs = new List<Dog>();

List<? extends Animal> goodAnimals = goodDogs;

S c a l a

( d e c l a r a t i o n s i t e )

val goodDogs: List[Dog] = List.empty

val goodAnimals: List[Animal] = goodDogs



K o - u n d K o n t r a v a r i a n z

J a v a

( u s e s i t e )

List<Dog> goodDogs = new List<Dog>();

List<? extends Animal> goodAnimals = goodDogs;

S c a l a

( d e c l a r a t i o n s i t e )

val goodDogs: List[Dog] = List.empty

val goodAnimals: List[Animal] = goodDogs



K o - u n d K o n t r a v a r i a n z

J a v a ( u s e s i t e )

List<Dog> goodDogs = new List<Dog>();

List<? extends Animal> goodAnimals = goodDogs;

S c a l a ( d e c l a r a t i o n s i t e )

val goodDogs: List[Dog] = List.empty

val goodAnimals: List[Animal] = goodDogs



K o - u n d K o n t r a v a r i a n z

R e i f i z i e r t e G e n e r i c s f ü h r e n z u z w e i P r o b l e m e n :

1 . F e s t l e g u n g a u f “ u s e s i t e ” - V a r i a n z

2 . L a u f z e i t p r ü f u n g v o n p a r a m e t r i s i e r t e n S u b t y p - B e z i e h u n g e n



K o - u n d K o n t r a v a r i a n z

R e i f i z i e r t e G e n e r i c s f ü h r e n z u z w e i P r o b l e m e n :

1 . F e s t l e g u n g a u f “ u s e s i t e ” - V a r i a n z

2 . L a u f z e i t p r ü f u n g v o n p a r a m e t r i s i e r t e n S u b t y p - B e z i e h u n g e n



L a u f z e i t c h e c k s

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

list ==> [foo, bar]

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

| Warning: unchecked cast

list2 ==> [foo, bar]

. . . w o i s t d a s P r o b l e m ?



L a u f z e i t c h e c k s

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

list ==> [foo, bar]

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

| Warning: unchecked cast

list2 ==> [foo, bar]

. . . w o i s t d a s P r o b l e m ?









V e r h a n d l u n g



W a s m a c h e n d e n n d i e a n d e r e n ?

A n d e r e S p r a c h e n h a b e n d o c h a u c h G e n e r i c s



W a s s i n d e i g e n t l i c h G e n e r i c s ?



W a s i s t e i g e n t l i c h

P o l y m o r p h i s m u s ?



W a s i s t e i g e n t l i c h

P o l y m o r p h i s m u s ?

S u b t y p - P o l y m o r p h i s m u s

D i e k o n k r e t e M e t h o d e , d i e b e i e i n e m A u f r u f obj.f(x) a u f g e r u f e n w i r d , i s t

e r s t z u r L a u f z e i t e r m i t t e l b a r .



W a s i s t e i g e n t l i c h

P o l y m o r p h i s m u s ?

A d - h o c - P o l y m o r p h i s m u s

D i e I m p l e m e n t i e r u n g e i n e r ü b e r l a d e n e n M e t h o d e w i r d v o m C o m p i l e r

s t a t i s c h a n H a n d d e r i n v o l v i e r t e n T y p e n s e l e k t i e r t .



W a s i s t e i g e n t l i c h

P o l y m o r p h i s m u s ?

P a r a m e t r i s c h e r P o l y m o r p h i s m u s

E i n e F u n k t i o n ( o d e r K l a s s e ) i s t n i c h t n u r ü b e r W e r t e , s o n d e r n a u c h ü b e r

T y p e n p a r a m e t r i s i e r t .



W a s i s t e i g e n t l i c h

P o l y m o r p h i s m u s ?

P a r a m e t r i s c h e r P o l y m o r p h i s m u s

E i n e F u n k t i o n ( o d e r K l a s s e ) i s t n i c h t n u r ü b e r W e r t e , s o n d e r n a u c h ü b e r

T y p e n p a r a m e t r i s i e r t .



S i t u a t i o n i n a n d e r e n S p r a c h e n

C # r e i f i z i e r t e G e n e r i c s

C + + M o n o m o r p h i s i e r u n g , b e v o r z u g t s t a t i s c h e s D i s p a t c h i n g

R u s t M o n o m o r p h i s i e r u n g , b e v o r z u g t s t a t i s c h e s D i s p a t c h i n g

G o

H a s k e l l a l l e T y p e n w e r d e n e n t f e r n t

I d r i s a u c h T e r m e w e r d e n e n t f e r n t
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S i t u a t i o n i n H a s k e l l

unsafeCast :: a -> b

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

class Typeable a where

typeRep# :: TypeRep a



S i t u a t i o n i n H a s k e l l
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S i t u a t i o n i n H a s k e l l

unsafeCast :: a -> b

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

class Typeable a where
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L e i d





Y A G N I u n d T y p e n

“ F o l k s t h i n k p a r a m e t r i c p o l y m o r p h i s m i s a n e x a m p l e o f Y A G N I – t h i s

i s b a c k w a r d s .

P r e m a t u r e c o n c r e t i z a t i o n i s a n e x a m p l e o f Y A G N I . ”
– M i c h a e l P i l q u i s t



Y A G N I u n d T y p e n

“ F o l k s t h i n k p a r a m e t r i c p o l y m o r p h i s m i s a n e x a m p l e o f Y A G N I – t h i s

i s b a c k w a r d s .

P r e m a t u r e c o n c r e t i z a t i o n i s a n e x a m p l e o f Y A G N I . ”
– M i c h a e l P i l q u i s t



M e h r T y p p a r a m e t e r !

T r a d i t i o n e l l e r E n t w u r f

case class BlogPost(

date: Date,

title: String,

author: User,

text: String

)



M e h r T y p p a r a m e t e r !

P a r a m e t r i s c h e r E n t w u r f

case class BlogPost[T](

date: Date,

title: String,

author: User,

text: T

)



M e h r T y p p a r a m e t e r !

P a r a m e t r i s c h e r E n t w u r f

case class BlogPost[T](

date: Date,

title: String,

author: User,

text: T

)

V o r t e i l e

• BlogPost i n t e r e s s i e r t s i c h n i c h t f ü r

d e n T e x t :

I k o d i e r t ( U T F - 8 )

I d e k o d i e r t ( C o d e p o i n t s )

I i n t e r n a t i o n a l i s i e r t

I e s c a p e d ( H T M L )



M e h r T y p p a r a m e t e r !

P a r a m e t r i s c h e r E n t w u r f

case class BlogPost[T](

date: Date,

title: String,

author: User,

text: T

)

V o r t e i l e

• O p e r a t i o n e n i n t e r e s s i e r e n s i c h n i c h t

f ü r d e n T e x t :

I A r c h i v ü b e r s i c h t

I P u b l i k a t i o n

I B e a r b e i t e n v o n M e t a d a t e n



M e h r T y p p a r a m e t e r !

P a r a m e t r i s c h e r E n t w u r f

case class BlogPost[T](

date: Date,

title: String,

author: User,

text: T

)

V o r t e i l e

• S ä t z e f ü r l a u



S ä t z e f ü r l a u

• b a s i e r e n d a u f „ P a r a m e t r i z i t ä t “

• v e r e i n f a c h t : F u n k t i o n m i t T y p p a r a m e t e r w e i ß n i c h t s u n d d a r f n i c h t s



S ä t z e f ü r l a u

• b a s i e r e n d a u f „ P a r a m e t r i z i t ä t “

• v e r e i n f a c h t : F u n k t i o n m i t T y p p a r a m e t e r w e i ß n i c h t s u n d d a r f n i c h t s

B e i s p i e l

// Signatur beschreibt exakt eine mögliche Funktion

public <T> T id(T t);



S ä t z e f ü r l a u

• b a s i e r e n d a u f „ P a r a m e t r i z i t ä t “

• v e r e i n f a c h t : F u n k t i o n m i t T y p p a r a m e t e r w e i ß n i c h t s u n d d a r f n i c h t s

F o r t g e s c h r i t t e n e s B e i s p i e l

// Summary enthält nicht den Text

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

public Html renderSummary(BlogPost<?> post);



S ä t z e f ü r l a u

• b a s i e r e n d a u f „ P a r a m e t r i z i t ä t “

• v e r e i n f a c h t : F u n k t i o n m i t T y p p a r a m e t e r w e i ß n i c h t s u n d d a r f n i c h t s

B e i s p i e l a u s d e r B i b l i o t h e k

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

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





V e r b o t e n e D i n g e

• null

• E x c e p t i o n s ( a u ß e r Error, s o f e r n u n f a n g b a r )

• isinstanceof

• C a s t i n g

• equals, toString, hashCode

• getClass

• g l o b a l e S e i t e n e f f e k t e
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• null
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A b e r i c h b r a u c h e S a m m l u n g e n

v o n O b j e c t s . . .

“ I f y o u e n c o u n t e r a n O b j e c t i n y o u r c o d e y o u s h o u l d w o r r y .

W h e r e d i d i t l o s e i t s t y p e i n f o r m a t i o n ? ”
– J e n s S c h a u d e r



A b e r i c h b r a u c h e S a m m l u n g e n

v o n O b j e c t s . . .

“ I f y o u e n c o u n t e r a n O b j e c t i n y o u r c o d e y o u s h o u l d w o r r y .

W h e r e d i d i t l o s e i t s t y p e i n f o r m a t i o n ? ”
– J e n s S c h a u d e r



M e t a p r o g r a m m i e r u n g

“ M e t a p r o g r a m m i n g i s a w o r k a r o u n d f o r a n a b s t r a c t i o n y o u r p r o g r a m -

m i n g l a n g u a g e d o e s n ’ t h a v e y e t . ”

I n J a v a i s t M e t a p r o g r a m m i e r u n g g r u n d s ä t z l i c h u n s i c h e r .



M e t a p r o g r a m m i e r u n g

“ M e t a p r o g r a m m i n g i s a w o r k a r o u n d f o r a n a b s t r a c t i o n y o u r p r o g r a m -

m i n g l a n g u a g e d o e s n ’ t h a v e y e t . ”
I n J a v a i s t M e t a p r o g r a m m i e r u n g g r u n d s ä t z l i c h u n s i c h e r .



W a s k a n n m a n t u n ?

L ö s u n g s v o r s c h l a g

• „ S u p e r T y p e T o k e n s “ n a c h N e a l G a f t e r ,
1
2 0 0 6

• e r m ö g l i c h t „ T y p e s a f e H e t e r o g e n e o u s C o n t a i n e r s “

public abstract class TypeToken<T> {}

new TypeToken<List<Int>> {}

1
https://gafter.blogspot.de/2006/12/super-type-tokens.html

https://gafter.blogspot.de/2006/12/super-type-tokens.html
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T y p e T o k e n s i n S c a l a

scala> classTag[List[Int]]

res0: ClassTag[List[Int]] = List

scala> typeTag[List[Int]]

res1: 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]



T y p e T o k e n s i n S c a l a

scala> classTag[List[Int]]

res0: ClassTag[List[Int]] = List

scala> typeTag[List[Int]]

res1: 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]



A k z e p t a n z



I n d e r P r a x i s ?

F e s t s t e l l u n g

T y p e E r a s u r e i s t g u t .

P r o b l e m

• s i c h e r e A b h i l f e n e x i s t i e r e n ( z . B . S c a l a )

• a b e r : b r i n g e n w e n i g e V o r t e i l e g e g e n ü b e r T y p e R e i f i c a t i o n

• b e s s e r : E n t w u r f s m u s t e r ü b e r d e n k e n
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F e s t s t e l l u n g
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S c h r i t t w e i s e A b s t r a k t i o n

K o n s t r u k t i o n v o n r e p l i z i e r t e n D a t e n t y p e n



S c h r i t t w e i s e A b s t r a k t i o n

K o n s t r u k t i o n v o n r e p l i z i e r t e n D a t e n t y p e n

trait Set[K] {

// ...

}



S c h r i t t w e i s e A b s t r a k t i o n

K o n s t r u k t i o n v o n r e p l i z i e r t e n D a t e n t y p e n

trait Map[K, V] {

val valueLattice: Lattice[V]

// ...

}

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



T y p g e t r i e b e n e E n t w i c k l u n g

L e i t l i n i e n

• k o n k r e t e T y p e n v e r m e i d e n

• I m p l e m e n t a t i o n d u r c h T y p e n

e i n s c h r ä n k e n

• C o m p i l e r a l s H i l f e , n i c h t a l s H i n d e r n i s

• u n g ü l t i g e Z u s t ä n d e u n r e p r ä s e n t i e r b a r

m a c h e n

• „ T y p e T e t r i s “
2

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

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




Q & A

L a r s H u p e l

� l a r s . h u p e l @ i n n o q . c o m

� @ l a r s r _ h

w w w . i n n o q . c o m

i n n o Q D e u t s c h l a n d G m b H

K r i s c h e r s t r . 1 0 0

4 0 7 8 9 M o n h e i m a . R h .

G e r m a n y

+ 4 9 2 1 7 3 3 3 6 6 - 0

O h l a u e r S t r . 4 3

1 0 9 9 9 B e r l i n

G e r m a n y

L u d w i g s t r . 1 8 0 E

6 3 0 6 7 O f f e n b a c h

G e r m a n y

K r e u z s t r . 1 6

8 0 3 3 1 M ü n c h e n

G e r m a n y

c / o W e W o r k

H e r m a n n s t r a s s e 1 3

2 0 0 9 5 H a m b u r g

G e r m a n y

i n n o Q S c h w e i z G m b H

G e w e r b e s t r . 1 1

C H - 6 3 3 0 C h a m

S w i t z e r l a n d

+ 4 1 4 1 7 4 3 0 1 1 1

A l b u l a s t r . 5 5

8 0 4 8 Z ü r i c h

S w i t z e r l a n d



L A R S H U P E L

C o n s u l t a n t

i n n o Q D e u t s c h l a n d G m b H

L a r s e n j o y s p r o g r a m m i n g i n a v a r i e t y o f l a n -

g u a g e s , i n c l u d i n g S c a l a , H a s k e l l , a n d R u s t . H e i s

k n o w n a s a f r e q u e n t c o n f e r e n c e s p e a k e r a n d o n e

o f t h e f o u n d e r s o f t h e T y p e l e v e l i n i t i a t i v e w h i c h

i s d e d i c a t e d t o p r o v i d i n g p r i n c i p l e d , t y p e - d r i v e n

S c a l a l i b r a r i e s .



B i l d q u e l l e n
• H e i l i g - G e i s t - S p i t a l : https://pixabay.com/photos/holy-spirit-hospital-house-nuremberg-2710934/

• G e n e r i c J a v a c r e w : https://homepages.inf.ed.ac.uk/wadler/gj/

• T i g e r : https://pixabay.com/photos/tiger-tiergarten-nuremberg-big-cat-2940963/

• B o x e s : https://pixabay.com/photos/boxes-drawers-mailboxes-1834406/

• R o a d : https://pixabay.com/photos/road-roadtrip-travel-journey-2208919/

• P r o g r e s s / P r e s e r v a t i o n : W r i g h t & F e l l e i s e n , A S y n t a c t i c A p p r o a c h t o T y p e S o u n d n e s s , 1 9 9 4

• T i m e b o m b : https://www.flickr.com/photos/31797858@N00/12249197884, A l e x a n d r e D u l a u n o y

• D i e t C o k e :

https://commons.wikimedia.org/w/index.php?title=File:Diet_Coke_Mentos.jpg&oldid=304529610,

M i c h a e l M u r p h y

• S a d R a i n b o w D a s h : https://www.deviantart.com/dasprid/art/Sad-Rainbow-Dash-418857601

• R e s t a u r a n t : https://pixabay.com/photos/bar-city-life-waiter-al-fresco-1846137/

https://pixabay.com/photos/holy-spirit-hospital-house-nuremberg-2710934/
https://homepages.inf.ed.ac.uk/wadler/gj/
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https://pixabay.com/photos/road-roadtrip-travel-journey-2208919/
https://www.flickr.com/photos/31797858@N00/12249197884
https://commons.wikimedia.org/w/index.php?title=File:Diet_Coke_Mentos.jpg&oldid=304529610
https://www.deviantart.com/dasprid/art/Sad-Rainbow-Dash-418857601
https://pixabay.com/photos/bar-city-life-waiter-al-fresco-1846137/

