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W h a t ’ s i n S p i r e ?

• a l g e b r a i c t o w e r

• n u m b e r t y p e s

• n u m e r i c a l g o r i t h m s

• p r e t t y s y n t a x

• o p t i m i z a t i o n m a c r o s

• l a w s
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A l g e b r a

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

n i p u l a t i n g t h e s e s y m b o l s . ”
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S e m i g r o u p

trait Semigroup[A] {

def append(x: A, y: A): A

}

L a w : A s s o c i a t i v i t y

append(x, append(y, z)) == append(append(x, y), z)
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M o n o i d s

trait Monoid[A] extends Semigroup[A] {

def append(x: A, y: A): A // Semigroup

def zero: A

}

L a w : N e u t r a l e l e m e n t

append(x, zero) == x



M o n o i d a l s t r u c t u r e s

L o t s o f t h i n g s a r e m o n o i d s .

• ( T r a i n , n o t r a i n , c o u p l e )

• ( Int, 0 , + )

• ( List[T], Nil, c o n c a t )

• ( Map[K, V], Map.empty, m e r g e )

B u t s o m e a r e n o t !

• ( Float, 0 , + )
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L a w C h e c k i n g

// Float and Double fail these tests

checkAll("Int", RingLaws[Int].euclideanRing)

checkAll("Long", RingLaws[Long].euclideanRing)

checkAll("BigInt", RingLaws[BigInt].euclideanRing)

checkAll("Rational", RingLaws[Rational].field)

checkAll("Real", RingLaws[Real].field)
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N u m b e r s

• m a c h i n e f l o a t s a r e f a s t , b u t i m p r e c i s e

• g o o d t r a d e o f f f o r m a n y p u r p o s e s , b u t n o t a l l !

• t h e r e i s n o “ o n e s i z e f i t s a l l ” n u m b e r t y p e



R a t i o n a l n u m b e r s

n

d
∈ Q w h e r e n , d ∈ Z

P r o p e r t i e s

• c l o s e d u n d e r a d d i t i o n , m u l t i p l i c a t i o n , . . .

• d e c i d a b l e c o m p a r i s o n

• m a y g r o w l a r g e
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R e a l n u m b e r s
W e c a n ’ t r e p r e s e n t a l l r e a l n u m b e r s o n a c o m p u t e r . . .

. . . b u t w e c a n g e t a r b i t r a r i l y c l o s e
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R e a l n u m b e r s , a p p r o x i m a t e d

trait Real {

def approximate(precision: Int): Rational

}



R e a l n u m b e r s , a p p r o x i m a t e d

trait Real { self =>

def approximate(precision: Int): Rational

def +(that: Real): Real = new Real {

def approximate(precision: Int) = {

val r1 = self.approximate(precision + 2)

val r2 = that.approximate(precision + 2)

r1 + r2

}

}

}



R e a l n u m b e r s , a p p r o x i m a t e d

trait Real {

def approximate(precision: Int): Rational

}

object Real {

def apply(f: Int => Rational) = // ...

def fromRational(rat: Rational) =

apply(_ => rat)

}



I r r a t i o n a l n u m b e r s

val pi: Real =

Real(16) * atan(Real(Rational(1, 5))) -

Real(4) * atan(Real(Rational(1, 239)))



D e m o



E r r o r b o u n d s
• o f t e n , i n p u t s a r e n o t a c c u r a t e

• e . g . m e a s u r e m e n t s ( t e m p e r a t u r e , w o r k , t i m e , . . . )

• W h a t t o d o w i t h e r r o r b o u n d s ?



I n t e r v a l a r i t h m e t i c

case class Interval[A](lower: A, upper: A)

S p i r e g e n e r a l i z e s t h i s e v e n f u r t h e r :

• o p e n / c l o s e d i n t e r v a l s

• b o u n d e d / u n b o u n d e d i n t e r v a l s
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W h a t e l s e ?

S p i r e i s f u l l o f t o o l s y o u d i d n ’ t k n o w y o u n e e d e d .

• SafeLong: l i k e BigInt, b u t f a s t e r

• Trilean: t r i - s t a t e b o o l e a n v a l u e

• UByte, UShort, UInt, ULong: u n s i g n e d m a c h i n e w o r d s

• Natural: n o n - n e g a t i v e , a r b i t r a r y - s i z e d i n t e g e r s
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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

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 .



I m a g e s o u r c e s

• R u b i k ’ s C u b e : https://en.wikipedia.org/wiki/File:Rubik%27s_Cube_variants.jpg, H e l l b u s

• K n o t s : https://en.wikipedia.org/wiki/File:Tabela_de_n%C3%B3s_matem%C3%A1ticos_01,_crop.jpg,

R o d r i g o . A r g e n t o n

• I n t e r v a l s : https://commons.wikimedia.org/wiki/File:Confidenceinterval.png, A u d r i u s M e s k a u s k a s

• N u m b e r v e n n d i a g r a m : http://www.science4all.org/article/numbers-and-constructibility/, L ê

N g u y ê n H o a n g

• L a v a u x : https://en.wikipedia.org/wiki/File:Lake_Geneva_with_Vineyards_in_Lavaux.jpg,

S e v e r i n . s t a l d e r

• D r a w i n g s : Y i f a n X i n g

https://en.wikipedia.org/wiki/File:Rubik%27s_Cube_variants.jpg
https://en.wikipedia.org/wiki/File:Tabela_de_n%C3%B3s_matem%C3%A1ticos_01,_crop.jpg
https://commons.wikimedia.org/wiki/File:Confidenceinterval.png
http://www.science4all.org/article/numbers-and-constructibility/
https://en.wikipedia.org/wiki/File:Lake_Geneva_with_Vineyards_in_Lavaux.jpg

