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“ P r o g r a m m i n g s * c k s ”

- P e t e r H u n t W e l c h



“ E v e r y p r o g r a m m e r o c c a s i o n a l l y , w h e n n o b o d y ’ s h o m e , t u r n s o f f t h e l i g h t s ,

p o u r s a g l a s s o f s c o t c h , p u t s o n s o m e l i g h t G e r m a n e l e c t r o n i c a , a n d o p e n s

u p a f i l e o n t h e i r c o m p u t e r . I t ’ s a d i f f e r e n t f i l e f o r e v e r y p r o g r a m m e r .

S o m e t i m e s t h e y w r o t e i t , s o m e t i m e s t h e y f o u n d i t a n d k n e w t h e y h a d t o

s a v e i t . T h e y r e a d o v e r t h e l i n e s , a n d w e e p a t t h e i r b e a u t y , t h e n t h e t e a r s

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

c o l l a p s e o f a l l t h a t i s g o o d a n d t r u e i n t h e w o r l d . ”



“ T h i s f i l e i s G o o d C o d e . I t h a s s e n s i b l e a n d c o n s i s t e n t n a m e s f o r f u n c t i o n s

a n d v a r i a b l e s . I t ’ s c o n c i s e . I t d o e s n ’ t d o a n y t h i n g o b v i o u s l y s t u p i d . I t h a s

n e v e r h a d t o l i v e i n t h e w i l d , o r a n s w e r t o a s a l e s t e a m . I t d o e s e x a c t l y o n e ,

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

p e r s o n , a n d n e v e r t o u c h e d b y a n o t h e r . [ . . . ] ”



“ E v e r y p r o g r a m m e r s t a r t s o u t w r i t i n g s o m e p e r f e c t l i t t l e s n o w f l a k e l i k e

t h i s . T h e n t h e y ’ r e t o l d o n F r i d a y t h e y n e e d t o h a v e s i x h u n d r e d s n o w f l a k e s

w r i t t e n b y T u e s d a y , s o t h e y c h e a t a b i t h e r e a n d t h e r e a n d m a y b e c o p y a

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

c o w o r k e r t o w o r k o n o n e w h o m e l t s i t a n d t h e n a l l t h e p r o g r a m m e r s ’

s n o w f l a k e s g e t d u m p e d t o g e t h e r i n s o m e i n s c r u t a b l e s h a p e a n d . . . ”





W h a t c a n w e l e a r n f r o m t h e s n o w f l a k e ?



• W h a t i s g o o d a b o u t t h e m ?

• W h y d o e s n ’ t t h i s g o o d n e s s s e e m t o s c a l e i n p r a c t i c e ?

• C o u l d i t s c a l e i n t h e o r y ?
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• W h y d o e s n ’ t t h i s g o o d n e s s s e e m t o s c a l e i n p r a c t i c e ?

• C o u l d i t s c a l e i n t h e o r y ?



I n t h i s t a l k

• D e v e l o p a m e n t a l f r a m e w o r k o f w h a t w e m e a n b y p r o b l e m s o l v i n g

• D e f i n e a c a t e g o r y t o r e i n f o r c e t h i s m o d e l i n d i f f e r e n t c o n t e x t s

• T r a n s c e n d t h e w o r l d o f m a t h s a n d p r o g r a m m i n g w i t h f u n c t o r s



I n t h i s t a l k

• D e v e l o p a m e n t a l f r a m e w o r k o f w h a t w e m e a n b y p r o b l e m s o l v i n g
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• W e r e a s o n a b o u t c o d e …

• … i n o r d e r t o w r i t e g o o d p r o g r a m s , a n d d o n ’ t t h i n k t w i c e



• W e r e a s o n a b o u t c o d e …

• … i n o r d e r t o w r i t e g o o d p r o g r a m s , a n d d o n ’ t t h i n k t w i c e





A s n o w f l a k e …

• h a s s e n s i b l e , c o n s i s t e n t n a m e s

• i s c o n c i s e

• d o e s w h a t i t i s s u p p o s e d t o d o

• a d d i t i o n a l l y d o e s n ’ t d o a n y t h i n g s t u p i d

• i s u n d e r s t a n d a b l e
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• E l e g a n t c o d e ⇐⇒ U n d e r s t a n d a b l e c o d e

• U n d e r s t a n d a b l e c o d e ⇐⇒ c o d e , b r o k e n u p i n t o j u s t b i g e n o u g h c h u n k s

• D i v i d e d a n d c o n q u e r e d , b y t h e b o o k s
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// Print wether the read string has an even length

int main() {

string str;

getline(cin, str);

int len = str.length();

int is_even = len % 2 == 0;

printf("%d");

return 0;

}



hasEvenLength :: String -> String

hasEvenLength = show . even . length

-- Print wether the read string has an even length

main = interact hasEvenLength



length :: String -> Int

even :: Int -> Bool

show :: Bool -> String

showEvenLength :: String -> String

showEvenLength = show . even . length

-- Print wether the read string has an even length

main = interact showEvenLength



• C a l l i t p r o c e d u r e s o r f u n c t i o n s , t h e y a r e j u s t a w a y o f d e s c r i b i n g

” s m a l l e r p r o b l e m ”

• P r o g r a m m i n g i s a b o u t c o m p o s i n g t h e m , y i e l d i n g s t r u c t u r e

• T o s t u d y s t r u c t u r e , i t h e l p s t o m a k e c o m p o s i t i o n i t e x p l i c i t

• ( P r o g r a m ) s t r u c t u r e ⇐⇒ ( f u n c t i o n ) c o m p o s i t i o n
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N e x t : L e t ’ s s e e h o w w e c a n s t u d y c o m p o s i t i o n



A t a s t e o f C a t e g o r y T h e o r y





C a t e g o r y T h e o r y

• I s t h e s c i e n c e o f p a t t e r n s t h r o u g h c o m p o s i t i o n

• A b s t r a c t s s t r u c t u r e a c r o s s d i f f e r e n t f i e l d s

• A p p l i e s w e l l t o p r o g r a m m i n g …
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C a t e g o r y T h e o r y

• I s t h e s t u d y o f c o m p o s i t i o n

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

• I s a l a n g u a g e t h a t a b s t r a c t s s t r u c t u r e a c r o s s d i f f e r e n t f i e l d s

• A p p l i e s w e l l t o p r o g r a m m i n g …

• … b e c a u s e p r o g r a m m i n g i s a l l a b o u t s t r u c t u r e ( o f o u r p r o b l e m s )



L e t ’ s d e f i n e a c a t e g o r y





















• T h a t ’ s i t

• S i m p l e d e f i n i t i o n , b u t c a n b e u s e d t o d e r i v e a s u r p r i s i n g a m o u n t o f

p r o p e r t i e s

• W e g i v e c a t e g o r i e s m e a n i n g , t h e n c o m p a r e a n d r e u s e s t r u c t u r e a c r o s s

d i f f e r e n t c o n t e x t s
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H o w t o d e f i n e m e a n i n g

1 . S a y w h a t t h e o b j e c t s a r e

2 . S a y w h a t t h e a r r o w s a r e

3 . S a y w h a t t h e i d e n t i t i e s a r e

4 . S a y h o w t h e a r r o w s c o m p o s e
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P r o g r a m m e r s C a t e g o r y



T h e C a t e g o r y o f T y p e s a n d

F u n c t i o n s

1 . O b j e c t s → T y p e s

2 . A r r o w s → F u n c t i o n s

3 . I d e n t i t y → f n ( x ) = > x

4 . C o m p o s i t i o n → F u n c t i o n c o m p o s i t i o n
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T h e F u n c t o r

• I s a m a p p i n g b e t w e e n c a t e g o r i e s





T h e F u n c t o r

• I s a m a p p i n g b e t w e e n c a t e g o r i e s

• M a p s o b j e c t s i n t o o b j e c t s a n d a r r o w s i n t o a r r o w s …

• … P r e s e r v i n g s t r u c t u r e !



T h e F u n c t o r

• I s a m a p p i n g b e t w e e n c a t e g o r i e s

• M a p s o b j e c t s i n t o o b j e c t s a n d a r r o w s i n t o a r r o w s …

• … P r e s e r v i n g s t r u c t u r e !















E n d o f u n c t o r s



• R e m e m b e r C a t ?







• R e m e m b e r C a t ?

• A r r o w s b e t w e e n t h e s a m e o b j e c t i n C a t →e n d o f u n c t o r

• T h e k i n d o f f u n c t o r u s e d i n p r o g r a m m i n g !
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• T h e k i n d o f f u n c t o r u s e d i n p r o g r a m m i n g !









• A f u n c t o r i s a m a p p i n g b e t w e e n c a t e g o r i e s

• U s e d i n p r o g r a m m i n g w h e n w e f i n d s i m i l a r s t r u c t u r e ( e . g . f o r m a p p i n g

Int -> List Int)

• P r e s e r v i n g s t r u c t u r e ⇐⇒ P r e s e r v i n g c o m p o s i t i o n

• H o w d o w e d e s c r i b e a f u n c t o r i n p r o g r a m m i n g ?
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• A f u n c t o r i s a m a p p i n g b e t w e e n c a t e g o r i e s

• U s e d i n p r o g r a m m i n g w h e n w e f i n d s i m i l a r s t r u c t u r e ( e . g . f o r m a p p i n g

Int -> List Int)

• P r e s e r v i n g s t r u c t u r e ⇐⇒ P r e s e r v i n g c o m p o s i t i o n

• H o w d o w e d e s c r i b e a f u n c t o r i n p r o g r a m m i n g ?









-- Functor interface

--

fmap :: Functor f => (a -> b) -> f a -> f b



-- Input 1: Function

-- ^^^^^^^^

fmap :: Functor f => (a -> b) -> (f a -> f b)



-- Output: Enriched function

-- ^^^^^^^^^^^^

fmap :: Functor f => (a -> b) -> (f a -> f b)



• A f u n c t o r r e p r e s e n t s n e w p a r t s o f c a t e g o r i e s

I R e t a i n i n g s t r u c t u r e !
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E x a m p l e C o n t e x t s

• L i s t : W h e r e c o m p u t a t i o n s m a y h a v e m u l t i p l e r e t u r n v a l u e s

• M a y b e ( O p t i o n a l ) : W h e r e f a i l u r e s m i g h t o c c u r

• I O : W h e r e s i d e e f f e c t s c a n h a p p e n

→ U s e t h e f u n c t o r t o a b s t r a c t o v e r t h e c o n t e x t !
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T h e f u n c t o r p r o v i d e s

• C o n s i s t e n t , p r e d i c t a b l e s t r u c t u r a l s h a r i n g

• I n s t a n t c o n t e x t s w i t c h i n g

• W i t h t h a t f o l l o w s …

I F l e x i b i l i t y

I C o d e r e u s e

I S e p a r a t i o n o f c o n c e r n s

I M o d u l a r i t y
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• T h i n k i n g c a t e g o r i c a l l y h a s i n s p i r e d m e t o …

I E x p l o r e m a t h a n d p r o g r a m m i n g s i d e b y s i d e

I B e m o r e c u r i o u s a b o u t w r i t i n g p r o g r a m s

I T h i n k d i f f e r e n t l y a b o u t p r o g r a m s t r u c t u r e

I B e m o r e c o n f i d e n t i n k n o w i n g w h e n s t r u c t u r e c a n b e r e u s e d

T h e f u n c t o r i s j u s t t h e b e g i n n i n g …



• T h i n k i n g c a t e g o r i c a l l y h a s i n s p i r e d m e t o …
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T h e f u n c t o r i s j u s t t h e b e g i n n i n g …





S u m m a r y

• F u n d a m e n t a l l y , w e s o l v e a l l p r o b l e m s t h e s a m e w a y : s p l i t t i n g , s o l v i n g ,

a n d c o m p o s i n g

• S t r u c t u r e e m e r g e s t h r o u g h c o m p o s i t i o n

• F u n c t i o n a l p r o g r a m m i n g m a k e s c o m p o s i t i o n e x p l i c i t

• C a t e g o r y t h e o r y h e l p s u s f o r m a l l y r e a s o n a b o u t s t r u c t u r e

• A n d p r o v i d e s c o n c e p t s l i k e t h e f u n c t o r t h a t l e t s u s p u t p e r f e c t l i t t l e

s n o w f l a k e s i n t o c o m p l i c a t e d c o n t e x t s , w i t h o u t t h i n k i n g t w i c e -
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T h a n k y o u ! Q u e s t i o n s ?

L u d v i g S u n d s t r ö m

l u d v i g . s u n d s t r o e m @ i n n o q . c o m

� + 4 9 1 5 1 6 1 1 8 1 2 7 0

� @ l 5 u n d

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



0 : http://www.stilldrinking.org/programming-sucks

1 : https:

//insights.stackoverflow.com/survey/2019#technology

2 : https://en.wikipedia.org/wiki/Curry%E2%80%93Howard_

correspondence

3 : https://en.wikipedia.org/wiki/Design_Patterns

4 : https://golem.ph.utexas.edu/category/2012/01/

vorsicht_funktor.html

http://www.stilldrinking.org/programming-sucks
https://insights.stackoverflow.com/survey/2019#technology
https://insights.stackoverflow.com/survey/2019#technology
https://en.wikipedia.org/wiki/Curry%E2%80%93Howard_correspondence
https://en.wikipedia.org/wiki/Curry%E2%80%93Howard_correspondence
https://en.wikipedia.org/wiki/Design_Patterns
https://golem.ph.utexas.edu/category/2012/01/vorsicht_funktor.html
https://golem.ph.utexas.edu/category/2012/01/vorsicht_funktor.html


L a w s

• A s s o c i a t i v i t y i n a c a t e g o r y : h . g . f = ( h . g ) . f = h . ( g . f )

• I d e n t i t y i n a c a t e g o r y ( f o r f : : a - > b ) : f . i d _ a = f , i d _ b . f = f

• F u n c t o r r e t a i n s s t r u c t u r e u n d e r c o m p o s i t i o n :

i f h = g . f , t h e n F h = F g . F f

• F u n c t o r r e t a i n s s t r u c t u r e u n d e r i d e n t i t y : F i d _ a = i d _ { F a }



C u r r y - H o w a r d I s o m o r p h i s m

• V o i d ⇐⇒ F a l s e

• ( ) ⇐⇒ T r u e

• P r o d u c t T y p e s ⇐⇒ O R

• S u m T y p e s ⇐⇒ A N D

• A - > B ⇐⇒ I f A t h e n B



N o t e s o n f u n c t o r a s a t y p e c l a s s

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

w o r d s , t h e r e i s a l w a y s a n i m p l i e d ’ t h i s ’ p a r a m e t e r t h a t i s t h e o b j e c t o n

w h i c h t h e m e t h o d i s c a l l e d . A l l i n p u t s t o a t y p e c l a s s f u n c t i o n a r e e x p l i c i t .


