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Categories

. Categories have objects and arrows
- Every object has an identity arrow
. Arrow composition Is associative



Categories

. Categories have objects and arrows
- Every object has an identity arrow
. Arrow composition Is associative

. Hask Is a category with types as objects
and functions between those types as
arrows.



Categories in-Haskell

- In Control.Category ((GHC 6.10+):
import Prelude hiding (id,(.))

class Categomnwitere
d.:@a a
()G )Y (& b)Y (& c)



Categories in-Haskell

import Prelude hiding (id,(.))
class Categomnwitere

d.:@a a

()2 (b ©)Y (x b)Y (a c)

instance Cat&¥gpwhere
Id X = X
(f.9)x=1(gx)



Categories in-Haskell

class Categonwitere
d:igq a )
()0 )Y (& b)Y (a c)

The dual category @ of a category C has
arrows in the opposite direction.

data Dual k a b = Dual (k b a)

iInstance Catggory (Category {Diahere
id = Dual id
Dual f . Dual g = Dual (g . f)



Functors

. Let C and D be categories

- A functor F from C to D maps
‘Bobjects of C onto objects of D
Barrows of C onto arrows of D

while preserving the identitgnorphisms
and composition omorphisms

F (dy) = 1dgy
FO.F)=Fg.F



Functorsin Haskell

clagsunctbwhere
fmap (& b)Y faYy fb

requiring the following two laws:

1) fmap =id

2.) fmafyg . f)mag fmap

Note that (2) above follows as a free theore
offmaso you only need to check (1)!



Functorsin Haskell

type () =Y )
cladsunctbwhere

fmap (& b)Y (fa fb)

requiring the following two laws:

1) fmap =id

2.) fmafyg . f)mag fmap

Note that (2) above follows as a free theore
offmaso you only need to check (1)!



Functorsin Haskell

type () =Y )
cladsunctbwhere

fmap (& b)Y (fa fb)

- Ignores the object mapping and focuses
on arrows



Cofunctor = Functor
type() =Y )
cladsunctbwhere

fmap (& b)Y (fa fb)
clagsofunctarhere

cofmap(ly a)Y (fb fa)

| t0s the same thing!



Cofunctor /= ContravariantFunctor

clagsofunctavhere

cofmap(ly a)Y (fb, fa)
clagsontravariantHumbctye

contrafmafly a)Y (fay fb

Nothing said arrows had to point the same way!



ExampleContravariantFunctor

clagsontravariantFunhtre
contrafmafy a)y fay fb

newtypest a = TestTesta>Bodl
instanCentravariantFlestavhere
contrafnh@pest g) = Test (g . f)

isZero Testt
isZero Test (==0)

ISEmptyTest [a]
ISEmptgontrafnepgisZero

resultBool
resultrenTasEmptyHe | | 0 -



Functorsin HaskellRedux

typg () =)

clagsunctbwhere
fmap (& b)Y (fa fb)

- Ignores the object mapping and focuses
on arrows

. Models only covariarntdask
endofunctor$



Functorsin categoryextras

clagsunctbwhere
fmap (& b)Y fay fb

class (CategaryJategory) (=>

Funciog )(©) [EOY @), fe)Y § ) where
fmap y: b)Y (fazf b)

Now contravariantendofunctorsfrom C are
just functorsfrom C°P.

Seé€&ontrol.Functor.Categorical



Functorsin categoryextras

-As an aside 1 f vyou

class (Category (Dom f), Categemncéood f
where

type DomY:*Y *
type Cod ¥::*Y *
fmap : : Y Codi(fd) f b




Monads in-Haskell

class Monad m where

return :Yam a
>>=):iidaY mbY mb

and some | aws wedol |

l)returna>>=f=fa
2.) m>>=return =m
3.) (m >>=f) >>= g xm be=%= Q)



Monads in-Haskell

class Monad m where

return :Yam a
>>=):Mday mbY mb

Seems rather objeeatentric!
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return :Yam a
(>>=):nigay mbyY mb

type () =Y )
cl ass Monad?2 m wher

return :;x am a
(>>=):Mda mby mb



Monads in-Haskell

class Monad m where

return :Yam a
(>>=):nigay mbyY mb

type () =Y )
cl ass Monad?2 m wher

return :x am a
(=<<)lay mbY m& mb



Monads in-Haskell

class Monad m where

return :Yam a
(>>=):nigay mbyY mb

type () =Y )
cl ass Monad?2 m wher

return ;yama.
(=<<) :x(am by (ma mDb)



Monads in-Haskell

class Monad m where

return :Yam a
(>>=):nigay mbyY mb

clagsategoryy€ > Mo nwherég m (
return ;yama.
(=<<) x(@n by (ma mb)



