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foo :: (Show a , Read a) => String -> String

foo s = show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

14

show :: Show a => a -> String



foo :: (Show a , Read a) => String -> String

foo s = show (read s)
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show :: Show a => a -> String

> show 42

"42"



foo :: (Show a , Read a) => String -> String

foo s = show (read s)

16

show :: Show a => a -> String

read :: Read a => String -> a

> show 42

"42"



foo :: (Show a , Read a) => String -> String

foo s = show (read s)

17

show :: Show a => a -> String

read :: Read a => String -> a

> show 42

"42"

> (read "42") + 1

43
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

s
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

read ss
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

read ss
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

read ss
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

True (Bool)

read ss
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

True (Bool)

read ss show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

True (Bool)

"1"

read ss show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

True (Bool)

"1.0"

"1"

read ss show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?

> foo "1"

1 (Int)

1.0 (Float)

True (Bool)

"1.0"

"1"

"True"

read ss show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?
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foo :: (Show a , Read a) => String -> String

foo s = show (read s)

a = ?
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F
Type classes! No type classes?
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Type classes! No type classes?
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Type Classes
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class Eq a where

  (==) :: a -> a -> Bool
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class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False
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class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

42

data    = Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

43

data    = 

  EqDict 

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

44

data    = 

  EqDict (a -> a -> Bool)

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) :: 

45

data    = 

  EqDict (a -> a -> Bool)

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) :: a -> a -> Bool
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data    = 

  EqDict (a -> a -> Bool)

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) ::    ->

        a -> a -> Bool

47

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) ::    ->

        a -> a -> Bool

(==) d = 

48

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = 

49

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

50

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

51

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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eqDBool ::

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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eqDBool ::

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq

Bool



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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eqDBool ::

eqDBool = 

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq

Bool



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

55

eqDBool ::

eqDBool = EqDict 

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq

Bool



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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eqDBool ::

eqDBool = EqDict (...)

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq

Bool



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x

57

eqDBool ::

eqDBool = EqDict (...)

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq

Bool



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = 

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

      \x : a.

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

      \x : a.

      (==) 

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

      \x : a.

      (==) d 

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq



class Eq a where

  (==) :: a -> a -> Bool

inst Eq Bool where

  True  == True  = True

  False == False = True

  _     == _     = False

foo :: Eq a => a -> Bool

foo x = x == x
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foo = \d :    .

      \x : a.

      (==) d x x

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

data    = 

  EqDict (a -> a -> Bool)

Eq

Eq

Eq



Superclasses
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class Eq a => Ord a where

  (>) :: a -> a -> Bool
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class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False
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class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    =    

  

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x

71

Ord



data    = OrdDict    

  

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord



data    = OrdDict    

  

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) ::



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) :: a -> a -> Bool



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) ::    -> 

       a -> a -> Bool

Ord



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) ::    -> 

       a -> a -> Bool

(>) d = 

Ord



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) ::    -> 

       a -> a -> Bool

(>) (OrdDict d g) = 

Ord



data    = OrdDict    

  (a -> a -> Bool)

class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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Ord Eq

(>) ::    -> 

       a -> a -> Bool

(>) (OrdDict d g) = g

Ord



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool :: Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool ::

ordDBool = 

Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool ::

ordDBool = 

  OrdDict 

Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool ::

ordDBool = 

  OrdDict eqDBool 

Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool ::

ordDBool = 

  OrdDict eqDBool (...)

Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

ordDBool ::

ordDBool = 

  OrdDict eqDBool (...)

Ord

Bool



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x

88

data    = OrdDict    

  (a -> a -> Bool)

Ord Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = 



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x

90

data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    .Ord



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

Ord



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x

92

data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==)

Ord



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==)

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==) de

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==) de x x

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==) de x x

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==) de x x

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \do :    . 

      \x : a .

      (==) de x x

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



class Eq a => Ord a where

  (>) :: a -> a -> Bool

inst Ord Bool where

  True > False = True

  _    > _     = False

foo :: Ord a => a -> Bool

foo x = x == x
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data    = OrdDict    

  (a -> a -> Bool)

Ord Eq

foo = \OrdDict de o :    . 

      \x : a .

      (==) de x x

Ord

(==) ::    ->

        a -> a -> Bool

(==) (EqDict e) = e

Eq



Just One More!
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101

instance Ord a where

  _    > _     = False



102

instance Ord a where

  _    > _     = False Ord
a
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instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

Ord
a
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instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

Ord
a

Ord
Bool
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instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

instance Ord Bool where

  True > True  = True

  True > False = True

  _    > _     = False

Ord
a

Ord
Bool
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instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

instance Ord Bool where

  True > True  = True

  True > False = True

  _    > _     = False

Ord
a

Ord
Bool

Ord
Bool



107

instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

instance Ord Bool where

  True > True  = True

  True > False = True

  _    > _     = False

foo :: Bool

foo = True > True

Ord
a

Ord
Bool

Ord
Bool
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instance Ord a where

  _    > _     = False

instance Ord Bool where

  True > False = True

  _    > _     = False

instance Ord Bool where

  True > True  = True

  True > False = True

  _    > _     = False

foo :: Bool

foo = True > True

Ord
a

Ord
Bool

Ord
Bool

foo =  
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instance Ord a where
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Fundamental Theorem of 
Software Engineering

We can solve any problem by introducing an 
extra level of indirection.
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