| KU LEUVEN

COHERENCE OF TYPE CLASS RESOLUTION

G.]. BOTTU ~ N XIE ~ K. MARNTIROSTAN ~ T. SCHRIJVERS







data Pacman = MKPacman Location
data Ghost MKGhost Location Color
data Candy MKCandy Location




data Pacman = MKPacman Location
data Ghost MKGhost Location Color
data Candy MKCandy Location

class Sprite a where
create :: Disp -> a -> Disp

class Sprite a => Movable a where
move :: Digp -> a -> Dir -> Disp

class Sprite a => Attackable a where
attack :: Disp -> a -> Disp




data Pacman = MKPacman Location
data Ghost MKGhost Location Color
data Candy MKCandy Location

Sprite
(create)

Attackable
(attack) ‘
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addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es

Sprite
(create)




(

addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es

Sprite
(create)




(

addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es

Sprite
(create)
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Movable
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(

addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es

Attackable
(attack) ‘




addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es
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Movable Attackable
(move) (attack) ‘




(

addEnemies :: (Movable a, Attackable a)
=> Digp -> [a] -> Disp
addEnemies d es = foldr create d es

Attackable
(attack) ‘
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Haskell,




+ Coherence of
type class resolution

+ Proof technique




+ Coherence of
type class resolution

+ Proof technique
+ ICFP paper?




SOURCE TARGET

(Type classes) (Dictionaries)




class Show a where
show :: a -> String




class Show a where
show :: a -> String

iInstance Show Int where
show = showlInt

instance Show a => Show [a] where
show = concatMap show




shout :: Show a => a -> String
shout x = show x ++ “!”




shout :: Show a => a -> String
shout x = show x ++ “!”

shout :: {show :: a -> String}
-> a -> String

shout ds x = ds.show x ++ “!”




shout :: Show a => a -> String
shout x = show x ++ “!”

shout [I,2,3]

shout :: {show :: a -> String}
-> a -> String

shout ds x = ds.show x ++ “!”




shout :: Show a => a -> String
shout x = show x ++ “!”

shout [I,2,3]

shout :: {show :: a -> String}
-> a -> String

shout ds x = ds.show x ++ “!”

shout ?2?2? [1,2,3]




Wanted : Solved :

Show [Int]

inst Show Int where shout :: {show :: a -> String}
show = showlInt -> a -> String

inst Show a => Show [a] where .
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

Show [Int]

inst Show Int where A shout :: {show :: a -> String;
show = showlInt | S -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

{show = (\d ->
concatMap d.show) ??2? }

Show [Int]

inst Show Int where A shout :: {show :: a -> String;
show = showlInt | S -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

{show = (\ d ->

Shou) Lt concatMap d.show) ??2? }

Show Int

inst Show Int where shout :: {show :: a -> String}
show = showlInt -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

{show = (\ d ->

Shou) Lt concatMap d.show) ??2? }

Show Int

inst Show Int where shout :: {show :: a -> String}
show = showlInt -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

{show = (\ d ->

Shou) Lt concatMap d.show) ??2? }

ShouQ Int {show = showInt}

inst Show Int where shout :: {show :: a -> String}
show = showlInt -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




Wanted : Solved :

{show = (\d ->
concatMap d.show) ??2? }

Show [Int]

ShouQ Int {show = showInt}

inst Show Int where shout :: {show :: a -> String}
show = showlInt -> a -> String

inst Show a => Show [a] where -
show = concatMap show | | shout ?22? [1,2,3]




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

class Eq a => Ord a where
(<=) :: a -> a -> bool




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

class Eq a => Ord a where
(<=) :: a -> a -> bool

instance Eq Int where
(==) = eqInt

instance Ord Int where
(<=) = leInt




f::Orda=>a->a -> ool
fxy=. (==} Xyat




f::Orda=>a->a -> ool
fxy=. (==} Xyat

f: {(<=)::a->a->bool} ->
{(==) :: a -> a -> Bool} ->
a->a -> bool

fdodexy=..de.(==)xy..




f::Orda=>a->a -> ool
fxy=. (==} Xyat

f: {(<=)::a->a->bool} ->
{(==) :: a -> a -> Bool} ->
a->a -> bool

fdodexy=..de.(==)xy..




f::Orda=>a->a -> ool
fxy=. (==} Xyat

f:: {(<=) :: a->a ->Bool} ->
{(==) :: a -> a -> Bool} ->
a->a -> bool

fdodexy=..de.(==)xy..

42 42




Wanted : Solved :

ord Int

inst Eq Int where f: {(<=) :a->a->pbool} ->
(==) = eqlnt {(==) :: a -> a -> Bool} ->

a->a -> bool

inst Ord Int where
(<=) = leInt | 42 42




Wanted : Solved :

ord Int

f: {(k=)::a->a->bBool} ->
{(==) : a -> a -> Bool} ->
o a->a -> bool
inst Ord Int where
(<=) = leInt | 42 42




Wanted : Solved :

ord Int {(<=) = leInt}

f: {(k=)::a->a->bBool} ->
{(==) : a -> a -> Bool} ->
o a->a -> bool
inst Ord Int where
(<=) = leInt | 42 42




Wanted :

Eq Int

Solved :

inst Eq Int where
(==) = eqlnt

inst Ord Int where
(<=) = leInt

f: {(<=) :a->a ->bBool} ->
{(==) : a -> a -> Bool} ->
a->a ->bool

f {(<=) = leInt} ??7?

42 Y42




Wanted :

Eq Int

Solved :

inst Eq Int where
(==) = eqlnt

inst Ord Int where
(<=) = leInt

f: {(<=) :a->a ->bBool} ->
{(==) : a -> a -> Bool} ->
a->a ->bool

f {(<=) = leInt} ??7?

42 Y42




Wanted :

Eq Int

Solved :

{(==) = eqlnt}

inst Eq Int where
(==) = eqlnt

inst Ord Int where
(<=) = leInt

f: {(<=) :a->a ->bBool} ->
{(==) : a -> a -> Bool} ->
a->a ->bool

f {(<=) = leInt} ??7?

42 Y42




Wanted : Solved :

inst Eq Int where f: {(<=) :a->a->pbool} ->
(==) = eqlnt {(==) :: a -> a -> Bool} ->

a ->a -> bool

inst Ord Int where f {(<=) = leInt} {(==) = eqInt} Y2
(<=) = leInt ' 42




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

Attackable |
(attack)




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

Disp -> [a] -> Disp

Attackable |
(attack)




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

Disp -> [a] -> Disp

addEnemies
recM recS recA recS’ d es

Attackable | = foldr ???.create d es
(attack)




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

Disp -> [a] -> Disp

@/ addEnemies

recM recS recA recS’ d es

ovable Attackable - = foldr recS.create d es
(move) (attack)




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

Disp -> [a] -> Disp

addEnemies
recM recS recA recsS’ d es
= foldr recS’.create d es




addEnemies ::
(Movable q, Attackable Q) =>
Disp -> [a]l -> Disp &
oddEnemies des &
= foldr create d eg

addEnemies :

| K
Sprite | E)@@ E@@S

(create)

S T recA recs’ d es

Attackable ’ = foldr recS’.create d es
(attack)




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy
instance Sprite Ghost

iInstance Movable Pacman
Instance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

1 AdlAnAa~n OAaride~ N~~~
11O VAL IO Q}lJ. TV JddliIvo

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost
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Haskell,




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
Instance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost

 |Type

Sprite Pacman

Sprite Ghost

create ..

Sprite Candy

create

Movable Pacman

move

Movable Ghost

move

Attackable Pacman

attack

Attackable Ghost

attack




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost

 |Type

Sprite Pacman

Sprite Ghost

create ..

Sprite Candy

create

Movable Pacman

move

Movable Ghost

move

Attackable Pacman

attack

Attackable Ghost

attack
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(Type classes) (Dictionaries)
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SOURCE TARGET

(Type classes) (Dictionaries)

ALTERNATIVE

(Implementation table)




class Show a where
show :: a -> String

inst Show Int where
show = showlInt

inst Show a => Show [a] where
show = concatMap show




class Show a where
show :: a -> String

Type Method

inst Show Int where | Show Int show
show = showliInt

Show a =>
Show [a]

inst Show a => Show [a] where
show = concatMap show




shout :: Show a => a -> String
shout x = show x ++ “!”

shout [l,2,3]




shout :: Show a => a -> String
shout x = show x ++ “!”

shout [I,2,3]

shout :: Show a -> a -> String
shout ds x = ds~show x ++ “!”




shout :: Show a => a -> String
shout x = show x ++ “!”

shout [I,2,3]

shout :: Show a -> a -> String
shout ds x = ds~show x ++ “!”

shout ??2? [1,2,3]




Method

Show Int

show

Show a =>

show

shout :: Show a -> a -> String
shout ds x = ds~»show x ++ “1”

shout ??2? [1,2,3]




Method

Im

Show Int

show

Show a =>

shout :: Show a -> a -> String
shout ds x = ds~»show x ++ “1”

shout (D2 DI) [1,2,3]




Method

Show Int

show

Show a =>

show

shout :: Show a -> a -> String
shout ds x = ds~»show x ++ “1”

shout (D2 DI) [1,2,3]




Method

Show Int

show

Show a =>

show

shout :: Show a -> a -> String
shout ds x = ds~»show x ++ “1”

shout (D2 DI) [1,2,3]




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost




instance Sprite Pacman
instance Sprite Ghost
instance Sprite Candy

iInstance Movable Pacman
iInstance Movable Ghost

iInstance Attackable Pacman
iInstance Attackable Ghost

 |Type

Sprite Pacman

Sprite Ghost

create ..

Sprite Candy

create

Movable Pacman

move

Movable Ghost

move

Attackable Pacman

attack

Attackable Ghost

attack




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es




addEnemies :: addEnemies ::
(Movable a, Attackable a) => Movable a ->
Disp -> [a] -> Disp Sprite a ->

addEnemies d es Attackable a ->
= foldr create d es Sprite a ->

Disp -> [a] -> Disp




addEnemies :: addEnemies ::
(Movable a, Attackable a) => Movable a ->
Disp -> [a] -> Disp Sprite a ->

addEnemies d es Attackable a ->
= foldr create d es Sprite a ->

Disp -> [a] -> Disp
addEnemies

PM pS pA pS’ d es

= foldr ???~create d es




addEnemies :: addEnemies ::
(Movable a, Attackable a) => Movable a ->
Disp -> [a] -> Disp Sprite a ->

addEnemies d es Attackable a ->
= foldr create d es Sprite a ->

Disp -> [a] -> Disp
addEnemies

PM pS pA pS’ d es

= foldr pS~create d es




addEnemies :: addEnemies ::
(Movable a, Attackable a) => Movable a ->
Disp -> [a] -> Disp Sprite a ->

addEnemies d es Attackable a ->
= foldr create d es Sprite a ->

Disp -> [a] -> Disp
addEnemies

PM pS pA pS’ des

= foldr pS’~create d es




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

addEnemies disp [ghol, gho2]

addEnemies ::

Movable a ->

Sprite a ->

Attackable a ->

Sprite a ->

Disp -> [a] -> Disp
addEnemies

PM pS pA pS’ d es

= foldr pS’~create d es




addEnemies ::
(Movable a, Attackable a) =>
Disp -> [a] -> Disp
addEnemies d es
= foldr create d es

addEnemies disp [ghol, gho2]

addEnemies ::

Movable a ->

Sprite a ->

Attackable a ->

Sprite a ->

Disp -> [a] -> Disp
addEnemies

PM pS pA pS’ d es

= foldr pS’~create d es

addEnemiesg ??? ?2?7? 2?2? ?27?
disp [ghol, gho2]




Type

Sprite Pacman

create

Sprite Ghost

create

Sprite Candy

create

Movable Pacman

move

Movable Ghost

move

Attackable Pacman

attack

Attackable Ghost

attack

addEnemies ::
Movable a ->
Sprite a ->
Attackable a ->
Sprite a ->
Disp -> [a] -> Disp

addEnemies
| pM pS pApS des
= foldr pS’~create d es

| addEnemies 2?? 22? 2?2? 2?2?

disp [ghol, gho2]




Type

Sprite Pacman

create

Sprite Ghost

create

Sprite Candy

create

Movable Pacman

move

Movable Ghost

move

Attackable Pacman

attack

Attackable Ghost

attack

addEnemies ::
Movable a ->
Sprite a ->
Attackable a ->
Sprite a ->
Disp -> [a] -> Disp

addEnemies
! pMpS pApS des
= foldr pS’~create d es

| addEnemies D5 D2 D7 D2

disp [ghol, gho2]




0000000000

SOURCE TARGET

(Type classes) (Dictionaries)

ALTERNATIVE

(Implementation table)
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SOURCE TARGET

(Type classes) (Dictionaries)

ALTERNATIVE

(Implementation table)




SOURCE TARGET

(Type classes) (Dictionaries)

INTERMEDIATE

(Implementation table)




SOURCE

(Type classes) (Dictionaries)

Fo
INTERMEDIATE

(Implementation table)
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SOURCE TARGET

(Type classes) (Dictionaries)

INTERMEDIATE

(Implementation table)




SOURCE

(Type classes)

INTERMEDIATE

(Implementation table)




SOURCE Equivalence

(Type classes) o060

INTERMEDIATE

(Implementation table)




SOURCE Equivalence TARGET

(Type classes) (Dictionaries)

INTERMEDIATE

(Implementation table)






















SOURCE

(Type classes)

INTERMEDIATE

(Implementation table)
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