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Class Constraint : (Eqg a) =>

Context (Eq a)

the type a is constrained
by the context (Eq a)

instance (Eq a) => Eq (Tree a) where ...
(Ea9) al ) the types of a must belong

to the Eq type class

the types of a must implement
operations == and /=

( ) pattern matching

https://lwww.haskell.org/tutorial/stdclasses.html
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Eq Instance : Eqg (Tree a)

Eq Instance Eq (Tree a)

( ) pattern matching

instance (Eq a) => Eq (Tree a) where ...

T 1

type instance

The type Tree a is an instance of the class Eq,
whose method == and /= are defined

https://lwww.haskell.org/tutorial/stdclasses.html
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Eq Instance Declaration of Tree Type

Eq Instance Eq (Tree a)

instance (Eq a) => Eq (Tree a) where
(Leaf X) == (Leaf y) = X==Yy (Eq a) =>
(BranchIr) == (Branch I'r') = |==1'&&r==r Eq (Tree a)

== = False

( ) pattern matching

https://lwww.haskell.org/tutorial/stdclasses.html
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Two types of Equality : constrained instance

Eq Instance Eq (Tree a)

( ) pattern matching
instance (Eq a) => Eq (Tree a) where

(Leaf x) == (Leafy) = X==y
(BranchIr) == (BranchI'r') = [|==1"'&&r==r
_ == = False
-
type instance type instance
1 B 1 1 B 1
Eq a Eq (Tree a)
(Leaf x) == (Leaf y) (Branch I r) == (Branch I' r')
AN
https://lwww.haskell.org/tutorial/stdclasses.html
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Two types of Equality: using derived instances

Automatically Derived Eq Instance

data Tree a =

Leaf a | Branch (Tree a) (Tree a)

deriving Eq

deriving Eq : implicitly produces Eq instance declarations

Eqga

Eq

(Tree a)

( ) pattern matching

https://www.haskell.org/tutorial/stdclasses.html
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Derived Instances

the following instances can be derived automatically from the data declaration

data = deriving Ord
data . deriving Enum
data = deriving Ix
data = deriving Read
data = deriving Show
https://www.haskell.org/tutorial/stdclasses.html
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Multiple Derived Instances

instance (Eq a) => Eq (Tree a) where
(Leaf x) == (Leaf y) = X==Y -«
(Branchlr) == (BranchI'r) = I==1'&&r==r' T
_ == _ = False
instance (Ord a) => Ord (Tree a) where
(Leaf () <=(Branch_) = True
(Leafx) == (Leafy) = x<=y T
(Branch ) <= (Leaf ) = False \
(Branchlr) == (Branch I'r) = I=1'&&r<=r"||I<=1I
data Tree a = Leaf a | Branch (Tree a) (Tree a) deriving (Eq, Ord) | .
data [a] =[] | a: [a] deriving (Eq, Ord)
Haskell Overview IV 10 Young Won Lim
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Extension to Derived Instances

data TOfa = MKTO a deriving ( EqQ)
data Tlfa= MKT1 (f a) deriving ( EqQ)
data T2 fa= MKT?2 (f (f a)) deriving (Eq) X
instance Eq a => Eqg (TO f a) where ...

instance Eq (fa) => Eqg (T1 fa) where ...
instance Eq (f (f a)) => Eq (T2 fa)where... X

GHC accepts the first two, but not the third.

each constraint in the inferred instance context must
consist only of type variables, with no repetitions.
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Multi-parameter Type Class Definition

~typeclass Eq

/ ~ typea
YoV SPTC (Single Parameter Type Class) :
class Eq a where

a type class is a set of types

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

(I=) . a->a->Bool

MPTC (Multi Parameter Type Class):
a type class is a relation between types

class Monad 1 => VVarMonad m v where

new : a ->m(va)
get va ->ma
put :=va ->a->m()

Haskell Overview IV

( ) pattern matching
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Multi-parameter Type Instance Declaration

class Monad 111 => VarMonad m v where
new @ a ->m(va)
get va ->ma
put va ->a->m()

Instance VarMonad |0 IORef where ...

Instance VarMonad (ST s) (STRef s) where ... () pattern matching

https://wiki.haskell.org/Multi-parameter_type class
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Multi-parameter Type Class Definition

class Collection ¢ a where
union:ca->ca->ca
...etc.

https://wiki.haskell.org/Multi-parameter_type class
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Multi-parameter Type Class Definition

class Functor (m K) == FiniteMap m k where

class (Monad m, Monad (t m)) == Transform t m where
lift:ma->(tm)a

class C a where {

op:Db=a->b->Db
}

https://wiki.haskell.org/Multi-parameter_type class
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Multi-parameter Type Class Definition

class C 2 =>D & where{ ... }

class A cls ¢ where
meth ::ccc=>c->cC

class AB ¢ => B c where

https://wiki.haskell.org/Multi-parameter_type class
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Multi-parameter Type Class Definition

class Monad m => VVarMonad m v where

new : a ->m(va)
get sva ->ma
put sva ->a->m()
Instance VarMonad 10 |IORef where ...

iInstance VarMonad (ST s) (STRefs)  where ...

{-# LANGUAGE MultiParamTypeClasses #-} pragma

Haskell Overview IV 1 7 Young Won Lirg
11/4/1



Object Instance of Objects Type Class

typeID=Int | Object == o
type Attrib = (String, String)

The type o belongs to the type class Objects.

class Objects o where The type o must implement object, getID,
object .. ID -> [Attrib] -> 0 getAttr, getName methods
getiD o0->1D
getAttr ;. 0 -> [Attrib]
getName :: 0 -> String

getName = snd . head . filter ((*name”==) . fst) . GetAttr

data Object = Obj ID [Attrib] deriving Show The data constructor of the type Object
instance Objects Object The type Object is an instance

object ias = Obji as of the type class Objects.

getiD (Obji as) =

getAtts (Obji as) =as
Haskell Overview IV 1 8 Young Won Lim
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DBS Object Instance of Databases Type Class

type ID = Int
type Attrib = (String, String)

Object == o

The type d o belongs to the type class Databases.

class (Objects 0) => Databases d o where The type d 0 must implement get/setLastID,

empty sdo

getLastiD :do->1ID
getObjects :: d o ->[0]
setLastiD :ID->do->do
setObjects :: [o]->do->do

data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where

get/setObjects, insert, select, selectBy methods
The type o belongs to the type class Objects.

The type o must implement object, getiD,
getAttr, getName methods

The data constructor of the type DBS o

The type DBS Object is an instance
of the type class Databases.

empty = DBOJ]
getLastID (DB io0s) =i
setLastiD | (DBjos)=DBios

getObjects (DB ios)=o0s
setObjects os (DBips)=DBios

Haskell Overview IV
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A Simple Database

type ID = Int
type Attrib = (String, String)

class (Objects 0) => Databases d o where

empty -do

getLastiD :do->1ID
getObjects :: d o ->[0]
setLastiD :ID->do->do

setObjects :: [o]->do->do

data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where

Empty =DB 0]
getLastID (DB i0s) =1
setLastiD | (DBjos)=DBios
getObjects (DB i0s) = 0s

setObjects os (DBips)=DBios

Haskell Overview IV 2 O

class Objects o0 where

object .. 1D -> [Attrib] -> 0
getiD 0->1D

getAttr .. 0 -> [Attrib]
getName :: 0 -> String
GetName = ...

data Object = Obj ID [Attrib] deriving Show

instance Objects Object

object ias = QObjias
getiD (Objias) =1
getAtts (Obji as) =as

Young Won Lim
11/4/16



A Simple Database — data constructors

type ID = Int

type Attrib = (String, String)

class (Objects 0) => Databases d o class Objects o0 where

data DBS o = DB ID [0] data Object = Obj ID [Attrib]
instance Databases DBS Object instance Objects Object

The type DBS Object is an instance The type Object is an instance

of the type class Databases. of the type class Objects.

DB ID [Object] is the data constructor of the Obj ID [Attrib] is the data constructor of the
type DBS Object type Object

[Object] a list of Object [Attrib] a list of Attrib

Haskell Overview IV 2 1 Young Won Lim
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Databases Type Class Definition

: _s
class (ObjeCtS O) Databases d o where The type d o belongs to the type class Databases.

empty ndo The type d o must implement get/setLastID,
getLastiD :do->1ID get/setObjects, insert, select, selectBy methods
getObjects :: d 0 -> [0] The type o belongs to the type class Object

N ) e type o belongs to the type class Objects.
SEtLaS_tID ID->do->do The type o must implement object, getiD,
setObjects :[0]->do->do getAttr, getName methods

insert :: [Attrib]->do->d o
insert as db = setLastID i’ db’ where
db’” = setObjects os’ db prepend operator :
0S' =0:0S X XS
0s = getObjects db
0 =objecti as
- I’ =1+ getLastID db

select::ID-> do->0
~ selecti = head . filter ((i==).getID) . GetObjects

" selectBy :: (0 -> Bool) ->d 0 -> [0]
~ selectBy f = filter f . getObjects

Haskell Overview IV 2 2 Young V\{ci?4l7i1r2



Databases Type Class Definition - rearranged

class (Objects 0) => Databases d o where

empty -do

getLastiD :do->1ID
getObjects :: d o -> 0]
setLastiD :ID->do->do
setObjects :: [o]->do->do

The type d o belongs to the type class Databases.
The type d o must implement get/setLastID,
get/setObjects, insert, select, selectBy methods

The type o belongs to the type class Objects.
The type o must implement object, getiD,
getAttr, getName methods

insert :: [Attrib] ->do->do
select::ID-> do->0
selectBy :: (0 -> Bool) ->d 0 -> [0]

prepend operator :

X XS

insert as db = setLastID I’ db’ where
db’ = setObjects os’ db
0S’ =0:0S
0s = getObjects db
0 =objecti as
I’ =1+ getLastID db

selectBy f = filter f . getObject

select i = head . filter ((i==).getID) . GetObjects

default
methods

Haskell Overview IV
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DBS Object : Instance and Data Constructor

class (Objects 0) => Databases d o where ...

data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where ...

type class instance type

Databases DBS Object DBS Object is a type of Databases type class

A parameterized type (Object: a parameter)

type data . .
c);%structor constructor DBS Object type variable can be constructed by

DBS Object = DB ID [Object] DB ID [Object]
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DBS Object : Insert method — Type Signature

class (Objects 0) => Databases d o where ...
data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where ...

insert :: |[Attrib] >| do|->do
]

DBS Object is a type of Databases type class,
a parameterized type (Object: a parameter)

Attribute list =

do, d1, d2 :: DBS Object K type ID = Int

dO = empty

d1l = insert [(“name”, “john”), (“age”, “30")] dO

d2 = insert [(“name”, “mary”), (“age”, “20”)] d1
insert as db

Haskell Overview IV 2 5

type Attrib = (String, String)

Young Won Lim
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DBS Object : Insert method — Definition

class (Objects 0) => Databases d o where ...
data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where ...

dl = insert

insert as db = setLastID i’ db’ where . . .

[(“name”, “john”), (“age”, “30")]

do

—

'

db : DBS Object type

y
as : [Attrb] type

type ID = Int
type Attrib = (String, String)

Haskell Overview IV
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Method insert Definition — creating an Object

class Objects o0 where

insert :: [Attrib] ->do->do

object .. ID -> [Attrib] -> 0 insert as db = setLastID ' db’ where
getiD 2 0->1D ¢ ¢
getAttr .. 0 -> [Attrib]
getName :: 0 -> String as db
GetName = ...
I'=1+ getLastlD db = db
data Object = Obj ID [Attrib] deriving Show ' I getlas
instance Objects Object 0 = object I as < as
object ias = Objias
getID (Obji as) =
getAtts (Obji as) =as
d1 = insert[(“"name”, “john”), (“age”, “30”)] | dO
0 Obj i’ [(*name”, “john”), (“age”, “30")]
Haskell Overview IV 2 7 Young Won Lim
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Method iInsert Definition — updating DBS Object

typeID=Int _ insert :: [Attrib] ->d o ->d o
type Attrib = (String, String) insert as db = setLastID i’|db’where
A A
class (Objects 0) => Databases d o l l
v as db
data DBS o = DB ID [0] deriving Show ’
instance Databases DBS Object where I’ =1 + getLastID db
Empty =DB O] -
getLastiD (DB ios) =i 0 = object i’ as|=< as <«
setLastlD | (DB jos)=DBios
getObjects (DB i 0s) =o0s | os = getObjects db
setObjects os (DBips)=DBios *
0S’ =0:0S
db’| = setObjects 0s’ db < db <

Haskell Overview IV 2 8 Young V\{ci?4l7i1r2



Testing the Database

do, d1, d2 :: DBS Object

dO = empty

d1 =insert [(“name”, “john”), (“age”, “30")] dO
d2 =insert [(“name”, “mary”), (“age”, “20”)] d1

testl :: Object

testl = select 1 d1

test2 :: Object

test2 = selectBy ((“john” ==) . getName) d2

Haskell Overview IV 2 9 Young V\ﬁ%ilrg



DBS Object : empty variable

class (Objects 0) => Databases d o where Object  Object
empty :do + +
data DBS 0 =DB ID [0]
data DBS o = DB ID [0] deriving Show + +
instance Databases DBS Object where empty = d o
empty = DB O[]
empty = DBO []

dO=empty=DB 0 []

do, d1, d2 :: DBS Object type ID = Int

dO = empty . : :
d1 = insert [(“name”, “john”), (*age”, “30”)] dO type Attrib = (String, String)

d2 = insert [(“name”, “mary”), (“age”, “20")] di1
insert as db

Haskell Overview IV 3 O Young V\ﬁ%ilrg



Creating the 1 Obiject

class Objects o where
object .- ID -> [Attrib] -> 0
data Object = Obj ID [Attrib] deriving Show

instance Objects Object
object ias =Objias

Haskell Overview IV

31

do, di, d2 :: DBS Object

d0=DB O [

d1 =insert [(“name”, “john”), (“age”, “30”)] dO

as db

I'=1+getLastiD dO =1

(0]

object i’ as
object 1 [(“name”, “john”), (“age”, “307)]
Obj 1 [(“name”, “johnﬂ)’ (“ageﬂ’ “30”)]

Young Won Lim
11/4/16



d1 : Updating a Databases dO

class (Objects 0) => Databases d o where
empty sdo

insert :: [Attrib] ->d o->d o
insert as db = setLastID i’ db’ where
db’” = setObjects os’ db
0S' =0:0S
0s = getObjects db
0 =objecti as
I’ =1+ getLastID db

data DBS o = DB ID [0] deriving Show

instance Databases DBS Object where
empty = DB O[]

Haskell Overview IV

do, d1, d2 :: DBS Object

d0=DB O]

d1 =insert [(“name”, “john”), (“age”, “30”)] dO

as db

I'=1+getLastiDd0 =1
0 = object I’ as

= object 1 [(“name”, “john”), (“age”, “30")]

= Obj 1 [(“name”, “john”), (*age”, “30")]
0s = getObjects dO = getObjects DB O[] =[]
0S'=0:0S

=[Obj 1 [(“name”, “john”), (“age”, “30™)] ]

db’ = setObjects os’ dO

=DBO[Obj1[(*name”, “john”), (“age”, “30™)] ]
setLastID i’ db’

=DB 1[Obj 1 [(“name”, “john”), (“age”, “30")] ]

dl1=DB 1[Obj1[(*name”, “john™), (*age”, “307")] ]

Young Won Lim
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d2: Updating a Databases d1

d0o=DBO[]
d1 = DB 1[ Obj 1 [(“name”, “john”), (“age”, “30")] ]

d2 =insert [(“name”, “mary”), (“age”, “20”)] d1

as db

I'=1+getLastiDdl =2
0 = object I’ as

= object 2 [(“name”, “mary”), (“age”, “20™)]

= Obj 2 [(“name”, “mary”), (“age”, “20")]
os = getObjects d1 = getObjects DB 1 [Obj 1 [(“name”, “john”), (“age”, “30”)] ] = [Obj 1 [(“name”, “john”), (“age”, “30™)]]
0S’=0:0S

=[ Obj 2 [(“name”, “mary”), (“age”, “207)] , Obj 1 [(“name”, “john”), (“age”, “30")] ]

db’ = setObjects os’ d1

setLastID i’ db’
— DB 2 [Obj 2 [(unamen’ umary”)’ (uagen, uzon)] , Obj 1 [(unamen’ “jOhn”), (uageu’ u30n)] ]

d2 = DB 2 [ Obj 2 [(“name”, “mary”), (“age”, “20")] , Obj 1 [(“name”, “john”), (“age”, “30”)] ]

Haskell Overview IV 3 3 Young V\ﬁ%ilrg



Selecting the 1% Object d1

do=DBO[]
d1=DB 1[Obj1[(“name”, “john”), (*age”, “30")] ]
d2 =DB 2 [ Obj 2 [(“hame”, “mary”), (“age”, “20")] , Obj 1 [(“name”, “john”), (“age”, “30")] ]

select::ID-> do->0
select i = head . filter ((i==).getID) . getObjects

select 1 dl1 = head. filter ((1==).getID) . getObjects d1l1

testl :: Object test2 :: Object
testl = select 1 d1 test2 = selectBy ((“john” ==).getName) d2

getObjects d1 = [ Obj 1 [(“name”, “john”), (“age”, “30")] ]
filter ((1==).getID) . getObjects d1 = [ Obj 1 [(“name”, “john”), (“age”, “30")] ]
head . filter ((1==).getID) . getObjects d1 = Obj 1 [(“name”, “john”), (“age”, “30")]
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Selecting by name

do=DBO[]
d1=DB 1[Obj1[(“name”, “john”), (*age”, “30")] ]
d2 =DB 2 [ Obj 2 [(“hame”, “mary”), (“age”, “20")] , Obj 1 [(“name”, “john”), (“age”, “30")] ]

selectBy :: (0 -> Bool) -> d 0 -> [0]
selectBy f = filter f . getObjects

selectBy f d1= filter f . getObjects d1

test2 :: Object
test2 = selectBy ((“john” ==) . getName) d2

getObjects d2 = [ Obj 2 [(“hame”, “mary”), (“age”, “20")] , Obj 1 [(“name”, “john”), (“age”, “30")] ]

selectBy ((“john” ==).getName) . getObjects d2 =[ Obj 1 [(“name”, “john”), (*age”, “307)] ]

Haskell Overview IV 3 5 Young Won Lim
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