040 0000

oboooooboobbbbooo bbb oo o

ggobooboboooobouoboboooboooboboobobobboooaob
Uo00ooodododad-hoc-0000

goobooboooobobobbbobbo0obbbo0oooubibl dynamic bind-
mgO OO0 ooooooboobooboboboobooboboooobbobuo
goooobboooooooboobooobobbobbbooon

gooooooobobbbbobobobbooobbobon, overloading
oobooboooooooboooobboooooooboooboooo cog +o
000000 intdd 000000 doublel OODOOO0OODOODOOOODOODOO
gbooooooooooooooobobobooogoooobooobboooon
ubbobbooooooobooboboooboooobooboobooboooogo
gobooobobbbooobbboboboooooooooooooon
uboooouobooboboboooboobo

gbooobobooobobobooobooobooboobobooooooboooon
gooooooobbooooboboooobooo

Haskel 00 OO0 0OODODOOO0O00'0000000DOO00O0OO0OOODOOOO
gbooboobooboboobobobooooboooboboooooobooooon:

twice X = X + X;

gooooboboxObooooooooooooooooo+«boobooooobooog
U0O00OHaskelOOOOOODODOOODODODODODO oo
ubobooboobbogd

41 ODODOOOODOODOODOO

goobooO0o0oofbo0oooooobo0obooobboOooboboOobboUuoooo
oooooogo

000000 oooobO0obO0ob0O000o0ob0bOo00n00DOo inheritance
U0 0000 encapsulationDd 30000000000

Q411 00D 0ODOOODODbUObOODbDODDODOO

'000000000000000000000000O000000000000 0000 para-
metricO00 000000
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goog . -gbobobobbooboobbooooobobooooooo
RN . -googoooboooobbbobobobobbobbooboon
gooog - -gbhooogooobbbobobobbooboboboab

gboboobooboooboooooobobobooobbooobooooooDboon
goboboooobobobobooboboobouoooooooboboobooboobooooo
gbooooooboooobooooooboobbooooooobobooobo
gboboooooboooboboboboboboooooooobbbooobo
gboooobobooooboobouoboboooooooboboooooooon
gogogoboboobobbobbod

42 00000 O0OO0bOO0OOoOoOoobOn

HaskellO MLOOOOOOOOOOOOOOOOO0O (constructor) 00 O O
(algebraicdatatype) D O DO 0D O00O0O0O0OOOOOO0O
000000 oO0o0ooo0oddodoodoo0ooooooooooooonog
00000 0o0obO0o0obOobOOooOoooobooboboooooOoooboOooOoooag
0000oO00o0oodoDooooooboooboooDoooooooOooon
00d000O0DoooooooOoODoDoOODObOO000oooDo
0ddd0bOO0ooObOoObO0OO00oOoobOoooooobobOoooboOobOoOoan
00000ddd0oooooobOobOoooooooOoDooOOoobooOoooooo
000000 0obOoOoooo0o0b00d000Do0o0oooooooooDm boon
00O00o0o00ooOooOOobo000bObO0o0o0ooooobooooDobOOooDOon
000000000 oo0o0 oo obbooooOoooooOogon
0dd0d0o0dbO0dooDOoOooOoooodoDoO0oOoooDooOooogoo o
000000 DO00DO0o0mOobbOOJava00O000OOO0DOODOODOO String O
0ddoodooooooOoDoOoDoDOooOOo0obOoobooood
O000000ooboobooooobOoobOoooOooobOOoooboooooag
0000d0OO0O0ooOoooOoOobOOoDoOoobDoobDoOobOoooOooobooobooO
00d0DOO00doOo0bObOOo0oOoooDbOOoooOooooOoooooooaoa

4.3 Haskellll 00O 00O

U000 HaskelDODOODOODODODOOOOODOOOOEQDOODOOOOODOO
gbogg

HaskellUD COOD0O0O0O00=M 000000000 Integedd DO OOMO
Uboubld] DODOOODOOODDOODOOOOODOOODODOOODODOODODOD
oopoon0 (\x > x+x) == (\ x > 2*x)0J000000O0Haskell D O0ODO
U00o0booodobobo0ogOPreluded DD OODOOO

False
x==y || member x ys

member x []
member x (y:ys)
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subset xs ys = all (\ x -> member x ys) xs

00000 member O subset 0 00000 Omember 5 [1, 4, 710000
[Integer] DO O OO0 UOOOOOOO Omember "Kagawa" ["Tokushima",
"Ehime", "Kochi"]O O OO [String]J DD 00000 ODOOOOOOOODO
000000 Omember (\ x -> x+x) [\ x -> x+1, \ x > 2*x] 00000
oooooooooobooooooooao

0000 Omemberd subset 0 0000000000 0OOOOOOOOOO
00oooog?Scheme 0 000000 0O0OOOODOOOOODOOOOOOO
0o0o0oo0ooooooooooooooodooooooooooooon
0000000000000 00 OHaskelOOOOODOOOO0OOODOOOOO
0000000 oooooooboooboooooooooooon
Haskell OO OOOOOOOOOOOOOOOOOOO0O0OOO -O0000OO00O
oo oooooooboooo
O Omember 0 subset0 OO0 OO0 O0OOOOOONO

member ::

subset ::

ool “Efga="0000000 a0O00O0D0DOO EUODODOO0
oo o O 0bboobooooobobbooboDbDDbo
O D0 0O0type constraintU O O0OEq DO OO ODOODOO==00000
oooooooogobooUoouUooobobogUoobooooboboog

ooogoood
goobobgoooboooooooooboooobooboooooboboooo
gbooboooooboooooooooooooobobooooobbooboobo
Uobooboobob00ob0b0b0b0DbbO0 OHaskel OO OO OO
O00MJaval 00000000000 O00O00O%O

44 J000UO0ODOObObOOObOObOO

000000000 classO 0000000 O0OO0OODOOODOOEQOOOO
U000 HaskelOODOODOOOOOMI Prelude 00 00O I

class Eq a where
(==), (/=) :: a -> a -> Bool -- I=00000000
a /=b = not (a == b) --0o0o0ooooo

O0DbWmMOa00000ED 0000000 Oa => a ->BoolOUODOOODO
020000 (==,(=000000000000Db0O00O00O0DDOO

V0000000000000 JavaODOOODODOODOO HaskelDODODODOODOOOODOOO
gobooooooo
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000000000000 Directiondd EqUO OO OO OO DirectionO
Eq O 000000000000 D0O00Oinstance 0 OO0
oodoooooao

instance Eq Direction where
North == North = True

South == South = True
West == West = True
East == East = True

== = False

(/sU0b0000boobobobuoooooooboooooooboooooobbon
goooboobooooobooobobooobooboobo
UOOTreed OO0 oO0oooooooooo

instance Eq a => Eq (Tree a) where
Empty == Empty = True
Branch 11 nl r1 == Branch 12 n2 r2
=11 == 12 & nl == n2 & rl1 == r2
== = False

“Eq a =>70000 Tree a0 00O0DDOOD0OOO00OD0OOO0DO0ODOODOO alOd
goboobooobooooboooboobooboooobooon

uboooobobboobbbbO0 eg00o0gboooobooonoog
gooobb 2000000000000 oboboooboooooboooooo
U00EqDOO000oooon

Q441 UDO0OO BoolUOODOOOUODO:

data MyBool = MyTrue | MyFalse

UEU0000000D0000000DbO0mM BoolDOODOO EqLOOODOO
gbboouobobobbooooobobobobooobooobbobobod
uoobood

Q442 U 30000000 ODOODORPSHOD EgUO OO OOOODOODO
oboooon

45 0J00O0OoOoOod

EqUO0000000000D0D0O0D00OO0rd, Show, NumODO 0 OO OODO
gbooobooobobooobobobooooboboboboamm

class Eq a => Ord a where --0rd 0 order 000 QO0O0DOO
<), (=), =), ) :: a -> a -> Bool
max, min it a->a->a
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11
12
13
14
15
16
17

N =

class Show a where
show :: a -> String

class (Eq a, Show a) => Num a where
), -3, M ira->a->a
fromInteger :: Integer -> a

class Num a => Fractional a where
) it a->a->a

ord00000Show DODOOODOONuMO FractionalOOODODOOOOO
Oooooooooooooooo

000000 ==0000000000000DOO0O0DODOO0OO0DOOO0

O000OEg0 ord0 0000000000 0ODO0O0ODODOOO ord0OOODOO
0000000000000 g0 00o0boooboooobobobDbon
oooodoooooo

0000000000000 000D010 3.1400 00000000 OHaskell
ooooooao

1 :: (Num t) => t

3.14 :: (Fractional t) => t
00o00oooooooo0o0oooO0 10000000000 0Int00OoQon
Double0ODOOOOOOO0O

Show, Eq, Ord 00 000000 OOO0OOODOOODOOOOODOOOOOOO
00000000000 0oOooOoo00oo0o0o0boO00o0oogn deriving O
0000000000000 0OHaskelOOODODODOOOOOOODOOOOOO
do0ooOo0bOO0oOooOO0bOOo0ooOoOooooOooooooooooa

data Tree a = Empty | Branch (Tree a) a (Tree a)
deriving (Eq, Ord, Show)

U000OTree0 000 ==,>show 0 00000 ODOOOODOO

Q451 00DOO0O0OODODOOOOODODOO
data MyList a = MyNil | MyCons a (MyList a)

U0OderivingD OOOOOEQUOOO OrdDO00O0O0O0OOO0O0O0OODODOOO
dbordO0O0O0O0O0DDODDODOODODODOOODLOD
gooouooboobobooobbbooobuobuoobobdEgbbOon==0
bbb ord0000«<=000000000000000DODOOO0O0OO0O0O0
ooooooooo
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46 U00O0O0OOOOOOOODOOOOOOOOOOOO

O000O0OOHaskelOOODOOOOOODOOODOOOODOODOOOOOOOO
0ddd0O0OOoDOoOobOoOoOOo000ooooooOobooboOooooOoooboooOoa
ooono

00dd00DOdDodo0oooooOoooDoOoooooogooooDoon
00oddo0obObOooOoOOobOoOo0o0obO0o0oboOooooooooooOoooon
000000000 OHaskellOO OOOO Integer [ Char O [Integer] O[O
OO0 showO O OO OODDOOOODOOOOODOOOOODOODOOOODOODODOO
0o0bo0oo00D0O000obbOOoooOoooooooo

-- let impossible = [1,’a’,[1,4,7]]
-- in map show impossible

gboooooooobgoobobobooboboboobobboobooobooboD
O0OHaskel OO DD ODODOOODOODODODOOOODOODODOODOOODOOOO
goboboboboobbooooooboooboooboobo

47 CDOOOOOOO

gooboooobooooobbooonobooboboooooooobooboobon
gboooooooooooo

OO0 (ambiguity)y D00 O00O0O0ODOO0OO0OOO0OODOODOODO

class Show a where

show :: a -> String
class Read a where
read :: String -> a

gooboooooboobbbbboobooo

foo x = show (read x)

0000000 0Ofoo :: (Show a, Read a) => String -> StringO O QOO
000 a0000=00000000000000000000000O0 00
O0000oo0mooooooooooooooo

foo x = show (read x :: Integer)

albgoboboooooobooboobbobo0oooobbooboooobooDmobon
gogobooboobboobobboooooobood
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00000 (monomorphismrestriction) OO M OO00O0O0O0C0OMOOOOO

OO00d0000d000dddooooDooodooooooooooooooon

00o0000oO0o00oo0doobOoooooooooooooooooooo
d0Oooooooooooooo

genericLength :: Num a => [b] -> a
genericLength [] 0
genericLength (_:xs) = 1 + genericlength xs

genericLengthO OO O OO OOOOO length :: [b] —> IntOOdOOdOd O
00o00d0ooDo0o0oooDoooooooDooooooad
000DoDO00oooobOoooOoOooooooon

let v = genericlLength [1,2,3,4]
in (v, v)

U0O00000000 ODictionary-Passing Style U 00 00 00 0000000
O0DO00O0oOoogoo

\ dl d2 -> let v’ d = genericlLength’ d [1,2,3,4]
in (v’ di, v’ d2)

000 genericLength) 0 DPSOO00OOOO0O 2000000000000
oooooobb200bggobgoobooooooogoboooboboooD
gboogoobo ppSOOO0ODOO

\ d -> let v = genericLength’ d [1,2,3,4]
in (v, v)

ooooboooo20b0vbboooooooboboobobobooo

gboboooboooboboobodo bobooooboooobboobobooboobdg
goboobobobooboboboooooobooboboobobo Muoboo
goooboooobgo

gooo

f0 xs = map (+1) xs -- (+DHO \ x > x+1 00O

gogooagbooabooobaoo

--0o0oooooooo
f0® xs = map +1 xs

gooboooboboooboooooobooboon

f0 :: (Num (t -> (a -> b) -> [a] -> [b]),
Num ((a -> b) -> [a] -> [b])) =>
t -> (a -=> b) -> [a] > [b]

gogobooboobobobooboboooooooobooboobbbooo
oboooood
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-- (-DHDOO000O0O00O0oOoOoOoooo0oono
-- fl xs =map (\ x -> x-1) xs OO00O0O0O0OOOOOOO
fl xs = map (-1) xs

-- ro0oooooooooo
--f2n=n: [4,5,6] O0O00O0O0O0O00OO
f2 n = [n] : [4,5,6]

-- HaskellOOOOOOOOOODOOO . 0O00000O00OO0OO0OOO0OO
-- . 00000000o0ooooo

--f. g=\x->f (g x)

--f3r=r *sin 0.2000000000

f3r=r * sin .2

Q471 000 £1,£2, 300000000

4.8 Dictionary-Passing Style [] []

0000 UOHaskelOODODOOODODODOOOOOOOoDOOoOooDoboOomg
U00obO0o0o0o0obDO00b00 HaskelODOODODOODOODOOODOOOO
ubooobobooobobobboobbob

ubooobooobobboboboboooooooooobooooooon
ooboooobobobooobooobbbobbobbo

gbbobooboboboooobbuobbbobobobbooboooooon
gbooooooooon

type Eq’ a =

eq’ :: EQ° a -=> (a -> a -> Bool)
eq’ =\ (e, 1) > e -- (==)00000

ne’ :: Eq’ a -> (a -> a -> Bool)
ne’ \ (_, n) ->n -- (/=)00000

U0 Eq’ alOOODOOODOOOOODOOO 0 method dictionary U
oooooo
oooooooobogooooooooobobobooooboooooboooon
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egDirectionDic :: Eq’ Direction
egDirectionDic = (egDirection, \ a b -> not (a ‘egDirection‘ b))
where North ‘egDirection‘ North = True
South ‘eqgDirection‘ South = True

West ‘egDirection‘ West = True
East ‘egDirection‘ East = True
_ ‘eqDirection‘ _ = False

eqTreeDic :: Eq’ a -> Eq’ (Tree a)
eqTreeDic (eqA, _) = (eqTree, \ a b -> not (eqTree a b))
where Empty ‘eqTree‘ Empty = True
Branch 11 nl r1 ‘eqTree‘ Branch 12 n2 r2
= 11 ‘eqTree‘ 12 && nl ‘eqA‘ n2 && rl ‘eqTree’ r2
_ ‘eqTree’ _ = False

oboogoooobooobooo ... = ... 000bbObO0o0o0oooobob oo
ooobbobbob0ooob0ob00b0b0UO0E” a0ob0gooboooooo
oooooboboobooobobooboobooooboooboooo

member’ :: -> a -> [a] -> Bool
member’ d x [] = False
member’ d x (y:ys) = eq’ d xy || member’ d x ys

subset’ :: -> [a] -> [a] -> Bool
subset’ d xs ys = all (\ x -> member’ d x ys) xs

gbogooboobobboboooouoooooboobooooooooon
gbobobooooooon

member North [North, South, West]

— member’ North [North, South, West]
subset [North, South] [North, South, West]
— subset’ [North, South] [North, South, West]

UOD0D0O0O0OD0ODODOO Dictionary-Passing Style 0 O OO HaskelO DO OO O OO
gooOoOoobOoOO0OoOoDbooOO0o0OobOobobOOoOoboOoUoooOoOooDoo
0000000000000 0O0ODO0000000DO00ODO00OO00O0o0O
00000000000000000D0300000000000000000
ooobooofo0o0o0oooooooobooboboobooooobooboo
oooDpooooog

O o0ooo0oaog

O

48.1 U0 0O0O0DDOOO0DOOO0ODOD lookup:

data Maybe a = Just a | Nothing

lookup :: Eq a => a -> [(a, b)] -> Maybe b
lookup x ((n,v):rest) if n==x then Just v else lookup x rest
lookup x [] Nothing

‘00000000000000000000000000000DO00
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Ulookup OO0 O0O0O0DOO0DODOODOMOIDO Dictionary-Passing Style
00000 lookupD:

lookupD :: Eq’ a -> a -> [(a, b)] -> Maybe b

0000000 Olookup 1 [(1,2),04,7)] 00 lookupD eqIntDic 1
[(1,2),(4,7)] O OO OOODOO lookup 1.1 [(1.4,0.1),(4.2,6.9)]
[0 lookupD egDoubleDic 1.1 [(1.4,0.1),(4.2,6.9)] 0000000000
0 eqIntDic, eqDoubledicO0 000 OO0OOOOO

49 0J0000oO0OobbOOobobbbobobbooon

oobbooooboooooooooboboo “ooboooorooboobn
oooobOoboOooOooobbooOobobObDOo0bobOoooooOoooooOoon
OO000bOO000bDO0O00000bOoOo0bOoOooooboOooogoDOoooDo
oooobobobobooobooboooboboooobooooooDDOoOon
oooooooooOobOobOooO0oOoOoobobOobooboOoobDOoOoOoo

O0oO0DOoOO0oOOo0OO0DOODOO0ODObOO0OO0OO0O0O0ObOO0ObOOoOoOod
oooboooooog

Smalltalk D OO0 00 O00D0O0O0O0OOO0OOOOOOOOOI[ISIODO 6000
ooooogo

JavaScript 0O O OO0 OO O prototype U0 O OO OO OO
ooooooboooooDbOobOOoOOobDmoocOoDbOoDOoboOoboboOoOoooogo
OoOog Self 00000000 JavaScript DD OO ODOODOOOOO [6]0
DelU0OODUOOOOOODODOO JavaScript DO OODOOOOOOODO

Common LispO0 000000 OO0 OO CLOSOO OO O0O00OU multi-method
0000O0o0OOOoO00o0bO0ooOoDooOoOOobODOO0OO0OdD20000000ODOOOO
oooooboobooooooooobobobobboobooooDbooboooOoD

Javal O Ochar,int double D0 00 00000 O0O0OOODOOOODOO
0000000000000 O00O0O0000O00oOO00ooOo0goooogo
oobobooooooooooboboboobobobobooDboo

0491 000000O0O0ODOO0O0OOO Smalltalk[S], CLOS, JavaScript[6], C++,
Java[7], Python, Ruby 00 OO0 00O O0O0OODODODODOODOOOOOOOODO
Oood

410 OO0

U0000UOHaskellDOOODOOOOOO0OO0OO0O0OOOOO0OODOOOOOO
uobooboobooooobobooooboobboooooooboooboon
gbooogoboboooboooboboboboooobobobobbooobobon
gbboboobuooboboooooboooobobooboo
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U0 [jooboooboboooboobobbobooooooooooo Zjbog
U0 Haskel OO ODOO0O0OO0O0OOO0OO0OO0DOODOO [3]00Haskel OO OODO
ooobooobboooboobobobU0U Haskel DO OO DODOOOODO
oooboobo d4joooobobogobobooboobbooboobooobooo
ooboooooog
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