040 0OoO0O0

goooobobooobooooo
_boooodgoooodoooogooodgobodgooood
gogn Oad-hoc-00 0000000000000 0DOOOOOOOODODO

gooog OdynamicbindingD OO0 0000000000000 DOOCOCOOOO0OODO
gboboboboboobooooooooobooooooooooobooooon

ubbobboobooobod O00O00O,overloadingd O OO0 00
oooooO0oOo0ooboOoboOO0oo0obDoOoboboUOooO cog+00DOUDD intODOOD
U0 doubleD 00 OOOOOODOODODODODODODODOOODOOOOOOODODOD
gbobooboobooboobooboooboobooboobooboobooboboooo
goboogoooboboobooobooboboobboobbo™mobobooboboooobooboooobooo
gbobobooboooooobooooooo

ubogbooobooboboobooboboobobobobooboobobooboobo
gobooboooooboog

Haskdl 00D DODO0O000D0O00O000D0DOO0000D0D0000O0ODOOOO0OOODOOO0O0
gboboobboooboobobooobooboboooog:

twice X = X + X;

gobodbboxbogbbooboobboobooobobo+0bo0oboobbod
O0OD0OHeskdl DOODOODODOOODOOOOOOOOODO gobooboobogn
ooo

41 OU00dddoooooon

gboboobooboboobooboobobobooboboboboobobobooboboobobobo
uoboooobbooobobooobbooobbooooo O inheritance 1]
Oencapsulation 0 30000000000

gooo gboooooooooboooooooooooooooooon
(HRN
ooooo

goboobboobooboboobboobooooboobobooobooobboobbooboo
goooboooboboboboobuoobobobooboboobobooboobobonoobo
gboobobobobobob

0000000000000 00000000D0D0D0D00D00000000000000parametrici0000000
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42 0J0O0O0O0OO0OOOOO0ObObDOoOoon

Haskell O MLOODOOOUOOOOOOOOODODOOO (constructor) D000
(algebraicdatatype) OO0 D000 O0DO0000000DO0DODOOODODOOODDODODOOOODODO
gogobbobbouoooobbobuoooobobobooobbboooobbuoooooboobbogao
gboobooobooooboboboboboboboobooboobooooobooobooboobonboo
goboobooooboboobuoobbooboobboon

gbooodbooboboobooboboobooboboobooubbooboobono
gbooobooooboboboboooboobobooboobobooboooboooboooboonooo
gobooboooboob™@oobooboobobooobooboooboobboooboobo @™
gbogbobobobobooboboboboboboboboboboboboboOobOobobo
obooobooooooooboboboboobboobooboooobob™boodnbdaval Sstring
gobooboobbooboobooobooboob ™

gbogbogbobodoboobobobbobuoobobooboobooboboobooobo
gbooboooboboboobooobobobbooboobooobooobobooboobonbobo
gbobobobobobobobo

43 HaskdlOODOOO

O0OD0OHeskdl OODODDODODODODODOODDODODOOEQUDODDODOODOOOOOODO
Haskell OO COOOO0O00O==O0000000000 Integerd0000000 DoubleD OO0

O0000000000000000000Haskel OO0 O0O0000O0ODOOOOOOOOO

member x [] = False
member x (y:ys) x==y || member x ys

subset xs ys = all (\ x -> member x ys) xs

00000 member 0 subset 000 OO0 Omember 5 [1, 4, 710000 [Integer]0 O 000
000000000 0member "Kagawa" ["Tokushima", "Ehime", "Kochi"] OO OO [String]
0000000000000 bouoOoodddmember (\ x > x-1) [\ x > x+1, \ x
> x2]000000000000000000000004

O00O0OOmember 0 subset 000000000000 DODODOOODODODOOOOOOOOOO?
SchemeO OO OODOOOOOO0OOO0ODOODOOOOOOO0OOOODOOOOOOOOOODOOOOO
000000000000 D0D000000000D0D0D0O0o000000DHeskellDOOOODO
Odo00dooooooooobOoooooooooooooooooOooooooooooooooono
ggod

Haskdl OO 0DOO0OODODOOO0OODOOOO0OOO0OODOOOD -O00OO0O0OO0ODOODOODOODOO
Od00dooooo0oodo0D@muooooooDod0dddmember 0 subset 0000000
ooooooo

member ::

subset ::

U000 “Eq a ="0000000 a0000000 EqLOODOODOOOO ggoboooo
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000000000000 0000D000Otypeconstraint] J000EQODOOODOOOO0O==00
gbobodboobbuooboobboobooabbd
uboobooboobooboboobobbobooboobouoobonoooboooobooooo

0000000000000 000O0Ooooooon ooooooo
O00000O0OHaskel DO O OO0 000 MJaval 0000000000 0O0OOO
0020

44 OU00Uoddooooooon

gbooboboboo goobobobobo
O0O0O0OO0classO0 00000000000 0OODOODOEQDODOOODOO HaskdlOODOODDODODO

O Preluded 00 00O M
class Eq a where
(==), (/=) :: a -> a -> Bool
a /=b = not (a == b) --goooooooa

O00M0aa0D00O0OD0 EQODODOOOO0OODOA->a ->BoolOOOODOOO 20000 (==),
(/0000000000000 0D0000D0O00000IntegerJ0 EqUUOODOOOODO Integer

0 EqO 0000000000000 O0Oinstance 000 0OO0O0OOOODOO
instance Eq Integer where
(=) = primEgInteger

000 primEgInteger [ Integer -> Integer -> Bool O OOOOOOOOOOOOOOOO
O000000Integer 000 00==000000000000 primEgIntegerJ0 0000000
gdod

O00ODouble OO ODOODOODOOOOOOOODOOOOOO

instance Eq Double where
(=) = primEgDouble

oO00Oo0000O00DbOOo0bOO0d00 EgU0bOo000o00bO0o0obbo0bOo0oDo 20000
gbobobobobobobobobobobobobUobUEUbOODOooOoog
Integer 0 Double DO OO0 OO0O0O0OOO0ODOODOODOOOOODOODOODOODLOOOOODOO

O000000000000000¢83900000 TreeOOOOOOOOOODOOOOO
instance Eq a => Eq (Tree a) where
Empty == Empty
Branch 11 nl rl1 == Branch 12 n2 r2

True
11 == 12 & nl == n2 && rl == r2
False

“Eq a =>"0000 Tree aU00O0OO0O0ODOODODLDOODOODODOD abObOobbOOoboonDO
gboboboboboboboo

20000000Jval00000000O0O0O0OODOOOOO
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45 Dictionary-Passing Styled [

O0OCOCOCOOHeskdlOOODOOOOOOOOOO0DOODODOODODOOODODmMODODDOOOODODODO
O0O00OHeskdl DOO0DO0000D0OODDOOODOOOO0O0O0O0OOODDOOODDOOOOOOOODO
oo

ubooooobooboboobooooooboboobooboooboboooboooobonooo
gobooboobobooboooboon

gbodbogooggboogobgdoogobgdoogooogdoo

type Eq’ a =

eq’ :: EqQ’ a -=> (a -> a -> Bool)

eq’ = -- (==00000
ne’ :: Eq’ a -> (a -> a -> Bool)

ne’ = -- (/00000

U0 Eq’ alOOOO0OOOOOODOOOOD 0 method dictionayD O OO OO0 O

000000ooooooo0o000ooooooooooooooooooon
eqIntegerDic :: Eq’ Integer
eqIntegerDic = (primEqInteger, \ a b -> not (primEqInteger a b))

egDoubleDic :: Eq’ Double
egDoubleDic = (primEgDouble, \ a b -> not (primEgDouble a b))

Oo00oo000 ... =000000000000000000000000000000000
0000000000000 000000000000000000000

member’

member’ ] False

dx [ =
member’ d x (y:ys) =eq’ d xy || member’ d x ys

subset’

subset’ d xs ys = all (\ x -> member’ d x ys) xs

gbogboboobobbooboobobuoobobooboboooobobobobaooba
gooonf

member 4 [2, 5, 8] — member’ 4 [2, 5,8]
subset [0.0, 1.0] [1.0, 2.0] +~ subset’ [0.0, 1.0] [1.0, 2.0]

O0O000000QCODictionary-Passing StyleD 000 Haskel OO OOOO0OOOOCOOOODO
gbooboobooobooboooboobobooobooobooboboooboboobooboboo
0000000000000 000000000000000D03M000000000000000
goboobgoobgoobooboobooboooobooboobobooboobooboob
goo

0451 0000000000000 0 lookup:

‘0000000000000 00000000N0N0NOoOoOooooooo
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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

O DPSO OO OO lookupD:.
lookupD :: Eq’ a -> a -> [(a, b)] -> Maybe b

U00MMIeokup 000000000000 OOOOOOOM

46 UO0ODOOOOOO

EqOOO00D0OO000000bO00b00gord, Show, Num0 O OO0 MM OO0DOOO0O0OO0O0OOO

goboboboobobobobon

class Eq a => Ord a where
<, (<=, =), ) :: a > a -> Bool
max, min :ra->a->a

class Show a where
show :: a -> String

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

class Num a => Fractional a where
D) tra->a->a

ord000O0ODOShowOOOODOOOOONuMO Fractional OO0 O O0O00OO0OOOODODOOOOOO
00000000000 bo0ooo0ooooooonD1,3.1400000000000HaskelDODO
good

1 7 (Num t) => t

3.14 :: (Fractional t) => t
doooooooooo

000000 ==000000000000000000000000000O0DOord000DOOO0OO
000o0dooooobD g 000000 ooooooooooad

Show,Eq,Ord 0 000000000 OOOOODOOOOOOODOOOOOOOOOODOOOOOO
000000 derivingOOOOO0OODOO0OODOOOOOOHaskel DOOODOOOOOOOOODOODO

000oDo00o0oooooooooooooooooooooooooon
data Tree a = Branch (Tree a) a (Tree a) | Empty deriving (Eq, Ord, Show)

0461 0000000000000O00O00O0O
data MyList a = MyCons a (MyList a) | MyNil
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U0derivingDUOODUOUOOEqUOOO ord0D00O0O0OO0OOO0OOO0ODOO0O0DOOOrdOODODOO

gbobogboobbooboobbooo
gboboboboboboboboboob0b0b000U0EUIDO0D==00000 ordO0O

Ub0<=00bogbbooboobboobuoobboobooboooobom

47 OUddoooooouoobbbobobboboboodgo

OO00OO0ODOHeskdl DOOOOOOODOOODOODOOODOOOOOOOOOOOOOOOOO
d0dbD0ooooooUooUooUoooooooooooooooog

0000d0ooo0ooood0oooo0oDoooooooooooooooooooooooood
0000000000000 000000000000000000OHaskelDOOOO0O Integer
O Chard [Integer] D000 ShowO O OO OOOOODOOOODODODOOOOOOOOOO
J0d0D00ooo0oooooooooooooooooog

-- let impossible = [1,’a’,[1,4,7]]

-- in map show impossible
00000000000 DoU0odooUooU0o0oo0oooo0ooDOooDOooooooOooDoog
0000d000D0D000D0oOoo000D0000o00oO0DoD0o0ooooDo0ooOoooOooooonog
doooooood

48 0J00OO0O0O0O0OOO0OODOOOODOOO

ocooobooooooooooooooobooo “bobo0ob’boobooboOooDbOOoOoDOon
gbobooboooboooboboobooboboobooboooboobbooboooooboooooan
gbboobooooooooooobobobbooooooooonoobobobobobobobog
gboboboboboobooboobooooobooooooooooooobooobDooDoonDo

uoboboooooobooobooooobbooobobobobooooooobooboboooooobooobog
goo

Smdltak DO OO0O0O0000O0O0O0OCOO00O0O0O0ODOOC 4O0e0000000O0ODO

JavaScript0 000 0O0O0ooOOd Oprototypel D0 O 0OOOOOO0O0OO0O0OOOO
000000000000 00oo00oo000oo0U00oD00 sdfgpDoooooooo
JavaScript0 0 0 0000000000 [f0deddonoooon

CommonLisp0 000000 OOOOOCLOSOO O multi-methodD 0 OO0 0 00O
o00Oo00obOOoO00oboOO00ooOoOoO02000000000OO00DbOOO00OOOOODboOn
gbobobobobooooboooobooooogon
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Javal O Ochar,intJ double U0 D ODO0OO0OO0DO0O0OODOODOODODOOO0ODOODODOOO
gbboobooboubodgbuooboobuoboobobbobobooboobooboobobobo
goboooooooo

0481 00000000000000QC Smalltalk, CLOS, Javascript, C++,Javal 000000000
gbobobobooooooooooon
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