040 0000

oooboooooobooon
goobooobooobobobooboboooooo
obooooo ooog
Oad-hoc-000000O000O00O0O000O000O0O0O0O00O0O0O0OO0OO

O dynamic bindingD 0 OO0 OO0 OO0 O00O0ODODOOOODOODOOOO
vbooboogboboooooooboobbobobobbobobobbooooob
googdg

gogoooboobooonooo goooo,
overloadingUO0 00 000 0OO00O0O0OOODOODODOODOOOOODOOOOODO
00 cod+00boobob in 000000 doubled DOOOODOOOODO
goooooooobooooboobbooooboooooobooboboboooo
ggbogbboooobobooobobooobbobobbooobobobobog
ugoooooooboooooooobobbobobooooooooomoooon
gooobobobobooboooooooboobboboooboooDo

gbbobooobboooboboobooooboooaoooobbodgd
gooboboooooboooboobobbooooooao

Haskel 000D 000000000 0000000000O0O000DOOOO
ubboboudgboobodoboouoobooboobooooboobog:

twice X = X + X;

gbooobibodxogoboobouoobooboooooobao+«0bbbooaon
oon

UO00DHaskelDO OO ODOODOOODOODODOOODO oog
ubooboooboobbogd

41 ODOOOOODObDOODOO

gboooooobooooboboobooboobobboobooboboboboaoon
googoooon
vbooooobbououooooobobboobid U inheritance [1

O encapsulation 0 30000000000

'00000000000000000000000000000000OO 00 0000 para-
metric0O0 000000

V-1



ogoog goboooboooboobobboooboobooooooooboon
RN goboobooboooboobbooouoobooboon
uboobdo ooubobouobbboooobobdobobobooobod

gbogooooboooboooboooooobobbboooobooobooboo
uboooouoobbobobiboooobooooboooooobobooooooo
gobooooooooboobooobooobooboobooooooooon
gogboooooboboogobooogoooooooooobooobooobobboon
gboboooooobobobooobobbbobbooooooonooboanboo
gooooooboooobobbooboooon

42 JU00O0O0OO0OO0ObOOOOoOooOObOn

Haskell D MLOOOOOOOOO0OOOOOOOOOO (constructor) O O O
(algebraicdatatype) D D OO O O0D0O0OO0O0OOOOOOO
0000000 DoOoD0o0d00o0oooOo0oooooob0odooboOooDOoag
0o0bOo00bO00d0oo0ooDoobbobOooobOOooobOo0oobOoOooOoao
0ddoOoooooooooooooooooooobooooooooooono o
0o00o0doDOdoo0dddoooodooDoooDooooooooOoad
ddodddboooooooooooboboobOooboooooooon
0o00dd0ddooodoboooooobboooooboooooooon
000o00ooO0oDOoOo0000obO0o00oooooO0oo0oobOOoooooOOo0m ad
0dodbbOO0OoOoO0oobOoOobDoo0ooooDOoboObOooooooOooOooo
d0o0ddd00o0oobOoboOOoO0o0ooDOopDooDooDoOooOooooogag
JdoodoooodpooooodopodooDooooDoDoDoDoDOo0ODooon
000000000000 DOO000O00mMbOOO0dJaval00000OOO0O0O
U0 string0 000000000 O0OO0OO0O0OO0OO0O0OO0OOOOODOd
0000000000000 oooooooobooooooon
000000 oddddooOoObobO0obOoboo0bO0obOobOoOoooOobOoooo
do0do0o00ddododdbdoDOoooobooDooDooooooooooo

4.3 Haskell(l 00O 00O

0000 HaskelOOOOODOOOOOOOOOOOEQOOODODOOOODO
ooooo

Haskell OO COO00O0O0O0==0 000000000 Integerd 00O O0O
OO0 Doubled 0O0OOODOODOODOOOODOODODODODODOOODOODDOOO
O00oOoo0O00 (\x > x+x) == (\ x > 2*x) 000000 0O OHaskell O
0doo0dooOoooooooooo o

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

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

OO0000O member O subset 0O O0O0OO Omember 5 [1, 4, 710000
[Integer] D00 OO0 OOOOOOO Omember "Kagawa™ ["Tokushima",
"Ehime", "Kochi"]UO O OO [String]0 0000000 O0OOO0ODDOOO
O000000 Omember (\ x -> x+x) [\ x -—> x+1, \ x —> 2*x] 000
oo0ooooooooooooooobooon

0000 Omember 0 subset D0 0000000000 DOOODOODODO
0o0oooood?Scheme 0000000 0O0O00OOOOO0OODOOOOOO
0o0dooOo0ooooo0ooooooooooobooooooooooon
0000000000000 000 OHaskelOOODOOOOOOODOOOO
0000000000000 oooooooooon
ooon

Haskel 00 000 000OO00O0O0OODOO0OO0OOOOOODODO -00000
0o00ooooooooooooooodoooo0 mobooboooooooag
00 Omember 0 subset 0 0000000000 oog

member ::

subset ::

000 “Eq a =>"0000000a0000000 EqOOOOOO0O00

o0ooboooobobOooobOoogbbUObDbDOod type constraint[d
U000EqUO0DO00000==_00000b00Db0ODbOoObDbODbOODO
ubobooooboobboboogan

goooooo
gboooobobodobbooooooooooobbooooboobooan
gbogooobooobooooobooobobooooooooboboooon
U000000000000 DHaskelOO OO O

U D00MJaval 0000000000000 O0O200

44 J000O0bDOOObDOObOObOO

000000000 classO0 000000 ODODOOODOOOEqOOOO
U000 HaskelOODOODOOOODOM Preluded 00 00O I

class Eq a where
(=), (/=) :: a->a->Bool --!/=00000000
a /=b =not (a ==b) --O0o0oooooad

V0000000000000 Jawva0DOOOO0OOOO Haskel DOOOOO0O0OO000O0O
gooooooodgod
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NN AW

N W~

01NN BN~

O00MOaa00000EgODOO0D0OOD0OOOa ->a ->BoolOOODOO
0020000 (==),(=000000000000000boOooooao

000000000000 DirectionD0O EqUO O OO OO OO Direction
0 EqO 00000000000 0000Oinstanced OO
ooo0Oooooooo

instance Eq Direction where
North == North = True
South == South = True

West == West = True
East == East = True
== = False

(/=0000000000000O00bbObbOoo0o0oboboboobbOoDog
goobobooobooboboobobboobooboooon
U00Tree00000000O0DODODOODO

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 =>"0000 Tree a0 00O0ODOOO0O0OOOOOOOOODODOO ad
gbooooboboboboboboobooobooboooooboan

gboooobobobobobobbbiod Egubbboboboboobonooobboan
gobobood200000000b0b0o0bboboooogoboooog
Ub000dEgUO0O000ooogo

O 4.4.1 Bool O0:
data Bool = True | False

U EUbb00o0ooooboboboooooomoobobooobooobooboogo
gboboboooooboboboobooooooooooobooooobod

45 0JO0O0OOoOoODO

EqUD0OO000000DO0O00DOO0ODOrd, Show, NumOO OO O OODO
uboboobooooboobooobobobooobooboobot

class Eq a => Ord a where --0rd 0 order 000 QO0O0DODO
<), (=), =), ) :: a -> a -> Bool
max, min it a->a->a

class Show a where
show :: a -> String
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10
11
12
13
14
15
16
17

N =

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

class Num a => Fractional a where
2 tra->a ->a

ord0 000 0OShowD 0D OOOOOONUMD FractionalOO OO OO OODO
gogboobboboaooboooo

ubbobd ==00000obooboboobuoobbooonboo

U000OEg0 ordD0O00000O0O0O0ODODODODO0O0ODO ord0ODO0O
gbobbooooouooot egubbooooboobooooboboong
goooooobooood

obobbhOooboboboo0obonDlbD 3.140000000000 OHaskell
gboooooo

1 :: (Num t) => t
3.14 :: (Fractional t) => t

goooooooooooooboodb 100o0boooobodIntggn
UO0ODboubleDOOOODOOOOO
Show,Eq,0rd 00 000000000 OODOOOODOOOOOOOOOOO
ooobobobobooobobooobobobooooobonon derivingd
U000ooubbbobo0dbbOHaskelOOODOODOOODOOOOOOODO
ggobooobbooouoboobboooouobobobboobo

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

O000Tree0 000 ==,>show 0000000000000

0451 D0doooboooboobooobooo

data MyList a = MyNil | MyCons a (MyList a)

UD0derivingODUODOOOOEqQUOODO ord0 00000000 0O0OO0DODOO
gbbord0DO0ODOO0OO0ODO0OOO0ODODOLOODODOOO
gbobobooboooooooboobobbooooboooobEegonon==0
oo ordi000O<=00000000OO0O00DODOOODODOODDOODOD
ooboooood
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46 L0000 0O0OO0OODbLOOUODODODDObDODOOOOO

O00D0O0OHaskellDOOOOODOOOODOODOODOOOOODOOOODOO
ddododoooooooooooooobopooOoooobOOo0ooooooon
ooooo

0d00odobooooobobOboOo0obo0o0oboo0oooboooooOooo
doodooooooooboooobooooDoooooDooogobooooooo
00000000000 OHaskellOO 0000 Integerd CharO [Integer]
0000 showO OOOOOOOOOODOOODOODOOOODOOOODOOODO
do0d00dooOoOo0oooooooobooooooonoa

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

gobooobooooobobobobbooobobpbooobobooobooooooooon
U0 0OHaskelOOOODODODODODOODOOOODOODOOOOO0OO0O0OOO
ubogoboobbooboobooobooboooooboooooo

47 0ODUOOOOOOO

ubobobooooooobobobbooooooooooboooboobooad
gboooobobobooboboo

000 (ambiguity) OO0 ODOOO0OO0OOODOOO0OOOODOODOO

class Show a where

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

gbooboobbooooooobobooobooo

foo x = show (read x)

0000000 Ofoo :: (Show a, Read a) => String -> String0d O OO
000 a0000=000000000000000000000D0000 OO
0000000 OodoooooooDoOooOooo

foo x = show (read x :: Integer)

allbdooooooobooboboobobobboboobooboboobomo
goobobooobooobobobooboobobboboo
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N —

N =

—_—

N =

00000 (monomorphism restriction) DO M OO0 O0OOO0OO0 MWOOOO

000ddoooooooooooooodoooooonooooooooon

0o00DO00oooDOO00Oo0OoooOoo0ooooooooooooooooon
d0Oooooooooooooo

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

genericlengthO OO OO0 OOOOO length :: [b] > IntO00O0O OO
do00dobOO0obO0ddDbOo00ooooDoooooon
000DoDO00oooobOoooOoOooooooon

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

U000000000 ODictionary-Passing Style D 00 0000 O00OO0OOODO
O0DO00O0oOoogoo

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

000 genericLlength] O DPSOO0OOD0OO0 200000000000
oooobooo 2000000 booooooobobooboboboobog
gooooboboobog bpSOD00OO00O0

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

ooooboooo20b0vbboooooooboboobobobooo

gboboobooboobobbobb tooooodoboboboboboobbod
ooooobooooobooooboooobooooobo dooooo
ggooboooobgo

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]

gooooooobooobboboooobbooooooboobooon
gooobooobo
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SOOI NP W~

—_— e —
W N =

NN BN =

-- (-DOO0O00O0OO00O0oOoOooOoooOoOooonOon
-- fl xs =map (\ x -> x-1) xs OO0 0O00O00O0OOOOO
fl xs = map (-1) xs

-- rgggoooooooooo
--f2n=n: [4,56] O0OOOO0OO0OO
f2 n = [n] : [4,5,6]

-- HaskellOOOOOOOOOOOOO . O0O0O00O0OOO0OOOOOOOO
-- . 0000O0000ooooooa

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

--f3r=r *sin 0.2000000000

f3 r=r * sin .2

0471 000 £f1,£2, 300000000

4.8 Dictionary-Passing Style [] [

U0D0000OH”HaskelOOOOOODOODOO0DODOOO0DOOOOOODOmI DO
U0bb0b00o0b0oobDb HaskelOOOOOOOOOOOOODOOODO
gboooobobooobooboboboom

gooboooogoobogobobooboobobboboboobobbboo
udboodoboooboobooboooboobobbbogg

gobboooobooboooobbobobbooboobobooobon
oboobgoooboogoo

type Eq’ a =
eq’ :: EqQ°’ a -> (a -> a -> Bool)
eq’ = -- (==)00000
ne’ :: Eq’ a -> (a -> a -> Bool)
ne’ = -- (//)00000
00 Eq’ alO00OO0O0O0O0O0O0O0O0OOOO0 [0 method dictio-

naryD 0 00 00O
goooOoOoOO0o0oooobObOooOOooooooobooooooooDooDo
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SOOI NN~

—
SN USIY NOR

NN AW

N W=

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

gbboooobobobooobb ... = ... 0000000000000 D O
oooooooooobobb0ob00uUbbbE’ ab 000000 oDOo0
uboooouoobobooooooobboobooon

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

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

gbooooobboouobobooobbobooboooboooooogaon
goooooooooooo

member North [North, South, West]

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

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

UO0O00O0OD0O0O0OD0OO Dictionary-Passing Style U O OO HaskelOO OO O O
oooO0ooO0o0oo0oOoCobOOoOOoOoOO0oOOobOOODObDbOOoUobODbDoo
000000000 0oooO0oooOdDoOoooooooboogooooooooo
0000000000000000000000 0000000000000
gooooooOoooOoOooObobOOO0obOUo0oUoOoboUooUooboboUooOooo
000000000 00Ooogo

0481 000000 DOODOOOO 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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Olookup OOD0OO0O0OOODDOOODOOOOOD OO0 Dictionary-Passing Style
00000 lookupD:

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

0000000 Olookup 1 [(1,2),04,7)] 0 lookupD eqIntDic 1
[(1,2),4,7H]O00000000 lookup 1.1 [(1.4,0.1),(4.2,6.9)] O
lookupD egDoubleDic 1.1 [(1.4,0.1),(4.2,6.9)] 0000000000
0 eqIntDic, eqDoubleDic 0 00O O OO OOO I

49 000000 bOObDOobbOoOobbooboog

ooooooobooOoooOooboooooOoobbD “cobooorooboooo
O00000000OoO00oOoO0oD00oooOoDOooooOogooOooooo
ooooooooooobobooboobboooooooboOooobboooobobooo
o0obO00obO0ob0O0ObOO00OO00obDO0oO0obOOo0oOoCObOOoOoOoooUooDoboOoon
0000000000000 00O00o0oooOo0bOoooooooDoODO

goooooooooboobboobbOoboobUooooooooooDo
oooboooooboooo

Smalltalk D DO OO0 OODDOODOOODODOODODOOOOBIODO60OO
oooooood

JavaScript OO DD O OO U prototype 1O O OO OO O
oboobooboobbooboobowooooobboobogoooDooo
OOO000 Sef0 0000000 @ JavaScriptD OOOO0OOO0DOOOOO [6]
OO0600000D00DOOODOODODO JavaSceripp0 O0O0D0ODOOOOODOOOO

Common Lisp0 000000 OO0OOOCLOSOO O multi-
methodOO O OO OO000DOODOODOOOOODODOOOODO200000¢0
oOo0ooo00obOO0Oooo0oboodoboooooobooooooooooo
oooogoog

JavaO O Ochar,intd double OO OO0 OO0OO0DOOOCOOOODDOOO
00000 00O0o0DOO0bD00O00d00DOOOO0O0DOOoO0oOoOoOoDoooD
oboooooooboboobobooobboboooboboooo

0491 00000DO0O0OODODOO Smalltalk[5], CLOS, JavaScript[6], C++,
Java[7], Python, Ruby 00 OO0 000000 O0ODOOOOO0OOOOOODOODO
ooog

410 0OOO

OUO0OD00O0OHaskelOODOD OODOOOODOOOOODOOOOOODO
ugbbobobboobooobbooobooobbobbooouobooooaon
gboboboooboobooooooooooooboooobobboboood
ggobobooobooobooboobobooooboobooo
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411 00000 OOOOODOOOOOd

(100000 b0o0obo0oboo0bbobobb0o0bO2]0 0000 Haskell
ooooooODOO0000D0O0DbO00EB]OUbOHaskel DO D OODODODOOOOO
0000000 DbbUOb0 Haskel DO OO OOOOOOOOODOOONM]
goboooooobooboooobbooobobooooooobobooboooon

gooooggno
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