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030 00U0oouoooood

31 Jdddoooood

goboobooboobuoobuooboobuoobooboobooboon

ooooooooooooooo . OoOo0oooooooooooo0oo
goo O algebraic datatypel 0 O O [
gobooooboooooooboobboOoooooon
data OOO0O0 ODOO, 000, ... OO0

=0000 ;0491 ... Oy

IDDDDZDZ,]... O 2,

| 0000 »w Ot or O
000oO0O000obOoO00obOoO0d0oDbDoO0o0ooOoOOoOooOoOoOoooooDogo
o ocoooobooooooobooooobooobo,bbooboDbbO0,0
mO0O000000000000Op,1,....0m,, 0 0000,00000000

goooooboog,bod,,...,000,0000000000000D00O0
gooo|o«“coor”boobooon

data Foo x y = Alice x [y] | Bob String y | Charlie

O00000000000OFoo Double Integer 0000000000 OOODOONO

Alice 3.14 [1,2],Bob "Hello" 3, Charlie,... O
O000o0o0Oo000o0oooooooooooooocd Javal OO O enuml

000OO00bOooobOoooooooon

data Direction = North | South | West | East
deriving (Eq,Ord,Show)

North, South, West, East 0 40 0 Directiond OO0 00O OO0 deriving ...
0000000oomm

Q311 0000000D0DOO0DODO (Reck) IO OO (Scissors)d OO (Paper)d
O00O00D0OgRrRPSOODODOOO

gboogboobooboooboobooboobooboobooboon
ugboooooboobooooon

II-1



—

—_—

SOOI N B~ —

SOOI WN B~ —

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

O000000 Branch Empty 0 2000000000 Empty 0000 0O0ODODO
goboOobobooobobOoOBranchd 300000000000 1000 30
gooobobooobooboboooob20000000000000Branch
uboogooobooboooon

Branch ::

doo0da0 00000000 Integerd Stringl 00O 0O
00000ooooooooooodOdd Tree Integer0 000 Integerd 00
0000000000 Db0OOTreed 000000 ODOODOO (type constructor) U
00d0o0oooooooooooboooooooon

000o0ooooooooood Treed oo

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty
tree3 :: Tree String

tree3 = Branch (Branch Empty "a" Empty)
"b" (Branch Empty "c" Empty)
tree4 :: Tree Integer
tree4 = Branch (Branch Empty 1 Empty)
2 (Branch Empty 3 (Branch Empty 4 Empty))

U000 tree4a00000O0O0O0DOOD0ODOO0OOOODODO

TreeJ 0000000000000 DOO0DOODOOO0DOOODOODOOODOOOO
googoo

top :: Tree a -> a
top (Branch _ a _) = a

isEmpty :: Tree a -> Bool
isEmpty Empty = True
isEmpty _ = False

size :: Tree a -> Integer -- DO O 0O0OOO size tree4 0 4
size Empty = 0
size (Branch 1 a r) = size 1l + 1 + size r
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Q3120 1000020000000RPSOOOODOOOOODOOODOODOOO
0000000000 judgeRPS :: RPS -> RPS -> Ordering 000000
000 Ordering0 00000000 ODODOO0OOOOOOODODOO

data Ordering = LT | EQ | GT
deriving (Eq, Ord, Bounded, Enum, Read, Show)

LrTogooeroooooooooog

0313 Tree 00000000 OOOOODOODOODO

depth :: Tree a -> Integer -- OO
preorder :: Tree a -> [a] -- Ogooo
inorder i1 Tree a -> [a] -- Ogooo
postorder :: Tree a -> [a] --00oa0oao
reflect :: Tree a -> Tree a -- 00O

O0000Q@ depth tree4, @ preorder tree4, ® inorder tree4, (@ postorder
tree4, ® reflect tree4d 00 00O0O0O0O00O0MS3,®[2,1,3,4],31[1,2,3,41],
®[1,4,3,2], ®Branch (Branch (Branch Empty 4 Empty) 3 Empty) 2 (Branch
Empty 1 Empty) OO0 QO QO

0314 000 r0000D00DO0ODODOOODLDOOOOOODOODODOD
oooooood

0315 000000000 PL/O(ttp://www.inf.ethz.ch/personal/wirth/
books/AlgorighmE®) D 0 000 O0OOOOOO0OOOO0O

goooooobooboobo cobooboobooboboooboboobooboo
gboobooboobooooooooooooooooooo

data C = F { f1, £f2 :: Int, f3 :: Bool } deriving (Eq, Ord, Show)

000oooooooOoooo00oooooonon
data C = F Int Int Bool deriving (Eq, Ord, Show)

gbooobooboooboobooobbooboooboboooboobooooboobon
googboooboobooboobooboobooboobooboobg
U“bobobob0=070000000000O00OO0OO0

vi =F { f1 =5, £f2 = 12, £f3 = False }

foo :: C -> Int
foo (F { fl =x, f2 =y D =x *x+y *y




0000 foo viOOO 169000
gooobooboobopboooobbobbobobobobooboon
ooboboobooboobooboobouobovibOooDoOofr v1iODOO 50
ugodg
goboo“cooboobbod =0»o0bboobbooboobooboobog
ggoboobobooobooooboboooboobooooobooboboooobobooooo
ob00vl { £2 =3 }000F { £f1 =5, £2 = 3, £3 = False }0J 000

32 0OOoood

goboooooogoobooboobooobobbogon

gooobobooboboboboobobobooobobooboog
gdbd0oudb0ddad-hoc-000O0

oobbooobooobbobooooboboobobo0ouobooobUUbU dynamic bind-
mg0O00o0o0o0ooooooooooboooooooobooooboDboboogo
ubboooboobbooboboobooboboobooboon

goooooboobobobobooooooboobobobouoogn, overloadingd
goboobobooobobooogbobooobobooboobo coo+n
U00000 intD000000 dowble ODOOOOOOOOOOOODOOODO
oobooooboooooobobooooboooobbooooboboooooon
gbobooboboboboboboboobooobooboooobobobobon
gboobobuooobboobbbooobboobbboooboboobooonobog
googobooboobboobooboonoo

gobooobobobobooooooobooobooboboboboboboo
ubobooobooboobboobooboobbooon

Haskel 00000000 DODD '00000000D0O000000000O0O0
gboooooooooooooooooooooooooooooooDg:

twice X = X + X;

ugbbobogobxgbbooobooobbooobbu+0obboaobog
U0000dChJaval D0 OO0OD0OOODOOOOODOOO0DOODOODOHaskell O
ogooonbm

UO0O0OD0HaskelDODODOOOOOODOOOOODODOO ugoo
gbooboooooooogon

33 Dooouoooogod

goooboobooboooboobobbobobooboobooboon
oooooood

'000000000000000000000000000000000O00O000000d para-
metricO 0000000
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O0000O0O0O000O0bODOCOO0O000ob0bDOOOO0000OO inheritance
OO00O00OOencapsulationd 0 300 00000O00OO

Q331 0000bubooobboouoobooobboooooo

ogooog . -gbooboboooboobooobooboooboobobooobg
oo . -0000bobobobobobobobobobobobob
gooog - -gboobbooboobboobooobboobooonbog

ugbooboobboobuodgbuogbuoobuoobaogbooboobaoondgd
ubooobooobouoobooboobobbobbooboobooboong
googbooboboobbobobooboboboobooboobooboonbg
ugbogbuogbuooboobooboobboboobooboobaoondgd
ubbooboobooobboobooboobbooboobooonoobooon
goboobooboobbooboo

34 JU000O0O0O0O0O0O0OOOOODO

HaskellO MLOOOUOOOOOOOOOOOOOOO (constructor) 0O OO O
O00000 (algebraicdatatype) D U OO0 O0ODOO0OOOOOOOOOODO
00000O00bO0d0obOO0o0DO00oDooobooooooooooooonooong
000000d0oooOo0o0oobOoO0o0oooDoOboo0oooobOoOoOoooboOooon
0d00d0o0ooOOoobOoobOooooooooooobooobooooooog
0o0o0dodoDo0o0oobOOoooooooooobooooo

00000O0o0bO0o0obO00bOoooooooobooooooooOoooon
00000 00o0O00bOO00oO00ooobOoobOoobOoobOoooOooog
oooooooooooooooobbooooo000o0oooooom oo
000do0o0o0oOo0bOo0oOo0odbooobOoobooooooboooooooag
00000 oOOo0bOO00bO00oOooooooooooobooooooooon
0000000000 ooooooooooooDooobooooooboOoooon
000000000000 MOobOdD0Javad0000OO0DOODOOODOO StringOd
000O00bOO00bOoOOoo0DOO0o0DoOoooOooooOoom

O0000o0o0obOo0DoooooooooboobDooooooooobooon
00000 0o0bOoOobObObOoobObOoobOOobOoobOoooDoobooOobooooag
00o00d0bOO00doo0oDOO0dooooDbOooooooDooooooooa

3.5 HaskellOOOOO

OUO0D0 HaskelUODOOODOOOOOOODOEDOOOOOODOO
oood

Haskel OO0 COOO0OD0O0O0==O00000000O0 Integer 00000
UDboubleJ D OUODO0OODOOOODOODOOODOOOLOODOOODLOOODOODO
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O0O000 \x >x+x)==Q(Ax—>2*x)0000000OHaskell O O
Oo00o0ooooooooooo

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

OO0O000O member O subset OO O OOO Omember 5 [1, 4, 7] 0000
[Integer] 00 000O0OO0OOOOOOOmember "Kagawa" ["Tokushima",
"Ehime", "Kochi"]O DO OO [String]OO0DO0OO0OO0OO0O0OOOOOOODOOO
O000000Omember (\ x -> x+x) [\ x > x+1, \ x —> 2*x] 00000
0o00odobOOooooooooooaad

member 0 subset 00O OO0OO a -> [a] -> BoolO [a] -> [a] -> Bool
O0000000D0Omember 0 subset D0 00000 OOO0ODOODOOODOO
O0oooooooog?Scheme 000000000 0OOOOOOOOOOOO
0do000d0odooodooooooooooooooooboonoooonoong
0000000000000 000D00OOH-HaskelOOOOODOOOOOOODOOO
0000do000oOo0bOoobOOo0obOo0obOooboOooboobOoooboOooonog
ood

Haskell 0O O0OD0O0OO0OOO0OODOOODOOOODOOOODOOD -O0OOOO
0000000 bO0o0oooOOo0DobOo00oooO0mooooboooooog
O0Omember 0 subset D00 OODOO0O0OOOOOOO

member ::

subset ::

O00 “Bga=>"0000000 alO0O0OD0O0O0ODO EqUOODOODOO
ogd o O 0Dobouoobooboooobbooboobobooo
O0ODOOtype constraint 0 0 O0OEq DO D OOOODOO==00000
oo UbbbbbbDbDbDoDoD

oooooon
goboboooboogoboooboooobooooobobboooboooobooog
goboooooooobooobooobbooboooboooboooboOon
U000b0o0oU0bo0b0o0bboUbDUOb0UOHaskel O ODOD OO
O00MMJava0 000000000000 DODOO 20

36 DOOoooooooooood

O0000000O0 classO0O000OO0OO0ODOOOOOOOOEQOODO
U00 HaskelDODOOOUODOOOM Prelude 0 00 OO

00000000000000Javal0 00000000 HaskelDODODODODODOOOOOOO
oooooooooon
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B W -

class Eq a where
(==), (/=) :: a -> a -> Bool -- 1=00000000
a /=b = not (a == Db) --O0oo0oooon

U00MM0Oaadb0db00 EgbODbO0b0b00O0a ->a ->BoolODOODOODO
20000 (==, (0000000000000 00000D0O0ODOODO
goo

class 0007 OO0 where
D|:|1::|:|1
DDz::Dz

oo0obod obb0o0bhooo0booo0bO,boooboooooqb0 o,dad
00000000 ,..0000003%0000000000

000000000000 DirectionOd EgUOO0OOOOODirectiond
EqO O000000D0O00DO00DO0O0Oinstanced 0000
oooooooo

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

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

(/=0000000000b000bO00bOO0O0bObOObObOOobObO0DbOOoDbOO
gboboobooobbooboobobooboobbon
U00Tree0D000D000DO deriving O O0O00O0OMMOOOO0O0ODOODOO

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 0000000 DODOODOODOODOOOO a0 O
uoboobboooooboobiboooobobbbdoddTreegdgnonononoOog
gbbooboobboobooboooboobooobooboo

instance 00y == 000y O where
od; =0
00, =0,

gbooboob0bbbb0e@ey 00000 000000 bO0ObOoOobObOoo
pUbobooboobobhoypoobooobbooobooan

‘00000000000000000000000000000000000000
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gbobooobbooobbboodb egbuooobobooobbooobn
goodb200b000ogoobobooooooboobobboobogoongoo
U0O0EqUDOOD0OO0OD0OOD0O0

Q361 ODOOOBoolOOIDODOOODOOO:

data MyBool = MyTrue | MyFalse

UOEU0O000000000000000MBool 00000 EqgUDOOOO
goooboobobobooooboboboboooboboboooooboon
ugbooobm

Q362 Q3.1.1000000OODOODORPSODD EqOOOODOOOODOO
oooooo

Q3.63 size :: a > IntU0D0U0O0O00O0OO0ODOODO SizableOOODOO
uod

37 U0o0o0oooobooooo

EqOO00000D0000000D000Ord, Show, NumOD O ODOOMM OO0
oboooobooboobboobooboobbomm

class Eq a => Ord a where -- Ord 0 order OOOOOOO
<), (=), =), ) :: a > a -> Bool
max, min ita->a->a

I -8
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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

ord000O0O0OShowOOODOOOOONumO Fractional OO0 OO OOOOO
doodooOOoooooooooo

000000 ==0000000000000000D0DO000DO0O0O

O00O0OEgO0 Oord0 000000 OOOOOODODODOOOO Ordd0OOOO
0000000000000 00000000 bo0oobooooog
ooooobooooo

O000000oooooooooonol1n 3.1400000000000Haskell
ooooood

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

gobobooooboboobobobo1goboobooobobomtdbogn
Double DO OODOOOODOO

Show, Eq, Ord 000000000000 ODODOOO0ODODODOOOOO0OO0
Ubobooooobobooboboobobobio0obOobOn deriving
[dravig) 000 0000000000000 HaskelDOOOOOOODOOO
gboobopooobobobgoboobobooboobooooboboooon

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

U000Treed 00000 0OD0O0ODO0 ==>show 000000000 0OOOO

Q371 000OOO0ODOOOOODOOOOO
data MyList a = MyNil | MyCons a (MyList a)

UO0derivingODUOOUOOOEqUOOO0 Ord0000O00OO0OOOOOOODOODO

dbord000D00O00O0O0OD0DOODLOOODODOODOOODnOO
uobooooboobboooboooboo0boob0ob0bDO0bEqQUODO==0

gobdord0DU0O0<=0000000000O0OO00O0ODOODOODOOOOODO

gboooooom

obo0:00000000000 MyListOOOOoOO0DOO0ODOODODOD
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toMyList :: [a] -> MyList a
toMyList [] MyNil
toMyList (x:xs) MyCons x (toMyList xs)

ugbooobogboobobod

toMyList "abc" <= toMyList "abd" -- True
toMyList "ab" <= toMyList "abc" -- True
toMyList "ab" <= toMyList "a" -- False
toMyList "ab" <= toMyList "ba" -- True

38 oo ooobobobobobbooog

O000O0O0OHaskelOOOOOOOODOOOODOOODOODOOODOOOOO
00000O00b0o0obOoobOoobOoobOoobOoobOooboOoobOoooa
0000000bO00bOO0o0DO00obOdobdoDooooooooooboOoooa
O0OHaskel OO ODODOOOOOODOODOOOODOOODOODOOODOODOODOO
d0000bOodbOooobOo0ooobooobOooooon

0000000000 DO0000oDo0oDoO0oDooDoOooDobOOoooOooo
000000000000 ooooOoooOooooooooooOoooa
O0000O0O0O0O0OOHaskelOOOOOO Integer d Char O [Integer] OO
OO0 showOOOOOOOOOODODOOOOOOODODOOOOOOOOOOOOOO
0000000000 DOO00bOo0o0ooDbOOo0oOoooobOoOooooooa

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

39 OO0 ooooooobg

gboooboooboobooboobooboobooboobbooboobon
googoo

goobogooboobooboobb ooobboooobooobboooooo
gboboboboooooboboboboboooobobo 4obbooon
ugbooobboonod
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N =

N =

OO0 (ambiguityy OOO0O0OOO0ODOOOOOOODOOOOOO

class Show a where

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

gboboobooboobboobooboo

foo x = show (read x)

00000000 foo :: (Show a, Read a) => String -> String 00O 0O
O00 al000=00000000000000000000000000O0
O00o00o0m ooooooooooooooa

foo x = show (read x :: Integer)

alljoboobOoobobooboobobobooboboobobobomon
gbooboobogboobboobooboboobobomm

00000 (monomorphism restriction) OO0 0000000 ODOOOO0O

000000000 odoDododoobOoooDdDo0d=000o0onoo0og

000OO00bOO00b0ObOo00oDobOOooboOooobOoooooooa
0o00doooobooooooo

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

genericLengthO OO OOOOOOON length :: [b] -> IntO00 0O
0o0oooooooobooooooooooooooo
000oooooooooooooooooon

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

U00OO000D00OD0O0ODictionary-Passing Style U D D 00O O0DOO0O0OOOODO
obooooooooooon

\ dl1 d2 -> let v’ d = genericlength’ d [1,2,3,4]
in (v’ di1, v’ d2)

U000 genericLengthD 0 DPSOOOO0UOOOO 2000000000000
googbooo200bo0boobooboobbooboobooboong
gboobooboob bpSOO0ODODO

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

obooobooboboo20b0vbbobobobobuoboboboboo
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3.10 0000 Dictionary-Passing Style [ []

U000O00OHaskelODODODODODOODODOODODOODOOODOOOOOMIO
U000000000000 HaskellDOOOODOODODODOOOOODODOODO
oboooobooboobbooboooboom

gobooboooooboboboboboooooobobobooooog
ubbooobuoobboobuoobbooboobbooboo

gobooboobbooboobooboobooboobbooboon
gbooboobooooobo

type Eq’ a =
eq’ :: EqQ°’ a -> (a -> a -> Bool)
eq’ =\ (e, ) > e -- (==)00000

ne’ :: Eq’ a -> (a -> a -> Bool)

ne’ =\ (_, n) ->n -- (/=)00000
O0Eq’ a000000000000000 0 method dictionary[]
Oo0oooog

gboooboboobooobboobuoobobobobooboooobooooo

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 rl1 ‘eqTree‘ Branch 12 n2 r2
= 11 ‘eqTree‘ 12 & & nl ‘eqgA‘ n2 && rl1 ‘eqTree‘ r2
‘eqTree’ _ = False

gooobogoooobobooboo ... = ... Dgbobobooooboboo
oboooboooboobbobb0obi0O0bE’ al000o0oooooboonog
gboooooooooooooooooooooooon

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

gbooobooobooobooobooobooobooboooboooboooboong
gboooobooboogn
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member North [North, South, West]

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

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

O0000D0U0D OO Dictionary-Passing Style J 0 0O Haskel OO OO DO OO
ocooobogoooooboooobobooooobobboooboooooboooobobogo
oooooooboooooooOobooOoobboOooooooooooboooo
000000000000000000040000000000000000
ooooboboooobooooboooobbooobboooboooobooooDbobogo
oooooobooooo

03101 00000000000 0O0O0O 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

Oloockup 0D UOODOOOUOODOOOODODOONOMMO Dictionary-Passing Style
00000 lookupD:

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

0000000 0lookup 1 [(1,2),04,7)] 0 lookupD eqIntDic 1
[(1,2),(4,7)] 0O OO ODODOODO 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, eqDoubleDic 0 0O 00 OO OO O I

311 0J00oooooooboobooooooogn

oooooboobooboooooooboobooo “cooboborooOoDo
goobooooooooOoOoDboOoOobOoOoobboooo“cooroboogo
00000O000o0o00ooo00ooOoooo0oooooooooooooogo
ocooobooobooooOoobooooooooobooooboboooboboOoo
gooboodO0oboo0O0oDooO0obo0ooboooooooOoboooobooogo
ooooooboobooooooooDo

ooooooOoooOOoOooOooOooboOoOoOoooOoobboOoobooOooDon
Oooooobogoo

Smalltalk DO OO O0O00O0O0D0OO0O0DOOOODOOODOOIISIODO6eTODO
ooooooo

JavaScript DO DO OO OO0 Oprototypel DO DO OO OO
ocoboooboooooobooooooomobooobobobooboboobooboOoo

‘0000000000000000000000000000000O0O0

I - 13



Uo00oDO Sef000go0000JavaScrippd 000000000000 [6]
ObedDUODUODODODUODODO JavaSerippt OO0 00O OO0OOOOO
Common LispO0 00 0OO0O0OOO0OOCLOSOOODODDOOOO multi-method
goooooobooboobobbooobooobooobbo2b000bbo0oboboOooon
gbooobooboboobooboobooboobooboooooboon
JavaO O DOchar,int 0 double DO 0O O00OO00D00O00000O00O0O0DOO
gboogbooboboobbobouooboobuoobooboobooboong
oooobooboboobooboobDobuoboboboboboOnoUnDScalald C#
gboooooooooooooooooon

03111 000000000000 0OD Smalltalk[5], CLOS, JavaScript[6], C++,
Java[7], Python, Ruby 0 0 0000000000000 DOODOOODOODOODO
ood

312 000

UO0D00O0O0OHaskelOODODOOODOOOOODOOODOODOOODOODOOOO
booobooobooboooboooboobooboobooobooboong
gboboboooobobobbobooooboboboboobooooon
gboooooooooooooooooooooooog

313 JOoooooooobooooboo

oo [oobboogboobooboobooooboooboobooboorIoog
OO0 Haskel UODODOO0OOOO0OODOODODODOO [3]O0Haskel DO DO OO
UboboboOoobo0oboboboobobO0b HaskelDODODOOOOODOOD
gbobobo d4j0coboooobooboboboboooobobooboboo
goooobogn

gooooogd
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