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Haskell 0 0000 00000 Haskell Platform U0 00000 0O 0O O 0O OHaskell
Platform O Haskell 0 O O O GHC (Glasgow Haskell Compiler') 0 D 000 00
ooooboooboob0ooboooo0obo0obU0bobUOOoGHCD Haskell 0O
OoooooobooobbbobooboonobDb 0000 4dHaskell Platform O O
http://hackage.haskell.org/platform/ 00000000 0OO0OO0O0O
O0OWindowsUOODOOOOOUOOooOoOoooboooooooobooboooo
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GHCOOOOODOODDOOOOOoOOOODOgec javacOOOODOODOO
gboooooboobboboobbdehcibnonoooODbOOOOOoODOn
Ub0oogoobgobodob GHG (ghen) D ODOODODOO

GHCiODDOOOoOoOogDo

Prelude>

goboooobooobobobobobboooooobooobooobooboobo
gbhboooboobboboboooboboooobobbobobobooon
GHCiOUOUOOoDooooobooooobooo

oodo ooo (oo

:1load file 1 fileOOOOOGQOGQd

:alsofile ra fileOOOOOOOOO

:reload T do0ddoooooobooooooooon
1type expr it expr00O0000OO0O0

: cd directory C Oo0ooooooooon

1! command command D0 000000000 OOOOOOO0O
:? oooDodoodad

:main ‘ma main 0 OO0 0000

rquit :q GHGCiOOOoOono

gbooobobooboobooboboobbobboobobooobob

Prelude> 1+2
3

gboobodgbboboouooobbodssgbooooobobobboboooogooon
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Haskel UOD OO OOODOOOODOODO goobooooooon

!Guarded Hom Clauses 10 0000 00000000000000O0DOOO0OOOODOOO
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gdooouoobboobooboboobobobooobuoooboooboboom
gbooooobbooboo

goo =0

uboobooobbooobooooaoboooooo
{

000, =0 ;
000, = 0 4
ooo, =0,

}

gooooobD «PhO “y0boooooboboogosbooooooooooo
ubboooooboooboboooooobobooboooboobooobboooboo
gobooobboobbooooooooobobboonDn
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U00oob HaskelODOODOODOOOODOODOODOOOO1IODOOODOO
gbooboooooooooon

module OO 0O OO O where

O00d0ooooboooooooooooobooooooooooooooOon
module OO 0O 0OOO where {

|:||:||:|1:|:|1;
|:||:||:|2:|:|2;
ogo, =0,

}

oboboobob0bimpert 000D O0O0O0DODOOOODLOODOO
goooooobobbobobooobooooboborgoooobobo 10D
gboooooogooon

Umodule DO0D00O0OU whereODDDOUOUODDOO MainOOOODOOO
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id x =X
twice x 2%X
foo x y = 2*%x+y
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oboomoooobbobOo40 80000 O0OO0ODOOOODbD cOooO
goboooobooooooooboobobbobobobbooboooooboono
U0 “foo (twice 2) (id 3)”U00000O0DDOODOODOODOO0OO0O0MmM OO
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0ooog \ Haskell

Ax.x

Axy.y

0000D0OOoo0oooooboooooboooboooDooooooooa
OOoO0oOooogos xy -> 2*x+y’0 “\ dog cat -> 2*dog+cat” [ OO
0000000 000ooOooooOo0boog e0OOO0O0O
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id =\ X -> X
twice = \ x -> 2*x
foo =\ xy -> 2%x+y
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34 0000 OOOO0ODOOOO

Haskell O 0 O OO0 BoolI O OO Int, Integer—Int 0 OO0 OO OOO
000, Integer 0000000000 0OOODODOODO Float, DoubledO O O
Ochar 000000 DOODOOOO0OOODOOOOOOOOOBoolOOOOOO
O O 0O 00 O Integer, Float, Double, Char OO O OO QOO
o000 coooooooooono

00000000000 ooobbOooooOoobooboooOooooDoOooo
O00Lisp0O0000O0O0DOODODOO “47,«-,*00001+2%¥3000
oooooooooooaod

iff0thenelse 00000000 0O0O0O0OOODOODOOOOOOO

if 0 then O , else O 3

U0 goooooboob,00:000000000000000
10 True0 000 ,0Falsed 000 ;00000000000 01f0 thenO
elseJ0 DHaskellUD DO ODOODOOOOODODOOOOODOOODODO
ggbobooobobobooooobobobooooooboboooboo
O00000D0 factorial DO OO0 HaskellD OO DO DO OO

fact n = if n-=0 then 1 else n*fact(n-1)

ugbboooooobobbobbooooboo goodg

OUOfact(n-1 0O fact n-1000000000O00O00O0O0O O
000000 ooodd n*(fact(m-1))H 0 000D0O0O0O00ODODOOO
gobooooobooooao uobooboobooooobooo
gbodobooooooobooooonboo

O 34.1 fact 10000000000

gooobbono boooobooobboboobooboo «“robooooobob
gobooobooboobobooobo o™ |joob =0000b00obooo
gboobooogoboboboboobobobobobbobooooboooo oo
gboobog “=ro0bbiboiobo0boob0o0nn factb oo
gbooooooooobooo
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fact n | n==0 =1
| otherwise = n*fact(n-1)

000 O0ODOO0DOOOO0obOOoOooOOoOooODOOoOoOobOoOooObODbOOobooOboOn
00oooogoobboobooooobobboodd SchemeDO O LispOdd
0000000000000 00O”HaskellOOOOOOOOOOOOOOOOO
oooo

000000000 0000 (ons)00000000O0“ »O000000
0000 2000000000 (constructor)d 00O

e JOUOU [JOOODODLODODOODODO

e O OO :000OO0DOOLUOOUDLDLOOLODLODOOOOOOObLOOnOg
gobbooobooobobooooobooobooboonobon

goo“:r0 gboogobogor:2:[J01::[HhO0ODO0OODO

gboooboooboooooooooobo syoo00oooboooog -«
0“lrooioboobooooooboon [1,2,3,4100 O
gbooggad

gobooboooboooooooobooboooboooobooooaooooo
00000000000 Integer 0000000000 DOOO
0000odd boubleODOOOD0OODOOO gboooooon
goobobboobooooobooobboboooooorz, ’ar, [2110
goboobooogooooo

String 00 typeUO O HaskelOOODOO StringD 0000000000 O
ggoobodooooooooo

type String = [Char]

0o0o0o0oooooooooon
type 00O = [

UO00D000tpealiasUOD O ODODOOOOOO0OODOOOO String OO0
Ub0Ohar] OO0 O00D0OOD0ODOODOOODOOODOOOOODOOOOOODOOO
goooon

oboob0 0oobooOOoobboo0Ob00b0bOO0O0DbO0D Obox-pointer O 0 O
goooooboooboboobobooooooooooooooon

xs® = []

xsl = 1:xs0
xs2 = 2:xsl
xs3 = 3:xs2
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XJSB sz Xfl
3 > 1

100 >0 20000000000000000000000000O000DOO
goooodo:, 2, 300000000ooooobobbommooboogog
goboooboobooooobooogoobooooo

g gooond

0 :0 (Rl RS

[] /

oboflr,2],[3,4]]00000000000

!

v

gooooobobooooooo

0342 000000 O0O0ODOOO0OODO
1. [2,3,5,7,11]
2. [0]
3. [[1]1,[2,3,4]1,[]1]

gboooboo cgboobogoooooboboooooobbooo

struct _list {
int car;
struct _list* cdr;

}

typedef struct _list* list;

Jlist0000000Ocard cdrd 00 20000000000000 cdr
0000000000000 0O000000001ist00000 Otypedefd

-7



AW =

U0bD00O0Ostruct _list*0 000000000 0OOODODOIMOOOO0OO
gbobooooboboboobcoboooboobboboboboooo
gobooobooo cobooogoboobogNLogoooo
mallocOO0OO0O0OOD0OOO0OO0ODOOOODODODOCODOOOOOODOO
O0D000 freeJ00000O0O0O0ODO0ODODOOOODOOHaskel O OO OO O
Uo0obobo0oboobooooboooobobn free00O00OD0ODODOOO
ggbooobobbooobobooboobbooon

O O (ple) 0000000000000 O000O0O0O00O000O00OOO0
“«0000000000000 “0 “’000000000o0o0ooa
00000000000 00000000000(, ’a’)00o0o0ooo
000000000 0¢, 'v’, [3)0000000

00000020

obooooobobobobobOoobob iy ODOOODOOOO O
gbooboooobboboboooocodbvoidbbooonoooD

000 00000 “>"000000000 OInteger -> Char 00 00
00D0000000000000 Integer0000000 Char 00000
0000“>"0 0000000 0Bool -> Bool -> Bool 0000

g U00O000O0OHaskelODOODOOOOO
“0Oboboborbogoooboboboobobo “boobD>bbooOooooDo
ooboooooboooogooooon

000 1Integerd Char 0000 0O0OO0OO0OOOOOOOOOOOOOOO
O00a0 bOOOODODODOoOooooOoooooooooooooooon
o ‘bOoooooooooooooooooooooooooodd
Ooooooooooooddlal -> [b]l > [(a, ]1OODOOOOOO
00 O [Char] -> [Integer] -> [(Char, Integer)] 0O O0O0OOOOOO
0000000000 d[String] -> [Integer -> Integer] -> [(String,

Integer -> Integer)] 00 0O0O0O0OOOOONO

goooooooooooo 0O 0O O O Haskell O goooono

Ooooooooooooooooooonono
gooooooooooooboooooooono “»»»o00b00oo00ooooao
ooo :: 0

oo0ooo0oD id0 fact0O00O0O0DOOOODOODOOO

id :: a -> a
id x = x
fact :: Integer -> Integer

2000 Haskel 00 000000 typeclass0000000000000000000O0O0O
gobobobooooobooooooooooboooboooooooooooooooooboogn
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fact n = if n==0 then 1 else n*fact(n-1)

oooboooboboooooobboboobooob0obob 000D OHaskell
gbobbooboobobooooooooboon googg

35 Joooooood

Haskel U0 OO OO0OOOOOOO uoobooooboooon
0000000000000 00000000300000000000000
oboogoobgobo .0 Qoo bobobobobbbooobo

fact :: Integer -> Integer
fact 0 =1
fact n = n * fact (n-1)

-- Prelude] lengthO OO OO
myLength :: [a] -> Integer
myLength [] =0

myLength (x:xs) = 1 + myLength xs

U000000OmyLength OO ODDODO0OO [JOODOD0O 10000000000
oogloooooooobobobooog 20b00b00b00b0ob0O0o0oDn
D00 xO000000000000000 xsO00000OMOD OO OmyLength
gobooboodn length :: [a] > Int0000000O0OO0DOOOOO
ugod

gooboooboboogooooboobooboboooooD “>oobooobooobog
gboboooooboobobobubibuuiobOdd myLengthOD OO Ox0O
ubogobooboadod

myLength (_:xs) = 1 + myLength xs

Od0oooOoooan

caseJof 0000000000000 OOcasedofO0000OO0OOONO
0000000000000 000000o0oo O

case [ o of {

ooy -> 0 g;
o000 , -> 0 5;

0000, -> 0,

3
O0od00d0b00dob0bObO00do0ooooooooooooobooboooo
oo0,0ooobo ,000000b00oo ,00o0oo0bgoooogd

if 0 then 0, else 030000000 caseJof 00 O0OOOONO
dodooooooo

‘D00000000000000000000D0D000D00O00000000000000
gboobooooodoooooooooobobooooooboOooooObo cObbobooboDbo
goboooood

Im-9



case [0 | of { True -> O ,; False -> O3 }

00000Olet00000O0AO0O0D0OCOODOOOOODOOODODOOOODOO
Ooo0oooOo0OoOO0ooOoon

\ (x,y) > X

let (xs,ys) = unzip zs in xs++ys
d0d0dooo0oooboo00oooooooooooooooooooa
00oO00000oOooOobooobooOoooooonon

0351 0000000000000 mySumD 00000 O0OOODO sum0
goooooooooboooood

035200000000000000 myProd000O00MMOODOODO
product 0 OO0 OO0 O0ODODOOOOO0OOI

0353 0000000 [Bool]l]O 2000000 O0O0OO0ODOOOODOOODO
00 fromBin :: [Bool] -> Integer0 00000000 OfromBin [True,
True] O 3, fromBin [True, False, True, False] [ 100 00O
O00:0000000000000000000000

O00: O00O00O0O0O0OO0O0O0000 fromBin [True, False, True,
False] O (1 x2+0)x2+1)x2+0 fromBin [True, True, False, True]
O(Ix2+D)x2+0)x2+1 000000000003

0354 0000000 [Bool]l]O 20000000 O000000O00O0OO00O0O
00 fromBinRev :: [Bool] -> Integer0 0000 0OOOOOOOOONO
0o00000oO0ooOooooooboooo

0355000000 xsJ 00000000 0OD £00000000O0O00ODO
000 f0000000000000000 sumf :: [Double] -> (Double
-> Double) -> DoubleJ U D OOUI

035620000 x,xsU000000D000 xsO0O x000D00O0O0

1. 0000000000000 0o000 00D oooooooooo
deleteOne

2. 0000000000000000 deleteAll

gboooboobooboon

0357 0000000000000000000000O00O0OOOO0O0
ooo

evalPoly :: [Double] -> Double -> Double 0O 0O 0O 0O O OO 0O O O
[1, 2, 3, 410000000 1+2x+3x +4 00000000000
evalPoly [1, 2, 3, 4] 10000 43210000
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36 UUooooond

0000oooooooooooob oo ooooobooon
oo oo ooooooooooooag
O0@MOO00000000 cOO00O0O0Oc =getchar; OOOOOODO0O0O
000000cO0O00 getcharQUOOODO0DDOOOOOMmMOOOOO
0o0o0ooooooooboo200000000000000D0bO00b0DbO0O0
0000oooooooooooooooooooooooooooboooon
oooooooooon

0O000d0odddon reverse:

-- appendU Preludel (++)0O0O0OOO0O

append i [al -> [a] -> [a]

append [] ys =ys
append (x:xs) ys x : (append xs ys)

-- reversell Prelude] 0000

reverse :: [a] -> [a]

reverse [] []

reverse (x:xs) append (reverse xs) [x]

ooddoooooan Oo0oooooooooan
ooooooo

oo0ooooOoooooooon

-- shunt 0 revOOQOOO

shunt i [a] -> [a]l -> [a]

shunt ys [] ys

shunt ys (x:xs) shunt (x:ys) xs

rev :: [a] -> [a]
rev xs = shunt [] xs

U0 rev0000000O0O0O gooooogo
gbooobobooobboobooo

rev reversel 00U 0O0O00 -O000O000O00O0OO0O0O0O0O000O xsO
oogd

rev Xs = reverse Xs

gbooooobooooooo
ubooobuogoobobobbboouooaobooooo

shunt ys xs = append (reverse Xs) ys

oooo Ooooooooooon
ooe:
xs = []JO0O0O:
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xs = z:zsUOOO:

0361 000000000 xsODOOOO

append xs [] = xs
append xs (append ys zs) = append (append XS yS) zs

goobooboogbOxsODOOOODODODOOOO

37 Jo0doobooood

UoboooboobboboobooooobobooobbOn Preludell OO DO
gooogobooooboobgo
goobooboooboobobooooboooog
gboobbooobboooobooooboooooboooobooooboooo
oooooooo
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map :: (a -> b) -> [a] -> [b]

map f [] = []

=[
map f (x:xs) = f x : map f xs

zipWith :: (@ -> b -> ¢) -> [a] -> [b] -> [c]

zipWith £ (x:xs) (y:ys)
zipWith £ _

fxvy:
[]

zipWith xs ys

filter :: (a -> Bool) -> [a] -> [a]

filter p [] = []

filter p (x:xs) = if p x then x :

iterate :: (a -> a) -> a -> [a]
iterate f x = x : iterate £ (f x)

filter p xs else filter p xs

foldr :: (a ->b ->b) ->b -> [a] > b

foldr £ x []
foldr f x (y:ys)

X

foldl :: (a -> b
foldl f x []
foldl f x (y:ys)

X

concat :: [[a]] -> [a]
concat [] [1]

fy (foldr f x ys)
>a) ->a -> [b] > a

foldl (f x y) ys

concat (xs:xss) XS ++ concat Xss

03710000000 gooboooboooooobbooobobobobobobon
ogbooogo

1.2000000 00000000010 0000O0O0O...0000000
00000000000 countEq
0odd countEq [1,2,3,5] [2,2,6,5,3]10 20000

2. 000000000000O0O00000O0000 ;O00000000000
0000 addSemicolon
000 semicolon ["abc", "xyz", "123"]10 "abc;xyz;123;"0000
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38 uoooognd

Haskel DO OO0OOO0OOO0O0O00O0O0O0O0O0OO0O0OO0“ 000000000
Joooo“r0ddddb0bobobO0oo0000DdoDoooooDoOooOoaon
00000do0ooOoooooOo0o0oo0boO0oDoooOooOoooooooag
0000 Prelude0 00000 zipdOOO

zip :: [a] -> [b] -> [(a,b)]

zip (a:as) (b:bs) (a,b) : zip as bs

zip _ _ = [1

0ood zip [1, 2] [3, 4100000000000 [1, 2] ‘zip‘ [3, 4]0
ugboooooo

UU0D0O0D000000000 0O Oinfixl, infixr, infixOO OO0 O0O0O0O
Ub0000boO000bO0o00bboo0oobobobbOb UPreludd] Haskell
gboooobobooooooboooooobooooooobboooooon

(]

infixr
infixl
infixr
infixl
infixl
infixr
infixr
infix

infixr
infixr
infixl
infixr
infixr

* /, ‘quot‘, ‘rem‘, ‘div‘, ‘mod‘, :%, %

++
=, /=, <, <=, >=, >, ‘elem‘, ‘notElem‘
&&

[

>>, >>=

=<<

$, $!, ‘seq

SR R NWHUITUTO N 0O

infix1 0 Oinfixr[ oooooob infixODOOOODOO
goboobob—000 1<x<200000000000D0DODO2000
ubooboboooobooboboobobobo*0 +sbobobbouobodyd
goooooboboooboobboobooobbooooo “cosrobon
ooooobobooboboobooboobioobboog1+20@) 1200000
gboooouoobooobbobboobobbooon

39 Jodooooboood

Haskel D OO0 O0OO0O0O0OO0DOOOOODODOD ODODODOOOODO
gooobobooboobobooobooboboobobobobooboboon
map O OOO0OO0OD0OO0DOOOOOOOODOD

Prelude> map (take 2) [[1,2,3],[4,5,6,7],[8,9,10]]
(1,27, [4,5],[8,9]]

Prelude> map (zip [8,7,6]) [[1,2,3],[4,5,6,7],[8,9]1]
[Ces,1,,2),0,3)1,[¢8,4),(7,5,(06,6)]1,[(8,8),(7,911}
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N =

[\

Haskel OO OODODOOODOODODOO0ODOOOOOOOODODOOOO @2v0O
2000000¢2)0200b0bb0o0obobOoobboboobooboooDgoD
goobooogoooon

Prelude> map (2*) [1,2,3]
[2,4,6]

Prelude> map (/2) [1,2,3]
[0.5,1.0,1.5]

Prelude> map (1/) [1,2,3]

[1.0,0.5,0.3333333333333333]}

oog “-robobbobogobobobo «“roobboobbogG2yo0b00oo
ubooooon

310 00000

letO000O0O0DOODODDODODOOOODOOOOOODODODOODDO
let 0000000000 in O

goooooooo

powd x = let y = x*x in y*y
-- headO Prelude0 0000
head ys = let (x:xs) = ys in x

Ooobooooo04D000000powdd 0O 0OO0DOOO0ODOy*ydd OO
UbydobOoDod uobooooboooooooo “ooogogr

gbooboobooobobo gobdoboboooboooboobboboooo
oobooon

-- repeat Prelude00 0000
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

Odo O0oo

oboboboobOoxgoboooooboboo

Prelude> repeat 1
ri,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, ... *

000000000 0OHaskellDO “O000000000O00O0ODO000000

Oobobbo0ob0ob00o0obboO0oobDb HaskelODOOOOODOODOOOODODO
oo

03101 00000000000 DOODOO0O0DODOOO0O0ODOOOoDOOoOoOonoOa
00 powersetd OO0

000 powerset [1, 2, 310 [[1, [1]1, [2]1, [3]1, [1, 21, [2, 3],
[1, 3], [1, 2, 3]]O000MO0OO0OOOOOOOOOOOOOOOO
O00d:. 00ooooooooooooooono

‘Cul-c000D0ODO
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N =

[\

O00OOwhered wherelOUOOODUOOODODOOOOOOODODOOOO
goooobobooboboobbobboobooboboon

ogoo oooobooo =0
where 0 000 000O0O00O0O

g
g
gobogoobobmooobbooooooboooboobobooooooo
ooboooDobboobobbOb0ob0o0b0b0obO0o0bOd powd, head OO

gooooboooboboonbon

powd x = y*y
where y = x*x
-- headl Prelude 00O 00
head ys = x

where (x:xs) = ys

311 0J000ooooon

gbogoobooboooboooooboboooboboooooboooboon

00o0oo0ooooooooooo oo0oooooooboogoooon
gooog O algebraic datatype 0 0 O O O
godbOdoobOObOobooObOoooobooooooo
data JOO0O0O OOO; 000, ... OO0
=0000 01 ... Oy
IDDDDZDZ’I... O 2,
| 0000 » O it oo O

gobooboooboobboooboobboobooooobLoboo

ggo ugbobooobodaod
goboboobooooboooobobbobobbOoogcen Javah OO0 enumO

goobooobobooboooboobob

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

North, South, West,East [0 400 0 Direction00 000 OO O 0 deriving
L.0ooooooooo

000O00O0oO000DOo0o0ooOooooobOoObO0OooDoDooDoOoOoooa
oooooboboooooooo

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

U00D000D0 Branchl EmptyU 200000000 0Empty0 0000000
Uob000o0ob0ooobobOBranchd 3000000000001000 3
ooooobbobooboboobooobbob2000000b0obbDU0d UBranch
gooooboboooobooo
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OO0 IO UNPB WN

[

Branch ::

ooddad 00000000 Integerd StringOd0O OO
0000000000000 oddd Tree Integerd 000 Integerd
0000000000000 0Tree0 000000 DOOODOO (type constructor)
0000000000 ooooooooooooooono

000o0ooooooooond TreeOOOOO

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
tree4d = Branch (Branch Empty 1 Empty)
2 (Branch Empty 3 (Branch Empty 4 Empty))

Uil treealU000OO0OOOOOO0OOOOOO

03111 TreeODO OO0 O DOOOOOOOODOOOO

size :: Tree a -> Integer -- OO0
depth :: Tree a -> Integer -- OO
preorder :: Tree a -> [a] --Ooo0oo0oao
inorder i Tree a -> [a] -- O0oOood
postorder :: Tree a -> [a] --Qgooa
reflect :: Tree a -> Tree a -- 00O

000 0@ size treed4, @ depth tree4, 3 preorder tree4, @ inorder
treed, &) postorder tree4, ® reflect tree4a DO OOOOOOO® 4, @
3,® [2,1,3,4], ® [1,2,3,4], ® [1,4,3,2], ® Branch (Branch (Branch
Empty 4 Empty) 3 Empty) 2 (Branch Empty 1 Empty) 00O OO

03112 000 n000000O00O0O0O0OOOOO0ODOOOODODOOOO
googooo

0 3.11.3 PL/O (http://www.inf.ethz.ch/personal/wirth/books/AlgorighmEQ®)
000000000 oOoooooon
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gbooooobooooo cooboooobboooooboboooooo
gbooboobooobooobbooobobobobboboog

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

ooobObOOobOooobobOO0obOO0o0o0oooooo
data C = F Int Int Bool deriving (Eq, Ord, Show)

gooboobooboobooooooogoobobboobboooooobobon
gboooobooobouobooobobooooobooobbbooooooooo
oo “booboobb=0700b0bbobooooooo

vli=F {fl =175, f2 12, £3 = False }

foo :: C -> Int
foo (F { f1 =x, 2 =y }) = x*x + y*y

o000 foo viODOO 169000

gbobooooobooboobobooboooooooobooboboonoo
oboooooooboobbboboooboobbogvioboooDofs viOOO S
goog

gobooo“00oobobo0 =0r0goooooobooooboobog
gboobooboobobooboooooboobobobobboobooobooboo
oooooobvl { £f2 =3 3000 F { f1 =5, £f2 = 3, £3 = False }
goonf

3.12 HaskellO O OOO

Haskel 0 OO OO0 O0O0O0OO0OO0OO0O0COO0OBO00000O0000O0DODO
Ax>MmNyNO00000DOODOOODOOMOODOOOOOxOO0D0ODOO
oobonNDoODDDhOo0o0oooooooogC“ x —> x+2) 370 342
gugboodogao

ugboobopgoooonooooboboooogon

goooobbooobogbooboboboboooobooobooopOon
goboboboobbobobbooboboooooo

M
B B
M1/ \Mz

gooooboobogopOobobbbOoboobboooooobobob
gobooobobboobomwooboboobobbooboo

M, M,
N
M’
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gbooobobooobbobobboboboboooooooooobid e
googoooobooboobobooooooon

ubobogbobobooobooobooooooooobogppobooobO
goboobooobbobbobooobuoouobooboooobooboobooad

goooooboobooooooooooon oggd
Haskell DO OOODOODODOOOOOODOOODODOODOOOOODOODOO
ubobooobooobbooooooboobooog g

gobooobobooobooboog
gooooobbbobodU wiceDODOOOOOOO

twice X = X*x

U00000 wwice 2+2)000000000DODOOOODOODOO

twice 2+ 2) 2+2)x2+2)
= 4x4

= 16

U000wiceDOOOO0 2+2)000000000000 twiceOODOO
oobooobooobooboboooooooooobo@ooobo+*0ooog
ooo0)oooO 2«20 00 0000000000000 0O00DO0O0ODO O2+2
gbooboooooooo

gobobooboooboooooogooboooogbz+2000000
uoooboogobogg

twice

O O
PR

+ 4

gbooooboobobobbobboboboboa U lazy evaluationd
goooooboOo0o0ooOoooobO0bOOo0oOoo0oOooOOoUDOoUODOoboOoDo
000000000000 DOO0000bOoO00oooooooogooogoon
oooooogoo

go0oOooO0oOoDOOoOobOOoOOoOObOOO0O0ODbDOOOOUODOUOODDOODO
OO00o0o0ODOoOOOOoDOoOoooooDOg

from :: Integer -> [Integer]
from n = n : from (n+1)

-- takel Prelude00 0000

take :: Integer -> [a] -> [a]
take 0 _ = []

take _ [] =[]

take n (x:xs) = x : take (n-1) xs

I - 19
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oo00 from 10 [1, 2, 3, ... 10000000DOOOOODOOOCOODODO
oobDo0ogon take 3 (from OO OOO

take 3 (from 1) — take 3 (1:from (1+1))

— 1:(take 2 (from (1+1))) — 1:(take 2 ((1+1):from
(1+1+1)))

— 1:(1+1):(take 1 (from (1+1+1)))

— oo > 1:(1+1): (1+1+41): (take 0 (from (1+1+1+1)))

— 1:(1+1): (1+1+1):[] (= [1,2,3])

obooooooooobooobg
Ub00from00000D0OOOOOO0OODOOOOODO *“..>000000000
oboooooooboooooooog

Prelude> [1..]
[1,2,3,4,5,6,7,8,9,10,11, ...
Prelude> [2,4..]
[2,4,6,8,10,12,14,16,18,20,22, ...
Prelude> [1..10]
[1,2,3,4,5,6,7,8,9,10]

Prelude> [1,4..20]
[1,4,7,10,13,16,19]

oogoe«..”ogn
oooodd prelvde D0 0O0O0ODOOOODOO0O0ODOOOOO

[ e .. 1] = enumFrom e;

[ e;, er.. ] = enumFromThen e e

[ e .. e ] = enumFromTo e; ey

[ e;, e .. e3 ] = enumFromThenTo e¢; e; e3

gbobooboboooobobooooooobbooboboooobooooon
oboecooobobboogoobboboooooboobooooboono D
goo

boooboobooobooboooboobooobooboboboooboooon
gboboobooobobbooooboboooboboooboobooboboon
gboooobooboooooobod

O 3121 takeOJO0OO0O0OO0O0OO0OO000 nO0O0O0O0O00O000O myDrop ::
Integer -> [a] -> [a]UOOD0OOO0O
0 3122 fibO O Oooogoooooooboboobbooooooo
gobo:0000000000bo0boboboooooo ...

11 2 3 5 8...

11 2 3 5...
+) 1 2 3 5 8 13 ...

033 000000000ooobo20000oooooooooonon
googoooobobboouoboO00merge 00000
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03124 2.3/.50¢ j,k0 000000000000000000O00000
U000dbO0oodob hammingODOOOOOOOOOOO 6990000O0OOO
00oo0doobouooogogno sgeg2ao0onpooooooon
O00: OO0 merge0 00O

03125 Haskel OO 00O OO0O0OO0OODOOOODODODODOOOOO
ooobooobooobooooboboon

313 000 0OD0DDOO O List Comprehension[]

HaskellO OO OO O O list comprehension I O O 0 O O OO syntax
sugarl0 00 000000000000 ooboooooooonDgn

O

Prelude> [(x, y) | x <- [1, 2, 3, 4], y <- [5, 6, 7]]
[(1,5,(,6,(,7,2,5,2,6),02,7),03,5,3,6),3,7,/
(4,5),(4,6),(4,7)]

Prelude> [x*x | x <- [1..10], odd x]

[1,9,25,49,81]

ooo [1..10]10 [1,2,3,4,5,6,7,8,9,10100 0000000007000
dbogoooobooboboooboboobobobooboobooboboboo
uboooobooooobobooboooooo

(o (ooog, ..., 0001

000000 bDBeolDOUODODODLO DODODOODDODO:
gbooboobbbodgbb <=0

gooooobboooobooobooooobobbobbooobooooo
ugbbobobooobobbobobbbodouooubobooooooboboooobog
gboobobooooobooobboooooboooooboooonooo

03131 00000 nO0000000<x<y<n0O0O0O0OD0OODO x,yOOUOO
00000 foo :: Integer -> [(Integer, Integer)] 0O OOOOONO
oooooda

0313200000 20000001<x<y<z<n0O00O0O x¥*+y>=27200
00000 x,y,zOOOODOOOOO chokkaku :: Integer -> [(Integer,
Integer, Integer) |00 00O0O0OO0O0OOOOOOOOO Ochokkaku 200
oonores,4,5,0,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20)]
J00@MoodoooO0o0oooooooon o
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AN AW

AW =

ubobobobono toooooobobbuooobobooboobooooon
oboogoogo

unit :: a -> [a] -- Qo0 1000000g
unit a = a : []

bind :: [a] -> (a -> [b]) -> [b]
bind [] — =[]
bind (x:xs) £ = append (f x) (bind xs f)

gboobboooooboomooobbooooooooooooooom

[t | ] = unit t
[t | x <-u, P] = bindu (\ x -> [t | P])
[t | b, P] = 1if b then [t | P] else []
[t | let decls, Q] = 1let decls in [t | Q]

OO0O0O0ObpO BoolOOOOPOOOOOOODOOOOODOOO
[(x,y) | x <= [1..3], v <- [2..4], odd (x+y) ]

gooooooooooon

= bind [1..3] (\ x > [(x,y) | v <- [2..4], odd (x+y) 1)
= bind [1..3] (\ x >
bind [2..4] (\ y -> [(x,y) | odd (x+y) 1))
= bind [1..3] (\ x —>
bind [2..4] (\ y -> if odd (x+y) then [(x,y) |] else []))
= bind [1..3] (\ x >
bind [2..4] (\ y -> if odd (x+y) then unit (x,y) else []))

boobbooooooooooboooboboooouooooogoo

gsort [] (]
gsort (x:xs)
gsort [ y | vy <- Xs, y < x]

++ X : gsort [y | y <- xs, y >= Xx]

03133 000000000000000000unit,bind0000O0OO0O00O
1- [(X’ Y) | X <- [1! 2’ 3! 4]! y <- [55 6! 7]]
2. [x*x | x <- [1..10], odd x]

0 3.134 primes00 000 [2, 3, 5, 7, 11, ... 1000000 OODOOO
omobooobobobbooobooboonod
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U00d: “0000000 (Bratosthenes) 1 000700000000 ODOO0O
gogooobgoobobobbbooobobbooboobooboboooo

1.200000000000

2. 000000000 O00O0OO0OOOOOOO000mobOoOonO “ooa”r
(steve)l OO O OO

3.2000000

goboooooobbboooooobooobbooooooobobooobo
ggooobogobogobooboobn

gboooouoboooooooobobooobboboooooobooog “of
goroboboobobobbobbocobuobuoobboobooleooogg
oooobooobboobobooobbobobbooboobbooooo 00000
gobobooboboooobooo

03135 00000 “000goooobooroboooobon

314 80U U0 Uug

gbobooobooooboooboobooobooboooobod

guuooboooguuobbboboboobobobOooobobooDbo
ubobooboooouoobobobobooooboboboooobooobooonoag
gobboobooobobobooooboobobobooboobboooooobonDo
gbboooooooooooooboobooboooooo
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—

W N

goooooooobbooobboooooobor4, 6, 1, 5, 2, 8, 3, 7]
gobooooobogoo

HyE o B
////

////
%/

/%/
/;///
B E mvE

safe p n0O Olength pO0 00000000000 pODOOO0OO0DOODO
O00D00 length p + 1000 n0000000OOOOO0ODOOOOOO
ooobogoonbog

\
&
\\\

ﬂé
@
\

\
\

%& \

safe pn =
all not [ check (i, j) (l1+length p, n)
| (i, j) <- zip [1..]1 p ]

check (i,j) (m,n) = j==n || (@A+j==m+n) || (i-j==m-n)
000 D0allO

all :: (a -> Bool) -> [a] -> Bool

all p [] = True

all p (x:xs) = if p x then all p xs else False
oooooooooooooooooooorn..1or, 2, 3, ... 1000

gbooboooboooboog

> safe [1, 3] 5
True

> safe [1, 3] 2
False

gooo
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N
VE
N

X

%7
Z
7 7

®

oobbood0mdbooobOOoO0o0oObOobOOobObOobOoO0OobOooon
oobooooDo@oo0)0dD queens0O00000D0OOD0OO0O

queens 0 = [[]1]
queens m = [ append p [n]
| p<-queens (m-1), n<-[1..8], safe p n ]
ood

> queens 1

(C11, (21, (31, [41, [51, [6]1, [71, [811}

> queens 2

(fs,31,01,41,[1,5]1,1,61,(1,71,[1,8]1,[2,4]1,[2,5],[2,6]1,[2,7],/
4

(2,81,03,11,[3,51,[3,61,[3,71,[3,8]1,[4,11,[4,2],[4,61,[4,71,/
4

(4,81,05,11,[5,21,[5,31,[5,71,[5,8]1,[6,11,[6,2]1,[6,3]1, (6,41,
4

(e,81,07,11,(7,21,17,31,[7,41,(7,5]1, (8,11, 8,21, (8,31, (8,41,
4

[8,5],[8,6]]

O00000000 head (queens )0 00000 0OOOOODOOOODO

> head (queens 8)
[1!5!8!6’3!7!2!4]

ubbobboobboobbbboooouoboboobobuobbbodbgd

ogooooooooooooog 1, 5, 8,6, 3,7, 2, 40000000
queens 700000000 0OOODOODO0ODOOOOOOOOOOOOOOOD

guboogbbobuoboooobbdudbqueens 7000000000

O head (queens ) 000000 DO0ODOOOODOOODOODODOODOODO
UboO0obD PrologDOUOUODODOOOO (UDLOOUODOO backtrack) [ 00

gobobboboooooobigoboboooobooboboobobboon

oooobooooogoobbooobboglioobogooobbooooogo

goooobboboooooooon

U000 queens 80000 0O0OOU

> queens 8
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(c:,s,8,6,3,7,2,41,[1,6,8,3,7,4,2,5],
@)
’[8!3,1,6’2!5!7’4]![8!4’1!3,6,2’7!5]]

ooooboo20dooboboooD

03141 D00obosgoooooooboobobooooobboooooboo
gooooobooobobooboboboooooooobooooboooon
ooog

03420000000

. 000o00bO0oo000bo00ooboooo3sbgoooboDb200b00b000O
UoobooobObOobD0d shuntsu, toitsul O00O0O0OOO00OO

Prelude> shuntsu [1, 3, 3, 4, 5, 7, 8, 9]
[r3,4,51,[7,8,9]1]

Prelude> toitsu [1, 3, 3, 4, 5, 7, 7, 9]
[[3,31,[7,7]1]

2. 140000000 ImtO00DOOODDOODOODOOOOODOOOOD
gboooobbooooboboooooobbobbOn chinitsuO OO
uod

315 0Jo0o0ooooobooboogn

[1JO OHaskelD OO OOOOOOODOOOO0O0OORIDDDODOOD Haskell
UD000D00boDbOoO0oOEIh HaskelOOOO OHaskel OO OO OOOODOO
Ub0D0b0o0b00obo0oM0bbb0b00 HaskellDOOODODODOO Hugs O
Uo00o0oO00o0ooboogs]bbU”Haskel DO OO 0OO0OOOOOOOOOO
gboooejooooogooboooboooobobooboobooooooo
gogrooobbooboooboboooogcoobooboobobo o
oooDbOo?200504000 20060300000000 HaskelOODOOODODO
OO00O[9]0 Haskell DD OO UO0ODOODODOOOUODO HaskelOOODO “00O”
00 “00r00000(10]0 Haskel OO O OMiranda OO OO OO O0OD0O0O
gooobooooooooboooobooooooooobooor,12,13jo00o
goboobooboboboggd

goooooad
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