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GHCUO OOUOUOOoOooDoooooDUObDOgecD javacOUOOODDOOOOO
gbbooobooboobdbeghcbOobObOODODDOODDOOO
UbO0ODO0b0DbO0bD0O00 GHCGi(¢hel)DODOOODODOO

GHCiODOOOoogDo

Prelude>

gbooooooobboboobooooobooobbooobooobobboboon
gogoooboooboooboooboobboobboboboboooon
GHCiODOUOOoDoooboooooooooo

ooon oogd | OO

:1load file :1 fileOOQOOOQOQ

:also file | fileODDOODOOOODOO

:reload r 0000000 ooooooooonoooao
1type expr it expr 0000000

: cd directory :C oogooobooooooo

1| command command 00 0000000000000 OO0OO
0 O: :'cd, :!dir, :!'start. OO

17 goooooooo

:main ‘ma main 0 OO0 0000

rquit :q GHCiOOOoOoono
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HaskellO O OO0 http://www.haskell.org/00 000000000000
UUOD00OHaskelOOODODOOODODODOODOOOODO

0000 HaskelOOODODODOODUOOODODUODOODOODOODOOD

oooogoooobbooobooooooobcobobooooboooboooobooboon

ubooobooboobobooooobooboboooooboooboboom
gbooooobbooboo

goo =0

uboobooobbooobooooaoboooooo
{

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

}

goooooob {0 “ygbooooobogsuboooobboboooo
ugoboooboobobobooboobdoobooooboboobbooooooan
goboobooooobbobbobboboboon

gooogocobbboooooooooobooobo*>obbo0oooobo
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U0000 HaskelODOOOOOOODOOODOOO1ODDOOOOOOD
gbobooooboooooooo

module OO 0O OO O where

O00d0ooooboooooooooooobooooooooooooooOon
module OO 0O 0OOO where {

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

}

UoboobobDbob0dbimpert 00000000000 OonOOoOoonoOonO
goboooboboooooboogoboboooooboobobiobooboooo 1ooo
gobooooboooo

Umodule00 0000 whereJUOOOODDDOO0O MainOOODOOOOOOO
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trivial x = x
twice x = 2%x
foo x y = 2*%x+y

0000000000 00000 trivial 000 twiceOO OO OxOOOO
foolOOO xOyOOOoOoooono

goooocooon

int trivial(int x) { return x; }

int twice(int x) { return 2*x; }
int foo(int x, int y) { return 2*x+y; }

000000 DO0DbO00OMaskelODO x,y0 int0O0000000OOOCODO
gobobobooobobooooobooooboobooboobg intdd
oooog)

O0b000o0ooboboocCcOJaval 000000000 O0OODOODOOODOODOO
gooopoooobobobooooooooo

OU0000D00O00 00 “twice 270 “foo 3 7000000000000
goobboooobmoboobboobob4b0 100 000000000O0O00ODO
cobobobobooobbobooboobouooboboobobooobbbobooog
00000 “foo (twice 2) (trivial 3)”0000000000O0ODOOO
omoooo 11ooomm

Q231 00000DbOO0ODLOOO
1.3000 100000 bar

2.300000 cube

0000 HaskelJOOOOOOOOOOOOOODOOOOOOOO0O0O0C0OO
0ooooood

«0b023bgpopoo0o000mO00 000000000000 0o0on
“¢»0000000000000000000000000000000000
« Dbb232mppooOo000000D0ooOononoO™ xy -> 2*+y”’00
20000 x,y0OOOOOOxO0200 y0OODDOOOOOOOOOOOOOO
000000000000000000

000000000 “2’00000“\"00<00000000000 “->”
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I.L\x >x —000x00000000000O0x0OO00DOODODOO
goooooooboocoogd

int trivial(int x) { return x; }

00000 trivialOODOOOO

2 \xy >x—0000x0yOODODOOODODODOxDODOOOOOO
coooon

int foo(int x, int y) { return x; }

oooogo220b0b00obobog

Haskel JOOOOODO “00000007000000000000\ xy -> X
O\x > (\y -—>x)0000000000000000000“0000000”
000o00o0oooooo 0002330000000 (Curry) 0 OO
00000000 HaskellB.Curry 0 000000000

\x >Ny -—>x000000000000x00000000000
\y > x00000000000000000O0DO\Ny —»>x0000000
youoobboooobOmooooobooxoobobobooooooo
gboooooboooooo

3\t x> Ex—U00 fO0000XxO00D0DOOOfOxO02000
gooooooo

0000000bOO0ObOOobO00bo0ooOooooooooobooOooDon
00000000 xy -> 2*x+y’0 “\ dog cat -> 2*dog+cat”’0 00O OO
00o00bO000ooooDOooooonD «e0O0O0O0OO

O00dobOOooOoooooooooooooooo

trivial = \ x > X
twice =\ x 2 *X
foo =\ Xy -> 2%xX+y

Q232 Q231000 bar,cube0 000 =0000700000000O0

U000 HaskelOODODODO2000000000
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Haskell 0 0 0 0 00 Bool[M O OO Int, Integer—Int0 000 00 O0OOONO
D,IntegerDDDDD2DDDD]DDDDDDD Float, Double[I 0 OO Char[
000000oooO0oooooooooo0oddddBeolOOOOOODO Trueld
False O O O O Integer, Float,Double, Char U OO0 O OO OO OOQOO COO
dooooooome.20 e 00D OODODOODODOOOOOOOOMOM

00000000000 oooooooooooooooooooboonooon
O0LispO0O00000O0D0O0OODOO0O “+7,*-,“*00001+42*300000
obooooooood

iff0thenOelse0 00000000000 OOOOOOOODODOO

if O ; then O , else O 3

U 0BoolJOODOODOODODOD,,00:000000000O000000O 4
U True0 000 ,0Falsed 000 s00000000000000D00O00O0O00
U000 0if0 thenDelseJO OHaskell DD O OOO0O0O0DOOOOODOODOO
goboboboobooobooobooboobuoooboooboo
UO00000D0 factorial D0 OO0 HaskellD OO DO OODO

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

000000000000000000000 Doo241gpg

000 Ofact(n-1)0 fact n-100000000000000 000 2420

0000000000000 n*(fact(n-1)) 000000000000
0ooOo00oO0o0ooOooooo 000000000000000000

gboooooboobobooobobooboboobooboobbobooboono
goooooo

O 24.1 fact 10000000000

Q242 000D OODOODO

1 (n=0,1)
ap2 +ay-1 (n22)
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An

oooboonD s#ib000000000DO0O0DOO0O0ODODO0O0O0Otib 0 =1,
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oo.:00b0o0o0oobooobboogoog culcO00gnDOOooOoOOO

000000000000 0000D0000000000000
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fact n | n==0 =1
| otherwise n*fact(n-1)
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goboooboooo

000000000000 000000000000000000000000
00000000000 Integer00 00000000000 000 2460

0000000 boubleODO OO OOOODOO 0002470 pgoQ
000000000000 0000000000000000000r[2, ’a’,
[2]1100000000000000

Q244 [False, True] OO0 ["Kagawa", "University"]O0OOO0O0O

String0 0 type0 0 HaskelOOOOO StringDd 0000000 O0OO0OO
Oo0oooooooooo

type String = [Char]
Doo0o0doOooooooOoon

type 00O =[O
O000O00Otypealias00 000000000 OOOOOODO string0 OO0
O0O[Char] D0 0O0O0O0OO0O0OOOOOOOOOOOOOOOOOOOOOOO
ooooo
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oboooboo0 0OO0ObOo0oOoob0O00ob00o0obooobodoodObox-pointer
oboboboboooobooobooooobooooboboboooboon

xs® = []

xsl = 1:xs0
xs2 = 2:xsl
xs3 = 3:xs2

gbogbooobobon

XS3 XFZ Xs1

A4

100 “»’02000000000000000O00O0OO00DOODDDOD
gooooobl, 2, 3g0000000b0000obooomoooooog
gogoooooobboombooooobooboooo

g goooboooo

0 :0 x| A
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ooofr[1,2],[3,4]]00000000000
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v

gooboboooobobbobooooooboobooo
Q245 00000000 LOODODDODODLDDODO

1. [2,3,5,7,11]

2. [[]]

3. [0]

4. [[1]1,([2,3,4],[]1]

5. [C011, 00, 0001000
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gbobooboo coboobooooooboboooboobobooo

struct _list {
int car;
struct _list* cdr;

}

typedef struct _list* list;

listdddbdb00d0card cdr0 00 20000000000000 cdrO
0000000000000 0000000O01ist00000 OtypedefO00O0
UO0d0O0Ostruct _list*0 0 0000000000000 O0O000000OO
goooooboobuoooocuouooboooboooooob o

goobogoboog cooobboooobNxLoboooon

mallocO OO DODODOODOOODODOODOODDOOOOCOOOOOODOOOO
D000 free0 0000000000000 0OD0O0ODOHaskelODODOOODOOO
obb0ooobooboooo0obobobOobD freed00000OD0OO0OO
ubobbobooobooobooobboooboobooo

O 0O (uple) DOODO0O0OODOO0OOLOOO0OOOOODODDOOOODLDDODOD
“uomobopbobbobobb “¢cbh 0o0oooobobooonb
gbooobobooogooogooboboobooboo@,yayogoooo
g oooboooooooe,’p,3hobboboobon
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Q246 DOOODODOOO
1. (False,"Hello") 2. (’X’,("Aloha",False))

oobbobOoOobobOobOobOooobOo0D ybooooDDODOD O
oobooboboboboobbooocubboveiddO0ooooDoOoDOO

o0 00000 “>>>000000000 Ulnteger -> Char DO OO
Uo0o0b00oo0o0bD0o0o0odnl Integer JO0OD0OOOO0 Char OO OO
goooo“>r0 U00ddddbBool -> Bool -> Bool OO OO

U OU00OUO0O0OOHaskel DO OOOOODO
“Ob0ob0obOorbooobobobOobob0 “obob>0o0o0oDOobOon
ooboooooboooooobooon

U000 Integerd CharOUODOODOOOOOOODOOOODOODDDOODDOOa
UbO0bOoOooooooOOoobDooooboooobbooobobooon go
gbhogobobooobooobobobooooooboobbooooboooboog

000 Haskel 0O OOO0OO0OOtypeclass00 0000000000000 O0O0O0OOOOO
000oooDoooooooooooo0oooooooooooU0oo0ooooooooOg
Integer, 10000000 O0ODO Doubled OO OOODOODO
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OO0 0Of[al -> [b] —> [(a,b)]O000O00OO0OO0O0O [Char] -> [Integer]
-> [(Char, Integer)]O000O0O0OO0OO0OOOOOOOOOODOO O[String]
-> [Integer -> Integer] -> [(String,Integer -> Integer)] 00 0O OO
ooogon

goooooooooooo 0O 0 O 0OHaskell O ooo0oooooao

O0ooooooooooooooonon
ooooooooooooooooooooono “»:»»O00b00oo0ooooao
ooo :: 0

O00D0000 trivial O factOOOOO0OOOODOODODOOO

trivial :: a -> a
trivial x = x

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

uggooboboobobbooooobbboobobbooooboboboobooo
Haskel OO OO OODODODOODOOOODOOO goodgd

25 JUooboooobood

Haskel UD 0O O0OOO0OD0OOODOO goooooboboo
000000000000 0000000000%00000000000000d
gobooooooobo:0 (Joboobbooobbobooon

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

-- Prelude] lengthO0 0O 0O OO
myLength :: [a] -> Integer
myLength [] =0

myLength (x:xs) = 1 + myLength xs

000 0000 g 0oooo g, = 0,
000 0000 4 0000 4, = 0,
000 0000 4, ooog ,, = O

3
3
3

gbobbobobobooobobobbbobooobobobooooobgd
UobbooO0b00000oo0bbbo000dbOmyLlength 000000
oo [(joooo1oobboooooboboolioboboobooboboobooogog 2
gboboooobbooobooobb oo x00b0oooboobboobon xs

‘0000000D0000000000000D000000000000000000O00000
goooooooooobooooobobooooobooboboboboOoob OobbObbooboobOoooon
goood
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O000000MO0OOmyLengthO O OO0 OO OO length :: [a] -> Int
0dodoOooooooooooooO

gooGcHCOOOOOODDODODOOoOooOoooooobooooobooooad
Oddd0doboodooboobooobobododdn -fwarn-incomplete-patterns
0dododoDo0oooooooooDbOobOoooDo

0000o0ooooooooooooooooo “>noooooooooon
000000000000 00DO0000000D0 myLengthOOOOxO0ODO
ooooooogoooa

myLength (_:xs) = 1 + myLength xs

goooooboogoo
caselof OO ODODOOODOODODODOOOcaselof 00 OODOOOOOO
gooboooobobobogoooooboobobod

case [ g of {
oodd  -> 0 g
oodd , -> 0 5;

0oog, -> 0,

3
O0y,0d0b000O0D000dddbDd0ddoooDoDoOOoO0,00ooo0oOoooo
0,000000 ,0000000000 ,00000000000

if 01 then 0, else 030000000 casedof000O0OOOOOONO
ooo0oooogad

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

gbbo00let00O000O0ADOO0OODOOODOODOODODOOODOOODN
gooooooobooo D

\ (x,y) > x

let (xs,ys) = unzip zs in xs++ys
00000000000 00000000000o00o000oooooooon
0000000000 o0ooooooonoog

0251 0000000000000 000 mySummyProd OO DOID OOO
U0 sum,product 0 OO0 O00DO000000DOOOI

0 2.5.2 1. 0000000 [Beoll]O 2000000 OOOOOODODODODOO
0000 fromBin :: [Bool] -> Integer0 00000000 OfromBin
[True,True] O 30 fromBin [True,False,True,False]O 100000

odd.:00b0b00o0o0o00ooooooooooon

O odod: 000000 obooooaodd fromBin
[True,False,True,False] O (1 x2 +0) x2 + 1) X 2 + 00 fromBin
[True,True,False,True] 0 (1 X2+ 1) x2+0)x2+1 000000003
oon
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2. 0000000 [Bool]lO 20000000000 DO0DOOODOO
000 fromBinRev :: [Bool] -> Integer 000000000 OOO
0000000000000 00o00oo0O0DoOoOobOnO O4fronBinRev
[True,True,False,True] 0 1 +2x(1+2x(0+2x1)) =11 0000

3.0000000000000000000DOOO000O0DOOOoOoOooDOOg
ad
evalPoly :: [Double] -> Double -> Double O OO OO OOOO O
[1,2,3,4]10000000 1+2x+3x’+4xX’ 0000000 000 OevalPoly
[1,2,3,4] 10000 43210000

0253000000 xsO0OOOOO0OO0OOO0O £000000000000
O0 f{000000000000O0000 sumf :: [Double] -> (Double ->
Double) -> DoubleOd O OO0 O

025420000 x,xs000000000 xsO0 x000000DO

1. 000000000 0000000000 0oO0o0ooO0O0o0oo0ooonb
deleteOne

2. 0000000000000000 deleteAll

goooboobooo

26 DOOoOoooog

0000000000000 oooooobodoooooooooo o
000odoooooooooooooooooboooboooooooooom O
00000000 cO0OO000Oc =getcharQ; ODOOOOOOOOODOOO
O0cO0O00 getcharQUOODODOODOOODOODOODDDODOOODODDODOO
dooooooboo2000000b0000oboooooooooooooon
Ofdoooooooooooooooooooooooooooooooooa
ooooo
0000000000 reverse:

-- (++) O PreludeC O00O00O

(++) :: [a] -> [a] -> [a]
[1] ++ ys ys

(x:x8) ++ ys X : (xs ++ ys)

-- reversell Prelude] 0000

reverse i [a] -> [al

reverse [] []

reverse (x:xs) = (reverse xs) ++ [x]
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gooobooooood goboooboooobooobooo
oooooon
gbooooobooobooooon

-- shunt 0 revOOO0O0O

shunt i [a] -> [a] -> [a]
shunt ys [] ys

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

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

U0 rev00000000O0OO goobooooon
gobooobobooooooo

revl reverseJ U 000000 -0O00O0O00O0O00O0O0DOOO0O0O0O xsO
oogd

rev Xs = reverse Xs

gboboooboooooooo
gooobooobobobbboooooboooooo

shunt ys xs = (reverse xs) ++ VS

oooao Ooo0oooooooon
oo0:

xs = [JO0O0O:

xs = z:zsOOO:
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0261 000000000 xsOOODOO

1. xs ++ [] = xs

2. xs ++ (ys ++ zs) = (XS ++ ys) ++ zs

goobooobddxsOOOOODODDOOODOO0OmMWOObOOOO0bOoOooDOog

ugbooboboond

27 OO0OoOoobOoood

goboobooboooboobooboboobooobougnogd Prelvddd 0O O O
gbboobobooobooobon

gboooooooboooobobobooooooo

goooooobbobbooboboooooboobobboooooboboooo

oo0oooon
map :: (a -> b) -> [a] -> [b]
map £ [] = [1
map f (x:xs) = f x

: map f xs

zipWith :: (@ -> b -> ¢) -> [a] -> [b] -> [c]
zipWith f (x:xs) (y:ys) = f x y : zipWith xs ys
= [

zipWith £ _

filter :: (a ->
filter p []
filter p (x:xs)

]

Bool) -> [a] -> [a]

[]
if p x then x : filter p xs else filter p xs

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

iterate f (f x)

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

foldr £ x []

X

foldr £ x (y:ys) = £y (foldr £ x ys)

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

foldl £ x []
foldl £ x (y:ys)

concat :: [[a]] >

concat []
concat (Xs:xss)

X
foldl (f x y) ys

[a]
[]

XS ++ concat Xxss
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0271000000000000000C000O0O00O00O0DOODODOODOO
ogoogg

l.200 0000 oOobObOOODOOIODOODOOOO...00DOO0O0
U0bO00b000b0d countEq
0odd countEq [1,2,3,5] [2,2,6,5,3]10 20000

2. 000000000000O000000O00O000 <»O0000000000
0000 addSemicolon
000 addSemicolon ["abc",'"xyz","123"]10 "abc;xyz;123;"00 00

28 ODOOOOOoOO

Haskel DO OO 0O00O0O00O0O0O0O0O0O0COOOO* >XM0O000000A0
gobooo«“roboobobooboooboooobooooobooooon
gboobooboboooboooboooooooobooogoobobooboooobboo
U0 Prelude 0 00000 zipO OO DO

zip :: [a] -> [b] -> [(a,b)]
zip (a:as) (b:bs) (a,b) : zip as bs
zip _ _ =[]

0oo0Qd zip [1,2] [3,4]100000000000 [1,2] ‘zip* [3,4]0000
gooo
OU0D000D0O000D00O000Oinfix], infixr, infixO0O O0OO00O0OO
oooooboobooobobb0ooooboboboobbOoo OPrelude] Haskell
gboooobboooboooobooboooooooboooobonooooon

infixr 9 .
infixl 9 !!
infixr 8 ,
infixl 7 , /, ‘quot‘,
infixl 6 +, -
5
5

~ A JOROS
ww

rem‘, ‘div‘, ‘mod‘, :%, %

infixr
infixr
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10
11
12
13

infix 4 =, /=, <, <=, >=, >, ‘elem‘, ‘notElem®
infixr 3 &&

infixr 2 ||

infixl 1 >>, >>=
infixr 1 =<<

infixr ® $, $!, ‘seq

infix1QJ Uinfixr[ U000000 infixO0000OODODO
obopoobo—000 1 <x<200000000000000D0200000
gboboooboboboooooooobo+«0 +boooboooboon

Q281 00000O0OO0O0O0OO0DO0OO0O0ODOODOOOOOO0OO0OOOO
1. X ‘rem‘ 3 /=1 2. xs Il 9 : ys ++ zs

gogoboooooboboboobooobobboboon “cuo®rbobobo
goobogooboooboboboooobobobu 20 1200000
gooboboooboobooooooboonoooooon

Q282 0000000000 OO0O0OOOOODOOOOODOOOODOO
1. (+) ((™ 2x)1 2. (++) xs ((++) ys zs)

29 ODOooOOoOoOoobooo

Haskel 0 OO0 0OO0ODOOO0ODOOO0O0ODOOO0OO0OOODOOOOODOOOO
goboobooooooooboobbooboobbobo0oboobounbd map
gooooooooooobuoogonbooao

Prelude> map (take 2) [[1,2,3],[4,5,6,7]1,[8,9,10]]
(f1,21,[4,5],[8,9]]

Prelude> map (zip [8,7,6]) [[1,2,3],[4,5,6,7],[8,9]]
[re,n,a,2,6,31,008,4),(7,5),(6,6)]1,[(8,8),(7,9)]]

Haskel OO OOODODOOO0OODDOOO0ODOODOOOOODOODOOO @2%0O2
gbobod¢2)0200boboobooboooooboboboobogon
gooobogg

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]

Q291 0000000D0O0O0ODOOOOO
1. (xs++) 2. (119)
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EENILOVEN NS R

000 «“-rodbob0oobodoo «-»ob0o0bobdeG2ooooooo
00000000000 subtract0O00O0OOO subtract x y =y - x0000
O0000O0Osubtract 20000000000

210 0O0OOO

let0000DO0OODOOOO0ODOOODOOODDOOOOOODOODOODO
let 0 0O00O0OO0O0OO in O

gogoooooob

powd x = let y = x*x in y*y

-- headO Prelude0 0000

head ys = let (z:zs) = ys in z

-- head (x:xs) = x 00000OOOOOO

go0oooouogbbyd zO0 zsOOODOODDOOOOOODOOOOOOOODOO
gbooooboboobooboon

Q2101 ODOODOOOO0O letOOOODOOOODO
1. 2700000 pow27
2. 0000000000000000DO0O00O00O0O tail

gob0bD4000000pow4D D O00O0O0O0DOyxywOOOOOO yOoOo
oood gooooobooboboogoo “cobogo>booogon

goooooo ggbodooooooobobboooooooooboooo

-- repeat Preluded 00 OO
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

goooboobxODbhoOooogooooo

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, ... >

gboboobooogouobboobobooobooboog

XS

=

O000D00D000DHaskelODO “O0000C0OO00O0ODDOOOP0O00O00OO
Uo0o0Db0b00o0obobO000000b0 HaskelOOOODODODODOOOODO
0o

SCul-c00000DO
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Q2.10.2 repeatlList [2,5] O [2,5,2,5,2,5,2,5,2,5, ... JOrepeatList

[1,2,31 0 [1,2,3,1,2,3,1,2,3, ... ]0000000OO00O000OOO0O0OOO
repeatlist :: [a] -> [a]UOO000O000D0DODOOOO0DOOO0OOOOOO
goon

gobd: ) ooooggo

02103 000 0000000000000 00O0O0O0OODODOOODOOOOO0O0
0 powerset OO OO

0 o0 powerset [1,2,3] [ [[1,C1]1,[2]1,[3],[1,2],[2,3]1,[1
31,[1,2,3]]0 00000000000 ooooooon ol
O0d0d: 000Oooooooooooboooooo

UO0O0OOwheredl wherelUOUOUDDOUOOOOOO0ODOO0ODODODOOODOO
gbooboooouoooubooooooonoooooon

goo oooooog =4d
where 0 000000000

ggbodboboomoooouoouooobbooobooboooooboooooo
gboogoobbodoooboooboboboobbdl powd,headd OO O
gggooboboogoobooo

powd x = y*y

where y = x*x
-- head Prelude0 0000
head ys = x

where (x:xs) = ys

U00OwhereDOODOOO0OO0OO0OO0OODOODOOOOOOOOOODODOOODOODO
ug

211 HaskelO O OODO

Haskel OO OOODOOOOOODODOOOBOOOO0ODOODODODODOON
x > M NOOOOOOOOOODOOOOMOOOO DOD xO0000DOO0
gooNO0O0ooonooooboooooooDoeN x > x+2) 370 3+200
goooo

gooopgobbooboooboobobooogo

gbooouoobobpghooboboooooooooooboooponO
gbobooboobbobbooboboooooo

B M B
M1/ \Mz

goooboooboogdoooooobooobbbobobobobobonDon

goobooooboboomobobobobobooo
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gbobobooboooboooooboooooboboboboobobobobdd ed
googoooobobobobooooooon

gboboobooboboogbooobaboboboooagpgbbbboogad
gbooobooobooboobboboobobobobbbobooooobooooon

gbbooooogooooobooo god
Haskel OO OOODOOOOOOOOOOOOOODODOODODOOOODODOO
uoobooboobooobooboooboooooboooo goon

googoobooboooogogd
gobobobuooouobood square0000oogoon

square X = X*x

Ub0O000O0 square 2+2) 0000000000 O0O0OOODOODODOO

square (2 +2) 2+2)x2+2)

= 4x4
= 16

O00O0Osquare0 00000 2+2) 000000000000 squared OO0
0000000 ooboobbooobooobo oo @oooo*0oboon
0doHoooo 220 000000000000 0O0O00O00O00O0O0O0O0O2+20
ooooooooooa

000000000000 ooboooobooboobbOoUb2+20000000
Oooooooooon

square % % 16
/ /
+ /+\ 4
0000o0o0ooboooooooooood O lazy evaluation (][]

ggobooooobooooboboboobuobbuooboobooboboonon
gboooooobobobooopbooboobobobooboboooooobogn
oooog

gboogboubooboooboboobooooobobbooboobobooodgd
obooboooooooooobon
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from :: Integer -> [Integer]
from n = n : from (n+l)

-- takel Prelude0 00O 00O

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

take _ [] =[]

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

oon0 from 10 [1,2,3, ... ]O000000OO0OO0OOODODOOOOODODO
Uo0obD0dO 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+1D): (1+1+1) : (take 0 (from (1+1+1+1)))

- 1:(1+1D): (1+1+1):[] (= [1,2,3])

ooooboooooobobobiooD takeO O OO0DOOOoooOoOo1goooo
gbooboooo20b0b00b0o0obbo0obboobobbooboooon
gobogoooobooooooboa+n, a+1+nHogobobooboooboo

U0C0from000000O0O0O00O0OODOOOOO *..»000000000
goobooooooobobooooobon

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]

ogogo«.”ogn
ooboodg Prelvde 000000000000 0ODO0O0O0OO

[ eg .. 1] = enumFrom e¢;

[ e, e.. 1] = enumFromThen ¢; e

[ e .. e ] = enumFromTo e; e;

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

gooooooobobbooooooboobobobbooooooooooon
gejgboboogoobooobooobobobooooooboobuoooon

gboboboboobooobooboboooooboobooboboouooobobooooooboon
gboooooobooboboboobobboooobobobooobobob
ooboobooooooboo

02111 take 0000 0O0O00COOOO0 nOOOOOOOOO0O0O myDrop ::
Integer -> [a] -> [a]OOOOOO
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O 2112 fibOO OO OODOOOOOODOOOCOOODODOO
gboo:0000000000b0000b0b0oo0ooban ...

1 5 8 ...
3 5...
8 13 ...

N ==

2 3
1 2
+) 1 3 5

o0 : zipWwithO O OO

02113 000000000000002000000000000D00000O
Oo0oD0DO0b0ob0b00oobo0bOD0Dmerge 0 0O0OODO

02114 2/-3/.50¢ j,k0 00000000000000000O00O0OOOO0O
000000000 hammingOD OOOOOOOOOOO690000OOO0OOO
000 000n0DoOoonooon 58982400 0000000000

000 : mapO O 2.11.30 merged OO0

0 2115 Haskel OO DO OOOD OOODODOOOOOODODODOODOODODOOOO
ogoboobooboooooooboobobb

212 000 0O0O0O0OO O List Comprehension [

HaskellD OO OO0 U list comprehension 0 O O O O O OO syntax
sugarJ0 00 000O0OOCOO0DODODOOCOOODOOODOOOOOOOOOO

O

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

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

[1,9,25,49,81]

ogoo [1..10]10 [1,2,3,4,5,6,7,8,9,10] 00000000000 ,,000
ggobooboobooobobobboooobooooboboboobboon
ubobooobooooobobooboooogog

(O | oog, ..., 000 ]

Ooo00OO0bOO0OOBeolDOODOD OO DOOOODODODOODO:
gboogoooboboboobnD <=0

uboboboooooobooboobooooooobobooboobobboog
gbobgbbbooboboooooobobooboobboobbooobooog
gbogodobuoobbuooooobooobuobboooobogay

Q2121 OO0DOODOOOOOQg?
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1- [x’l“y I X <- [112]’ y <- [35517] ]
2. [ x,y) | x <= [1,4,7], v <- [2,5,8] , x <y ]

02122 00000 n0000000<x<y<pn0OOO0OODOOO x,yOOOO
00000 foo :: Integer -> [(Integer, Integer)] 0 O0O0OOOOO0O
ooooad

oo00:...0000

02123 00000 n0000001<x<y<z<nO0O0O x¥*+y?=z200
00000 x,y,zOOOOOOOOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] DO O O00O0OO0OOO0OOOO0O0OO0OO Ochokkaku 20
oooore,4,5,¢6,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20) ]
000 ooooooooooboooooo o

uboogoodo oobooboooboobobobbbbbobooboobobon
gooon

unit :: a -> [al] -- 000 10000000
unit a = a : []

bind :: [a] -> (a -> [b]) -> [b]
bind [] _ =1
bind (x:xs) f (f x) ++ (bind xs f)

gboogooboobobooboobobmobooooooboooboobbobood

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

O0OO00ObpO BoolOOOOPOOOOOOOOOOODOOOO
[x,y) | x <= [1..3], v <- [2..4], odd (x+y) ]

gooooobooogoo

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

gboooboboooooooooobobooboboooooooooooo
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gsort [] = [1]
gsort (x:xs) =
gsort [y | v <- X5, y < Xx]
++ X : gsort [y | y <- Xs, y >= Xx]

gbboooobobooboboooobooboobobboboboboooooboboboobooboon
ooo

02124 0000000000000 0OODO0OOuwit,bind00O00O0OOOODO
1. I: (X;Y) | X <- [112!354]! y <- [5!657] ]

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

0 2125 primestd 0000 [2, 3, 5, 7, 11, ... 100000000 0O0O0OO
gmoobobooooboooboobobobom

oobd: “0000000 (EBratosthenes) DD OO0 0000O0OO0O0O0OODO
ogogoboobpoobbboooooooobboooboooooo

l.200000000000

2. 000000000O0DOOOOO0DOOO000O0mDOoOoOoOO «ogog”
(steve)l OO O OO

3.2000000

gboooobooooooooooobobooooboboboobobboon
gobooooobbobooooboobooooo

ooboooooooobooboooooboobooboboobuobo “go
gbO”0b0booobobobobcobobooboooboobocooD
goboobobooooboooobooboboooboobbooo woooobobo
uobogoboogogg

II-23



02126 D0O0O0OD “O0O000DOODOOPO00ODO0OOO

213 8OO oog

ubboobobooouooobooooobuooobooooooooo

JgUuuboooobobobo sguboboooouboboooooboooboo
gobobooobooooboboooboobooooooooboboooooonooon
gboobooooboooooooobbobooobooboobooooobon
gobooopoooboboobooobobooobobbbooboboobobbooog
goooobooboooooooooboboooobooooboDo

gboogooooboboobgoooobooooorrs,es,1,5,2,8,3,710000

/w/%/
////%

///w/
%///
/%/
/ﬁ///%
BB B

safe p n0O0Olength pU00000O00O000O0O0 pOD0OO0OO00O0OO0OCOO
U000 length p + 1000 0000000000 0O0O0O0DOOO0O00ODOO
ooogooog

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

check (i,j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n)

ob0b0dallO
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all :: (a -> Bool) -> [a] -> Bool

all p [] = True

all p (x:xs) = if p x then all p xs else False
joooooooooobooooooooor..l]o r,2,3, ... Jjgoooad
goooooooogd
Q2.13.1

1. all odd [1,3,5]000007
2. all ¢ [2,0,3]00000°7

> safe [1,3] 5

True
> safe [1,3] 2
False
ogooo
W
% %%
%7
Z %7
/47 7
A?ggi
Q2.13.2

1. safe [1,4] 2000007
2. safe [1,5] 3000007

bbb mdbdoboboobooboobuoooboboboobbobd
Uobooob @oob)oob queensO0O000ooooog

queens ® = [[]1]
queens m = [ p ++ [n]
| p<-queens (m-1), n<-[1..8], safe p n ]
oon

> queens 1

[[11,[2]1,[31,[4]1,05]1,[6]1,[7]1,[811}

> queens 2
(ri,31,r1,41,I11,51,11,61,[1,71,[1,8]1,[2,4]1,[2,5]1,[2,6]1,[2,7],/
(2,81,[3,11,[3,5]1,[3,61,[3,71,[3,8]1,[4,11,[4,2],[4,6]1,[4,7]1,/
(4,81,[5,11,[5,2]1,[5,31,[5,71,[5,81],[6,11,[6,2],[6,3]1,[6,4],./
(e,81,17,11,17,21,(7,3]1,[7,4]1,(7,5]1,(8,1]1,[8,2],[8,31,[8,4]1,.
[8,5],[8,6]]
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O00000000 head (queens )0 00000 0OOOOODOOOODO

> head (queens 8)
[1!5!8!6’3’7l2!4]

00doo0boooooooooooooooooooooooooooooa
oooooooooooooo [1,5,8,6,3,7,2,4]000000 0O queens 70
0000ooooooooooooooonooooobobooooooooogn
O000000000000000Oqueens 70000000000 head (queens
U000 0DOOO0OD0ODLO0ODLOOD0O00D0OObOOoOooOOg Prologd
000000000 @ObOO0D000d backtrack)D OO ODODOOOOOOOOO
0dododolooooooooooooooboooooooooooooooon
0o0o0odboooOoloooboooboobooooooooooboooooooon
oooon
Oodon0 queens 8000 OOOO0O

> queens 8
[r1,s5,8,6,3,7,2,41,[1,6,8,3,7,4,2,5],
)
,[8,3,1,6,2,5,7,4],(8,4,1,3,6,2,7,5]]

oobooboo200oobobooooD

02133 0000008000 b0o0o0o0ooobooboobobobooouuoooo
gbboooooobooobooboboooboobooboooobooboobooon
oon

Z Z
H /4%7 /27

7 7 7

U 7
0213400000000000000000 m
0000000000000000000000 4 7y 7y,
D00005x5000000000000000 ) / )
O0O00000000000000000 100 % %
00000000000 0000000000 7/ 7/

021350000000

. 000000ooo0ooooooo3oooooo30ooooo200
00000000000 0000000 shuntsud 00 Mkotsud OO [
toitsu D0 00 O0O0O0O0O0DODODOO

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

[r3,4,51,17,8,911]

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

[r3,31,07,711
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2. 140000000 mmtO00O0O0O0O0O0O0ODODOOOO0OOODOLODOOO
uboooboobooboooboboooonoboooboDDO chinitsud OO0
gobooboooooobooo3gooboooooooo3gogon
goo40000020000000 100000000000

00| e8| 00| Pag <
“H‘H 5J%8 |£)e) 88lss
©0) 66 @8 @@
)\ )\ y ) . )
Z'J + ME?‘ *ff JIE - 4+

214 0JO0O0OODOODOOO0ODbOoOoOO

OO0 [1J0DHaskellOOOODODOOOODODOODODODOOOO 2100000
U HaskelOOOOOOODOODOOOO [3]0 HaskellO OO O OHaskell 0 0 O O
U0oobooobob0o0obobobO0 400000000 HaskelOODOOD
U000 HugsOODOODOOOOODODOODODODOO [5]00HaskelOOODO OO
oboobooobobboboobogo plbbobobooobboboooooo oo
googoobboboboboouo (moobobooboobooobobooooboo
O RBobboboboobooooooooo 200504000 20060 3000
U0000O HaskelOOODOOOOOODODOO [9]10 HaskellD DO OO D ODOODO
U00000 HaskelOODOO “O0MWM 0O “0D070000000 [10]0 Haskell
Ub0O00OMiranda OO OOOOO0OOOOOODOOODOODODDODDOOO
ooboobooooooo L, 12, 13jooogobooooboboboooooa
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