20 00000 HaskellJ [

Haskell O uob20llnoppupuoUoooooooooooo
0000000000000 0000000000000000
0000000000000 000000000000oOoooon

1

2.

0.

00020200 Q0oo00000000000D000Nooo

goooooooooogn

Dob2030pppo0o0o0o000000000Noonoooonoog

goog

000000000000 000000000000000000000
Ooo000o00000oooooooooon oD 2.040

gboboooooooooogboobooobooobooboboboobooobon
gboooboboobooobooobobooboobbooboooboooon

gboboooobobobboobobuooboobooboboobOoobo
oooooooon

gboobomooboooboooobooobooboobooboog
goooooooooooooooooogonoog

0o nob200ggpoooooo0oo0000oooo0oooooo
0000000000000 0000000000000000Oooon
oooooooo

gbooobooboooboobooobooboooo

gbooboooobooboboobooboboboboboooobOooonD co
JaaODO0OO0OOO0OODOODOOOOOODOODOODOOOOODODOODOOD
ubooobooboobbobboboboobobobooboobooboong
gooboobogn

2.1

Haskel OO O OODOOOOOOU

Haskell OO OO O OO OODO Haskell Platform OO 0O 00 OO OO O O Haskell
Platform [0 Haskell 0 0 0 0 GHC (Glasgow Haskell Compiler ) 000000000

!Guarded Homm Clauses 10 00000000 0000000000000OO0OODOODOOO
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0000000000000 0oD000o0oOoOoOGHCO Haskell OO OO
O00ddddooooooooooooooon O Haskell Platform O O https:
//www.haskell.org/platform/ 00 0000000O00O00O0OOO0OO Windows
d00do0b0odboooobOo0ooboooboDbOooooobDoboOoooboooooa

OO0 LinuxOOODOOOOOOO0OO0OO0O0OO0O0OODOODOOO0O0O00OOOOO0d
oooad

22 GHGIODOOOO

GHCOUOOUODOODOODOUODOOOOOgecO javacUDOOUOOOOOO
goboooboboobbboteghcODbbO0OO0oDOOODbDOOODDO
0000000000000 GHCGi(ghcl) OO ODOOOODOO

GHCiODOODoooog

Prelude>

gboooboooboobooobooobooboobooboobooboong
gobogoobooboobboobuoobbooboobbooboooboobo
GHCiOUDOOoOoobOoboboboboboo

ooon oog | oo

:load file 11 fileDOOQOOOO

ralso file 1a fileOOOOQOQOQOQOn

:reload T 0o0doooooooooooooooon
1type expr 1t exprd000o0oO0O0

: cd directory :C oooooooooooo

1! command command D0 000000000000 0OOO0OO
O O: :lcd, :!dir, :!'start. OO

e oooooooono

:main :ma main0 00 O0QOQg

rquit :q GHGiOOOOOO

gbogobooboobboobooboobobooboooobo

Prelude> 1+2
3

0000000000000003000000000000000000000
000000000000000000000000000Ctl-c000000

Haskell 0O OO0 D0OO0OO0O0O0ODOOOOOO0O oob22100gpgoooon
ooo

23 HaskelODDOOOODOO

Haskell 0 O O OO http://www.haskell.org/0 0000000000000
O0O0OOHaskell OOOO0OOO0OO0OO0OOOOOOO
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U0000 HaskelODODOODOOODODOODOODODOODOODOODOOD

oobooooobooboobooogboochooooooobooboooo

vbobooooboobooboooooooobooobobooboooboomm
gbooobbooboooboon

goo =0

gboobooboobbooboobbooboonbo
{

D|:||:|1:|:|1;
DDDZZDZ;
oo, =0,

}

goooooo «“{o“yoobobooboos,»obobooobooobgobn
uboooboobooboobooboobooboooboobooboong
vbobooooboobooboooooboooooobooooo

gooobcobobobooooooobooogbo«“boboboooog
obooboobo <oboboogooobooooboboobobobobooboo
gboooboobgobobobobooboboooooooboooboobooooooDooon
gbooboobuooboooboobuooboobooboobooboong
ogoogon

00000 HaskelOOOOOUOOOOOOOOOOOO1OOOOOOOOO
O00O000O000oo00oooo0on
module OO0 OO0 where

0000000000000 00000000O000000000O00O00O0n
module D0 O0OOO where {

|:||:||:|1= 15
D|:||:|2=|:|2;
000, =0,

}

UoobobooodbD0Oimport 000000000 O0O0O0O0OODOODOODOO
gbobobobgooboobooooooobobobolbobobob1bOoon
uboboooooaoo

Umodule 00000 whereDDODOOODOODOO MainODOODOODOOOOO
ggboooobbooobboooobbooobobooobooooboobobooobobon
U0O0000O00Haskel DO O0OOODOOODOOODOOODOODOODOODO
goo

goo;y
goo,

O oOd
o =

N

ooo,



o000 oOooobooobooobooobooboo*=ooooooon

trivial x = x
twice x =2 *x
fooxy =2*3x+y

0000000ooooooon trivial 000 twiceOOOOOxOOOO
fooOOODO xOyOOOOOOoad

goooocooon

int trivial(int x) { return x; }

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

00000000000 Maskell OO x,y0 int00000000000COO
00000000000 000000000000000000000 int00
0oooo)

0000000000CO Jaa0 000000000000 00O000O000O
000000000000000000000

00000000000 “twice 2°0 “foo 3 4000000000000
000000000 MO0000000040 100000 000000000
CO0O00000D0O0000000O0D0DO00NO00N0NONDOnoooooong
00000 “foo (twice 2) (trivial 3)”’0000000000000000
OMmooo0o0 11000

Q231 00000DOOOboboOoOD
1.3000 100000 bar
2.300000 cube

D000 HaskelJOODODOOOOODOOODOOODDODOODOOOODOOOOOO
D0oooooo
«0ob23bnpooo000@MoO00000000000D00DooDoonog
“¢>0000000000000000000000000000000000
« bbb232Ogppoo00000000oonooO™ xy -> 2*x+y” 00
20000 x,y0OODOOOx0200y00000000000000000
0000000000 O0ooooood

000000000 00000 \"00«"000000 00000 “->”
000000000



0000d0oO0o0bO0o0bO00bOoobOo0obOoobooooobOoobooon
OO0O00O0OoO0d™ xy -> 2*x+y” 0 “\ dog cat -> 2*dog+cat”0 0000
0000000000000 00000 eOO0DOOO

00000bOO0o0bOodoobOoobOoobobOoOobooobobOooooa

trivial = \ x -> x

twice =\ x >2 *x

foo =\Xy >2*xXx+y
oooooo

I.L\x >x —000x0000000000D00x0000000000
goooooooogoocooog

int trivial(int x) { return x; }

U0000 trivial U0 O0OO0ODO

2 \xy >x—0000x0y00000D00O0ODO0O0OXxO0DO00DOODO
cooboono

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

goooo200000000000

Haskell 000000 “00000007000000000000\ xvy -> X
OO\ x -> (\y ->x)000000000000000000O0“0000000”
0ooOoooooooo 000 23300000000 (Curry) D00
00000000 Haskell B.Curry D 000000000

\x >Ny -—>x00000000D0DOO00O0xODO0000000000
\y > x000000000000000000\Ny —»>x0000000
yOooboooooOooDmooobooobooOxooboobooboooo
goooooboobogn

3\Nfx > f (Ex—00 fO000xO0000000f0x02000
goooobooon

Q232 Q231000 bar,cube 0000 = 0000000000000

U000 HaskelOOODODOOO20000000D00O

o bob2340ppgpgoooooooooon

o noo235s0npgpoooooooooooon
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24 OO000O0O0OO0O0O0OOOOO

Haskell 0 0 0 0 00O Bool[M1 O OO Int, Integer—Int 00000000000
D,IntegerDDDDDZDDDIZDDDDDDDDFloat,DoubleEDDDDCharD
00000000000 oooo0o0o0oOoboObBeel00OOOONO Trued
False 0 0O OO Integer, Float,Double, Char U D OO0 OO OOOOOO COO
0o0dooooome.20 o000 00000OOOOOOOODDOO

0000000000000 000000b000b000000ooonoon
O0Lisp0O00000D00OO0OODOOO “+7,*-,00001142*300000
0ooooboooooa

if0thenOelse0 00000000000 OOOOOOOODOOO

if O ; then O , else O 3

U 0BoolDOODOODOOD,,00:0000000000D00O000O00 4
UOTrue0000 0False0 000 :000000000000000000O
OO000if0thenlelsedJ00Haskel DO ODOOOOO0OO0OO0OOOOOOOO
gboooboobooobooboobboobooobobooboo
O000000Ofactorial 00000 Haskel OO D ODOODO

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

Oooo00oo00oo0oooooooood ooo 24100
O000Ofact(n - DO fact n - 100000000000000

000 24.

ob0o0o0oboobooboo0Odn * (fact(n - DY)UDODODODODODODO

gbogbooogooboon gbogoboboobooboobobobd
gbooobooobooobooobooobooboobooboobooboong
gooooog

0 24.1 fact 10000000000

gooooob Oooboooobooobooooooboobo“roooboobobo
gooboooboboobooooom |obo =0b0000boobobbonbo
pboooooooooogoobooobooboboboboboboboboboobo
oboob“=00000b0bobobo0ob0obOobO factd0ooooono
gbooboobognbooo

fact n | n == 1
| otherwise =n * fact (n - 1)

UO00Ootherwise DU OUODOODODOD Trued DOOODOODOODODOODO

0000000000000 000000000000000
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Q242 00000000
{% = 1 (n=0,1)

ap ap2+ a1 (nx2)

oooopDoo fib00ogoooooooboboobouoooDboDbOoOfib 0 = 1,
fib 1 = 1,fib 2 = 2,fib 3 = 3,fib 4 = 5,fib 5 = 8,... 0000
ob:0000000000b00o0ob0oog cul-cbonoooooOoD

000 00000000000000000000000000000000
0000000000000000000000 SchemeO OO LispO0O0000
00000000000 O0O0OHaskelOOOOOOOOOOOOOOOO0OO0OO0OOOO
Do0oooooog  PPE24300000 (cons) 00000000 « JOD 2440
00000000002000000000 (constructor) 0 00 O

e HO0ODOO[ODOODDOODLOODDOOODO

e J00O:O0DODOODLOODODOODOODODODDODOODOO
gboboobbooboabboobuobboobaoaboo

ooog“:” 0 oob2400ppooo0oD1:2:[10 1:2:[HDOOODO
0oQg

0000000oo0oo00000Oooooo«”"0000000000000 “["0
“1”00000000000000000 [1,2,3,41001:2:3:4:[10000
ooo

Q243 1.[1,2,3]10 2. [[1,2],[3,4]10 >0 “[I>O000000O00ODOO
goooobogooo

000000000000000000000000000000O000O000
00000000000 Integer 0000000000000 000 2460

0000000 Double0 0D OODOOOOO 00D 24700 ggo0
00000000 00ooooo0ooooooooooooooonre, a’,
[2]1100000000000000

Q24.4 [False, True] OO0 ["Kagawa", "University"]OOOOOO
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String0 0 typed O HaskelODOOODOStringD OOODOOODOOOOOO
oboooobooobobooo

type String = [Char]

0o000000o0ooooooon
type 0O =0

O00D00OOwpealiasD 00 0O0OD0O0ODOOO0O0O0O0ODO0ODOO string0O0ODO
UO0O0[Char] DO00O0OO0OO0O0O0O0ODOODOOODOOODOOODOOODOOODOOODO
googn

0obboododb 0bbO0oobbo0oOodobbOoodobbOoodbnoUdbox-pointer
O000000000000000000000000000O000000O

xs® = []

xsl = 1:xs0

xs2 = 2:xsl
xs3 = 3:xs2

gboooobgdaoo

100 “»»02000000000000DO0D0OO0ODOODOODOOO0ODODO
goooool, 2, 3sti00boboooobobooobooboomooonboog
gbooooooooobomoboooobooooooooon

g googoobon

00

[]

ooofr[1,2],[3,4]100000000000

gbooboooboobooobooboobobooboonoon
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AN AW

Q245 00000DOO0ODOOOODOODOOD
1. [2,3,5,7,11]
2. [[1]
3. [6]
4. [[1],[2,3,4],[]1]
5. [C011,03,CC0111]

gooboobo cobobooboboboboobooboooobooog

struct _list {
int car;
struct _list* cdr;

BE

typedef struct _list* list;

_list00000000carD cdrJ0020000000000000 cdrD
O00000D0O0OOO00000DO0O00001ist0 0000 Otypedefd 00O
U000Ostruct _list* 0000000000000 DOOMODDOO0OODOOO
gbooboooboobooooooocbobobobobooooboooboo

gooooooocobooooooogNLogogoog

cUbUObU0OUbDUObUObUOOmallocUOODOOOODODOO freed O
U0b00b0o0b0o0bO000HaskelDOOOOOOOOOODOOODOODO
Ubooboooooon freed00000oobob0obOobOoOoOooOOD
gooooboobooobobon

O 0O ple) DOODODOODODOODOOOODOODOODDODOOD

“wiioooobobbboooo o sHroooouououoooooono
gboboooooooobgooooboboobooQ@,ayogoooo
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0 0000000000 ¢@,’b’,[3Ho0oooon
ooooooio

Q246 DOOODODOOOO
1. (False,"Hello") 2. (’X’,("Aloha",False))

oUobU0booob0obUobOobobDUbDOobD miyDooooooOOLDOO O
gboooooooooooooocbodbvveidOODOODOODOODOODO

oob 0OO0b0b00 “>»>>0000000000Integer -> Char DO 0D
O00o0b0b0o000o0o0gdn Integer JO0O0O00DODO0O Char OO ODODO
oooo“>r0 000000 0OOBool -> Bool -> Bool OO OO

g UO00OD0D0O0O0OHaskel OODODOOOO
“OcoboboobrboobUoobooobUobOobobo “CbobrboOobbobOoonoog
obooooooooooooooooo

000 Integerd CharO0O0O0O0000O00O0ODOOOODOO0OOODOOOOOa
OpbOOOOOOOODOOO0ODOOODOODOODODOODOOOOOoOoDO aod
0dooooooOoobooOooooOoobooOooboOoooooooooooonog
OO00Of[a] -> [b] -> [(a,b)]O00O0O0000O0DOO0O [Char] -> [Integer]
-> [(Char, Integer)]00000O0OOOOOO0OO0OOOOOOOOO0O([String]
-> [Integer -> Integer] -> [(String,Integer -> Integer)] 0O 0O OO
ooodoo

O0ooooooooooo 0 0 O 0O Haskell O ooooonOon

O00oo00ooooooooooooooo
O000O00o000oo0oooOo0oooOoooooooD «<»:»»O00b0o00ooooa
ogoo :: 0

U000000 trivial 0 fact 00000 ooooooonog

trivial :: a -> a
trivial x = x

fact :: Integer -> Integer
myLength :: [a] -> Integer
myLength [] =0

myLength (x:xs) = 1 + myLength xs

000 Haskel 00O OO0ODOOOtypeclass0 0000000000000 O0DOOO0OOODOO
jdoo0do0oOO0o0oO0oobOo0bO0o0bDoOO0o0obOo0bOOoobOo0bOoOoOooDbOoDooOoobooDoOoo
Integer, 10 0O0000O0OODOO DoubleO O ODOOOOODO
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000 0oooo g 0000y, = 0,
000 0000 4 0000 4, = 0,
000 0000 , ooog,, =0,

0000O0DOO00bOOooOdoDoooooOoboobOobOooOooDoooooaon
0000000000000 0000000000OmyLengthO0O0O0O0O00OO0
ood[joodoo100b0b00ooooooO0loobooooobooooooo 2
0d0oooooooooooooooo x0ooooobooooooooa xs
O000000MO0OmyLengthO OO OOO0O0O0O length :: [a] -> Int
do0ooobooobooooood

dooGcHCOOODODOOOOoOOooooooooooooooooooooad
00000000000 00000000000 -fwarn-incomplete-patterns
0o0oo0bO0o0boOoOoobOo0ooooobOooooa

00d0O0bO0o0OO0bOOodoooooboOobDOoD “O00boooooooooa
0000000000000 0000000000 myLengthOODOOxOO0O
ooooooooooda

myLength (_:xs) = 1 + myLength xs

ugbobooobogaoo
caseJof U O UODOOUOODUOOUOOONDcaselof 0O OODOODOODO
gboboobooooboboooooooooot

case [ g of {
ooooy; -> 0 g;
ooOog, -> 0 ,;

oooo, -> 0,
}

Oo,0000000000000DO0ODOODOODOODODOO,OD0DO0DOOOO0
0,000000 ,0000000000 ,00000000000

if 01 then 0, else 030000000 caselof00000O0O0OOO
ooooooooo

case [1 | of { True -> [0 ,; False -> 03 }

Ub0b00let000O00O0AO0DOOOOOOOOOODOODOODODOODODO
goboobogoodgd

N &x,y) > x )
let (xs,ys) = unzip zs in xs++ys

googbobobbobbobboobooboobooboobbboobg
gbboobogboobbooboobooon

0247 000O0OO0OO0OOOODODOODODOOO mySummyProdO0 OO OOMMIOOO
OO0 sum,product O OO0 OO0 O0OOOODOOOOM
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0 2.4.8 1. 0000000 [Beoll]O 20000000 0OOOOODODODONO
0000 fromBin :: [Bool] -> Integer00 0000000 OfromBin
[True,True] O 30 fromBin [True,False,True,False] 0 100000

00D0:0000000000DO000DO000D0DOO0O0DOd

O 4d3d: 00o0oooDoDDoOdoooooao fromBin
[True,False,True,False] 0 (1 X2 +0) x2 + 1) x 2 + 00 fromBin
[True,True,False,True] 0 (I1x2+1)x2+0)x2+1 00000000
aooo

2.0000000 [Bool]l] O 200000O0D0OO0DODOOOOODOO
000 fromBinRev :: [Bool] -> Integer 1O OO OOOOOOOO
000000000000 000O00000000000fronBinRev
[True,True,False,True] U 1+2x(1+2x(0+2x1)) =114 0000

3. 000000000000 00000000O0DO00D0DOOO0O0OooOOd
ad
evalPoly :: [Double] -> Double -> Double DO O OOOOO0OO
[1,2,3,4]10000000 1+2x+3x*+4x* 0000000000 DevalPoly
[1,2,3,4] 1000043210000

0249 000000 xsOOOODOODOOD £00000000O0DOODO
U0 f000000000000000O0O sumf :: [Double] -> (Double —>
Double) -> Double DU DO OO0

02410 20000 x,xs00000000OO0 xs00x0000000O

1. 0000000000 0000C0C0O00OO0Oo0oOooooooooooao
deleteOne

2. 0000000000000000 deleteAll

ogbooooobogoo

25 OOOOoooog

000000 ooooooobooooooobooooooooooobooooo
000o0o00oooooooooooooobooooonooooooooooma
00000000 cOoOdbbOc =getcharQ; DO00OOO0OOOOOOOOO
O0cO0O00O getcharQUUOOOODODOOOODDOOODMOOOOOOOOO
0000doooo200000000000000000O00000000004d
00oooooooooooooodooooooooooooooooooo
oooono
o0o0b00oododon reverse:
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NN A W=

-- (++) O PreludeO 0000

(++) i [a]l -> [a]l -> [a]
[1 ++ ys = ys
(x:x8) ++ ys = x : (XS ++ ys)

-- reverse [ Prelude 000 0O

reverse i [a] -> [a]

reverse [] [1]

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

oobooooboooo goboooboooboooon
gooooo
goooooooooooooo

-- shunt 0 revO O OO0

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

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

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

U0 revO00OO0O0O0O0O0O0O0OO0 ubooooobooo
googobooboobooooo

rev reverse U U0OUO0O0O0 -00000000000O00000O xsU
ogod

rev Xs = reverse Xs

obooboobooboobooobooob
gbooooooooooooooooboooobgooboon

shunt ys xs = (reverse xs) ++ VS

oogo O0ooooooooon
ooe:

xs = []J]O0OO:

xs = z:zsOOO:
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0251 000000000 xsOOOOO
1. xs ++ [] = xs
2. xs ++ (ys ++ zs) = (XS ++ ys) ++ zs

g0o0o0oood0oxsOOODOOODODODODO0ODODmMOoDOOoDOOoDOOo0DO00DO
gbooboooboom

26 LOUoooooon

gob0oob0oob0ooboooboobbooboobuooOog PreludeD 00O O
ugboaboboaoboood

gbooobobooobooobobooobooobooonon

gobooboooboobooboooboobboobboboboooboobo
ooooooo

map :: (a -> b) -> [a] -> [b]
map f [] = [1
map £ (x:xs) = f x : map f xs
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

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

zipWith £ _ _ = [1
take :: Integer -> [a] -> [a]
take O _ =[]
take _ [] =[]

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

filter :: (a -> Bool) -> [a] -> [a]
filter p [] = []
filter p (x:xs) = if p x then x : filter p xs else filter p xs

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

foldr :: (a ->b ->b) ->b -> [a] > b
foldr £ x [] X
foldr f x (y:ys) fy (foldr f x ys)

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

concat :: [[a]] -> [a]
concat [] = []
concat (xXs:xss) = XS ++ concat xss

0261 000000000000 0O0O0ODOODOODODODODODODODODO
ugoodg

1.2000000 o0000O0OO0OO1O0O00O000O00...0000000
00000000000 countEq
000 countEq [1,2,3,5] [2,2,6,5,3]1 0 20000

2. 00000000000O000O0O00O0O0O00 ;»O0000000000
0000 addSemicolon
000 addSemicolon ["abc","xyz","123"]1 0 "abc;xyz;123;"0000
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27 O0O0O0OOO0O0O0

Haskel 0000000000 O0O0O0O0OOOOOOO“ »O00000000
doooo“rddbooo0bodbooobooooooooooboboooobooog
0d000do000bO00bOo00oo0oo0boDo0obooooDooooooooonog
OO0 Prelnde 000000 zipd O OO

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

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

zip _ _ =[]

0oo0 zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]10000
oood

O0000000D00000D00D0infix], infixr, infixO0O00O00O0OO
o0b0o0oboobooboooooboUgboobouUubodOPreludel Haskell

00000 0ooOO0O000000000oo0ooooOoOooO0o00000ooooon
infixr
infixl
infixr
infixl
infixl
infixr
infixr
infix
infixr
infixr
infixl
infixr
infixr

O

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

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

[ |

>>, >>=

=<<

$, §!, ‘seq

SR RPN WD UTUTO NN 00O

infix1l [ Oinfixr [ Uo0oobrb infixOOOOOOOO
gooooobo—000 1< x<2000000000000000200000
ubooboooboooboobooboobooo*0 +s0bbooboooo

Q271 00000OOOO0O000OO0OOOODODODOOOOOO0OO0O0OOOOO0
1. X ‘rem‘ 3 /=1 2. xs !l 9 : ys ++ zs

gbogooboobboobbooobbooboooobo «“cg<rbboon
gbooobooboobobobobobobooobdbD+20@G) 1200000
booboooboobobooboobobooboobobon

Q272 0000000000O0DO0O00O0OO0OOOOOOOOOOO
1. (+) ((™ 2x)1 2. (++) xs ((++) ys zs)
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Haskel DO 0O O0O0O0ODOO0OOO0O0OO0ODOODO ODOO0OOODODODO
ugbbobobooboobbobobuooboobboobooboonbibd map
gbobooboobooobobooboobo

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

(ee8,1,,2),(6,31,0(8,4,(7,5,(06,6)]1,[(8,8),(7,9]1]

Haskel OO OO0OO0O0OO0OO0OO0ODOOOOOOOODOO0OOOOOODOODOO
gbooobooboboboogoooboonD oo 200boboog2y0200
gooboobooboobbooboobbooobooboboooboon

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]

Q281 0000O0O0OOODOOOODOOOO
1. ([1,2]++) 2. re2)

oo +«“-robogbobooboobo “«~-robbobbobouboG20booopoog
Ub0o0DbO0bO00000 subtractU0OOO0OOOSsubtract x y =y - xO000
OO00000Osubtract 20000000000

29 0JO0O0OOOd

let0000D0O0O0O0D0O0DOO0DOODOODOODOODOODOODOODOODOD
let OO0O0OOOODOOO in O

oooooooon

g

powd x =lety=x*xiny *y

-- headO Prelude 0 0000

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

-- myHead (x:xs) = x 000O0O00O0OO0O0OO

ubobooboooobyOd zO0 zsOOOOOOOODOOOOOODOOODODOO
gooooboobooobobod

Q291 0UD00ODUODODO letDODODUODODO
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1. 2700000 pow27
2. 00000000000 Db0Db0b0Db0Db0O0 myTail

go0oobD4000000powd0 000D 0O0O0O00y*xyOODOOO yOO

oooad Jddddddodoooooo «ooooo»bobooon
oodooooo Jd0o00o0d0ooddoDoooooboooooooaon
-- repeat [ Prelude 0 001000
repeat :: a -> [a]

repeat x = let xs = x:xs in xs

uboobobdgxboobobooboooboo

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, ... ¢

gbbooboboobuoobboobooboobo
Xs

=

000000000 HaskelOO “DOO000O00O0OOOOOODO0O0O0O0OO
Oboobdbooobo0ob0obUoboobobd HaskelODODOODODODOOODOOD
0o

Q29.2 repeatList [2,5] O [2,5,2,5,2,5,2,5,2,5, ... ]J0repeatlList
[1,2,31 0 [1,2,3,1,2,3,1,2,3, ... 10000000000O0O0DOOO0OO
repeatlList :: [a] -> [a] 0000000000000 O0O0O0OOOCDOOO
ooog

obob: +»Ho0ogooa

0293 0000000000000 0O00O0DOO0OOOOODOOOOOODOOO0
0 powerset 00000

oo o powerset [1,2,3] [ [[1,01]1,[2],[3]1,[1,2],[2,3],[1
31,[1,2,3]11]0 0000000000 00O0O0O0O0O0ODOO0O0O MO
0dd: O000OD0O00000o0ooooooono

‘Cul-c0D00DOOO
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OO0OOOwhered wherelOOOOOOODODODOODOOOOOODODOOODOO
o0o000o0o0o0oooo0ooooooooooooooon
000 0oOooooo =0
where 00 0OOOO0OO0ODO
00000000 ooooDooooooooooooooooooooan
0000000000000 00000000000DO0 powd,headO O OO
o0o00oo0oooooooon

powd x = y*y

where y = x*x
-- headd Prelude 00000
head ys = x

where (x:xs) = ys

U000OwhereU0OO0O0OOO0OODOOOOOOOOODODOOOOOODODO
RN

2.10 HaskellO OO OO

Haskel U0 O0O00O00000O0O000O0O0BOO00L0O0O0DO0O0O0OO0O0ODODOQA
x-> M NOOODOO0OOOooooooo MoObOo 000 xO000o0oad
oooNOUODOODObOO0OODOooobOooDog N x -> x+2) 370 3+200
oooon

gboogpgboonobooobooonoobooon

gbooobooobooppgbooboobooboobooboboboppoOon
gbobooboobooooooooooooooooon

M
v X
M, M,
ugoobbtoooo pbbobboooobbobboooooooooboooo
goopooogoooomogoooogoooggo

M, M,
N s
M/

gboooobooboobbooboobbooboobboobibodibed
goboobooboobbooboobobooon

gogooooooopgbbobbbobobobbooooooooooooooobon
gboooboooboooboobooboobooboobooboooboong

oono
Haskel OO OO0O0O000O0O0O0O0OO0OO0OO0OOODOOODOOOOOOODOO
gboobooboboooobobobooobbobon googo

Ub0oo0oooooooooodsquared0000noooOOoDO
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N

square X = X * X

Ub00000 square (3+4) 0000000000 O0OOOOOOOOO

B+4)*x3B+4)
= Tx7
49

square (3 +4)

O000Osquare0 00000 3+4) 000000000000 squaretd 0000
0000000000000 @uouo+*0ooo
0000 oooo 2«20 000000000000000000O00O0002+20
oooooooooon

00000oooooo0o00oooooooooooDoog3+400000a0ad
oooooooooon

square o o 49
+ + 7
VRN
0000oooooooooooooooon O lazy evaluation[] [

gbooobooboboooobogbobobooooooboobobobooooboon
gooobooooboboooobobooooooboboboboooooDooo
oooon

gobooboobobooboooooboboboboooooboboboooo
oboooooooooooooon

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

Oo00 from 10 [1,2,3, ... 10000000000 O0OC00O0OOO0OOOODOO
000000 take 3 (From DO OOOO

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)))

— - = 1: (14D : (1+1+1): (take 0 (from (1+1+1+1)))

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

gobooboooooboobbobon tekeD0ooooooooo 1o o
gboooooo2bo0boooooobobobobobobooooonoonog
gobooboobbooboboooa+n, +1+Hboobbooboboobooo

O00from0 0000000 0ODOODOODOODOO “.>O000000000
goooobooboooboooboo
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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]

oooo«..»ooon

000000 Prelvde 00 OO0OO0OOO0OOOOOOOOOOOOO
[ e .. 1] enumFrom e;

[ e, er.. ] = enumFromThen ¢; e
[ e .. e ] = enumFromTo e; ep
[ e;, e .. e3 ] = enumFromThenTo e¢; e; e3

goooobooboboboooooboobobobooooooobooboooo
gejoooboogooooooooboooobooooboooobooooon

gooobopobobbooboobooboobooboobooboon
gboogboboboboooboobooboboooooooboboooooboon
uboboooboooboooo

02101 take DO OOOOODOOO0O0OO0 nOOOOODOOOOOO myDrop ::
Integer -> [a] -> [a]OOOOOO

02102 fibOO00OOoOOoOoOoOoOOoOooOoOoooDoooooOoo
gbob:00b0bo0obooboboobooobobooon ...
1 1 2 3 8 ...

5
11 2 3 5...
4 1 2 3 5 8 13 ...

UbD0: zipWwith OO OO

02103 00000000o000oobo2000b0oobooboboobooboon
UbobobobobobobUObmerge0J0O0OO

02104 0002-.3/.504 j,k0 000000000000000000000
00000000000 hammingOD OO OOOOOOOOO 6990000000
0000000000000 000 5898240000 00000O00O0O0O

O00: mapd O 2.1030 merge 0 00O

211 00000 DODOO O List Comprehension(]

HaskellOOOOOO O list comprehension] [0 O O O O O O O syntax
sugarD D 0000000 DO0OO0ODOObOObOObOObOobOobOobLOoDbO

IT-21



NN B W=

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

ooo [1..10]10 [1,2,3,4,5,6,7,8,9,10]0 0000000000000
ubbooboobobooobooboboobbuoobooobooboooon
gbooooobooboobbooboooboobon

(O | OoOoOo, ..., 000 ]
0000000 0OBeol OO OOOODOOOOOOOOOO:

gooodoooooon <- 0O
gbdotudodootdoboootuoodobouoouooobooouooooooa
goooobooodoooboooooooooooooooooouooooa
0o0oooooooooo0oooooooooooobooogd
Q2111 ODOODOOOOOOOO?

1. [ x*y | x <= [1,2], y <- [3,5,7] ]

2- I: (X’Y) | X <- [11457]! y <- [215!8]! X < Y]

02112 00000 n0000000<x<y<n0O0O000D0OO x,yOOoono
00000 foo :: Integer -> [(Integer, Integer)] DO 0OO0O0OOOO
oooon

goo:...0d00on

02113 00000 »0000001<x<y<z<nOODO ?+y?=z200
0000dd x,y,zOOOOOODODOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] DO O OO0OOOOOOOOOOOO OO chokkaku 20
oooores,4,5),06,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20)]
000mooobOooooooooobooom

googobob ooboobobooooboboooobobOoboooboon
oooon

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

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

[t | ] = unitt

[t | x <-u, P] = bindu (\ x -> [t | P])

[t | b, P] = 1if b then [t | P] else []
=

[t | let decls, Q] let decls in [t | Q]

O00OObOBoolOOOOPOOOOOOOOOOOOODOO
[x,y) | x <= [1..3], v <- [2..4], odd (x+y) ]

goboobooboboo

= 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 []))

gbooobobooboobobooobooboobbooboonbooo

gsort [] L]
gsort (x:xs)
gsort [y | v <- xs, y < x]

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

gboooboboooooogboboboboboobobobobooooooboon
ooo

02114 000000000 0O0OOODO0O0O0wit,bind000O00OOOOOO
1- [ (x’Y) | X <- [112’3’4]1 y <- [5’657] ]

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

O 2115 primes00000O [2, 3, 5, 7, 11, ... 10000000D0COOO
umgboboobobooboobbooboon
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Uo00: “0000000 (Bratosthenes) 0 OO0 000000000O00OOO
oboobooobooboboobobooboobbooboobboobooo

1.200000000000

2. 000000000000 O0O0DOOOOO0O000™ooooOO «ogog”
(steve) O OO OO

3.2000000

googbooobooboobooobooboobooboobooboonbg
gbobooooooooooooooooooooooooon

gboobobobooooboobobobooobooboboboooobD “oo
gOo”0obfdbobobooboocobooboobogooooonbogIoooogm
goooboboboooogboboooobooboboboob wcobbonbon
oboobooooboooobooon

0 2.11.6 Haskel OO OO 0OO0OO0OD0O0OO0ODOOOOOODO0OOOOOOODOOODO
googooboobooboboobuooboobboon

212 8OO OOOd

gobooboobbooboobooobobooboobbooobga

Lohooboboooooboospguoboooooooboobooobooooboob
gboooboooboooboooboooboobboboboobbooboobooobooo
goobboobobooooobobooobboooobobuooobboooooboobg
goooobogoboboboobooboboobooboboboboooboobobon
boooboboobooboboobobooboobboobooo
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W N =

goboobooboooboobooboooobors,e,1,5,2,8,3,710000

obooooooo

/%/ ///
/ . /w/

/%//
/}//////////%
///%/

@
&
\\
\x

N
k\

x
x

x
\
x
\

x
\
\
\

safe pnd0length pO 00000000000 pOOOOOOOOOOO
0000 length p + 1000 pO00000000O0OOOOODOOOOOOOO

oo0ooooa

safe pn =

all not [ check (i,j) (l1+length p, n)
| (i,3) <- zip [1..] p ]

check (i,j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n)
00d0d0dallOd

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

all p [] = True

all p (x:xs) = if p x then all p xs else False

gooobooobooboooobooogoor..]o,2,s, ...

goboobogoodg

Q2.12.1

1. all odd [1,3,5]00000O7?
2. all (1) [2,0,3]000007

1000go

> safe [1,3] 5

True

> safe [1,3] 2

False
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goog

%/
Y
X
)y
/47 7
)

Q2.122
1. safe [1,4] 2000007
2. safe [1,5] 3000007

o000 mboooooboobbobboooboobooboon
Uboooooo@oo0)boboUOqueens 0000000000

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

> queens 1

[[11,[2]1,[31,[04]1,05]1,[6]1,[7]1,[811}

> queens 2
(f1,31,r1,41,[1,5]1,[1,6]1,[1,7],[1,8]1,(2,4]1,[2,5],[2,6],[2,7],/
2,81,3,11,I3,51,[3,61,[3,7]1,[3,81,[4,11,[4,2]1,[4,6]1,[4,7],/
(4,81,[5,11,[5,21,[5,31,[5,71,[5,8]1,[6,11,[6,21,[6,3]1,[6,4],.”
(e,81,07,11,(7,21,17,31,[(7,41,(7,5]1,(8,1]1,[8,21,(8,3]1,[8,4]1,.
[8,5],[8,6]]

000000000 head (queens ) U U00DO0OOOO0O0DOOOOOOO

> head (queens 8)
[1!5!8’6!3!7!2’4]

gboooboooboobooobooboobobobooboobooboobo
gooboooobooooooobo [1,5,8,6,3,7,2,410000000 queens 70
gboooboboooboobobobboobobobooboboboong
UbobobopDoobOddbO0Oqueens 70000000000 head (queens
eyiboobogboobooooboboboboobobboubn Prologd
goboobooobo(@oboOobooogdpacktrack) OO0 0OO00O0OO0OO0OOOOODO
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oooo1o0o0o0oooooooobobbbboobbooboobooo0o00ooooagad
oooooooooloooooooobooooooooooooooooa
gooon

U000 queens 800 O0OOOO0O

> queens 8
[ri,s,s8,6,3,7,2,41,1,6,8,3,7,4,2,5],
)
,[8,3,1,6,2,5,7,4]1,[8,4,1,3,6,2,7,5]1]

gbooboobo20000booboog

02123 00000080 booobooooooobooooobooooobooogo
gbooobooboobooboobooboboboooooooboboboooboooDoo

goo
o ¢
Z Z

02124 00000000000000000 7
0000000 000000000000000 4 7,
000005x5000000000000000
0000000000D0000D0000D 100 7, 7

000000000000000000000 7 7

\
\
\

N
N
N

7

\
4

N

N\
N

\
A\

02125 0000000

1. 00000oooooooooooos3spgogoo3pgooog200
goooboooboobboobognbO shuntsul O 0O M kotsuld O 0O [
toitsu0 0000000000000

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

Prelude> toitsu [1,3,3,4,5,7,7,9]
[r3,31,07,711

2.140000000 mtO0D000OOOOOODOODOODOOOODOOD
Ob0o0o0obO00obo0o0o0obo0ob00obUo0d chinitsuOOOO
goboboobooboobobo3boobooboobob3ggng
gbob040000020000000100000000000

i 88|
AN Y J N v J %_/ N v J N Y J
I+ &+ PO g I+
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0

U [M00OHaskell O OOO0O0ODODOOO0ODOODODOOODOO 2100000

U HaskelOODOODOOODOOOODOO [3]10 HaskellO O OO OHaskell DO OO
oobo0bo0oobooob0o0boobbO0 4000b0b0d HaskelODODODO
U000 HugsODOODOOOOOOO0OOO0OOO0OO0OO [S]O0HaskelODOODOODO
gbobobobogooboooooo eloboboboboooobobooboboon
goboooboobobooobo boobboobboobboonboobg
O@Coboboooboooboooboobbog200504000 20060 3000
U0000 Haskel DO OOOO0OODOODOO 910 Haskel OO OOOODOODO
O0000O0 Haskel ODOO “OD000 “O0070000000 [10]0 Haskell
UbO000OMirandaO0D 000000000000 DODOODOOOOODODOODO
obooooooooooo nL12,13]0000ooooooooooogong

gooooogd
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