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

UoboDo0oo0obbo0oD trivial U000 twiceOODODOxODOOO
fooOUOOUOx0yOODOODOODOO
goooocoboon

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
« bbb232bOppopooo00000oooooodnONzxy ->2 % x +y”
0020000 x,y000O0OO0Ox0200y000000000000000O
000000000000 00000000

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



U0D0000000Db00000H HaskellDOOOODOOOOOOODOOODOO
oooobooobooboobooboobooobooSNxy —> 2 *x+y’ 0"\
dog cat -> 2 * dog + cat”’ 0 0000000000000 0OODOODOODOO
UebO0O0O00OO

gbogobooboobobooboobbooboobbooboo

trivial = \ x > x

twice =\x ->2 * X

foo =\Xy >2*x+y
oooooao

I.L\x >x —000x0000000000D00x0000000000
goooooooogoocooog

int trivial(int x) { return x; }

O0000 trivial U0 O0OODO

2 \xy >x—0000x0y00000000DO00OXxO0D0O00DOODO
coooono

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

gooooz200000000000

Haskell 000000 “00000007000000000000\ xy -> x
OD\x > (\y > x0000000000000000000“0000000”
00000000000 vbib2330ggoo0o00a (Curry) D00
00000000 Haskell B.Curry 0000000000

\x >Ny —>x00000000DODOOOxODODOO00000000
\y > x000000000000000D00O0O\Ny —»>x0000000
yOuooooooooomboooooooxoboooooooooboo
gbooooboooooan

3\Nfx > f (Ex)—00 fO000xO0000000f0x02000
goooobooon

Q232 Q231000 bar,cube 000 = 0000”000 0ODODODO

U000 HakelOOOODOOOO2000000000

o bob2340pppopoooooooooon

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
O0Lisp0 000000 OOOODOO0O “+7,“-7,**00001+ 2 * 3000
do0ooobooooooo

if0thenOelse0 00000000000 OOOOOOOODOOO

if O ; then O , else O 3

U;0Bool0000O00OO0OODOO ,00s000000000000000O0 4
OTrue00O0O0O ,0False0000:0000000000000000O00OO
OO000Oif0thenldelsedJ00Haskel OO OODOOOOOOOOOODOODO
gbooooooooooooooogooogoooooboobong
O0000 &, |0 COJavald0 000000
O00000COfactorial D0 D000 Haskell OO D ODOODO

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

000000000000000000000 ooo 241000
O000Ofact (n - DO fact n - 10000000000000O0

ooo 2.4

OooooobbooogbOn * (fJact (n - DY) OOODOOOOOODO

gbooboooooooboon gbooboobooboobobobd
gbooobooobooboooboobooboobooboobooboong
ooooooo

0 241 fact 10000000000

gooobdod pDbooboobooobooboobo«“p»roobooboob
goboobooobooooboogobm | ocob =00b0b0b00b000b00Dn
gboogoobooboobobooboobooboobooboobooboooobooooon
oboob«“=ro0db0d0b0bobub00ob0obuobg factoooooo
ugbobogoboabod

1
n * fact (n - 1)

fact n | n ==
| otherwise

OOOotherwise DO UOODOOODOOODO TrueUDOOUOOOOODOODOOO
000000000000000000000D0D0OOODOOO
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Q242 00000000
{% = 1 (n=0,1)

ap2+ a1 (nx2)

an
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
00000000000 0000000000000000000000000
O0000000([2,’a’,[2]1100000000000000

Q244 [False,True] OO0 ["Kagawa","University"]OOOODO0O
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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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(o) QLU IE OV I SR

Q245 00000DOO0ODOOOODOODOOD
1. [0]
2. [2,3,5,7,11]
3. [[11]
4. [[1]1,[z2,3,4],[]]
5. [C011,03,CC00110]

o000 boob0ochOoboobouobubUubUobbobbob000Ud Haskell O
vboboooboobooooooooooooooooooooooboooon

struct _list {

int car;

struct _list* cdr;
e

typedef struct _list* list;

U0 listO0000000card cdr00 0 20000000000000 cdr
000000000 000000000000D000 1istd0000D0 0O typedef
UobO0000struct _list*0 0000000000000 0MOO0O0OODO
gbobooooboobooboobooochbobobobobobobobo

gboogoboo cogbbooobuooNLogooono

cibUoboobDobObUOOmallocU0OO0DOO0OO0OD0ODOO freeddd
00000000000 OHaskelDOOOODOOOOOODOOODOODO
UboobDoooooon freed000oooobobobobooobobooD
gboboobooboobooobo

O 0O (ple) DOODDODOODDOODUODODODODOODOODDODOOD

“wwoboobooboboonb o0 s»boobbooobooooboo
oooboguooooboooboboooobbo@,a’)ygogoooo
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(O NS I O

0 0000000000 ¢@,’b’,[3Ho0oooon
ooooooio

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

oooooboboobobOobobobDobD myOoOoOoDoOODOODO O
gbobooooobooooouooocboubvvoidooonoooonDO

Uob O0ooobo«“>»>0boibmoboboobioooobbdInteger —>
CharDO0OO0OODOO0OO0DOOO0O0ODO0OODOODO IntegerJ00OO0O0OO Char0
gooboobgob“->r0 gb0O000000Bool -> Bool -> BoolU [
agod UO0D0O00O0OHaskelODOOODOOO
g“oobooborboobboobogbbg “0cbo0orooboonboobo
gboobooboooobooooboooooo

000 Integerd CharO0OO00OOO0O0O0OO0OOOOOOODOODOOODOOOOO
al bO0O0OD0OOO0OO0OO0OOOOODOODODOOOOOOOOOOOOOO
(typevariable) 1 00 D00 00000000 OODOOOODOOOOOODOODOO
0d0d0d00d00OO0OogooonOTfal -> [b] —> [,)]OOO0OOOOOOOO
[Char] -> [Integer] -> [(Char, Integer)] DO O DODODOOOOOOONO
O00000000[String] -> [Integer -> Integer] -> [(String,Integer
-> Integer)] 0 000O0O0OOOOOO

goboooobbooogo (polymorphic type) [0 U O U Haskell 0

goboooboobooobooboooooobooooooaon
gbooopobooboobbooboobbon “»»»ogoboobogb

ooo :: 0
O000000 trivial O factOOOOOOOOOOOOOOO

trivial :: a -> a
trivial x = x

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

oopbooooOoO0oOo0oboO0ooOobooOoo0booboOobOoOooOoDOobooo
HaskelUOOOOODOOOOODOOOODOODO (type inference) [0 O 0 O

000 Haskel 000D D000 Otypeclass000000000000000000D0DODOOO
gobooboooboooo@,’an)gobodbd Num t = (¢, Char) DOODOOOOOOODO
goboooooooboooobOoooOooobOboOob0oboO0b0O0OO0On0Dn Integer, 0O00OOO0OO
Uodd boubledOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOC O
gobooom@ooboooooooooboooooom
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25 JU00oooooon

Haskel 0000000000 O00ODOO gboobobobobo
0000000000000 000D000000400000000000000
ugboboobooboo:0 (Jobooboboooboobooonoobo

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

-- Preluded lengthOOO0OO
myLength :: [a] -> Integer
myLength [] =0

myLength (x:xs) = 1 + myLength xs

000 0oooo 0000y, = 0,
000 0000, ... 00004, =0,
000 0000 , ooog,, =0,

0000O0DOO00bOOooOdoDoooooOoboobOobOooOooDoooooaon
0000000000000 0000000000OmyLengthO0OO0O0O0OO0
ood[joooo100b0ob00ooooooOoloobooooobooooooo 2
0000o0o0oooooooooooooD x0ooooobooooooooa xs
O000000MO0OmyLengthO OO OOO0O0O0O length :: [a] -> Int
do0ooobooobooooood

dooGHCOOODODOOOOoODOooooooooooooooooooooad
OD000000000000000000000 -fwarn-incomplete-patterns
0o0oo0bO0o0boOoOoobOo0ooooobOooooa

00do0doO0o0OOdbOO0doooooooDOooD “»00boooDooooooa
0000000000000 0000000000 myLengthOODOOxOO0O
ooooooooooda

myLength (_:xs) = 1 + myLength xs

ugboobooboaaoo
U0 caselJof 00 OO0O0O0O0ODOOODOODOMODOOOOOODOODOO

oboooooooom

case [ g of {
oooo; -> 0 ;
oodog, -> 0 ,;

oooo, -> 0,
}

‘000000000000000000000000000000000D0D0D0D0DO0000
goboooooooboobooooooobooboooOooOobobooboboOoOoOoobObOOOoOoobOobOOoOoDn
goood
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Oo,.0000000000000DO0ODO0ODODODODOO,ODO0DOO0ODODOODn
0,000000 ,0000000000 ,0000000000R0

OO0 if O then 0, else 030000000 casefJofO00000O0O0O
o0o0oooooood

case [0 | of { True -> 00 ,; False -> 03 }

O00000let000D000A0O0O0DOO0DOOODODOODOOODODOOODOO
0o0o0Ooonooooog

\ (x,y) > x

let (xs,ys) = unzip zs in xs ++ ys
00000000000 DO0DO000ooOo0obOOo0oboDo0oooooooong
000000000000 oOooooooooon

0251 0000000000000000 mySummyProdD OO ODOOOODO
Uo0o00boobomobodD sumproduct OO0 0OO0D0OOO0ODOODOO
0o

0 2.5.2 1. 0000000 [Beoll]O 2000 000O00OOOOODODODONO
0000 fromBin :: [Bool] -> Integer00 0000000 OfromBin
[True,True] O 30 fromBin [True,False,True,False] 0 100000

oobD:0000000000DO000b0bO00ooboOoooo

O dd: 00o0oooDoDDoOdoooooao fromBin
[True,False,True,False] 0 (1 X2 +0) x2 + 1) X 2 + 00 fromBin
[True,True,False,True] O (1 x2+ 1)x2+0)x2+1 000000003
aooo

2.0000000 [Beoll] O 200000O0D0O0O0DOOOODOODOO
000 fromBinRev :: [Bool] -> Integer OO OOOOOOOO
000000000000 000b0000o0oo0oOoOnadfronBinRev
[True,True,False,True] 0 1+2x(1+2x(0+2x1)) =114 0000

. 0000000ooooooooooooooooooooooooon
ad
evalPoly :: [Double] -> Double -> Double DO O OOOOO0OO
[1,2,3,4]10000000 1+2x+3x*+4x* 0000000000 DevalPoly
[1,2,3,4] 1600043210000

0253000000 xs00000000000 £000000000000
OO0 f0000000000000000 sumf :: [Double] -> (Double ->
Double) -> DoubleO OO 0OOO

025420000 x,xs000000000 xsO00x0000000O
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O 01O\ N W=

e )WV I SO T S

. 00000 boooboboobobooobobooobboobDbOon

deleteOne

2.0000000000000000 deleteAll

ubooboooobooaoo

26 UOOOOOoOO

00000oO0o0oO00obO0ooooobOoooooooooooooon
000000 oO0do0oo0boDogdoooDoooOooDoDoooOoooDOooDoog
0000 000o0oOoooD codOddOc =getchar(); ODOOOOOO
00000000 cO0O0ODO0 getcharQOOOOOOOODODODOODODOODODO
O c = getchar(); putchar(c); putchar(c);0 OO putchar(getchar());
putchar(getchar(Q));0 0000000 ODOOOOOOOOOODOOODOO
do020000000000000000O000O0O00O0DOOO0ODOOODOOd

goboobooboobbooboo

U261 0000000 a=1,a,=2a,1+1 m>=H0000O0O00O0O00O0O0OODO
0a,=2"'-100000000000000000000000

O00000O00ooOo0oooooan
OO000000000 reverse:

-— (++) O PreludeO0 0000

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

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

-- reversel Prelude 00000
reverse i [a] -> [a]
reverse [] =[]

reverse (x:xs)

(reverse xs) ++ [x]

-- (+-(D
= (+)-(2)

-- reverse-(1)
-- reverse-(2)

ugboobooboboobog

gbooobooboobooboooon

googooo
gboaoboboobuooboban

-- shunt 0 revOOOOO

shunt :: [a] -> [a] -> [a]

shunt ys []
shunt ys (x:xs)

ys
shunt (x:ys) xs

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

-- shunt-(1)
-- shunt-(2)

-- rev-(1)
-- rev-(2)

U0 revO00OO0000O0D0OO0O

ugboooooboogo

oboooooooooooogoDoo
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OO0 revd reverse 00000000 —O0O00O0OOOOOOOCOOOOO
xsgonoo

rev Xs = reverse Xs

ooooooooooooog
goooooooogooobooooobogooobogoon

shunt ys xs = (reverse Xs) ++ VS -- 0
OoOoono Oo00oo0ooooooon
oode:
xs = []JO0OO:
xs = z:zsOOO:

0262 000000000 xsOOOOO
1. xs ++ [] = xs
2. xs ++ (ys ++ zs) = (XS ++ yS) ++ zS

goo0oooodoxsOgoOooobobOob@mobobobobobo
gbooooooomm
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O 01O\ W B~ W=

gbomoboboooooooboboboooooboobobonoooon

gbobooboobooboooboboobobobbobobobooboboon

ugbobooobgodaoo

gbboobooboboobobooboooboo

27 ODOOOOOODOOO

gboobooboooo
gbooooboooo

gboogoobodab

gbooooooog
ogboogooobgd

Uobooooooboobooobobod PreludeD OO0 O
goo

gbobgdgbooobodoaoo
boooboobooooboobooboobooboboooo

map :: (a -> b)

-> [a] -> [b]

map £ [] =[]

map £ (x:xs)

f x : map £ xs

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

zipWith £ (x:xs)
zipWith £ _

take :: Integer
take 0 _ =
take _ []

take n (x:xs)

filter :: (a —>
filter p []
filter p (x:x5s)

(y:ys) = £ xy : zipWith f xs ys

_ =[]
-> [a] -> [a]
[1]

=[]

x : take (n - 1) xs

Bool) -> [a] -> [al
=[]
= 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 ->b ->b) ->b > [a] > b

foldr f x []
foldr f x (y:ys)

X
fy (foldr f x ys)
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25
26
27
28
29
30
31

[

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

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

0271 00000000000O0O00O0O0O0ODOODOOOODOODODOOO
goog

1.2000000 000000000100000000...0000000
00000000000 countEq
oodd countEq [1,2,3,5] [2,2,6,5,3]1 020000

2. 00000000000000000000D0O 0000000000
OO0O0O0 addSemicolon
000 addSemicolon ["abc","xyz","123"] 0 "abc;xyz;123;"00 00

28 OOOOooogd

Haskel 000 O00O0O0O0O0O0O0O0O0O0OOOOO0OO“ 000000000
ooooo«rododbDodboboOoo0booDo0onooooooooonoa
0o00dodoboodoodoodonooooooooooooooooaoooa
OO0 Prelvide 000000 zipdOOOd

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

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

zip _ _ =[]

0oob zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]10000
goog
O00DO000Db0000D00OD0infix], infixr, infixO0OO0O0OODOO
Uoboooboobo0oooobooboboobOoobodOPreludel] Haskell
gbboooobooboobboobuoobobobobooboobobooobooo
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infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

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

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

S PR R, DNWDAULIO N WOV
+
+

$, $!, ‘seq

00 infixl O O infixr 0 OoooboD infixOO0OO
gooooooboo0—000 1< x<200000000D000DO0O0O0OO20
ubboobooboobboobooobooo*0 +0boobaodboo

Q281 000000000 OOUOUOO0OOLOODUOUOOOOLOOOOOOOO
1. x ‘rem‘ 3 /=1 2. xs !l 9 : ys ++ zs

obobooooooooobobobobobobobobD “Cco“rboog
gbobooboboooooooboboboooobor + 20 120000
uboboobooboboobooboooobooboonoon

Q282 000000000000 00O0O0OOOOOOOOOOOO
1. (+) ((™ 2x)1 2. (++) xs ((++) ys zs)

29 J0dooooood

Haskel DO 0O O0O0OO0DOO0OO0OO0O0OO0DOODO ODOOOOODODODOO
ugbboboboobuoobbobbooboobboobooboobibd map
gbooboobooboobbooboooboo

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]
[Les,1,,2),,3)1,[(8,4),(7,5),(6,6)]1,[(8,8),(7,9]1]

Haskel OO OO0O0O0OO0O0O0OO0OO0OOO0OOOODOOO0ODOOOODOOODOO
goooboobobooboobobooooog @2 »Ho2000000¢G 2020
gbooboobogbooobooboobbooboobboobooa
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Prelude> map (2 *) [1,2,3]
[2,4,6]

Prelude> map (/ 2) [1,2,3]
[0.5,1.6,1.5]

Prelude> map (1 /) [1,2,3]
[1.0,0.5,0.3333333333333333]

Q291 0UDOO0ODLOUDLODODLODLODLOO
1. ([1,2] ++) 2. (rr o2

000 «“-»00d0boodooog «“~»ro0bbo0odndé2oo0ooooa
00000000000 subtractdO0O0O0O0Osubtract x y =y - x000
O00O0OO0Osubtract 20000000000

210 JOOOnd

ool letdboobooboobOobOobOboobboobooboon
god

let OOO0OOOO0ODOOO in O

obooooooon

powd x =lety=x *xiny *y

-- headO Prelude 0 0000

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

-- myHead (x:xs) = x 000000 0OO0O0OO

ubbooboobbyO z»O0 zsOUOOOOOOOOOOOOODOOOODOO
gboogoooboobooboobon

Q2101 DODODODO letOOUODODODO
1.2700000 pow270“™ 000000

2. 0000000000000000000000 myTail

gob0obD4000000pow40 000000000y *yOOUOooO yO
gooog gboobooobooobboo “cooob>obboo

oboooooon oboboooboobooooboboooboboo
god
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-- repeat [ Prelude 0 11000
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

ugbbogobdgxbooobogbooooo

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, ... >

gboboobooboobboobooobooon

Xs

=

000000000 Haskel OO “O0000000O000O0O0O000000
obopDobooobobobooobb HaskelOOOODODODOOOODODO
oo

Q2.10.2 repeatlList [2,5] O [2,5,2,5,2,5,2,5,2,5, ... JOrepeatList
[1,2,3] O [1,2,3,1,2,3,1,2,3, ... ]O00O00OO0OCOODOOOOOOOO
repeatlist :: [a] -> [al] 00000000000 DOOOOOOOOO0O0O
ooog

Udd: ++Hooooon

02103 000000000000 00O0O0ODOOOOOODOOOOODODOOOOg
0 powerset U0 OO OO

oo O powerset [1,2,3] [ [[1,01]1,[2]1,[3]1,[1,2],[2,3],[1
31,[1,2,3]]00 000000000 0000O0O0OOODO OO0
Oobd: dogooboooooooooooon
O:000000000000000000000000000 10000000
gooooooon

UO000Owherell wherelUOUOUOOOODOOOOOOODODOODOODOOD
gbboobuoobboobuoobbooboobobod

goo gboogooboog =0
where 000000 OO0OO

SCul-c 000000
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ubobbooobmobboooboobobooobbooobbooobbog
Uboboobooboboboboboobobobbdnl pow4d,headD OO O
obooooooooooon

g

pow4d x =y ¥y

where y = x * x
-- head O Prelude 10000
head ys = x

where (x:xs) = ys

U000Owhere0OO0OO0O0OO0OO0ODOOOOOOOODODOOOOOOODODO
oo

211 HaskellO OO OO

Haskel OO OO0OO0O0O0OO0OOOOO0O0OO0OO0OBOODLOOODOOODOO0OODDOA
x> M NOODODOODODODODODO MDODO OO0 xO0000000
oooNOoOooOobobobooboobooboo“\Nx >x+2) 3’03 +2
obooooog

gooopbO0b0ObO0ODbODbODODODD

gboogboooboapgbooboobuoobooboobgobogopeoOn
uboooobooboobboobooboboooon

M
AR
M, M,

gooobooboopgodboobooboobooboobooboonbg
gbooboooobooboobomobooboobooboboobo

M, M
N
M

gbooobooobooboobooboooboooboobooooobooon
goooobooboobbooboobboobooboo

gogoooooobopgbbobbooboboouooooooooooooooonn
gbooobooobooboooboooboobooboobooboooboong

ood
Haskel OO OO0O0O00O0O0O0DOO0O0OO0OO0O0DOODOOODOOOOOOODOO
gbobooobobobooobobobooobbobon gooogo

g0o0o00ooooooooodsquared00oonoooon

g

square X = X * X
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Ub0O0b000 square 3 + HUOOOODOOOOOOOOOOODOOOOO

B+4)=x3+4)
= Tx7
= 49

square (3 +4)

O00OO0Osquare 100000 (3 +4H000000000000 square 00
0d00oo0o0d0ooooOoo0ooooo0oooooooo@oooo=a0d
000000)OodoOoO0O 3 +40000000000000000000000O0O

3+4000000000000
gbooobooobooboooboboooboboboobdods + 4000000

oo0oooooooooo
square * * 49
l )
+ 7
¥\

goooboboooooboboobooboon U lazy evaluationJ [
gboooooobobooobogbobobobooooooboobobobooooboon
boooboooboobooboobuoobooboobooboooboong
googn

gooobogoboboboooooboboboboooooboboboboo
uboboobooobobooboooboo

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

Oo00 from 10 [1,2,3, ... 1000000000000 0O0O0O0O0OOODOO
000000 take 3 (From DHOOOOO

take 3 (from 1) — take 3 (1l:from (1 + 1))
1:(take 2 (from (1 + 1)))

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

1+ D:AQ1+1+ 1):(take @ (from (1 + 1 + 1 + 1)))
1: (1 + D:@Q +1+ 1D:[] (=1[1,2,3])

Ll il

oobooobooboooboobobOob take0O0Ooooooooo 10 o
gboooooo200bogbobobobooooooooobobooooo
gooboooobogobbooda+n,A+1+DOOOOO0DOO

ugboogn
O00from0 0000000 0OD0OODOODODOO “..’000000DOO0O

gbooboooooooooooooon
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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«..>gon

000000 Prelvde D00 OO00OOO0OOOOOOOOOOOOO
[ e .. 1] enumFrom e;

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

gobooboobobobooooobooobobobooooboooboobooog
gejoooboogoooooooobooooboooobooooboooon

goobooobpboobbooboooboboboobooboobooboon
gboogboboboobooobooboboooooobobobooooobooon
ubooooooobooaoo

02111 000 takeO0 OO0 0O0O0O0OO0O0OOnO00O0O0O0DOOOOOOO myDrop
Integer -> [a] -> [a]OOO0OOOO

02112 00000000000000000 fipO0000O0DO
gboo:0000b00b00oobooboobooooooo...

1 1.2 3 5 8...
11 2 3 5...
+) 1 2 3 5 8 13 ...

gbob: OO0 zipwith OO OO

022113 000000000000002000000000DO0D0ODOODO
Ubobooboob0oboboobO0bOmerge0 00O

02114 0002.3/.504 7,k0 000000000000000000000
00000000000 hammingOD O OO OOOOO0OOOO 6990000000
0000000000000 00D0 58982400 0000000000

O00: D0 map 0O O 2.11.30 merge 0 OO0

212 JU000O0O0O0O0O O List Comprehension[]

HaskellDOO O OO O list comprehension] [0 O 00 O O O O O syntax
sugarD 0 00000000000 bOOobOobOoboobobobobobobo
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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..1010 [1,2,3,4,5,6,7,8,9,10]00000000000,,000
gbboobuoobbooboobbooboobboooboobobooon
gbooooobooboobbooboobobon

(O | OoOoOo, ..., 000 ]
0000000 0OBoeol DI OOOOOODOOOOOOOOO:

gooodoooooon <- 0O
gbdootddodooonoootuoodobouoouooboouoouoooa
goooobodoodooobooooooooooooooooooooa
0o0oooopooooooodooooooooboooboooood
Q2121 ODOODOOOOOOOO?

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

2- I: (X;Y) | X <- [114!7]! y <- [2’5!8]! X < Y]

02122 00000 nO0000000<Lx<y<n00O0O0O0ODOO x,yo0oono
00000 foo :: Integer -> [(Integer, Integer)] DO OOOOOOO
oooon

goo:...00on

02123 00000 »0000001<x<y<z<nOODO X?+y?=z200
000odd x,y,zOOOOOODODOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] DO O OO0OOOOOOOOOOOOOOchokkaku 20
ogooores,4,5),06,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20) ]
00o0DMmoboOoobo0oboooooooooamO

gooooob ooobooboboooobobobooobooboboooboon
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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1

bbooobooboobbmobooboooboobooboboobon

[t 11 =

[t | x <- u, P] =
[t | b, P] =
=

[t | let decls, Q]

unit t

bind u (\ x -> [t | P])
if b then [t | P] else []
let decls in [t | Q]

O00OO0ObOBoolOOOOPOOOOOOOOOOOOOOO
[x,y) | x <= [1..3], v <- [2..4], odd (x + v) ]

gboooobooboogn
= bind [1..3] (\ x > [(x,y)

| v <- [2..4], odd (x +vy) 1)

= bind [1..3] (\ x ->

bind [2..4] (\ v -> [(x,

y) | odd (x +y) 1))

= bind [1..3] (\ x ->

bind [2..4] (\ vy -> 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 []))

gbooobooboooboobooooo

goboooboooobooooo

gsort [] L]

gsort (x:xs)

gsort [y | y <- x5, y<Xx] ++x : gsort [y | y <- x5, y >= Xx]

gbooobooobooboooooon
ooo

gbooobooobooooooboboobg

02124 0000000000000 00O000Owit,bind00OOO0ODOOOO

1. [ x,y) | x<- [1,2,3,4],

y <- [5,6,7] 1]

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

02125 000 [2,3,5,7,11, ...

1000000000 primes00 00000

goboobooboboobobooboobd
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Ub00: “0000000 (Bratosthenes) O OO0 000000000000
oboboobooboboobooboooboobooobooboo

1.200000000000

2. 000000000000 O0O0DODODOOO0O000@ooooO «ogog”
(steve) O OO OO

3.2000000

googbooobooboobooboobboobboobbooboooboong
ugbboobuoobboobuoobbooboobbooboo

gboboboboooooboobooboobooobooboboobooobooD “og
gor0booboobogbocobooboobooobboleooboong
gboooboobobooogobobobooooobooboob woboonoon
obobooobooooobon

0 2126 HaskelUD OO OOOODOO0ODOOO0ODOOOOOODOODOOODOOD
obooooooooooooooobooboobgobon

213 8OO Ooog

gbooooooooooooooobobooboboobooboobon

goobooboooboboog8uboooboboboobobDoobOobDoon
uboooboooboobooobooboobboobobobooooboboo
gbooooboobooooogboboboobobobooboobooboobon
ubooboobooboobooboobobboobooboboobboboo
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—_—

W N

booobooboobooboobuoobooobooboobooboong
uboooboboobooooon
oobbobobobofoofooobooooooDbDbbooogo
[4,6,1,5,2,8,3,7] o ogooooobobboobboob
[(1,4),(2,6),(3,1),(4,5,0,2),0,8),(7,3),8,7)] 0O0D0DO0ODOOJ
gbooooooooooooo

/w/%/
//%%
/////%/
%///
/%/
/}///%
BB EvE

000 safed 0 safe p n length pO0 00000000000 pOOO0O
00000000000 1length p + 1000 pn000O0O0O0DOOODOOODOO
0oooobooooooood

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

check (i,j) (myn) = j=n || G@+j=m+n) || (A -3j=m-n)
OddOdalld

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

all p [] = True

all p (x:xs) = if p x then all p xs else False
odooooodobooboooooboooooooor:..]or,2,3, ... 1000
oo0odooooooooood
Q2131

1. all odd [1,3,5]00000O7?
2.all ¢ 1 [2,0,3]00000°7
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W

> safe [1,3] 5

True
> safe [1,3] 2
False
ooon
W
7 %%
Aé7/
7 AQV
/ézy 7
@
Q2.13.2

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

bbb mb0oooooOOobOOobO0bOobO0obOOobO0bOOoDbOoboOooo
obooboooo@ooOo)bobqueens 0000000000

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

> queens 1

(C11, 021,31, [41,[5]1,06]1,[71,[811}

> queens 2
(f1,31,01,4]1,1,5],[1,6],(1,7],(1,8]1,[2,4]1,[2,5],[2,6],[2,7],/
2,81,3,11,I3,51,[3,61,[3,71,[3,81,[4,1]1,[4,2],[4,6],[4,7]1,/
(4,81,05,11,[5,2]1,05,3]1,[5,7],[5,8]1,[6,11,[6,2],[6,3]1,[6,4],.
(¢,81,17,11,17,2]1,(7,3]1,(7,4]1,(7,5],(8,1],[8,2]1,[8,31,[8,41,/
[8,5],[8,6]]

U00000000 head (queens ) 00O 0O0O0OO0OO0OOOOOOOO

> head (queens 8)
[1’518’6!3’752’4]

Ir-27




00oooooooooooooooooooooooooooooooooa
oooooooooooooo [1,5,8,6,3,7,2,4]10000000 queens 70
0000000000000 ooooooooooooo
Oddd0d0d0d0d0oddoboobOgqueens 70000000000 head (queens
U000 DODODD0D0OD0bO0ObOObObObOobOboOoDbOn PrologO
000000000 @OOOoOoood packtrack)DOOODOOOODOODOOOO
0o0do1oo0ooooooooobobobbbobooboooooo0ooogooa
oooooooooloooooooooboooooooooooooooooao
oooon
U000 queens 8000 OOOO0O

> queens 8
(r1,s5,8,6,3,7,2,41,11,6,8,3,7,4,2,5],
(=D
,08,3,1,6,2,5,7,4]1,[8,4,1,3,6,2,7,5]1]

goobooboo20boboboobon

02133 00000080 booooooooooboooooooooobooogo
boooboooboobbobboboboobbobbooboobooboong
god

% 7
7 //7 /”7
%7 @ 7/
02134 00000000 OoOoOoOoooooOon m
Jdd0o0d0ddo0U0oonooooooooogdg % ///// /”7
doooosxs5s00000oo000ooooo /. 7 /.
Joooooooooooooooggg 1gog 7 2
Jdodo0dooooboooboouoooooo 7 7

021350000000

1. 0J00o00o00oooooooooo3boogoo3np0booboo200
0b0ob0oo0o0oo0ooooobobOo0n shuntsuld O 0O M kotsull O O
toitsul 0000000000000

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

Prelude> toitsu [1,3,3,4,5,7,7,9]
[e3,31,07,711]

2. 14000000000000O0O00ODO0OOODOODOODODODODOOD
ooooooobooboboobobobOobbOn chinitsub OO0
ooooooboboooobooooo3poooooooooooo3gogo
gbo4000002000000010D00D0DODODODO
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214 J00OO0ooDoboOoObObOoObOOoOd

U0 [1J0O0Haskel DO DOD0OODOO0OODOOOODOOOOOO (210000
U0 Haskell OO DOOOOOD0OOOO [3]0 Haskell O OO 0O O OHaskell 0 O
U000boob0ob0o0b0ob0ob0oUbU dlUbHaskelOODOOODOODO
U000 HugsOOOOOOOOOO0OOO0OO0OO0O0OO [S]O0OHaskelODODODOODO
gbobobobogooooooo ejobobobooooooobooboboo
gobooobooboboooobo mbooboboobbooboboooobg
U Roobobobobobogobobogoog?200504000 20060 3000
O0000 HaskelDOOOOOODOODOOO 9]0 Haskel OO OOOODOODO
U00O00O0 Haskel OO O “O0700 “OD000000D00O0O [10] 0 Haskell
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