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



0000000000000 DoooooooooooDooooog
ODoo0O0O0Dood"\Nxy ->2 *x + y’0“ dog cat -> 2 * dog + cat”d
0000000000000 0o0o0oo0oO0nD e00oooo

O000d00d00o0ooodooooooooooooooooooog

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
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
0000000000000 oo0oooo0oooooonoooorz,’a’, (211
O0o0o000o0o0ooooon

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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NN RN =

Q245 00000DOO0ODOOOODOODOOD
1. [2,3,5,7,11]
2. [I11
3. [0]
4. [[1]1,[2,3,4],[]]
5. [C011,03,CC00111]

gbooboobocoboboboboobooooboooooobooog

struct _list {

int car;

struct _list* cdr;
b

typedef struct _list* list;

listO00000000card cdrd 00 20000000000000 cdrD
0000000000 0000D00000001ist00000Otypedefd 00
U00O0struct _list*0 000000000000 0OO0OIO0ODOO0O0OO0ODO
gbooboobooooooooocboboboboobooooboooo

gboogoboo cogbobooobuogNLogooono

cibU0ob0oobDobObOOmallocO0OODOO0O0OD0ODOO freeddd
00000000000 OHaskelDOOOODOOOOOODOOODOODO
UboobDdooobooon freed000gooooboboboboboobobooD
gbobooobogboobbod

O 0O (ple) DOODDODOO0ODODOO0ODUODODODODOODOODDODOOD
“wwoboooboooboboonb o0 9»boobbooobooooboo
uooboguooooboooboboooobbo@,a’)ygogoooo
g gooooooboooe,’p,3hooooobogo

ooooooio

000 Haskel 0000000 Otypeclass000000000000000O0D0O0O0O0OOO
gboboooobooooboooobo@,’an)oobodb Ny t = (6, Char) DOOOOOOO0OOODO
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(S NS

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

oooobooobobobOobOobobDobD oo OOLOOO O
gboooobooboobboobcuubveidbOgnboonboonoO

oob 0OO0bboO0O «“>»>0000000000Integer -> Char DO OO
U00o0b0b000o0o0o0gdnd Integer JO0O0O00D0OD0O Char OO OODO
gooo“>r0 OO00000D0D0OBool -> Bool -> Bool OO OO

0 U0ob0ODbDO0O0O0OHaskelOODDOOOO
“O0boooborboboobobobOobob0 “cboborbOobobobOono
googooboobooboooboobgn

000 Integerd CharO0OOO00O0OO0O0O0OO0ODOOOOOO0ODOODOOOOOa
ObOOOOO0OO0DOOD0OOO0OO0OO0O0DOO0OO0DOOO0O0OO0OOn Ood
000000oOoOO00bOoOO00bObO00bOoO00obOoOO00ooOoOOoOooooOoooonog
Oddfal] -> [b] ->» [(a,b)]O00000OO0O0OOO0O [Char] -> [Integer]
-> [(Char, Integer)] 0000000000 O0OO0ODOOODOO0O[String]
-> [Integer -> Integer] -> [(String,Integer -> Integer)] 00O 0O OO
oooooo

oooooooooooog 00 OO Haskell O gooooono

O0oooooooooooobooooono
O0Oo0O00o0o0o0ooooooooOooooooo «::»>O00oooooooa
ooo :: 0

O000000 trivial 0 fact 00000 ooooooonog

trivial :: a -> a
trivial x = x

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

ugoobooogobooboboooboboooobbooooboboboooooon
Haskell UODOOOO0OOD0OODOODOODODOODO oooo

gobooooooobooooboooooOoobOboOob0oboO0b0O0OO0O0Dn Integer, 0O00OOO0OO
0odd boubledOOOOOOOCDOOOOOOOOOOOOOOOOOOOOOOOOOC O
gobooomoobooobooooooboooooom
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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
oodd oogd oood , =0
ood ooogg o . oodgd o, =0,
000 0000 0000 =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

0o0o0o0Oo0oOoooon

caseJof 000000000000 OOOcasedofO000O00O0O0OO00O0O
0000000000000 0000O000000

case [ g of {

godgd ; -> 0 g;
oodog, -> 0 ,;

oooo, -> 0,
}

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

if 0; then 0, else 0 ;0000000 caseDof000000O0O0OO
ooooooooo

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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NN N AW =

1. 0000000000000 000O0o000b0oOoo0o0oo0obooon
deleteOne

2. 0000000000000000 deleteAll

uboboooobooaoo

26 JO00OOoooond

000oO0bO0o0O0bO0obO0bO0b0obOO0bOO0obOobOobOobOobOobOoDboOon
00do0doo0ooooOdooooDo0oDO0bO0ooDoooOOonoooDomaa
00000000 COO0000c =getcharQ; 000000 0OO0OOOO0O
O0cOD0O00O getcharQUOOOOO0DOOODODOODMmMOODODOOODDOO
0do00O0ddDodOo20000000000000000DOO00DODOOO0ODOd
00000O00b0o0bOO00bO00oOoobOooooobooboobooog
oooono
00000 DbO0O0O0 reverse:

-— (++) O Prelude 00000

(++) :: [a] -> [a] -> [al]

[1 ++ ys =Yys // (++)-(1)
(x:x8) ++ ys X : (xs ++ ys) // (++)-(2)

-- reverse Prelude 000 OO
reverse :: [a] -> [a]
reverse [] [] // reverse-(1)
reverse (x:xs) = (reverse xs) ++ [x] // reverse-(2)

ugbobobobgbg ubobobobooboboo
gooooo
googoobooboobooon

-- shunt 0 revOOOOO

shunt i [a] -> [a] -> [al]
shunt ys [] = ys // shunt-(1)
shunt ys (x:xs) = shunt (x:ys) xs // shunt-(2)
rev i [a] -> [a] // rev-(1)
rev xs = shunt [] xs // rev-(2)
OO0 revOOO0O0O0OO0OO0O0O oo0oboooooo

O00oo0o0oooooooooooao
rev reverseJUOOUOO0O0O0 —O00000O00O0O0O0O0O0OOOOO xsO
o000

rev Xs = reverse Xs

obooboobooboobooobooob
gbooooooooooooooooboooobgooboon
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shunt ys xs = (reverse xs) ++ VS

ooon oo0oooooooooa
O0O:
xs = []J]O0O0O:

xs = z:zsOOO:

0261 000000000 xsOOOODO
1. xs ++ [] = xs
2. xs ++ (ys ++ zs) = (XS ++ ysS) ++ zs

gbooobbodobxsOoOoOoooOooooomooboaoboobooogd
obooooobooomm
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27 000Oooooood

goboobooooboooboobooboobobodn PreludeD 00O OO
uboboooobooobooooo

gbogoobooboobbobobooboobo

gboogboobooboobboouobuoobooboobbooboon

ugboooood

map :: (a -> b) -> [a] -> [b]
map f [] = [1]

map f (x:xs) = f x :

map f xs

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

zipWith £ _

take :: Integer
take 0 _ =
take _ [] =
take n (x:xs) =

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

— =[]

-> [a] -> [a]

: take (n - 1) 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 ->b ->b) ->b -> [a] > b

foldr f x []
foldr £ x (y:ys)

foldl :: (a > b

X
fy (foldr f x ys)

>a) ->a -> [b] -> a

foldl £ x [] = X

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

concat [] []

concat (Xs:xss)

XS ++ concat Xss
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0271 0000000000000 0DOCOO0O0ODOODOOOODOODOOO
ogoog

1.2000000 000000000 1O000O000O000O00...0000000
00000000000 countEq
oodd countEq [1,2,3,5] [2,2,6,5,3]1 020000

2. 000000000000000000000 0000000000
0000 addSemicolon
000 addSemicolon ["abc","xyz","123"] 0O "abc;xyz;123;"0000

28 OOOOOooog

Haskel 000 O0O0O0O0O0O0O0O0O0OOOOOOOOO“ 000000000
doooo«<rododb0odbdoDOooooooDoooooooooooong
0000000000000 o000oooboooooooDooooooooong
OO0 Prelnide 000000 zipdOOOd

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

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

zip _ _ =[]

0oo0b zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]10000
ogooog

OU0bD0O0DbOo000b0O0o0DO0infix], infixr, infix 00000000
U0b0000b0o0o0b0o0oob0oboo0obo0obooobodoPrelude Haskell
gbooooooboobbooboobbooboobooobooooo

(<]

infixr
infixl
infixr
infixl
infixl
infixr
infix

infixr
infixr
infixl
infixr
infixr

rem‘, ‘div‘, ‘mod‘, :%, %
D, ++

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

[ |

>>, >>=

=<<

$, $!, ‘seq

SRR, NWAUITO N 0O
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infix1l [0 Oinfixr [ ooboogbinfixOOOO0OOOODO
Uoooodo—000 1< x<2000000000000000200000
ubobooboobooboooboobooo*0+s0bbooboooboon

Q281 000000000 OOO0O0OO0OOOODOOOOOOOOOOOOO
1. x ‘rem‘ 3 /=1 2. xs !l 9 : ys ++ zs

gbogoboobboobboobboobooooboo “cg<rbobon
gbobooboboooooobogboboboobobor + 20 120000
ubboobooboboobooboooobooboonoon

Q282 0000000000 OODO0OOOOOOOOOOOODOOO
1. (+) ((* 2x)1 2. (++) xs ((++) ys zs)

29 J00doooooad

Haskel OO O0O0O0ODOOOOO0O0OOODODOD ODODOODOODODODO
ubboboboobuoobbobbuoobuoobboobodboobibd map
ubboooboobooobboobooooboo

Prelude> map (take 2) [[1,2,3],[4,5,6,7]1,[8,9,10]]
(f{1,21,[4,51,[8,9]]

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

HaskelUD OODOOOOOODOOOOOOOODOOOODODOODOODOO
gbooooboobobooogoboboobD @b 200000020200
uboboobooboobbooboobooooboobooooobooo

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 000OO0ODOOODODOOOOOOOO
1. ([1,2]++) 2. (2
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—_

000 “-doodboo0bOobooo«-r0bdbo0bogcGuoooooon
00000000000 subtractJOO0OOOsubtract xy =y - x000
O0000ODOsubtract 20000000000

210 JOO0Oond

let000000O0O0OO0OOO0OOOOOOODOODOODOODODOODOODO
let OOOOOOODOOO in O

ugboobooobooan

powd x =lety=x*xiny *y

-- headO Prelude 00000

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

-- myHead (x:xs) = x 0000000 OO0OO

UobooboobbyO z»O0 zsOOODOOOODODOOODOOOODOODODOO
ugbooobogboobobod

Q2101 ODODOOOOO0O letOOODOOOOOO
1. 2700000 pow27
2. 00000000000DOO0DO0O0O0DO0O00O myTail

ooboobD4000000pow4 00D 0O0OO0ODOOy *»yOOUOoOoODO yO

ooooad 000O0000bOOooobOOoOo “boooorooooa
oooooooao 0do0o00O0d0ooDoObOO0o0o0oobOoooooooad
ood

-- repeat U Prelude 0 0000

repeat :: a -> [a]

repeat x = let xs = x:xs in xs

Ubooooooxooooooooogoog

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, ... >

gboobooobooboobbooboooooboo

SCul-c 000000
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Xs

=

00000000 0OHaskel OO “ODO0D0O0O0O0O0OOOODOOPDOD0O0O0ODOO
UboobDooooboobobooOob0bHaskelOODOODOODODOOOODODO
EREREE

Q2.10.2 repeatList [2,5] O [2,5,2,5,2,5,2,5,2,5, ... J0repeatlList
[1,2,3]1 O [1,2,3,1,2,3,1,2,3, ... ]O0000OOOCOODOOOOODOOO
repeatlist :: [a] -> [a] 00000000000 DOOOOOOOOOOO
ooono

obob: +»H0OOogooa

02103 0000000000 00O00O0O0000O00ODOO0O0OOOOO0O0
0 powerset DO OO OO

O 0 ad powerset [1,2,3] O [[1,C1],[2]1,[3],[1,2],[2,3],[1
31,[1,2,3]]00 0000000000000 0ooooOonOmm
000: DO0O00obOoooooooooooon

UO00O0Owhered whereUUODOOUODOODODOODOODOODODOODODO
gbooboobooboooooooooooooooooog

ugoo goooagoboog =0
where OO0 O0D0OOODOOO

gboboobo@mooobobooboobooobobooboboobooooon
oobooooobooobbooobooboobo0oobobOd powd,headD OO DO
goooobooboooboo

powd x =y *y

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

where (x:xs) = ys

U000OwhereDOODOO0ODO0ODOO0ODO0ODOOODOOODOOODOODOO
un
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211 HaskelO O OODO

Haskel U0 O0O00O0000O0O0D0O00OO0O0BOO00O0O0O0D0OO0ODOO00ODODOQO
x > M NOODODOOOODOODOOOO MDODODOO OO0 xO0000000
oooyNoooobooboboobooboobooD*“\Nx >x+2) 3’03+ 2
ooooood

gboogpgbhooboboobooobboooon

gooobooobogghoobooboobooboobobooppoOon
gbooooooooooooooooooooooon

M
v X
M, M,

gboogboobogpguobodgbuoobuoobooboobooboong
uboboobbooboobmoobooobooobooooog

M, M,
PP
M/

goooooooooooooooooooooooooooobbtbbed
gbobobooboobooboobooobooboooo

gboooobooopiobobooobobobboooboboobobooobo
gboooboobobobooooboboboboooooobobooooobon

god
Haskel U OODOOO0O0OOOODOOOOOODOODOODOOOOOODOO
uobooobooooobooboooboooboon googo

gbooobboobodbobodsquare 000000000

square X = X * X

00000 square 3 + HUOO0D0O0D0O0O0O0O0OO0OO0OO0OO0OOOO

square (3 +4) B+4)=(3+4)

= Tx7
= 49

O00O0Osquare 00000 3+ 4000000000000 square 00O
00ddoOoboOoooOoooooooboobooooooboo@oooo=*oda
0000o00)yOooo 2 +200000000000000000DO0ODO0O0O
2 +2000000000000

0000000000000 0OO00D0bOO0oO0bOoO0DbO0O03 +4000000
0o0oooooooooon
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square * * 49

+ + 7
¥ N\
doooooooooooooooooooaa 0 lazy evaluation[] [

gboooooobobooobogbobobobooooooboobobobooooboon
ubooobooobooboobooboobooboobooboooboong
googno

gbodgbuoobouoobouogbuoobuoobuodgbuooboooboobaon
uboboobooobobooboooboo

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

000 from 10 [1,2,3, ... 1000000000000 00O0O0O0OOODOO
O00000 take 3 (From HO OO OO

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:(1 + 1DD:(1 + 1+ 1):(take 0 (from (1 + 1 + 1 + 1)))
1: (1 + D:@Q +1+ 1D:[] (=1[1,2,3])

Ll il

ooboobooboooboobobob take000oooooooo 10 o
gboooooo200bogboboboboboooooooobobooooo
goooboooobbooobbooda+n,A+1+DOOO0O0ODOO
ugboogn

O00from0 0000000 0OD0OODOODOODOO “.0000000D000
gbooboooooooooooooon

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]
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ooooe«..>0od

000000 Prelude 000 0000O0OODOOOOOODOOO
[ eg .. 1] enumFrom e;

[ e, er.. ] enumFromThen e e»

[ e .. e ] enumFromTo e; e;

[ e, .. enumFromThenTo e; e; e3

gbogboobooboooboobooboobooboobooboon
gejoooboogoooogoobboooobooooboooobooogoo

goboobooooooboboboboooooobobobobooooo
gbooobuoobuoobooobuooboobooboobooboooboong
gboogooooboooon

02111 take DO OO0OOO0ODOO0O0OO0nO0OO0OO0OOOOOO0O myDrop ::
Integer -> [a] -> [a]OOOOOO

02112 £ib0 00000000000 O0O0O0OO0O0O00O00
gbobo:00b0bo0obooboobooobooobobooon ...

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

OO00: zipWwith OO OO

02113 00000o00000oooobo2000000o0boo0oooooga
Ub00ob00b0o0ob00obo0ob00obO00OmergedOO0OO

02114 0002-3/.504 j,k0 00000000000000000000OO
00000000000 hammingOD OOOOOOOOOOO 6990000000
00000 oonooooDooonsgesoddoooooono

O00: mapO O 2.11.30 merge0 0 00O

212 00000000 O List Comprehension(]

Haskell U OO OO O 0 list comprehension] [0 [0 0 0 O O O U syntax
sugarD 0 00000000000 OObOObOObOObOobOOobUObLbODbO

O

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

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

[1,9,25,49,81]
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NN B W=

ooo [1..10]10 [1,2,3,4,5,6,7,8,9,10] 00000000000, 000
ubobooboobbooboobobooobooboooboobooon
gboooooooooooooooooooog

(O | oog, ..., 000 ]

gbbo0obddBeoclDOODOOODODDOOODOOODDOODO:
gboooboboobodan < 0

ugboobooboobouogbuogbuoobooboobooboobogndgd
gboboboboobobobooboboboobooboobooboooboooboog
goboobodboobobooboobbooboobboon

Q2121 DO0OOOOOOOOO?
1. I: b y | X <- [112]5 y <- [3!5’7] ]
2~ [ (an) | X <- [114’7]! y <- [2!558]5 X<Y]

02122 00000 nO00O0000O0O0<x<y<n0OOO0O0OODOx,yooo
00000 foo :: Integer -> [(Integer, Integer)] DO OOOOOOO
ooooo

odd:..0000

02123 00000 n0000001<x<y<z<nO0O0OO X¥+y?=2200
000dd x,y,zOOOOOODODOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] U OO O0ODOO0ODOOO0OOOOOOOOOchokkaku 20
oooores,4,5,0,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20)]
0odMmoooooooooooooooom

gooobdodo boobooboobuoobobbobbooboobooobg
ugboogn

unit :: a -> [al] -- Q00010000000
unit a = a : []

bind :: [a] -> (a -> [b]) -> [b]
bind [] _ =11
bind (x:xs) f (f x) ++ (bind xs f)

ubboobuooboobobmbooobooobooboobobooboi

[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]
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O00O0ObOBoolOOOOPOOOOOODOOOOOOOO
[(x,y) | x <= [1..3], v <- [2..4], odd (x + vy) ]

obooboooobooobooon

= 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 []))

gboobboobudoboobbooboobboobooboa

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

gbooobooobobboobooboobobbooboobooboobg
ooo

02124 0000000D0OO0DOO0ODOOODOOwit,bindd0OD0OOO0DOO0OO
1- I: (X,Y) | X <- [11253’4]1 y <- [516!7] :l

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

0 2125 primesdodog [2,3,5,7,11, ... 100000000000 0O0ODO
gobooboobobobobooboonbod

O00: “0D000000 (EBratosthenes) DO OO0 00000O0OOOODOODO
obooooooooooooooooboboobobobobOonbo

l.2000000000D00

2. 00000000000000000000000O0O0O0O00O00O “000”
(steve) DO OO OO

3.2000000

IT-24



gboooboooboobooboobooboobbooboobooboong
obobooboobobooboobbooboobbooboo

gbobobobooboooooboboobooboooboboboobooD “po
gbO”0obdboboboobobobocboooooboooooobogIeoooongn
goboobooobobooogbooboboooooboobooobo wobboobogoo
oboooooooooog

0O 2126 Haskel OO OO0OO0O0OO0O0DOOOOOOOODOOOOOODOOOO
ubooboooboooboobbooboobooobbon

213 800 DOUO0OO0OO

gboopobooboobbooboobobooobooboonoog

sgubobbobopoooobosubupooboooboboooobobon
gboobuoobuooboobooboobbobbobbobobooboo
uoobooboobooooboboooboboooboboooooboboooobooo
googbooobooboobuooboobooboobobboobboboo
gbooboooboooooooooooooooooooooo

gobooboooooobobogoboooboobooogr4,e,1,5,2,8,3,7]0000
gboogooao
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///%
/w.///
////w.
%///
//%/
M////W//
/%/%

safe p nUO0Olength pO0 00000000000 pOO0ODOOOOODOO
U000 length p + 1000 n000000000O0O00O0O00O0OO0OODOODO

ugbooooogd

j=mn |l G@+j=m+mn) || d-j=m-n)

| (1,3) <- zip [1..] p ]

all not [ check (i,j) (1 + length p, n)

check (i,j) (m,n)

safe p n

1
2
3
4
5

obb00allld

all

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

1

()
0
—
[g)
=9
(0
7]
-
()
)]
]
[oH
—
—
(4]
[=
()
=
=)
]
%p
~
= o
I
~
)]
]
/X
—_ o
Qo
—
—~ —
T (T
[9\ep}

]joooanf

gooooboooboooobobooboooobobrr..]or,2,s, ...

gooboooooooo

Q2131

1. all odd [1,3,5]000007?

2. all 1) [2,0,3]00000°7

> safe [1,3] 5

True

> safe [1,3] 2

False

googd
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Q2132
1. safe [1,4] 2000007
2. safe [1,5] 3000007

gbooobodmdboooooboobbobboooboooooboon
Uoboob0o@obhOH)yobDDbh queensO 000000 OOoQoO

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

> queens 1

[[11,[2]1,[31,[41,051,06]1,[71,[811}

> queens 2
(fi,31,r1,41,I11,51,1,6]1,[1,7],[1,8]1,[2,4]1,[2,5],[2,6],[2,7],/
(2,81,3,11,I3,51,[3,61,[3,71,(3,81,[4,11,[4,2]1,[4,6]1,[4,7],/
(4,81,[5,11,[5,21,[5,31,[5,71,[5,81,[6,11,[6,2]1,[6,31,[6,4],.”
(e,81,07,11,(7,21,17,31,(7,41,[7,5]1,[8,11,[8,2]1,[8,31,[8,41,/
[8,5],[8,6]]

UO00000000O0 head (queens 8) OO OOOOOOOOOOOOO

> head (queens 8)
[1!5,8,6!3,7!2!4]

00odoooobooooooooooooooooooooooooooooao
gooooooooooooo [1,s5,8,6,3,7,2,410000000 queens 70
0000000000000 ooooooooooooonoooooooooo
Oddd0d0d0000od0doonobOqueens 70000000000 head (queens
U000 D0OD00OD0O0D0D0ODO0ODLO0ODO0ODODLOODbOObODOODbOOn PrologO
000000000 @OOOo0oood packtrack)DOOODODOOODOODOOOO
oogo1oooooooooooobobooboobobooooo0oooogooa
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ododdooooolroooooooooooooooooooooooooao
oooon
0000 queens 800000000

> queens 8
(r:,s,8,6,3,7,2,41,1,6,8,3,7,4,2,5],
(uD)
,[8,3,1,6,2,5,7,4],[8,4,1,3,6,2,7,5]1]

ooooooo20boboboobon

02133 0000008000000 b0ooboobbooooooooobogo
gboooboboobooboboboboooboooboboboboooooobooon

noo
7 7
o

”

/

\
\
)
o

N
N

v

7,

02134 0000000000O0O0O0O0O0ODOO %m%

0000000000000000000000 4 2 %
000005x5000000000000000 ) 0 )
00000000000 00000000 100 7 7,
000000000000000000000 7 7

021350000000

1. 00000000000o00oooo3b0boogoo3p0booo200
0boobooooooouoobouobOoid shuntsuld O 0O M kotsull U O
toitsul OO DOO0O0O0O0O00OO00O

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

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

2. 1400000000000 bO0OO00ObODObOO0ObOObODOobDOoDOobDOoDOD
ooooboooboobobobobobobobboOn chinitsub OO0
obooobooboooooboobooo3oooooooooooo3gogo
gob4000002000000010000000000OO

& Bgg| 22| [@o6|ese| s

o3| 83| esiessless

& > eelee ©09©88 @89

\ Y J ¢ v J \ J ¢ v J \ Y J
T JIE-- x- JIE-- T
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214 J00O0OoobobooboooobooDo...

U0 [MO0OHaskellDOODOOOOOO0ODOOOODOOODOOD (2100000
U HaskelOODOODOOODOOOODOO [3]10 HaskellO OO O OHaskell D000
oo0o0boobooobo0bogbbO0 4000b0b0d Haskel D DO OO
U000 HugsOOOOOOOO0OOO0OOO0O0OO00OO0 [S]O0HaskelODODOODO
gboboboboooooooo eobobobobooooobooboboo
goboopobooboboooobg 7iboobboobboobboooobg
O@oooooooooboooboobbog200504000 20060 3000
U0000 Haskel OO OOO0OODOODOO 9]0 HaskelOODOOOODOODO
O00O00O0 Haskel OO OO “O0700 “O0070000000 [10]0 Haskell
Ub000OMirandaOD 0000000000 OO0ODOODOOOOOOODODODO
obooooooooooo nL12,13]000000o0oooooooogonog

goooobood
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1989 0, http://www.md.chalmers.se/ rjmh/Papers/whyfp.html
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