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 O Haskell 0 0 O 0 GHC (Glasgow Haskell Compiler ) 0 0000 0O

!Guarded Homm Clauses 10 00000000 0000000000000OO0OODOODOOO
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000000000000 0o0o0obodo0ooOOdnGHC O Haskell OO
000000000000 000O0000O00O0O0000OOHaskell Platform O O
http://hackage.haskell.org/platform/ 00000000000 O0O0O0O0OO
Windows OO OO0OOO0OO0OO0O0O0O0DOOO0OODOOOOODOOODOOOOOOOd
ood

OO0 LnxO0OOOO0OOOO0OO0OOO0OO0OODOO0ODOO0ODOO0ODOO0O0DOO00
gooad

22 GHGIODUOOOO

GHCOUOOUODOOODOODOODOOOOOgecO javacUDOOUOOOOOO
goboooboboobbboteghcODbbO0OO0oDOOODbDOOODDO
0000000000000 GHCGi(ghcl) OO ODOOOODOO

GHCiODOOooog

Prelude>

gbooooboobobobooooobobooooooboobobobooooooboon
gbobooobooboobbooboobbooboobboobooonboo
GHCiUOODooboboboboboboo

ooon oogd | OO

:1load file :1 fileOOOGQOQOOGOQ

:also file | fileDOOOOOOOO

:reload r 00odooooobooooooooooon
1type expr it expr 00000000

: cd directory :C ooooooobooooo

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

17 ooooooon

:main ‘ma main 0O O0O00O0OO

rquit :q GHGCiOOOood

gboooobooboobboobooboobbooboonobo

Prelude> 1+2
3

000000000000 0003000000000000000000000
000000000000000000000000000Ctl-c000000 (0

Haskel 000000000000 OOOOO oob2210gggooooQ
ooo



23 HaskelOOOOOOOOO

Haskell U 0 OO0 http://www.haskell.org/00 000000000000
U0O0O0OHaskel OODOOODOODOODOODODODO

U0000 HaskelODODOODOOODOODODOODOODODOOD

gobobooobooobooboooboocooooboooooboobooonon

ugbobooboobobooboboobooobobooboooboboobooam
googoboobooboobooon

goo =0

ubboobuoobbooboobboobooobo
{

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

}

goooooo «“{rg“yoobobooboos,»obobooobooobobn
uboooboobooobouoobooobuoobooboooboobooboong
gboboobooboobbooboobboooboon

gooobocoboboboooooooboobogbo«“boboboooog
gboooboobo <obobobogoooboobooboboobobobooboboo
googbooboboobboboobuooboobooboobooboong
gbodgbuodgbuoobouooboobuooboobooboobooboondg
ugboogn

00000 HaskelOODODODOODOODOOODODOOOIDOOOOOOOD
gboboobobobobobo

module OO O0OOO where

O00o0ooooooooooooobooooboooooooooooon
module D0 O0OOO where {

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

}

UboboboboodbD0Oimport 00000000 OO0O0OOODODODOO
ogbobobobobooobooooooobobobolboboboob1bo0oo
gboobooboogoo

UmoduleJ0 0000 whereDOODOUO0ODOOO MainOODODOOOOOOO
uboboouoogobobobobobobooooboobooboboboobooo
U0O0000O0O0OHaskel DO OODOODODODODODOODOODOODOODOODO
oo



O: OO
O oo
O Og
N =
I

N

O Ogd
o —

N

oboo0 oboobbooboobooo«“=robbooboo

trivial x = x
twice x = 2%*x
foo x y = 2%x+y

Uoo0DooooobDooooD trivial U000 twiceOODODOOxODOOO
fooOUOOUO x0OyOODOODOODO
goooocooon

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

U00b0b0DbD0OD00OMaskellOD x,yO int 0000000 OO0OOCODO
gboogboobobboboobooboobobbobo0obOon intD O
goooo)

gob00b0oobobcCcOJaval D00 O0OO0OODOODODODOOODODLOOO
gboogoboobooboobobooobooboo

U0O0D0O0000DbD00 “wwice 270 “foo 3 4000000000000
goooboboobomooooboobobbo4b 100000 0bO0b0OODOD
chogbuoobogobboboboobuoobooboobooboooDobon
00000 “foo (twice 2) (trivial 3)’0000000000O0000OODO
omoooo1ooom

Q231 00000DOOoOobooboOooD
1.3000 100000 bar
2.300000 cube

D000 HaskelOOOODOOODOODOODOOODODOOODOODOOOO
00000000

«Hbb23OogpoOoDo0o00@MO000000000000000000
“¢»0000000000000000000000000000000000

Im-4



« 0O0232Oppopoo0000000OdDonooO“ xy -> 2*x+y” 00
20000 x,y0ODOOOOx0200y0000000000000000O0
000000000000000000
000000000 “2’00000 «“\"O00«“’000000 00000 “->”
000000000
00000000000000000000000000000O000000
00000000 xy -> 2*x+y”0 “\ dog cat -> 2*dog+cat”’0 0000
000000000000000000 «000000
00000000000000000000000000000000

trivial = \ x > x

twice =\ x > 2*x

foo =\ Xy -> 2%xX+y
oooooao

I.L\x >x —000x0000000000D00x0000000000
goooooooogocooog

int trivial(int x) { return x; }

00000 trivial OOO0OO0O0O0O

2 \xy »>x—0000x0y00000000DOOXxO0DO0O0DOODO
cooboono

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

gooooz200000000000

Haskel 0000000 “00000007000000000000\ xy -> x
OO\ x > (\y > x)0000000000000000000“0000000”
0000o00oo0ooon 000 23300000000 (Curry) D00
00000000 HaskellB.Curry 0000000000

\x >Ny -—>x000000000000x00000000D000
\y > x000000000000000000\Ny -»>x0000000
yOoooooooboomooboobuooxoobooboooboooo
gboooooboooodan

3\Nfx > f (Ex)—00 fO000xODO0ODOOOOfOxD 2000
ooooogog

Q232 Q231000 bar,cube 0“0 = 0000”000 0D0ODODO
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U000 HaskelOOODODOOO20000000000

. oo 23400gpgpooooooonoooon

. bob23sipppoooooooooooon

24 OO00O0O0OO0OO0ODOOOOO

Haskell D O OO OO BoolM O OO Int, Integer—Int 0 0 OO OOOOOO0O
D,IntegerDDDDDZDDDD]DDDDDDDFloat,DoubleEDDDDCharD
00000o0o00oo0ooonooDooooooboO0dBeel000O0OOONO Trued
False 0 0 OO Integer, Float,Double, Char U D OO OO OOOOOO COO
ooodooooome.20 e0000000oOooooooOoOOOOd

000o0o0oo0ooooooooo0ooooooooo0oooooooDooog
O0LispO0OOO00OOO0O0OOOODODOO “4,*=,00001+2*300000
oooooooooon

iff0thenlelse0 00000000 O0OOOOODOODOOODODO

if O ; then O ;, else O 3

U;0Bool0000O00OO0OODOO ,00s000000000000000O 4
OTrue00O0O0O ,0False0000:0000000000O000O000O0O00ODO
OO000Oif0thenlelsedJ00Haskel OO DOODOOOOOOOOOODOODO
gbooooooooooooooogooogoooooboobong
O000000Ofactorial 00000 Haskel OO D ODOODO

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

000000000000000000000 000241000
O000Ofact(n-1)0 fact n-100000000000000 oo 2420
0000000000000 n*(fact(n-1)) 000000000000
Ooooooooooooo 0000000000oooooooo

googbooobooboobooobooboobooboobooboonbg
ugboogoodg

0241 fact 10000000000

00000000000000000000D0D0DDOOOOOO

II-6



[um—

oooooob Oobooboooboboooooooboo«“rboobobobobo
uooooobobooboooobom |obo =0b0000bobooboobog
gbobooooooooooooobobobobobobobobobobo
oboobD“=00000b0obobo0oboob0obobO factd0ogoooo
goboobogoodgd

1
n*fact(n-1)

fact n | n==0
| otherwise

UO00otherwise DU OODO0OO0OODOOD Trued ODODOODOODOODODODO

Q242 00O ODODODO

an
an
Ooooooo fib0ddodoooooooboboooooooooo4fib 6 = 1,

fib 1 = 1,fib 2 = 2,fib 3 = 3,fib 4 = 5,fib 5 = 8,... 0000
ob:00000000000000b000g culcObobooboobDOoD

1 (n=0,1)
po+an-1 (n>2)

000 00000000000000000000000000000000
0000000000000000000000 Schemed OO LispO0O0000
00000000000 O0O0OHaskel0OOOOOOOOOODOOOOO0O00O00OO
Do0oooooog  PPE24300000 (cons)00D000ODO0O « D00 2440
0000000000 2000000000 (constructor) 0 00 O

e JOODO[IODODODODLODODLODO

e 00O :00DODOODLO0ODODOODLDOODODDODLOODOOn
gbobobobobobobooboooooooooooon

ooog<“:”0 oob240pgopooo00i1:2:[10 1::[HO00D0
ooQg

0000000000000 00onoo«”"0000000000000 “["0
“l’00000000000000000 [1,2,3,41001:2:3:4:[10000
ooo

Q243 1.[1,2,310 2.[[1,2],[3,4]1]10 “»> 0 “[I>O00000C000DOO
goobooooooon
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00000000000000000000000000000000O0O0OO0
00000000000 Integer0 000000000000 000 2460

0000000 Double0 D ODODOOOOOO ooo24700ggo0
O0000000o0ooooo0ooooooooooooooooonre, ’a’,
[2]1100000000000000

Q244 [False, True] 00O ["Kagawa", "University"] 00O OO0OO

String00 typed O HaskelOOOOOStringD OOODOOOOOOOOO
gooooboobobooo

type String = [Char]

0000000000 O0000on
type 00 = O

U00D00ODOwpealiasD 000 0OD0O0ODOODOOO0O0OO0ODOO string OO0
UO00[Char] DO00O0O0OO0O0OO0O0ODOO0ODOOODOOODOOODOOODOOODOODO
googn

000o00o0donb 00O0000b0O00o0bbO0ooO0bbOodnnUbox-pointer
O0oo0ooooooooooooooooooooooooooonon

xs® = []

xsl = 1:xs0

xs2 = 2:xsl
xs3 = 3:xs2

oooooooooo

100 “»»g2000000000000Db0DbDOODbOOObOODbOobO0O0ODD
goooool, 2, 3d00b0booobboooboboo@mooonobog
gbobooooooooomoooooooooooooon

O gooooboobon

[]




AN AW

ooorlL,2],[3,4]100000000000

gbobooboobboobooboooboobooon
Q245 UD0UDOUODODODODODODODOO

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

2. [[]]

3. [0]

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

5. [C011, 00, 0001100

gooboobocoboboobobobobobobooboooobooog

struct _list {
int car;
struct _list* cdr;

}

typedef struct _list* list;

listO00000000card cdrd 00 20000000000000 cdrO
0000000000000 000D000001ist000000typedef 000
O00O0struct _list*0 000000000000 0OO0OIO0ODOO0O0OO0ODO
gboboobooooooooocboboboboboboobobooO
oboboooooocoboobooooobogNLLogooog
cibUiObO0oobDOobObU0OOmallocO0OODOO0OODOODOO freedd 0
U0b0db0odboo0boUdU0fOHaskelDODODODODOOOOOODLOOODOOD
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UboobOooooioon freed0000000DO0ODOODODOODOODOODO
gboogoooboobooboobon

O 0O ple) DOOD0DO0ODOO0ODOOOODOODOODOODOOD
“wboooooooboooo “¢cu ©Drbbbooooboooood
gbobooooooobgoooobobooboQ@,ayoooooo
g ooooooooooe,’py’,3puoooooon

Oo0ooooio

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

oUobooboboobobobOobobDobDobD myDoooooOOOLOO O
gboooobooboobboobcuubveidbgnboonboonooO

oob 0OObboO0 «“>»>0000000000Integer -> Char DO OO
U00o0b0ob0ou00o0o0o0gdld Integer JO0O0O00ODODO Char OO OODO
gooo“>r0 OO00000D0D0Bool -> Bool -> Bool OO OO

0 U0ob0ODbD0O0O0OHaskelOODDOOOO
“O0bobooborboboobobobOobob0 “cboborbOobobobOono
googooboobooboooboobgn

000 Integerd CharO00OO00O0O0O0O0OO0ODOOOOOO0ODOODOOOOOa
ObOOOOODOO0DOOO0OOOO0OO0O0DOO0OO0ODOOO0DO0OO0OOn Ood
00000o0boOoOO00bOoOOooboO0oboOOo0oboOOo0ooboOooooooooog
OdOdfal -> [b] -> [(a,b)]000O0000O0ODOO0O [Char] -> [Integer]
-> [(Char, Integer)] 0000000000 O0OO0OOOOOO0O[String]
-> [Integer -> Integer] -> [(String,Integer -> Integer)] 00O 0O OO
oooooo

O000000O00ooOoooo 00 OO Haskell O Ooo0OoooOno
000000000000 000000o00

000000000000 o0oooooooo0 <«.:>0000oooooo

ooo :: 0O

O000000 trivial 0 fact 00000 ooooooonog

000 Haskel D00 OO0ODOOOtypeclass0000000000000D0O0DOOO0OOODOO
jdo0od0ooOOd0oO0obOo0b0d0bDoOoOo0bO00bOO0DbOo0bOoOoOooDbOoboDoOoboDbOoo
Integer, 10 00000O0ODODOO DoubleOOODODOOOODO
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01NN BN~

trivial :: a -> a
trivial x = x

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

goboboboogbooobbobooobboooobbbouooobboboooooon
Haskel OO O O0OOO0OOO0OOOOOOOOOO gooo

25 UUoooooon

Haskel OO OOO0OO0OOD0OOOODOO goboobooooobgd
0000000000000000000000400000000000000
gboboboobooboo:o (Joobobobooboboobobooobo

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

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

myLength (x:xs) = 1 + myLength xs

000 0000 | 0000y, = 0,
000 0000 4 0000 4, = 0,
000 0000 , ooog,, =0,

000o0oooooooooooooooooobooooooooooooo
000000000 oodoooooooo0ddmyLength 00000 dnQ
0o[oooo1000bobooooooolooooboboooobooooo 2
0000o0o0oooooooooooooD x00b0o0o0oboo0ooooooa xs
000000MO00OmyLengthO OO OOO0O0O0O length :: [a] -> Int
0o0oooooooooooooom

dooGHCOUOOODODODOoDoDooooooooooooooooooood
00000000000 00000D0000D00 -fwarn-incomplete-patterns
0o0o0odoooooobbooooooooooooon

00o0ooooooooooooooooooo “r2obooooooooon
0000000000000 ooooobod0d myLengthOOODOxO0O0O
ooooooooooon

myLength (_:xs) = 1 + myLength xs

‘000000000000000000000000000000000D0D0D0D0DO0000
goboooooooboobooooooobooboooOooOobobooboboOoOoOoobObOOOoOoobOobOOoOoDn
goood
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ubooooboodaoo
caselof U U ODO0OOODDUODOUOODNDcaselof 0O OODOODOODO
gboooboooooooboooooooooooo

case O ¢ of {
D|:|E||:|1—>D1;
DDDD2—>D2;

0oogg, -> 0,

3
O0,0000000000DO000DOO0O0ODODbDOO0ODbOOO0,0DOoO0DbDOOoDooOag
0,00b000db0 ,0000000000 ,00000000000

if 0; then 0, else 0 ;0000000 caseDof000000O0O0OO
0o0ooobooon

case [0 | of { True -> 00 ,; False -> O3 }

Ub0000let00000O0AO0DOODOOOOOODOODOODOODODODODO
gbobooooboogoog

\ (x,y) > x

let (xs,ys) = unzip zs in xs++ys
0000000000 0od0oooooooooooDOooooooooooon
0000000000000 00o00ooooooo

0251 0000000000000000 mySummyProdO0 OO OOMMOOO
U0 sum,product D0 DO OO0 O0OO0OODOODOOMN

0 2.5.2 1. 0000000 [Bool]D 2000000000 OODDOOOOO
0000 fromBin :: [Bool] -> Integer00 00000 OMOOfromBin
[True,True] O 30 fromBin [True,False,True,False] 0 100000

00D:0000000000DO0000O00O0bOOoOooO

o o d: 00000000 Dbooooao 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 [Booll] O 20000000DO0DOO0ODOOODODOOO
000 fromBinRev :: [Bool] -> Integer 00 OO0 O0O0O0O0O0OOO
000000000000 000000000000A00O0fronBinRev
[True,True,False,True] 0 1 +2x(1+2x(0+2x1)) =11 0000

3.000000000000000000000000O0O0OO0OO0O0OO
a
evalPoly :: [Double] -> Double -> Double OO0 OO OO0OOOOO
[1,2,3,4]10000000 1+2x+3x*+4x* 0000000000 DevalPoly
[1,2,3,4] 1000043210000
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NN N kW~

0253000000 xs0000000000O00 £000000000000O
OO0 f0000000000000000 sumf :: [Double] -> (Double ->
Double) -> DoubleO OO 0OOO

025420000 x,xs000000000 xs00x0000000

1. 000000000000 0O0000O0000b00O0000Db00O000nnb
deleteOne

2.0000000000000000 deleteAll

ubobooobaaoo

26 UUOOoooond

0000000000000 bO0bO0bO0bOO0ObOO0bOobOOoDOOoDOobOOoDOon
00000000o0oOO0bOOooOOOo0o0DOO0bOOooDOooDoobOooboOOoooma
00000000 cOodbobbOc =getcharQ; DO0OO0OO0OOOOOOOOO
O0cOO0OO0O0O getcharQUOOOOOOOOOOOOIMOOOOOOOOO
00000000020 000000000000000DO0O00O0DOO0DODOd
00000O00bO0o0bOo0oOo0oOooboooooobooboooboooog
ooodo
0000000000 reverse:

-- (++) O Prelude00000O

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

[1] ++ ys = ys

(x:x8) ++ ys =X : (Xs ++ ys)

-- reversel Prelude 00 00O

reverse i [a] -> [al]

reverse [] = []

reverse (x:xs) = (reverse xs) ++ [x]
O0000o0ooooo O0000000000000
oooooag

O00o0oooooooooog

-- shunt 0 revOOOOO

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

shunt ys [] = ys

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

rev :: [a] -> [a]

rev xs = shunt [] xs
OO0 revO0O00O00O0O00OO ooooooooo

oboooooooooooogoDoo
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rev reverse 000000 -00000000000O00000O xsU
god

rev Xs = reverse Xs

ooooooooooooog
goooooooogooobooooobogooobogoon

shunt ys xs = (reverse Xs) ++ VS

OoOoono Oo00oo0ooooooon
oode:
xs = []JO0OO:

xs = z:zsOOO:

0261 OO000O0O0000O xsOOOOO
1. xs ++ [] = xs
2. xs ++ (ys ++ zs) = (XS ++ yS) ++ zS

goo0oooodoxsOgoOooobobOob@mobobobobobo
gbooooooomm
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27 0J00oooooood

goboobooooobooobooboobo0oobbOoOdn PreludeD 00O OO
ugboooobooboooo

gboooooooooooooooooooooon

gboooboooboobooboouooboobuoobooboobobooboo
ogboogooog

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

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

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

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

filter :: (a -> Bool) -> [a] -> [a]
filter p [] = [1
filter p (x:xs) = if p x then x : filter p xs else filter p xs

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

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

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

concat :: [[a]] -> [a]
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30 concat [] []
31 concat (Xs:XsSs) = XS ++ concat XsSs

02271 00000000000000000O0000DO0DO0ObO0ODbODbOD
goog

l.2000000 o0bO0OOODO1I0DOODODOOO...OD0DbOoDOD
U0bO00dbodgDbOd countEq
ood countkq [1,2,3,5] [2,2,6,5,310 20000

2. 000000000000000000O000O0 <»»O0000000000
0000 addSemicolon
000 addSemicolon ["abc","xyz","123"] 0O "abc;xyz;123;"00 00O

28 ODOOoOoooog

Haskel 000 O00O0O0O0O0OCOOOOOOOOOOO“ 000000000
ooooo«“ro0bb0d00boo00oo0ooooooboonoooooooon
0dd0ooo00d0dobDooo000ooobDoOoo0ooooDooDoOoOoao
OO0 PreludeOOOOOO zipOO OO

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

2 zip (a:as) (b:bs) = (a,b) : zip as bs
3 zip _ _ =[]

—_

oob zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]10000
goog
U00D00000D0000000Dinfix], infixr, infixO0000000O0O0
U0bo0o0obooooboooboobooboobOoobodOPreluded Haskell
googobooboobboobuoobboobooboobobooboo

1 infixr 9 .

2 infixl 9 !!

3 infixr 8 °, °°, **

4 infixl 7 *, /, ‘quot‘, ‘rem‘, ‘div‘, ‘mod‘, :%, %
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[e>RNeRNe BN e V)|

11
12
13

infixl
infixr
infixr
infix

infixr
infixr
infixl
infixr
infixr

+, -
++

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

[

>>, >>=

=<<

$, §!, ‘seq’

S P, R, DNWHDOULUTO

infix1 [ Oinfixr D O000000 infixO00ODOOOOOO
ooooobo—000 1< x<2000000000000000200000
gboboobooboboobooboo*0+s0bbooboooon

Q281 000000000 O0OOO0OOOOOO0OOOODOOOOOOOO
1. x ‘rem‘ 3 /=1 2. xs !l 9 : ys ++ zs

gbogoboobboobboobboobooobo “cgsrbboon
gbooooooboobobobobobobodbD+20@G) 1200000
uboboobooobobooboobobooboooboobon

Q282 000000000000 0O0OOOOOOOOOOOOOOO
1. (+) ((* 2x)1 2. (++) xs ((++) ys zs)

29 J0dooooood

Haskel OO O0O0O0ODOOOOO0O0OOODODOD ODOODODODODODO
ubboboboobuoobbobbuoobuoobboobodboobibd map
ubbooobooboobboobooooboo

Prelude> map (take 2) [[1,2,3],[4,5,6,7],[8,9,10]]
(f1,21,[4,51,[8,9]1]

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

Haskel OO OODOOOOOODOOOOOOOODOOOODOOODOODOO
gboooboobobooogoboboobD @b 2000000¢2)0200
ubboobooboobbooboobobooobooboooooboo

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

Prelude> map (/2) [1,2,3]
[0.5,1.0,1.5]
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Prelude> map (1/) [1,2,3]
[1.0,0.5,0.3333333333333333]

Q291 UD0ODLUDODLUODLODLOUDLOO
1. ([1,2]++) 2. (rr2)

000 “-"doodoo0boobooo «-»0bdboo0bog¢Guoooooon
00000000000 subtractJO0O0OOOsubtract xy =y - xO000
O00000ODOsubtract 20000000000

210 DOOOoO

letO0 000000000 DOOO0DOO0OOOODODOOOOODOOOODO
let OOO0OOOO0ODOOO in O

gbooooboogn

powd x = let y = x*x in y¥y

-- head O Prelude 00000

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

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

ubbodobooibbyO z»O0 zsUdbbOoobooooOoooooaobog
gboogoooooboobobon

Q2101 00000000 let00D0O00O0DOOO
1.2700000 pow27
2. 0000000000000000000000 myTail

gooooD4000000powd0 00O 0ODOOOO0OO0yxyOODOOOyOO
gooo goboboooboboboobo“ocobobo>boooon

gboogooodg ubobooboobboobooobobooobooobooon

-- repeat [ Prelude 1 010 00O
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

gboogoobgxbOogobooboooo
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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, ... >

gboboobooboobboooooboooon

Xs

=

U000000000OHaskel OO “ODO0000O00O0O0O0OO0OO0O0000OO
obobobooob0obobooobob Haskel OODOODODODOOOODODO
oo

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, ... 1000000000000 0OO0OO
repeatlist :: [a] -> [a] 00000000000 DOOOOOOOOOOO
ooon

oob: +»H0OOogooa

02103 0000000000 00O00O0O0000O00ODODOO0OOOOOO0O0
U powerset U OO0

oo 0 powerset [1,2,3] O [[1,C1]1,[2]1,03]1,[1,2],[2,3]1,[1
31,[1,2,3]]0000 0000000000000 0O0DOO0OMNm
O000: DOO00bOO0oO0boOoOoobOooooaon

O00OOwherel wherelOOUOOOOOOOOOOOODOODOODOODOODO
gbobooboobbooboobbooboobobon

000 Doooooo =0
where 00O O0O00O0OO0O

gboboobo@mooobobooboobooobobooboboobooooon
gobooooobooobboooboob0oobo0obobobOd powd,headD OO DO
goooobooboooboo

powd x = y*y

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

where (x:xs) = ys

SCul-c 000000
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U000OwhereDOO0O0OO0OODOODOOOOOOODODOOOOOOODODO
oo

211 HaskelO O OODO

Haskel OO OO0O0000O0O0D0O0O0O00BO00000000000O00OQO
x> M NOOODOOOOooooooooMoDbOo 0DbhOo xO0040ooon
goonNDOoOOoDOoOobDoOobooonbDonDoOonD®N x —»> x+2) 370 3+200
ugboogan

gbooggbOooboboooooobooooon

goooboooboggbooboobooboobooboboobooppoOon
ubooobogboobboobuoobobooob

M
A
M, M,

goooboobooppgoobooobooboobooboobooboong
gboobooooboobooomoboooboobooboboobo

M, M,
N
M

googoobooboobbooboobbooboobbuoobogbeD
ugbboobobooboobboobooboonon

goooooooopgbbobooooooooooooooooooooon
gooobooobooboobooboobooboobooboooboonbg

uod
Haskel OO OODOOOOOOODOOOOOODOODOODOOOOOODOO
gboboooboboooobobbooobbobon gooogo

gbboobboobudbbdsquare 000000000

oo

square X = X*X

000000 square 3+4) 000000 DOO0O0OOO0ODODOO0ODOOOO

square (3 +4) B+4)«=3+4)
= Tx7

49

O00OOsquare0 00000 B+4H 000000000000 squared 000
00d0o00doOo0o0bOo0o0oO0bOo0oobOoobOooo@Woooo=00onoa
0000)OoDOD2«20000000000000000000O00O00DO2+20
oo0ooooooooon
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gboooobooboobboobuoobbobboobos3+4uoanooboon
gbobooboogoog

square o * 49
l ». )
1 + 7
¥ N\
R PR
goobooouobooobboooobobooo U lazy evaluationJ [J

gbooboobuooboboboobuooboobooboobooboong
gboooboooboobooboobooboobooboobooboong
ooooon

gbogbuoobooobooobuoobooobuoobuooboooboaooboon
gbobooboobbooboooboo

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

oo0 from 10 [1,2,3, ... 1000000000000 00O00O0CODOODO
oooboOo0 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)))

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

— 1:(1+1): (1+1+1D):[]1 (= [1,2,3])

UboboooobobobooobOo takeddogooooooo1obgo
goboooobo2000000000000000O0DOO0O0DODOOODbOOO0OD
uboboobooobobooboboobo a+n, A+1+Dbuooboooobooobooo

O00from0000000O0ODOODOODODOO “..’0D000D00DOO
ubboobuoobbooboabo

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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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,,6,1,7),02,5,2,6),2,7),03,5),03,6),3,7),/
(4,5),(4,6),04,7)]

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: X*y | X <- [1!2]1 y <- [355!7] :l
2~ [ (an) | X <- [114’7]! y <- [2!558] y 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+y) ]

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 []))

= 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 primes0 0000 [2, 3, 5, 7, 11, ... ]O0O00O0OOO0O0OOODO
gooooboboobooboboooboon

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

l.2000000000D00

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

3.2000000
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gboooboooboobooboobooboobbooboobooboong
obobooboobobooboobbooboobbooboo

gbobobobooboooooboboobooboooboboboobooD “po
gbO”0obdboboboobobobocboooooboooooobogIeoooongn
goboobooobobooogbooboboooooboobooobo wobboobogoo
oboooooooooog

0O 2126 Haskel OO OO0OO0O0OO0O0DOOOOOOOODOOOOOODOOOO
ubobooobooboobooobobon

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

~
g
=
1l
1l
—
|
-
—
=
~
[
R +
o =
— 1

= 1l

+ Qo —

D +

S -~

v - (7

P —

+ — —

— =

(Y

Q =
'Y 1
™ N 1l

- —

-

Vv 1

M o ~

[OARl =]

v - =y

< e g

(S N\
Il — — ~

—

~ o
S Q &

c —
Q,

— 4
(O] 9]
H © [}
© <
n 9]

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. 140000000 mmtO00dDbO0b00o0oooobooboobobooooo
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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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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