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2. [0]
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}
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oobbobOoobobOobOobOooobOo0D mybooooDDODOD O
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o0 00000 “>>>000000000 Ulnteger -> Char DO OO
Uo0o0b00o0o0Db00o0odl Integer JO0OO0OOOO0 Char OO OO
goooo“>0 Uo0o0ddddbBool -> Bool -> Bool U OO
U OU0O0OUO0O0OOHaskel DO OOOOODO

“Ob0ob0obOorbooobobobOobob0 “obob>0o0o0oDOobOon
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OO0 Integerd Char 00O 0O0OUOO0OD0ODODOOOOOO0OO0OOODOOOODO
U0a0O bO0O0oopoobooobDobobobObObOOoOoDbOODOOoOnDoon
oooooboboobobbobobobboobbooooobooooobDo
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[Char] -> [Integer] -> [(Char, Integer)]0UO0OO0O0O0OOOOOOO0O
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-> Integer)] 00 0O0OOO0OOO0OO

goooooooooooo 0O 0 O 0OHaskell O oooooooao

O0ooooooooooooooonOon
goooooooooooooooooooono “»»»o00b00o00ooooao
ooo :: 0

oobb000 id0 factO0O0OOO0ODOOOOODOOD

id :: a -> a
id x = x
fact :: Integer -> Integer

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

fact ® = 1

fact n = n * fact (n-1)

-- Prelude] lengthO0 00O OO

myLength :: [a] -> Integer

myLength [] =0

myLength (x:xs) = 1 + myLength xs
oobo oooo ... 0O0og g, =04,
O00O 0000 5 ... O0O000 9, =0,
000 0000 » ... 0000 =0

000o0ooooooooooooooo oo oooooo O
0000000000000 dOmyLength D000 Q00OO
00 []00o00 10000000 oobon0liodbooobbooooooog 2
0doooooooooooooooooD x0b00o0oooooooooga xs
000000mMO0OOmyLengthO O OO0 OOO0O length :: [a] -> Int
000000 ooooooooooo

dooGHCOUOOOODOOoOoooooooooooooooooooooo
000000000 0000000000000 -fwarn-incomplete-patterns
0000000 oooobooooobooooooooo

odoo0oooooooooooooooooo “2ub0booboooon
000000000000 00000000000 myLengthOO O Ox0O OO
oo0ooooooooao

myLength (_:xs) = 1 + myLength xs

goooooogod
caselof DU 0ODODOO0OODOODDODOOOcaselof D0 OODODODOOODO

gooboooobobobogoooobooboobobo™

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

oooo, -> 0,
}

Uotobbobboboooobooobobbbob,oob0ooooboon
o,00o0o0og0 ,0000000000 ,00000000000

if 007 then 0, else 030000000 caseDof0000O0O0OOOODO
gooooooon

case [0 { of { True -> O ,; False -> 0O 3 }

googiblecbO0O00A00O0O0ODOOOO0ODOODDODODDODOOOOOOO
gbobooboogod
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\ (x,y) > x
let (xs,ys) = unzip zs in xs++ys

gboooobgooboobobbooboobooobooboboobobo
goooooboobooobooooooobooo

0351 0000000000000 000 mySummyProd OO DOID OODO
U0 sum,product U 000 OO0 OOOO0OOOODOOMO

O 3.5.2 1. 0000000 [BoollD 20 0000DLODOODOOOLODOOOOO

0000 fromBin :: [Bool] -> Integerd 00000000 OfromBin
[True, True] O 30 fromBin [True, False, True, False] O 1000
0o

0odd.0000000000000000000000

O00:. 00000000000000 fromBin [True, False, True,
False] O (1 x2+0)x2+1)x2+00fromBin [True, True, False,
True] O (Ix2+1H)x2+0)x2+1 00000000000

2. 0000000 [Beoll]O 20000000 DO00O000OOOODOODODOO
O fromBinRev :: [Bool] -> Integer U0 0000000 OOOO0O
000000000oo0o00ooooodOooood dfronBinRev [True,
True, False, True]l O 1+2x(1+2x(0+2x1))=11q00 000

3.000000000000000000000DO000O0O0O0OO00O0OO
O
evalPoly :: [Double] -> Double -> Double O OO OO OOOO O
[1, 2, 3, 410000000 1+2x+3x*+4° 00000000000
evalPoly [1, 2, 3, 4] 10000 43210000

0353000000 xsOOooooobboo f000b00obooooooo
U0 £000000000D0000000 sumf :: [Double] -> (Double —>
Double) -> Double 1 OO DO OO

035420000, xs000000000 xsO0 xO0000O00ODO

1. 0000000000000 00O000o0coobooooooooooaon
deleteOne

2. 0000000000000D000 deleteAll

gooobobooo
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0000000000000 oooooooboooooboooooo o
0000ooobooooooooooooooboooboooooooooom O
00000000 cOO0OO00O0Oc =getcharQ; ODOOOOOOOODODOOO
O0cO0O0O0 getcharQUOODODODODOOODODOODDODOOODODOO
odobooooooo200000000000b00goDoooooDooooon
Odooooboooooooooooooooooooooooooooooa
ooooo
00000000on reverse:

-- (++) O PreludeC O00O00O

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

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

-- reversell Prelude] 0000

reverse i [a] -> [al

reverse [] []

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

googboooogodd ugboobooobodabogn
gobooon
gobooobobooobooooon

-- shunt 0 revO O OO0

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

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

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

U0 revO0D0D0O0O0O0O0OOOO gooboobooon
goboooboobooooooon

revl reverse 0000000 -O000O00O0OO00O0OO0ODOO0O xsO
ood

rev Xs = reverse Xs

goobooobooooooo
gbooobuogobbobbboouooaoboooooo

shunt ys xs = (reverse xs) ++ VS

Oo00nO Oooooooooooan
ooe:
xs = [JO0O0O:
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xs = z:zsOOO:

0361 000000000 xsOOOOO
1. xs ++ [] = xs

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

Uoobooobd0OxsOOODOOOOO0ODDODODODMOOOOOoOOooDDOOO0

ooooooood

37 Jo0ooooooon

goboobobo0ooboooooo0oooboobn Preluded OO O
ogbooooobooooooon

gbooooooobbooboobboboog

gboogogobogooobboobobobbbobbooboobooobobdg
uoooooo
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map :: (a -> b) -> [a] -> [b]

map f [] =[
map f (x:xs) = f

]

X

: map f xs

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

zipWith £ (x:xs) (y:ys)

zipWith £ _

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

f xy : zipWith xs ys
_ []

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 f x (y:ys)

X
fy (foldr £ x ys)

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

foldl £ x []
foldl f x (y:ys)

concat :: [[a]] >

concat []
concat (xs:xss)

X
foldl (f x y) ys

[a]
[]

XS ++ concat Xss

0371000b000gbooooooobooobobooooboboooooboo

googg

l.2000000 oODbOOOODOIODODODODOOO...00DOOOO
U0DbO00000000 countEq
odd countkq [1,2,3,5] [2,2,6,5,310 20000

2. 000000000000000000000 0000000000
O000 addSemicolon
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O 001NN Wi~

000 addSemicolon ["abc", "xyz", "123"] 0O "abc;xyz;123;"00
00

38 Juoooognd

Haskel 0000 000O0O000O0O0O0O0O0O0OOOO «“ "000000000
goooo“r00ddb00db000b00O00bDOooOooobOobOoboOobooOoOon
ddo0o0oOoOO000bOOobOO0o00oooboO00obD0oooDoooDoOooooOoOon
00 PreludeO O OO0O0O zipO QO OO

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

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

zip _ _ =[]

uo0 zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]10000
ggoo
O00D00000Db0O00O0D DO Oinfix], infixr, infixO00 000000
00o0odboboobuobboooobobuobU0oobbUU OPreluded Haskell
ubooobbuoooooobobooooboooboobbooooaon

infixr 9
infixl 9
infixr 8
infixl 7
infixl 6
infixr 5
infixr 5 ++

4

3

2

1

1

0

rem‘, ‘div‘, ‘mod‘, :%, %

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

infixr ||

infixl >>, >>=
infixr =<<

infixr $, §!, ‘seq

infix1[J Oinfixr[ U000000 infixO00O00DODODO
gobooooD—000 1 <x<20000000000000002000000
gboboobbbooooooobo+«0 +boooboooboo

Q381 00000O0OO0DOO0O0O0ODOO000DLOOO0OO0OOOOOO0OOoOOO
1. X ‘rem‘ 3 /=1 2. xs Il 9 : ys ++ zs

gboooooobobobbobobooobooooooo “cos7oobo
goobgooobooboboobooobobotuo 20 1200000
goobobooobooboooooooboooobooboon

Q382 000000000000 0O00O00DO0OOOOOO0OO0OO
1. (+) ((™ 2x)1 2. (++) xs ((++) ys zs)
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Haskel 0000 0O0O0DOO0O0ODOO0O0ODOOO0O0O0ODOODOOOOODOOOO
gogbobooooobooboobboobobbbo0uobdbodlbd map
ubooooooooooobooonoooo

Prelude> map (take 2) [[1,2,3],[4,5,6,7]1,[8,9,10]]
[[1,2],[4,5],[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),06,6)]1,[(8,8),(7,9)]11}

Haskel OO ODOODOODODDODOO0ODOODOOOOODODOOO @2%02

goboboo¢2020b000b0ooobobooboooobooboobooooon
goooooon

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]}

Q391 U0OUoooobboooooog
1. (xs++) 2. (119

oo0o «“-ro0000bodboog «~»od0boooooG-2y00oooono
00000000000 subtract0 00000 subtract x y =y - x0O000O
00000 Osubtract 20000000000

310 JOogd

letOD0J00O00OO0OO0DODOOOOOODODOOOODODOOOODOO
let 0000000000 in O

goobooogooo

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

-- headll Prelude 0O 00O

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

-- head (x:xs) = x 000O0O0ODOOOODOO

goboboooboodyd z0O zsOOOOOGOOoOooOooooooOOOO
gooooooooobooooob

Q3101 OO OOODLDO letODDOOODODOO
1. 2700000 pow27

2. 0000000 b0000bobDobbObOoDOn tail
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0boobo4000000pow4000000O0O0O0OOy*xyODOOOO yODO
ooog gooooobooboooboo “cobgor>boboogo

goooobooad ggboooooouoboboboooooboooobodgoo

-- repeat Prelude00 0000
repeat :: a -> [a]
repeat x = let xs = x:xs in xs

gboboobooboxobbhooooabogo

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, ... >

gooboooobobooboboooboobooog

Xs

=

OU000D00000OHaskellDO “ODO000O0O0O0DODOOOO00000O0
U00bdbo0obob0o00b00UbU HaskellOOODODODODODODOOOODO
ugo

Q3.10.2 repeatlList [2,5] O [2,5,2,5,2,5,2,5,2,5, ... JOrepeatList
[1,2,310 [1,2,3,1,2,3,1,2,3, ... 00 0O0O0O0OOO0OOOOOOO
repeatlist :: [a] -> [al]O00000000O00O0ODOOOOOOOOOO
ooon

ugdd: =+ ooooogo

03103 000 0000000000000 00000O0O0o00oOoonoooan
U powerset 00000

000 powerset [1, 2, 3] O [[1, [11, [2]1, [3]1, [1, 2], [2, 3],
[1, 31, [1, 2, 3]]O000mMmOOOO0OO0O0OOOOOOOOOOOOOO
odd: 000ooooooooobooooo

UO00OwhereDl wherelOUOUDODODOODOOO0OO0O0ODODODOOODO
gboooooooooobooooaoooobooaon

goo oogoooog =0
where 0 000000000

ggbodboboomoooouooooobboobobboooobooooo
oo obbodooobooobobobobbOl pow4,headd OO O
ugooboboogoooo

SCul-c00000DO
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[

powd x = y*y

where y = x*x
-- head Prelude00 0000
head ys = x

where (x:xs) = ys

00 Owhered OO0 DOO0ODODOODOOOODODOOOOOODODOOO
oo

311 JO00ooooooo

gobooboboobbooooboobbboobboboboooooooobo

OOooopboooboooboon oopoooooboobboboooboo
gogd U algebraic datatypeJ [0 0 O O
ooOo00oooooooooooooooooooo
data DO0OD0OO0O OO0, 000, ... OO0
=0000 ¢ 071 ... 0Oy
| 00002 021 ... Oop
i 0000, Ot oo O o,
gooboooOoOobooOooooOooOooboOoOooboooDoobboboOooa
oo goooooobOooOO0ooobobD boobbo, @ boobo,Oo
mO0O0000000000000p,1,....0m,, 0 O000,00000000

ooooobooboo,,0ob,,...,000,0000000000000000
gooo|o“o0or>ooboon

data Foo a b = A a [b] | B String b | C

U0Db000D00D0O00OFoo Double Int OO OODOODODOOODOOODOA

3.14 [1,2],B "Hello" 3,C,... O
ooobooobbOo0o0oobobboobobOooOogoch Javad D OO enumO

goooboboobooobboobobobd

data Direction = North | South | West | East
deriving (Eq, Ord, Show)

North, South, West, East 0 400 Directiond 0 OO0 00O O I deriving ..
00000 O0o0oOooO

Q3111 0000000000000 (Rock)JOOO (Scissors)1d O (Paper)d
000o0ogOooRrRPSOOOOOOOOORPSODOODOOODOODOOODODOOO
00 judgeRPS :: RPS -> RPS -> Orderingd 0O OO0

000 ordering0 0000000000000 0DO0O0O0ODODOOOO

data Ordering = LT | EQ | GT
deriving (Eq, Ord, Bounded, Enum, Read, Show)

I - 18



[u—

[

SO0 JA U A WK — R —

OO0 IO UNB~ W=

gboobouoobooobobboouooboouoooooooooobgoon
goobooooboobooogoo

data Tree a = Empty | Branch (Tree a) a (Tree a)
deriving (Eq, Ord, Show)

U000000 Branch Empty 0 200000000 0Empty0 0000000
ooboboboooobobdUbBranch 30000000 00001000 30
googbobboboobdobuooo200b0b00o00o0bUdBranchd
ubooboobooboobn

Branch ::

ddddald 00000000 Integerd StringO 0O OO
0000000000000 0dnd Tree Integerd 000 Integerd O
U00000o0bb0b0d0d0OTreed 00 0000O0ODODOO (type constructor) [
odooooooooooooooboooooooon

000000oooooonog Treed OO

treel :: Tree a

treel = Empty

tree2 :: Tree Integer

tree2 = Branch Empty 1 Empty
tree3 :: Tree String

tree3 = Branch (Branch Empty "a" Empty)
"b" (Branch Empty "c" Empty)
treed4 :: Tree Integer
tree4 = Branch (Branch Empty 1 Empty)
2 (Branch Empty 3 (Branch Empty 4 Empty))

0ol treea0 000 0O0O0O0DO0ODOOOOOOOOO

TreeJU0 000000 Ob0oooooboooogbooboooooooonn
gooooo

top :: Tree a -> a
top (Branch _ a _) = a

isEmpty :: Tree a -> Bool
isEmpty Empty = True
isEmpty _ = False

size :: Tree a -> Integer -- UOOOOOO size tree4 0 4
size Empty = 0
size (Branch 1 a r) = size 1 + 1 + size r
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03112 TreeJO0 OO0 O0O0OO0OO0ODODOOODOOOO

depth :: Tree a -> Integer -- OO
preorder :: Tree a -> [a] --0oooo
inorder i Tree a -> [a] -- gooo
postorder :: Tree a -> [a] --0ooogo
reflect :: Tree a -> Tree a -- OO

000 0@ depth tree4, @ preorder tree4, ® inorder tree4, (@ postorder
tree4, O reflect treed OO OO DOODOOO® 3, @ [2,1,3,4], ®
[1,2,3,4], ® [1,4,3,2], ® Branch (Branch (Branch Empty 4 Empty) 3
Empty) 2 (Branch Empty 1 Empty) 00O 00

03113000000 000000O0O0ODOO0OLODODODODDOOOOOOD
gggogo

031140 00000000 PL/O (http://www.inf.ethz.ch/personal/
wirth/books/AlgorighmE®) D 0 000000 0000OO0O0O0O

gbooooobobooboob cbhobooobobooboboboobobboobboDbo
gooboobobboobboobooooooboboobDbn

data C = F { f1, f2 :: Int, £f3 :: Bool } deriving (Eq, Ord, Show)

goobooboboooooobboobboobogoo

data C = F Int Int Bool deriving (Eq, Ord, Show)

gbooboobogoooooooboboobbobooboooooboon
ggoooooooobobobobooboboboooooboooooooooDo
U“c0oobbobo0o =070000000b0b0000bD

vi=F { f1 =5, £f2 = 12, £f3 = False }

foo :: C -> Int
foo (F { f1 = x, f2

y }) = x*x + y¥y

U00dn foo viOOO 169000
gbogboboobooobbooobubooobobobobbboobbobood
obooooooogoooooooooobobovvidoooofr vionoo 50
ggad
gobboo“cboobob0 =070000000000000000000
gooooooobboobobooobooboboooobooboooboobon
Oo0O00Ovl { £2 =3 }000F { f1 =5, f2 =3, £3 = False }0 000
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3.12 HaskellO OO OO

Haskel OO DO OODOOOOOODODODOOOOO0ODOODODODOOOQN
x >M NOOUOOOOOOOOOOOO MOOOO DOD xO000O0DOO
oooNO0OooonoooobDooooooooeN x > x+2) 370 3+v200
goooog

ubobpguoooboooobbooogan

gbooooobobgbooboboooooooobooboboooppoOo
goboooboboboobooooobbooooogo

B M B
Ml/ \Mg

goooooboooopgoobooooobobobobooooobooooboo
goobooobooboomoboboboboboon

M, M,
N S
M

gbobobooboooboooooboooooboboboboobobobobdd ed
googoooobobobobooooooon

gbooooooobooboobobboboooooboboooobpbbobonoon
gbooobooobooboobboboobobobobbbobooooobooooon

gbbooooogooooobooo god
Haskel OO OOODOOOOOOOOOOOOOODODOODOOOODODOO
uoobooboobooobooboooboooooboooo goon

googoobooboooogogd
gbobobobuooouoood square000googoon

square X = X*x

Ub0O000O0 square 2+2) 0000000000 O0O0OOODOODODOO

square (2 +2)

2+2)x2+2)
= 4x4
= 16

O00O0Osquare0 00000 2+2) 000000000000 squared OO0
0000000 ooboobbooobooobo oo @oooo*0oboon
0doHoooo 2«20 000000000000 0O0O00O0O00O0O0O0OO2+20
ooooooooooa

000000000000 oobooboooboobboUb2+20000000
0ooooooooon
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square %* % 16

/ J
+ %/+\\ 4
O0o00ooOoooooooooooooan O lazy evaluation (][]

ugobooooobooooboboboobobbuooboobooboboonon
gbooooooobbobobbboboobboobooboboooooobogn
gooog

gbooooboobooobobooboooooboboboooobonoog
gobooboooooooooobon

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

-- takel Prelude 0 0O0O0O

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

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

oo0 from 10 [1,2,3, ... 10000000000 0ODOODOOOO0ODODO
O00D00d0 take 3 (from DO OOOO

take 3 (from 1) — take 3 (1l: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+D): (1+141): (take 0 (from (1+1+1+1)))

— 1:(1+D):(1+1+D:[] (= [1,2,3])

UoooboobbobobOobi0ooD takeJ0OOO0DOOOODOO 1000 O
goboooobo200000bo0booboobo0ooboooboboboooooo
googooooooobnoob o+, A+« ogooobooobooooo

Ub0O0from000000O0O0O00DO0OODOODOOO *.."000000000
gboboooooooboboooobon

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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oogooc«.”ogn

000000 Prelude 0 00000000000 ODOOOOOO
[ eg .. 1] enumFrom e;

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

gboogoduboboobbooooobooboobbooboooooooon
gejobobodoobooboooboobobooooooboonoooon

goooboboboboboobooooooobobobbooobbbooooo
ubooooooboboboboobooboobooboobooooboboon
oooobooobooonon

03121 take DO OO0 O0OO0OOO0OO0O0O nO0O0DOO0O0OO0OOOOO myDrop ::
Integer -> [a] -> [a]OOOOO0O

O 3122 fibOOOOOODOOO0OOOODOOOOOOODODOOO
gboo:0000000000b0000b0b0oo0ooban ...

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

oo0: zipWwithO O OO

0313 0000gopogooobobo20b0o0booobooboooooogo
ooOobD0ooob0ooobO0bUObDmerge 0 O0OODO

03124 2-3/.50¢ ;,k0 0000000000000000000000OO0O
000000000 hammingOD O OO O OOQOQOQOOO 6990000O0OO0OOO
000 o000oOonooOoOooosgegoooooooooon

000 : mapOd O 3.1230 merge 0 OO0

0 3.125 Haskel OO DO OODOOO0OODOOOOOCOOODODOOODOOODODOOOO
gbhoboboboboooooogo

313 000 0O0D0ODOO 0 List Comprehension[]

HaskellD OO OO O O list comprehensionJ 0 O O O O O OO syntax
sugarU 0 000000000 DODODOOO0O0ODOOO0bLOO0goOOooooo

O

Prelude> [(x, y) | x <- [1,2,3,4], y <- [5,6,7]]
[(1,5,0,6),(1,7,2,5,2,6),02,7),03,5,3,6),03,7),/
(4,5),(4,6),(4,7)]

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

[1,9,25,49,81]
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NN RN

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

(o (ooo, ..., 0001

gobbooddeeolJDDOOOOLOOOOODDOODDOO:
gbogobobbobobDb <=0

gbobboooooboboobooboooooobboobbobboog
goobooboboooobooobooobgobbobooobobobooboo bbb
gboooooboobboooooboooboobboooobgg

Q3131 D0oonooooooo?
L. [ x*y | x <- [1,2], y <= [3,5,7] ]
2- I: (X, Y) | X <- [1’4’7]1 y <- [2,5’8] y X < Y]

0313200000 n0000000<x<y<n00O00OD00O0O x,yOOQoO
00000 foo :: Integer -> [(Integer, Integer)] 0 0O0O0OOOOO0O
ooooad

oood:...0000

0313300000 n0000001<x<y<z<nO00DO0O x¥*+y?=z200
0oood x,y,zO0ODODODOOOOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] 00O 0O0OO0O0O0OOOOO0OOOOO Ochokkaku 20
oooore,4,5,¢,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20) ]
000@MooooDDObOOoO0oooooooomm

ugboodgogd boobooboogbobobobbbbobobdoobooobobob
gooon

unit :: a -> [a] -- 00010000000
unit a = a : []

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

gbooobooooooboomooobooooooooooooooboomm

[t | ] = unit t
[t | X <-u, P] = bindu (\ x -> [t | P])
[t | b, P] = if b then [t | P] else []
=

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

U0O00dpb BoolODUOOPOOODODOOODODDODOD
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B W =

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

gooooboboooooog

= bind [1..3] (\ x > [(X,y) | yv <- [2..4], odd (x+y) 1)
= bind [1..3] (\ x —>
bind [2..4] (\ vy > [(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 []))

gbogbbooooooooobobobbboooooouooogoo

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

++ X : gsort [y | y <- X5, y >= Xx]

gbbooooboobobbooobooboobobboboboboobooobobooboobooo
ogn

03134 000000000000 O000O0O0OOuwit,bind00OO0OOOOOO
1~ [ (xl Y) | X <- [11 25 3’ 4]5 Y<‘ [5’ 61 7] ]

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

0 3.13.5 primesd 00000 [2, 3, 5, 7, 11, ... 1O00000O00OO0OO0OO
gmoobobooooboooboobobobom

oobd: “0000000 (EBratosthenes) DD OO0 00O00O0OO0O0O0OODO
ogogoboobpoobbboooooooobboooboooooo

l.200000000000

2. 0Jpgboooobooooooooobobobbomooobo “noor
(steveyU OO ODOMD

3.2000000

gbooobobooooobooooobooobooooboooboooobonDo
goooboboooooooboobobobd

gobooooboobobbbooooooboobooboobobboob 00
gbOr”0b0boooboboobcoboboooooobooblcoonOon
gooboooboooobooooobobooooboooboooo woooobobo
gobogobooggg
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03136 DO0OUODO “O00000DODOOP0ODbO0ObOO0ODOO

314 8U U gog

gboooooobooboooooboooobooboobooooDbon

JUuboooobooboboo bbb oobbooooooooboog
gogooboooooobbobooobobbboooboooooobobbo
gbooobboooobooooobobooooobooboobooooboo
gogboboboooboboobooooboboboobbboobboobobbboon
gooboooooobobbboooooboooooonbooDo

gboogoobooboboooooooboogoi4,e,1,5,2,8,3,7]0000

/@///
////%//

///w/
%////
///%////

///%
///w/
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W N =

safe p nOOlength pO 00000000000 pO0O0O0OO0OO0ODOOOOO
0000 length p + 1000 00000000000 0O0O0O0OO0O0DOOOO

oo0OoooOoon

safe pn =

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

check (i,j) (m,n) = j==n || (@A+j==m+n) || (i-j==m-n)
000 0allO

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

all p [] = True

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

googbooogooobbooooooobor:.. 1o ry,z,s, ...
oooooooobon

Q3.14.1

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

100000

> safe [1,3] 5

True
> safe [1,3] 2
False
oooo
W
% /”/%
/427
7 %%7
/27 7
Aéégz
Q3.14.2

1. safe [1,4] 2000007
2. safe [1,5] 30000007

bbb mdboboboobooboobooobobobboobbonbn

goboo0ob @Uoob)odb queensO0 0 0O0OO0O0OO0O0DOOO

queens 0
queens m

(011
[ p ++ [n]
| p<-queens (m-1), n<-[1..8], safe p n ]
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oo

> queens 1

[[11,[2]1,[31,[4]1,[5]1,[6]1,[7]1,[811}

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

00000000 head (queens ) L 0UDOOO0OOOOOOOODODO

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

000000000000 DODOO00ObO0000oO0oooOOoooDOoonooDOOooonog
ogooooooooooooo [1,5,8,6,3,7,2,4]000000 O queens 70
0o00doooOoOdo00ddodoDoOdodDdo0do0oDooOooooon
O000000000000000Oqueens 70000000000 head (queens
il bobibooooboobobooboOog Prologd
000000000 @O oOO0OobOOO packtrack)D OO OO0 OODOOOOODOO
0000100000 bO000bo0o0boDooooobDOoooooooooboooo
0d0oodoooOolgboboo0ooooobooooobooDooooooa
oodoo
0000 queens 800 0O0OO0DOODO

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

ooooboe200b0obbooooD

03143 00000080b0b0boooboooooobooobooooobobon
gbooooooooobooboboooboobobbooboboonoobon

00o

7 /%
03144 00000000000000000 ///
0000000 000000000000000 %7 4%
O00005x5000000000000000 / / )
O000000000000000000 100 %
00000000000 0000000000 % 7/

031450000000
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. 0b0booboboo00oboobobo3sbooooo3poboooD200
gboooo0boboo0oooboognod shuntsull 00 M kotsull O 0O [T
toitsu] U0 000000 0ODOOOO0

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]
[e3,31,[07,711]

2.140000000 IntO0O0O0O0OO0OO0ODOODOOOO0O0OODOODOO
ooboboobooobobb0boooooooobd chinitsuOO00O0O
oobobobooooooooboo3gobboooooooo3gogo
oo 40000020000000 10000000000DO

N

ejse

Y
- JIgE-+-

Py

315 0o oooooooboood

U0 [1J0DHaskelOODOODDOOOODODOODODODOOOO 2100000
U HaskellOOOOOOO0OD0OO0OO0O [3]0 HaskellO OO O OHaskell 0 0 OO
U0o0oboo0obo0o0oboobO0 40 b00bU0bOd HaskelOD OO ODO
U000 HugsOOODOOOOOOODOOODOODO [5]00HaskelOOODO OO
gbooboooboboboboobogoob eplbbooboooboboooooo oo
ggoobooobboobboo ibobboobbobbboobobbbo
O@joboboooooogooooooDboD 200504000 20060 3000
U0000 HaskelOOOOOOOOODODOO 910 HaskellDO OO DOODOODO
O00000 Haskel OO OO “O00 0 “0DO00000000 [10]0 Haskell
UbOO0OO0OMirandaO O OO0O0O0OOO0OOO00OO0ODOOOODOODODDODDOOO
oooogooooogoo [, 12, 3jocoobooobooooooooobooon

ooooggd
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