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struct _list {
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}
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00000000 DObOOoOO00ooOoDo0obOoOoODoODOo0oOooDOoooooa
0d0odoboooooonOral ->»[b] -> [(d, ]OOOOOOODOODOO
[Char] -> [Integer] -> [(Char, Integer)]0U0O0OO00O0OOOOOO0O0O
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-> Integer)] 00 0O0OO0OOO0OO

gooooooooooono 0O 0 O 0OHaskell O oooooooao

O0oooooooooooooooon
goooooooooooooooooooono “:»:»»o00b00o00ooooao
ooo :: 0

oobb000 id0 factO0OO0DOOODOOOOODOOD

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

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

ooboooooooboobobbobobob0oo0obOobObboDbOUd OHaskell
gobbobobboooooooboon googd
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-- Prelude] lengthO0 00O OO
myLength :: [a] -> Integer
myLength [] =0

myLength (x:xs) = 1 + myLength xs

00000 0OmyLengthO O OO OO0OOO [JODOO 10000000DOOO
goloooooboobobooooob 20000000 bb0O00bODbDOO
U0 xO000000000000000 xs000000M0 OO0 OmyLengthO O
0000000 length :: [a] > Int0UO0000000D0O0OO00O0O0O0OMOD

gooboobooooboooooooooobo “«coobooobooboobon
goooboobobobooDbooo0oubUl myLength OO0 Ox0O00O0O
goobooobooodgd

myLength (_:xs) = 1 + myLength xs

O00000ooooo

caseJof 00 0O0O0OO0O0O0O0O0O00O0OOOcasedofO0000O0OO0OOO
0o000000o0o0oooboonooooooooO

case O ¢ of {

gooao 1 —> O 15
DDDDQ -> Dz;

oooo, -> 0,
}

Ueoobbobboboooobooobbbbbob0ob0boooboo
u,b0oooog ,gouoabogbgood ,bbobogbaoood

if 0 then 0, else 030000000 caseJof00O00OOOOOODO
gooooooon

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

gbob0letO0O0OO0O0OD ADODODOOOODODODODODOOOOO
oboboobooogod

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

gobooooooobobooboooobobboonoobobooooboboboon
goboooobooobobooboboobooo

0351 00000000000000mysumd 00000 0O0O0000 sumU
gboooooooooooboom

0352 0000000000000 myProd0 0000 OO0ODODO product
goooboobobobobooooood
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03530000000 [Bool]l]O 200000000000 OOOOOOO0O
00 fromBin :: [Bool] -> Integer0 00000000 OfromBin [True,
True] O 3, fromBin [True, False, True, False]O 100000
00O0:0000000000DO0bO00O0bOO0ooOoooO

000 :00000000000000 fromBin [True, False, True, False]
O (1%x2+0)x2+1)x2+0 fromBin [True, True, False, True]l O ((1x2+
Hx2+0)x2+100000000000

0354 0000000 [Beol]O 20000000 OO0O0OOOOOOODODOO
O fromBinRev :: [Bool] -> Integer0 00000000000 OO0OODOO
O00000O0000000000000 OfronBinRev [True, True, False,
True] 0 1+2x(1+2x0+2x1)=11gp 0000

0355000000 xsO0O0OO00O0O0OO0O0O0O0O £000000000000
00 £0000000000000000 sumf :: [Double] -> (Double ->
Double) -> DoubleO O O0OOO

035620000 x,xs000000000 xsO0 xO0000O00ODO

1. 000000000 00000000 ooooooo0oooooonb
deleteOne

2. 0000000000000000 deleteAll

gbooooooboo

0357 000000000000000000O0O0O00O0DOO00OOO0O000
00

evalPoly :: [Double] -> Double -> Double 0O 0O O O O OO O O 0O
[1, 2, 3, 410000000 1+2x+3x +4° 00000000000
evalPoly [1, 2, 3, 4] 10000 43210000

36 UUOoooond

0ddddodoododooodbOooobOO0bOOoooDoOOobOooooOoood
0000000000 0000000000 0bObO0000oOoOoooOooOom O
00000000 CcOO000O0Oc =getcharQQ; DO0OOO0OOOOODODOOO
O0cO0O0OO0 getcharQUOOOOOODOOOOODOOODDOOODODODOO
O0000ooOoo2000000000000000000000DOO000OO
000ObOO00000oo0ooooobOOo0oooooOooboobOoooOoooa
ooodad

0000000000 reverse:
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-- append Prelude]l (++)0O0O0O0OO

append i [al > [a] -> [a]

append [] ys =ys

append (x:xs) ys = x : (append xs ys)

-- reversel Prelude 100 00O

reverse i [a] -> [a]

reverse [] =[]

reverse (x:xs) = append (reverse xs) [x]
O00000o0oooa O0000000o0o0oooo
gooooao

g0o0o0o0ooooobooooa

-- shunt 0 revO O OO0

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

shunt ys [] = ys

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

rev i [a] -> [a]

rev xs = shunt [] xs
OO0 revO0OO0O0OOO0OOOO Oooooooon

godobooooooobooooo
revl reverse U UUOUOU0OO0O -O0O0DO0O00OO0O0OOODOOO0 xsO
uog

rev Xs = reverse Xs

ooooooooboooobo
gbooooboobboboooobobobobbooboooo

shunt ys xs = append (reverse Xxs) ys

Oo0o0n Oooooooooooo
ooe:

xs = [JOO0O:

xs = z:zsOOO:
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0361 000000000 xsOOOODO
1. append xs [] = xs

2. append xs (append ys zs) = append (append xs ys) zs

goooboob0dxsOODODOOO0DDOOOODOOOO

37 Jo0ooooooon

goboobOobooob0obooboo00oooooobO Preludel OO0 O
obooooooooboooon

goobooobooobooboboboboooobg

gboogoooboobobooboboobobboobubobooooooooboobooboo
ugooogooo

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) = f x y : zipWith xs ys
zipWith f _ _ =[]

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

iterate :: (a -> a) -> a -> [a]
iterate £ x = x : iterate f (f x)
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15
16
17
18
19
20
21
22
23
24
25
26

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

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

concat :: [[a]l] -> [a]
concat [] = [1
concat (Xs:XsSs) = XS ++ concat XSS

037100obooboobgoobogbooboooboboooooboboooooboo
ogoo

1.2000000 0o000000001O00000O0000O...0000000
00000000000 countEq
0oodOd countkq [1,2,3,5] [2,2,6,5,3]0 20000

2. 00000000000000000DO0O0 <»»O0000000000
0000 addSemicolon
000 addSemicolon ["abc", "xyz", "123"] 0O "abc;xyz;123;"00
o0

38 Dooouoggad

Haskel 0000 0O00O0O000O0O0O0O0O0OCOOO0O* >™M0O00000000

goooo<rgoooobooooboboobbooboooooobooobooo
gooboboboooboboooboobboooooooooooob bbOon
U0 Prelude 0 00000 zipOODODO

zip :: [a]l] -> [b] -> [(a,b)]
zip (a:as) (b:bs) = (a,b) : zip as bs
zip _ _ =[]
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O 01NN B W=~

0o0d zip [1,2] [3,4]00000000000 [1,2] ‘zip* [3,4]0000
gooo

Q3.8.1 append [1,2] [3,4,5]0 ‘O‘000000O0OOOOO0O

U0000000D00000D D0 Oinfix], infixr, infix00 000000
oooodooboobobbbooobboboobbUd OPreluded Haskell
gboboobooboobooooooooooobbobobooooooobooD

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

4

3

2

1

1

0

rem‘, ‘div‘,

*, /, ‘quot‘, mod‘, :%, %

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

infixr ||

infixl >>, >>=
infixr =<<

infixr $, §!, ‘seq

infix1QJ Oinfixr(Q O00D0O00 infixO0DO0OOODO
gobooboD—000 1<x<20000000000000002000000
gboboooboboboooooooobo«~0 +booobooooboon

Q382 000000000000 DO0000DLOOOO0OOOOOOOOOOO
1. x ‘rem‘ 3 /=1 2. xs !l 9 : ys ++ zs

gooboooooobobooboboobobbboon “¢cu“9Hroobd
goobogooboooboboboooboboug 20 1200000
gogobobooobooboooooobooooboooboon

Q383 00000 ooOoooooon
1. +) (™ 2x1 2. (++) xs ((++) ys zs)

39 Jdooooboood

Haskel D OO0 O0O0ODOO0ODOOO0OO0ODOOO0O0ODOOOOOOODOOOO
gobooboooooboboboboooboobobbboduoodbounbd map
oooooooooooboogooooa

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

Prelude> map (zip [8,7,6]) [[1,2,3],[4,5,6,7]1,[8,9]]
(re,n,,2,6,3>1,008,4),(7,5),06,6)]1,[(8,8),(7,9)11}
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Haskel OO OOODOOODOODOOO0ODOOOODOOOOODOODOOO @2%0O2

oobobo¢2u20b00boogoobooboooobooboobooogo
gooobogog

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 00000000000000ODO0
1. (xs++) 2. (119

000 «“->00o00bo0o000dn «-»0d0d0obogodcG-2yo0o0o000a0ad
00000000000 subtract0O0 O00O subtract x y =y - xO00O0
00000 Osubtract 20000000000

310 JOogad

letJ 0000000 DODOO0OODOOODODODDOODOODO0O0O0OO0
let 0000000000 in O

gogooooboo

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

-- headll Prelude 0O 00O

head ys = let (x:xXs) = ys in x

-- head (x:xs) = x 0000000 O0OOO

AW -

gooooo

Q3101 DOODOOO0OO letOODODDOD
1. 2700000 pow27

2. 0000000000000DO00OD0ODOOD0 tail

Uboob 4000000 pow400 0000000 Oy*xyODOODOO yOD

oodo 00o0dd0ddodooOoooD “odooOo»ooooon
ooooooo 000000000 oooooobooboooooooooa
1 -- repeat ] Prelude ] O 0 0O O
2 repeat :: a -> [a]
3 repeat x = let xs = x:xs in xs

gbooooboxgobobooooooo
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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, ... *#

00000000 0OHaskelOO “O0000000O0O0O00O0OP000000
Uo0obDobooobob0o0o00o0o0bU HaskellOODOODODODODODOOOODO
oo

Q3.10.2 repeatlList [1,2,3]0 [1,2,3,1,2,3,1,2,3, ... ]O0OO0O0OO0O
000000000 repeatLlist :: [a] -> [a]OOOOOO

03103 000 0000000000000 000o00ooooooooood
0 powerset 0 OO OO

000 powerset [1, 2, 31 O0 ([[], [1]1, [2]1, (31, [1, 2], [2, 3],
[1, 3], [1, 2, 3]]O000MO0OO0O0O0O0OOOOOOOOOOOO
O00:. O00O0OoooOooooooooooo

O00OOwherel wherelOUOUODOOOODOOOOOODODODOOODO
goobooboobobooobooobobooobobobo

ogoo oobooood =0
where 0 00O 000OO00O0O

goooboooobmobbooooobooboboooooboooooon
ubooogooobbooooobooobobbobbOn pow4,head OO O
gooobgoooooooon

powd x = y*y

where y = x*x
-- headl Prelude 0 000
head ys = x

where (x:xs) = ys

311 0000oooooo

goobooobboobobooooboboobbboobbooboooooooobo

OooobOoobooooooon ooboooooobboboooboo
god U algebraic datatypeJ [0 O O O
ooo0oooooooboooooooboooooo
data OOO0O0 OOO, 000, ... OO0

=0000 ¢ 041 ... Oy

IDDDDZDZ,I--- O 24,

| 0000 »w Ot or O mn,

‘Cul-c000D0ODO
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boobdobooboooobbboobobooboooooboobobon

g oboobooboood
oobooOoOobboO000oo0bobooobOooogocn Javad OO0 enumO

gooobobobooobobobobboobdgd

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

North, South, West, East 0 4 000 Direction 00 000 OO O M deriving
...0o00oo0ooooooOd

Qinapoooobogboooobboboooboooobobooob rResOO
ogooo

gboobooooboobobboouooboooooooooooobobn
goboooboboooooo

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

0000000 Branch Empty U 200000000 0Empty0 0000000
oob0ob0obo0oobobdOBranch 3000000000001 000 30
oobooboobooboobobbobo2b0000o0oobOo0bUbBranchd
ogooobobooobog

Branch ::

ogooddad 00000000 Integerd StringO O OO
000000 000o0ooooodnbd Tree Integerd 000 Integerddd
U000000b0Ob0d00OTreed 00 O000O0ODODOO (type constructor) [
00odooooooboooooobooooooooon

00000000 boooonog TreedOOdd

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))

0db treea0 0 000O0OO0DOODOOOOOOODOO
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TreeJ0 000000 OO00O0O0O00OOO0OOOO0OO0O0O0OO0O0O0O0O0OO0OAO
gooooo

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

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

03112 TreeO0DO OO0 O DOOOOOOOODOOOO

size :: Tree a -> Integer -- OOO
depth :: Tree a -> Integer -- OO
preorder :: Tree a -> [a] --Ooo0oo0oao
inorder i Tree a -> [a] -- O0oOood
postorder :: Tree a -> [a] --Qgooa
reflect :: Tree a -> Tree a -- 00O

000 O®size tree4,®depth treed, @ preorder tree4, @ inorder tree4,
(® postorder tree4, ©® reflect tree4 JOOODOOOOOQ® 4, @ 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) DO OO

03113 000 n00000000000ODO0O0OOODOOODOO0OOOOD
gogoooo

0 3.11.4 PL/O (http://www.inf.ethz.ch/personal/wirth/books/AlgorighmEQ®)
000000000 oOoooooon

goooobooboobobboo cooboobooooboboobobobooooon
goobooboobobooobbobooooooooon

data C = F { f1, £2 :: Int, f3 :: Bool } deriving (Eq, Ord, Show)

gboooboobooboooboooobobobobonon

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

uboobobooboogoobooooboboboobbobobooooooobooon
gooobobooboboooboobobobboboooobooooobooob
U“ooobobouo =070000000000000OD

vli=F { fl =5, £f2 = 12, £3 = False }

foo :: C -> Int
foo (F { f1 = x, f2 =y }) = x*x + y*y

I - 19



000D foo viOOO 169000
gboboooobooobobooobobooooboboobboboboobobobboon
oboooooooooboobbobobobobDviodoboOofrvi0OOOD 50
ggdg
gobboo“Ccboobob0 =0»0b0b0b0bbobooboooooooo
gobbobooboooboooooooboooboobbobboooobobobooo
obo0dvl { £2 =3 yO00O0OF { f1 =5, £2 = 3, £3 = False }J0O0O0O

3.12 HaskellD 00O 00O

Haskel OO O OODOOOOOODODOODOBOO0OO0OOODODOODOODON
x> M) NODDOOODOODOODOOoObOO MODOO oo xbboboobooo
UooNOO0ooonoooobooooooooD*“\ x > x+2) 370 34200
goooo

gooopgobbooooooboboboboogo

gbooouoobob pgboobobooooooooboobobooogono
uboooboobbobbbooboboooooo

M
I
M, M
oooboooboooopghobooooboobobboooobooboooobog
gooboooooboomobooboboobobooo

M, M
N S
M

gbboboboooboouooboboboobobobobobobobbdd ed
tdoooooobooboobooboooooooon

goooobobobogboobobobboooooppbbbbOooood
gbooboboobouobgbobobobouobobbbbooooobooogan

gbboooooooooooon ggad
Haskel OO OOODOOOOODODOODOODOOOODLDOODOODOODODOO
uboobooboboouobobbbobogoboaod ERERERE

ooooooooobogoog
gobbbood0oououbbD wiceDODODOODODO

twice X = X*Xx

000000 wice 2+2) 0000000000000 DOOOOO0OO

twice (2 + 2)

2+2)x2+2)
= 4x4
= 16
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U000wwiceODOOOODO 2+2) 000000000000 twiceOOOOO
gooooboooboooobbboboooboooobobobo@oobo*xobooo
goHhooobe+2000000000000000000DO0O0DOO0O2+20
ubbobooobood

gboobobobooooooooobbboobboboz«20000000
ooboooooobod

twice o *
N/ N/
+ %/+\\ 4
O0ooboo0oooooooooooobooon 0 lazy evaluation (][]

ggubgooooboaobboboobuobbuooboobooboboonod
uboooooobboobooobboobooboboobooboboooboobooboogn
googad

gbogboubuobooobbooboouoobobobbobobobooodgd
gobbooobooooooooooobon

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

-- takel Preluded 0000

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

take _ [] =[]

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

oo0 from 10 [1, 2, 3, ... ]0000000CO00O0O00OODOOOCO0OOO0O
Oo0odboOdn take 3 (from OO OOO

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)))

— - = 1: (141D : (1+1+1) : (take 0 (from (1+1+1+1)))

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

uboogogoboaoboooboon
O0C0from0 00000000 0ODO0OODOOOO *“..»000000000
gobooooooobooooonon

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]

I - 21
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[1,4,7,10,13,16,19]

oooo«.”00n

000000 Preluvde 0 000000 OO0OO0OOOOOODOOO
[ eg .. 1] enumFrom e;

e, e.. ] = enumFromThen ¢; e;

[
Le .. e ]
[

enumFromTo e; ep

e, e .. ez ] enumFromThenTo e; e; e3

gbogguboobbooouooboobobobbootboooooouon
gejgbooboogooboooboooboobobooooooboonpooongon

goobooboboobooooooboboooboooobboobooboon
vboooooobobobobooboboboobooboboboooboboon
ooooboooboooon

03121 take DO OO O0OO0OOOO0OOO0 nO0O0OO0ODOOOOOO myDrop ::
Integer -> [a] -> [a]OOOOO0O

0 3122 fibOOOOOoOOOOOOoODOoOoOoooDoOooDOooD
gbogo:00000000b00b0o0o0ooboooooboon ...
11 2 3 8 ...

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

000 : zipWithO O OO

03123 0000gopoobooobobo2b0b00obpooboobobooogogo
ggboooooobobboodbibd mergedd gy

03124 2-3/.50¢ j,k0 000000000000000000O00OOOO0
000000000 hammingO O OO O OOOOOOO 699000000000
000000000000 0On 5898240000000 0OODODONO

000 : map0 O 3.12.30 merged OO0

0 3.125 HaskelUDO DO OODOD OOODOOOOOOOODOOODOOODODOOOO
ooboobobooooooboooon

313 00000000 O List Comprehension[]

Haskell0 OO OO O O list comprehension 010 [0 0 0 O O OO syntax
sugar00 000000000 0ODODOOOOODOO0OOO00DOODOODOO0
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Prelude> [(x, v) | 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]

ogoo [1..10]10 [1,2,3,4,5,6,7,8,9,10] 00000000000 ,,000
oobooboooboboobobbooooboooobooboboobboon
ubobooobooooobobooboooogg

(O | oodg, ... , 000 1]

OO00o0OoboO0OOdOBeolDOODOD OO DOOOODODODOODO:
googooboboogooDon <=0

gbooboboooooboboobooboooooooboboobobobboog
gobgbbbooboboooooobboobobbobbooobooog
gbogodgbuoobbuooooobooobuobboooobogay

Q3131 0D00oDooooooaono?
L[ x*y | x <= [1, 2], y <= [3, 5, 7] 1]
2-[(X;Y)|X<—[1,4,7],Y<—[2;5;8],X<Y]

03132 00000 n0000000<x<y<n00O0000O0 x,y000ODO
00000 foo :: Integer -> [(Integer, Integer)] 000000000
goood

gooe...0000

03133 00000 »0000001<x<y<z<nO0000O #?+y?=2200
00000 x,y,z00000O0O0OOO chokkaku :: Integer -> [(Integer,
Integer, Integer)] U0 0O0O0OO0OOOODOOOOOODOO Ochokkaku 20
oooore,4,5,(,8,10),(5,12,13),(9,12,15),(8,15,17),(12,16,20) ]
000 oooooboooooooooo O

goooodgo ogoboooboobobobobobbbboboobooboobooon
gooon

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

bind :: [a] -> (a -> [b]) -> [b]
bind [] - =11
bind (x:xs) f = append (f x) (bind xs f)
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gboogoooboboobobbmobooooooboooobooobboboo

[t | ] = unit t
[t | x <-u, P] = bindu (\ x -> [t | P])
[t | b, P] = 1if b then [t | P] else []
[t | let decls, Q] = 1let decls in [t | Q]

O0O00ObpO BoolOOOOPOOOOODOOOOOODOOO
[x,y) | x <= [1..3], v <- [2..4], odd (x+y) ]

goooobooobooogooo

= 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 []))

gbooobobooooooooobobobobboooooooooooo

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

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

03134 0000000000000 0O00O00OOuit,bind0O00O0OOOOODO
1- I: (xl Y) | X <- [15 2! 31 4]! Y<‘ [5! 6! 7] ]

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

0 3.13.5 primestd 00 0O [2, 3, 5, 7, 11, ... ]O00000O0OOOO0OO
gmoobobooooboooooboboobom

Oobd: “00000D00 (Bratosthenes) DO D OO0 0O0OOO0OO0OOOODO
gbboooogobobooooboooooooooooobbooobooD

l.200000000000

2. Jpboooobooboooooooobbobobbomoobobo oo
(steveyU OO OO MM

3.2000000
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gbboooboooooooooobobobooobobooboobobboab
ooobooooooooboobobobn

gboooooobogoooobooobooboboboboobobo oD
gO”0b000ob0obobobcobobooooooboobcooonOon
gooboboooboooobooooobboooobooboooo oo o
obooogooooogo

03136 DUODOOD “O0O0O0O0ODOOOOOOP0000DO0OO

314 80U OO Og

ubboobboooubuooobodbooobooboboboobgad

gUb0UUobbo s uoobouobooooobooobbbo
gboboobooboobooboooooooobbboobbbooooboooboobo
gbbbogugoboobbobboobooboobbooobobbooooab
goboooboobobbbooobooobobobobooobooboboooooooo
goooopobobobobbooobobooboobon

gobboooooboooboooooooooboor4, 6, 1, 5, 2, 8, 3, 71
ooboooooooooo
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///%
/w.///
////w.
%///
//%/
M////W//
/%/%

safe p nO Olength pO0 00000000000 pO0OD0OOO0OOODOO
U000 length p + 1000000000000 O0OO0ODOOO0O0ODOOO

goooooo
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o
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10000

goobooooboooobobbooboooobor.]o e, 2, 3, ...

gbobooboobooaogad

Q3.14.1

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

goon
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Q3.14.2
1. safe [1,4] 2000007
2. safe [1,5] 30000007

oboobdmdbooooobooobooobooooboboobbonon
goboo0ob @uoob)odb queensO 0 OOO0OO0O0ODOOO

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

> queens 1

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

> queens 2
tf:,31,01,41,1,5]1,[1,61,(1,7]1,(1,8]1,[2,4]1,[2,5],[2,6],[2,7],/
(2,81,13,11,13,5]1,[3,6],[3,7],[3,8]1,[4,1]1,[4,2],[4,6],[4,7],/
(4,81,[5,11,[5,21,[5,31,[5,71,[5,81,[6,1]1,[6,2],[6,3]1,[6,41,.”
(e,81,17,11,17,21,(7,3]1,[7,4]1,(7,5],(8,1],[8,2],[8,3]1,[8,4]1,.
[8,5],[8,6]]

O00000000 head (queens )0 00000 0OOOOODOOOODO

> head (queens 8)
[1!5’8,6’3,7!2!4]

0ddoooooooooooobooooooooooooooooooooa
ogooooboboooooooo [1,5,8,6,3,7,2,41000000 0 queens 70
0000oooooooooooooooooooooobooooooooogn
0000000000000 0Oqueens 70000000000 head (queens
000000000 D0ODO0ODLOOOD000O0ODObLOOOoDOOg Prologd
000000000 (@ObOOD0O00d backtrack)D OO DOODODOOOOOOOO
odoolooooooooooooobooooooooooooooooon
000o0doooOol1odobooboo0ooooooooDooooooooono
oooon
OO00d queens 800 O0OOOOO
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> queens 8
[ry,s,8,6,3,7,2,4]1,[1,6,8,3,7,4,2,5],
)
,[8,3,1,6,2,5,7,4],[8,4,1,3,6,2,7,5]]

ooogoboo20goobooobon

0343000008 uoooooboooooboobpooooobooo
gbboouooubbdgbogbboaboobuabbooboboonoobobob

%/%

034400000000 0O0ODODO0OO0OOO //m
ubbbbdogbbunboobobbogooba /
ooopoOsSxsooooooooooooboog % / %

k\

\§
§\

\Q

ggobobobooboboboooo1b0
ggoooboogboboooobboooob ///

N

031450000000

. 0booogoooooooooono30obogoo20bonoooogo
Uo0b0o0oobo0obDO0bDO shuntsu, toitsu0 000000000

Prelude> shuntsu [1,3,3,4,5,7,8,9]
[[(3,4,51,[7,8,9]1]

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

2.140000000 mt00000000DODOOOO0O0OODOODOO
ooboboboooobbo0boooooobouoond chinitsuOooO
gbobobobooooooooboboo3gobbooooogooo3gbogo
gob40000020000000 10D0D0O0ODOODODOOODO

‘00 ®o@ :

2 00 1

‘H ® 6660 S )

AN Y J v J %(_/ L v J I\ v J
a7 T S e 7 a7

315 oo obooboobooobg

OO [1JO0DHaskellOOOODOOOOODODOOODODOOOD 2100000
U HaskellOOODOOOO0OOO0OODOO [3]0 HaskellJ O 00O OHaskellO O OO
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00000000 bO000bOoobO0 400000000 HaskelOODOODO
U000 HugsOODOODOOOOODOOODDODOO [5]O00OHaskelOOODO OO
oopoooobOooboOooOooo elobobooooooboooooooogon
guoobooobbooboboo mbobboobbobbbooboobobbd
O Rgubbobobooboooooooooo 200504000 20060 3000
U0000 HaskelOOODOOOOOODODOO 910 HaskelDDODODODODODO
U00000 HaskelOODOO “O00M 0O “0070000000 [10]0 Haskell
Ub0O0O0OMirandaO O OUOOOO0OOOOO0OODOOODOODODDODDOOO
obooogooooogo [, 12, B3joogbooboboogoobgobbooon
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