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org/ghc/ 00000000 DOODODO0OOWINdowsD DO OO0 O0OOOODDOODODOODOO
Oghc-***msiD000000D0OCOOCDOOOOOO
OO0 LinuxOO RPMOO OODOOOOOOOODOOOODOOOOOOOOOOOOO

3.2 GHCIOOOOO

GHCOOUOOOOOODOOOOUODODOOOgecO javacOOOODOODOOOODOODODOOO
U0b00ghcODODOOODODODODODO
O00OOoOU00D0OoOO0OO000ooooO GHCiDODOoOooooooGHcCiCDOoooooo

Prelude>

goooooboobobobooobooboboooobboboooobobobooboobobOoo
gbogooboobboobboobobooooo
GHCiDOOOODOOOOOooooDooooo

gooo oo | od

:1load file 11 fleDDODODODOOO

:reload T odoooooooouoooooooooao
:type expr 't exprO00O0O0OOOO

:cd directory :C gdoooooooood

17 goooooooad

jquit :q GHCiDOOoOooa

uboubboobboboooboouooboobbobboobn

Prelude> 1+2
3
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if 0 1 then 0O 5 else O 3

ga.d gbooobbooooo 00000 goouooouaood 0 Trued OO0 20
FalseOOOO 300000000000 0if0thenOdelsed 0 OHaskellDODODOODOOODOODO
goboboboobooobobobboboo

O000000factoriald D000 HaskellD OO DOOOOO

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

gooooooooboooooobod oobO0o0b00Ofact(m-1) 0O fact n-10
gbobobooboobaob Uboooooobobo0o00 n*(fact(m-1)) 0000
gooooogo

gogooboooobbogon bbb oboooobouoboo

gbboogood

0 341 fact 1000 0000000

000 0000000000000000000000000Schemdl consd0000000
0000 “ "0000nil0000000 __0000*"0 __ 000000001:2:[10
1:2:[H0000000

Scheme Haskell
nil []
(cons 1 nil) 1:[]

(cons 1 (cons 2 nil)) | 1:2:[]

ocoooooooooboooooooo ,swooO000000D00D0O0ODYrrO0*"0DOOOOO

goooooooboboo [1,2,3,4100 gooooog
gbooobooboobooooooobboooboobooooboboboobbooooobobbobo

U Integer 0000000000000 UoobOodd boubleOODOOODODODO

g O0000000COHaskelDOODODOO String0 0000000000000 O0OO
ugooooooon

type String = [Char]

0o00d00000ooObo00oo0ooOoa
type U0 =0

OO00O0OC0OOtypealiasl D0 O0O0O0ODOOO00O00O0O0O00OO String0 00000 O([Char]OO0O
gboooobbobooobobooobuoobouoobooboboon
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O OOtwple000000000D00OO0ODODOOODODOOODODOOOO,"0000000O0OOO
ooo“¢co%bobooooboboboobobooobobOoooobobooboooDboobooOoa,
a’)yoogoooo goooooobbooe, v, 3Hhobobooooo

Oo0oooooso

O00 0OO0OO0OD*“-»>"0000000000OInteger —> CharJOO0O0O0O0OO0O0OOOOOOD
000 Integer0 000000 CharOOOODODOODOO->"0 obooobooodOBool —>
Bool -> Bool OO OO gbobobooooooooooooon
gbbooboboooooboooobbooobooobobooboon

000 Integerd CharOOOOO0ODOOODDODOODOOOOOOOOOOOOa0 bOOOOOO
oooodooooooooooooooooon oddooooooooooooooon
0000000000 00o0oobO0o0o0ooooOonOfal -» [b] -> [(a, H)]OOOOOOOODO
O O [Char] -> [Integer] -> [(Char, Integer)]U000O0O0O0OO0OO0O0OOOOOOOOOOOOO
[String] -> [Integer -> Integer] -> [(String, Integer -> Integer)] 0O 0O0OOOO0O
aooo

ooooooooooooan O00O0OHaskellD  OO00O00O00C0COOCOOGOOO
ooodooooooon

00o0doooooobooooboOoobooDbOo “::»"O000b000oon

ogoo :: 0

0000000 fact000000D0OO00O0O000O0O0

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

0000000000000 DO0000000O00DO000000O00O0HaskellDODOODOOOO
goobooooobn oooo

35 Joonoooooo

HaskellO DO OOOOOOOODOOO 0Jo0ooooooooooooooooooon
0000000000040 00000000000000D000o0000oooo0ooooooo
goooad

length :: [a] -> Integer;

0.

length [] ;
1 + length xs;

length (x:xs)

Ub0b00000OlengthO0OOO00O0OO0O00O [JODOO0 100000000000010D00OOO
000000000 2000000000000 00DOODOO0ODOx000000OO0ODODOODODO
xsUogooooo

000 HaskellDO OOOOOOtypeclas§ 000000000000 0000000000000DOOOOOOO0O
gooooooooboooboboobooooooobOoOobOboOoono

‘000000000000000000000000000000000000000000D0000O000O0O0OO0
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doo0oO00ooO0ooO0ddddodobOOooo *roodoooobOo0gooooooOooDooa
000000000 0DO0O0D lengthOODODOxOODODOODODODODOOODOOO
length (_:xs) = 1 + length xs

ooooooobgon
caseJof D0UODOOD0DOO0OO0ODOOODOcaselof 00 O0OOOOODOO

case [ g of {
DDDD1—>D1;
DDDD2—>D2;

0000, -> On
3
e Y0 A A
goooooooono nOooooooooooo
if 01 then O o else 030000000 caseJof 00 00O0O0OOOOOOOOOOOOONO
case [0 ;1 of { True -> O ,; False -> 0O 3 }

O0O00OletO0O0 0000 AQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
00O
\ (x:xs) -> X

ugooggg
035100000000000000 mySumDODODOODO

03520000000 [Bool]O 200000000000 DODO0ODO0O0O0OOOO fromBin ::
[Bool] -> Integer0 0 000O0O0O0O O fromBin [True, True] 0 3, fromBin [True, False,
True, False]O 100000

000:00000000000DO0000D00DO0ooO

0353000000 xsOOOUOOOOOOODO fO0000O00O0O0DO0OODOO0OO fFOO0O0DOOO
O000000000 sumf :: [Double] -> (Double -> Double) -> Doubled OO0 OO

3.6 DOOOODOOO

gbbbobboououoobooboooobooboooobobooboboooobaboo
gbooooboobbobbobbobboooooooooouoobooooobooboobobooooboon
2000000 obo0oobpooooobooobDobooboUo oo oDoobbOoDOobbobDODoD
gbobodobboboogobboooboboooooo

0000000000 reverse:
append :: [a]l -> [a] -> [al;

append [] ys ys;
append (x:xs) ys x : (append xs ys);

reverse :: [a] > [al;
reverse [] = [];
reverse (x:xs) = append (reverse xs) [x];

gobboboboooo gobooboooobooboooobooooooo
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gooobdooggoogoon

--shunt 0 revOOOO0O

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

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

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

U rev0ogogogooagno ggbobodboodobooboobon

oooooao
revd reverseJ UOU0O0O0O0O0O —O00O0O0O0O0O0O0OO0O0OOO0O0O0O xsOOOO

rev Xs = reverse Xs

oogooooobbooooo
gboboboooobooboobobboooooooooon

shunt ys xs = append (reverse Xs) ys

oOoo0ao O0oo0oooooooon
oo:

xs = [JOOO:

xs = z:zsOOO:

0361000000000 xsOOOO0Od
append xs (append ys zs) = append (append xs ys) zs

gboogbobodxsooooooooooo
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3.7 DOooooboogon

00000000 HaskelDOOODOOOOOOOOOOOOOOOOO® 000000000
goooo*rooooboboobbooboooobobbooobobobboobDob0boUooUo
0ooboboooooooooo0ooooooooooooooonooond zipO00O0O0O

zip :: [a] -> [b] -> [(a,b)];
zip (a:as) (b:bs) = (a,b) : zip as bs;
zip _ _ [1;

obo0D zip [1, 2] [3, 4100000000000 [1, 2] ‘zip* [3, 4100000000
00000000000 0b D Ointix], infixr, infixO00 0000000 O00C0OO0O0OO0
0000000000000 D000000 OPreludel HaskellD OO ODOODODODODOODOODOODDOODO

gboboooougoboboooo

infixr
infixl
infixr
infixl
infixl
infixr
infixr
infix

infixr
infixr
infixl
infixr
infixr

* /, ‘quot‘, ‘rem‘, ‘div‘, ‘mod‘, :%, %;
+’ -

++;

==y /:’ < <= 3=, >, ‘elem‘, ‘notElem‘;
&&;

I

>>, >>=;

=<<;

$, $!, ‘seq‘;

SR RLPRNWHAULITULIOI N 00O O

infix1 [0 Uinfixr [ Uo0obbo0oD infix0O00O0O0OD0OOD0OO0DODOO
ooooooz20000o0oobo0oobDbOobOOoOooboOoDbOoDpo+*0 +O0ODOODODDDO

gbooboooooboooobobbobooogobobooD *cosoboooobobobobo
booodootubb1+20 () 1 2000000000 0O

obobOd letOO00000O0O0OO0DOOODODOODOOODODOOODOODO
let OOODOO in O

gogoooogg

powd X let {
head ys let {

x*x } in y*y;
s) = ys } in x;

y:
(x:x

oopoDoobooboobob 4000000pow40000OD0DOOD Oy OO OOOD yoOooono

O do0oooooooooboOo “O0obo"oboboogooobbooon ooodn
00000000 o0o0o0o00ooooooooon
repeat :: a -> [a];

repeat x = let { xs = x:xs } in xs;

uoboboboobOxobOboooooobooao

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, ... °

SCtrl-c0 0D D00
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000000000 OHaskelDD “000000000C0ODOOD"000000O0ODODOOOOODOO0O
OO000OD0O0O00HaskellDOODOOOOOOOOOOODODO O

03710000000000000000000000O0000O0DOOOOOOO
evalPoly :: [Double] -> Double -> Doubled OO0 O

037200000000 0000DOO0ODODDODOOOLUOODLDODOOODbDODn powersetd OO
gdad

uod powerset [1, 2, 3]0 [[], [11, [2], [3], [1, 2], [2, 31, [1, 3], [1, 2, 3]]
gdomooboobboboboooooobooodd

3.8 JOOoooog

000o0o0ooooooooooooooooooodoobooooooooooooooon
gooooa goooooooooooooooooon O algebraic
datatype10 0 00O

00000000 o0oooooooooooooon

data 00000 000 000, ... 000
= 00001 014 ... O1p
Immmmzmzlm O 2n,
| 0000 m Omt - O mne
0000000000000 D0000000000000000000000000 sfsls

gooboooo
ooooboDoOOoo0ooooOobOoOoooDOoco0oblennmoobobOCOoOoobOoOoOOO
gog

data Direction = Up | Down | Left | Right I

Up, Down, Left,Right 0 4000 DirectionO0 0 OO0 O OO0O
00000obobO0bOO0b00o0o0oooooooboboOoooboooobooobooOooOooon

oooad
data Tree a = Branch (Tree a) a (Tree a) | Empty

OO000000 BranchD Empty 0 200000000 0Emptyl 00000 DOODODOOOOOODO
O0O00OD0OBranch 3000000O0DOODOO1000 30000000000 DOOODOODO
O020000000000000Branch0000000DOO0OOODO

Branch ::

odo0OaO 00000000 Integerd String0 0 00000 0OOOOOO
000000000 Tree Integer0 000 Integer 0000000000 OOOOOTreedd
O000O0O0oOoooao (type constructor)d O O O

000000000000 0n0 TreedOOOoad
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Empty :: Tree a

Branch Empty 1 Empty :: Tree Integer

Branch (Branch Empty "a" Empty) "b" (Branch Empty "c" Empty) :: Tree String
Branch (Branch Empty 1 Empty) 2 (Branch Empty 3 (Branch Empty 4 Empty))

:: Tree Integer

gbboooboobobobboooboooooobbobo

0381lTree0 000 00OODOOODOOODOOOOO

size :: Tree a -> Integer -- OO0
depth :: Tree a -> Integer -- 00
preorder :: Tree a -> [al] --O0oOooOoo
postorder :: Tree a -> [al] --0ooo
reflect :: Tree a -> Tree a -- OO
3.9 HaskellDODOOO
HaskellD DOOOOOOOOOOOODODODOOOOOOOOD 00000o0o00oon
oooooooooooooobooooooooooooooco .. OOooooooo

goooooooon
Jodooooooboiooddddouble0 000000000

double x = x+x I

00000 double (2+2) 00000000000 O0O00O0O0OOO0OO

double(2 + 2) 2+2)+(2+2)
4+4

8

O000Odouble0 00000 (2+2) 000000000000 doubleD OOOOOOOOOOO
00o00oo0o0000000000000@OO0000+00000000)0000 2+20000
gooooooogodoooooodoz+20000000o00o0o00ad
goooboooodbobobooboddooouoouobbz+20dbdooodooogoond
ooo
double + o+ 8
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ubboobooouoboooooboobo O lazy evaluation D O OO0 000 O
googoboobooobobooboooboboboboooooboooooooobooboobooboooon
gooobbooboboooooobboon

ubogoogboboobibboooouooboboobboooboobooooboobbooboon

ggooooon

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

take :: Integer -> [a] -> [a];
take O _ = [1;
take _ [] =[] ;

x : take (n-1) xs;

take n (x:xs)

ooQd from 10 [1, 2, 3, ... ]JO0O00O0OO0OO0OUOOODDODDDDODOOODODODO

take 3 ({rom DO O OOO
take 3 (from 1) — take 3 (l: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: (1+1): (1+1+1) : (take O (from (1+1+1+1))) — 1:(1+1):(1+1+1):[]1(=[1, 2, 3])

goooooboobooooon
0000000000000 000O0O0O00D000D0DO00ODO0ODODO00000 4000000
ggbboobboobuoooboobooobooogoood

0 391take0 0000000 DOOO n0OO0O00CO0OOCOOO myprop0ODODOODO
0392fip000000000O00O0OODOOOODODODOD

0 393primesti 000 [2, 3, 5, 7, 11, ... JO0O0ODOOODOODOOOOOO

O00: “0000000 (Eratosthenes) 000" 000000 COOOOOOOOOOOOOO
gbooooobooboooboboboooooon

1.200000000000
2. 000000000 0bOO0obDOobDOobOOoDOon
3.2000000

gboobooooobooobobobobbobuobooooooooooobboboooboobooboooo
gooooobobon

oooooobooboobOoobooboooboOoooobboobOoobDD “OooO0r"booboOOon
gooopbocoooooooobooobOoleooObobobbObOOODOObOUObOOoD
OO0oDoOooOoo0OCobO 1000000 ooooboooooboooo

0394200000 00bobooobooooobboobboooooobooooobobDOon
uuboodb merge0 00000
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03952.3 .50 kD 0000000000000 00O000ODOOOOOOOOODOO
hamming0 OO OO0

g3ee6ebbiooboboooboobooobboboooooooooDoob0oooooDobOOn
oooog

3.10 000 00000 d List Comprehension

HaskellD OOODOO 0O List Comprehension 00 000000 syntax sugad 0 0 0 O
vobodouooooodooogooooooodaodn

O

Prelude> [(x, y) | x <- [1, 2, 3, 4], y <- [5, 6, 7]]
[c1,5,(1,6),(1,7),02,5,02,6),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]

oooo [i..10]0 [1,2,3,4,5,6,7,8,9,10]1 0000000 7
000000000 oooOooooooooono

(O | oog, ..., 000 7

boobOodddBeolJOOOOOO ODOOODLDOOODOD:
ob <- 0O

gboobooooboboboooobooobooooboobooooboobooboobooboboooboooon
goboobooobobobooooooboobobooobon

0310100000 nO 000000« x<y<nOOOOOODO x,yOOOOOOOOO foo ::
Integer -> [(Integer, Integer)]UO 000000

0310200000 n0000000<x<y<z<nOOOO X¥+y?=20000000 x,y,z0
00000000 chokkaku :: Integer -> [(Integer, Integer, Integer)]O 0O 0O0OO0O0

U0 0b0gooobobooogooboobboboooooobogooooog

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

bind ::
bind [] _
bind (x:xs) f

[a] —> («’E]—> [b1) -> [bl;
append (£ x) (bind xs £);

gobobbooboboobooboo

[t] =
[t | X <-u, P] =
[t | b, PI] =

unit t
bind u (\ x -> [t | P])
if b then [t | P] else []
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Ugboo0dbp0 BoolODODOOPOODODOOODOOU

gbbgbobodbodgggboboobboioogogogoogaon

gsort [] []
gsort (x:xs) gsort [y | vy <- Xs, ¥ < X] ++ X :

gsort [y | vy <- Xs, y >=

0 310300000000000000000Ounit,bindd0000OO0O00OOO
1- [(X! YJ /X <- [17 2; 3! 4]! y <- [51 67 7]]

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

311 8 000ooon

gbobbobooboobuobobooboooboboboboboobad

guipbh0OUdbOO0ODbO8dDbOUUObUObUObObbObOOODDODOOOOUODOUODbOOUObODOD
booooooobooboboooobbobooobooboobobobobbooobooooDoo
ubboooobbououobooooobobobobobooobobboobbooboobon

gobooooooooobooobooboooobooor4, 6, 1, 5, 2, 8, 3, 7100000000
oooo

Q

Q

safe p nOOlength pO 00000000000 pO0O0O0O00OO0OOOOOOO0OO length p

+ 1000 n000000000O0O0O0ODOO0O0DO0O0OOOOO0ODOO0O0
safe p n = all not [ check (i, j) (1+length p, n) | (i, j) <- zip [1..] p ]

check (i,j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n)

g000allQd

all :: (a -> Bool) -> [a] -> Bool
all p []
all p (x:xs)

True
if p x then all p xs else False

goooooobooobooooooooor..ory, 2, 3, ... JOO0DOODODOOOOOO0

> safe [1, 3] 5
True

> safe [1, 3] 2
False
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goon

Q

e

000000 mOOCOOOOO0OO0D0O00O0D0D0ODDOOODOOOOOOOODOOOOODO (@

000)000 queensO0 0000000000

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

goo

> queens 1

[ri1, r21, [31, [4], [5], [6], [7]1, [8]]

> queens 2
[rt,31,[1,471,11,571,[1,61,[1,71,[1,81,[2,41,[2,5],[2,6],[2,7]1,[2,8],
[3,111[3!5]][3’6],[3’7_7![3]8]![471.7’[4!211[4!617[4’7_7’[418_7![5]1]’
[5,21,[5,31,[5,71,[5,81,[6,1]1,[6,2],[6,3],[6,4]1,[6,81,[7,11,[7,2],
[7,31,[7,41,[7,51,[8,11,[8,21,[8,31,[8,41,[8,51,[8,6]]

00000000 head (queens 8 U 0OODOO0O0OOOODOOODODODO

> head (queens 8)
[175’816!317’214-7

0d0ddo0oboooooOo0oooo0ooooo0dooooooOoooooooOoOoooooon
goooo [ri, s, 8,6, 3, 7, 2, 40000000 queens 7000000000O00O00O00OO
0000000000 ooooooooobooobo0o0d0boo0ooogn dqueens 70
000000000 head (queens ) 000 00O0OO0OOOOOOOOODOOOOOOOOOOO
0000 PrologD 000000000 (backtrackl 0O O O0OOO0ODODOO0OOD1I000000O0O
odoodoooooooodoooboooooboooooooooooooolooooboooooooo
00o0D0ooobooooobobooooogo

0000 queens 800000000

> queens 8

[r1,5,8,6,3,7,2,41,[1,6,8,3,7,4,2,5],

)
’[87371’6721577’417 [8’4717376’27715.]_7

oo0oDO0O0O920b000ooogoo

guobogogad
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