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R E 70 LB

B (T, T,) IR 1 B£H T, ROBETHE2ERN L AOETHS
£S5 BEOH TERENZRTH 2,

(17.3,3) :: (Float, Int)
(3,6) o (Int, Int)
(True,(+)) == (Bool,Int — Int — Int)
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R E 70 LB

X DEAREIE

o BRLF (,)
(,) 2 a—b—(ab)
()xy = (xy)

o BRI fst, snd:
fst : (a,b) — a
fst (x,y) = x
snd  (a,b) — b

snd (x,y) =y

A IRT AR DB



R E 70 LB

B(Ty,..., T,) 38 1 BRA T, BOETE n B%H T, BOET
5% &S RECETERENZHTHS.

(17.3,3, True) :: (Float, Int, Bool)
(3,6,7,8,9) = (Int,Int, Int, Int, Int)

A IRT AR DB



R E 70 LB

HRE E DEARRIE

o nHBZIEBERF (,...,)

(,...,)war— - —ap—(ar,...,an)
(oooy) X1 oo Xp=(X1,-,Xn)

o 7EEBIRL sell:

Se/?2:(31,...,3;,...,an)—>ai
sel? (X1y.w oy Xiyenoy Xn) = X;

A IRT AR DB



R E 70 LB

AHE_E DBER D RE &

2RARH ax? +bx+c=0DRERD L.

o 2RARERN ax® + bx + ¢ = 0 ZfREDH (a, b, c) TKRIKET 3.
o ZDODIRZEXS (r,n) TKRIRT 5.

roots :: (Float, Float, Float) — (Float, Float)
roots (a,b,c) | d >0 = (r,nr)
where
n=(-b+r)/(2xa)
rn=(—b—r)/(2xa)
r = sqrt d
d=b>—4dxaxc

A IRT AR DB



R E 70 LB

AHE_E DBER D RE &

AR
BEH LOMANREZER T Ko

o BHIBH x/y ZEH DX (x,y) TRIRT 5.
o HEHDIEAN : norm (8,6) = (4,3)

norm :: (Int, Int) — (Int, Int)
norm (x,y) | y #0 = (div u d,div v d)

where
u = (signy)*x
v=absy

d = gcd (abs u) v

A IRT AR DB



R E 70 LB

BEHLOBEEDER

BEHOMAIERE FDESR

radd :: (Int, Int) — (Int, Int) — (Int, Int)
radd (x,y) (u,v) = norm (xxv+ux*xy,y*v)

rsub :: (Int, Int) — (Int, Int) — (Int, Int)
rsub (x,y) (u,v) = norm (x*v —uxy,y*v)

rmul :: (Int, Int) — (Int, Int) — (Int, Int)
rmul (x,y) (u,v) = norm (x*u,y * v)

rdiv :: (Int, Int) — (Int, Int) — (Int, Int)
rdiv (x,y) (u,v) = norm (x x v,y * u)

A IRT AR DB



R E 70 LB

BEHM EOEEDOERE

BEYOUBERFDER

requals :: (Int, Int) — (Int, Int) — Bool
requals (x,y) (u,v) = xxv==yxu

rless :: (Int, Int) — (Int, Int) — Bool
rless (x,y) (u,v) = x*xv<y=xu

rgreater :: (Int, Int) — (Int, Int) — Bool
rgreater (x,y) (u,v) = x*xv>yx*u

A IRT AR DB



R E 70 LB

D ERRT D2EHDESE
showrat :: (Int, Int) — String
showrat (x,y) = let (u,v) = norm (x,y)
in if v ==1 then show u

else show u++" /" +4 show v

A IRT AR DB



BERE & BIR L DBI%K

B E & BIEL L DBIEL

BHE (=) FIRTOREBDEED TH 5.
+, —, %, /, square, (M), ord,...

BEIEH S BRUDEZSIBICEDSBL, HOWBIERDEZ
BRELVTRI ZENTES.

= i B

518 E U CRBZ &S, HDWEHRERE U TREBZRI B

Bl MAEET
9 mEm  mEa
dx

A IRT AR DB



BERE & BIR L DBI%K

B DGR

RIS R

(uB—=7)—(a=p)—(a—1)
(f.g)x="f(gx)

Bl
quad :: Integer — Integer
quad = square . square

i3]
id.f=f.id=f
(f.g).h="Ff.(g.h)

A IRT AR DB



BERE & BIR L DBI%K

B D M IEE

B DEZE
f==giff FRD xICXHLT. f x==g xHEHEDIID,

RDZDODEEHNEFL L\,

double, double’ :: Integer — Integer
double x = x + x
double’ x = 2 * x

A IRT AR DB



BERE & BIR L DBI%K

HEEMF . A—- BICWULT, ADEEDE X ICTLT,

g (f x)=x
ERBB g% f DU E W, —RIIC F L &R
5l - BIER
f = Int — (Int,Int)
f x = (signx,abs x)
FHEHETHD, ROFEHZED.
f1 . (Int,int) — Int
f~l(s,a) = sxa

A IRT AR DB



BERE & BIR L DBI%K

IER A% & FFIETRBI %L

o IFHREA¥
o EE !f L=1 THBKLOBEH F Z EEEIH (strict
function) &W 5.
o fill : square(1/0) = L

o FEIFHREIEX
o EF . IR THUVLEK
o il i ROEHRICDODWTEZL S,

three : Int — Int
three x = 3

TDEEIT, three (1/0) =3 TH 5.

A IRT AR DB



BERE & BIR L DBI%K

AR 0 A B

AX. X + X
Ax.x+1

M x.f (f x)
(= Af. (Ax.f (f x)))

7E D Haskell Tl Ax.x + x Z \x-)x+x DL S ICE <,

A IRT AR DB



YR KDESE

YR ~EZD LEDOBEHK ap & filter
BI%

YRR o] RIGRICIBREDD W, Bt o THIEDEED T

»H3.
[1,2,3] o [Int]
[/h/7/ e/’/ I/’/ I/7/ O/] [Char]
[11,2],[3]] = [[Int]]
[(+), ()] 2 [Int — Int — Int]
[] S E]
[1,” fine day”] DA RKNTEARN

HEOZL OB TEENBEETHDID ERAERIC, BH7OT S
SVTICEWTIRY A D EERKRENZRIDTH S.

A IRT AR DB



YR KDESE

YR ~EZD LEDOBEHK g map & filter

fold BI%X

U R~ DEBRRHTER

data [o] = []| a:[q]

Q ZURK[] I [a] DERTHS. [] € o]
Q xe[a] B5lE, acalcLT, a:xea] THS.
Q INSLULC [a] DERTIEARL,

eI

[a0, a1, --,an—1] = a0 : (a1 : (- (an—1: [])))

A IRT AR DB



YR KDESE

YA~ EZD DR

U X~ EDOEREEH

X NERTF
[]: 22U R NEEBBHT

[]: [
() - YAMDFRICERZNIFMA 28T

() = a—[a] = o]

A IRT AR DB



UZX~DEH
EAREH

YR ~EZD LEDOBEHK nap & filter

old BI%

U X~ EDOEREEH

DX ZREY 2%
head SR [ o'
head (a:x) = a
tail 2 [o] = [a]
tail (a:x) = x

YR EHIMTY B R
null . [a] — Bool
null ] = True
null (a:x) = False

A IRT AR DB



YR ~EZD LEDOBEHK nap & filter

old BI%L

YR~ EOBRBDER : BIREHK

BRNZRT—45 2 0BT 2BEMIE—ROICBRNBERICKR 3.
A NDRE %K ZEE

length [1,2,4,3,3] = 5

length 2 o] — Int
length [] =0
length (a:x) = 1+ length x

A IRT AR DB



YR~ DERDIZ KD BEH

sum [1,2,3,4,5] = 15

sum o Numa=[a] =«
sum [] =0
sum (a:x) = a+sumx

A IRT AR DB



YR ~EZD LEDOBEHK nap & filter

old BI%L

YR~ EOBRBDER : BIREHK

“DOVURANZEETSEHN

[1,2,3] ++[4,5,6,7] = [1,2,3,4,5,6,7]

(+) 2 o] = [o] = [o]
[1+y =y
(a:x)+y = a:(x+ty)

A IRT AR DB



YA~ EZD DR

S

U2k EOEROES | HREK

RARY X NZFE{ET B

concat [[1,2,3],[4,5],]],[4,5,6,7]] = [1,2,3,4,5,4,5,6,7]

concat = [e]] = (o]
concat [] = ]
concat (x : xs) = x -+ concat xs

A IRT AR DB



UR hzBIRICT 2B

reverse [1,2,3,4,5] = [5,4,3,2,1]

reverse 2 o] = o]
reverse || = ]
reverse (a:x) = reverse x ++[a]

A IRT AR DB



YR ~EZD LEDOBEHK : map & filter

fold Ba%K
AN TOBRBDOERE - BIREH
last B3%KL
last [1,2,3,4,5] =5
fRE 1
last  [o] = «
last = head . reverse
L2 -
last [a] = a
last (a:x) = last x
EDZDD/IN—F VI overlap H'H Do RDBIHK last’ IFIEL < EHVE L,
last’ (a:x) = last’ x
last’ [a] = a

BT | AHALORE



HIRE
YR ~EZD LEDOBEHK =1 map & filter
= fold BI%K

U2k EOEMOTE | BB

U ~DRRUEHLERER

zip [1,2,3,4] [11,12,13,14] = [(1,11),(2,12), (3, 13), (4, 14)]

zip 2 o] = [B] = [(a, B)]
zip [1 ] = 1
zip(a:x)(b:y) = (a,b):zipxy

A IRT AR DB



YA~ EZD DR

S

U2k EOEROES | HREK

FERER D DELD H U

take 3 [1,2,3,4] = [1,2,3]
take 3 [1,2] = [1,2]
take 3 " functional” =" fun'

take i Int — o] — [o]
take 0 x = ]

take (n+1) [] = ]

take (n+1) (a: x) = a:take nx

A IRT AR DB



YA~ EZD DR

S

)2k FORBKOES | BB

drop 3 [1,2,3,4] = [4]
drop 5 [1,2,3,4] =[]

drop 2 nt — [a] = [q]
drop 0 x = X

drop (n+1) [] = 1

drop (n+1) (a:x) = dropnx

A IRT AR DB



YR ~EZD LEDOBEHK nap & filter

old B
U~ EOBHBDES - BIREK
UZ N ESET BB

splitAt 3 [1,2,3,4] = ([1,2,3],[4])

05 N
splitAt o Int — o] — ([, [o])
splitAt n x = (take n x,drop n x)
B2
splitAt 0 x = ([],x)
solitAt (1111 = (L[]
splitAt (n+1) (a:x) = (a:y,z)

where (y, z) = splitAt n x

A IRT AR DB



YA~ EZD DR

STiES

R

YR~ EOBE#BDER : BlF

VANDAVTUR

[1,2,3,4] 12=3
[1,2,3,4] 10 =1

(M 2 o] = Int -«
(a:x) 10 = a
(a:x)M(n+1) = x!ln

A IRT AR DB



YA~ EZD DR

2k EOBEMDES  map & filter

DX NDRERICERZERT 58K

map square [1,2,3,4] = [1,4,9,16]
map (< 3) [1,2,3] = [True, True, False]
map nextlLetter " HAL" = " IBM"

map i (Ot - 5) - [a] - [5]
map f ] = 1
mapf(a:x) = fa:mapf x

A IRT AR DB



YA~ EZD DR

2k EOBEMDES  map & filter

DX MDRERICHFEZ BB UREZBCSBVWERZIDERL
324

filter even [1,2,3,4] = [2,4]
(sum . map square . filter even)[1..10] = 220

filter . (a— Bool) — [a] — [q]
filter p [] = ]
filter p (a: x) = if p athen a: filter p x else filter p x

A IRT AR DB



YR ~EZD LEDOBEHK map & filter
fold B3%K

UX KN EDOBEEDER : map & filter

' X N NEEREE (list comprehension)

[x % x | x — [1..5], odd x]
= [1,9,25]
[(a,b) | @« [1..3],b « [1..2]]
= [(1,1),(1,2),(2,1),(2,2),(3,1), (3, 2)]
[(7,)) | i —[1..4],j < [i + 1..4]]
= [(1,2),(1,3),(1,4),(2,3),(2,4), (3, 4)]
[(i,j) | i < [1..4],even i,j < [i + 1..4],0dd j]
= [(2,3)]

A IRT AR DB



YR ~EZD LEDOBEHK map & filter

i fold B3%K

UX KN EDOBEEDER : map & filter
X NAEREH S map, filter TDORELEANDFIR

[a]a«— x] = x

[f a|a«— x] = mapf x

[e]|a<—x,pa,..] = |e | a« filter p x,...]

[e|a—x,b—y,..] = concat[[e|b—y]]|a—x,..]
BERBY

[x * x | x < xs, even x]
=[x xx | x « filter even xs]
= [square x|x « filter even xs] where square x = x * x
= map square (filter even xs)

A IRT AR DB



YR ~EZD LEDOBEHK = map & filter

fold A%

=& © fold BIEK

GRIEHAHBEE
foldr 2 (a—=b—b)—b—Ja]—b
foldr () e [] = e
foldr (®) e (a:x) = a® foldr (®) e x

ol

foldr (®) e (a1: (a1: (a3 :[]))) = a1 ® (a2 ® (a3 D €))

foldr iFY A~ EO—BBARTRABLBEHE/N—F U ZRELT
Wa,

A IRT AR DB



YA~ EZD DR

=& © fold BIEK

TRPEREIE : fold BIERK

foldr DEERAAI
sum 2 [Int] — Int
sum = foldr (+) 0
produt ::  [Int] — Int

product = foldr (%) 1

and 2 [Bool] — Bool
and = foldr (N) True
or . [Bool] — Bool
or = foldr (V) False

A IRT AR DB



YA~ EZD DR

YA~ EOBEBDES :

foldr DEERRHA :

concat
concat

reverse
reverse

map
map f

filter
filter p

[[a]]l — [e]
foldr () []

[o] = [o]
foldr postfix [] where postfix a r = r ++[a]

(@ = P) = [o] = [F]
foldr ((:) . ) []

(o — Bool) — [a] — [q]
foldr (Aa r.if p athen a: r else r) []

A IRT AR DB



YA~ EZD DR

YA~ EOBEBDES :

FRIE A HBEE
foldl w (b—a—b)—b—Ja—b
foldl (®) e [] = e

foldl (@) e (x ++1a]) (foldl (@) e x)® a

Bl
foldl (®) e [a1,a1,a3] = ((e @ a1) ® a2) @ a3

HE A
RD pack B % foldl TEETE L.

pack [Xn, Xn—1, ..., X0] = Xp * 10" 4+ xp_1 * 10"+ x

A IRT AR DB



YR ~EZD LEDOBEHK #: map & filter

Id BI%

o HBIEMD?24,25,26,5.1,52 53%EEIT L&,

A IRT AR DB



YA~ EZD DR

AR DB



