PROGRAMMING IN HASKELL
A% 5324 Haskell

Chapter 7 - Higher-Order Functions
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twice :: (a > a) > a > a
twice f x = f (f x)
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Map BE%X

EfEZ473E% map (&, 518 ELTER NI

BE)ALDERETITERT S

For example:




map &I AFABREZTAHWTETHLRERICER

TZ5:

map f xs

= [f X | X « xs]

AEAEELT, 3
HLEETES:

map T []
map T (x

E[ZEEBRIZES =012, BilFZ)

[]

f x : map f xs
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Filter BE 24

=fES4 73" filter (X, YR LB EZH=T
BRIETZEVHT

For example:




filter BRIV RNNEBREEZRNTEERTED:

AIEAEELT, BIRERVWTLEERTES:




A = IA A (foldr)

JAMEZD Z<1F. BB IR/ NI —VICE>TESR

SNACEREF © EMHEAE v A/NSA—3):

f [
f (x:xs)

X f Xs

fIXRZEYRANEHEAE v ICE&RL. FEZEUR .
(REEER)E(EYDIANI f Z@EALIZHER)
ISEREF © ZEALERBRICERIT S




For example:

[

V = True
® = &




5> 4 75" E8%4 foldr (fold right, H&&AH ).
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foldr BEXIXBIFERLTERTES:

IL

ERIZ(E, foldr zHIRBIIZIEEET 5D TIE%EL,
J)ZRD cons (i) &EEF @ IZ,

#im [] ZFHE v [C, RIFICESHAHLEREIT NE

£ 1,2 5|MEIELEZENFLEEND) 10

IL




cons ()& D 2. Rix [| Z v [T E A

I foldr (&) v [X0, x1, ..., Xn]
= foldr (@)v(x0 : x1 : .. : [D
= X0 ® (x1 & (... (xner)v)))

foldr (®) v
—_—

/\
/\
/\
/\
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For example:

Replace each (:) }

sum [1,2,3] by (+) and [] by O.
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For example:

Replace each (:)
by (*) and [] by 1.
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foldr Z LN ={th DI

foldr IZE#iBIRE/NI— b L= 1F-H5.
MBEBEL EICZRGEAMETEETES

length B DWNTEZ THS:
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{5l Z 1L Replace each ()
by A_n - 1+nand [] by 0.

DT
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A N > 1+n [FESPHTKDHS?

length [1, 2, 3]
foldr f v (1 : (2 : (3 : [1)))
1 f (2 f (3 f v))
where <—£§\\f\\
v = 0 FE: 3 f v==fFf 3 v

fxy=1+vy
fF3v&EU.fF x yIFEZR3IZxIZC.#HEEVZyI[CH-
T. [3] DES1%Z:RT
f2 (F3Vv)EU.fxyIXEFR2ZXIZ.EYDJRF
DES1Z yIZEST, [2, 3] DES2 7R
fxy . EREXIC.ERYDIVRFDESEZ vy TS T,

yIZ1ZMATREERLN vV (£ 0)
fxy=1+y (X [FFIALELDT _ T+5)
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reverse [TDWTEZTHA;

Bl Z 1X: 4

—

Replace each (:)
by AX XS — XS ++ [X]

and [] by [].

~

v
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&ZIZ. DAFDERS (++) Z foldr [TE>THES THY
ZIZEERT S

(+4) xs ys = foldr (:) ys xs
TN

| Replace each (:) by (:) and [1 by ys. |
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Ax xs = XS ++ [X] [Z&EIR-TKRHAB?

reverse [1,2,3]
foldr f v (1 : (2 : (3 : [1)))
1 £ @2 f 3 f v))
where <—£§\\f\\
v = [] FE: 3 f v==fFf 3 v

f xy =y ++ [x]

fF3v&EU.fF x yIFEZR3IZXIZC. #EEVZyYICH-
T. [3] ORE: [3] Z#iIRT

f2 (F3Vv)EU.fxyIXEFR2ZXIZ.EYDJRF
DRER [3] Zy IZE-T. [2,3] OKES [3,2] 21BT

fxy . EREXIC.RYDIVRFDRERZ y [TE-T,
y DEAIZ [x] HELEURNEREILRLNV (X[])
fxy=y ++ [x]
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reverse 0D %8 &

BXZF)AMDOKREIZIEMT HEHEL snoc EA
SNOC X XS = XS ++ [x]

reverse [1,2,3]
r (1 (2 : C [1)))
‘snoc 2 ‘snoc (3 "snoc [])
CLl ++ [31) ++ [2] ++ [ ]
[1] ++ [3] ++ [2] ++ [1]
[3,2,1]

SNOC == AX XS — XS ++ [X]
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ZIZ, JAFDELE (+4) & foldr [TE>THES TR
RIZERT H:

(+4) xs ys = foldr (:) ys xs
TN

[ Replace each (:) by () and [] by ys. ]
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append Z foldr [Z&>TFEIH

foldr (:) ys
/\ /\
/\ /\
/\ /\
/\ /\
/\




foldr [ HV?

I sum OEHLN A ZLIYEZICEZRTES

i foldr zAVWTEZENT-EHDMEEIL. foldr D
A4 E (fusion 4° banana split R 81)Z AL T
‘E%’C%é

I ARG HRORDYIC foldr ZRALNSE. B
TS LDORBEIENEHITES

M
%7
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foldr (B EAIAAH)DEED

P f (] =
f (x XS) = X f xs
ZoNBE fxs (X, foldr ( ) xs EET5
i foldr (®) v [x0, x1, ..., xn] = X0 ® (X1 @ (... (Xn ® V)))

foldr @) v
———

/'\ /‘\
/'\ /'\

/ N\ / \
/\ /\

\ \
5/ I /

foldr (+) 0 xs
I product xs = foldr (*) 1 xs
I and xs = foldr (&&) True xs

! sum Xs
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CChvn foldl MEREAMNIRE S DN, foldr &

POTFEATZANIEE

A

LIZLTHERLY
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= A IAFH(foldl)

JRARREED 2L, B

S BRI NA— kS TES

NZ(EEF EERERODHIE H/S5A—4):

f xs = f’ XS
f’ ac [] =
f’ ac (x:xs) =

-

f' (X, ZVRALEZBIRRHADIEIZ, JEZE AR E,
(BRELEHEAEERICO 2HEALER)E
(BRYDIAR)IC f Z@ALERRICERT S

aC
£

(ac

X) XS :

f: f DFEBIEE %L
ac: TNETAIEL
- EERE R
JTHEREHN
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For example:

sum Xs = sum’ 0 xs

3y V_
sum’ ac [] = ac

3y y G_)_
sum’ ac (x:xs) = sum’ (ac+x) Xs

product xs = prod’ 1 xs V=1
prod’ ac [] = ac <<[CJ:'*J
prod’ ac (x:xs) = prod’ (ac*x) xs _

rev xs = rev' [] xs
rev' ac [] = ac
rev' ac (x:xs) = rev' (x:ac) Xxs

I
+ O
—

ﬁV=[] ®=Ays Yy -> y:ys Jn




=fES42 3B foldl (fold left, £ & HIAH)IE.
F2 (@) LERERDYHAE v Z51ELT.COE
MIEBIREN\I—VERETH

For example:
sum = foldl (+) O
product = foldl (*) 1
reverse = foldl (Ays y -> y:ys) []
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foldl BRI BIFZANTER TS 4!

foldl :: (a > b > a) - a - [b] —» a
foldl f ac [] = ac
foldl f ac (x:xs) = foldl f (f ac x) xs

=1=1%
foldl f ac (x:xs)

foldl £ (ac f x) xs

ERIZIX. foldl ZBIRIZIEEET 5D TITLKL,
v el @ ZFE
WTURMD X ZFIER T HEIEETARE

?ﬁz‘{’ﬁﬂ CIHRZZATVE, RRICZEDEZRT,
1 5134l ”'ﬂ:U&L\(ﬁE@éhé) 29
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SRERDOYAEZ v &EL.
EfEED © #AVT) A X EHERK

I foldl (&) v [x0, x1, ..., Xn]
=foldl(@)v(x0O : x1 ... :xn :[]
= (((ve® x0) @ x1) ...) D xn

foldl (@®) v
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For example:

sum [1,2,3] [E0ZBULT. (+) TEHMD

JALDREIIZERER DA H
HEHET D

foldl (+) 0 [1,2,3]

foldl (+) 0 (1:(2:(3:[1)))

((0+1D)+2)+3
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For example:

product [1,2,3] iE1%ELT, (¥) TEDLS

JALDREIZERERDAH
BRI D

foldl (*) 1 [1,2,3]

foldl (*) 1 (1:(2:(3:[1)))

((1*1)*2)*3
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reverse 2 foldl ZFHHU\TEH

rev [1,2,3]

foldl (A y -> y:ys) [1 [ ,2,3]
foldl (.D) (D) ) [2,3]
foldl (.) (1:[1) [2,3]

foldl (.D) () 2) [3]

foldl (..) (2:[1]) [3]

foldl (.D) (D) 3) []
foldl (.) (3:[2,11]) []

[3,2,1]

H#

Z1a2

ZH# ys (21X, BRICAEBL-RIA D) ANERELT-FERIEINS
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AYS Y ->Yy:ys [XEIO-TKRDS?

reverse [1,2,3]
foldl f v (1 : (2 : (3 : [1)))
((v £ 1) f 2) f 3
where FEq: v f 1==fv1l
v = []

f xXy =y:x
fvi1ikY fx ylFIMEEVEXIC.ER1Z Yy [CHE-o
T. [1] ORER [1] Z#RT
f (fv1l) 2&KYU.fxyIFaiADO)ANDORER [1] =
XIS ER2Z yI[CTW-oT, [1,2] OREs [2,1] ZRT

f X ylIE.AIADUANDRERZ X 2. BEFRZ y [CH-T.
X DRIy %Z cons LIz2URREREIEBULM v [X[])
f xXy=y:x
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foldl (EEAAA)DEED
I f xs =f’ XS

f’ ac [] = ac

f’ ac (x:xs) = f’ (ac X) XS

2B fxs (X, foldl ( ) xs &EITS

I E')Zl*ﬁég*ﬁz{;&@ﬁﬁl: EZEYR Lz, (BIRERETBERIC
@ ZBERALEBER)ERYDIANZ f ITERL-ERICER

i foldl (®) v [Xx0, x1, ..., xn] = (((v @ x0) ® x1) ...) @ xn
_ foldl @) v @
/\
"N /@\
/ N\ / \
/ N\ / \
/ \ / \

I reverse xs = foldl (¥ys y -> y:ys) [] xs
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foldl MERBAFEHY
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FRHMDEES4T 5B

EfESA4T 3V (1) &, 2 DO ZEE LT
MR

% T

For example:
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EES AT 5B all (£, URFDRTOERIE 2
SNtk EEE =T HHIET S

For example:
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all EMRLEERETATTUEE any (X, VAMDEZD
WEkER 1 D52 oNT-REEFH-ITIHIET S

For example:
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=S40 351 EA%k takeWhile [&. VXD FEEEH Bk
sazmml=9 REZEYE LIz AN EIRT

For example:




takeWhile &R EESES4 T3 Bi%k dropWhile (.
JRALDEEN SR EEE =T REIZRU ) AR ER
_d—

For example:




FEH(TE)

QL

= SRR BERES IR, TR RELET SRR

map: SZAoNT-FA#HZ ) ANDERETITER

filter: VARG iEZEHI-9T ERZEEVHT

foldr: & #AAH

foldr (@) v [X0, X1, ..., xn] = X0 @ (x1 @ (... (xn ® V)))

sum Xs
product xs

and xs

foldr (+) 0 xs
foldr (*) 1 xs
foldr (&&) True xs

():BE#%ERR f . g =2x > F (g X)
all: JAROETHOEZRNBEBZEH-IT HIHHIE

takeWhile: YR+ FEEEMSREE

=9

X Rz HEY
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QL

= & 8D (foldr & foldl)

BRERIIHEN. v [THERNA. foldr [EFERDF

uRN

foldr (+) O (1:(2:C3:[1)))

=1 + (foldr (+) O CHEHNEDI),
=1+ (2 + (foldr (+) O (G:[1D))
=1+ @2+ (3 + (foldr (+) 0 [1)))
=1+ (2 + (3 +0))
= 6
FHEERIIZEAN.V IXRAE. FRIE foldl DFEZHA
foldl (+) 0) (1:(2:(3:[
foldl (+) (0 + 1 CHEN
foldl (+) (0 + 1) + 2) (3:[1)
foldl (+) (((0O + 1) + 2) + 3) []

(C0+1) +2) +3

6

(1))
1))
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_fo1dr(€r))v &

/\ /\
/\ /\
/\ /\
/\ /\
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foldl (@) v

/\ /\
/ /\
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foldr (:) ys

—

/\
/\
/\
/\
/
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