PROGRAMMING IN 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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The Map Function

EfEZ473E% map (&, 518 ELTER NI

BE)ALDERETITERT S

For example:




map B IEVAIRNBREERWNTETHREIRIS

TZ5:

map f xs

= [f X | X « xs]
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map T []
map f (x
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The Filter Function

=fES47 3" filter (X, YR LB EZH=T
BRIETZEVHT

For example:




filter BAIXVRANNEBREEZRNTERTED:

AIEAEELT, BIRERWVWTLEERTES:




The Foldr Function (& &31A )

JAMEZD Z<IF BB IR/ NI —VICE O >TESR

SNACEREF © EMHEAE v A/NSA—F):

f [

f (x:xs) f xs
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For example:

[

V = True
® = &&




SE>4 735" E8%4 foldr (fold right, & &IAH ).
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foldr BAIXBIRZAWTERTES:

IL

EFRIZIL. foldr ZBIRIICIERE T HD TIELL,
JZR®D cons (3) HEEF @ I,
i [ Z#HE v I, RFICESHRZHLEMET RE

£ 1,2 5|MEIELEZENFLEEND) 10
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cons ()& D 2. Rix [| Z v [ZTEHR

I foldr (&) v [X0, X1, ..., Xn]
= foldr (@)v(x0 : x1 : .. : [D
= X0 ® (x1 & (... (xn@v)))

foldr (®) v
—_—
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/\
/\
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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==f 3 v

fxy=1+vy
fF3vEYU.f x yIFEZR3IZXIZ.HEEVY ZyI(TH-
T. [3] DES1%Z:RT
f2 (F3v)EU.fxyIXEFR2ZXIZ.EYDJXE
DES1Z yIZEST, [2, 3] DES 2 ZIRT
fxy . EFEZXIC.BYDIVRFDESZ y [TE- T,

yIZ1ZMATREIERLN v [ 0)
fxy=1+y (X [FFABALELDT _ T+5)
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reverse [TDWTEZTHA;

Bl Z X 4

——

Replace each (:)
by AX XS — XS ++ [X]

and [] by [].

~

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

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

| Replace each (:) by (:) and [1 by ys. |

18



Ax xs = xs ++ [x] [FEI LTk DHS?

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

f xy =y ++ [x]

fF3vEYU. fF x yIFEZR3IZXIZC. #EEVZ Y ICH-
T. [3] OREs [3] #iIRT

f2 (F3v)EU.fxyIXEFR2ZXIZ.EYDJXE
DRER [3] Zy IZE-T. [2,3] O&ER [3,2] Z21BT

f xy [F.EFE X IC.BRYDIRMND REsZE y IZE- T,
y DEAIZ [x] HELEURNEREFIERLNV (X[])
fxy=y ++ [x]
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reverse 0D %8 &

BXZ)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>THRES 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 [3F AHV?

I sum OEHLGNAME#MZLIYEZICERTES

) foldr FAWTEERSNT-A#DHE(L. foldr D
AT B (fusion 4> banana split 8 81)Z AL\ T
‘E%’C%é

I ARHGHERORDYIC foldr ZRALNSE. B
TS LDORBEIENEHITES

Mt
%7
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foldr (B EHAIAH)DELED

P f O[] -
f (x XS) = X f xs
ZNDHBAE fxs [, foldr ( ) xs &EITS
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 AN, foldr &

POTFEATZANIEE
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The Foldl Function (£ & #&31A &)

XRREEEID Z<IE. BT HIG/N\NI—IZEHOTESE
NZ(EEF EERERODHIE H/S5A—4):

f xs = f’ XS f": f D#HBNEEEK

f’ ac [] = ac IR R
f’ ac (x:xs) = f’ (ac X) XS THEREH

ac: TNETUIEL

-

f' (X, ZVRALEZBIRRHADIEIZ, JEZE AR E,
(BRELEHEAEERICO 2HEALER)E
(BFYDIARMZE T ISERALERBRICERT S
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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 y -> y:ys Jn




=fEZ12 5% foldl (fold left, £ & HIAH)IE.
F2 (@) LEREHDWYHAE v Z512ELT.COE
LB IFENI—eRIRIT D

For example:
sum = foldl (+) O
product = foldl (*) 1
reverse = foldl (Ays y -> y:ys) []
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foldl BIXIZBIFZANTERTE 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

I

EEIZIL. foldl ZBIFIZIEE I 5D TILLKL.
=v el ® =
WTURMDHXZFER T HEIEETRE

?ﬁz‘{’ﬁﬂ CIHRZZATVE, RRICZEDEEZRT,
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SRERDOHAEZ v EL.
EfEED @ #AVT) ADoK EHERK

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

foldl (@®) v
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For example:

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

JALDREIZERER DI
HEHET D

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

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

((0+1)+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 (. vy ->vy:ys) [1 [ ,2,3]
foldl (.D) (D) ) [2,3]
foldl (.) (1:[1) [2,3]

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

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

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

[3,2,1]

H#

=3

ZH# ys [TIF. BRICAEBL-RIA D) ANERELT=-FERHIESINS
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AYS Y —> V:iys [ZEHIPHTKRDHS?

reverse [1,2,3]
foldl f v (1 : (2 : (3 : [1D))
((v £ 1) ‘£ 2) ‘£ 3

where

v = []

f xXy =y:x
fvi1ikYy fx ylIHOEEVZXIC.ER1Z Yy [ZH-
T.[1] O&ER [1] ZiRT
f (Fv 1l 2&Y.fxylTaEiADVANDRES [1] &
XIC.ER2ZyICTW-oT, [1,2] OREs [2,1] ZRT

f X ylEZ.BIADURANDRERZE X 2. BERZ y [TH-T,
X DRIZy & cons LI=JRREREBERLM v [X[])
f Xy =y:x

FE: v f 1==fv1l
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foldl (A B AAA)DEED
I f xs =f’ XS

f’ ac [] = ac

f’ ac (x:xs) = f’ (ac X) XS

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

I "'”'beﬁgﬁﬁ SHDIEIS, FFZEI AN, (BIEEMELRERIC
@ ZERALEBER)ERYDIANZ f ISERL-BRICER

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

36



Other Library Functions

=S4TV () [ 2 DOREBES LT
Az iRY

QF

For example:
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BS54 T 5B all (X, URFDETOERIE 2
SNt EEE - HHIET S

For example:
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all EMHRLEERETATTUEE any (L. 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 ERAEEES4 T3 Bi%k dropWhile (.
JRALDEEN SR EEE =T REIZRU ) AR ER
_d—

For example:




FEH(TE)

QL

= SRR BERZESIR, F=IERIEET HEIRR

map: SZoN-BE#Z ) ANDERETITER

filter: YA G EEEHI-9 ERZZEUVHT

foldr: B &#A1AH

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: JAROETHOEZRNBEBZTEH-IT HHIE

takeWhile: YR+ FEEEMSREE

=9

XEZHY HY
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QL

= &8 (foldr & foldl)

BEERIEFEI. v [T&AAG. foldr [EFHERDFA
foldr (+) O (1:(2:C3:[1)))

1 + (foldr (+) O CHEHEDI))
1 + (2 + (foldr (+) O (3:11)))
1+ @2+ 3 + (foldr (+) O [1)))
1+ @+ 3+ 0))
6
REEXRIEIRA.V EIRAZLE. GRIE foldl DFHEEHA
foldl (+) 0 (1:(2:C3:[1)))
foldl (+) (0 + D (2:3: 1))
foldl (+) (0 + 1) + 2) CHED
foldl (+) (CCO + 1) + 2) + 3) []

(C0+ 1D +2) +3
6
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