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Chapter 3 - Types and Classes
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What is a Type?
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Bool

Z.LLTFTD 2 DOEE{EFEFD:

False True



Type Errors
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> 1 + False
Error
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Types in Haskell
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> not False
True

> :type not False
not False :: Bool



EARE! (Basic Types)

Haskell (LU T D EHLEZ D EREIZHFD:

Bool
Char

String
Int
Integer

Float

Efﬂﬂ_ﬁ logical values
K? single characters (‘a’, 'b’,...)

M 5] strings of characters (", “a”, “aa”,...

& TE 45 E B fixed-precision integers

%1’&&%&%& arbitrary-precision integers

Ime

1%1?53@]”‘&&““ floating-point numbers



) A &Y (List Types)

JAMERICE DED AU :

[False,True,False] :: [Bool]

['a’,’b’,’c’,’d’] :: [Char]

— A%

[t] (X8 ¢t NIEFERLTDHIIFDE,
[t] is the type of lists with elements of type t.



N L . -
S+ ="
. —

I JRAREZRESDIBEHRITEENLLN:

I ZEXROHE(THIFINEN, YRARD YA MBENS:



2T ILEY (Tuple Types)

ATIVIXED (ERE®D) #iT. FEZDHRIFIEL-
TWLWTEHEELN:

(False,True) :: (Bool,Bool)

(False,’a’,True) :: (Bool,Char,Bool)
— %2

(t1, t2, ..., ta) [Z n IBEHDOETHY .
I ZHEDEZXRF t EZHFD(1 =i =n)
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B 282! (Function Types)

E#ElE. HAIEDEZHLSIEDEIZER (mapping)
95 (THFRAITIEIBEEITIEGELTE#):

not :: Bool — Bool
1sDigit :: Char — Bool

—RGIZ:
tl > t2 [T& t1 DEZE 2 DEICERT S
B DE,
tl1 — t2 is the type of functions that
map values of type t1 to values of type t2.
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H')—{e = 1-E%% (Curried Functions)

BEROSIHZEMAHERT. AR RTEHZ.

RE5:

add’ :: Int > (Int —» Int)
add’ x y = x+y

/T

ILVTE

{add’ FEH x 2E0Y . B9 add’ x B3R

RIS, CORRESERH y ZHY. x+y DIFRERT }
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FE:
add & add’ [FRIL&ZRFERZTIRT , 7=7=L. add &

2 DD5|MZERIFFIZZITERY ., add’ £ 1 D9 DT
m5:

add :: (Int,Int) — Int

add’ :: Int » (Int —» Int)

Haskell Curry AR f=L=CDFEDEEIZxtT 55
TICHEZRL. 518%Fx 1 DT DRITHAE#MA
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3 DU EDSIRZZMAOREET. BEHAZRIEAHD
ANFITKYAD)—IETES:

mult :: Int > (Int - (Int —» Int))
mult x y z = x*y*z

‘mult [£2% x £EY . B mult x &

THITEH y 2EY. % mult x y ZiRT.
| ENIEREICEH 2 £ Xy ORERERT

%
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Currying Conventions

Al)—ieSn =R F{/INNTE=BE DT EET5H7-
HIZ. 2 DOHFBIZEEA:

I 20X — [3H#EE (associates to the right)

Int - Int - Int —» Int

/N

| Int o (Int - (Int - Int)) #E%HTS |
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I X > AEHELEDT,
& (associate to the left)

mult x y z
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length D&Y [L?

Bool M)Ak, Char D ARELLDRIELKOH L
N5 length O&E[X?

> :t [False, True]
[False, True] :: [Bool]

> :t [lal’ Ibl’ lcl]

a', 'b', 'c'] :: [Char]
length [False, True]

length ['a', 'b', 'c']

WY NV M

ength :: [Char] — Int
ength :: [Bool] — Int
ength :: [a] — Int




% 83 B§%4 (Polymorphic Functions)

BAEHZECEHPAZEZHMIELND

B polymorphic &[& “of many forms” M E bk

B %Y length (X2 A%, & [a] — Int ($ZAEE

length :: [a] — Int

/N
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ZEUZX, RRICHCTEROEZITIEHA:

length :: [a] — Int

> length [False,True] _
5 %a—Bool]

> length [1,2,3,4]

4 ﬁa=1nt]

ZEHDOARNT/NXFETIRED,
wa, b c . ELVOBETHAENALLNS,
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I 2% Prelude IZEEN S ZFEEIRHEK
151
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HE 3 [FBHEFFHNAADWAEMETES

Bool 4> Char &IEXMMETE4LY Nu_?;gé@(g;::‘a{i
sle Z I
B 3 DE(F? LT 18 3 123 t £

Limli
L
)-l

o //4éﬁ;ffi////
22 (Num t) => t

't 3 + 0.0

+ 0.0 :: (Fractional t) => t
't 3+ 0

0) (Num t) => t
+ True
R

my wWwyV wWwyV wyV

+
3
RRO
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Bool 4> Char [Z[F#E A TEALY y

£OT.(+) :: a—>a— aTlEaEL
: RIZRET D (CSTIIBUERIZERE)
DoAMNZzECHRELZEFEERRELD

(+) :: — a —> a — a
Num #5200 HBEEOE a [HLT.
(B2DESE Num ODEXRTHHAIEEDE a ITHLT.)
(BUEZR! a (TxfLT.)
S BE# (+) IFE a—>a—a #EFD y
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BEISA
BIXEDKES

FRICEDEICFRILEERAEZSNTLS

Bool # = {False, True} I

Int®={..,-2,-1,01,2,..} Z—

Float # = { ..., -1.0, -0.5, -0.25,..
[Int] — Bool (X Int DX 5

DSAFEDESE

nt & Float B K&

,0.25,0.5, 1.0,... }
Bool ~DEAMDES

RILOSRICERIHEDEICIEFELERENAERZSN

TWLS

#MIEZEZRIT Num 5 X(Z. Int ¢ Integer . Float /%

NG AES
Num I[CE9 A8 D(E: MEEE. &

B REGENTEE 2
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sum ..
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Z B8 2% (Overloaded Functions)

HFHEESO LS. 2 EEE
~

HBDA)ILERAEDES

EEOHHER a [TxL T,
B9%% sum X a B2 DIED!) R
r=5|%EL.a BDEEIRT

\_

Num a = [a] — a

for any numeric type a, sum
takes a list of values of type
a and returns a value of type

%

g Y,
25




%
:II::\I

HI DS DERHUCIL, ®livEm=TEHEZITIEIH

%!

% a=Int]
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Char [£%fER

(Num 25 ADA
S RAR)TlE

A
&L Yy
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I Haskell IZIXZ#MDOEISANHS:

- - #E (Numeric) DEHSX
Eq - FE=f (Equality) DEH5R
5 (Ordered) &5 X
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EAISA (Eq - RIFITX)

RIFELAFZLLETEHENENDES
Bool, Char, String, Int, Integer, Float % & M AR
BEMNEqDAVAREIVATHAAROETILE

class Eg a where

(==), (/=) e d > d — BOO-I
> False == False
True
> [1, 2] == [1, 2, 3]
False

> ("ab", False) /= ("ab", False)
False



HEKRKHIS5X (Ord - [EFEZS5X)

EqQ V5ADAVARAATHY.
N OZ|EFRZHFD2DEDEDES
Bool, Char, String, Int, Integer, Float % & D E AR HY

BEEMNOrd DAVRIVATHAI)ARPATILEAR
BORATHS (FEEXNEF)

class (Eq a) => Ord a where
(<), (<=, GG=), &) : a > a —» Bool
max, min a4 > a > a

> False < True

True

> [1, 2] < [1, 2, 3]

True

> ("ab", False) < (Mab", False)
False



HAKIS5 R (ShowERead - RixESFEIA D] EE)

Show: show [Z&->TXFF|IZZEHan] g

Read: read 2L > TXFHE{EIZE LA &E
Bool, Char, String, Int, Integer, Float % & @ AR
BEENCDISTADAL AR RATHD ) AROART)LE

class Show a where
show :: a — String

class Read a where

read :: String — a
> show 123
“123”
> read “123”7 :: Int

123 30



EHARKIS5A (Num - BUEY S RX)

Eq VSADAVAZIVATHY .. LTFD6DD Ay
FMCEOTEEAIRELGHIBEZIELLTEOEDES

Int, Integer, Float 7% & D EARE .
N e o - negate FfSREx
B BREDOAYYREHEZ TLVELY  |abs  #exif

signum
IED# 1
class (Eg a, Show a) => Num a where 0 0
(+), (-, (*) ::a—>a—-a B0# -1 %#RT
negate ::a —> a :ZZ///

abs, signum :a — a

> negate 3.3
-3.3

> signum (-3)
-1



EHARDS R (Integral & Fractional)

Integral: Num 95 ADA LV RAZAV R, W DOEHD
BERYZFETET S AU YK (div, mod) ZEA 5
Fractional: Num 95 XADAVRE R D9 EK
DEREEFE#HEEFE T LAYV (/, recip) ZFlEZ
5%

> 7 div 2
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Ek&E/ /777 (Hints and Tips)

I Haskell TRAZ#HLLEERET HEFIE.
ERLY

I DAY SLZZNNTWAESTIC. RI)TRRDET
DOREEIZEAL TEEZELDI(E THD

| ZHHBEOBEMETELLST. ZOPRTHIECRZFE M
WIEFRZE->TLNDEL, FEFR LWELRYS A
b=z | AV Yl
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= &H(BE)

B RCHEEZEFEOEDES

OVNAILEDRHERICE > TR IS—F R
FKRE!: Bool, Char, String, Int, Integer, Float
JARE: ECEDEDLED [ t]
27 )LE: n 1848 (b, t2, ..., tn)
H)—ieSn-FE%k:

add’ :: Int » Int —» Int

BOXH - 6 HEEe. BRERIIERS

S MERERTH
length :: [a] —» Int

ZEERLE: V7R HNEFOE

sum :: Num a = [a] — a
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