Hoskell Summara

Funetions
* A Sunction takes | or more porameter and produces o result @ <Gunetion name> <parameter fist> = <Gunetion bo&b > . Exomple:
double x = x + x

. The act of caling o funetion is known as oJP’Pljw\s the Cunetion to arguments. Exomples :
double 3 = 3 + 3 double (double 2) = double 2 + double 2
=6 (2 + 2) + double 2
4 + double 2
= 444 = 8 (5 steps)

. Step order does not usmllj duence the Gnal result, but may impact on the number of steps and the St that the stepping process terminates.

Funetional Programming
K’s o programming s+3|e (’Po\r-m\\sm) n which Cunctions are the (ov\lj) bu\l&ns bloeks of o program ('Purc Cunctional 'Prosramm\ns). A Cunetional loanguage supports and encourages Sunetional s+3|e
Pprogramming.

Properties of Funetional languages

*  Declarativeness A program expresses what it does and not how it does it *  lazy evolootion ‘evaluates expressions only when results ore actually needed

o TReSerential transparency ! Variobles con be re.'PlN,d by ther values ond vice verso. ¢ Monodic effects ! controls sde effects without compromising unetion purit

. H‘\sk‘or&u funetions ? Funetions toKing other Sunctions as arguments ond refurning new functions as ¢ Portial Cunction nstontiation  functions with portiall s'Peej‘é\g& arguments
results. ¢ CUass +jp\v\3 ¢ grouping of *D'Pe_s nto closses with simlar properties

. 'Polbmor'PH\&m A single Cunetion con SA‘F\S?J diCerent nput and output "’J’PC.S. *  Supports reasoning about programs : Cunctions con be mw\i'Pdo&d os

¢ Conciseness ! compact but ver reodoble moathematical ones

. S+rov\sl:j *D'P:& P with type nference
+ List comprehensions ! lists of the form Dk satisties o guen propertyl
Funetion application
Funetion application s dencted using spaces to separate the arguments, and o multiplieation is dencted using ki Example: £ a b + ¢ * d
Also, Sunctions have 'Prco_c&u\e_e over all other operators. Hence, we write £ a (b+1) to mean f(a, b+ 1); otherwise (fab) +11s onderstood.
O'Perod'or- WentiClers use cmb o set of S‘Pce.\oJ choraeters: 1 #,$,%, &, %, 4+, ., /,<,=>,2,@,\,", |,-,~. O‘Pu-od-ers can also be used as Cunctions: EMM‘PIG (+) 3 4 is the Cunctional
applieation of 3 * 4.
Naming conventions : Funetion oand porometer Wentflers must begin with o lowercase letter, but may then be Colowed hj letters, &‘\3‘\*-5, underseores, and Sorward single quotes. Funetion and
porameter Wentifiers must not be one of Haskel’s chwon\s.

Comments
« _ws

——“ \ntroduce o fne comment c)d-ux&\v\s to the end of the current line. Nested comments are delimited bj {—oand -} ond may span mdﬁ'Plc lnes. Note thot these comments are well Sormed
Gnot as s [* %D,

73;>cs and Classes
A +:)'Pc s o coleetion of related valves combined with o set of operations. Exomple s
—  type Bool has 2 logieal valvest True and False
— type Bool -> Boolis a Sunction that maps arguments Grom Bool to results Grom Bool.
A'P'P'j‘“s o Sunetion to | oF more arguments of the wrong +3'pc s coled o +apc error. Example! 1 + False jelds o + pe error
BulFin types Bool (True, False), Char (\a', =", "\’ "'\t '\n’) , String ("abc”, "a\"c") , Int (Cxedprecision ntegers in the range =% to 2% — U, Integer (wb‘\ho\r-:)"Pmd\s‘\on
"\v\‘l'e,se,rs) , Float (s‘wxsle. precision Soating™point numbers)

Tch inference
is o comple time process thot determines the +3’P¢. of weldeCined expressions.

second xs = head (tail xs) pair x vy = (x,V)
Solution: second :: [a]l->a Solution! pair :: a->b->(a,b)
swap (x,y) = (y,x) twice £ x = £ (f x)
Solution! swap :: (a,b)->(b,a) Solstion: twice :: (a->a)->a->a
List types
A list s o sequence of elements of the same t+ pet The length of o st is not part of s type.
[False, True, True] :: [Bool] The *’3’?‘ of the elements s unrestricted:
['b','c'] :: [Char] [[False,Truel, [True]] :: [[Bool]]
An empty fist is written as A singleton list s o st of length L Lists con hove an wfinte length (becouse of IALJ evoduation).
A list con be built us‘ms Cor nstonee ¢ [1..10]
There are X Wk.uimrlb useful functions operating on fists: These Sunctions are defined bj
head returns the Cirst element of o nov\'cm?ﬁ-j list; head ::= [a] -> a
tail returns the fist without its Grst element. tail [a] -> [a]
Tople types
A tuple is o sequence of elements of 'Poss"\bl:) dCerent +j?ei The +3'1>¢ of o tuple encoldes its size. The o\r-ﬁ-J of o tuple is the number of components W hols. Tuples of o\r"ﬁ-j
(False, True) :: (Bool,Bool) | ore not +up|<,s but e,X'Pre,ssRons enclosed n ?are,v&ke,se.s.
(False,'a','b') :: (Bool,Char,Char) The *l:j'[x of the ‘f‘U’Plt’S components s unrestricted:
([False],'a') :: ([Bool,Char)
Funcetion +D?es
A Cunction is o mapping trom values of one +J'Pc. to values of ancther: The parometers oand result *D'Pe,s ore unrestricted:
not :: Bool -> Bool add :: (Integer, Integer) -> Integer
isDigit :: Char -> Bool add (x,y) = x + vy
zeroto :: Int -> [Int]
zeroto n = [0..n]
Corried Cunetions
Funetions with several porameters con also return funetions as resuolts: add and addd 'Prvoc_e the some result but add tokes both
add2 :: Integer -> Integer -> Integer arguments ot the same time whereas oddd takes them one
add2 x y = x + y ot o time.
oddd tokes an integer X oand returns o Gunetion (add2 x) which in tum toXes an integer y and returns the result x * y- Functions taking arguments one o o time are called eurried
Exomples Conetions.
add2 5 :: Integer -> Integer
Curried Sunetions ntroduee more Clcx‘\b‘\l\‘f\j thoan Cunetions on tuples, becouse new Cunetions con be made bﬂ 'Po\rﬁmﬂj D"P’Plj‘“ﬁ o but
curried Cunetion. E)um\?lci drop3Chars :: [Char] -> [Char]
dropChar :: Int -> [Char] -> [Char] drop3Chars = dropChar 3
dropChar 0 string = string
dropChar i [] = [] is o specialized droplhor function.
dropChar i (el:els) = dropChar (i-1) els
The orrow assotiates to the Fght! (‘,ov\scque_vaJ, function applications associate to the leSt
Tl -> T2 -> T3 meons Tl -> (T2 -> T3) f abcmeans ((f a) b) ¢
Po{jmorpﬁu‘c. Types
A Cunetion is 'Poljmor'PK\e. € its +\j'i>e. contains | or more +3'i>e. vorables. 'lij’Pe. vorobles con be nstontioted to diCerent +3'Pe.s n difCerent creumstances?
Exomple: length [1,2]
length :: [a] -> Int length "abc"

Read as “For ony +3'[>¢ oy length takes o fist of values of ﬁb’Pe o and returns an nteger.” T:jfpe variobles must begin with o lowercase letter and are usuo\llj caled o, by ¢, ete.

Class and overloaded €unetions
A closs s s‘\m?lj o colection of +3'Pes with simior properties. Constrained +5'Pe varables con be nstantioted to ony +3'Pe sod-ls@jms the constrants:



A 'Pol\jmor’PKm Sunction s overoaded € its +j'P° contains one oF more class constraints.

Exomple:

sum Num a ==> [a] -> a

sum [1,2,3] produees6
sum [1.1,2.2] produees 3.3
sum ['a', 'b']

but j\e.lt\s o type error

Reod s “For ong nomere +J'Pc o, sum tokKes o fist of valves of +3’Pe_ o ond returns o value of Cass constraints ore written as C a where C is the dass name and o s o +_‘j'P° variable; o

type o’
asic Haskell Classes
Eq- tquo\ﬁ‘t'b +‘j'[>:s
. Contowns (==), (/=) a -> a -> Bool
Al built=in t+ pes are nstonces ot Eq.
TJ’Pc varable o con also define fist ond tuple +J'Pcs.

Show - showable +3'Pcs (furns valoes nto s‘h—‘mss)

. Contons show a -> String

. Exomples
show False produees "False"
show ’a’ produces "'a’"
show [1,2,3] prodwes "[1,2,3]"
show "ab" 'Pro&ue_es ""ap""

Num - numere +J'Pe.s

. Contains
(), (%), (=) a->a->a
negate, abs, signum a -> a
fromInteger Integer -> a

Exomples

negate 3 produces -3

abs (-3) produwees 3 signum 0 prodwees 0

signum (-3) 'Pru\ue.es -1 signum 3 'Pru\ue.es 1
Note! Integer fiterals are of ongy numere +D'Pd

2

negate (-3) prodwes 3

(Num a) => a

Fractional - Gaction +3'Pes
. Contains +j'P°5
(/)
recip
Float is an instance of this class. Exomples:
recip 2.0 gives 0.5
2.5/0.5 gives 5.0
Literals of real numbers are nstances of class Fractional

thot are Wstonces of Num, but are also nonTintegralt
a ->a -> a
a -> a

2.3 (Fractional a) => a
ﬂperaf-ors
not, negate 7 lest+ *, /, div’, ‘quot?,
Lect 1 b - (unary minus)
Right Leet +, -
8 Rigtt  ~, A, x 5 Right Dt

negate and not are unary Cunetions.
QR
are numbered Srom O. EXNV\'PIeZ [1,2,3]

A AN
3

.
11 retorns &

,ond ** are exponentiation operators &Qﬁer—‘ms bj thewr +3'Pest

") (Num a, Integral b) => a -> b -> a
(in the expression xy, v must be > 0)
(") (Fractional a, Integral b) =>a -> b -> a

(**) (Floating a) => a -> a -> a
(:) a -> [a] -> [a] ‘s the [st construetor.
8%am'l>lei 1:2:[] retorns 1:[2] = [1,2].
Defining funetions

In its simplest Gorm, o Cunetion is defined as

<function> = <id> {<parameter >} = <expression>
<parameter > = <id>

Exomples?
abs n = if n >= 0 then n else -n

Guarded conditions
As on olternative to conditional expressions, deCined using suo\rr\d conditionals?
abs n | n > 0 n
| otherwise = -n
The sumbol | shoull be read as "sueh that”
Guars are evaluated Srom top to bottom.
The coteh all otherwise is defined as True.

Pattern matehing
. A pottern is o mo\'P'Pins between o Cunctions Pporameter and its argument
value.
In Haskel, patterns con be applied to kterals, tuples and fists.
For exomple, funetion not s defined n Prelde as
not False

True

not True False
When not s A'P'PIRQA, the argument s evaluated to Srst moateh pattern Tolse. K€
these ndeed mateh, the associoted expression is returned (valve Troe);
otherwise the matehing pottern process continves with the next pattern oand
Folse is returned.
Pottern clavses are evaluated Srom top to bottom untl & mateh is Sound.
The underscore snm\:ol _ s o wildleard pottern that motehes cm:) orgument
value.

then becomes an nstonce of class C.

Ord - orered types

+  Contains (<),

max,

(>=),
min

(>), (=)

a ->a —-> a
Al bultin types ore nstances of Ord. The Ord class derves Grom Eq.
TD'Pe varioble o con also define fist ond tuple 1'3?&5 (lexical order A'P'P“&S)l

("a',2)<('b', 1) "ab" < "abe"

a -> a -> Bool

is True is True

Read - readable +3'Pcs (torns strings nto voloes)

Contowns read String -> a

Al builtin +3’Pcs are instonces of Read.

Exomples
read "False"::Bool

converts the string "False" wnto o Bool and ?ro&utcs the volue False.
not (read "True")

converts the string "True" into o compat. +3'Pe suitable for not, o Bool

Integral -integrol +J'Pe.s

Contains +3'|>¢s that are instonces of Num, but in addition whose values are integers:

quot, rem a->a -> a

quotRem a ->a -> (a, a)

div, mod a ->a->a

divMod a ->a -> (a, a)
. Exomples

mod (-2) 3 produees 1
div 3 2 profoces 1
quot 3 2 produces 1

(=2) ‘mod‘ 3 produees
div (-3) 2 'Pr—oAuc.es -2
quot (-3) 2 prodwees -1

RealFrac - real types

. Holls Cunetions to convert real numbers to ntegerals!

truncate, round (Integral b) => a -> Db

ceiling, floor (Integral b) => a -> b

properFraction (Integral b) => a -> (b, a)

*  Derives Grom classes Read and Integral. Examples

round 2.5 gives 2 , round 2.51 gives 3

floor 2.5 gives 2 , floor (-2.5) gives -3

properFraction (-2.5) gives (-2,-0.5)

‘rem', ‘mod‘ Y =, /=, <, <=, >, >=
3 Lleft &&
A Lett Il
. (++) [a] -> [a] -> [a] s the st concatenation operator.

[a] => Int -> a returns the ith element of o list] element positions

soon as the Cnal result s known!
True || xretorns True resw-c\less of x,
False && f x returns False without evalating £ x
F‘wxllj, Haskel provides o conditional expression, which moy be useful when t\e‘é‘w{ms
Conetions.
A conditional expression hoving the Sorm
if el then e2 else e3
returns the valve of e € the value of el is True, and €3 € el is Talse.

if
else if n

n > 0 then 1
0 then 0

signum n

else -1
factorial n = if n <= 0 then 1

else n * factorial (n-1)

A Gunction with guarded conditions is defined os
<function>
<guarded expressions>
<guard>

= <id> {<parameter >} <guarded expressions>
:= <guard> {<guard>}
(<Boolean condition>|otherwise)
Funetions with suom\s are more reodoble than Sunction bodies
| n >0 1

| n 0

| otherwise =

<expression>

signum n

-1

A tuple of potterns is also o pattern:
sumPair (a,b) a+b
fst (a,_) a -— defined in Prelude
snd (_,b) b -- ditto

?,vu-:) v\on’em’Pﬁ’j fist is ‘m‘t—er—mﬂj construeted bj re'PcM—u\ use of the cons operator (:) that

odds an element to the heod of o st

[1,2,3] means 1:2:3:[]

Functions on fists can be defined as (x:xs) patterns:
head (x:_) = defined n Prelude
tail (_:xs) xs - ditto

Remorks:

X

Becauvse head and tall are defined as above, these’s no accounting Gor cm’P‘}-J stst head
[1 and tail [] produee on error
Pottern (x:xS) must be 'Po\revx*kkcs\z_az\ because of the application 'Prctu\ume.

&& and | | ore the Boclean A and V operators. n an expression, evaluation stops as



Decfining 0Pel~a+ol-s
O'Pcro:fcrs are defined fKe Cunetions but hove nfix notion. For exomple the Boolean
A con be defined as

True && True = True True && False = False

False && True = False False && False = False
However to toke N\vm\hxse. of 'O«Lj evaluations of the o’Pcrom«\s, Haskel defines A
as

True && b = b False && _ = False
Ths definition is more efCicient, because it ovolds tvoJuod-lnS the second argument i€
the Grst orgument is Talse.

list eomprehensions
In mathematies, the comprehension nototion defines new sets Srom eXisting ones. For
exomple, {X2 |x € {1..5}} produees {1, 4,9, 16, 25}.
In Haskel, this exomple is written as  [x72 | x<-[1..5]]
Remorks:
. The expression x<-[1..5] is a generator that states how valves Cor X are
produced.
. Comprehensions con have multiple generotors se’Parod—e& bj commas.
For exomple, [ (x,y) | x<-[1,2,3], y<-[4,5]
ields [(1,4),(1,5),(2,4),(2,5),(3,4),(3,5)]
Hisher'ﬂlj-dcr Funetions

A Cunetion is caled H\skc.r‘orc\c.r € it toKes o Cunetion as on argument or returns o Cunction as Example

o result.

Lambda Expressions

Fonetions con be construeted without noming them \n‘j using lownbdou expressions.

For exomple,

AxBOO

defines o nomeless Gunction that takes a porameter X ond retums the result given by

expression B(.

Lambdo expressions con be vsed to ovold noaming Cunetions that ore ov\lj referenced once.

Secetions

A \n'\m\r-b operator con be converted nto a curried Cunction b‘j enclosing the nome of the operator n

porentheses. Yor example:

1+2 con be wrtten as (+) 1 2

This convention also allows one of the o’Pcro\n&s of the cperator to be neloded W the
(1+) 2 ond (+2) 1 'Pro&ue_e the same result.

In general, € @ is an operator, then functions of the Gorm (@), (X®) and (®Y) are called sections, and have the

Collowing meawning?
(@) =M.(Ayx @ y)
List Processing Funetions

(x®)=Ayx @y (@y)=Mx @Yy

The K\S\mu'bréer lbrar-y Cunction called map opplies o Sunction to very element of o listt

(a => b) -> [a] -> [b]
map £ [] = []
map f (x:xs) = f x map f xs
EXAM'Pks: map (+1) [1,3,5,7] retumms [2,4,6,8]

map isDigit [’a’,’1l’,’b’] retuns [False,True,False]

. A decloration of an nfix operator together with an ndication of its \'{m&'\vxs Ppower (’Pr—ee_ct\cm_c

level) ond its associotivity is colled o Gixity decloration.

¢ There are three Kinds of C‘\x‘\*l'j, non, left and Hght-associativi + (infix, infixl, omd infixr,

rcs'Ped-‘\vdJ), and ten 'Pree.du\e,c levels, O to 7 (level 9 binds more. ﬂsk‘Hj than level O).
. 1€ the 'Prc.eu\u\u: level is omitted, level 7 is assumed.
. An operotor lacking o Q\x‘\‘t'b declaration \s assumed to be infixl 9.

<fixity declaration> ::= <infix> [pre] <opid>{,<opid>}
<pre> ::= (0|112]314|5|6[718]9)
<infix> ::= (infixl|infixr|infix)

. Z)to\m'Plesi infixl 3 && infixl 2 ||

Multiple generators are okin the nested loops with nesting levels reod Grom leSt to Fight.

A generator mag olso depend on variables introduced by o previous generator!
[(x,y) | x<-[1..3], y<-[x..3]]
gves [(1,1),(1,2),(1,3),(2,2),(2,3),(3,3)].

List comprehensions can also vse 'Prc&e_od-es <5wx\s) Yo Clter or restriet values ‘Prox\uce& bj

generotors!

[x | x <= [1..10], mod x 2 == 0]

gves the list of all numbers X such that X is an element of the fist [110] od X is even.

Yrom ax‘\sﬁns ist: [x | x <- x5, mod x 2 == 0]

(a -=> a) -> a -> a
(f x)
twice is Wgherorder because i takes o funetion as its Grst argoment.

twice
twice £ x = £

Tor exomple:
odds n = map £ [0..n-1]
where
the fx=x*2+1
con be s'\m'Pl'\@‘\u\ wto
odds n = map (\x -> x * 2 + 1) [0..n-1]

sections. Examples!

(1+4) ~ sueeessor Sunction
parentheses. Yor eXmm'Pld (1/) - reu‘\?rouxﬁon Cunetion
(*2) - ‘\oubl‘ms Conction
(/2) ~ holving Cunetion

Useful funetions con sometimes be construeted n o simple woy using

Lowmbdo expressions and sections come n \nw\(\j when t\e?m\ns h\s\vxfor&u

Cunetions.

map The K\skcr-'oriu- ﬁbmrj Conetion filter seleets every element Gom o list that satisCies o

predicate!
filter (a => Bool) -> [a] -> [a]
filter p [] = []
filter p (x:xs) | p x = X filter p xs

| otherwise = filter p xs

map can also be defined n o particularly simple monner vsing o list comprehension: map f xs&xample: filter even [1..10] odwees [2,4,6,8,10]
P Y 3 P P Pr

= [f x | x <- xs]

Ancther chm'Plcf map (map (+1)) [[1,2,3],([4,5]]
D‘\ek\s [map (+1) [1,2,3], map (+1) [4,5]]
which then 'Pro:\uc.e_s [[2,3,4],15,6]]

. Decide € all elements of o st satisfy o 'Pru\'\e.od't:
all (a -> Bool) -> [a] -> Bool
Exompler a1l even [2,4,6,8] returns True
. Decide € any element of a list satisfies a 'Pr:x\'\e.od'c:
ang = (& = BooD > [od > Booal
Example: ony old U681 returns False
The foldr Funetion

A number of Gunctions on fists con be defined using the Collowing simple pottern of recursion:

£ [l =v

f (x:xs) = x ® £ xs

€ maps the empty list to some valve v, ond ong non'm’P‘i-j fist to some operator @ o\'P?I\u\ Yo

its heod and € of its tall Exomples:

sum [] =0

sum (x:xs) = xXx + sum xs (v = 0 and & = +)
product [] =1

product (x:xs) = x * product xs (v = 1 and & = *)
and [] = True

and (x:xs) = x && and xs (v = True and ® = &&)

The foldl Funetion

i is also possibe to define recursive Sunetions on fists using an operator that s

assumed to associate to the leSt.
foldl (a => b ->a) ->a -> [b] -> a
foldl £f v [] = v
foldl f v (x:xs) = foldl £ (f v x) xs

Funetion composition

Fonetion filter con be defined using o fist comprehension:

filter p xs = [x | x <= X5, P X]

. Select elements Grom o list whie they satisCy o 'Prc&‘m‘t—c:
takeWhile (a -> Bool) -> [a] -> [a]
Zxomple: takeWhile isLower "abc def" retums "abc"
. Remove elements Grom o fist while they satisty o 'Prcx\ie.od'ci
dropWhile (a => Bool) -> [a] -> [a]
Exomple: dropiWhile isLower "abc def" returms " def"

recursion, with the fonetion @ ond the valve v as arguments:

foldr (a => b ->Db) ->Db -> [a] -=> b

foldr £ v [] = v

foldr £ v (x:xs) = f x (foldr £ v xs)
Exomplest

sum = foldr (+) O

product = foldr (*) 1

and = foldr (&&) True

foldl opples to recursion pattern that have the Exomple:

Although mag seem that o Sunetion composition operator (o i moth and . in HaskeD should  Examples:

'lej o mayjor role in Cunctional programming, this operator ov\lj contributes as o shorteut when
(\t@‘m\na Sunetions: fo g (reod os “€ c.om’Posc& with 3”) s Wentical to &e@‘w\‘w\a (fog)x bj f (g x).

Note that . is Fight associative and so the lost c)&wwplc needs no porenthesizing.

Corm: foldl (+) 0 [1,2,3]
fvI[] =v = foldl (+) 0 (1 : (2 (3
f v (x:xs) = £ (v ® x) xs = ((0+1) +2) + 3
foldl s treKer to use than foldr.
odd n = not (even n)
twice f x = £ (f x)

con ol be rewritten os
odd = not even
twice £ = £ . f

The higherorler forarg Gunetion foldr (Goll Fght) encapsulates this common pottern of
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