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Parte 1

Currying



Como somar dois nimeros

add :: Int -=> (Int —-> Int)
add x y = x +y

add 3 4
3+ 4

7



Currying

add :: Int —> (Int -> Int)
(add x) v = x + vy

(add 3) 4

3 + 4

Uma funcdo com dois argumentos
¢ 0o mesmo que
uma fung¢do do primeiro argumento
que retorna
uma fun¢do do segundo argumento.



Currying

add :: Int -> (Int -> Int)
add x = £
where f vy = x + y

(add 3) 4

O nome dado a essa idéia ¢ uma homenagem a Haskell Curry (1900-1982).
Essa idéia também aparece no trabalho de Moses Schonfinkel (1889-1942),
e de Gottlob Frege (1848-1925).



Parte 11

Map



Squares

Main> squares [1,-2, 3]

[1,4,9]

squares :: [Int] -> [Int]
squares xs = [ x*x | x <— xs ]
squares :: [Int] —-> [Int]
squares [] =[]

squares (X:xs) = X*X : sgquares xs



Ords

Main> ords "a2c3"

[97,50,99,51]

ords :: [Char] —-> [Int]

ords xs = [ ord X x <= Xs ]
ords :: [Char] —-> [Int]

ords [] = []

ords (x:xs) = ord x : ords xS



map ::

map

map
map
map

(a => b)
f xs = [ £ x
S (a —> b)
£ [] [
f (x:xs) = £

[a]l] —> [b]

X <= xs ]
[a] —> [b]
map f xs



Squares, de novo

Main> squares [1,-2, 3]

[1,4,9]

squares :: [Int] -> [Int]

squares xs = [ x*x | x <— xs ]
squares :: [Int] —-> [Int]

squares [] =[]

squares (X:xs) = X*X : sgquares xs
squares :: [Int] —> [Int]

squares XS = map square XS

where square x = x*Xx



Ords, de novo

Main> ords "a2c3"
[97,50,99,51]

ords :: [Char] —-> [Int]

ords xs = [ ord X | x <= Xs ]
ords :: [Char] —-> [Int]

ords [] = []

ords (x:xs) = ord x : ords xS
ords :: [Char] —-> [Int]

ords xs = map ord Xxs



Parte 111

Filter



Positivos

Main> positives [1,-2,3]

[1,3]

positives :: [Int] —-> [Int]

positives xs = [ x | x <= x5, x > 0 ]

positives :: [Int] —> [Int]

positives T[] =[]

positives (x:xs) | x > 0 = X : positives xs

| otherwise = positives xs



Digitos

Main> digits "a2c3"

"23"

digits :: [Char] —-> [Int]

digits xs = [ x | x <- xs, isDigit x ]
digits :: [Char] —-> [Char]

digits [] =[]

digits (x:xs) | isDigit x = x : digits xs

| otherwise = digits xs



Filter

filter
filter

filter
filter
filter

P

(a —> Bool) —-> [a]
xs = [ x | x <- xs,
(a —> Bool) -> [a]
[] =[]
(x:xs) | p x
| otherwise =

-> [a]
p x ]

-> [a]

= x : filter p xs

filter p xs



Positivos, de novo

Main> positives [1,-2,3]

[1,3]

positives :: [Int] —-> [Int]

positives xs = [ x | x <= x5, x > 0 ]

positives :: [Int] —> [Int]

positives T[] =[]

positives (x:xs) | x > 0 = X : positives xs
| otherwise = positives xs

positives :: [Int] -> [Int]

positives xs = filter positive xs

where positive x = x > 0



Digitos, de novo

Main> digits "a2c3"

"23"

digits :: [Char] —-> [Int]

digits xs = [ x | x <- xs, isDigit x ]

digits :: [Char] —-> [Char]

digits [] =[]

digits (x:xs) | isDigit x = x : digits xs
| otherwise = digits xs

digits :: [Char] -> [Char]

digits xs = filter isDigit xs



Parte IV

Map e Filter juntos



Quadrados de Positivos

Main> squarePositives [1,-2, 3]

[1,9]
squarePositives :: [Int] -> [Int]
squarePositives xs = [ x*x | x <= xs, x > 0 ]
squarePositives :: [Int] —> [Int]
squarePositives [] = []
squarePositives (x:xs)
x > 0 = x*xX : squarePositives xs

| otherwise = squarePositives p xs
squarePositives :: [Int] —-> [Int]
squarePositives xs = map square (filter positive xs)

where square x = xX*x

positive x = x > 0



Convertendo Digitos para Integers

Main> digitsToInts "a2c3"

[2,3]

digitsToInts :: [Char] -> [Int]

digitsToInts xs = [ digitToInt x | x <- xs, 1isDigit x ]

digitsToInts :: [Char] -> [Int]

digitsToInts [] =[]

digitsToInts (x:xs) | isDigit x = digitToInt x : digitsTolIn
| otherwise = digitsToInts p xs

digitsToInts :: [Char] —-> [Int]

digitsToInts xs = map digitToInt (filter isDigit xs)



Parte V

Foldr



Soma

Main> sum [1,2,3,4]
10

sum :: [Int] —> Int
sum [] =0

sum (xX:Xs) = X + sum Xs



Produto

Main> product [1,2,3,4]
24

product :: [Int] -> Int
product [] =1
product (x:xs) = x * product xs



Concatenagao

Main> concat [[1,2,3],[4,5]]
[1,2,3,4,5]

Main> concat ["con",'"cat","en", "ate"]

"concatenate"
concat :: [[a]l]l —> [a]
concat [] []

concat (xs:xss) = xs ++ concat xss



Foldr

foldr :: (a =>a -> a) —> a —> [a] —> a
foldr £ a [] = a
foldr f a (x:xs) = f x (foldr f a xs)



Sum, de novo

Main> sum [1,2,3,4]

10

sum :: [Int] -> Int
sum [] =0

sum (X:xsS) = X + sum XS
sum :: [Int] -> Int
sum xs = foldr add 0 xs

where add x y = x + y



Como sum funciona

foldr :: (a > a -—> a) -> a -> [a] -> a
foldr £ a [] = a

foldr f a (x:xs) = f x (foldr f a xs)
sum :: [Int] —> Int

sum xs = foldr add 0 xs

where add x y = x + y

sum [1121314]

foldr add 0 [1,2,3,4]

add 1 (add 2 (add 3 (add 4 0)))

1+ (2 + (3 4+ (4 + 0)))



Usando currying

foldr (a —> a -> a)
foldr £ a [] = a
foldr £ a (x:xs) = f X
sum [Int] —> Int
sum xs = foldr add 0 xs
where add x y = x + y
€ equivalente a
sum [Int] -> Int
sum = foldr add O

where add x y = x + y

-> a —> ->

[a]

(foldr £ a xs)

a



Compare

sum :: [Int] -> Int sum :: [Int] -> Int
sum xs = foldr add 0 xs sum = foldr add 0
where add x y = x + vy where add x y = x + y
sum [1,2,3,4] sum [1,2,3,4]

foldr add 0 [1,2,3,4] foldr add 0 [1,2,3,4]



Soma, Produto, Concatenac¢ado

sum :: [Int] -> Int
sum = foldr add O
where add x y = x + y

product :: [Int] -> Int
product = foldr times 1

where times x y = x * y

concat :: [[a]] —> [a]
concat = foldr append []
where append xs ys = xs ++ ys



Parte VI

Map, Filter e Foldr

Todos juntos!



Soma dos Quadrados de Positivos

Main> £ [1,-2,3]

10
f :: [Int] -> Int
f xs = sum [ x*x | x <- x5, x > 0 ]
f :: [Int] —-> Int
f [] =0
f (x:xs)
| x >0 = (x*x) + f xs
| otherwise = f xs
f [Int] —-> Int
f xs = foldr add 0 (map square (filter positive xs))
where add xy = x + vy

square x = X * X
positive x = x > 0



Parte VII

Expressoes Lambda



Uma tentativa mal sucedida de simplificacdao

f :: [Int] —-> Int
f xs = foldr add 0 (map square (filter positive xs))
where add xy = x + vy
square x = X * X
positive x = x > 0

A defini¢do acima ndo pode ser simplificada para:

f @ [Int] —> [Int]
f xs = foldr (x + y) 0 (map (x * x)

(filter

(x > 0)

Xs) )



Uma tentativa correta de simplificacao

f :: [Int] —-> Int
f xs = foldr add 0 (map square (filter positive xs))
where add xy = x + vy
square x = X * X
positive x = x > 0

A defini¢@o acima pode ser simplificada para:

f @ [Int] -> Int
f xs = foldr (\x y —=> x + y) 0
(map (\x -> x * x)
(filter (\x -> x > 0) xs))



Lambda calculus

f :: [Int] —-> Int
f xs = foldr (\x —> \y —> x + y) O
(map (\X > X * X)
(filter (\x -> x > 0) xs))

O caractere \ é usado em lugar de )\, a letra grega lambda.

O l6gicos escrevem

\x => x > 0 como Ax.x >0
\x > x * x como AX. X kX
\x > \y —> x + y como Ax.Ayx+y

Lambda calculus foi desenvolvido pelo 16gico Alonzo Church (1903—-1995).



Avaliando expressoes lambda

(\x —> x > 0) 3

3 >0

(\x —> x » x) 3

\x > \y > x +y) 3 4

\y —> 3 +vy) 4

3+ 4



Parte VII

Secoes



€ uma abreviacdo para
€ uma abreviacdo para
€ uma abreviacdo para
€ uma abreviacdo para
€ uma abreviacdo para
€ uma abreviacdo para
€ uma abreviacdo para

€ uma abreviacdo para

(\x —> x
(\x —> 2
(\x —> x
\x —> 2
\x —> x

A\x —> \y > x + y)
(\x —> \y —> x % y)

(\xs -> \ys —> xs ++ ys)



Secoes

f :: [Int] —-> Int
f xs = foldr (\x —> \y —> x + y) O
(map (\X > X * X)
(filter (\x -> x > 0) xs))

£f :: [Int] —> [Int]
f xs = foldr (+) 0 (map (~ 2) (filter (> 0) xs))



Secoes

sum H [Int] -> Int
sum = foldr (+) O
product :: [Int] -> Int

product = foldr (%) 1

concat :: [[al]l -> [a]
concat = foldr (++) []



Parte IX

Composicao



Composigao



Avaliagcdao de Composicao

(.) S (b => ¢c) -> (a => b) -> (a -> ¢c)
(f . 9) x =1 (g x)

sgr :: Int -> Int

Sgr X = X * X

pos :: Int -> Bool

pos x = x > 0

(pos . sqgr) 3
pos (sgr 3)
pos 9

True



Compare

possgr :: Int —-> Bool possgr :: Int —-> Bool

possgr x = pos (sgr Xx) possgr = pos . sqr
sgrpos 3 possqgr 3

i pos (sqr 3) ) (pos . sqgr) 3

i pos 9 ) pos (sgr 3)

) True ) pos 9

True



Pense funcionalmente

f :: [Int] —-> Int

f xs = foldr (+) 0 (map (~ 2) (filter (> 0) xs))
f :: [Int] -> Int

f = foldr (+) 0 . map (~ 2) . filter (> 0)



Parte X

Varidveis e binding



Variaveis

X = 2

y = x+1

Z = Xty*y
Main> z

11



Variaveis — binding

x = 2

y = x+1

Z = Xty*y
Main> z
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis — binding

X = 2

y = x+1

Z = Xty*y
Main> z
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis — binding

X = 2

y = x+1

Z = Xty*y
Main> z
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis — renomeacao

xavier = 2
yolanda = xavier+l
zeuss = xaviert+yolandaxyolanda

Main> zeuss
11



Parte XI

Funcgdes e binding



Fung¢des — binding

f x =g x (x+1)
g Xy = xtyx*y
Main> f 2



Fungdes — binding

f x =g x (x+1)
g Xy = Xtyxy

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fungdes — binding
f x =g x (x+1)
g xy = xtyxy

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding

Existem dois usos de x ndo relacionados!



Fungdes — binding

f x =g x (x+1)
g Xy = Xty*y

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fungdes — binding

x (x+1)
g Xy = xXtyxy

Hh

b
Il

(o)

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fungdes — binding

f x =g x (x+1)
g Xy = Xty*y

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des — parametros formais e parametros reais
f x =g x (x+1)
g x y = xtyxy

Main> £ 2
11

Parametro formal
Parametro real (ou argumento)



Fung¢des — parametros formais e parametros reais
f x =g x (x+1)
g Xy = xtyxy

Main> £ 2
11

Parametro formal
Parametro real (ou argumento)



Fung¢des — parametros formais e parametros reais

Hh
i
Il
Q

x (x+1)
g X Yy = Xtyxy

Main> £ 2
11

Parametro formal
Parametro real (ou argumento)



Fun¢des — renomeacgao

fred xavier = george xavier (xavier+l)
george xerox yolanda = xeroxtyolandaxyolanda

Main> fred 2
11

Diferentes usos de x renomeados para xavier e xerox.



Parte XII

Variaveis em clausulas where



Variaveis em uma clausula where

f x =z
where
y = x+1
= X+y*y

N
|

Main> f 2
11



Variaveis em uma clausula where

f x =z
where
y = x+1
z = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis em uma clausula where

f x =z
where
y = x+1
z = Xty+*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis em uma clausula where

f x =z
where
y = x+1
Z = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis em uma clausula where

f x =2z
where
y = x+1
z = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Variaveis em uma clausula where

f x =z
where
y = x+1
= X+y*y

N
|

Binding occurrence
Bound occurrence
Scope of binding



Parte XIII

Funcdes em cldausulas where



Fung¢des em uma clausula where

f x =g (x+t1)
where
gy = Xty*y

Main> £ 2
11



Fung¢des em uma clausula where — binding

f x =g (xt1)
where
gy = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding

Varidvel x ainda estd no escopo no corpo de g!



Fung¢des em uma clausula where — binding

f x =g (x+t1)
where
gy = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des em uma clausula where — binding

f x =g (x+1)
where
gy = Xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des em uma clausula where — binding

f x =g (x+t1)
where
gy = xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢bes em uma cldusula where — escopo global

f x =g (x+t1)
where
gy = Xty*y

g z = Z%xZ%Z
Main> g 2
8

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des em uma cldusula where — caso patologico

f x = f (x+1)
where
f v = xtyxy

Main> £ 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des em uma cldusula where — caso patologico

f x = £ (x+1)
where
fy= xty*y

Main> f 2
11

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des em uma clausula where — parametros formais e
reais

f x =g (xt1)
where
gy = xXtyxy

Main> f 2
11

Parametro formal
Parametro real (ou argumento)



Fung¢des em uma clausula where — parametros formais e
reais

f x =g (x+1)
where
gy = xXty*y

Main> f 2
11

Parametro formal
Parametro real (ou argumento)



Parte XIV

List Comprehensions



List Comprehensions

squarePositives :: [Int] -> [Int]
squarePositives xs = [ x*x | x <= xs, x > 0 ]

Main> squarePositives [1,-2,3]
[1,9]



List Comprehensions

squarePositives :: [Int] -> [Int]
squarePositives xs = [ x*x | x <- xs, x > 0 ]

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



List Comprehensions

squarePositives :: [Int] -> [Int]
squarePositives xs = [ x#x | ¥ <- xs, x > 0 ]

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



List Comprehensions — caso patoldgico

squarePositives :: [Int] -> [Int]
squarePositives x = [ x*x | x <= x, x > 0 ]

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



List Comprehensions — caso patoldgico

squarePositives :: [Int] -> [Int]
squarePositives x = [ x#x | x <= x, x > 0 ]

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding O escopo ndo € toda a expressio!



Parte XV

Funcdes de ordem superior



Fungdes de ordem superior

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square X = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X

positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence —- na biblioteca padrdo Prelude.hs
Bound occurrence
Scope of binding



Fung¢des de ordem superior — binding

squarePositives :: [Int] -> [Int]
squarePositives xs = map square (filter positive xs)
where
square x = X*X
positive x = x > 0

Main> squarePositives [1,-2,3]
[1,9]

Binding occurrence —- na biblioteca padrdo Prelude.hs
Bound occurrence
Scope of binding



Parte XV

Expressoes Lambda



Uma tentativa errada de simplificagao

squarePositives :: [Int] -> [Int]
squarePositives xs = map (x * x) (filter (x > 0) xs)

Isso ndo faz sentido — as ocorréncias da variavel ndo sdo ligadas!



Expressoes lambda

squarePositives :: [Int] -> [Int]
squarePositives xs =
map (\x -> x x x) (filter (\x -> x > 0) xs)

O caractere \ é usado em lugar de )\, a letra Grega lambda.
Légicos escrevem:

(\x —> x » x) como (Ax.xXx)
(\x —> x > 0) como (Ax.x>0)



Expressoes Lambda — binding

squarePositives :: [Int] -> [Int]
squarePositives xs =
map (\x -> x x x) (filter (\x -> x > 0) xs)

Binding occurrence
Bound occurrence
Scope of binding



Expressoes Lambda — binding

squarePositives :: [Int] -> [Int]
squarePositives xs =
map (\x -> x x x) (filter (\x -> x > 0) xs)

Binding occurrence
Bound occurrence
Scope of binding



Parte XVI

Expressdes Lambda e construcdes de binding



Expressoes Lambda e construgdes de binding
Uma ligagdo (binding) pode ser reescrita usando lambda abstragdo e aplicacéo:

(N where x=M)
= (MNM

Uma ligagdo de funcgéo pode ser escrita usando uma aplicagdo a esquerda ou uma
lambda abstracdo a direita:

(M where fx=N)
= (M where f=M.N)



Expressoes Lambda e construgdes de binding

f 2
where
f x = xtyx*y
where
y = x+1

f 2
where
f = \x —> (x+yxy where y = x+1)

f 2
where
f=\x > ((\y —> x+yxy) (x+1))

A\f —> £ 2) \x > ((\y —> x+ty*ry) (x+1)))



Avaliando expressoes Lambda

A\f —> £2) \x —> ((\y —> x+y*ry) (x+1)))
(\x —> ((\y —> x+yxy) (x+1))) 2

(\y —> 2+y*y) (2+1)

(\y —> 2+y»y) 3

2+3%3

11



Expressoes Lambda — binding

A\E —> £2) (\x > ((\y —> xtyxy) (x+1)))

Binding occurrence
Bound occurrence
Scope of binding



Expressoes Lambda — binding

\Ef > £ 2) (\x —> ((\y —> xtyxy) (x+1)))

Binding occurrence
Bound occurrence
Scope of binding



Expressoes Lambda — binding

A\ —> £ 2) (\x —> ((\y —> xty*y) (x+1)))

Binding occurrence
Bound occurrence
Scope of binding



Expressoes Lambda — parametro formal e parametro real

\E —> £ 2) \x > (\y —> xty+y) (x+1)))

Parametro formal
Parametro real (ou argumento)



Expressoes Lambda — parametro formal e parametro real

Ax —> ((\y —> xty=xy) (x+1))) 2

Parametro formal
Parametro real (ou argumento)



Expressoes Lambda — parametro formal e parametro real

(\y —> 2+ywy) (2+1)

Parametro formal
Parametro real (ou argumento)



Parte XVIII

List comprehensions, de novo



List comprehensions com dois qualificadores

fn=1[(,3) | 1< [1..n], jJ <= [i..n] ]

Main> f 3
[(1,1),(1,2),(1,3),(2,2),(2,3), (3,3)]



List comprehensions com dois qualificadores — binding

£fn=1(,3) | 1 <= [1l..n], J <= [i..n] ]

Main> £ 3
[(1,1),(1,2),(1,3),(2,2),(2,3), (3,3)]

Binding occurrence
Bound occurrence
Scope of binding



List comprehensions com dois qualificadores — binding

fn=1[(,3) | 1 <= [1l..n], J <= [i..n] ]

Main> f 3
[(1,1),(1,2),(1,3),(2,2),(2,3), (3,3)]

Binding occurrence
Bound occurrence
Scope of binding



List comprehensions com dois qualificadores — binding

fn=17[(,7) | 1i<=[1l..n], J <= [1i..n] ]

Main> f 3
[(1,1),(1,2),(1,3),(2,2),(2,3), (3,3)]

Binding occurrence
Bound occurrence
Scope of binding



Avaliando list comprehensions

[ (1,3 |1 <= [1..3], J <= [1..3]]

[ (1,3) | J <= [1..3] 1 ++
[ (2,3) | 3 <= [2..3] ] ++
[ (3,3 | 3 <= [3..3]1

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

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



Outro exemplo

[

[
[
[

(i,3) | 1 <= [1..3], 3 <= [1.

(1,3) | 3 <= [1..3], 1 <=3
(2,3) | 3 <= [1..31, 2 <= 73 1]
(3,3) | 3 <= [1..3], 3 <=7

[(1,1)]1<=1] ++ [(1,2)|1<=2] ++
[(2,1)12<=1] ++ [(2,2)]2<=2] ++
[(3,1)13<=1] ++ [(3,2)3<=2] ++

[(L,1)] ++ [(1,2)] ++ [(1,3)] ++
[]
[]

(1, 1,(1,2),(1,3),(2,2),

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

.31, 1 <=3 1]

++
++

[(1,3) 11<=3]
[(2,3) 12<=3]
[(3,3) 13<=3]

(2,3),(3,3)]

++
++



Definindo list comprehensions

leJx — I;q] = concat (map (\x.[e|g))])
[e|b: q] = 1if b then [e|q] else ||
[elx <[] = map (Ax.e)l

le|D] = if b then [¢] else ||



Exemplo 1

[ x#x | x <= xs ]

map (\x —> x*x) xs



Exemplo 2

[ x#x | x <= x5, x > 0 ]

concat
(map
A\x —> [ x*x | x > 0])
xs)

concat
(map
(\x => if x > 0 then [x*x] else [])
Xs)



Exemplo 3

[ (i,3) | i <= [1l..n], J <= [i..n] ]

concat
(map
A\i =—> [ (i,3) | J <= [i..n] 1)
[1..n])

concat
(map
(\i -> map (\J -> (i,3)) [i..n])
[1..n])



Exemplo 4

[ (i,3) | i <= [1..n], J <= [1..n], 1 < 3]

concat
(map
A\i =—> [ (i,3) | J <= [1..n], 1 < 3 1)
[1..n])

concat
(map
\i —>
concat
(map (\j -> [ (i,3) | 1 < 31) [1..n]))
[1..n])

concat
(map
\i —>
concat
(map
(\j -> if i < j then [(i,73)] else [])
[1..n]))
[1..n])



