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Parte 1

Revisao



Diferencas — quatro estilos
List comprehension
differences x ys = [ x-y | y <- ys, x>y ]
Fungdes de ordem superior, defini¢cdes locais
differences x ys = map sub (filter gtr ys)
where sub y = x-y
gtr y = x>y
Funcgdes de ordem superior, expressdes lambda
differences x ys = map (\y —> x-y) (filter (\y —-> x>y) ys)
Funcdes de ordem superior, secdes

differences x ys = map (x—) (filter (x>) ys)



List comprehension com dois qualificadiores

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

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



List comprehension com dois qualificadiores — 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 comprehension com dois qualificadiores — binding

fn=1[(,3) | 1 <= [1l..n], J <= [1..n] ]
Main> £ 3 [(1,1),(1,2),(1,3),(2,2),(2,3),(3,3)]
Binding occurrence

Bound occurrence
Scope of binding



List comprehension com dois qualificadiores — binding

fn=1[(1,7 | 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



Definindo list comprehensions
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Avaliando list comprehension

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

[(1,1) ]

i <= [1..3], J <= [1..3] ]

J <= [1..3] 1 ++
J <= [1..3]1 1 ++

t+ [(1,2) |e] ++ [(1,3)]e] ++
[(2,2) e8] ++ [(2,3)]e] ++
[(3,3) ]e]

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

[ (1,3) | 3 <= [1..3], 1<=j ] ++
[ (2,3) | 3 <= [1..3], 2<=3 ] ++
[ (3,3) | J <= [1..31, 3<=3 1

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

[(1,1)]e] ++ [(1,2) |e] ++ [(1,3) |e] ++
[] ++[(2,2) |e] ++ [(2,3)|e] ++
[1] ++ [] ++ [(3,3) | True]

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



Traduzindo list comprehension

[e]x«—1I,q) = concat (map (A\x.[e|q])!)
le|b,q] = if b then [e|q] else []

[e] o] = [e]



Parte 11

Tipos de Dados Algébricos



Tudo € tipo de dado algébrico

data Bool = False | True

data Season = Winter | Spring | Summer | Fall

data Shape = Circle Float | Rectangle Float Float

data Exp = Lit Int | Add Exp Exp | Mul Exp Exp

data List a = Nil | Cons a (List a)

data Tree a = Empty | Leaf a | Branch (Tree a) (Tree a)
data Maybe a = Nothing | Just a

data Pair a b = Pair a b

data Sum a b = Left a | Right b

data Nat = Zero | Succ Nat



Parte 111

Tipo Boolean



Boolean

data Bool = False | True

not :: Bool —-> Bool
not False = True
not True = False

(&&) :: Bool -> Bool -> Bool
False && g = False
True && g = g

(1)) =:: Bool -> Bool -> Bool
False || g = ¢g
True || g = True



Boolean — eq and show

egBool :: Bool -> Bool -> Bool
egBool False False = True
egBool False True = False
egBool True False = False
egBool True True = True
showBool :: Bool —-> String
showBool False = "False"

showBool True = "True"



Parte IV

Season



Season

data

next
next
next
next
next

Season

Winter

Spring

Season —> Season

Winter
Spring
Summer
Fall

Spring
Summer
Fall

Winter

Summer

Fall



Season — eq e show

egSeason :: Season —> Season —-> Bool
egSeason Winter Winter = True
egSeason Spring Spring = True
egSeason Summer Summer = True
eqgSeason Fall Fall = True
egSeason x vy = False
showSeason :: Season —-> String
showSeason Winter = "Winter"
showSeason Spring = "Spring"
showSeason Summer = "Summer"

showSeason Fall = "Fall"



Season e Integer

data Season = Winter | Spring | Summer | Fall
toInt :: Season —> Int

toInt Winter = 0

toInt Spring = 1

toInt Summer = 2

toInt Fall = 3

fromInt :: Int —-> Season

fromInt 0 = Winter

fromInt 1 = Spring

fromInt 2 = Summer

fromInt 3 = Fall

next :: Season —> Season

next x = fromInt ((toInt x + 1) ‘mod' 4)
egSeason :: Season —-> Season —> Bool

egSeason x y = (toInt x == tolInt y)
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Shape



Shape

type
type
type

data
area

area
area

Radius = Float
Width = Float
Height = Float

Shape = Circle Radius
| Rect Width Height
Shape —-> Float

(Circle r) = pi « r°2
(Rect w h) = w * h



Shape — eq e show

egShape :: Shape -> Shape -> Bool

egShape (Circle r) (Circle r’) = (r == r’)

egShape (Rect w h) (Rect w/' h') = (w == w') && (h == h’)
egShape x y = False

showShape :: Shape -> String

showShape (Circle r) = "Circle " ++ showF r

showShape (Rect w h) = "Rect " ++ showF w ++ " " ++ showF h
showF :: Float —-> String

showF x | x > 0 = show x

‘ otherwise = "(" ++ show x ++ n)vv
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Listas



Listas

Com nomes

data List a = Nil
| Cons a (List a)

append :: List a —-> List a —-> List a
append Nil ys = ys
append (Cons x xs) ys = Cons x (append xs ys)



Listas

Com nomes

data List a = Nil
| Cons a (List a)

append :: List a —-> List a —-> List a
append Nil ys = ys
append (Cons x xs) ys = Cons x (append xs ys)

Com notagdo built-in

data [a] = []

| a [a]
(++) [a] —> [a] —> [a]
[] ++ ys Vs



Parte VII

Arvore de Expressoes



Arvore de expressoes

data Exp = Lit Int
Add Exp Exp
| Mul Exp Exp

evalExp :: Exp —-> Int
evalExp (Lit n) =n
evalExp (Add e f)
evalExp (Mul e f)

evalExp e + evalExp f
evalExp e * evalExp f

showExp :: Exp —> String

showExp (Lit n) = show n

showExp (Add e f) = par (showExp e ++ "+" ++ showExp f)
showExp (Mul e f) = par (showExp e ++ "«" ++ showExp f)
par :: String -> String

par s = "(" ++ s ++ ")"



Arvore de expressoes

e0, el :: Exp
e0 = Add (Lit 2) (Mul (Lit 3) (Lit 3))
el = Mul (Add (Lit 2) (Lit 3)) (Lit 3)

Main> showExp €0
"(2+(3%3))"

Main> evalExp e0
11

Main> showExp el
"((2+3)x3)"

Main> evalExp el
15



Arvore de expressoes — notagao infixada

data Exp = Lit Int
| Exp ‘Add‘ Exp
| Exp ‘Mul‘' Exp

evalExp :: Exp —-> Int

evalExp (Lit n) =n
evalExp (e ‘Add‘ f)
evalExp (e *Mul‘ f)

evalExp e + evalExp f
evalExp e x evalExp f

showExp :: Exp —> String

showExp (Lit n) = show n

showExp (e ‘Add‘ f) par (showExp e ++ "+" ++ showExp f)
showExp (e ‘Mul‘ f) par (showExp e ++ "x" ++ showExp f)

par :: String -> String
par s = "(" ++ s ++ ")"



Arvore de expressoes — notagao infixada

e0, el :: E=xp
e0 Lit 2 ‘Add‘ (Lit 3 ‘Mul‘' Lit 3)
el (Lit 2 ‘Add" Lit 3) *Mul‘ Lit 3

Main> showExp e0
" (2+(3*3) ) n

Main> evalExp e0
11

Main> showExp el
"((243)x3)"

Main> evalExp el
15



Arvore de expressoes — simbolos

data Exp = Lit Int
| Exp :+: Exp
| Exp :x: Exp

evalExp :: Exp —-> Int

evalExp (Lit n) =n

evalExp (e :+: f) = evalExp e + evalExp £

evalExp (e :x: f) = evalExp e * evalExp f

showExp :: Exp —> String

showExp (Lit n) = show n

showExp (e :+: f) = par (showExp e ++ "+" ++ showExp f)
showExp (e :x: f) = par (showExp e ++ "x" ++ showExp f)
par :: String -> String

par s = "(" ++ s ++ ")"



Arvore de expressoes — simbolos

e0, el :: E=xp
el Lit 2 :+: (Lit 3 :*: Lit 3)
el (Lit 2 :+: Lit 3) :x: Lit 3

Main> showExp e0
" (2+(3*3) ) n

Main> evalExp e0 11 Main> showExp el
"((243)x3)"

Main> evalExp el
15
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Proposicoes



Proposicoes

type Name =

data Prop

type Names

type Env

deriving

String
Var Name
F

T

Not Prop
Prop :|:
Prop :&:
(Eq,

Prop
Prop
Ord)

[Name]

[ (Name, Bool) ]



Proposi¢cdes — show

showProp :: Prop -> String

showProp (Var x) = X

showProp (F) = "p"

showProp (T) = "T"

showProp (Not p) = par (""" ++ showProp p)

showProp (p :1: g) = par (showProp p ++ "|" ++ showProp q)
showProp (p :&: ) = par (showProp p ++ "&" ++ showProp q)
par :: String -> String

par s = "(" ++ s ++ ")"



Nomes em uma proposicao

names :: Prop —-> Names

names (Var x) = [x]

names (F) = []

names (T) = []

names (Not p) = names p

names (p :|: qg) = nub (names p ++ names Q)

names (p :&: g) = nub (names p ++ names q)



Avaliando uma proposi¢ao

eval :: Env -> Prop -> Bool
eval e (Var x) = lookUp e x
eval e (F) False

eval e (T) True

eval e (Not p) not (eval e
eval e (p :|: q) eval e p ||
eval e (p :&: qg) = eval e p &&
lookUp :: Eg a => [(a,b)] —> a
lookUp xys x = the [y | (x',Vy)

b4

where the [x] =

p)
eval e g
eval e g

-> Db
<- xYySs, X

Il
Il
i



Proposicoes

pO :: Prop
p0O = (Var "a" :&: Var "b") :]:
(Not (Var "a") :&: Not (Var "b"))
env0 :: Env
env0 = [("a",False), ("b",False)]

Main> showProp p0
(a & b) | (Ta & "b)

Main> names p0
["a"’ "b"}

Main> eval env0 pO
True

Main> lookUp env0O "a"
False



Todos os possiveis environments

envs :: Names -> [Env]

envs [] = [[]]

envs (x:xs) = [ (x,False):e | e <- envs xs ] ++

[ (x,True ):e | e <- envs xs ]

Alternative

envs :: Names —> [Env]

envs [] = [[]]

envs (x:xs) = [ (x,b):e | b <- bs, e <- envs xs |

where bs = [False, True]



Todos os possiveis environments

envs []

= [[]]

envs ["b"]
= [("b",False):[]] ++ [("b",True ):[1]
= [[("b",False)],

[("b", True )]]

envs ["a" "pHn

]
= [("a",False):e | e <= envs ["D"] ] ++
[("a",True ):e | e <- envs ["b"] ]
= [("a", False) [("b",False)], ("a",False) : [ ("b",True )]] ++
[("a",True ):[("b",False)], ("a",True ):[("b",True )]]
= [[("a" False),("b",False)],
[("a",False), ("b",True )1,
[("a",True ), ("b",False) ],
[("a",True ), ("b",True ) 1]



Proposic¢ao satisfazivel

satisfiable :: Prop -> Bool
satisfiable p = or [ eval e p | e <- envs (names p) |



Proposicoes

pO :: Prop
pO0 = (Var "a":&: Var "b") =:]:
(Not (Var "a") :&: Not (Var "b"))

Main> envs (names pO0)
[[("a",False), ("b",False) ],
[("a",False), ("b",True) ],
("a", True ), ("b",False) ],
("a

[
[

"a",True ), ("b",True )]]
Main> [ eval e p0O | e <- envs (names pO0)
[True,
False,
False,
True]

Main> satisfiable pO
True



Outro exemplo: todas as subslistas de uma lista

subs :: [a] -> [[a]]
subs [] = [[]]
subs (x:xs) = subs xs ++ [ x:ys | ys <- subs xs ]



Outro exemplo: todas as subslistas de uma lista

subs []
= [[]]

subs ["b"]
= subs [] ++ ["b":ys | ys <— subs []]
= [[1] ++ ["D":[]]
= [[]l, ["b"]]

subs ["a","b"]

= subs ["b"] ++ ["a":ys | ys <—- subs ["b"]]
[[1, ["b"]] ++ ["a":(], "a":["b"]]

ey, "o, ["a"l, ["a","b"]]



