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INstrucoes de submissao

e Classroom assignment: https://classroom.qgithub.com/a/U5y0Oml -/

o Aceitar o assignment e criar um grupo (um elemento)

e Juntar-se a uma equipa ja criada (o outro elemento)

 Nome do Grupo:

o PX-12345-PY-54321

e PX, PY -turnos

e 12345 54321 - numeros de aluno

« POR ORDEM CRESCENTE DE NUM

RO!
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https://classroom.github.com/a/U5y0mL-Z

Agenaa

* [IpOS compostos: pares, tipos soma e pattern matching.
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Abstracao

* As linguagens de programacao tém mecanismos internos de construcao e
extensao das suas operacoes e tipos de dados.

* Abstracdo funcional (funcdes): estendem as operacdes basicas da linguagem

* Abstraccao de tipos (polimorfismo): estendem a aplicacéo de operacdes a valores de
diferentes naturezas

 Abstracao de dados (tipos compostos): estendem os valores (e tipos) disponivels para
exprimir computacoes

* Tipos primitivos: inteiros, reais, booleanos, strings, caracteres, ...

e Tipos compostos: pares (tuplos), registos, variantes, listas, tipos algébricos
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O tipo “tuplo”

* O tipo par corresponde a conjun¢ao na correspondéncia Curry-Howard.

o Corresponde a definicao do produto cartesiano de dois (ou mais) conjuntos
na correspondéncia entre tipos e conjuntos.

* Declara o tipo dos valores que tem duas (ou mais) partes de tipos
(potencialmente) diferentes.
A X B

e O tipo tuplo primitivo admite um numero finito de componentes, cada
componente pode ser de qualquer tipo.

* O tipo tuplo permite combinar valores de forma heterogénea, em 0poSICA0 as
estruturas de dados tradicionals gue sao colecoes homogeneas.
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INntroaucao do tipo tuplo

g (1,2) A B

[4] v/ 0.0s

- ¢ int * int = (1, 2) A/\B

> ("The answer 1is'", 42)

[5] v/ 0.0s

— : string *x int = ("The answer is", 42)

P ("FullName", ("John","Doe"))

[9] v/ 0.0s

— : string *x (string * string) = ("FullName", ("John", "Doe"))
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INntroaucao do tipo tuplo

P let pairup = fun x y —> (x,y);; A B

pairup "Hello" (pairup 1 2)

[11]  0.0s 4 /\ B
: '3 > 'b —> 'a x 'b

val pairup : = <fun>

— : string % (int * int) = ("Hello", (1, 2'°

— D let rotate_point (x, y) theta =
let cos_theta = cos theta in
let sin_theta = sin theta in
let new x = x *. cos_theta -. y *. sin_theta in
let new_y = x *. sin_theta +. y *. cos_theta in
(new_x, new_y)
[7] v/ 0.0s

val rotate_point : float * float —> float —-> float x float = <fun>

let rotated _point = rotate_point (3.0, 4.0) (Float.pi /. 4.0)
[8] v/ 0.0s

val rotated_point : float *x float = (-0.707106781186547, 4.94974746830583268)

Linguagens e Ambientes de Programacao, NOVA FCT, © 2024, Jodo Costa Seco 169



Eliminacao do tipo tuplo

b let p = (1,2) in fst p + snd p [‘/\B

[15] v/ 0.0s

— : 1nt = 3 1

> let (x,y) = (1,2) in x + vy

[16] v/ 0.0s

— : 1nt = 3

P (fun (x,y) == x +vy ) (1,2)
[17] v/ 0.0s B

— » 1nt = 3
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Definicao de tipos por nome

e Os tipos compostos tornam-se >
“reutllizavels” se assoclados a um
nome Novo.

type coordinates = float *x float
[33] v/ 0.0s

type coordinates = float * float

 Com inferéncia de tipos, este aspeto

SO € particularmente importante em e D Dy 6
ap lcagées grawdes e/ou Se \tﬁeczzg:igz;si : float —> float —> coordinates

qusermos ter tpOS “OpaCOS” em en\(;al rotate:point : coordinates —> float —> coordinates
modulos.

module PointsImpl = struct
type coordinates = float * float

 Mais tarde voltaremos a definicao de

let rotate_point (point: coordinates) theta =

modulos e assinaturas de modulos. o e
let new_x = (fst point) x. c?s_theta -. (snd po%nt) *. sin_theta %n
o Também SéO |mpor’[an’[es para }i’;wi)e(\:v_:/e:_)(/;‘st point) *. sin_theta +. (snd point) *. cos_theta in
declarar registos. end

[34] v/ 0.0s
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Registos

* Registos sao tipos compostos onde 0s componentes sao acedidos por nome.

type person = {name: string; age: int}
[33] v 0.0s

type person = { name : string; age : int; }

let p = {name = "John"; age = 42}
[35] v/ 0.0s

val p : person = {name = "John"; age = 42}

"The person's name is " © p.name ~ " and age is " © string_of_int p.age
[37] v/ 0.0s

— : string = "The person's name is John and age 1s 42"

fun {name;age} —> "The person's name is " ~ name ~ " and age is " ”~ string_of_int age
[13] v/ 0.0s

— : person —> string = <fun>
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Funcoes com varios parametros e varios resultados

e A forma tradicional de chamar uma funcao, em que todos 0s parametros sao
dados de uma so vez, faz-se com tuplos em oCaml.

e Os tuplos também permitem o retorno de varios valores simultaneamente.

A capacidade de chamar uma
funcao parcialmente chama-se
Currying.
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> let rotate_point (p, theta) =

let (x,y) = p in

let cos_theta = cos theta in

let sin theta = sin theta 1in

let new_ x = x *. cos_theta -. y *. sin_theta in
let new y = x *. sin_theta +. y *. cos_theta in
(new_x, new_y)

[19] v/ 0.0s

val rotate_point : (float % float) x float —> float x float = <fun>

let point = (3.0, 4.0) in
let rotated_point = rotate_point (point, (Float.pi /. 4.0))
[17] v/ 0.0s

val rotated_point : float *x float = (-0.707106781186547, 4.94974746830583268)
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O tipo “soma” (variantes ou enumerados)

* O tipo par corresponde a disjung¢ao na correspondéncia Curry-Howard.

o Corresponde a definicdo da uniao (etiguetada) de dois (ou mais) conjuntos na
correspondéncia entre tipos e conjuntos.

* Declara o tipo dos valores que tem uma de duas (ou mais) partes de tipos
(potencialmente) diferentes.
A+ B

e O tipo soma primitivo admite um numero finito de alternativas, onde cada
alternativa pode ser de qualquer tipo.

* O tipo soma corresponde a combinar valores diterentes de forma heterogéenea.
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Introaucao do tipo soma

 Um tipo soma assume varias alternativas possivelis para 4
0S seus valores. E uma forma de polimorfismo ad-hoc.

P type species = Dog | Cat | Bird | Fish A \/ B

type pet = { name: string; species: species; age: int }

[20] v/ 0.0s

type species = Dog | Cat | Bird | Fish

type pet = { name : string; species : species; age : int; } 'jEE;

AV B

let p = {name = "Fido"; species = Dog; age = 3}
[ ]
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Introducao do tipo soma (com dados)

type point float x float

tye figure - AV DB

| Circle of point % float

| Rectangle of point * point
| Triangle of point * point * point B

o I AV B

type point = float * float

type figure =
Circle of point *x float >
| Rectangle of point * point
| Triangle of point * point * point

Circle ((3.9, 4.90), 2.0)
[42] v/ 0.0s

- : figure = Circle ((3., 4.), 2.)
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Introducao do tipo soma (com dados)

type 'a option = None | Some of 'a

- - AV B

type 'a option = None | Some of 'a

b Some "Dwarf Knight" JE};
[25] v/ 0.0s

— 1 string option = Some "Dwarf Knight" 4 \/ B
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Eliminacao do tipo soma: Pattern matching!

 Um valor de um tipo soma pode ser A . (' B s (' AV B
de uma de um conjunto de alternativas. c

* SO € possivel progredir de forma segura
oor analise de casos detalhada.

* [0dOS 0S ramos tém que ter o mesmo tipo, como na expressao condicional.

let describe T =

match f with
Circle (x,y,r) — "Circle at " » string_of_float x ~ "," » string_of_float y

Rectangle (x1,yl) —> "Rectangle at " ~ string_of_float (fst x1) ~ "," » string_of_float (snd x1)
Triangle (x1,yl1l,z1) —> "Triangle at " ~ string_of_float (fst x1) ~ "," ~ string_of_float (snd x1)

[39] v 0.0s

val describe : figure —> string = <fun>
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Variantes em C (Unions)

enum ShapeType {

CIRCLE,
RECTANGLE, : : :
TRIANGLE union GeometricShape circle;
}s circle.type = CIRCLE;
circle.circle.x = 2.0;
union GeometricShape { circle.circle.y = 3.0;
enum ShapeType type; circle.circle.radius = 5.0;
struct {
double x; union GeometricShape rectangle;
double y; rectangle.type = RECTANGLE;
double radius; rectangle.rectangle.x1l = 1.0;
} circle; rectangle.rectangle.yl = 2.0;
struct { rectangle.rectangle.x2 = 6.0;
double x1: rectangle.rectangle.y2 = 5.0;
double vy1;
double x2; union GeometricShape triangle;
double y2; triangle.type = TRIANGLE;
} rectangle; triangle.triangle.xl = 1.0;
struct { triangle.triangle.yl = 1.0;
double x1; triangle.triangle.x2 = 4.0;
double y1; triangle.triangle.y2 = 5.0;
jouﬂe Xg? triangle.triangle.x3 = 7.0;
ouble y2; : : — .
double x3: triangle.triangle.y3 = 2.0;
double y3;
} triangle;

}i
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Case Classes e Pattern Matching em Scala

sealed trait class GenericShape

case class Circle(x: Double, y: Double, radius: Double) extends GenericShape
case class Rectangle(xl: Double, yl: Double, x2: Double, y2: Double) extends GenericShape
case class Triangle(xl: Double, yl: Double, x2: Double, y2: Double, x3: Double, y3: Double)

extends GenericShape

def printShapeDetails(shape: GeometricShape): Unit =

shape match
case Circle(x, y, r) => println(s"Circle: Center ($x, Sy), Radius S$r'")
case Rectangle(xl, vy1l, x2, y2) =>
println(s"Rectangle: Top-left ($x1, S$yl), Bottom-right ($x2, $Sy2)")
case Triangle(xl, y1, x2, y2, x3, y3) =>
println(s"Triangle: Vertex 1 ($x1, S$yl), Vertex 2 ($x2, S$Sy2), Vertex 3 ($x3, Sy3)")
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Pattern matching

let whatDoYouHave o =
match o with
| None —> "Nothing"
| Some x —> "I have "X

L ]

let species_of p =
match p.species with
| Dog —> "Dog"
| Cat —> "Cat"
| Bird —> "Bird"
| Fish —> "Fish"

L ]
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Pattern matching

let how_may_points_in f =

match f with
Circle _ —> 0
Rectangle _ —> 4
> type point = float * float Triangle _ — 3
type figure =
46 .
Circle of point * float [46] v 0.0s
Rectangte of point * point -+ File "[46]1", lines 2-5, characters 2-19:
Triangle of point *x point *x point ,
Polygon of point list 2 ..match f with
3 Circle _ —> 0
-+ 4 Rectangle _ — 4
o 5 Triangle _ —> 3

Warning 8: this pattern—-matching is not exhaustive.
Here 1s an example of a case that 1s not matched:
Polygon _

val how_may_points_in : figure —> 1int = <fun>
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Pattern matching

type point = float * float

type figure =

Circle of point % float

Rectangle of point x point > . . B

Triangle of point % point * point let how_may_points_in T =

Polygon of point list match f with
Circle -—> 0

(411  0.0s
| Rectangle _ —> 4
Triangle _ — 3
Polygon points —> List.length points
r
>

let do_you_like_this_fiqure f =
match f with
| Circle _ —> "Yes"
| _ —> "No"

L ]
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