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Numeros Primeiro Trabalho (aprox.)

08
Entregues 65
OK! 16
Apresentacao
ou documentacao a

Nao compilam!
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Primelro leste!

Resolucao do Primeiro Teste Lap 2024 (extendido)

[*] Pergunta 1 (2 valores).

Esta pergunta é sobre expressdes em OCaml e o seu tipo. Considere as seguintes definicdes de tipos:

float * float (* Coordenadas cartesianas *)

> type point

float * float (* Coordenadas polares x)

type polar
type figure = Circle of point * float | Rectangle of point * point

int * (int * string)

type a
type b = point * (point list)

figure list

type c

type d = polar list — point list

type e = figure list — int
[1] v/ 0.0s OCaml

float * float

type point

float * float

type polar

type figure = Circle of point % float | Rectangle of point * point
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Sistema de Modulos

e Espacos de nomes

 Grupos de declaracdes (normalmente) relacionadas isolados de outros grupos por via da qualificacédo dos nomes
num maodulo.

 Permite a reutilizacdo dos mesmos nomes em contextos diferentes sem colisdes.

 Pacotes e classes em Java, ficheiros/modulos em C, estruturas/modulos em ocaml
 Abstracao
* Permite esconder/revelar selectivamente informacéao (information hiding)

* |solamento de cdodigo, melhor desenvolvimento e manutencao, ownership, etc.

e Reutilizacdo de cddigo
e reutilizacdo sem copia, modularidade, (cf. heranca em Java)

 (em OCaml) Parametrizacdo de modulos

 (Os Functores em OCaml sdo como funcdes de modulos para moédulos (cf. traits em Scala)
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Modulos em OCaml

7 ~ . . D o .
 Os modulos sdo definidos por estruturas nodule “-"ZLE;ZS;‘;{‘CT R
(Struc-t) 11.:: i:it{e:gﬁtil: function
| Nil - ©
» Os tipos para os moédulos séo | Coms (xe) = 1+ Length xs
assinaturas (sig) 1AL o Hone

| Cons (x, _) — Some x
let tail = function

o As definicoes de tipos por omissao sao | Nil - None
, : | Cons (_, xs) — Some xs
publicas (type) end

[7] v/ 0.0s

* As implementagdes dos nomes ficam -+ module MyList :
sig
pﬂvadas (Va-l_) type 'a list = Nil | Cons of 'a * 'a list

val empty : 'a list
val length : 'a list — 1int
val insert : 'a = 'a list — 'a list
val head : 'a list — 'a option
val tail : 'a list — 'a list option

end
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ESpaco de nomes

 Os nomes declarados num modulo podem ser usados de forma qualificada
(com o nome do Mddulo e um ponto: List.fold _right)

* Ou pode-se usar a directiva open para expandir os nomes do modulo usado

no modulo cliente. .-

* o mdédulo StdL1b esta
sempre aberto.

[17]
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module MyStack = struct

type 'a stack = 'a MyList.list

let empty = MyList.empty

let push x xs = MyList.insert x xs

let pop = MylList.tail
let top = MylList.head
end
v/ 0.0s

module MyStack :

sig
type 'a stack = 'a MyList.list
val empty : 'a MyList.list
val push : 'a = 'a MylList.list — 'a MylList.list
val pop : 'a MyList.list — 'a MyList.list option
val top : 'a MyList.list — 'a option

end

>~ module MyStack = struct

open MylList

type 'a stack = 'a list
let empty = empty
let push x xs = insert x xs
let pop = tail
let top = head
end

[14] v/ 0.0s

module MyStack :

sig
type 'a stack = 'a MyList.list
val empty : 'a MyList.list
val push : 'a = 'a MylList.list — 'a MyList.list
val pop : 'a MyList.list — 'a MylList.list option
val top : 'a MylList.list — 'a option

end
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Abstracao de nomes

* Os tipos dos mddulos permitem ainda
esconder a definicao dos tipos

 Uma assinatura pode ter varias
implementacdes compativeis (opacas)

module type Stack =

sig
type 'a stack
val empty : 'a stack
val push : 'a = 'a stack — 'a stack
val pop : 'a stack — 'a stack option
val top : 'a stack — 'a option

end

module MyStack : Stack

module AnotherStack : Stack
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module type Stack = sig
val empty : 'a stack
val push : 'a = 'a stack —» 'a stack
val pop : 'a stack —» 'a stack option
val top : 'a stack — 'a option

end

module MyStack:Stack = struct
type 'a stack = 'a MyList.list
let empty = MyList.empty
let push x xs = MyList.insert Xx Xs
let pop = MyList.tail
let top = MylList.head
end

module AnotherStack : Stack = struct
type 'a stack = 'a list
let empty = []
let push X Xxs = X :: XS
let pop = function
| [1 — None
| _ iz xs — Some xs
let top = function
| [1 — None
| x :z _ — Some x

end



: >
T|pOS e NoMes module IntStack = (struct

type stack = int MyStack.stack
let empty = MyStack.empty
let push = MyStack.push
let pop = MyStack.pop
let top = MyStack.top
end : sig
type stack
val empty : stack
val push : 1nt = stack — stack
val pop : stack — stack option
val top : stack — 1int option
end)

[36] v/ 0.0s

module IntStack :

sig
type stack
val empty : stack
val push : int — stack — stack
val pop : stack — stack option
val top : stack — 1int option

end
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Modulos e tfichelros

* A organizacao em ficheiros separa a estrutura (struct) da assinatura (sig)

* Ficheiros MyList.ml, MyStack.mli, MyStack.ml|

5 > LAP 2024-12 > 74 MyList.ml > ... > LAP 2024-12 > "4 MyStack.mli > ...

s > LAP 2024-12 > "4 MyStack.ml > ...

type 'a list = Nil | Cons of 'a * 'a list type 'a stack
'a list val empty : 'a stack . ' _ o : -
: type 'a stack = 'a MyList.list
let empty = Nil val push : 'a = 'a stack = 'a stack .
'a list -> int

let rec length = function
| NIl > ©
| Cons (_, xs) = 1 + length xs
'a -> 'alist -> 'a list
let insert x xs = Cons (x, Xs)
'a list -> 'a option
let head = function
| Nil — None
| Cons (x, _) — Some x
'a list -> 'a list option
let tail = function
| Nil — None

| Cons (_, xs) — Some xs
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val pop : 'a stack — 'a stack option
val top : 'a stack — 'a option

let empty = MyList.empty
'a->'b->"'c

let push x xs = MylList.insert
'a

let pop
‘a

let top

MyList.tail

MyList.head
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Modulos e Functores (funcdes de modulos para modulos)

> module type X = sig
| val x : 1int
end

module IncX (M : X) = struct
let x = M.x + 1
end

[23] v/ 0.0s

module type X = sig val x : 1nt end

module IncX : functor (M : X) — sig val x : int end
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