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e [IpOSs compostos: Listas

 FuncOes recursivas sobre listas
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| istas primitivas em OCaml|

e |istas sao colecOes homogéeneas e imutavels de valores.

e SA0 colecdes heterogéneas seguras, com tipos soma.

 Podem ser criadas por literais  Podem ser criadas pelo operador ::

1::[2:3:4]
[52] v 0.0s

[1;2;3;4]
[50] v/ 0.0s

— : int list = [1; 2; 3; 4] — : int list = [1; 2; 3; 4]

let 1 = [2;3:4] in 1::1
[53] v/ 0.0s

[]

[51] v/ 0.0s

— * '3 list = [] — : 1nt llSt — [1; 2; 3; 4]

: . , L , > 1::2::3::4::[]
e O tipo lista & paramétrico no tipo dos seus elementos. .., . ..
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|istas primitivas em OCaml

* |istas sao colecbes homogéneas e imutaveis de valores de qualquer tipo.

> (L0013 01150023215 03:41105 10111

[60] v/ 0.0s

— 1+ 1int list list list 1list

[(CCC1; (11; ([1; 21; [3; 4111; [[1]]

let points [(1.0,2.0);(3.0,4.0);(5.0,6.0)] in Polygon points

[57] v/ 0.0s

- : figure = Polygon [(1., 2.); (3., 4.); (5., 6.)]

> let polygons = [Polygon [(1.0,2.0);(3.0,4.0);(5.0,6.0)]; Polygon [(1.0,2.0);(3.0,4.0);(5.0,6.0);(7.0,8.0)]]

[58] v/ 0.0s OCaml

val polygons : figure list
[Polygon [(1., 2.); (3.,
Polygon [(1., 2.); (3.,

&~ Bl
(9
o O
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T1po lista

o O tipo lista € um tipo indutivo e

parametrico com dois casos .

[62] v/ 0.0s

* Nil ou lista vazia ([ ]) onde o tipo - 'a list =
dos elementos alnda nao esta
determinado.

1 :: []

* Cons com cabeca e cauda (x :: 1) 631 0.0s

onde o0 elemento x € do tipo dos
elementos da lista |

— : int list = [1]

fun x —> x :: []
[65] v/ 0.0s

— : 'a — 'a list = <fun>
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Eliminacao do lipo lista

e O tipo lista € um tipo indutivo e paramétrico com dois casos, que podem ser
analisados com pattern matching.

let is_empty 1 = let rec sum 1 =
match 1 with match 1 with
| [1 —> true | [1 —> 0
| _ —> false | hi:t —=> h + sum t
(771 0.0s (751  0.0s
val 1s_empty : 'a list —> bool = <fun> -+ val sum : int list —> int = <fun>
>

let rec length 1 =

match 1 with

| [] —> ©

| _::t —> 1 + length t
[76] v/ 0.0s

val length : 'a list —> int = <fun>
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Eliminacao do lipo lista

e O tipo lista € um tipo indutivo e paramétrico com dois casos, que podem ser
analisados com pattern matching.

> (** [max 1] is the maximum of the numbers in the list
pre: [length 1 > 0] =*)
let rec max 1 =
match 1 with

[l =
h::t —

[11] v/ 0.0s

val max : 'a list = 'a = <fun>
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Eliminacao do lipo lista

e O tipo lista € um tipo indutivo e paramétrico com dois casos, que podem ser
analisados com pattern matching.

> (**» [max 1] is the maximum of the numbers in the list
pre: [length 1 > 0] =*)
let rec max L =
match 1 with
'] — assert false
X ] x
head :: tall = let m = max tail in if head > m then head else m

[11] v/ 0.0s

val max : 'a list = 'a = <fun>
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Eliminacao do lipo lista

e O tipo lista € um tipo indutivo e paramétrico com dois casos, que podem ser
analisados com pattern matching.

> (**» [max 1] is the maximum of the numbers in the list
pre: [length 1 > 0] =*)
let rec max = function
'] — assert false
X ] o x
head :: tall = let m = max tail in if head > m then head else m

[10] v/ 0.0s

val max : 'a list = 'a = <fun>

Neste caso, estamos a usar um acelerador que facilita a declaracao de funcoes recursivas com pattern matching.
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| IStas s&0 valores imutavels

e “Modificar” listas faz-se criando novas listas.

let 1 = [1; 2; 3; 4; 5];;
let 10 = 0::1;;
let n = length 1;;

[85] v/ 0.0s
val 1 : int list = [1; 2; 3; 4; 5]

val 10 : int list = [@; 1; 2; 3; 4; 5]

val n : int = 5
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| IStas s&0 valores imutavels

e “Moditicar” listas faz-se criando novas listas.

> let rec string of _list f 1 =
match 1 with

| [] _) ll[]ll
| head::tail —» f head * " :: " " string_of_list f tail;;

[18] v/ 0.0s

val string of list : ('a — string) — 'a list — string = <fun>
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| IStas s&0 valores imutavels

e “Modificar” listas faz-se criando novas listas.

> let rec string of _list f 1 =
match 1 with

| [] _) ll[]ll
| head::tail —» f head * " :: " " string_of_list f tail;;

let 1 = [1; 2; 3; 4; 5] in

let 10 = 0::1 1n

print_string (string of_list string of_int 10); print_newline ();
print_string (string _of_list string of_int 1); print_newline ()

[18] v/ 0.0s
val string of list : ('a — string) — 'a list — string = <fun>

0 :: 1 :2 2 2 3 =2 4 25 2 []
1 :: 2 2 3 22 4 25 2 []
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| IStas s&0 valores imutavels

e “Moditicar” listas faz-se criando novas listas.

let rec append 11 12 =
match 11 with
| [1 - 12
| h::t > h::(append t 12);;

let 11 [1; 2; 3] in
let 12 [4; 5; 6] in
append 11 12

[21] v/ 0.0s

val append : 'a list = 'a list = 'a list = <fun>

- ¢ int list = [1; 2; 3; 4; 5; 6]
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iteracao em listas

* Quando queremos transformar uma lista através de uma funcéao, usamos a
funcao map.

let rec map f L =
match 1 with

* afuncao map ja esta definida [ 1 > [

. | h:i:t > f h :: map f tj;
no Modulo L1st. [35]  0.0s

val map : ('a = 'b) = 'a list = 'b list = <fun>

> map (fun x = x + 1) [1; 2; 3; 4; 5]1;;
[37] v/ 0.0s

- : int list = [2; 3; 4; 5; 6]

> map (fun x = x * 2) [1; 2; 3; 4; 5]1;;
[38] v/ 0.0s

| e - : int list = [2; 4; 6; 8; 10]
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iteracao em listas

 Quando gueremos analisar uma lista e produzir um unico resultado, usamos a
funcdo fold. (fold_left)

let rec fold left f acc 1 =
match 1 with
| [1 = acc

) a fun@éo fO-Ld_-Left também | h::t > fold left f (f acc h) tj;
ja esta definida no médulo List. 7 7 oo

val fold left : ('a =2 'b - 'a) > 'a = 'b list = 'a = <fun>

> fold left (fun x vy = x +y) 0 [1; 2; 3; 4; 5];;
[45] v/ 0.0s

- : 1nt = 15

> fold_left (fun acc n = acc " string of_int n) "" [1; 2; 3; 4; 5];;
[47] v/ 0.0s

- : string = "12345"
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iteracao em listas

 Quando gueremos analisar uma lista e produzir um unico resultado, usamos a
funcao fold. (fold _right)

* afuncdo fold _right também ja esta definida no médulo L1st.

let rec fold right f 1 acc =

match 1 with

| [1 = acc

| h::t > f h (fold_right f t acc);;

[51] v/ 0.0s

val fold right : ('a = 'b = 'b) » 'a list = 'b = 'b = <fun>

> fold_right (fun n acc — string of_int n :: acc) [1; 2; 3; 4; 5] [1;;
[54] v/ 0.0s

- String 1iSt - ["1"; "2"; u3"; u4n; u5u]
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Exerciclo

let count_by_group 1l =

[75] v/ 0.0s OCaml

val count_by group : 'a list = ('a * int) list = <fun>

Count_by_grOup [llall; Ilall; |Ibll; “C"; IICII; IICII; Ildll; Ilell; llell; Ilfll; |I_Fll; llfll; llfll; |Igll; Ilhll; Ilill; llill; Ilill; llill; llill];;

[77] v/ 0.0s OCaml
- : (string * int) list =
[("a", 2); ("b", 1); ("c", 3); ("d", 1); ("e", 2); ("f", 4); ("g", 1);
("h", 1); ("i", 5)]
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Exerciclo

let rec count_by group 1 =
match 1 with
| [1 - []
| hi:t -
let tail = count_by_group t 1in
begin match tail with
| [1 > [(h, 1)]
| (x, n)::rest » if h = x then (x, n+l)::rest else (h, 1)::tail
end

[79] v/ 0.0s OCaml

val count_by group : 'a list = ('a * int) list = <fun>

D’l‘ D¢ @[
D Count_by_group [llall; Ilall; Ilbll; "C"; "C"; “C“; Ildll; Ilell; llell; II_FII; Ilfll; llfll; Ilfll; Ilgll; llhll; Ilill; llill; Ilill; llill; llill] ;;
[80] v/ 0.0s OCaml
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Exerciclo

let count_by_group 1l =
let rec f x acc =
match acc with
| [1 - [(x, 1)]
| (y, n)::gs = if x = y then (y,n+1)::gs else (x,1)::acc
in List.fold_right f 1 []

[75] v/ 0.0s OCaml

val count_by group : 'a list = ('a * int) list = <fun>

Count_by_grOup [Ilall; llall; |Ibll; “C"; “C“; IICII; Ildll; Ilell; llell; Ilfll; |I_Fll; Ilfll; llfll; |Igll; Ilhll; Ilill; llill; Ilill; llill; llill];;

[77] v/ 0.0s OCaml
- : (string * int) list =
[("a", 2); ("b", 1); ("c", 3); ("d", 1); ("e", 2); ("f", 4); ("g", 1);
("h", 1); ("i", 5)]
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Exerciclo

let group by 1 =
let rec f x acc =

in List.fold _right f 1 []
[72] v/ 0.0s

val group by : 'a list — 'a list list = <fun>

> group_by [1; 1; 2; 3; 3; 3; 4; 5; 5; 6; 6; 6; 6; 7; 8; 9; 9; 9; 9; 9];;
[73] v/ 0.0s
- : 1nt list list =

[[1; 1]; [2]; [3; 3; 31]; [4]; [5; 5]; [6; 6; 6; 6]1; [7]; [8];
[9; 9; 9; 9; 9]]
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Exerciclo

let group by 1 =
let rec f x acc =
match acc with
| [1 = [[ x 11
| g::gs >
begin match g with
| [ > assert false (% all lists have elements, see above *)
| yitys = if x =y then (x::y::ys)::gs else [ x ]::acc
end
in List.fold _right f 1 []

[72] v/ 0.0s

val group by : 'a list — 'a list list = <fun>

> group_by [1; 1; 2; 3; 3; 3; 4; 5; 5; 6; 6; 6; 6; 7; 8; 9; 9; 9; 9; 9];;
[73] v/ 0.0s
- : 1nt list list =

[[1; 1]; [2]; [3; 3; 31]; [4]; [5; 5]; [6; 6; 6; 6]1; [7]; [8];
[9; 9; 9; 9; 9]]
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