Algebraic Data Types



Announcements



Lists



Gleam Lists are Linked Lists

A list literal looks like a Python list: [3, 7, 5, 9]

However, a list literal can also contain an expression for the rest of the list

let s = [5, 7, 9](;;This .. Ccan only appear once, only at the end, and only before a list:j

let odds = [1, 3, {i.s] // Evaluates to [1, 3, 5, 7, 9], sharing memory with s

All items in a Gleam list must have the same type; the following cause type mismatch errors

[1’ ||.tw0||]
["one", ..s]
[1, 3, s]

A list type describes the type of the items that the list contains

. , The list module contains map, filter, all, any, append, zip, etc.:)
import gleam/list

fn double_each(s: List(Int)) —>{List(Int); {
list.map(s, fn(n) { 2 x n }) 77 Xl
}

A list of integers :)

https://gleam-stdlib.hexdocs.pm/gleam/list.html#map



List Patterns

There is no .first or .rest of a Gleam list

Instead, a case expression for a list can assign names to the first item(s) and the rest

fn describe(s: List(Int)) —> String {
case s {
[1 —> "Empty list"
[1] —> "List of just 1"
[4, ..] — "List starting with 4"
[a, b] if a < b —> "List of " <>§15£?£6i§£?15é(55}<> " then " <> int.to_string(b)

(: a is now a name for the first item in s :j

[, ] — "List of two elements"

[a, b, ..rest] if a < b —> "List ending in " <>i strlng 1nspect(rest)§

'""Some other list" AN

1 rest is now a name for the rest of the list
after the first two items (a and b)

https://playgra glean. run/#N41gbgpgTgzglgewHYgFEYAD. CAtgA4) g pIXVajF 3 rA+dO! NAGYM7Locj TB2FISi30]/
cq zEwrcmlevP(kAFBZJFVDSM YVDoAGThxLQBIYh09AF0AP j 0AZQkpfQBCVhgI! 35n8049LwOVNUIMA4 j 0 0 A ] v 0OPYAdzg+ FI‘IdFSMKMllVGQUKLg NVdMPHQlBt mSAR9gal (7g Nl BA]BAgAP isRIBhavheen /EEEQ[ENES ntX(BVSLQKfpk FCjICLE3d 1AKHY 3EWCAS ChE fAWU LkpwUpmIhFQGZz4amoh M1Em+hESX7bhKmhinXbihHCGCUEZ4LTuBQ6S LCvagLYIG3ARVON4 fB1DQZBEADIA




List Module

https://gleam-stdlib.hexdocs.pm/gleam/list.html

https://playground.gleam. run/#N4IgbgpgTgzglgewHYgl 9Ad] gl J FuwSMAM fHZ6UAgCMBAMYR1Y rbgAoA kxOALHYCsd F1pquhwd j CXWAONVKO1ZKSNETU1ZIWSQC FERV FAQENNWACYyWC i TpPwhczPF IMKINGDSVTQAPXWAGB roAK aBAF9tXOMAOMq10CZCKDoAaWgTS INC iHy IQuITIR0BAHC cUF2IX0TUSDoOCHXZKCRTABUOWQgDLLKhOIGX6Bq7b LCIAHOTSBIPO 1Z4VV6] caf ZRIRFNLOAPGCPHB3RAISAA




List Processing Examples



Example: Alternating Lists

Return whether a list s contains a pair of alternating items [x, y, X, Yy, X, «..]

Gleam feature: two values of the same type can always be compared using == and !=
(There is no equivalent of Python's is in Gleam because all values are immutable)

Gleam syntax: The equivalent of Python's and is &&, or is ||, not is !

fn alternating(s: List(a)) —-> Bool { assert alternating([])
assert alternating([1, 2, 1, 2, 1])
case s { assert alternating(["a", "b", "a", "b"])
assert l!alternating([1, 2, 1, 3])
—> True assert 'alternating([1, 2, 2, 1])
if  —> False

—> alternating(rest)

Playground link: is.gd/6la_alternating


http://is.gd/61a_alternating

Example: Alternating Lists

Return whether a list s contains a pair of alternating items [x, y, X, Yy, X, «..]

Gleam feature: two values of the same type can always be compared using == and !=
(There is no equivalent of Python's is in Gleam because all values are immutable)

Gleam syntax: The equivalent of Python's and is &&, or is ||, not is !

fn alternating(s: List(a)) —-> Bool {

case s {

(1] 1 |

—> True

[x, _» z, .1 4§ X !'=7Z _5 False

[_, ..rest] _J alternating(rest)
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http://is.gd/61a_alternating

Example: Repeating Lists

Return whether a list s is n values repeated; for n==3 [x, vy, z, X, VY, Z, X, Y, Z, X,

Gleam syntax: The equivalent of Python's and is &&, or is ||, not is !

pub fn repeating(s: List(a), n: Int) —> Bool {
case s {
[1 —> True
[first, ..rest] —> nth_equals(first, s, n) && repeating(rest, n)

}

¥
/// Return True if s is shorter than n or s[n] == expected
pub fn nth_equals(expected: a, s: List(a), n: Int) —> Bool {
case s {
[] == True
¥
I

Playground link: is.gd/6la_repeating


http://is.gd/61a_repeating

Example: Repeating Lists

Return whether a list s is n values repeated; for n==3 [x, vy, z, X, VY, Z, X, Y, Z, X,

Gleam syntax: The equivalent of Python's and is &&, or is ||, not is !

pub fn repeating(s: List(a), n: Int) —> Bool {
case s {
[1 —> True
[first, ..rest] —> nth_equals(first, s, n) && repeating(rest, n)

}

¥
/// Return True if s is shorter than n or s[n] == expected
pub fn nth_equals(expected: a, s: List(a), n: Int) —> Bool {
case s {
[] == True
[first, ..rest] —
case n {
0 —> first == expected
_ —> nth_equals(expected, rest, n - 1)
b
¥
I

Playground link: is.gd/6la_repeating


http://is.gd/61a_repeating

Example: Matching Lists

Lists s and t match if they are equal or one is a prefix of the other
Gleam syntax: A case expression can have multiple subjects

2, 31, [1, 2, 3])

assert matches([1,
1, 2, 1, 2], [1, 2])
1,
1,

(
assert matches(
assert matches( 2], [1, 2, 3, 4])
assert matches( [1, 2])
assert !'matches([1, 2, 3], [1, 3])

[
[
[
[

fn matches(s: List(a), t: List(a)) —> Bool {
case s, t {

Playground link: is.gd/6la_matches


https://tour.gleam.run/flow-control/multiple-subjects/
http://is.gd/61a_matches

Example: Matching Lists

Lists s and t match if they are equal or one is a prefix of the other

Gleam syntax: A case expression can have multiple subjects

assert matches(
assert matches(
assert matches(

1,
1, 2, 1, 2]1
1,

assert matches([],

[
[
[
(1, [1, 21)

2, 31, [1, 2, 3])
[1, 2])
2], [1, 2, 3, 4])

assert !matches([1, 2, 3], [1, 31])

fn matches(s: List(a), t: List(a)) —> Bool {

case s, t {

y && matches(s_rest, t_rest)

[X, ..s_rest], [y, ..t_rest] —> x

Playground link: is.gd/6la_matches


https://tour.gleam.run/flow-control/multiple-subjects/
http://is.gd/61a_matches

Example: Repeating Lists Using Matching

Return whether a list s is n values repeated; for n==3 [x, vy, z, X, VY, Z, X, Y, Z, X,

X, ¥y, 2, X, ¥, 2, X,
pub fn repeating(s: List(a), n: Int) —> Bool {

matches(s, (s, n)) Lists s and t match if they are equal
} or one is a prefix of the other
///
fn (s: List(a), n: Int) — List(a) {
¥

Playground link: is.gd/6la_repeating2


http://is.gd/61a_repeating2

Example: Repeating Lists Using Matching

Return whether a list s is n values repeated; for n==3 [x, vy, z, X, VY, Z, X, Y, Z, X,

[X, ¥V, Z, X, ¥V, Z, X, «usl
pub fn repeating(s: List(a), n: Int) —> Bool {

by

matches(s, _drop (s, n)) Lists s and t match if they are equal
or one is a prefix of the other

/// Remove up to the first n items of s

fn drop (s: List(a), n: Int) —> List(a) {

case n {
0 —> s
_—>
case s {

[1 — []
[, ..rest] —> drop(rest, n - 1)

by

Playground link: is.gd/6la_repeating2


http://is.gd/61a_repeating2

Algebraic Data Types



Patterns and Types

A case pattern gives local names to the fields (also "attributes") of each variant

pub type Contact { contact(User("0ski", EmailOnly("oski@berkeley.edu")))
EmailOnly(email: String)
PhoneOnly(phone: Int) "mailto:oski@berkeley.edu"

Both(email: String, phone: Int)
+

pub type User {
User(name: String, contact: Contact)
}

pub fn contact(user: User) —> String {
case user.contact {
EmailOnly(e) | Both(e, _) —> "mailto:" <> e

PhoneOnly(n) —> "tel:" <> int.to_string(n)



Patterns and Types

A case pattern gives local names to the fields (also "attributes") of each variant

Attributes can also be accessed through dot expressions after matching a variant

pub type Contact {
EmailOnly(email: String)
PhoneOnly(phone: Int)
Both(email: String, phone: Int)

by

pub type User {
User(name: String, contact: Contact)

}
<[ user.contact.email is not allowed because :

pub fn contact(user: User) —> String { user.contact may not have an email attribtue

case user.contact {
EmailOnly(..) as ¢ —> "mailto:" <> c.email
Both(..) as ¢ —> "mailto:" <> c.email
PhoneOnly(..) as ¢ —> "tel:" <> int.to_string(c.phone)

by

by



Type Examples



Nested Lists

A nested list of integers is a list containing integers and nested lists of integers

pub type NestedList(a) =
List(Nested(a))

pub type Nested(a) {
Sublist(NestedList(a))

Item(a)
}
// Sum a nested list of integers // Sum a nested list of integers with list.map
pub fn sum_nested(s: NestedList(Int)) —> Int { | pub fn sum_nested(s: NestedList(Int)) —> Int {
case s { int.sum(
[] —> 0

[first, ..rest] —>

+ sum_nested(rest)
¥ )
} ks

https://is.gd/6la_sumnested




Nested Lists

A nested list of integers is a list containing integers and nested lists of integers

pub type NestedList(a) =
List(Nested(a))

pub type Nested(a) {
Sublist(NestedList(a))
Item(a)

}

// Sum a nested list of integers

// Sum a nested list of integers with list.map

pub fn sum_nested(s: NestedList(Int)) —> Int { | pub fn sum_nested(s: NestedList(Int)) —> Int {

case S { int.sum(
[] > 0 list.map(s, fn(x) {
[first, ..rest] —> case x {
case first { Sublist(t) —> sum_nested(t)
Sublist(t) —> sum_nested(t) Item(a) —> a
Item(a) —> a }
} })
+ sum_nested(rest)
3 )
1 }

https://is.gd/6la_sumnested



Non-Empty Lists

Try to spot the bug in this implementation of increasing for non-empty linked 1lists

pub type NotEmpty(a) {

Last(first: a)

Link(first: a, rest: NotEmpty(a))
}

pub fn starts_with(s: NotEmpty(a), v: a) —> Bool {
s.first == v

}

pub fn increasing(s: NotEmpty(Int)) —> Bool {
case s {
Last(_) —> True
Link(first, Link(second, _)) if second <= first —-> False
Link(_, rest) —> increasing(rest)

by
¥

https://is.gd/6la_debug_increasing



