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The humble datatype

type 'a tree = Empty 

| Node of 'a tree * 'a * 'a tree 



The humble datatype

datatype 'a tree = Empty 

| Node of 'a tree * 'a * 'a tree

Sum Type Product Type Recursive Type

Parametrized/Polymorphic Type

Generative

“Algebraic Datatype”



What are we generalizing?

Constructors!

Then the question is…

What are constructors?







Two things!

datatype ‘a option = NONE | SOME of ‘a

1.

NONE : ‘a option

SOME : ‘a -> ‘a option

2.

case e of 

NONE => …

| SOME x => …



Generalized?



Step 1

datatype ‘a option = NONE | SOME of ‘a

datatype ‘a option = 

NONE : ‘a option

| SOME : ‘a -> ‘a option

Rewrite to reflect “Thing 1” that constructors are



Then remove the requirement that 

1. All constructors create values of the same type (sum)

2. All constructors that take in a polymorphic type return a 
polymorphic type (universal type)



1. Not all constructors create values of the same type

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option

val x : int weird_option = SOME 10      ✓

val y : string weird_option = NONE       ✓

val x : string weird_option = SOME “hi”  X



2. Not all constructors that take in a polymorphic type 
return a polymorphic type

datatype ‘a weirder_option = 

NONE : ‘a weirder_option

| SOME : ‘a -> int weirder_option

val x : int weirder_option = SOME “weird” ✓

val y : int weirder_option = SOME []      ✓



What do we have?

1. Generalized Sums 

Constructors can create values of different types

2. Existential Types 

Constructors that take in a polymorphic type do not have to return one 



Generalized Sums

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option



Generalized Sums

fn (e : ‘a weird_option) => 

case e of 

SOME x => x

| NONE => 10 

Could be SOME or NONE, since ‘a could be int or string

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option



Generalized Sums

fn (e : int weird_option) => 

case e of 

SOME x => x

fn (e : string weird_option) => 

case e of 

NONE => “hello”

These are exhaustive matches.

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option



Generalized Sums

fun wait_really (e : ‘a weird_option) = 

case e of 

NONE => “hello”

| SOME x => 10

wait_really : ‘a weird_option -> ‘a

This typechecks.

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option



Let’s take a moment to 
appreciate this



Generalized Sums

fun wait_really (e : ‘a weird_option) = 

case e of 

NONE => “hello”

| SOME x => 10

wait_really : ‘a weird_option -> ‘a

datatype ‘a weird_option = 

NONE : string weird_option

| SOME : int -> int weird_option



Existential Types



Existential Types

datatype ‘a weirder_option = 

NONE : ‘a weirder_option

| SOME : ‘a -> int weirder_option



Type theory break



Existential Types

datatype ‘a bobs_blog = 

NONE : ‘a bobs_blog

| SOME : (‘a * ‘a -> bool) -> int bobs_blog



Existential Types

fn (e : int existential) => 

case e of 

NONE => true

| SOME ‘a (x, f) => f x

datatype ‘a existential = 

NONE : ‘a weirder_option

| SOME : (‘a * ‘a -> bool) 

-> int weirder_option



Ocaml Demo


