Objects to Unify Type Classes and GADTs

Bruno Oliveira (Speaker)
Oxford University Computing Laboratory
bruno@comlab.ox.ac.uk

Martin Sulzmann
School of Computing, Natfional University of Singapore
sulzmann@comp.nus.edu.sg




INTRODUCTION

Type classes and GADTs have clear (syntactical) similarities; but the two
mechanisms seem somehow orthogonal. Some common questions:

e Given some problem how can we decompose it? Common Haskeller
question: shall | use datatypes or shall | use type classes?

e What is the relationship between datatypes, type classes and
OO-classes? Common newbie (but with OO experience) Haskeller
question: how do | franslate my OO program into Haskell?

Related main question addressed in this talk:

Can we have a single type of declaration that allows us to unify and
generalize type classes and GADTs?
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Define an ADT for Sets in Haskell that:
1. supports mulfiple implementations;

2. is (obviouslyl) abstract —that is, the concrete implementation(s) is/are
hidden;

3. allows us to dynamically replace one implementation by another one.

THE SET PROBLEM



Haskell is a rich language with many different constructs and features. Here
are a few solutions that we could try:

1. Modules —This is how Sets are implemented in the Haskell libraries.
2. Existential types —We can use existential types to encode ADTs.

3. Type Classes (Bulk Types) —We can use type classes to support mulfiple
implementations.

4, Records —We can encode objects with records.

Haskell does offer multiple choices, but each of them is somewhat
unsatisfactory since it either fails to meet all the requirements or it is not very

straightforward.
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Imagine yourself as being an experienced OO programmer frying to learn
Haskell, and you have just come across the concept of type classes. You
mMmay be tfempted to write:

class Set ¢ where
member :: a — Bool

msert  :a — Set a

Unfortunately, this is rejected in Haskell:

Class 'Set’ used as a type
INn the class declaration for ‘Set’

A STRAIGHTFORWARD OO SOLUTION



H+- is more or less Haskell;
H+- ~ Haskell + objects - a number of other features
H+- features:

e A generalized class system where type class instances are replaced by
the more general concept of objects;

e A powerful dot notation which allows us to easily switch between
implicitly passed and explicitly passed arguments;

e sedled classes: all objects that construct values of a certain class are
defined in the same module as that class (closed world perspective).

e Oopen GADTs and closed GADTs with pattern matching by interpreting
classes as datatypes and objects as value constructors.

INTRODUCING H+-



A SOLUTION FOR THE SET PROBLEM IN H+-

Unlike in Haskell, H+- classes can occur in type positions, so the OO solution
is a valid program:

class Set ¢ where
member :: a — Bool

msert  :a — Set a

Here is a possible implementation:

object ListSet :: Ord a = [a] — Set a
object ListSet xs where
member x = elem x xs

insert x = ListSet (union |z] xs)

A SOLUTION FOR THE SET PROBLEM IN H+-



CONSTRUCTING OBJECT VALUES AND THE DOT NOTATION

Like with Haskell type classes, the method insert has the type:

msert :: Set a = a — Set a

However, in H+- we can explicitly pass a value for the dictionary argument
by using the dot notation.

ms :: Set a — a — Set a

ms s x = s.insert =

set :: Set Int
set = ins (ins (ins (ListSet[]) 3) 4) 3

The value set shows how we can use a value constructor-like notation to
uild objects.

CONSTRUCTING OBJECT VALUES AND THE DOT NOTATION



APPLICATION: OPEN DATATYPES

We can inferpret an H+- class and its objects as a form of open datatype.
For example, suppose that we want to define the sprintf function in H+- and
we want to be able fo add new kinds of format specifiers in the future.

Idedlly, we would like to have an extensible Format datatype. Here is how
we can write the Format type and the sprintf function in H+-;

class Format t where
sprintf’ :: String — t

sprintf :: Format t — t

sprintf { = f.sprintf’ ""

APPLICATION: OPEN DATATYPES



APPLICATION: OPEN DATATYPES
A few format specifiers:

instance object £ where -- E :: Format String
sprintf’ = id
instance object [ :: Format t = Format (Int — t)

instance object [ where
sprintf’ s x = sprintf’ (s H show x)

object S ¢ k£ where --S5: String — Format t — Format t

sprintf’ s = k.sprintf’ (s + x)

A few things fo note: insfance objects can be used in the same way as type
class instances in Haskell; the type signafture of an object is optional and

can offen be inferred; and the types of the object consfructors are just like
GADT value constructors.
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A common problem in Haskell, derived from the fact that we cannot
explicit pass ‘dictionaries’, is the existence of '‘By’ functions:

insert 1 Ord a = a —|a] —|[a]
insertBy :: (a — a — Bool) — a —|a] — |a]
sort 2 Ord a =[a] —|[a]

sortBy ::(a — a — Bool) —|a] —[a]

In H+- we can write:
insert 2 Ord a = a —|a] —|a]
insert x ] =z]
insert x (y:ys) =1if x > y then y : insert x ys else x : y : ys
sort :: Ord a =[a] —|a]

sort = foldr insert ||

APPLICATION: IMPLICIT EXPLICIT OBJECTS



We can use sort like we would do in Haskell:
sortImplicit ::[Int]
sortImplicit = sort|2,6, 5]

But, using the . notation, we can also override the Ord dictionary and
provide our own:

object OrdTrue :: Ord Int
object OrdTrue where
x>y = true
sortRExplicit ::|Int]
sortFExplicit = OrdTrue.sort|2,6,5]

APPLICATION: IMPLICIT EXPLICIT OBJECTS
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The H+- classes that we have seen so far are always open: we can always
add new objects (even if they are in a different module). However, we
cannot add new methods or functions defined by pattern matching.

With sealed classes new instances/objects cannot be declared outside the
module that defines the class but we gain, in return, the ability fo do
pattern matching. For example:

sealed class Ezp a where

object Lit :: Int — Exp Int

object Plus :: Exp Int — FEzp Int — Exp Int
object IsZ :: Exp Int — Exp Bool

object If :: Exp Bool — FExp a — FEzxp a — Exp a
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Now we can easily define new functions by patftern matching on the
sealed class Exp:

eval 2 FBrp a— a

eval (Lit x) =x

eval (Plus el e2) = eval el + eval e2

eval (IsZ e) = eval e =0

eval (If p el e2) = if eval p then eval el else eval e2

SEALED CLASSES

14



We have seen how to use seadled classes to define GADTs, but classes are

more general since they can have methods. What does it mean to have o
GADT with methods?

Methods are attributes of the class and not of the objects. Suppose we
want to improve the messages reported to the user by adding exitra
location information to our expressions. We can do this with methods:

type Loc = Maybe (Int, Int)

sealed class Ezp a where
loc :: Loc

loc = Nothing
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Now suppose we add support for division:

sealed class Erp a where

object Div :: Exp Int — Ezp Int — Ezp Int

eval :: Exp a — a

eval dQ(Div el e2) = if eval e2 # 0 then eval el ‘div‘ eval €2

else error (show d.loc 4 ": division by 0")

The thing to note is that we basically only need to modify code that makes
use of the extra location information.
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e GADTs and type classes blend nicely together thanks tfo objects.

e H+- classes are first-class because we dllow explicit dictionary-passing in
the source language.

e Hopefully this work will help answering questions such as: “how do |
tfranslate my OO program into an Haskell program?” or “should | use
type classes or datatypes for this problem?”.

e Non-goal - We are not aiming at a Haskell backwards compatible
extension; instfead we want fo devise the simplest system possible (fuple
Vs set semantics on constraints).

e Issue - Context reduction vs late binding.
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