Types and Functions
(based on notes by Stephanie
g Weirich)

= I'll post PS4 and autograder later today
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‘ Outline

= Eq and other overloaded operations

= Deriving mechanism

= Read and Show

= Ord

= Enum and Bounded

= Semigroup and Monoid

= Kinds and higher-kinded type classes

= Functor, Foldable, and Monad type classes
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‘ The Type of (+)

We saw a lot of (+) which we used to add Ints:

We might conclude type is (+) : :Int -> Int -> Int
But we can also add Floats:

Thus, we can also have (+)::Float -> Float -> Float
So, is this the type?
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The above get us the following type error:
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Typea -> a -> ais too general. It makes sense to add
numbers, but not Bools or lists. We need a type in the
middle

Adding constraint Num a => achieves the goal:
-

Num a => is a type constraint. It says (+) should work on
any type a as long as a implements the Num type class
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* Num Type Class and More

Num is one of many type classes in Haskell. Instances of
Num support (+), (-), etc.

Int, Integer, Float and Double are all instances
of Num

Type classes are Haskell’s solution to overloading.
Overloading is also known as ad-hoc polymorphism
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In contrast, parametric polymorphism means one

implementation that works on many different types
[wjm 2 [a7 — Dok

E.g., the implementation of Tength works on lists of Ints,

lists of lists of doubles and so on

But behavior of (+) does depend on the type of operand,
hence a different implementation for each type

Type classes bring “order” and “discipline” to ad-hoc
polymorphism
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Aside: Flavors of
* Polymorphism Cles P{’%—]
[s]

Subtype polymorphism is OO-style polymorphism, no
clear analog in Haskell
e

Parametric polymorphism is Haskell's way. Here a is an
explicit type parameter:

Ad-hoc polymorphism is overloading. Haskell’s type
classes bring order to ad-hoc polymorphism
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This is a declaration of type class Eq with a single

parameter a

To make a type member of Eq, we declare it an
instance of and implement operations (==) and (/=)

Now let us define an instance of Eq:
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* The Eq Type Class

Now consider (==):

——

(==) works on many types but not all. Can you think of a
type for which it makes little sense to compare with (==)?

Note the constraint EqQ a =>. We can only compare
values of the same type a with (==
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Note: Use {-# LANGUAGE InstanceSigs #-} for Haskell to
‘ allow instance function signatures
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Type class Eq as defined in Prelude:

¢
Sy

o

Miviuas

We have some initial implementation. If we don’t override
(==) or (/=) our instance inherits the default
implementation in Eq

What does this mean?
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* Exercise

Write the Tookup function that looks up in a list of
bindings. E.g.,

> lookup ‘a’ [(‘a’,5)]

Just 5

> Tookup “b” [("a”,10),("b”,11)]
Just 11
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‘ Exercise

Fill in the following code. It will tell Haskell how to
compare two values of type Tree a, as Ion§>as it knows
how to compare values of type a.

Qricz
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* Exercise

Write the TookupDefault function that looks up in a list
of bindings and returns the value if found. Returns default
value otherwise. E.g.,

> lookupDefault ‘a’ [(‘a’,5)] 10

5

> TookupDefault “c” [(“a”,10),(*b”,11)] 10
10
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* Overloaded Operations?

What other overloaded operations have you seen?
Overloading is called ad-hoc polymorphism. Why?

Type classes bring “order” and “discipline” to ad-hoc
polymorphism. How?
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Common type: e.g., (+) Num a => a -> a -> a
and all implementations of (+) must obey the type

Type classes come with "laws”

E.g., == is reflexive, symmetric and transitive
+ is associative and commutative

Note: The type system does NOT enforce the laws, it is
the responsibility of the programmer to ensure that
implementation obeys the laws —
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* C++20 Concepts

Inspired by Haskell’s type classes!
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Value Equality versus
* Reference Equality

No issues with value vs. reference quality in Haskell!

jwop.‘
X’=>\y X. 27ua(s(ar)
féyﬂwu,:
X is ==
WJC
(67 ¢ y)
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http://en.cppreference.com/w/cpp/container/list
http://en.cppreference.com/w/cpp/algorithm/sort

* Deriving

When we define a new datatype, instead of writing Eq
operations, we can ask Haskell to do it!

Haskell derives an instance of Eq for Point. It already
knows how to compare Doubles
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* Deriving

Haskell creates an instance of the Eq type class for Tree
a.

Derivation for many datatypes follows a common pattern.
As long as Haskell has Eq a => a for every type
parameter a, it can run == recursively over components
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Deriving does not always work:

derivimp ('Ec{)
One cannot derive an instance for this data type. Why?

In general, data types you write will require that you write
the instance yourself
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Show

We have been using Haskell’s printing throughout class.
When we evaluate an expression, Haskell has to figure
out how to convertitto String. E.g.,
read
Sitake 5| el
prowt

Function show converts a value to String:

—= show :: Show a => a -> String.

So, what is Show?
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ype class!

To implement Show, implement show or showsPrec.
show converts a value to String.

Important: By convention, show should produce valid
Haskell expressions. l.e., strings that can be parsed into
expressions
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What happened here?

Prelude. read is a partial function and there is no good
way to recover from the exception.

A better way is to use the (non-partial) function from
Text.Read:
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* Read

In the other direction of Show is Read. Function read:

Notice that the type parameter occurs in the return.
Therefore, the actual type must be clear from context, or
you must explicitly provide it:
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read and show should be inverses:

More generally:
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Show and Read are derivable:

What happens if you try to print a value of a type that is
not an instance of Show?

Programming in Haskell, A Milanova

29

Type Classes vs. Java
Interfaces

A Haskell type class is more like a Java interface than a
Java class:

29
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However,

In Haskell, we can have multiple type class constraints:

In Haskell, we can make an existing type an instance of a
new type class (retroactively):
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In Haskell, there is no subtyping

Claim is
Generics (also called parametric polymorphism) +
Type-class constraints on polymorphism

is enough
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* Outline

= Eq and other overloaded operations

= Deriving

Read and Show

= Ord

Enum and Bounded

Semigroup and Monoid

= Kinds and higher-kinded type classes

= Functor, Foldable and Monad type classes
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* Ord

This type class is for comparisons:

Importantly, an instance of the Ord class is already an
instance of the Eq class. Why two separate classes?

Have you used these operations before?

33

Programming in Haskell, A Milanova 34

4

What about compare?

Uses

m
@
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* Type Class “Laws”

What are some of the Ord class laws?

Ord can be derived, just like Eq, Show and Read:

Haskell derives the order based on the order in which
constructors occur: One < Two < Three
E.g.,
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‘ Exercises

Function sort in library Data.List:

fa————

Examples:

Haskell’s parser coverts an integer literal to an Integer and
then the Num class type converts it to a numeric type.
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Overloading and Syntax

Type classes have been part of Haskell since the
beginning. Therefore, overloading is integrated in the
language syntax sometimes in non-obvious ways
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The syntax is convenient because all numeric types can
use the same syntax for constants:

What happens in the last example?
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* Enum and Bounded
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* Outline

= Eq and other overloaded operations

= Deriving

= Read and Show

= Ord

= Enum and Bounded

= Semigroup and Monoid

» Kinds and higher-kinded type classes

= Functor, Foldable and Monad type classes
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Bounded
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* Semigroup and Monoid

,ma_”;w&
LAw i (X <2y )esz = X <>(yerk)

Law @ ?nemply<> X = K
X <% mbhﬂf/‘ =X
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‘ Exercise

What are some instances of Monoid?

wstouee Sew; Pt [‘17 olere

—-(<>) 22 Tal—[a] = [a]
(é}) = (++)

wstane  Mowoid [T wlere
’mwpl-&/ =[]
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word  Mewe Chatncefor

Disambiguate by
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What about Integers?
Ol woy
iwsfouce J’Wf}""“/’ Dt tlere
«>) = (4-)
inotauce Mowodd Tub wlese

‘mwpﬁ#eD
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udouer  Jewd roup Jut tohaee
(()) = (%)

dstance Mowoid Juf e
muu/zly =4
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Disambiguate by defining a newtype:
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newtype can be polymorphic:
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Why are Monoids and wrapper types useful anyway?

-}w :3&(5&«4 $ Ogo(albn" (}nap Seem [1,2,3,9.])
ﬁomlaFuw-.édeJ«of ﬁ‘féLJLM (map Produck [123%41)
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* Functor

map takes a function and applies it on every elementin a
list:

But what about trees? We can imagine a treeMap which
takes a function from ato b, a Tree a and applies the
function on every element in the tree:
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More generally, you can apply a "map” to any "container”
that holds values of some type a

And yes, there is a type class for that!
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Functor is a type class, but it is different from the ones
we’ve seen so far. It is a “constructor” class

Functor applies on constructors (or “containers”) like []
and Tree, rather than on primitive types like Int and
DoubTe

3w.‘3f\ou79 L_E_]

The Functor instance for the [] type is as follows:
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We can define class Functor for the Tree type:
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<$> is defined as a synonym (alias) of fmap in the
Data.Functor library:
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* Exercise

Define a Functor instance for the following type:
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Treese %,. “_s "7(‘7,,. 4

* Exercise * What Are Kinds? 7 =9
(’Tmt Tu/-)

Consider newtypes that wrap around BooT, and define How are Tree and Two different from Int and Boo1?
corresponding instances of Semigroup and Monoid:

Well, types themselves have types! They are called kinds.

The kind of Int and Boo1 is *, pronounced “type”.

The kind of Tree, Two, [] is * -> *. These are all type

constructors that take one type argument.
nuot(aua Sewtig roup0 ﬁfzﬁt %M:‘e ype arg
—(<>) g2 - - : ; “ '
’ ek hd The way to think of these is that they are “functions that
X <>y = Aud 3 ﬂd hed X Q_Z, 3 \y take a type and return a new type”. The new types are

constructed types as opposed to primitive types like BooT.
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* Exercise * Exercise
You can always ask Haskell for the kind of something: You can always ask Haskell for the kind of something:
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Some type classes are different than other. Knowing the

kinds of types is important when making instances of type
classes

Valid instances of Functor (and Monad) all have the type

* -> * (also called Type -> Type). We cannot write
Functor Bool or Functor Int!

Valid instances of Show, Eq, Ord all have the type *

(Type). The instance needs to be Show (Tree a) not
Show Tree.
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o Ererciee RN

Instantiate the NL a datatype into a Foldab1e and define
atomcount and flatten using foldMap.
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Cayyan,ay
Foldable 1T
rendf c_mmrbO [M;,O’%FW'J]

What are some instances of Foldable?
Nstauee Poldedble L[] wlere
— - Pold leap t2 fuord w=> (@ ->m) > [aI~>u
Oee[c{ luQP - EY = m

foldbap £ [:xs) :M(gg) <> (feldtep £ 43)

~valu _
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Type class declaration:

n o
i il

First order: " -

Higher order: Now

_
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First-order type class:

Instantiation of a first-order type class:

Instantiation of a higher-order type class:

65
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And now, all we’ve been waiting for!!!

The Monad type class!

Well, IO is an instance of the Monad type class.
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We’'ve been using bind (>>=) quite awhile, but we haven'’t
seen it yet because of syntactic sugar

Is equivalent to
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