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VMonads
are |ust
monoIds In the category
of endotunctors.



—Xplanation Patn

Monoid it's simple
Functor  you already know it
Endo- cool idea

Monoid of endofunctors = monad



Integers (+)

243 )

O N )

)+3 == 1+(

N O ™M N

+ + +
AN N O ~—



3*4

A~
X _
N X
% O N M N
S | IO | O | I |
e | IO | O | I |
@) N
m iy
C M —= N ™M

* KX ¥

N (NN ™ ~



Boolean (&&)

a && b == C
a && true == a
true && b == Db
(a && b ) && ¢ == a &&( b && C



| ists, Arrays (+)

[1] + [2] == [1, 2]

[1]1 + [ ] == [1]

[ 1 + [2] == [2]
([11+[21)+[3] == [1]1+([2]1+[3])
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Extract

type <> type => type

neutral element
left & right identity

associative



Abstract

We call this concept "Monoid"
short tor “that thing, you know, that vou-ceies
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| EGO Neutral Brick




| EGO Left & Right Identity




Generic Fold Right
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Generic Optimized Fold




eneric Optimized Fold




Generic Optimized Fold




Crazy Monoids
(@a->b)<>(b->¢c)==(a->0C)
Can a function type (a->b) be a monoid?
What is the operation?
What is the neutral element?

IS It associative?



Function Composition

co(f,g) = x => f(g(x));
d(X) = X;

co(id,g) == x => id(g(x)) // definition co
==X =>0g(X) //applyid
==( // qed



Functors map

(1,2, 3].map( X=>x+2) ==13,4, 5]
Just 1).map( X=> X+2 ) == Just 3
Nothing.map( whatever ) == Nothing

List, Tree, Stream, Optional, Pipeline, Error,
Validation, Observable, Future, Promise.,..



-unctors compose

11,2, 3]l map(X=>X+2)
map(X=>3*X)

(1,2, 3]l map( X =>37"(X+2))

co( functor.map(f), functor.map(g) )
—= functor.map( co(f, g) )

functor.map(id) == id // only for completeness



Functors are not Monolids

(1, 2, 3] .map( X => x.toString() )==["1",2","3"]
[Int] .map( Int —> String ) -> | String]

functora .map(a->Db) -> functor b




Clever |dea:

instead of (a->b)
provide a special mapping with (a -> functor b),
which is essentially a constructor for functors.

functora <> functorb => functor b
functor a .endo(a->functor b) => functor b



Clever |dea In Action

[1, 2, 3].endo( X => replicate(x, x.toString()) ) ==
[ 1), [72,727], [737,°37,°37] ]

then flatten => ["1", "2", "2I" II3II, II3II, ll3ll:| //aka Ileinll
funcA.flatMap(f) = funcB.flatten(funcA.endo(f))

// aka "bind" or ">>="



~inalising the Monolo

functora .flatMap(a->functor b) => functor b

(a->functor a) <> (a->functor b) => (a->functor b)

We need an (a-> functor a) ctor and flatMap (we
already have map, so we only need flatten). If the
functor is monoidal with flatMap as <> and ctor as
neutal element, then we call it a Monad.



Wrapping up

Let (m a) be a given monad over type a.

(m a) has a ctor (a —=> m a). // aka "return” or "pure”
(m a) is a functor over a.

(m (m a)) can be flattened to (m a).

(a-> m a).flatMap(a -> m b) is a monoidal operation.

Alternative way of writing in pure FP style
(>>=)::Monad m=>ma->(@a->mb)->mb



lakeaways

Associativity (monoid) requires pure functions.
Monoids can fold but they cannot escape.

Monads are the most versatile functors (map, filter,
expand, reduce) that composes and folds without
escaping.



Use Cases

Purely functional state threads

List comprehensions, Streams (possibly reactive)
CompletableFuture, Promises, Continuations
LINQ-style database access

Either, Validation, Exception handling
Optionality, Indeterminism, Parsers, Search trees
Sequencing IO actions, isolating Ul actions

STM transactions, ...



No |O In Transactions!
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Type inference FTW
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Ihere 1s a world...

... Where logical reasoning rules and structure
arises from consistency and a rich set of relations.

Exploring this world is like programming without
implementation.

Purely functional programming opens the door.
Consider Haskell, Frege, Purescript, ldris.
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