In-class Exercises on
Monoids, Foldables, and
Monads

+

= We had Quiz 2 on Tuesday
= PS5 is due October 15"

= Project proposal is due October 15%
= Team up with a partner. A team of two is required
= Please read carefully
= Do some research and think through carefully
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‘ Outline

= Monoids

= Over integers, over boolean, over lists
= Foldables

= Lists and trees
= Generic monadic functions

= Write definition for each function
= Write using >>=
= Then write using do notation (or vice versa)

= Then write at least one additional use case!
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‘ Semigroup and Monoid

An associative operation combining elements of a set:

An identity elements:

. mew <> X=X
LAws: Kﬁi wewrly = x,
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List is a Monoid
\/\/lt(7 [&] aund s f77
What are some instances of Mopd/d’? =
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~~(>) 22 (a1 (6] — (7
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We can define a numeric monoid for addition:

Wdbow g Nuw4=>§ea4 cop (u a) wlese
~~&>) e Za)—) CSumaj — (Sw a)
S’u—t«.x<>$uu4v = Suw ¢ X4y
wtoug Nuw a =) Uowodd (Suw a) tolee
haew)o{g = Suw D
We can define an analogous numeric monoid for multiplication.
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We can define a boolean monoid for logical and:

Ut Faune Sbu roup A e
~-(<>) = M= M =AU
A—l,lx<> Moy = H 3 x3Yy
T hstaw Mouord AU cobere
menp ky = Tewe AU True

And an analogous boolean monoid Any, for logical or.
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Can we define an instance of Semigroup? Monoid?

4= Mode (Wode (Mou 3) (Ados2)) (btow L)

33 -é/j_ b _&3
<y v2
1( ' N
2 7] g g
. 4 ne . (43
ProgEE:ni:-g;inj;lgkell.AMilanova L‘?"bcu‘) 44- (h) - ( ) 8




* PS5 Vec

Can we define an instance of Semigroup? Monoid?
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* PS4 MergesortList

A wrapper around the list type to represent sorted lists.

Can we define an instance of Semigroup? Monoid?
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* fue  (#2)

Can we make function type b->b an instance of Monoid?

hew%fa Fiue b = F/mc ggejﬁmc 2 />—>J>j

7 rou Fune b) Where
“M.f‘ih:(> 02 FJHG /o —g(owL é) o (fwdc b)

Fuucjﬂj_ <> Rwe 7!1; = fuwe @_{-aﬂg_

sbaa  Mowoid  (Fuc b)) whee
mew/zlg = Puwe (\yex) —-—hwe

Programming in Haskell, A Milanova 11

10

+

Why are Monoids and wrapper types useful anyway?

11
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* Foldable Type Class

Data of types that are instances of Foldable can be “folded”
(or “reduced”) to single values

Monoids are closely related to Foldables. They combine all
values in a foldable structure to give a single value
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List is Foldable

Lol L [aT>?
7 T&ZLSuj7fa of wud 4 ¥

e Bldable [T wlere
—- foldmf 22 Movsidus(@a—-mu) — [a] — m
Joldbap £ 7 =

ldfiap (¥ xs) = /{‘?{ <> Oeolelﬂlaffac
=
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Tree is FoldableZ A O
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(&)
i 7o b
data Tree = Leaf a | Node (Tree @) CTres )

Define a tree fold that counts the leaves of the tree as a
single call to foldMap.

G&,u,# S 7"@2 a = Tu“'

count b = g3l fold Uap (> Sum 1) £

Define a tree fold that computes the minimum in a treg of Jufs
“remrreTic-vakdes, again as a call to foldMap. 2(74 ﬂowu/

winiwupe 22 Tree Tut — Tut

golla 8 fold L (\x sl k) €
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* NL is Foldable

* An Equivalent foldMap
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Define atomcount and flatten as a call to generic foldMap.
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{-# MINIMAL foldMap | foldr #-} means one need
only define foldMap or foldr. Haskell can derive all other
functions from either one of these

Define foldMap in terms of foldr

Trickier. Define foldr in terms of foldMap
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* DivideList is Foldable
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Generic Functions over
* Foldable Types

What is the benefit of Foldable?
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* Generic Monadic Functions

Define some useful generic functions. What does map do?

What are some use cases with Maybe and List monads?

Two use cases are shown in slides. Add an additional use
case for mapM
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* Exercise
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Define funl in terms of mapM and maybeUpper:
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Exercise

Define fun2 in terms of mapM and onlyUpper:
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! What does foldM do?
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! What does sequence do? Add a use case with IO
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I What does Kileisli fish operator do? Add a use case
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! What does join do? Add an additional use case
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! What does 11 ftM function do?

! What does 11 ftM2 do?
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