Inducao

0. @-2ss: (‘dn\(\dm\(\d\d[(‘r\&mﬂk = h:«(muﬂ&

DEMONS:

DADOS
SeJa N Nat " Not
Seja M Nt e e
Seja kNt
Se‘) ewm oS ket kNt

sy 60 CAS> Ck -

lec {2

2024 -11-06

AlLyo

D) +e = s (mak)



dava Nat  ©F (\H&'-Lx) [lev\ 2 = stwm (mp (const ) Q\]
O . Nat

Mx .1
S Mat = Va4 (SUW\ o tap (congk \\3 4
data List & K@/\ = SUy o MY (congt ()
\VH L'\S* X

Cong . ol—>L'\,S'\- p(——sL'\S,\, X

const - KX = X > &
consy Kk x = k
—_tW ~

Congt [k = A= Ik




Y Qf‘}‘-o(—wﬁ) [levx > Fo= fen]

DEMONS, Dnvo s Ao
Sc:J'a }z(xﬂg\ [ -3 2€“°W\EPJC= len

L Ln ﬁ/

Sep i L, W@MUQQ“MP N = len z]
Dasta lew (wop + ¢) = len g [ por que?]

Sep cates £

CASO (1

Ca - lew (m‘) L [’}\

= [mapa ]
Lew ()



?
CASO (x=xs): lon (‘(W&() k (x:-.'KQD = flen  (x=xs)
CALC -

len (wap % (x:xs) ) Qan (x = xs)

= [tep.2 .1 = [lena -]
lon L f % = wp { xs) S (Rew xg)

= [ lew 2}

S (len (msp £ xsﬂ

Basta, e thp { k¢l = lew %S [Por q\Aé?]



DoDoS ALvo

Basta & [ ] 2= e



Wap - Cda@) — Lg — L%

daka Ligt & Mp [ -
R L'\S% X
Cong @ oL —> Lisk x> Lisk xm\) b b\:"xg) = {X 2 W\é? {XJ
F K~ R
X R
xS Lo
G “'-Lo(j‘* lew (wap § L) = len | W’EPJLXS L}

(P (1 = (demons. de  len (map [ Qﬂ = lew Ca)

G Crixs) = (devors de den (b F (eoxd) = boncog)
KAqu(; temos acesso a G (xs) (\-\.\.\



Yk & EMP\—&

it Fand (Void )

vord, Prim(s&c s)
vad  hello(void )

Yand @ vold —> int

lec 13

2024 -11.-08

(é“d L’_’ > —)
4 ~———
chamac 3 {'\w\;&o coOm

X L od

fand() -

Wk



daka Unit data ()
* o Unn () - ()

B: Unit — & ’7 C A — Uik
]( k.= lj f" X = X




data EMPer
L EW\P"\'y —> F-'
-0 - @



Magbe (Maybe © Type — Tyee )

(\

data  Maybe « & data M
Nothing + Magbe o T NI YN
Jus ¢ ot — Maybe o ¢ J . X = Mmwn

.., dwst L Tusk o, Mok\n'\vg : N\agbe Nat,

head . Lo — x safeMenq @ Lo » Mg

S'é?e“.:ad () = No\‘\\‘m%
sfeftey (x: )= Just x



Pooleanismo <«

N3ao (\acla '\SSQ\.
null 0 L — Bool

el LY = True
nall . = False
VL
, aqui O proaramader toma
\Y null £ cwidado para M0 usar head L, tait 2, etc,

then ~~_, Aqui = O programador

/U&SA head fe?\k pan

6\ <e N acessat  tais “informacses™ da 0




Functors

‘NA-PMQ)M - (tk —> g\ — Mg — M}
1% aQMhybe :[‘ No\'\r\'\nsm = N 01('\’\'\“(5B
W\QQMB\/BQ {- Uusg x\ = ',)'ustB ({ x\

map id = d
map chﬂ = wmap [ o wmap 9

lec il

2024-11-13



"\'lﬁPQdBSS F\mc:kov ( { Ty?e — /\ype>

ap ¢ (a—>p) = (fa — fp
'}W\'&\) id = id

+ as les de ?\mc«mv&
trap (09| = foap f o fmap o

nstance  Fuvetor List Whance  fncor Maybe
{'YY\BP = ‘(V\}«()L'\S’c {'NAP = W\APMayQQ

d ¥\(\\ 30 ‘Wwwahada m [ =

p:(s ;iebm - ’[ *f {- : - L) ][YY\&\P () [1,2,3) = (10,200

as lews de Cunclop {"(Y\é,‘) g‘ "XS - [’> : )
["mép Q‘ ()(?.x'::XS) = ]t)(/ X 'F‘(Y\Ap —E (X, i XS)

JMQ vao CA 20 ':{'\)23 atmaP ((M%-M [ﬂo/zosi(atm%p (+1)  fmap (2)) 110 20}



Boo\eav\'\smo

« Mayhe Cliewy
Mmatdh mc  with
N D’V\n'mg N~

JUSt ¢ Ny AN
-._C.--




Either

Fither  Strin

9 Int
e & Left "o | Right 42,
dB{'a e_i’k\f\e‘(‘ oA [3 g’ TYPQM Er‘(‘o r
Left @ & Eosiib Cidhes Dot Int
A .
Rigt = B — Eaf Left 27 Riget 42, L (WE Low)
£ itwer Ty - Ty = T\/ dataCl EH\OT - E
' SN T lentl\otirosd ¢ krror
E\’(\r\ef 2 y — \)/ D[SlgFF\‘thm ; Er\;or
WebEreor . \nt — Keror
Instance  Functor (E *)
hmP ', (o(-—*@ —>(E td>E )
foap b (Left ¢) = Lleft e

J}vv\a‘) . (Q\g\n’( x"w] = Right (gx)



MeL) o (LM &
M (L o) T M)
Nothing 1
Sust () (31,0,7%,N
:Su&-k U,'L‘) D\g’ }W\EPM /N\Ld
Mp
Ty M - iy
= Froap,
LeM™.
'}\'“'é\) 3 (d*ﬂ)’) (\_'T"\\ > (LW B \\\f
*Y"\B = "‘(\r\’), ° Y |/
™ Togo ey, ()



Pairs lec!5
2024-11-22
! '.Ty Y:, X T-y A K b'. $
Xx BTy T (oW odxp
CO() ?) - Ty
C)) . Ty—,Ty—sTy ()) WX — F—,cxx]@
data  Paiv ¥ *xB = Par o (S
MkPaiy @ oA — fi_, Pa(i
g S{ : Pé.\f A [g - S Y\(')\ P&“‘ o P — ?

fS'k U\MLP&\Y o §\ = O

snd (Mifaic o bl = b



Records

<+ Sty x Sk x Nax = Do
:“\ B10Y J\-'S ‘“H
data Customer
Mk @skoner - Sx¢ — S4r — Int — Date — Costormr
daty Qustover = CUS’(QWr I nhame : Str
, email : Str
Nn 0" J i ‘., \“t
< = Cus)co\m&r iv\a\me =R a
Joemal = , date : Date

3 !

C . hame = (.nawme) ¢



D(agfaw\as C.OW\\L‘tat.\VO.S 2o obfemos . (R ff—>§

reum info
’J\‘ Q@-C\uac,ﬁo)
’ IrAB 2 % > : / Js
wl 7ol vl ¢ zs By
_ g —_ v
AR Kﬁ/ﬁ 91 = o
\J / §
NI e
W%'S:J?U&;j\,g AL v ls
\ 8"_‘?( \7
('\Noc_,ge,g 6



Prod uc+s

\)Al Oufr

3‘\\

(ﬁ <a>
paicing (%,9)

o x =(§X,3>\3

{ = owte-l q = outs ok Como ertramos  vo o
I 2 @kt o) (siwila ) W 8 — anp
LSO et (s (e

0\)‘("{((:"-9"\ O\k't‘Q\’\“_g w



CDP(DA ucts ( SumS)

o(+g
£ itney o~ @

A
o o >
%copa\rmg (5,9) C,Qev\,h_awos "o

Como SA\YV\OS do X+ R 2
hoo X+B —
hWeinkl = §

(\\ (WL <) = [ s
\r\a'\h(‘ :9 \/\ ('w\v \j\ gy

—



]
nducio em listas
leclb

) - —
L &
C) REVAS La—1 ( )
_ ’
XS + ; ( )
) 202kL-11-27
/

)

(x=xs) + Y
S

[12 | ‘(xg
;2,31 & - *M
< 1:(12 .f?r,%l e [
:"uzf'}ﬂ[?% L‘ (}953«5) - @
([. 3} ++ ' J) ,2'3/? % W\Sert[\
(%,27) (1,2,3) . %Qn%t&m
[3,3) fjf:_/
Xs +
(1,2 .
2,3,%)

T 1 =
2 9
ey
K[’X"“’[:")%l\

E 2 E l q % '!
\ 5% (4
l.- -
['/ ) / /% !.: /

o



sum  (xs ys) =  Sum xS 1+  Sum YS

T~ e
G(xs)
Se‘ja‘(v\ XS, ys L Nak.
Por indugzo o xs marda xS With
CASO [): (fg”) (] ~> -
ALVO: Suw (LY #YS) = Sum () + Suwm ys
calet  suw (03 % ys) (k:"vs\ T
= Suwm ys

SWm () + Sum VS

= 0 4 Sum NAS
= Sow >/s




CASO  (k::ks) : ¢ (k- ks)

?
Aoy suw ((keks) ys) 2 suwm (keks) « suwm S
Q\c.

SLm (L ko s) + ys) Preserte, 33 \ndug 3o G (kf)
= sum (ko (ke ysﬂ Izl
W (kstrys) = sum ks + Sum vc
= k + sum (ke wys) B k ’

= k ¢ (S\L‘M ks + sum ys ) (w1
:(k +  Suwm ks)+ Suwm yg

—

= sum (k= ks) + Suwm ys




Dia ramas cowmutativos

sum  (xs YS) = Sum xS+ Sum v
{
=T
L Nat “x L Nak Y > Naj = Naj

uncurvy (+) waewrey  (+)

//

\r
L Na‘c “um > th

SUM o uncuTty (w) = wacurey (+) o (SUm x Suwy




FuncBes de 9graga

ot owty

oA — s —>

v %

A

/

oWt 0&'\'9

é WM praduto

( portanto Fofnece
UM maveica de

c\\egac ne\e)

h (o.b) 2 ($o, gb)

‘Z) {XS %Fpa'\r'mg (&“OM, S°°“+‘)

= (feomt, geoutr

Pé\ﬂu\b . (8~ «) (8 =) (5—50‘43)

S>> o 5—+!3 Paiting
8—’ olXP
doy . Bod o

xR~ xx3



lec]?

2024 -11-29

%_creeeaaaa\/\)s

Kside-d?@cts

o« 100 © 10
1ob . 10 B
C < 10¢ : 10 y

g‘(\ci ;
10 w REPL

ou

: '. v Q
: RETO1E XLeilOaXLePL ¢
L0 2 . 10 w e




Functor 10 lec18

2024-12 -0k
Cunctor (O : Ty > Ty)
fmap = (@—=p) =0 & — 10¢)
fmap f ax = frap  f oax =
do X < ax do X €« 60X
let \ﬁ = T[X ‘:-P%\‘\L’-:l:& Xg
et Y FEIE#&FW $ 5 x
purs X'« 0x
"W\ép W = tetorn £ 1y
Cwap (108 = fmp d o fapy PO
(W) (d>pR) - —>¢

assoc- L Assoc-B



FAM - Functor, App\ica{"we, Monad

’&ypec\ass Functor (}:Ty—aT\ﬂ (l\ >
hY\ZP C(a=p) = (Jx>71p)

(+ Le'\33

{'\/pedass (\:uvx&omq = APP\iC_a’c'Ne U ‘ TY“ T)’)
Pure o = f a

(@) © fla—=p) =lfa = fp)
SQ\B?Q (+ Lee (M)

typeclass (Applicative m) = Monad (w - Ty — Ty )
(7)



Instances de Applicative

Apphc&\ve 10
pure =  pure .
of @ ox = do | «of do f «af
X & ox fmap § ox
pure Cf x)
RPPl'\caflve Maybe
pure x* = Tust x Pure = Just
No’c\\'mﬁ ® _ = No\'\\'wxg NO\'\’\'\V\S C IS No’f\r\'\vxs
(Just §) @ No’(\r\'ms = Nothing Just [ & wx = {map fowx
(Just 1) ® (Just ) = Tuet (f x)




Rpplicative List Applicative List

pure x = [x] D,
Is ® xg - 7
() » _ = (1]
_ ® (1 = [)

(F=fe) ® (x=xs) = fx = (fs ® xs)



\ Vl’terpre‘t acoes ComPutac.'\onais \eclﬂ

(\)a\ow awo\ouo Cindeterminade)
App\icaf'\ve l.ist

2024-12-06
(Vdlox 20 longo do tewpo (temporal)

Applicative List

RapN
Pure X = [XJ Pure X = [X;X) -\-3 &7 .
fs @ XS = Y/J( P l}éfs, XA—)(SJ (@) = P‘N ($) tip = pw ()
(®) = ..pownt-free .
R [(+1), €3), (42), (a1) )
8
L0, 03] 8 (W2, 0, 32, 3) (42, O, 3 3 L42]
-_[L.Z)'l)hJL.,,._'QJ =
Cartesian produck [u2, © 5, L}
cp:Lla xLp — L(axp) ’

cp LG, 03)] L2, 0,2, 3) = | (te) 1) - 40); 0)- - - (ea)i3) ]
C’P = ... . L\S‘t ((‘i‘"\g) x d)



SMG - Sem'\stou‘: , Morneid G(oup
Typedass semigroup (s Ty )

s o)
(0) S > S —» 8 <
t Leis

(0) - assac.

{}jpec\ass (Sem\gvo\;@ m) = Morod (m . Tyﬁ
mew\\ycj M

+ lews mem?’tg—'\dz : mCW\p’cg—'\dL

typeclass (Monod g) = Growp (8¢ Ty )
\nvecse g > g

(inverse x) & x

* O (nverse x)

+ Lers -

v
3
2
)



V\ewtspe: ccSP\as '\somérf'\caS de tiP°5

V\ewtgpc ou, usande Records:. ‘tONBt, (romSum, -
éﬁ%ﬁ Sum = Sum Nat ne\u‘c\jpa Sumv = Sum getSum :Matl
M Peoduct = Product Nat newtype Product = Produer § %&Pcodudc :Natl
hemtgpe
Sum
nstance Sem'\%(o\x\) N&t
©) = (&

_ Peoduct
nstance SQM\%fou\) Nt

©) = ()



Ap?lica’c'we laws 1ec2Q

2024-12-11
F (o fa fa
1d m ® Vv = v 5, %) |

CEEX

A

(D"*B)xot T 5

(5)

howo: F\H‘e P ® Pure, X = pure (& x)
pure x pure 74 (G
7w @ pure x = 4 (home)
Vv %

w ® (v & w) = 7 3pxfa @ -8
‘ wee (fx)
(PUN f , pure >k> PR

pure f® pure x



Demonstrac3o: com vs sem povtos

0, (fg) = (b, k) = f-h & 9=k
ALVO = =k (& Nx-DL Ix=hx1)

>e)a X0 . Awo: fx = g X
Temos {§,8% x = {h ) x.
\_ogo Hx,gﬂ = (\r\x \/\x\
L.ogo }X = hx,

AWND : g =k

Swilare.




do laws

do X &« \3
return X 7 LAO) v
do ,x < return e A
[ x T | 77
| (Ao} § e
= |0 Wi
d b \\//l_\vv\\_\. 10 & x (& —=1\0p)x
: \5 : d ‘;J.j _ w"\ot)-e\Ozs
O X &« P olD ‘ v
3 X 4 - P&":ﬁ
- Py < § x’
ﬂﬁ’gp o P . \D'G

\0 §



Eficiencia "pbr inducio lec?l

tev © La—> L« (#): Lo = Lo = Lg  2024712-13
rev () = 0 () # ys = ys
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Sort : (Ord °‘) 5 Lo > La data D\'der'\\:\j = LT \ €a | 6T
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soxted (.0"& *) > Lo = Boel Jpeciass ©
_ compare 1 o — % > b(c\er'w\S
sorted (1 = True
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SO\'"\'Qd (X:'-x'::__) = xsx' & Softed xs

xs @
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whete
us = take ? xs
msott ) = [ vs = drop !t xs
? 0 = 'lengt\n xs / 2
msort (xy = [x) /
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otherwise
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qsort (v = 0) <P 201232
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foldl @ (p2>a>8) > p = Lo -~ B

foldl § v 1V = v

foldl F v (x=xs) = let V' =
in foldl f v/ xs

/ \ f

V § %

fold v F/ \
/ \ |l = / \ :
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/ N\, N
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f Nat — o i o’ — Nax
F o = 2 (feaser . Cotecursdo auda entray
FSD = R
\\ (;h\ X IL X
fad 0 = 1 2, -
fact (6N = Sw - fact © : —
= bidw o fack = fold 1 O, Sw-x)
= h Uact |
where h x = Sy -

X
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V\Q\u*yPQ P\m‘a'\guous A = Y\em’(gve Tempo(a\ A=
P\W\\D'\cduous (L &) Tevv\pora\ (L &)
nstance Aw\'\c_a-k'wﬂ T trover mstance f—\pp\ica‘\"\\)e A
always x Sufely x
o — ~ TN
PR x = T [x x, .. ) pue x = A [x)

Ths & Txs =T (pw ) fs x5) Ajs ® A xs = A Ux\ace-fs,X‘-%S]

PUN. j’ ® ax ; ; PUJ‘Q 5’ ® ax
IR \jm‘;{ " - 14
® f & ax ®
[, %, P x) [ %0, %0, P xa)

= [} Xy, )[x\, }x,\} = [} %, T }xh}



Copias isomérficas de tipos

tYPC TA%ed ® = Stv'\n% -«

[ - T&%e_d % — Tlaoged f = i Stiing * X — String *
1 )

typ® Ralane = Integer Z:) B Foct v - List Giee 0
J‘B\" Days = lnteger |

I Balane — Days — Balance

datas Balance = MkBdance Ubnkger H newtype  Odlance = MuBslance Integer

L, M& 1 MB o, Mg A, MB 2, .. MB L, MBO MR4, MB 2, .

)
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Flak @ Tree . =& List &

Hat (T x) = (x)

Hat (Fev) = ot O + fHax e

Gostariamos de ter uwa flat t.q.
5\%’(/ + xo = flat £t # x5

Po'\ s ent3o ...

ok t & it £ 1)
Hat’ : Tree & — List & - List &

lag’ (Tx) xs = 7 (BAsE)
Hat! (FLy) xs = 7 (PASSO \NDUTIND)
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Hat' (T x) xs

—_—

—
=

“%t (T x\ i+ XS

[x) + xs

X

. XS

Finalmente ...

flot ¢ ¥

PASSO \NDUTIWO:
fla'! (FQL ) xs
= st (FLQ) + xs
= (flat U Hlat v+ XS
= flat &+ (Mot ¢ w Xs)
- Hat L+ (et v xs)
= flat! L (B v xs)

= flat’ t
where

Hat'
Hg{-,’ U— x) XS
Hat' (FL¥) xs

0

Tree &8 —> Listk & = List &

= X XS

= Bt 4 (Gt v xs)




ewl : txpr — M Tt 9/_%
eval (Val vy = I Case |eval ..

eval (Div w V) =
Case eval w of N ~ N

?;:\:)Mcase eval ¢ § DRY\ Tx ~

N ~ N
Ty ~ safediv x Y

=) ¢© Max = (& = Mp) = Mp
mx S= { = case mx Of
N ~ N

JTx ~ X
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eval (Dinw v V) = eval (Div w V) =

Case eval u of Ccase eval u of
N >N N ~S N
Ix ~ case eval v § Tx ~ case eval ©v §
N c~ N N ~ N
Ty ~ safediv x y Ty ~

eval (Div w V) =
Case eval w of
N ~ N

I x ~> eval v >\7:



eval (Div w V) =
Case eval w of
N ~ N

Ix~ el v Y= ()\y » safediv x y>

eval. (Div w V) =
Case eval u of
N ~ N

I x ~> p 8

N— _J

eval (Dw u v) =
eval W 3=



Notac3o do

eval W (3= | dx w» eval vis= Ay > savediv x Y

eval uw (5= (Ax = do x « eval w

eval v iwv= Dy gy ¢ eval v
—~S
safediv x vy safediv x Y
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Monad

&)IPQC\ASS (.APP“@tNe W\) - MO‘(\ad (W\ | Ty —9Ty\)

(=) @ m x> (a—>mp) > mp
um dos - _

jow - oo™ () = m o
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REY comprehension & de

cartesian product

C_P/ Lo - Lp - L Cax )
cp xs 9 = Llgy | xexs, yeys]
Cp xs ys = do X & xs

Y < ys

pure  (x,9)



Lkt jm\t\,‘- (d =B) — fo(—»}§ 19(.24

ap, = (®) = splat, * a (O( __,%\ —~ (ax 28 2025-01-15
b'md£ - (#ﬂ\} . (OL —> M%) —> mx—>wmp
(>>=..\3'. Mot—s(oL—ym%) —> w B

joim, © ™M (m ) —> m o
\retumm = P«u(ea o — a o
kle'lslii (>=>"‘) (= mBY = (B >my) > (D( —>my)
(<=<"‘) D (B> my) = (x> mp) —> (ot —=>my)
(%) = (%) : as —~ ap —> a8
VD'\d\)c ; f oo = +1
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pure $ § @ED
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Comp'\\er correctness
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(‘exec s)

exec (comp ) [V = [eval e)
exec (COW\P SR = eNal e s
Expr eual > Int
comp // ('-5)
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©. exec (comp &) s
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exec () (w:s)
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eval
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Code — Stack — Stack 2025-0L-1¢
1) &8 = s
(PUSH n - c) S = €exec ¢ ChtS)
(ApD 2 ) (w:wm: s) = exec < ((man)- S)
Expr = (ode
(Va\ w) = [ PUSH n]

(Rdd wv) = (comp u # comp v)+ [ADD]

Exp(‘ - \nt

(Na\ n) =
(AL w V)

—
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eval W + ewal v



©. exec (comp ) s = eval e ;s

Aso (Add w VY- ,,
exec (comp (Add uv)) s = eval (MM uv):s
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exec (Com\> Voo [ADD)) (exlaQ w > S)

= [meswmo Le,wxwxaB

exee [ADDY (evec (comp ) (eval w : )
= (4.1)
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lemms. exec (C ~+ c)) s = exec d (exec ¢ s)
\nducie wo ¢
Caso (],
cr:_sso (PuSk w = ¢)),
CF;SD ( poo C),
exec ((POD : ¢) + d) s

exec (ApD : (c #a)) s

=  [Assumo S casa com m:n:s' §  (Td¢)
exec ( ADD : (c = 4)) (@ n-s )

-
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exec (€ d) ((n+w):s)
= ([(-LS



exec d (exec ¢ ((new):s'))

QXQ_C, d ( exec (P\DD : c) (W\ Lne 5’)\

exec d ( exec (ADD : ¢) 5)

BRONCAS
* comp € \ento
e dewmonst rar Sua  correrude  tambem

e ...e amnda ma\S acabou depev\dev\c&o do {TdC}



Cficiencia por indugdo

(i) redefinic cowp

3 /
comp e = COWP ...
onde comp' ' Expc = Code — Code
comp’ ...
Dica: CO\Y\?/ e C = CLomp € + C

1) demonskre
exec (CbW\? el s = eval e : s



Functions Debuggable functions
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Defini¢oes

f i
bind : (lnt — It S‘trmﬂ‘) —> [ Int x Steing —{4 Int ~ String
G\Ve feom : from &
. , s essage ’
bind § (x,5) = lek (Vf, “"f)
}‘.

in ( Vg, S ¥ mf)
/\Kleisli composition

() : (Int =

Int x S\'F\V\Q\) -

[\Y\'\' - nt » S'\'r'\v\ﬂ) = (Int = Int x Stawg
~ s 4, /
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Generalize

Ut

unit
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(8)
[ s

bind :

bind
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/Mono\A
Coisado w = o > o x W
dof
'—-—"-(,Memp\:g)
ﬁ—’\ﬁx \)—>L0(-—>$xw)—> oL > W
1 des )

J

S F) ()
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Monoidal lec?6

2025-01-20

Jr\/pedass (Funckor fl = Monoidal (J " TY"‘ TY)
unit + ()

@) fol > fB — f (axB)
wit! 1L — F 0 () > nt = Int
o) - ({5 oL x fg) — § (axB) }
unit &+ v = v ratuwito
oo em H&S\(e”
U Xk wmt = W \
(u. >k \/) oW = W o (Vo w) p



FAMM

S\maP , ;)o'wx - (>r)

Mmx Sy 'E — 50\‘(\ ('Smap f nx )

(x = wmp) &) > (Mg > wp)

SW\QK j"\ °
j (W\ok — W (mp)) Fnee)

§vnaP, o E (>=)

ﬂmap, :)o'w\ — (>>:) , Pure



T (28 pts) P"OVB3

2025-01-24

read3lots = 10 (M (\nt = Int = nt))

R Escola 6 dos 0. (6 A2pts)

wmt | Ger) - pue | @
fvap , jownn = (o)
fmap, Join - (=), pure

Funcor instance para um dos -
Umd Jwap que fespeita a lei de (o) was nao de {4

Sequence AL 1 RApplicakive § = List (f o) — { (List &)



Lk Jmep, 0 (d—>B) — (fax=f8

= splat, a(u—»ﬁ’:\ —7 laax—~2a8B
g { 56 (&> wB) > (v

(»=.) - \v\on—»(ot—»\v\\%) —> m§

™ (m (x) —> m
return,, = pure, . ®K —> 4 o
, (=) (=>mpBY = (B >my) —> (ot = my)
{ (=) (B >m3) = (x>mp) = (X =>my)

(»m) (%a) . ag —~ ap —> a Y&
Vo'\d\)c ; foa = {1
unib, + n ) i, L = w ()

K - ool > B > o laxB) o), (val x nB) = n (axp)



