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2026/27 — Ficha (Worksheet) nr.° 2

1. Na ficha anterior explorou-se o conceito de
composicdo sequencial de computagdes. Um
outro tipo de composicdo, dita paralela,

(fro)z=(fz,9z)

€ muito importante pois permite-nos fazer cor-
rer as duas fungdes a0 mesmo tempo, como
mostra o desenho que se segue:

The previous class explored the concept of
sequential composition of two cpmputations.
Another type of composition, called parallel
composition,

(F1)
is very important because it allows us to run

both functions at the same time, as the drawing
shows:
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Recordando da aula tedrica as fungdes de
projecgdo

Recalling from the theory class the following
projection functions

B! ($7 y) =T
F2
{ T (T,y) =y )
demonstre as seguintes propriedades da prove the following properties of parallel com-

computagdo paralela:
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f (F3)
g (F4)

2. O combinador (f, g) — isto é, “f em paralelo
com g” — satisfaz a seguinte propriedade, dita
universal:

k={(fg) =

{

The (f,g) combinator — that is, “f in paral-
lel with g” — satisfies the following property,
called universal:
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Identifique-a no [formulario. Que outra propri-
edade desse formulério obtém fazendo k& = id
e simplificando?

Find it in the reference sheet, Which other pro-
perty of this form do you get by making k = id
and simplifying?

3. O formulario define também esta variante da
composicio paralela:

fXg:<f'7T1,g'7T2>

Mostre que f X g é a funcdo:

In the same reference sheet the following vari-
ant of parallel composition is defined:

(Fo6)

Show that f X g is the function:

(fxg)(z,y)=(z,99)

4. Determinados tipos de redes neuronais, muito
usadas em IA, baseiam-se em unidades fun-
cionais como a que o desenho mostra:

Certain types of neural networks, widely used
in Al, are based on functional units like the one
shown in the diagram:

Podemos ver o desenho como uma represen-
tacdo da funcdo,

u:(SxI)—(Sx%x0)
u(s,i)=1let s' =g (s,0)in (s',f (s, 1))

assumindo f e g pré-definidas.
(a) Mostre que a fungdo u pode ser definida,
sem varidveis, de forma bem mais simples:

U= <7Tlvf> : <g,71'2>

(b) Explique por suas palavras a diferenca en-
tre u e a fungdo v = (g, f), para as mesmas

fungdes f e g de (F8).

We can see this diagram as a representation of
the function,

(F7)

assuming [ and g pre-defined.

(a) Show that function u can be defined,
without variables, in a much simpler way:

(F8)

(b) Explain in your own words the difference

between u and the function v = (g, f), for the
same functions f and g from ([F).

5. O circuito booleano

The following Boolean circuit

Lo
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pode descrever-se pela fungdo f que se segue,

f BxB)xB—-B
{f—xor~(andxid)

onde and (a,b) = a A bexor (z,y) = zDy.

Mostre que f se pode também definir como se
segue:

can be described by the following function f

(F9)

where and (a,b) = a A b and zor (z,y) =
zDy.
Show that f can also be defined as follows:

f((a;0),¢)=(anb)dec

. Implemente e teste f no GHCi, apés car-
regar a biblioteca Cp.hs disponivel no material
pedagégico.

NB: recorde que z ® y = = # y.

Encode and test | (F9) on GHCi, after loading
the library Cp.hs available from the course
website.

NB: recallz ®y=x # y.

. Derive a partir de (F3) a lei

From derive the law

(hok)-f=(h-f k- f)

que também consta desse formulario sob a
designacdo fusdo- X.

that also appears in the reference sheet under
the name x-fusion.

. Uma das operagdes essenciais em processa-
mento da informacao € a sua duplicagdo:

— T

A core operation in information processing is
data duplication:

zr —9 dup z = (z, 1)

— T

Recorra a lei de fusdo-x para demons-
trar a seguinte propriedade da duplicagdo de
informacdo:

Derive from the x-fusion law the following
property of data duplication:

. O combinador

The following combinator

const::a — b — a

consta b=a

estd disponivel em Haskell para construir
fungdes constantes, sendo habitual designar-
mos const k por k. Demonstre a igualdade

is available in Haskell to build constant func-
tions. (One usually abbreviates const k to k.)
Prove the equality

(b,a) = (b, a) (F10)

a partir da propriedade universal do produto e
das propriedades das func¢des constantes que
constam do formuldrio.

based on the x-universal property and the pro-
perties of constant functions that appear in the
reference sheet,
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10. Definindo swap = (my, ), demonstre

(g x f)-swap =swap- (f x g)

usando as leis que conhece do Célculo de Pro-
gramas

Having defined swap = (o, 1), prove

(F11)

using the laws of the Algebra of Porogramming
studied thus far.

11.

Questao pratica — Este problema néo iré ser
abordado em sala de aula. Os alunos devem
tentar resolvé-lo em casa e, querendo, publi-
carem a sua solugdo no canal #all-cp2526 do
Slack, com vista a sua discussdo com colegas.
Dao-se a seguir os requisitos do problema.

Open assignment — This assignment will not
be addressed in class. Students should try to
solve it at home and, whishing so, publish their
solutions in the #all-cp2526 Slack channel, so
as to trigger discussion among other collea-
gues.

The requirements of the problem are given be-
low.

Problem requirements: Given a name, for instance "Jose Nuno Oliveira" we
wish to obtain its acronym and its short version, as suggested below:

*Cp> acronym "Jose Nuno Oliveira"

n JNO n

*Cp> short "Jose Nuno Oliveira"

"Jose Oliveira"
*Cp>

Define

acronym = - - -
short = - - -

subject to the following restrictions:

e you cannot use argument variables (x, v, ...

)

® you can use function composition f - g and the parallel combinator (f, g) as well as

any function available from module Cp.hs

® you can resort to Haskell standard functions such as e.g. map, filter and so on.



