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Exercise 1.1
Letf : A - Bandg:B ~ Cberelations,andldt: A « C be their compositio) = f : g.

(@) Prove that, if andg are injective, them is injective, but the converse is false.
(b) Prove that, iff andg are surjective, thehis surjective, but the converse is false.

LetR: A o Bbe atotal relation an8 : A + B a univalent relation.
(c) Provethat,ilRO SthenR=S

Exercise 1.2
We define aough seton a carrietA be a pair (P, C) whereP (for possibly) andC (for certainly)
are both subsets & and C 00 P.
We define the relatiore on rough sets (0A) as follows:
(P.C)=(R,C) iff ROR and C,0OC,

(&) Showthate isan ordering.

(b) Show that = is a lattice ordering, and provide explicit definitions for join and meet in
that lattice.
(c) Show the algebraic lattice axioms for your explicit definitions of join and meet.

(d) Isthis lattice modular? Provide a proof for your answer.
(e) Isthis lattice distributive? Provide a proof for your answer.
(f) Isthis lattice complete? Provide a proof for your answer.
Given a surjectivapproximation mapping & : S - A from aspace setSto theapproximation
carrierA, we say that a pai(P,C) of subsets oAis anapproximation of a setX [0 S iff for every
a : Awe have:
alP iffthereisan x:S with d(x) =a suchthat x OX;
agcC iff forall x:S with 3(x)=a wehave xOX
(g) Show that each approximation ¥f[1 Sis a rough set.
(h) Show that each sét 0 Shas exactly one approximation.
We writeA to denote the mapping from subsetssib their approximation via.
(i) IsAanorder homomorphism? If yes, provide a proof; otherwise, provide a counterexample.
() IsAalattice homomorphism? If yes, provide a proof; otherwise, provide a counterexample.

Note: Instead of starting from the projection mappihgs we do here, the rough set literature starts
from the equivalence relatiod: & .



Exercise 1.3

A simple graphis a pair (N,E) consisting of a sé\l of nodesand a relatiorie : N « N, which can
be considered as a setadges. We define thesubgraphordering = on simple graphs as follows:

(P,C) = (P,C,) iff ROR and C,0OC,

(&) What are the atoms in the resulting lattice? State your answer formally and provide a proof.

(b) What are the join-irreducible elements in the resulting lattice? State your answer formally and
provide a proof.

(c) Which subgraphs have complements? State your answer formally and provide a proof.



