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4.1 Do you know how to efficiently express

𝑝1 + 𝑝2 + · · · + 𝑝100 ≤ 99?

4.2 Is it possible to replace

𝑝1 + · · · + 𝑝1024 ≤ 1

by
𝑝1 + · · · + 𝑝512 + 𝑥 ≤ 1 and 𝑝513 + · · · + 𝑝1024 + 𝑥 ≤ 1?

If so, is it equivalent, or equisatisfiable?

4.3 There are various encodings of cardinality constraints, discuss sequential
counter and bitwise encodings. You can find further examples in this
presentation, this presentation, or in PySAT.

4.4 For an example of a cardinality constraint using if-then-else and BDDs
check this presentation.

4.5 Check the API documentation of PySAT. There are various useful things,
for example, IDPool, enum_models, get_core.

4.6 Check some examples in PySAT.

4.7 Check using implicit hitting set for MaxSAT in this tutorial.

4.8 Formulate the software package upgradability as a MaxSAT problem,
see this tutorial.

4.9 Try MaxSAT in PySAT, check WCNF.

4.10 Try CBMC on this example. You can also try this program. For details,
see these lecture notes.

4.11 We have a language that contains only one binary predicate symbol ∈ and
we have an interpretation ℳ = (𝐷, 𝑖) such that 𝐷 = {𝑎, 𝑏, 𝑐, 𝑑} and 𝑖(∈)
is given by the following diagram:

𝑐 𝑑

𝑎 𝑏

Meaning that 𝑥 ∈ 𝑦 iff there is an arrow from 𝑥 to 𝑦. Decide whether the
following formulae are valid in ℳ:

(a) ∃𝑋∀𝑌 (¬(𝑌 ∈ 𝑋)),
(b) ∃𝑋∀𝑌 (𝑌 ∈ 𝑋),
(c) ∃𝑋∀𝑌 (𝑌 ∈ 𝑋 ↔ 𝑌 ∈ 𝑌 ),
(d) ∃𝑋∀𝑌 (𝑌 ∈ 𝑋 ↔ ¬(𝑌 ∈ 𝑌 )).
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