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11.1 Show that for any set of formulae Γ and a formula 𝜙 holds if Γ |= 𝜙, then
∀Γ |= 𝜙, where ∀Γ = { ∀𝜓 : 𝜓 ∈ Γ }. Does the opposite direction hold?

11.2 Does it hold Γ |= 𝜙 iff ∀Γ |= ∀𝜙?

11.3 Show that the resolution rule is correct.

11.4 Derive the empty clause � using the resolution calculus from:

(a) {{¬𝑝(𝑋),¬𝑝(𝑓(𝑋))}, {𝑝(𝑓(𝑋)), 𝑝(𝑋)}, {¬𝑝(𝑋), 𝑝(𝑓(𝑋))}}
(b) {{¬𝑝(𝑋, 𝑎),¬𝑝(𝑋,𝑌 ),¬𝑝(𝑌,𝑋)}, {𝑝(𝑋, 𝑓(𝑋)), 𝑝(𝑋, 𝑎)}, {𝑝(𝑓(𝑋), 𝑋), 𝑝(𝑋, 𝑎)}}

11.5 Prove using the resolution calculus that from

∀𝑋∀𝑌 (𝑝(𝑋,𝑌 ) → 𝑝(𝑌,𝑋))
∀𝑋∀𝑌 ∀𝑍((𝑝(𝑋,𝑌 ) ∧ 𝑝(𝑌, 𝑍)) → 𝑝(𝑋,𝑍))
∀𝑋∃𝑌 𝑝(𝑋,𝑌 )

follows ∀𝑋𝑝(𝑋,𝑋).

11.6 List all the possible applications of the factoring rule on the clause

{𝑝(𝑋, 𝑓(𝑌 ), 𝑍),¬𝑠(𝑍, 𝑇 ), 𝑝(𝑇, 𝑇, 𝑔(𝑎)), 𝑝(𝑓(𝑏), 𝑆, 𝑔(𝑊 )),¬𝑠(𝑐, 𝑑)}.

If it is possible to use the factoring rule several times, then produce even
these results.

11.7 Check PyRes; simple resolution-based theorem provers for first-order logic.
You can find proofs for the previous examples using them.
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https://github.com/eprover/PyRes

