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X.1 Show that the resolution rule is correct.

X.2 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)}}

X.3 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).

X.4 List all 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.

X.5 Formulate the following problems in the TPTP language and (dis)prove
them using the E prover. Assuming the following group axioms

𝑒 · 𝑋 = 𝑋,

𝑋−1 · 𝑋 = 𝑒,

(𝑋 · 𝑌 ) · 𝑍 = 𝑋 · (𝑌 · 𝑍)

your task is to (dis)prove

(a) 𝑋 · 𝑒 = 𝑋,
(b) 𝑋 · 𝑋−1 = 𝑒,
(c) 𝑋 · 𝑌 = 𝑌 · 𝑋,
(d) 𝑋 · 𝑌 = 𝑌 −1 · 𝑋−1.
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