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1. Consider the following propositional theory

Tn = {r1 → r2, r2 → r3, . . . , rn−1 → rn, rn → r1}based on Pn = {r1, . . . ,rn} where n > 0. The intuitive reading of ri isthat the ith node is rea
hable in a �nite ring of n nodes.(a) Determine the models M ⊆ Pn of Tn.(b) Show/argue that T |= ri → rj for any 0 < i, j ≤ n.(
) Compare the models of Tn with the models of Tn ∪ {r1}? Does Tnproperly formalize rea
hability among the nodes in the ring?2. Consider a set of nodes Un = {1, . . . , n} and a relation E ⊆ (Un)2 repre-senting the edge relation of a graph G = 〈Un, E〉 with n verti
es. Whi
hproperties of G are 
aptured by the following �rst-order senten
es?(a) φ1 = ∀x∃yE(x, y) ∧ ∀x∀y∀z(E(x, y) ∧ E(x, z) → y = z)(b) φ2 = ∀x∃yE(y, x) ∧ ∀x∀y∀z(E(y, x) ∧ E(z, x) → y = z)(
) φ3 = φ1 ∧ φ2(d) φ4 = ∀xE(x, x)(e) φ5 = ∀x∀y(E(x, y) → E(y, x))(f) φ6 = ∀x∀y∀z(E(x, z) ∧ E(z, y) → E(x, y))(g) φ7 = φ4 ∧ φ5 ∧ φ63. Des
ribe the models of φ3 and φ7 (see above) when n = 3.4. Consider the following �rst-order theory
T = {N(0, s(0)), ∀x∀y(N(x, y) → N(s(x), s(y)))}whi
h 
aptures for ea
h natural number its immediate su

essor.(a) Determine the Hebrand base Hb(T ).(b) Determine a Herbrand model M ⊆ Hb(T ) for T .(
) Is M minimal with respe
t to ⊆, i.e., is there another Herbrandinterpretation M ′ ⊂ M of T su
h that M ′ |= T ?


