
Machine Learning and Mathematical Logic
Winter term 2025-2026
Exercises

Lecturer: Maxwell Levine

Exercise Sheet 7

Due at the beginning of the exercise session at 16:20. A total of at least 50% of all available
points is required for the “Studienleistung” (I expect there to be 12 or 13 sheets).

Suppose that I and J are two infinite linear orders. We say that two indiscernible sequences
ā = ⟨ai : i ∈ I⟩ and b̄ = ⟨bj : j ∈ J⟩ have the same EM-type if, for all n < ω, all formulas
ψ(y0, . . . , yn−1), all i0 < . . . < in−1 from I, and all j0 < . . . < jn−1 from J , |= ψ(ai0 , . . . , ain−1) ↔
ψ(bj0 , . . . , bjn−1).

Exercise 1 (Guingona 3.1.4, 2 points). Suppose φ(x; y) has alternation rank ≥ n as witnessed by
an indiscernible sequence ā, and that the sequence b̄ has the same EM-type as ā. Show that b̄ is
also a witness to the fact that φ(x; y) has alternation rank ≥ n.

Exercise 2 (Guingona 3.1.7, 2 points each). Work in an L-language.

(a) Show that if φ(x; y) is NIP, then ¬φ(x; y) is NIP.

(b) Show that if φ(x; y) and ψ(x; y) are both NIP, then φ(x; y) ∧ ψ(x; y) is NIP.

(c) Give an example that shows that NIP formulas are not closed under existential quantification.


