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Back to the arithmetic
 𝐸 → 𝐸 + 𝐸 𝐸 ∗ 𝐸 𝐸 𝑥 𝑦 𝑧 0 1 2 3 4 5 6 7 8|9

Two parse trees for 2 + 3 ∗ 4
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Takeaways
CFGs and regular expressions gave us ways of succinctly representing 
sets of strings
Regular expressions super useful for representing things you need to search for
CFGs represent complicated languages like “java code with valid syntax”

This week, two more tools for our toolbox (relations, graphs)
After Thanksgiving, (mathematical representations of) Tiny computers! 
And how they relate to regular expressions and CFGs.
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Relations

Wait what?
 ≤ is a relation on ℤ.
“3 ≤ 4“ is a way of saying “3 relates to 4” (for the ≤ relation)

 (3,4) is an element of the set that defines the relation. 

A (binary) relation from 𝐴 to 𝑩 is a subset of 𝑨 × 𝑩
A (binary) relation on 𝑨 is a subset of 𝑨 × 𝑨

Relations

Try a few of your own

Decide whether each of these relations are 
Reflexive, symmetric, antisymmetric, and 
transitive.

 ⊆ on 𝒫(𝒰)

 ≥ on ℤ
 > on ℝ
 | on ℤା

 | on ℤ
 ≡ (𝑚𝑜𝑑 3) on ℤ

Symmetry: for all 𝒂, 𝒃 ∈ 𝑺, [ 𝒂, 𝒃 ∈ 𝑹 → 𝐛, 𝐚 ∈ 𝑹]

Transitivity: for all 𝒂, 𝒃, 𝒄 ∈ 𝑺, [ 𝒂, 𝒃 ∈ 𝑹 ∧ 𝒃, 𝒄 ∈ 𝑹 → 𝐚, 𝐜 ∈ 𝑹]

Antisymmetry: for all 𝒂, 𝒃 ∈ 𝑺, [ 𝒂, 𝒃 ∈ 𝑹 ∧ 𝒂 ≠ 𝒃 → 𝐛, 𝐚 ∉ 𝑹]

Reflexivity: for all 𝒂 ∈ 𝑺, [ 𝒂, 𝒂 ∈ 𝑹]


