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Motivation

● There are some really cool Relation Algebra (RA) tools, but:
○ Some people refuse to use them
○ They can be hard to compare to First-Order Logic (FOL) tools



Our Solution

● Implement a translation between FOL and RA!
○ Standalone Python tool

■ Allows for many use cases
■ Easily Reusable

○ Thoroughly tested using Z3



Background

● Adaptation of Yoshiki Nakamura’s procedure
○ Expressive Power and Succinctness of the Positive 

Calculus of Relations
■ Published in the proceedings of RAMiCS 2020



Background
The Language for FO3

● Closed FO3 formulas
● Type of an occurrence of a variable
● Homogeneous vs Heterogeneous



Background
The Language for RA

● Well-typed RA formulas



Background
The Interpretation Function



The Translation Process

Translation Steps:

1. Negation Normal Form

2. “Good” translation

3. “Nice” translation

4. Final step



The Translation Process

Translation Steps:

1. Negation Normal Form

2. “Good” translation

3. “Nice” translation

4. Final step

∀ x,y. ∃ z. (￢ (a(x,z) ∧ b(z,x)) ∧ c(x,y))

∀ x,y. ∃ z. ((￢a(x,z) ∨ ￢b(z,x)) ∧ c(x,y))

∀ x,y. (∃ z. ￢a(x,z) ∧ c(x,y)) ∨ (∃ z. ￢b(z,x) ∧ c(x,y))

∀ x,y. ((∃ z. ￢a(x,z)) ∧ c(x,y)) ∨ ((∃ z. ￢b(z,x)) ∧ c(x,y))

𝟎 † ((C ∩ -A∘T) ∪ (C ∩ -B⁻¹∘T)) † 𝟎



Repeated Arguments



Heterogeneous Relation Algebra
● Checking for well-typed RA formulas



Heterogeneous Relation Algebra (continued)
● Treat the conjunctions that depend only on a single variable separately



“Additional Variables”



● Python 3.11

● Pattern Matching

Implementation 
Details



Validation

● Generate random formulas

● Automated testing

● Z3-solver



Conclusions + Future work

● We can translate all of FOL with up to 3 variables (and a bit more)
○ Untyped translation
○ Typed translation
○ Readable implementation

● Future work:
○ Even nicer looking formulas
○ More than 3 variables
○ Non-binary predicates
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