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● A refinement type is a type qualified under a constraint phi, denoted
● Example: non-negative ints 

Background

● A coverage type is like a refinement type, but an expression has a coverage 
type if its set of possible values fully covers the type; write

● Why? Can be used to e.g. verify that a generator function can actually generate 
a full range of inputs PBT

“This function must be able to generate all ints in 0, sˮ



● To typecheck programs with refinement types, a typechecker needs to make 
queries to an automated theorem prover (here Z3.

● Main example: subtyping queries (can type A be used in place of type B?; write 
“A <: Bˮ

Queries, subtyping

implies that…

implies that…

implies that…

implies that…

We can assert…

so long as Z3 can prove…

✓ 



● To enable reasoning about arbitrary data types, we can declare “type 
predicates ,ˮ functions with some semantic meaning ex.

Predicates, axioms, motivation

Covers all empty lists

Covers all even-length lists

● Z3 has no innate knowledge about these functions (uninterpreted)
● Instead, impose meaning by providing Z3 with axioms:

● Axiom development is hard: need to ensure axioms encode all expected 
meaning of predicates, and none are wrong (but thereʼs very little feedback)



● Add a module to the type checker that generates an interactive theorem prover 
(here Rocq) file so that developers can debug axioms directly

High level overview

Z3 query

on failure, generate Rocq file

once proved, translate new axioms back

re-run the typecheck ✓ 



● Axioms can be proved 
→ catch incorrect 
axioms

● Caught axiom / 
predicate definition 
mismatch

● Rocq and Z3 donʼt 
always line up

Results


