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What is Completeness?

Completeness: All Correct Programs Can Be Verified

Soundness

Completeness
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Any
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is incomplete!

Side-step issue with pure embedding "¢":

1 holds in meta-logic
PE"

Proof system is not entirely syntactic!
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Motivation: Resource Rules And Perfect Abstractions

Program Logic is Perfect Abstraction over the Semantics!
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Goal will be: {"safe_(e)'} e {v."p(v)'}
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Strengthenings

So far: Completeness for sequential, terminating programs.

Non-termination: safe is co-inductive.
Solution: Hoare triples are alse-co-inductive step-indexed.

Concurrency: We must share resources among threads.

Solution: Invariants and more technical difficulties...

3¢, 0. 'safe-tp (€,0) « @€ % %k L
(l+v)eo
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Discussion: Case Studies

What can we apply our framework to?
e Heaplang: total + partial completeness
@ Prophecies
® Arust: Ppartial completeness
® Data Races
e Time Credits: partial completeness

e Eris: partial + total completeness
@ probabilities (prevents framework use, but approach still works)

Small incompletenesses found and fixed!
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Discussion: Necessary Features for Completeness

o VALUE, BIND, and their inverses

e Lob induction a.k.a. co-induction (for non-termination)

e First-order invariants (for concurrency)

e Custom ghost state, specifically ghost maps (concurrency)

Not needed:

e Impredicate invariants
e Higher-order ghost state
o Later credits, > 1 laters per step, Transfinite Iris
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The End

Thanks for your attention!

i Completeness: All Correct Programs Can Be Verified

Program Logic is Perfect Abstraction over the Semantics! }

The Proof, Summary and Generalizations Contributions and Future Work
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General Framework for partial or total completeness
Heaplang, Ar.., Time Credits, ... Your logic?
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Further Work Remains: Eliminate use of Inverse BIND rule

Follow-Up Work on Logical Atomicity: arXiv:2607.11435
Follow-Up Work on Incorrectness Logic: arXiv:2607.11611
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