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Life-critical software and protocols

Type Theory: type-checking is proof-checking

What makes formal verification of programs challenging?
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Programming Language (PL) Meta-theory

What do we “mean” with a program?

"Semantics' meaning
§ meta-theory

"Syntax" program
Meta-theory is difficult.
2005: PopLMARK: formalising PL meta-theory [Ayd+05]

POPL

2019: PopLMARK Reloaded: new benchmark problems [Abe+19]
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We may think of [the] proof as an iceberg. In the top of it, we find what we usually
consider the real proof; underwater, the most of the matter, consisting of all mathematical
preliminaries a reader must know in order to understand what is going on.

— S. Berardi [1990]
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2005: PopLMARK challenge [Ayd+05]:
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“costs/benefits of various variable
binding representation”

Source: “Mechanising Meta-Theory in Beluga” by
Brigitte Pientka

What is a good variable binding representation?
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Syntax with Binders: Criteria

int a;
int f (int x) {

return x + a;

BB W NN =

- a-equivalence
e capture-avoidance
- readability
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Syntax with Binders: Criteria

1 1int a;

2 int f (int x) { Induction:

S TR XX < &) Assume the binding variable is “z” ...
4 }

a-equivalence

capture-avoidance

readability
binder-induction
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Syntax with binders: Comparison

Q- capture- binder-
equivalence avoidance readability  induction TT Impl?
Named Vars X X Vv X V4
de Bruijn v v X v v
HOAS V4 V4 V4 X V4
Nominal V4 V4 V4 V4 X

A Nominal TT is needed!




Nominal TT

Breakthrough: Nullary Parametric TT realises Nominal TT [VND25].
Parametricity: “Representation Independence” [Wad89]

WP1. Implement and Evaluate Nominal Agda
WP2. Develop Nominal Observational TT (NOTT)
WP3. Implement NOTT, unifying with other TT variants for maximal

dissemination
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