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Proof-Relevant Resolution

Terms  Ter :=  Var | F(Ter,..., Ter)
Atoms At = P(Ter,..., Ter)
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Proof-Relevant Resolution

Terms  Ter :=  Var | F(Ter,..., Ter) HC's HC:= K:At<+ At,...
Atoms At = P(Ter,..., Ter) Progs P -| P,HC
Plre :0B: Pte,: 0B,
c:A<By,....B,€P
b Phce ... e;:0A
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Example

P=...,

——— - TYPEAX
CypeAx @ kind(type, X) < I F type : kind

Goal: kind(Y,nil)

P & ceypeax : kind(type, nil)
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Lemma

Let t be a refinement problem in a well-formed signaure S such
that a solution (p, R) exists. Then there is a goal G and an
extended type A such that S;-+ (G | A).
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Nameless Representation

builds on Locally nameless representation (Urban et al.; 2011)
open
AB.x0z S A AN B1l0z
close
unshift

N=Ax:Ady:Bxy0 S T,CHAx:AMNy: Bxyl
shift

-\ A\ B.17070r
Combined operations:
» simultaneous open/shift: W[Or/OT]

» simultaneous close/unshift: m[OT/Or]

» simultaneous open/substitution: M[07/N]

Lemma (Equality of LF and namelesss LF)
S;TEM:Aifandonly ifTfSGTTTEFIMT:TAY
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Example

P=..., TCcro . C CTXZERO
CctxZero - type(C7 [C | r]) —
CctxSucc - f}’Pe(CI7 [D | r]) <~ ?
— — — Fir: C .
=T type(C,I"),C'=C ———— C1xSuce
DFoir: C

Example: I =n: A,m: maybe, (tt) and a goal for type(?y, A,T):

P &= cetxzero - type(A, [A, maybea(tt)])



Soundness

Theorem

Let M be a term in S. Let Py and Gy be a program and a goal
st. SEPandS;;MtE (Gy | A). Let p, R be a substitution and a
proof-term assignment such that P - Gp. Then for any solution
(0, R") s.t. (¢, R")M is a well-formed there is (p”, R") such that

(0", R")((p, R)M) = (o, R)M



Conclusion and Future work

Conclusion

> type and term refinement in first-order type theory as
first-order resolution

> nameless representation removes a-equivalence and name
freshness issues

» proof-relevant resolution captures term-level metavariables

Future work

> higher-order DTT
» coinductive interpretation of the program

» extend our work on coinductive soundess of Haskell typeclasses
(Farka et al.; 2017)

> https://github.com/frantisekfarka/resviaref


https://github.com/frantisekfarka/resviaref

Thank you



First-order Dependent Type Theory

Language we are working in

Language of FoDTT:

Kinds K:= type|MV:T.K
Types Tu= B|NV:T.T|Tt
Terms tu= C|VI[AV:T.t|tt

Well-formedness rules:

2. '+ K :kind
YITHFA:K
>ITEM:A
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Types* T := ---|?B
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and we look for assignements 73 — Types and 7} — Terms.
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We extend the language of FODTT to FoDTT*:

Types* T := ---|?B
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and we look for assignements 73 — Types and 7} — Terms.

Example:

An 7 a.Av 0 VecA (Csuee N)-CetVee Linr(Am 7. a 7. X\as :7p.a)

7?7

n-v



Refinement (cont’d)

By generation of goals that constrain type-level meta-variables and
by binging their proof-terms to term-level meta-variables:
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Refinement (cont’d)

By generation of goals that constrain type-level meta-variables and
by binging their proof-terms to term-level meta-variables:

2Tt FTeGoal (G | t': A)
A "TyGoal (G ’ A K)
YT K Fricoar (G | K’ : kind)

Signature gives a program that solves the generated goals:

2 Fprog P
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