r eal-w orld binding es

Susmit Sarkar

�

Peter Se

� Francesco Zappa Nardelli

+

∗ ⊑⌉∇∫⟩⊔† ≀{ C⊣⇕⌊∇⟩⌈}⌉

αml ♭�♯ ut neither provides a complete solution ↼expressive todealwiththevariety of binding found in the wild but simpleandintuitivWe argue that lightweight annotations of productions in the

grammar are sufΘcient to speciΘy complex binding struc including multiple

bind mse in lets one specify that the v deΘned in the

set mse bind in nonterminals of the production. Here mse ranges

o v er sets of metav ariables, which can be speciΘed xplicitly or by

functions, as in the Ocaml or language fragment

belo .

exp ::= x

| ( exp exp

′_{| ↕⌉⊔ pat exp in exp} ′

bind b(p at in exp

′ at ::=

| p at || p at

′

) b = b(pat ) ∪ ⌊(pat^′

)

| ( at , p at ′

) b = b(pat ) ∪ b(pat

′_)

| S≀⇕⌉ x = x

| N≀\⌉ ⌊ = {}

T⟨⟩∫ ∫√⌉⌋⟩×⌉∫ ⊔⟨⌉ ↕⟩\‖

⌉⌈ ≀⌋⌋⊓∇⌉\⌋⌉∫ ≀{ belo w must v together:

let (( None; Some x

) || ( x , None↽↽ / x in x

W e will e the process of gi ving meaning to binding spec-

iΘcations by considering a fragment of a grammar for System F

<

Γ of a judgment bind in the judgment body .)

::= | ∅ = {}

⊔⌈≀⇕ = {}

| Γ, X <. T Tdom = Tdom∪ X

tdom = {} bind Tdom (Γ) in T

| Γ, x :T Tdom = Tdom(Γ)

tdom = tdom(Γ) [ x

bind Tdom (Γ) in T

Judgments . . .

| ⊢ t : T Tdom (Γ) in t

bind Tdom (Γ) in T

bind tdom (Γ) in t

k e y b uilding block for our deΘnitions is that of sets of v ariable occurences that are meant to ary together

. Thus for xample,the link ed occurences of concrete ariables must v ary together in

the follo wing abstract syntax term for a conte xt.

= X <. Top , Y <:

X X , : X, y : Y

e call these sets the open binding sets, and we can gi v e a compositional calculation of them v er the structure of the term by looking at the binding speciΘcations. y are not al w ays wed to

actually v

, such as in the e xample xt abo v e. The v ariables bound in the conte xt can only be alpha-v aried when placed in a judgment, such as in

X <: Top , Y <: X →

X , x : X ; y :

Y ⊢ x : X

This phenomenon typically occurs when some of the binding struc is visible but more binding will occur in higher levels of abstract syntax tree▷

we can syntactically decide at a bind declaration point

that none of the ariables will be pick ed out at a binding site, we can

seal the sets of v ariable occurence, which we call closed binding

set, such as in the judgment form. The notion of v alence

is then the v alence class of all terms which fer only in the

of the concrete v ariable within the closed binding sets. W e

gi e a deΘnition of capture-a v substitution, and pro v e that it respects this e xpanded notion of alpha-equi v alence. Correctness of our deΘnitions cannot be deΘned in general, as there is no accepted other notion of ariable binding, b ut it can be sho wn in speciΘc cases � we do so for the important special of the untyped lambda The Ott tool [2] implements this language of binding speciΘ-

cations by translating them into what we call a fully ete rep-

resentation within arious proof assistants. In this representation, abstract syntax terms may contain concrete variables, and terms

not considered up to alpha-equi v The (Ott-generated)

functions assume that the substituted term is w ays

closed. A wide ariety of programming language , includ-

ing a formalization of OCaml without objects or modules, can still be done in this restricted setting, since typical languages do not

reductions under binders. W e v e that under suitable

conditions, the operational deΘnition of substitution within

Ott coincides with the deΘnition of substitution respecting equi v alence abo v e. The proof is on paper

, and partly formalized within Isabelle.

fully concrete representation, is, ho we er , clearly not suf Θcient for some e An important problem for future w is

to de v good proof assistant implementations that respect alpha

equi v alence in general, not just for closed substitutions. One en visage doing this , by translating into languages with single binders, or directly e.g.

perhaps by generalising a locally nameless or nominal representation.

Refer ences α