Refined? Environment Classifiers

Elaborating Lexical Scoping Yuito Murase

in Multi-Stage Programming i‘;gfg‘giseﬁzgsushi [garashi

Motivati Lexical scoping in multi-stage programming is NOT trivial
otivation . . .
when evaluation stages can chanie dynamically or program has side-effect)—,
A quote generates . - B let r = ref “{ 1 } in
a code fragment \Q let x_= 1 1n let f x = let f x = ‘ e ———
(of a future stage) — . ( - . { let y,ﬂ
Qe y =t ydn Al 1 Ax in Crim T3
An unquote embeds v AT A1} {1} U1} )}
a code fragment to Loy Y }d} }“ . ] ’
another code fragment 0§9 - ~
9 \l,l/ uge o vorS . ) \l,l/ \lJ/ ? \lvl/
Run-time evaluation . — — } “\ N
executes a future-stage 1 +€L x = 1 1n x + X } it 71} 2 1y}
code fragment under : ~ B -
the Curregnt environment e WE”'SCOPEd '/_’ |”'SCOP€d 0_\1‘ WE”'SCOPEd :\.; |”'SCOP€d
‘T caoss-nhcét ‘ WE £ ¢cOPFE. BXTRUSION
EXiSting MSP tYPe [Davies '17] accept reject reject PRR%5T accept
systems are NOT [Hanada+ '14] accept reject accept accept
precise enough! [Rhiger '12] accept reject reject reject
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A roach We develop a novel type system that annotates programs and types with
pp explicit scope information (a.k.a. Refined Environment Classifiers(REC) ) [kiselyov+'16]
S'\r'-\u( o\ (‘,d-e A

[ el We elaborated theory for scope-safety using REC
1 Each binding introduce 2 A quote switches current 3 A variable can be used 4 run/unquote can be used
a hew scope, represented scope, and capture when it is valid under if scopes are consistent
by a class.ifeir. ! the scope in its type current scope let x@g = 1 in ¢
let fegl:int>int = g2 let yeh = 2 in let x@g = 1 in g let yeh = 2 in |
let x@g3:int = 1 ing3 * T run g X " Me s 14 Tmmmmmmmmmm oo
o ] {eh y * y}e—<inteh> - N ©invalid types because g<:h
gl
e | o . . . Origi I
g.l. <.‘ g2 1< 5 & Afunction cannotreturn (G Bounded polymorphism  Comparison [Izisr:é%ggal S;f,rposa|
'g2isinside of g1" gl <: g3 code with its own scope over classifiers is allowed  syntaxfor |cCode Quasi
. , i t
| 1 (global scope) fn(zeg)- _{_@_g__z_"'_l__} let dbl:[g:>!]<intEg>><intEg>= COLdeijsn C?J:?;jé? I\/IL?IltJi?Ie?/el
gl ! + f <intEe> fn [g:>!](x:<int@g>) ~»
52 > gl + 2 n ‘@g \ ‘feg ~x + -x } in Safety w/ ref *
g3 P gl + X fn(z@g)»>run "{@g z+1 } = “fe! let yeh:int = 1 in Safetyw/CSP| X *
regarded as set of (valid) vars. int “i dbllh] “t@h v } 1} Polymorphism X
* to be proved
Formal iz ati on ‘Davies+ '01] We elaborated semantics with explicit substitution
[Clouston '18] so that substitutions take place only at runtime stage
Type System is inspired by Kriple/Fitch-style modal calculi Lot o : [Nakata+ '09]
and labelled deductive systems et x@ = 1 in run {@g x*x } [Accattoli+"14]
Context [ A,... == ‘Reed+ '00] > (run {@ x+x })[x@g := 1]
0|, (x: A)Y | I uldy | Iy | I,yv1 = y2  [Marin+ '21] > (x+x)lxeg := 1] let x@g = 1 in "{@ x+x }
>x (1+1)[x@g := 1] > ‘{eg x+x }[x@g := 1]
- I ct A" eI’ I'bry=<cur(l 2 =
Var =z (@ ])ﬂfmz g v = curll) : 2[x@g ] (evaluation is stuck)
Quo e, - M: A Ung I &.+ M:[A] '~ =< cur(l)
I'Fquo{"M}: [A]" . I'Funq, {M}: A
’“ Current Progress
apo D@ ATEM:B 5y ¢ FCB) Iy1 =y FM: A
'z : A)Y.M: A— B 't Alyr =z 72)-M: V(71 = 72).A Definition of type system

Definition of operational semantics
REIatEd WOrk Contextual Modal Types  wp Soundness Proofs (Preservation + Progress)

[Nanevski+ '08, Murase+ '23]

Existing MSP c.alculi Coxoyve iy ] WIP Extension with mutable state
ECOSFEES easr?hsetg(fgy Sreolfi]aeri(tfd : [int, int |- int] WIP Translation from/to other calculi
dillnan?ic statges)' i (Cs,%%ictjy\?v?tshcf&y;%glﬂgf)t *  Future Direction
v.v ‘¢ let Xm ® Classifier inference for annotation-free
Our calculus 0 f ?XG-;( v YT 3 staged programs (like MetaOCaml / Scala 3)
REC allow different Quotes must Nla all frea vars, ® Analytic metaprogramming (pattern match on code)

which blocks binding beyond ~ ® Curry-Howard isomorphism (Extension of S4 modality?)
guotes

stages to share Scopes
) Co'a\':\'-'t', T e in
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