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JavaScript

var tick = function (n) {
return n > @ ? "tick " + tock(n) : "";

}s

var tock = function (n) {
return "tock " + tick(n-1);

}s

tick(2); // "tick tock tick tock "




A -Calc + Refs

let (tick,tock) = (ref undef, ref undef)

tick := \n.
n >0 ? "tick " + ltock n : ""

tock := \n.
"tock " + !tick (n-1)

Itick 2 // "tick tock tick tock "




A -Calc + Refs

let (tick,tock) = (ref undef, ref undef)

tick := \n.
n >0 ? "tick " + ltock n : ""

tock := \n.
"tock " + !tick (n-1)

Itick 2 // "tick tock tick tock "




Simply-Typed
A -Calc + Refs

val tick : ref (int -> str)
let tick = ref (\_. "")

val tock : ref (int -> str)
let tock = ref (\_. "")

tick := \n. n > @ ? "tick " + !tock n : ""
tock : . "tock " + !tick (n-1)

Itick // "tick tock tick tock "




Simply-Typed
A -Calc + Refs

val tick : ref (int -> str)
let tick = ref

val tock : ref (int -> str)
let tock = ref

tick := \n. n > @ ? "tick " + !tock n : ""
tock : . "tock " + !tick (n-1)

Itick // "tick tock tick tock "




Function Types

r->U




“Open” Function Types

(D] => [T -> u]

Rely Guarantee




let tick ref undefined
let tock ref undefined

val f_tick : (*tock: int -> str) => int -> str
let f tick n =n > @ ? "tick " + !tock n : ""

val f tock : (*tick: int -> str) => int -> str
let f tock n = "tock " + !tick (n-1)

tick := f_tick

// Rely: { *tick: int -> str , *tock: int -> str }
// Guar: { *tick: int -> str , *tock: undefined }

Itick 2
// ill-typed; run-time crash!




let tick ref undefined
let tock ref undefined

val f tick : (*tock: int -> str) => int ->
let f tick n = n > 0 ? "tick " + ltock n :

val f tock : (*tick: int -> str) => int ->
let f tock n = "tock " + !tick (n-1)

tick := f _tick
tock := f tock

// Rely: { *tick: int -> str , *tock: int
// Guar: { *tick: int -> str , *tock: int

Itick 2
// well-typed; "tick tock tick tock "




“Open” Function Types

0] [T u

Rely Guarantee

“Late” Checking at Calls




A -Calc + Recds

let tick this n
n >0 ? "tick + this.tock this n : ""

let tock this n -
"tock " + this.tick this (n-1)

let obj = { tick = tick ; tock = tock }

obj.tick obj 2 // "tick tock tick tock "



A -Calc + Recds

tick : (¢: {tock: ¢->int->str}) => ¢ -> int -> str
let tick this n =
n >0 ? "tick " + this.tock this n : ""

tock : (¢: {tick: ¢->int->str}) => ¢ -> int -> str
let tock this n -
"tock " + this.tick this (n-1)

let obj = { tick = tick ; tock = tock }

// Rely: { tick: ¢->int->str, tock: ¢->int->str }
// Guar: { tick: ¢->int->str, tock: ¢->int->str }

obj.tick obj 2 // "tick tock tick tock "




Late Typing

for Loosely Coupled
Recursion

(ry =>T ->U




