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Dynamic Inheritance

in JavaScript

function Mixin(Base) {
Mixin return class extends Base {
m() { return 48; }

};
}




Dynamic Inheritance
in TypeScript

This type represents an empty class.

type Constructor = new ( ...args: any[]) = {};

function Mixin<TBase extends Constructor>(Base: TBase) {
return class extends Base {
m(): number { return 48; }

b
}

If m() exists in Base, that one will be
overridden by the definition here.




Unsafe Overriding
in TypeScript

function Mixin<TBase extends Constructor>(Base: TBase) {
return class extends Base {
m(): number { return 48; } This m() overrides that in class A.

b

}
class A {

m(): string { return "fooEar"; }
n(): string { return this.m().toUpperCase(); }

}
for 8 = Hixin();

(new B).n() // Runtime Error!
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Unsafe Overriding
in TypeScript

function Mixin<TBase extends Constructor>(Base: TBase) {
return class extends Base {

m(): number { return 48; } This m() overrides that in class A.
b
} Here m() is expected to return a string,
class A { but the overridden one returns a number.

n(): string { return this.m().toUpperCase(); }.

} e W

(new B).n() // Runtime Error!
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Overloading vs Merging

e Implicit overriding is dangerous,
both for type satety and semantics (e.qg. fragile base class problem).

e \We advocate a trait model with merging, which
> keeps both behaviors if there is no conftlict, and

> requires explicit resolution if there are conflicts.



Type-Safe Merging

in CP

mixin (TBase * { m: Int }) (base: Trait<TBase>) =
trait [this: TBase| inherits base = { m = 48 };

Dynamic inheritance (via merging)

mkA = trait [this: { m: String; n: String }] = {
m = "foobar";
n = toUpperCase this.m: The two ”n?".fi.elds coexist I?ecause
1. they have disjoint types (String * Int).
!

o = new mixin @f m: String; n: String } mkA;
— { m = "foobar"; n = "FOOBAR"; m = 48 }



Unambiguous Merging

in CP

mixin (TBase * { m: String }) (base: Trait<TBase>) =
trait [this} TBase] inherits base = { m = "gouumap" };

We express absence by disjointness!

mkA = trait [this: { m: String; n: String }] = {
m = "foobar";
n = toUpperCase this.m: The two ”m’i f.ie.lds conflict l.oecause.
1. they have non-disjoint type (String-*String).
!

0 = new mixin @1 m: String; n: String } mkA;
-- Type Error!



Why Merging Matters?

Expression Solving the Expression Problem in CP

type LitSig<Exp> = { evallLit = printLit =
Lit : Int — Exp (Lit n).eval = (Lit n).print =
} } }

printAdd =
t AddS1g<Exp> = = > =
yZZd : Eig —:pEx { SLELAGL S (Add 1 r).print = l.eval {
L P (Add 1 r).eval = l.eval + r.eval P ) '
— Exp } r.eval

} l.print ++

//ﬂDependendes type Eval = { eval : Int } type Print = { print : String }

>
Operation



Compiling Merges

Previous Work vs Our Scheme

° - : : their t
merged = evallLit , printLit , evalAdd , printAdd S YPes

are disjoint

palr

/// \\\ { LitSig<Eval> k= evallLit
. . » L1tSig<Print> = printlLit
evallLit palr
/ \ # . AddSig<Eval> k= evalAdd
printLit pair ; AddSig<Print> = printAdd

VAN }

lookup is slow! evalAdd printAdd their indices

never conflict
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Order-Sensitivity

merged = printLit , evalAdd , printAdd , evallLit
'IHHHHHHH%HiIl\

palr

{ LitSig<Print> = printlLit

printizl \\Eair ; AddSig<Eval> = evalAdd
/ \ q . AddSig<Print> = printAdd

evalAdd pair . Li1tSig<Eval> = evallit

VAN }

printAdd evallLit

equivalent

records
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Key Ideas

e Compiling to extensible records (with type indices as labels):
> dynamic merge operator w runtime record concatenation

» coercion to supertype « record filtering or reconstruction

e Coercions between equivalent types can be avoided:
- top-like types are all equivalent (empty records)

» intersection types are equivalent up to , , and
top-like type removal (records are and labels are )
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Execution time ratio (slowdown)
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CP is slightly slower than

handwritten JavaScript for
general computation.
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1.
2.
3.

More in the Paper...

Complete examples for the type-satety issue in TypeScript
Compilation scheme for parametric polymorphism

Formalization of the compilation scheme with the Rocq prover

4. A prototype CP compiler targeting JavaScript

D.

Detailed discussions on the implementation and more optimizations
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