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Machine learning for type prediction

Predict the most likely type annotation for the given code fragment

Classification Large language models for code

function f(x) A function f(x: _hole ) {
return x + 1; return X + 1;

} }

Type of x Probability

number 0.4221 function f(x: number) {

any 0.2611 return X + 1;

string 0.2558 h
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return n * fact(n-1);
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Training Inference
<fim_prefix>function (n) { function f(x: _hole_) A{
<fim_suffix> n * (n-1); return x + 1;

}<fim_middle>if (n == 0) return 1; }
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Training Inference
<fim_prefix>function n <fim_prefix>function f(x: <fim_suffix>) {
<fim_suffix> n * n- return x + 1;

<fim_middle>if (n == 0) return 1; }<fim_middle>



Fill in the middle (FIM)

Training Inference
<fim_prefix>function n <fim_prefix>function f(x: <fim_suffix>) {
<fim_suffix> n * n- return x + 1;

<fim_middle>if (n == 0) return 1; F<fim_middle>number



Fill in the middle (FIM)

Training Inference
<fim_prefix>function (n) { function f(x: number) {
<fim_suffix> n * (n-1); return x + 1;

}<fim_middle>if (n == 0) return 1; I3
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Evaluation

function f(x: string) {
return x * 1;
}

Do Machine Learning Models

Produce TypeScript Types

That Type Check? [ECOOP 2023]
Yee and Guha
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Limitations of existing approaches

Evaluation Fill in the Middle Type Definitions
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return x * 1; return x + 1; X: number,

s } y: number
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Constructing the JavaScript dataset

Dependencies?
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downloaded m y v
packages Yes
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2. Download source G- H b l_j Are they typed?
code |t U |

v v
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3. Filter and clean v v
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Result: 506 packages
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Type prediction front end

Original code
function sum_Tlist(l) {
let sum = 0O;
for (let i = 0; i < 1.length; i++) {
sum += 1[i];
}

return sum;

11
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let sum = 0O;
for (let i = 0; i < 1.length; i++) {
sum += 1[1];
}.

return sum;
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Type prediction front end

Reformat input

<fim_prefix>function sum_Tlist(1:
<fim_suffix>) {
let sum = 0O;
for (let i = 0; i < 1.length; i++) {
sum += 1[1];
}

return sum;
F<fim_middle>
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Type prediction front end

Fill in the middle

<fim_prefix>function sum_Tlist(1:
<fim_suffix>) {
let sum = 0O;
for (let i = 0; i < 1.length; i++) {
sum += 1[1];
}.

return sum;
}<fim_middle>any[]1): number {
if (1.length === 0) {
throw 'Empty list!';

1
if (l.length === 1) {
return 1[0];

1

return sum
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Do Machine Learning Models Produce TypeScript Types That Type Check? [ECOOP 2023]

Type prediction front end

Extract type

<fim_prefix>function sum_1list(1l:
<fim_suffix>) {
let sum = 0;
for (let i = 0; i < 1.length; i++) {
sum += 1[i];
}.

return sum;
F<fim_middle>any|[ ]

11
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Type prediction front end

Result

function sum_list(l: any[]) {
let sum = 0O;
for (let i = 0; i < 1.length; i++) {
sum += 1[1];
}.

return sum;

11
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Thesis

Machine learning can be used to partially migrate JavaScript programs to
TypeScript, by predicting type annotations and generating type definitions.
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Improving type prediction

Dataset Program Fill-in-the-type Program
quality decomposition training typedness

TypeScript
dataset

function f(x: _hole_) { function f(x: any) {
return x + 1; return x + 1;

} }
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Dataset quality

function f(x) {
return x + 1;

export default {

group: "typography",
currentPage: 2

export const TabIcons = [
'tab', 'code-braces', 'tags', 'target'
]

export function getTabIcon(tabType: number) {
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}
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13M files

Dataset quality B The Stack *

6 TB of permissive code data

function f(x) {
return x + 1;

. Filter 21K files

export default {
group: "typography",

currentPage: 2 Qua“ty score 17K files

export const TabIcons = [
'tab', 'code-braces', 'tags', 'target'
]

export function getTabIcon(tabType: number) {
return TabIcons[tabTypel;
}

744 files
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Program decomposition

let greeting = "Hello";
let suffix = "I";

// Produces a greeting for the given name

const hello = (name) => {
return greeting + " " + name;
}

function helloGen(name) A
const helloHelper = () => {
return hello(name) + suffix;
}

return helloHelper;
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const hello = (name) => {
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const helloHelper = (): string => {
return hello(name) + suffix;
i

return helloHelper;
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Program typedness

Both programs type check

function f(x: any) { function f(x: number) {
return x + 1; return X + 1;

} }
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Thesis

Machine learning can be used to partially migrate JavaScript programs to
TypeScript, by predicting type annotations and generating type definitions.

Do Machine Learning Models Type Prediction With Generating TypeScript Type
Produce TypeScript Types Program Decomposition and Definitions with Machine
That Type Check? [ECOOP 2023] Fill-in-the-Type Training Learning

[submitted to COLM 2024]
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Problem definition

function dist(pl, p2) {
const dx = p2.x - pl.x;
const dy = p2.y - pl.y;
return Math.sqrt(dx*dx + dyxdy);
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function dist(pl: Point, p2: Point) {
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const dy = p2.y - pl.y;
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}
interface Point {
X: number,

y: number
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Evaluation datasets
UNTYPED UNTYPED-HARD

The Stack eWeaver datase
=2 * JS TypeW dataset

6 TB of permissive code data

with types removed — \ rz
Rollup

Dataset Packages Files LOC Functions

UNTYPED 50 50 6,339 455

UNTYPED-HARD 50 91 7,645 723
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