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Large language models for code

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

function f(x: number) {
  return x + 1;
}
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Model Parameters Training data

GPT-1 [2018] 117 million 4.5 GB

GPT-2 [2019] 1.5 billion 40 GB

GPT-3 [2020] 175 billion 570 GB

GPT-3.5 [2022] 175 billion Undisclosed

GPT-4 [2023] Undisclosed Undisclosed
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0.1

0.9

0.1

ChatGPT

𝑝1
𝑝2
𝑝3

𝑝4
𝑝5
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function f(x: _hole_) {
  return x + 1;
}

<fim_prefix>function f(x: <fim_suffix>) {
  return x + 1;
}<fim_middle>

<fim_prefix>function f(x: <fim_suffix>) {
  return x + 1;
}<fim_middle>number

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



Limitations of existing approaches

7



Limitations of existing approaches

7

Evaluation

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

}

Do Machine Learning Models 

Produce TypeScript Types 

That Type Check? [ECOOP 2023]

Yee and Guha

https://doi.org/10.4230/LIPIcs.ECOOP.2023.37


Limitations of existing approaches

7

Fill in the Middle

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

Evaluation

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

}

Do Machine Learning Models 

Produce TypeScript Types 

That Type Check? [ECOOP 2023]

Yee and Guha

Type Prediction With

Program Decomposition and 

Fill-in-the-Type Training 
[submitted to NeurIPS 2023]

Cassano, Yee, Shinn, Guha, and Holtzen

https://doi.org/10.4230/LIPIcs.ECOOP.2023.37
https://arxiv.org/abs/2305.17145


Limitations of existing approaches

7

Fill in the Middle

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

Type Definitions

interface Point {
  x: number,
  y: number
}

Evaluation

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

}

Do Machine Learning Models 

Produce TypeScript Types 

That Type Check? [ECOOP 2023]

Yee and Guha

Type Prediction With

Program Decomposition and 

Fill-in-the-Type Training 
[submitted to NeurIPS 2023]

Cassano, Yee, Shinn, Guha, and Holtzen

Generating TypeScript Type 

Definitions With Machine 

Learning [proposed work]

https://doi.org/10.4230/LIPIcs.ECOOP.2023.37
https://arxiv.org/abs/2305.17145
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Do Machine Learning Models Produce TypeScript Types That Type Check? [ECOOP 2023]

What is the likelihood that a predicted type 

annotation is correct?
Accuracy = correct predictionstotal predictions

type S = number;
function f(w, x, y, z) { ... }

Identifier Ground truth Prediction

w number number

x A | B B | A

y S number

z number any

Accuracy: 0.25

Limitations of accuracy:

• Requires exact match

• Requires ground truth

• Predictions may not type check
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Prior work:

TypeScript

dataset

Type 

annotations AccuracyCompare
Remove type 
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Type prediction 

model

TypeWeaver:

JavaScript 

dataset
Type prediction 

model

Type 

annotations Result
TypeScript 

compiler

Type 

weaving
TypeScript

Do Machine Learning Models Produce TypeScript Types That Type Check? [ECOOP 2023]
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Constructing the JavaScript dataset

1. Top 1,000 most
downloaded
packages

2. Download source
code

3. Filter and clean

4. Check dependencies

11

Dependencies?

No

Are they typed?

Yes

No Yes

Result: 513 packages

Do Machine Learning Models Produce TypeScript Types That Type Check? [ECOOP 2023]
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Machine learning can be used to partially migrate JavaScript programs to 

TypeScript, by predicting type annotations and generating type definitions.

Type Prediction With

Program Decomposition and 

Fill-in-the-Type Training 
[submitted to NeurIPS 2023]

Cassano, Yee, Shinn, Guha, and Holtzen
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let greeting = "Hello";
let suffix = "!";

// Produces a greeting for the given name
const hello = (name) => {
  return greeting + " " + name;

};

function helloGen(name) {
  const helloHelper = () => {
    return hello(name) + suffix;
  };
  return helloHelper;
}
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let greeting = "Hello";
let suffix = "!";

// Produces a greeting for the given name
const hello = (name) => {
  return greeting + " " + name;

};

function helloGen(name) {
  const helloHelper = (): string => {
    return hello(name) + suffix;
  };
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}
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let greeting = "Hello";
let suffix = "!";

// Produces a greeting for the given name
const hello = (name) => {
  return greeting + " " + name;

};

function helloGen(name): () => string {
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function f(x: number) {
  return x + 1;
}

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

}

Both programs type check
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function f(x: number) {
  return x + 1;
}

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

}

Type annotation Score

unknown 1.0

any 0.5

Function 0.5

undefined 0.2

null 0.2Score: 500 Score: 0

Both programs type check

We also use this metric during type prediction
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Machine learning can be used to partially migrate JavaScript programs to 

TypeScript, by predicting type annotations and generating type definitions.

Generating TypeScript Type 

Definitions With Machine 

Learning [proposed work]

https://doi.org/10.4230/LIPIcs.ECOOP.2023.37
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x: number,
y: number

}

function dist(p1: Point, p2: Point) {
const dx = p2.x - p1.x;
const dy = p2.y - p1.y;
return Math.sqrt(dx*dx + dy*dy);

}

<commit_before>function dist(p1, p2) {
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}
<commit_msg>Migrate to TypeScript
<commit_after>interface Point {
  x: number,
  y: number

}

function dist(p1: Point, p2: Point) {
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}

<commit_before>function dist(p1: Point, p2) {  
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}
<commit_msg>Add more types
<commit_after>interface Point {
  x: number,
  y: number

}

function dist(p1: Point, p2: Point) {
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}

<commit_before>function dist(p1: Point, p2: Point) {  
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}
<commit_msg>Add the type definition for Point
<commit_after>interface Point {
  x: number,
  y: number

}

function dist(p1: Point, p2: Point) {
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}
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Training data

Database

interface Point {
  x: number,
  y: number
}

Point

function dist(p1, p2) {
  const dx = p2.x - p1.x;
  const dy = p2.y - p1.y;
  return Math.sqrt(dx*dx + dy*dy);
}

interface _hole_ {
  x: number,
  y: number

}
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let greeting = "Hello";
let suffix = "!";

// Produces a greeting for the given name
const hello = (name) => {

return greeting + " " + name;
};

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

}

root

varNode1 hello helloGen

helloHelper
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