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Why generating TAC for 
JavaScript is hard?
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React: Functional UI’s
• Even though JavaScript is dynamic, not all code written in it really is.

• React Forget compiler performs memoization to speedup renders. 

https://react.dev/
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Managed Runtimes: De-sugaring
const App = ({state}) => <Fun1 state={state} /> 

const Fun1 = ({state}) => <div> 
  <Fun2 len={state.len} /> 
  <Fun3 items={state.items} /> 
</div> 

const Fun2 = ({len}) => <div> 
  Me Kart 
  <Fun4 len={len} /> 
</div> 

const Fun3 = ({items}) => <div> 
  {items.map(i => <Fun5 item={i} />)} 
</div> 
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Managed Runtimes: De-sugaring
const App = ({state}) => createElement(“Fun1”, { state : state }, []) 

const Fun1 = ({state}) =>  
   createElement(“div”, {},  
    [ 
      createElement(“Fun2”, { len : state.len }), 
      createElement(“Fun3”, { items : state.items }), 
    ] 
   ) 

const Fun2 = ({len}) =>  
   createElement(“div”, {},  
    [ 
      createTextElement(“Me Kart”), 
      createElement(“Fun4”, { len : len }), 
    ] 
   ) 

const Fun3 = ({items}) =>  
   createElement(“div”, {},  
    [ 
      ...items.map(I => createElement(“Fun5”, { item : i }, [])) 
    ] 
   ) 
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Why JavaScript Works

• Fast (enough) + useful abstractions

• Mature language infrastructure (standard tests, parsers, working groups)

• Incredible backwards compatibility (babel tests language compatibility all 
the way back to node@2015)

• Very well maintained specification

• Wide adoption
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In a nutshell
Expression(Expression, Expression, ...);

((1,2,3,() => { console.log("Hello World") }))()
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In a nutshell
Expression(Expression, Expression, ...);

Callee(Identifier, Identifier, …);

((1,2,3,() => { console.log("Hello World") }))()

let t$1 = 1 
let t$2 = 2 
let t$3 = 3 
let t$4 = function() { console.log("Hello World"); } 
let t$5 = (t$1, t$2, t$3, t$4) 
let t$6 = t$5()
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Motivating Example - 1

let a = (1,2,3,() => {}) 

console.log(a.name)
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Motivating Example - 1

let a = (1,2,3,() => {}) 

console.log(a.name)

let t$1 = 1 
let t$2 = 2 
let t$3 = 3 
let t$4 = () => {} 

let a = (t$1, t$2, t$3, t$4) 

console.log(a.name) 

Not Semantics 
Preserving

Output: ‘’

Output: ‘t$4’
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Motivating Example - 2
var yieldSet, C, iter; 
function* g() { 
  C = class { 
    [(console.log("Hii"), "pokemon")] =  "Pikachu" 

    get [yield]() { return 'Ash Ketchum'; } 
  }; 
} 
iter = g(); 
iter.next(); 
iter.next("name"); 

let myObj = new C() 
console.log(myObj.pokemon) 
console.log(myObj.name)
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Like new::thread
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Motivating Example - 2
var yieldSet, C, iter; 
function* g() { 
  C = class { 
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Motivating Example - 2
var yieldSet, C, iter; 
function* g() { 
  C = class { 
    [(console.log("Hii"), "pokemon")] =  "Pikachu" 

    get [yield]() { return 'Ash Ketchum'; } 
  }; 
} 
iter = g(); 
iter.next(); 
iter.next("name"); 

let myObj = new C() 
console.log(myObj.pokemon) 
console.log(myObj.name)

Hii

Pikachu

Ash Ketchum

C = class { 
  "pokemon": "Pikachu" 
  get name() {  
   return 'Ash Ketchum'  
  } 
} 
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JavaScript Code is Fragile to Change

• Side-effect prone nature 
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JavaScript Code is Fragile to Change

• Side-effect prone nature

• Complex semantics

• Things silently break

let o = { 
  val10: 10, 
  m: function() { return this.val10 } 
} 
let r1 = o.m() // ===> 10

let o = { 
  val10: 10, 
  m: function() { return this.val10 } 
} 

let t$1 = o.m 
let r1 = t$1() // ===> undefined 

56



JavaScript Code is Fragile to Change

• Side-effect prone nature

• Complex semantics

• Things silently break

• Strange semantics

57



JavaScript Code is Fragile to Change

• Side-effect prone nature

• Complex semantics

• Things silently break 

• Strange semantics

var z = 3; 
let temp = delete delete z 

// temp is 'true'

var z = 3; 
let t1 = delete z 
let temp = delete t1 

// temp is 'false' 
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JavaScript Code is Fragile to Change

• Side-effect prone nature

• Complex semantics

• Things silently break 

• Strange semantics

var z = 3; 
let temp = delete delete z 
  | 
let temp = delete ( delete  z ) 
  | 
let temp = delete ( false ) 
  | 
let temp = delete false         <- RValue 
  | 
let temp = true 

var z = 3; 
let t1 = delete z 
  | 
let t1 = false 

let temp = delete t1 
  | 
let temp = delete t1            <- LValue 
  | 
let temp = false 
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JavaScript Code is Fragile to Change

• Side-effect prone nature

• Complex semantics

• Things silently break 

• Strange semantics
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Iridium

• Slightly more manageable subset of the language

• Basic utilities needed for Analysis

• Model High Level Language Features 
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Iridium (Block Diagram)

Source Path Project

@babel/parser

ParseProjectFiles Resolve Imports Module Graph JS3Builder // WIP

Iridium
Playground

Playground Client
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JS3 Gen

• Make the process of subsetting language less error prone.

• Speed up development by generating stubs.
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JS3 Gen (Block Diagram)

Iridium

JS3Builder

JS3 Spec

JS3GenBabel JS Type Specification

3JS Reduced Language Specification

(Constructors, Handlers, Type Specification)

Constructors, Type Specification
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Why Even Perform Static Analysis?

• Modelling and optimising High Level concepts in hard.
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Why Even Perform Static Analysis?

• Modelling and optimising High Level concepts in hard.

#include <functional> 
#include <iostream> 

std::function<int(void)> foo() { 
  std::function<int(void)> fun = []() { return 11; }; 
  return fun; 
} 

int main(int argc, char *argv[]) { 
  int res = foo()(); 
  std::cout << res << std::endl; 
  return 1; 
} 

#include <functional> 
#include <iostream> 

int main(int argc, char *argv[]) { 
  std::cout << 11 << std::endl; 
  return 1; 
} 

?
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Why Even Perform Static Analysis?

• Modelling and optimising High Level concepts in hard.

#include <functional> 
#include <iostream> 

std::function<int(void)> foo() { 
  std::function<int(void)> fun = []() { return 11; }; 
  return fun; 
} 

int main(int argc, char *argv[]) { 
  int res = foo()(); 
  std::cout << res << std::endl; 
  return 1; 
} 

Clang (O0): 3637 LOC , 148 fns 
Clang (O1): 300  LOC , 11 fns 
Clang (O2): 290  LOC , 11 fns 
Clang (O3): 290  LOC , 11 fns

X86_64 Assembly
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Conclusion

• JavaScript may very well be impossible to statically analyse.
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Conclusion

• JavaScript may very well be impossible to statically analyse.

• But there are millions of lines of code that run JavaScript.

• Many of these are TOTALLY PURE functions

Safe to Execute in Parallel No Side Effects Thunkable 
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Relevant Works
• Call Graphs

• [Indirection-Bounded Call Graph Analysis, ECOOP-24]

• [Correlation tracking for points-to analysis of javascript, ECOOP-12]

• Analysing React Code

• React Forget Compiler - 2023

• Tree Shaking / Code Splitting

• Webpack - 2014

• Static Inference/Compilation

• [JavaScript AOT Compilation,DLS-18]

• [Type Inference for Static Compilation of JavaScript, OOPSLA-16]
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Experience with R
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