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ESMeta & Double Debugger
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• https://github.com/es-meta/esmeta


• https://github.com/es-meta/esmeta-debugger-client

https://github.com/es-meta/esmeta
https://github.com/es-meta/esmeta-debugger-client


Introduction to Double Debugger
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JavaScript

5

var x = ""; var y = ({valueOf: () => { return x = 3 }) + x;

JavaScript

ECMA-262

Language Specification

...

Q. What are the values of x and y?
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ECMA-262 Is Hard to Understand and Write.
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Double Debugger
JavaScript

JavaScript Interpreter
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Current Solution

JS InterpreterECMA-262 Double Debugger

Prototyping
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Current Solution

JS InterpreterECMA-262 Double Debugger

Prototyping

Manual#1

Inconsistent#3

#2 Implicit 
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#1: JavaScript interpreter is manually implemented.

#2: ECMA-262 is not explicitly displayed.
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#3: English phrases are inconsistent.
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Our Solution: ESMeta

JS InterpreterECMA-262 Double Debugger

Prototyping

Meta-Language

Restricted language to denote ECMA-262
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Our Solution: ESMeta

JS InterpreterECMA-262 Double Debugger

Prototyping

Automatic#1

Consistent#3

#2 Explicit Meta-Language

Restricted language to denote ECMA-262
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Meta-language

• The bodies of abstract algorithm are written in English 
prose with patterns.
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Meta-language

• The bodies of abstract algorithm are written in English 
prose with patterns.

12

Let … be …

If … , then … else, …

Return …

…



/ 30

Meta-language

YET

YET

YET

YET

YET

YET

YET

YET

YET

YET

YET

YET

YET

YET

• From writing patterns, we build a parser and incrementally 
construct a meta-language.

13

<parsing rule>

<meta-language>
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YET

• From writing patterns, we build a parser and incrementally 
construct a meta-language.

14

<parsing rule>

<meta-language>

(“let” ~> x <~ “be”) ~ e

Step ::=

LETLET

LET

LET
LET

(“if” ~> c <~ “then”.?) ~ s.+ ~ (“else” ~> s.+).?
IF

IF

IF

IF

IF

IF

IF

IF

IF

“return” ~> e RET

RET

RET

RET

…

…

Meta-language
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#1: Automatic
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Kind Step Expression Condition Reference Literal

# 20 26 8 11 29

• Meta-language is expressive.


• Steps: 17,763/ 18,789 (94.64%)


• Algorithms: 2,158/ 2,612 (82.62%)


• Meta-language will not be changed with a high probability.

ECMA-262 Version: cf7145ea3f14943b5aea7d5e05c771f31f989606
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#2: Explicit
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“the number of code units in” ~> e LEN

 => It’d better to change #2 to #1 since #1 is the majority.

10
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#3: Consistent

17

“the length of” ~> e LEN

Parsing Rules
30

“the number of code units in” ~> e LEN

 => It’d better to change #2 to #1 since #1 is the majority.

10

LEN "the length of " + e

Stringify Rules
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#3: Consistent
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# Phrases Status PR#

1 the length of string Already Fixed, Reported #2746, #2788

2 SDO invocation Already Fixed #2626

3 perform/ call Already Fixed #2547

4 component property Reported #2789

5 the sole element Reported #2790

6 empty condition Reported #2790

7 the active function object Reported #2790

8 the running execution context Reported #2790

9 append/ add Reported #2790

URL: https://github.com/tc39/ecma262



Conventions of ECMA-262
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Background: Syntax
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0

1
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two cases for the first alternative
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Background: Syntax

20

0

1

two cases for the first alternative

0, 0

1, 0

0, 1
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Background: Algorithms
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Ordered

Steps

Header

Name Parameters (may be optional)

Abstract Operation

Name: ToPrimitive
Name
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Background: Algorithms
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Method-like Abstract Operation

Method

Name

Type

Receiver

Name: OrdinaryObject.GetPrototypeOf

Type Method Name
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Background: Algorithms
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Syntax-Directed Operation

Method Name

0, 0

1, 0

2, 0

Alternatives

Name: AdditiveExpression[1,0].Evaluation

Alternative Method Name
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Background: Algorithms
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Built-in Operation

Global Name Parameters are fixed to this, argumentsList, NewTarget

Name: INTRINSICS.String

Global Name

value = argumentsList[0]
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Background: Completion Record
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From: https://tc39.es/ecma262/#sec-completion-record-specification-type

Normal Completion

Abrupt Completion

N(Value)

comp[Type/Target](Value)



Live Demo
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Manual
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• Server: `run web` command in sbt.


• Client: `npm start` command in console.


• Default ports of server and client are 8080 and 3000, 
respectively.
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Goal: Understand the Addition
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• 1 + 1

• '1' + 1

• 1n + 1

• ({"valueOf": () => 1}) + 1
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var x = ""; var y = ({valueOf: () => { return x = 3 }) + x;

JavaScript

Q. What are the values of x and y?
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