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JavaScript is Everywhere
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https://octoverse.github.com/
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JavaScript Complex Semantics

function f(x) { return x == !x; }

Always return false?

NO!!
f([]) -> [] == ![] 
      -> [] == false 
      -> +[] == +false 
      -> 0 == 0 
      -> true
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ECMAScript: JavaScript Specification

The production of ArrayLiteral in ES12
The Evaluation algorithm for 

the first alternative of ArrayLiteral in ES12

Syntax

Semantics
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Problem: Manual JavaScript Static Analyzer
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Problem: Fast Evolving JavaScript
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First edition

1998 - ES2 
Editorial 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Editorial 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Problem: Fast Evolving JavaScript

1996    1998    2000    2002    2004    2008    2010    2012    2014    2016    2018    2020    2022

1997 - ES1 
First edition

1998 - ES2 
Editorial 
changes

1999 - ES3 
RegEx, String, 
Try/catch, etc

2009 - ES5 
getters/setters,

strict mode,

exceptions, etc

2011 - ES5.1 
Editorial 
Changes

2015 - ES6 
classes, modules, etc.

2016 - ES7 
destructuring patterns, etc.

Annual Releases

2017 - ES8 
object manipulation, etc.

2018 - ES9
2020 - ES11

ES.Next

2019 - ES10
2021 - ES12

ECMAScript 2021 (ES12) - 879 pages
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Main Idea: Deriving Static Analyzer from Spec.
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Overall Structure
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.

1. Mechanized Spec. 
Extraction
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.

3. Derivation of 
Static Analyzers

Submitted to 
[ICSE'22]
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.

Seed

Synthesizer

JS Programs

Conformance

Tests

Specification

Bugs

Syntax-directed

Program Generation

Final State-based

Assertions

Conformance Bugs



/ 30JavaScript Static Analysis for Evolving Language Specifications @ KAISTPL 21

JEST - Evaluation 44 Bugs in Engines

27 Bugs in Spec.



JavaScript Static Analysis for Evolving Language Specifications @ KAISTPL / 30

Analysis

Result

JavaScript

Programs

Derived Static

Analyzerspecification. Finally, we present JSAVER

3. Derivation of 
Static Analyzers

Submitted to 
[ICSE'22]

DCS �¿�. 1•Xî ⌅\¯ò� ∏¥ Ö8| ⌅\ ê§lΩ∏ �� Ñ�.
⌅∞YÄ . 2022D. 46+iv Ω. ¿ƒP⇠: X��. (�8 |8)
Jihyeok Park. JavaScript Static Analysis for Evolving Language Specifica-
tions. School of Computing . 2022. 46+iv pages. Advisor: Sukyoung Ryu.
(Text in English)

� ]

ê§lΩ∏X Ÿ�x 1»¸ ı°\ X¯`@ ê§lΩ∏ ⌅\¯®‰X âŸD �UXå ttX0 ¥

5å Ã‡‰. lê‰@ t| t∞X‡ê ‰ë\ ê§lΩ∏ �� Ñ�0‰D ⌧⌧tT¿Ã, t‰@
®P ⇠Ÿ<\ $ƒ� ⇠»0– xŸ—}�t‡ $X– Ë}X‰. ⇣\, 2014D –Ä0 ê§lΩ∏X
∏¥ Ö8� ‰D 1‡⇠0 ‹ëXt⌧ t 8⌧î T Ï�tL‰. ¯ Y⌅ |8–⌧î ê§lΩ∏ ∏¥
Ö8\Ä0êŸ<\ê§lΩ∏��Ñ�0| ƒt¥î»\¥)›D⌧H\‰. tî 1)0ƒTÖ8
îú, 2) 0ƒT Ö8  ®1 Ä¨, ¯¨‡ 3) �� Ñ�0  ƒX 8 �¿ Ëƒ\ l1⌧‰. ¯ |8–⌧î
0ƒT Ö8 îú 0 D ⌧HX‡, t| t©t �• \‡ ê§lΩ∏ Ö8\Ä0 0ƒT Ö8| îú
\‰. ⇣\, ê§lΩ∏ ‘ƒD t©\ N+1-Ñ⌅ (Ñ L§⇧¸ 0ƒT Ö8X ¿Ö Ñ�D ⌧HX‡,
t| µt Ö8 ✏ ‘ƒX ∞hD Äú\‰. \Ö�<\, T¿ �� Ñ� 0 D ⌧HX‡, îú\ 0ƒT
Ö8\Ä0 êŸ<\ ê§lΩ∏ �� Ñ�0|  ƒ\‰. ¯ Y⌅ |8–⌧ ⌧‹\ )›@ ⌅\¯ò�
∏¥| ⌅\ Ö8, L§∏, ¯¨‡ ƒl‰X ıƒT| ⌅\ lX 0¿D »(` É<\ 0�\‰.

u Ï ± – ê§lΩ∏, 0ƒT Ö8 îú, Ö8 ¿Ö Ñ�, N+1-Ñ⌅ (Ñ L§⇧, T¿ �� Ñ�

Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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function error(e) { throw e; }

const n = ...; // [0, 99]

n |> x => x + 1 // [1, 100]

|> x => x * 2 // [2, 200]

|> x => x + 1n; // TypeError

|> error (42);

of representative techniques to increase the precision of JavaScript
static analysis for loops. It discriminates contexts using a stack of
loop contexts containing loop iterations. We de�ne it under view-
based analysis sensitivity and implement it in JSAVER to increase
the precision of IRES static analysis. Moreover, we also de�ne and
implement the loop sensitivity for JavaScript using the loop sensitiv-
ity for IRES. Therefore, our tool discriminates contexts for explicit
loops, such as for-in or for-of, and even implicit loops, such as the
length property assignment of arrays.

6 EVALUATION
• AdditiveExpression
• Identi�erReference
• Identi�er
• AssignmentExpression
• LeftHandSideExpression
• ArrowFunction

• RQ1: Coverage) How much does JSAVER cover JavaScript
language features in the latest ECMAScript (ES12, 2021)?

• RQ2: Adaptability) Could JSAVER adapt a new language
features not yet introduced in ES12?

• RQ3: Expressiveness) What kinds of abstract sensitivities
and abstract domains JSAVER can support?

• RQ4: Performance) Could JSAVER analyze JavaScript pro-
grams in a durable time?

TODO

7 RELATEDWORK
TODO

• JavaScript Static Analyzers [9, 10, 14, 27]
• JavaScript Static Analysis Techniques [1, 12, 13, 15, 18–21,
30, 34–36]

• Partial Evaluation? (maybe no - * SE conf.)

7.1 JavaScript Mechanized Speci�cation
A speci�cation is mechanized if and only if it is both formalized
and executable. For JavaScript, researchers have proposed various
mechanized speci�cation in their own approaches. In 2010, Guha
et al. [8] presented �JS, the �rst mechanized speci�cation for a core
calculus of ES3 semantics by desugaring most of syntax into �JS, an
extended standard lambda calculus. Thus, the shape of �JS seman-
tics is quite di�erent with original algorithm steps. In mid 2010s,
researchers tried to de�ne mechanized speci�cation for the ES5
and 5.1 semantics having a similar shape of semantics with original
algorithm steps as much as possible. Bodin et al. [2] de�ned JSCert,
a semantics of a small subset of ES5, using Coq and extracts a refer-
ence interpreter JSRef. Park et al. [22] de�ned an entire semantics
of ES5, KJS, using the K [29], which is a framework for de�ning
language semantics. Fragoso Santos et al. [7] presented JaVerT, a

JavaScript veri�cation toolchain, including a JavaScript semantics
de�ned in their own Intermediate language, JSIL.

However, the fundamental problem of their approaches is that
they are manually de�ned thus they are labor-intensive and error-
prone. Due to such limitation, there is no existing mechanized
speci�cation for full semantics of ES6 or later versions. Therefore,
most of existing JavaScript static analyzers only focus on ES5.1
features or rarely support ES6 features even though already six
more versions from ES7 to ES12 are released since 2015.

Moreover, Park et al. [23] successfully showed that JISET is useful
tomechanically handle recent versions of ECMAScript by extending
JISET to perform N+1-version di�erential testing of both JavaScript
engines and ES11 (2020).

8 CONCLUSION
TODO
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(a) Evaluation algorithm for logical OR assignments.

1 syntax def AssignmentExpression [8]. Evaluation(

2 this , LeftHandSideExpression , AssignmentExpression

3 ) { /* entry */

4 let lref = (LeftHandSideExpression.Evaluation)

5 let lval = [? (GetValue lref)]

6 let lbool = [! (ToBoolean lval)] /* #1 */

7 if (= lbool true) /* #2 */ return lval else { /* #3 */ }

8 if (&& (IsAnonymousFunctionDefinition AssignmentExpression)

9 (LeftHandSideExpression.IsIdentifierRef)) { /* #4 */

10 let rval = (AssignmentExpression.NamedEvaluation

11 lref.ReferencedName)

12 } else { /* #5 */

13 let rref = (AssignmentExpression.Evaluation)

14 let rval = [? (GetValue rref)]

15 } /* #6 */

16 [? (PutValue lref rval)]

17 return rval

18 } /* exit */

(b) The extracted IRES function.

Figure 1: Evaluation algorithm for the eighth alternative of AssignmentExpression in ES12 and the extracted IRES function.

To alleviate this problem, we propose a novel technique called
meta-level static analysis to automatically derive a JavaScript static
analyzer from any version of ECMAScript. The main idea of the
meta-level static analysis is to indirectly analyze a target language
program by performing static analysis for a language speci�ca-
tion of the target language written in a speci�cation language with
the program as the initial input. Thus, it can signi�cantly reduce
the burden to manually design and implement static analyzers by
automatically deriving them from given language speci�cations.
Moreover, it even guarantees the soundness of derived static analyz-
ers for the target language by constructing sound abstract semantics
for the speci�cation language.

For the expressiveness of a meta-level static analysis, we also
present ways to con�gure analysis sensitivities and abstract do-
mains for a target language. Con�guring them is a typical way
to manage analysis precision and performance. First, we present
the AST sensitivity in a meta-level static analysis to express analy-
sis sensitivities for a target language such as �ow-sensitivity and
k-callsite-sensitivity (Section 4.2). Second, we present a way to
con�gure abstract domains for structures and values in a target
language (Section 4.3).

To actualize our approach for JavaScript, we present JSAVER,
JavaScript Static Analyzers via ECMAScript Representations. First,
we utilize JISET [26] to extract a mechanized speci�cation written
in an intermediate representation, IRES, from a given ECMAScript.
Thus, target and speci�cation languages are JavaScript and IRES,
respectively, for the meta-level static analysis in JSAVER. In addition,
we implement several analysis techniques to improve the perfor-
mance and precision of derived static analyzers (Section 5). We
evaluated JSAVER by deriving a JavaScript static analyzer from the
latest ECMAScript, ES12, and using the o�cial conformance tests,
Test2622.

Our contributions are as follows:
• We propose a novel concept called meta-level static analysis,
which automatically derives a static analyzer for a target

2https://github.com/tc39/test262

let f = Math.floor(Math.random () * 100);

// f: [0, 99]

f ||= x => x;

// f: [1, 99] or { name: �f�, ... }

let x = f.name;

// f: [1, 99] or { name: �f�, ... }, x: undefined or �f�

Figure 2: A running JavaScript program with a logical OR
assignment newly introduced in ES12.

language from its language speci�cation written in a speci�-
cation language.

• We actualize meta-level static analysis for JavaScript as a tool
called JSAVER. It is the �rst tool that automatically derives a
JavaScript static analyzer from any version of ECMAScript.

• We derive a static analyzer from the latest ECMAScript, ES12,
to evaluate JSAVER. The synthesized static analyzer success-
fully analyzes all applicable 18,556 o�cial conformance tests.
Moreover, we demonstrate the adaptability and expressive-
ness of JSAVER with several case studies.

2 BACKGROUND
In this section, we explain the detail of ECMAScript, the o�cial
speci�cation of JavaScript. We then introduce JISET and how it
extracts a mechanized speci�cation from it. Since our work is to
perform meta-level static analysis for JavaScript using extracted
mechanized speci�cations, it is essential to understand how EC-
MAScript describes JavaScript semantics and how JISET extracts a
mechanized speci�cation from it.

For the detailed explanation, we explain a new language feature
introduced in ES12 called logical OR assignments (Figure 1) and
use a JavaScript program (Figure 2) as a running example. It �rst
de�nes a variable f with a random integer from 0 to 99. Then, it
uses a logical OR assignment to update f with an arrow function
whose name is �f� only if f has 0 because 0 represents false but
other integers represent true. Finally, it de�nes a variable x with
f.name and its value is undefined if f has an integer or �f� otherwise.

2
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function error(e) { throw e; }

const n = ...; // [0, 99]

n |> x => x + 1 // [1, 100]

|> x => x * 2 // [2, 200]

|> x => x + 1n; // TypeError

|> error (42);

of representative techniques to increase the precision of JavaScript
static analysis for loops. It discriminates contexts using a stack of
loop contexts containing loop iterations. We de�ne it under view-
based analysis sensitivity and implement it in JSAVER to increase
the precision of IRES static analysis. Moreover, we also de�ne and
implement the loop sensitivity for JavaScript using the loop sensitiv-
ity for IRES. Therefore, our tool discriminates contexts for explicit
loops, such as for-in or for-of, and even implicit loops, such as the
length property assignment of arrays.

6 EVALUATION
• AdditiveExpression
• Identi�erReference
• Identi�er
• AssignmentExpression
• LeftHandSideExpression
• ArrowFunction

• RQ1: Coverage) How much does JSAVER cover JavaScript
language features in the latest ECMAScript (ES12, 2021)?

• RQ2: Adaptability) Could JSAVER adapt a new language
features not yet introduced in ES12?

• RQ3: Expressiveness) What kinds of abstract sensitivities
and abstract domains JSAVER can support?

• RQ4: Performance) Could JSAVER analyze JavaScript pro-
grams in a durable time?

TODO

7 RELATEDWORK
TODO

• JavaScript Static Analyzers [9, 10, 14, 27]
• JavaScript Static Analysis Techniques [1, 12, 13, 15, 18–21,
30, 34–36]

• Partial Evaluation? (maybe no - * SE conf.)

7.1 JavaScript Mechanized Speci�cation
A speci�cation is mechanized if and only if it is both formalized
and executable. For JavaScript, researchers have proposed various
mechanized speci�cation in their own approaches. In 2010, Guha
et al. [8] presented �JS, the �rst mechanized speci�cation for a core
calculus of ES3 semantics by desugaring most of syntax into �JS, an
extended standard lambda calculus. Thus, the shape of �JS seman-
tics is quite di�erent with original algorithm steps. In mid 2010s,
researchers tried to de�ne mechanized speci�cation for the ES5
and 5.1 semantics having a similar shape of semantics with original
algorithm steps as much as possible. Bodin et al. [2] de�ned JSCert,
a semantics of a small subset of ES5, using Coq and extracts a refer-
ence interpreter JSRef. Park et al. [22] de�ned an entire semantics
of ES5, KJS, using the K [29], which is a framework for de�ning
language semantics. Fragoso Santos et al. [7] presented JaVerT, a

JavaScript veri�cation toolchain, including a JavaScript semantics
de�ned in their own Intermediate language, JSIL.

However, the fundamental problem of their approaches is that
they are manually de�ned thus they are labor-intensive and error-
prone. Due to such limitation, there is no existing mechanized
speci�cation for full semantics of ES6 or later versions. Therefore,
most of existing JavaScript static analyzers only focus on ES5.1
features or rarely support ES6 features even though already six
more versions from ES7 to ES12 are released since 2015.

Moreover, Park et al. [23] successfully showed that JISET is useful
tomechanically handle recent versions of ECMAScript by extending
JISET to perform N+1-version di�erential testing of both JavaScript
engines and ES11 (2020).

8 CONCLUSION
TODO
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function error(e) { throw e; }

const n = ...; // [0, 99]

n |> x => x + 1 // [1, 100]

|> x => x * 2 // [2, 200]

|> x => x + 1n; // TypeError

|> error (42);

of representative techniques to increase the precision of JavaScript
static analysis for loops. It discriminates contexts using a stack of
loop contexts containing loop iterations. We de�ne it under view-
based analysis sensitivity and implement it in JSAVER to increase
the precision of IRES static analysis. Moreover, we also de�ne and
implement the loop sensitivity for JavaScript using the loop sensitiv-
ity for IRES. Therefore, our tool discriminates contexts for explicit
loops, such as for-in or for-of, and even implicit loops, such as the
length property assignment of arrays.

6 EVALUATION
• AdditiveExpression
• Identi�erReference
• Identi�er
• AssignmentExpression
• LeftHandSideExpression
• ArrowFunction

• RQ1: Coverage) How much does JSAVER cover JavaScript
language features in the latest ECMAScript (ES12, 2021)?

• RQ2: Adaptability) Could JSAVER adapt a new language
features not yet introduced in ES12?

• RQ3: Expressiveness) What kinds of abstract sensitivities
and abstract domains JSAVER can support?

• RQ4: Performance) Could JSAVER analyze JavaScript pro-
grams in a durable time?

TODO

7 RELATEDWORK
TODO

• JavaScript Static Analyzers [9, 10, 14, 27]
• JavaScript Static Analysis Techniques [1, 12, 13, 15, 18–21,
30, 34–36]

• Partial Evaluation? (maybe no - * SE conf.)

7.1 JavaScript Mechanized Speci�cation
A speci�cation is mechanized if and only if it is both formalized
and executable. For JavaScript, researchers have proposed various
mechanized speci�cation in their own approaches. In 2010, Guha
et al. [8] presented �JS, the �rst mechanized speci�cation for a core
calculus of ES3 semantics by desugaring most of syntax into �JS, an
extended standard lambda calculus. Thus, the shape of �JS seman-
tics is quite di�erent with original algorithm steps. In mid 2010s,
researchers tried to de�ne mechanized speci�cation for the ES5
and 5.1 semantics having a similar shape of semantics with original
algorithm steps as much as possible. Bodin et al. [2] de�ned JSCert,
a semantics of a small subset of ES5, using Coq and extracts a refer-
ence interpreter JSRef. Park et al. [22] de�ned an entire semantics
of ES5, KJS, using the K [29], which is a framework for de�ning
language semantics. Fragoso Santos et al. [7] presented JaVerT, a

JavaScript veri�cation toolchain, including a JavaScript semantics
de�ned in their own Intermediate language, JSIL.

However, the fundamental problem of their approaches is that
they are manually de�ned thus they are labor-intensive and error-
prone. Due to such limitation, there is no existing mechanized
speci�cation for full semantics of ES6 or later versions. Therefore,
most of existing JavaScript static analyzers only focus on ES5.1
features or rarely support ES6 features even though already six
more versions from ES7 to ES12 are released since 2015.

Moreover, Park et al. [23] successfully showed that JISET is useful
tomechanically handle recent versions of ECMAScript by extending
JISET to perform N+1-version di�erential testing of both JavaScript
engines and ES11 (2020).

8 CONCLUSION
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function error(e) { throw e; }

const n = ...; // [0, 99]

n |> x => x + 1 // [1, 100]

|> x => x * 2 // [2, 200]

|> x => x + 1n; // TypeError

|> error (42);

of representative techniques to increase the precision of JavaScript
static analysis for loops. It discriminates contexts using a stack of
loop contexts containing loop iterations. We de�ne it under view-
based analysis sensitivity and implement it in JSAVER to increase
the precision of IRES static analysis. Moreover, we also de�ne and
implement the loop sensitivity for JavaScript using the loop sensitiv-
ity for IRES. Therefore, our tool discriminates contexts for explicit
loops, such as for-in or for-of, and even implicit loops, such as the
length property assignment of arrays.
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mechanized speci�cation in their own approaches. In 2010, Guha
et al. [8] presented �JS, the �rst mechanized speci�cation for a core
calculus of ES3 semantics by desugaring most of syntax into �JS, an
extended standard lambda calculus. Thus, the shape of �JS seman-
tics is quite di�erent with original algorithm steps. In mid 2010s,
researchers tried to de�ne mechanized speci�cation for the ES5
and 5.1 semantics having a similar shape of semantics with original
algorithm steps as much as possible. Bodin et al. [2] de�ned JSCert,
a semantics of a small subset of ES5, using Coq and extracts a refer-
ence interpreter JSRef. Park et al. [22] de�ned an entire semantics
of ES5, KJS, using the K [29], which is a framework for de�ning
language semantics. Fragoso Santos et al. [7] presented JaVerT, a

JavaScript veri�cation toolchain, including a JavaScript semantics
de�ned in their own Intermediate language, JSIL.

However, the fundamental problem of their approaches is that
they are manually de�ned thus they are labor-intensive and error-
prone. Due to such limitation, there is no existing mechanized
speci�cation for full semantics of ES6 or later versions. Therefore,
most of existing JavaScript static analyzers only focus on ES5.1
features or rarely support ES6 features even though already six
more versions from ES7 to ES12 are released since 2015.

Moreover, Park et al. [23] successfully showed that JISET is useful
tomechanically handle recent versions of ECMAScript by extending
JISET to perform N+1-version di�erential testing of both JavaScript
engines and ES11 (2020).
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(a) Evaluation algorithm for logical OR assignments.

1 syntax def AssignmentExpression [8]. Evaluation(

2 this , LeftHandSideExpression , AssignmentExpression

3 ) { /* entry */

4 let lref = (LeftHandSideExpression.Evaluation)

5 let lval = [? (GetValue lref)]

6 let lbool = [! (ToBoolean lval)] /* #1 */

7 if (= lbool true) /* #2 */ return lval else { /* #3 */ }

8 if (&& (IsAnonymousFunctionDefinition AssignmentExpression)

9 (LeftHandSideExpression.IsIdentifierRef)) { /* #4 */

10 let rval = (AssignmentExpression.NamedEvaluation

11 lref.ReferencedName)

12 } else { /* #5 */

13 let rref = (AssignmentExpression.Evaluation)

14 let rval = [? (GetValue rref)]

15 } /* #6 */

16 [? (PutValue lref rval)]

17 return rval

18 } /* exit */

(b) The extracted IRES function.

Figure 1: Evaluation algorithm for the eighth alternative of AssignmentExpression in ES12 and the extracted IRES function.

To alleviate this problem, we propose a novel technique called
meta-level static analysis to automatically derive a JavaScript static
analyzer from any version of ECMAScript. The main idea of the
meta-level static analysis is to indirectly analyze a target language
program by performing static analysis for a language speci�ca-
tion of the target language written in a speci�cation language with
the program as the initial input. Thus, it can signi�cantly reduce
the burden to manually design and implement static analyzers by
automatically deriving them from given language speci�cations.
Moreover, it even guarantees the soundness of derived static analyz-
ers for the target language by constructing sound abstract semantics
for the speci�cation language.

For the expressiveness of a meta-level static analysis, we also
present ways to con�gure analysis sensitivities and abstract do-
mains for a target language. Con�guring them is a typical way
to manage analysis precision and performance. First, we present
the AST sensitivity in a meta-level static analysis to express analy-
sis sensitivities for a target language such as �ow-sensitivity and
k-callsite-sensitivity (Section 4.2). Second, we present a way to
con�gure abstract domains for structures and values in a target
language (Section 4.3).

To actualize our approach for JavaScript, we present JSAVER,
JavaScript Static Analyzers via ECMAScript Representations. First,
we utilize JISET [26] to extract a mechanized speci�cation written
in an intermediate representation, IRES, from a given ECMAScript.
Thus, target and speci�cation languages are JavaScript and IRES,
respectively, for the meta-level static analysis in JSAVER. In addition,
we implement several analysis techniques to improve the perfor-
mance and precision of derived static analyzers (Section 5). We
evaluated JSAVER by deriving a JavaScript static analyzer from the
latest ECMAScript, ES12, and using the o�cial conformance tests,
Test2622.

Our contributions are as follows:
• We propose a novel concept called meta-level static analysis,
which automatically derives a static analyzer for a target

2https://github.com/tc39/test262

let f = Math.floor(Math.random () * 100);

// f: [0, 99]

f ||= x => x;

// f: [1, 99] or { name: �f�, ... }

let x = f.name;

// f: [1, 99] or { name: �f�, ... }, x: undefined or �f�

Figure 2: A running JavaScript program with a logical OR
assignment newly introduced in ES12.

language from its language speci�cation written in a speci�-
cation language.

• We actualize meta-level static analysis for JavaScript as a tool
called JSAVER. It is the �rst tool that automatically derives a
JavaScript static analyzer from any version of ECMAScript.

• We derive a static analyzer from the latest ECMAScript, ES12,
to evaluate JSAVER. The synthesized static analyzer success-
fully analyzes all applicable 18,556 o�cial conformance tests.
Moreover, we demonstrate the adaptability and expressive-
ness of JSAVER with several case studies.

2 BACKGROUND
In this section, we explain the detail of ECMAScript, the o�cial
speci�cation of JavaScript. We then introduce JISET and how it
extracts a mechanized speci�cation from it. Since our work is to
perform meta-level static analysis for JavaScript using extracted
mechanized speci�cations, it is essential to understand how EC-
MAScript describes JavaScript semantics and how JISET extracts a
mechanized speci�cation from it.

For the detailed explanation, we explain a new language feature
introduced in ES12 called logical OR assignments (Figure 1) and
use a JavaScript program (Figure 2) as a running example. It �rst
de�nes a variable f with a random integer from 0 to 99. Then, it
uses a logical OR assignment to update f with an arrow function
whose name is �f� only if f has 0 because 0 represents false but
other integers represent true. Finally, it de�nes a variable x with
f.name and its value is undefined if f has an integer or �f� otherwise.
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otherwise, a normal function. An instruction i is a primitive value
assignment, an operation between values, a internal �eld access, a
external �eld access, a record allocations, a function call, or a return
instruction.

States � 2 S = H ⇥ C
Heaps h 2 H = A �n��!R
Contexts c 2 C = L ⇥ (X �n��!V) ⇥ C?
Values � 2 V = Vp ] A ] T ] F
Records r 2 R = (Vstr

�n��!V) ⇥ (Vstr
�n��!V)

States S consists of heaps H and contexts C. A heap h 2 H is a
�nite mapping from addresses to records. Each record allocation
instruction x = {} creates a unique address a 2 A di�erent with
existing addresses. A context c 2 C is a triple of 1) the program
point, 2) a local environment which is a �nite mapping from vari-
ables to values, and 3) an optional calling context. A value � 2 V
is a primitive value, an address, an AST, or a function. A record
r 2 R consists of two �nite mappings from strings to values. The
left mapping represents internal �elds accessible by internal �eld
accesses x = x[x]. On the other hand, the right one represents ex-
ternal �elds, such as variables in JavaScript environment records or
properties in JavaScript objects, and they are accessible by a exter-
nal �eld access x = x[x]ext. We formulate the concrete semantics
of a program P as a transition system ({, S� ) where{✓ S⇥ S is a
transition relation between concrete states and S� is a set of initial
states.

For a meta-level static analysis, we de�ne its abstract semantics
in the abstract interpretation framework [4, 6]. Since our analysis
supports view-based analysis sensitivities [11, 24], the abstract
domain is de�ned as a mapping from views to abstract states, D# =
� ! D#, with a view abstraction � : � ! P(S) which represents
the meaning of each view � 2 �. Then, we de�ne abstract states as
follows:

Abstract States � # 2 D# = H# ⇥ C#

Abstract Heaps h# 2 H# = A# �n��!(R# ⇥ R#
ext

)
Abstract Addresses a# 2 A# = L
Abstract Contexts c# 2 C# = X �n��!V#

An abstract heaph# 2 H# is a �nitemapping from abstract addresses
A
# to pairs of abstract internal records R# and abstract external

records R#
ext

. Each abstract address a# 2 A# is de�ned with the
allocation-site abstraction [3] that partitions concrete addresses A
based on their allocation sites L. An abstract context c# 2 C# is a
�nite mapping from variables to abstract values. Shapes of abstract
values V#, abstract internal (or external) records R# (or R#

ext
) are

parametric thus we can freely con�gure them.

4.2 Analysis Sensitivities
In a meta-level static analysis, analysis sensitivities of the target
language (JavaScript) are di�erent with them of the speci�cation
language (IRES). For example, we explain what happens during anal-
ysis of the following JavaScript program with the �ow-sensitivity
for IRES:

let x = 1, y = 2;

x + y; // 3

(a) Evaluation algorithm for identi�er references.

1 syntax def IdentifierReference [0]. Evaluation(

2 this , Identifier

3 ) {

4 return [? (ResolveBinding (Identifier.StringValue))

5 }

(b) The extracted IRES function.

(c) Parsing result of x + y (bottom) and the initial local environment
(top) of the IRES function.

Figure 7: An example of the di�erence between analysis sen-
sitivities of target and speci�cation language.

Figure 7 describes (a) the Evaluation algorithm of identi�er refer-
ences, (b) its extracted IRES function, and (c) the parsing result of
x + y and the initial local environment of the IRES function. Since
the �ow-sensitivity merges states based on the program points,
contexts for the evaluation of both identi�er references x and y are
merged. Thus, the IRES variable Identifier points to their ASTs
as described in Figure 7. Due to the imprecise merge of contexts,
StringValue of Identifier returns �x� and �y�, and ResolveBinding
with them returns both 1 and 2. Finally, the analysis result of x + y

becomes { 2, 3, 4 }.

Flow Sensitivity. To resolve this problem, we present an AST sen-
sitivity for the speci�cation language to represent �ow-sensitivity
of the target language. It is a variant of object sensitivity [17, 33]
which uses abstract addresses A# of receiver objects as views. How-
ever, unlike the object sensitivity, the AST sensitivity utilizes ASTs
T stored in the parameter this only for syntax-directed functions:

� flow(t 2 T) = {� = (_, c) 2 S | syntax-ctxt(c) = c 0 ^ c 0(this) = t}
where syntax-ctxt(c) denotes the top-most context whose function
is syntax-directed and c 0(this) denotes a lookup of the variable
this in the mapping in the context c 0. We de�ne the �ow sensitivity
for the target language using the AST sensitivity and it successfully
divides contexts for the evaluation of JavaScript identi�ers x and y

in the above example using their ASTs even though their program
points are same.

Callsite Sensitivity. We also formally de�ne the callsite sensitiv-
ity [31, 32] for the target language by extending AST sensitivity
for speci�c normal IRES functions. The original callsite sensitivity
discriminates calling contexts based on their top most callsites. In
ECMAScript, all explicit and even implicit JavaScript function calls
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function error(e) { throw e; }

const n = ...; // [0, 99]

n |> x => x + 1 // [1, 100]

|> x => x * 2 // [2, 200]

|> x => x + 1n; // TypeError

|> error (42);

of representative techniques to increase the precision of JavaScript
static analysis for loops. It discriminates contexts using a stack of
loop contexts containing loop iterations. We de�ne it under view-
based analysis sensitivity and implement it in JSAVER to increase
the precision of IRES static analysis. Moreover, we also de�ne and
implement the loop sensitivity for JavaScript using the loop sensitiv-
ity for IRES. Therefore, our tool discriminates contexts for explicit
loops, such as for-in or for-of, and even implicit loops, such as the
length property assignment of arrays.

6 EVALUATION
• AdditiveExpression
• Identi�erReference
• Identi�er
• AssignmentExpression
• LeftHandSideExpression
• ArrowFunction

• RQ1: Coverage) How much does JSAVER cover JavaScript
language features in the latest ECMAScript (ES12, 2021)?

• RQ2: Adaptability) Could JSAVER adapt a new language
features not yet introduced in ES12?

• RQ3: Expressiveness) What kinds of abstract sensitivities
and abstract domains JSAVER can support?

• RQ4: Performance) Could JSAVER analyze JavaScript pro-
grams in a durable time?

TODO

7 RELATEDWORK
TODO

• JavaScript Static Analyzers [9, 10, 14, 27]
• JavaScript Static Analysis Techniques [1, 12, 13, 15, 18–21,
30, 34–36]

• Partial Evaluation? (maybe no - * SE conf.)

7.1 JavaScript Mechanized Speci�cation
A speci�cation is mechanized if and only if it is both formalized
and executable. For JavaScript, researchers have proposed various
mechanized speci�cation in their own approaches. In 2010, Guha
et al. [8] presented �JS, the �rst mechanized speci�cation for a core
calculus of ES3 semantics by desugaring most of syntax into �JS, an
extended standard lambda calculus. Thus, the shape of �JS seman-
tics is quite di�erent with original algorithm steps. In mid 2010s,
researchers tried to de�ne mechanized speci�cation for the ES5
and 5.1 semantics having a similar shape of semantics with original
algorithm steps as much as possible. Bodin et al. [2] de�ned JSCert,
a semantics of a small subset of ES5, using Coq and extracts a refer-
ence interpreter JSRef. Park et al. [22] de�ned an entire semantics
of ES5, KJS, using the K [29], which is a framework for de�ning
language semantics. Fragoso Santos et al. [7] presented JaVerT, a

JavaScript veri�cation toolchain, including a JavaScript semantics
de�ned in their own Intermediate language, JSIL.

However, the fundamental problem of their approaches is that
they are manually de�ned thus they are labor-intensive and error-
prone. Due to such limitation, there is no existing mechanized
speci�cation for full semantics of ES6 or later versions. Therefore,
most of existing JavaScript static analyzers only focus on ES5.1
features or rarely support ES6 features even though already six
more versions from ES7 to ES12 are released since 2015.

Moreover, Park et al. [23] successfully showed that JISET is useful
tomechanically handle recent versions of ECMAScript by extending
JISET to perform N+1-version di�erential testing of both JavaScript
engines and ES11 (2020).

8 CONCLUSION
TODO
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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• Coverage - Test262 (Official Conformance Tests)


• Expressiveness - Abstract Domains / Analysis Sensitivity 

- String Abstract Domain: String Set / Character Inclusion / Prefix-Suffix


- Analysis Sensitivity: k-callsite sensitivity / loop sensitivity


• Adaptability - Future Language Features 

- Pipeline operator (|>) / Observable built-in library
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.

3. Derivation of 
Static Analyzers

Submitted to 
[ICSE'22]

DCS �¿�. 1•Xî ⌅\¯ò� ∏¥ Ö8| ⌅\ ê§lΩ∏ �� Ñ�.
⌅∞YÄ . 2022D. 46+iv Ω. ¿ƒP⇠: X��. (�8 |8)
Jihyeok Park. JavaScript Static Analysis for Evolving Language Specifica-
tions. School of Computing . 2022. 46+iv pages. Advisor: Sukyoung Ryu.
(Text in English)

� ]

ê§lΩ∏X Ÿ�x 1»¸ ı°\ X¯`@ ê§lΩ∏ ⌅\¯®‰X âŸD �UXå ttX0 ¥

5å Ã‡‰. lê‰@ t| t∞X‡ê ‰ë\ ê§lΩ∏ �� Ñ�0‰D ⌧⌧tT¿Ã, t‰@
®P ⇠Ÿ<\ $ƒ� ⇠»0– xŸ—}�t‡ $X– Ë}X‰. ⇣\, 2014D –Ä0 ê§lΩ∏X
∏¥ Ö8� ‰D 1‡⇠0 ‹ëXt⌧ t 8⌧î T Ï�tL‰. ¯ Y⌅ |8–⌧î ê§lΩ∏ ∏¥
Ö8\Ä0êŸ<\ê§lΩ∏��Ñ�0| ƒt¥î»\¥)›D⌧H\‰. tî 1)0ƒTÖ8
îú, 2) 0ƒT Ö8  ®1 Ä¨, ¯¨‡ 3) �� Ñ�0  ƒX 8 �¿ Ëƒ\ l1⌧‰. ¯ |8–⌧î
0ƒT Ö8 îú 0 D ⌧HX‡, t| t©t �• \‡ ê§lΩ∏ Ö8\Ä0 0ƒT Ö8| îú
\‰. ⇣\, ê§lΩ∏ ‘ƒD t©\ N+1-Ñ⌅ (Ñ L§⇧¸ 0ƒT Ö8X ¿Ö Ñ�D ⌧HX‡,
t| µt Ö8 ✏ ‘ƒX ∞hD Äú\‰. \Ö�<\, T¿ �� Ñ� 0 D ⌧HX‡, îú\ 0ƒT
Ö8\Ä0 êŸ<\ ê§lΩ∏ �� Ñ�0|  ƒ\‰. ¯ Y⌅ |8–⌧ ⌧‹\ )›@ ⌅\¯ò�
∏¥| ⌅\ Ö8, L§∏, ¯¨‡ ƒl‰X ıƒT| ⌅\ lX 0¿D »(` É<\ 0�\‰.

u Ï ± – ê§lΩ∏, 0ƒT Ö8 îú, Ö8 ¿Ö Ñ�, N+1-Ñ⌅ (Ñ L§⇧, T¿ �� Ñ�

Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.

Keywords JavaScript, mechanized specification extraction, N+1-version differential testing, specifica-
tion type analysis, meta-level static analysis.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.
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Abstract
The highly dynamic nature and complex semantics of JavaScript make it difficult to correctly understand
the behaviors of JavaScript programs. To automatically reason about them, researchers have developed
various JavaScript static analyzers that conform to ECMAScript, the standard specification of JavaScript.
However, all the existing JavaScript static analyzers are manually designed; thus, the current approach
is labor-intensive and error-prone. Moreover, since late 2014, this problem becomes more critical because
the JavaScript language itself rapidly evolves with a yearly release cadence and open development process.

In this thesis, we introduce a novel approach to automatically derive JavaScript static analyzers
from any version of ECMAScript. Our approach consists of three steps: 1) mechanized specification
extraction, 2) mechanized specification validity check, and 3) derivation of static analyzers. First, we
present a tool JISET that automatically extracts a mechanized specification from ECMAScript. We show
that it successfully extracts a mechanized specification from the latest ECMAScript. Then, we present
two different tools to detect bugs in JavaScript specifications and engines; JEST performs N+1-version
differential testing with JavaScript engines and JSTAR performs a type analysis for the mechanized
specification. Finally, we present JSAVER that automatically derives JavaScript static analyzers from
mechanized specifications using a meta-level static analysis. For evaluation, we derive a JavaScript
static analyzer from the latest ECMAScript and show that it successfully analyzes all applicable official
conformance tests in a sound way. We believe that the thesis would be the first step towards the
co-evolution of specifications, tests, and tools for programming languages.
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