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1.프로그래밍 언어를 설계 - 기존 언어의 확장 / 새로운 언어의 설계


2.프로그램을 입력으로 받거나 결과로 내뱉는 소프트웨어를 개발

프로그래밍 언어 연구란?

컴파일러 

프로그램
 

프로그램

프로그램 
합성 도구

 

프로그램명세분석 도구 

프로그램 분석 결과

인터프리터 

프로그램 실행 결과

오류 자동 
수정 도구

 

프로그램
 

프로그램
테스트 
생성 도구

 

프로그램 테스트

분석 도구



예시 - 프로그램 분석
function f(x) { 

    if (x <= 0) { 

        return 0; 

    } else { 

        return x; 

    } 
}

// x == ⊤

// x == +

// [RETURN] 0

// [RETURN] +

// x == -0

// [RETURN] 0+

⊥

0 +

-0 -+ 0+

⊤

-

 - : 음수
⊤ : 모든 정수

 + : 양수

요약 도메인 
(Abstract Domain)

 0 : 0
⊥ : 공집합

항상 음이 아닌 정수 반환



어쩌다가 프로그래밍 언어 연구를? 
그 중, 왜 JavaScript 연구를?



초등학생 / 중학생

절차지향 언어

알고리즘 대회

객체지향 언어

전산학 수업

고등학생

동적 타입 언어

개발 동아리

학부생

CS320 프로그래밍 언어

개별 연구



JavaScript로 개발한 소프트웨어를 제대로 이해하고 있나요?

류석영 교수님



초등학생 / 중학생

절차지향 언어

알고리즘 대회

객체지향 언어

전산학 수업

고등학생

동적 타입 언어

개발 동아리

학부생

객체지향 + 함수형 언어

연구 및 개발

대학원생 회사 연구원 교수



JavaScript란 어떤 언어일까?



JavaScript는 어디에나 있다

클라이언트-사이드 프로그래밍 모바일/데스크탑 어플리케이션

그 외 (PDF, IoT, Microcontrollers, etc.)서버-사이드 프로그래밍



JavaScript는 어디에나 있다

https://octoverse.github.com/
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"abcd""ab" + "cd"
JS

하지만, JavaScript는 복잡하다

+ JS

6

- JS

"42" TypeError4 + 2
JS

4 + "2"
JS

4 + 2n
JS

4 + [2n]
JS

  (![]+[])[+[]]               + 
  (![]+[])[+!+[]]             + 
  ([![]]+[][[]])[+!+[]+[+[]]] + 
  (![]+[])[!+[]+!+[]]

???

JS
  (![]+[])[+[]]               +   // "f" 
  (![]+[])[+!+[]]             +   // "a" 
  ([![]]+[][[]])[+!+[]+[+[]]] +   // "i" 
  (![]+[])[!+[]+!+[]]             // "l"

"fail"

JS

JavaScript를
어떻게 이해할까?

24 - "2"
JS

"42"



AdditiveExpression[Yield, Await]  :

MultiplicativeExpression[?Yield, ?Await]
AdditiveExpression[?Yield, ?Await]  +  MultiplicativeExpression[?Yield, ?Await]
AdditiveExpression[?Yield, ?Await]  -  MultiplicativeExpression[?Yield, ?Await]

NOTE The addition operator either performs string concatenation or numeric addition.

AdditiveExpression : AdditiveExpression  +  MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, +, MultiplicativeExpression).

NOTE The - operator performs subtraction, producing the difference of its operands.

AdditiveExpression : AdditiveExpression  -  MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, -, MultiplicativeExpression).

ECMA-262, 14th edition, June 2023
ECMAScript® 2023 Language Specification

13.8  Additive Operators

Syntax

13.8.1  The Addition Operator ( + )

13.8.1.1  Runtime Semantics: Evaluation

13.8.2  The Subtraction Operator ( - )

13.8.2.1  Runtime Semantics: Evaluation
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문제점 - JavaScript의 빠른 성장
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문제점 - JavaScript의 빠른 성장
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JavaScript 생태계 자동화 연구
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프로그래밍 언어 도구 
자동 생성

JavaScript의 언어 명세에서 기계화 명세로 추출

일치성 테스트 
자동 합성

명세 타입 
자동 분석
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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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1. Return the SV of StringLiteral as defined in 12.9.4.2.

NOTE An ArrayLiteral is an expression describing the initialization of an Array, using a list, of zero or
more expressions each of which represents an array element, enclosed in square brackets.
The elements need not be literals; they are evaluated each time the array initializer is
evaluated.

Array elements may be elided at the beginning, middle or end of the element list. Whenever a comma in the
element list is not preceded by an AssignmentExpression (i.e., a comma at the beginning or after another
comma), the missing array element contributes to the length of the Array and increases the index of
subsequent elements. Elided array elements are not defined. If an element is elided at the end of an array,
that element does not contribute to the length of the Array.

ArrayLiteral[Yield, Await]  :
[  Elisionopt  ]
[  ElementList[?Yield, ?Await]  ]
[  ElementList[?Yield, ?Await]  ,  Elisionopt  ]

ElementList[Yield, Await]  :
Elisionopt  AssignmentExpression[+In, ?Yield, ?Await]
Elisionopt  SpreadElement[?Yield, ?Await]
ElementList[?Yield, ?Await]  ,  Elisionopt

AssignmentExpression[+In, ?Yield, ?Await]
ElementList[?Yield, ?Await]  ,  Elisionopt  SpreadElement[?Yield, ?Await]

Elision :
,
Elision ,

SpreadElement[Yield, Await]  :
...  AssignmentExpression[+In, ?Yield, ?Await]

The syntax-directed operation ArrayAccumulation takes arguments array (an Array) and nextIndex (an
integer) and returns either a normal completion containing an integer or an abrupt completion. It is defined
piecewise over the following productions:

Elision : ,

1. Let len be nextIndex + 1.
2. Perform ? Set(array, "length", (len), true).
3. NOTE: The above step throws if len exceeds 232-1.
4. Return len.

Elision : Elision ,

1. Return ? ArrayAccumulation of Elision with arguments array and (nextIndex + 1).

13.2.4  Array Initializer

Syntax

13.2.4.1  Runtime Semantics: ArrayAccumulation

구문(Syntax)

val ArrayLiteral: List[Boolean] => LAParser[T] = memo { 
  case List(Yield, Await) => 
  "[" ~ opt(Elision)              ~ "]" ^^ ArrayLiteral0 | 
  "[" ~ ElementList(Yield, Await) ~ "]" ^^ ArrayLiteral1 | 
  "[" ~ ElementList(Yield, Await) ~ "," 
      ~ opt(Elision)              ~ "]" ^^ ArrayLiteral2 
}
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a. Perform ? ArrayAccumulation of Elision with arguments array and 0.
3. Return array.

ArrayLiteral : [  ElementList ]

1. Let array be ! ArrayCreate(0).
2. Perform ? ArrayAccumulation of ElementList with arguments array and 0.
3. Return array.

ArrayLiteral : [  ElementList ,  Elisionopt  ]

1. Let array be ! ArrayCreate(0).
2. Let nextIndex be ? ArrayAccumulation of ElementList with arguments array and 0.
3. If Elision is present, then

a. Perform ? ArrayAccumulation of Elision with arguments array and nextIndex.
4. Return array.

NOTE 1 An object initializer is an expression describing the initialization of an Object, written in
a form resembling a literal. It is a list of zero or more pairs of property keys and
associated values, enclosed in curly brackets. The values need not be literals; they are
evaluated each time the object initializer is evaluated.

ObjectLiteral[Yield, Await]  :
{  }
{  PropertyDefinitionList[?Yield, ?Await]  }
{  PropertyDefinitionList[?Yield, ?Await]  ,  }

PropertyDefinitionList[Yield, Await]  :
PropertyDefinition[?Yield, ?Await]
PropertyDefinitionList[?Yield, ?Await]  ,  PropertyDefinition[?Yield, ?Await]

PropertyDefinition[Yield, Await]  :
IdentifierReference[?Yield, ?Await]
CoverInitializedName[?Yield, ?Await]
PropertyName[?Yield, ?Await]  :  AssignmentExpression[+In, ?Yield, ?Await]
MethodDefinition[?Yield, ?Await]
...  AssignmentExpression[+In, ?Yield, ?Await]

PropertyName[Yield, Await]  :
LiteralPropertyName
ComputedPropertyName[?Yield, ?Await]

LiteralPropertyName :
IdentifierName
StringLiteral
NumericLiteral

ComputedPropertyName[Yield, Await]  :
[  AssignmentExpression[+In, ?Yield, ?Await]  ]

13.2.5  Object Initializer

Syntax
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13.2.5  Object Initializer
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의미(Semantics)

syntax def ArrayLiteral[2].Evaluation( 
  this, ElementList, Elision 
){ 
  let array = [! (ArrayCreate 0)] 
  let nextIndex = 
    [? (ElementList.ArrayAccumulation array 0)] 
  if (! (= Elision absent)) 
    [? (Elision.ArrayAccumulation array nextIndex)] 
  return array 
}

메타 언어(metalanguage) 함수

파서(Parser)
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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
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+ });

  var x = { p: 42 }; 
+ $verifyProperty(x, "p", { 
+   value: 42.0, 
+   writable: true, 
+   enumerable: true, 
+   configurable: true 
+ });

  function f() {} 
+ $assert.sameValue( 
+   Object.getPrototypeOf(f), 
+   Function.prototype); 
+ $assert.sameValue( 
+   Object.isExtensible(x), 
+   true); 
+ $assert.callable(f);

  var x = { p: 42 }; 
+ $verifyProperty(x, "p", { 
+   value: 42.0, 
+   writable: true, 
+   enumerable: true, 
+   configurable: true 
+ });

  function f() {} 
+ $assert.sameValue( 
+   Object.getPrototypeOf(f), 
+   Function.prototype); 
+ $assert.sameValue( 
+   Object.isExtensible(x), 
+   true); 
+ $assert.callable(f);
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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.

let f = input(0, 99); 
f ||= x => x; 
let y = f.name;
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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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