
JavaScript Analysis 
Framework (JSAF)

Programming Language Research Group
(PL알지!) @ KAIST

원 순 철



목 차
1. JavaScript 소개

2. JSAF 개요
1) JSAF 소개
2) 개발 이유
3) JSAF 특징
4) JSAF 활용

3. JSAF 구현
1) JSAF Flow Graph
2) 전반부 주요 구현

(1) Hoister
(2) Disambiguator
(3) with Rewriter
(4) AST to IR

3) 후반부 주요 구현
(1) IR
(2) Interpreter
(3) IR to CFG
(4) Analyzer

4. 기타
1) 진행 상황
2) 정리

2



1. JavaScript 소개
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JavaScript 소개

• 웹 브라우저에서 스크립트 언어로 사용
– 정적인 웹 페이지로부터 탈피

• 쉽게 소스 코드를 볼 수 있음

• 기존의 언어들과 다른 점이 많음

• 언어의 명세를 ECMA에서 관리
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JavaScript 소개

LiveScript

JavaScript

Netscape `95. 12.

JScript

Microsoft `96. 8.

ECMAScript

ECMA `97. 6.

European Computer Manufacturers Association
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2. JSAF 개요

1) JSAF 소개
2) 개발 이유
3) JSAF 특징
4) JSAF 활용

6



JSAF 소개

• JSAF란?
– JavaScript Analysis Framework

1) 수행 분석
 Control Flow Analysis & Data Flow Analysis
 Code Coverage

2) 코드 최적화
 Unused Variable Elimination
 Dead Code Elimination
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JSAF 소개

• JSAF란?
– JavaScript Analysis Framework

3) 오류 확인
 기본적인 JavaScript 문법 오류 확인
 Strict Mode 체크 (ECMAScript5)

4) 기타
 Clone Detector
 Interpreter
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개발 이유

• 기존 툴들이 대부분 ECMAScript3를 활용

• ECMAScript의 부분 언어를 활용

• 부족한 도구 및 불필요한 작업의 반복

• 향후 JavaScript 연구에 사용될 도구로써
개발 시작
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JSAF 특징

• ECMAScript5 지원

• 간결한 정형명세 문서를 제공
– ast2ir, ir, ir2cfg, cfg

• AST를 생성하기 위해 자동화 도구를 사용
– Rats!, ASTGen

• Java와 Scala를 이용하여 구현
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JSAF 활용

• JavaScript의 문법부터 의미구조까지 자유
롭게 확장/변경하는 연구에 활용 가능

• 다양한 JavaScript 분석 기법을 컴파일러의
여러 단계에서 동시에 연구에 활용 가능

• JavaScript 분석 프레임워크를 open source
로 다른 연구팀과 공유
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3. JSAF 구현

1) JSAF Flow Graph
2) 전반부 주요 구현

(1) Hoister
(2) Disambiguator
(3) with Rewriter
(4) AST to IR

3) 후반부 주요 구현
(1) IR
(2) Interpreter
(3) IR to CFG
(4) Analyzer
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JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

JSAF Flow Graph
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JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

Hoister
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3. JSAF 구현 ▶ 2) 전반부 주요 구현3. JSAF 구현 ▶ 2) 전반부 주요 구현

Hoister



Hoister

f();
function f() { x = 1 };
var x;
// x = 1

var x;
function f() { x = 1 };
f();
// x = 1

ECMAScript 문서에 기술되어 있음

다른 언어들과 동일하게, 선언된 뒤에 사용하게 됨
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① V
② F
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JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

Disambiguator
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Disambiguator

var x = 0;
function g() {

x; // x = ?
var x = 1;

}

var x_1 = 0;
function g() {

var x_2;
x_2; // x = ?
x_2 = 1;

}
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“undefined”

변수명이 유일하기 때문에 바로 구별 가능

3. JSAF 구현 ▶ 2) 전반부 주요 구현3. JSAF 구현 ▶ 2) 전반부 주요 구현



JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

with Rewriter
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with Rewriter
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var o = {x:1, y:2, z:3};
o.p = {x:4, y:5, z:6};

with(o) {
with(o.p) {

x;
}

}

var o = {x:1, y:2, z:3};
o.p = {x:4, y:5, z:6};

var $_o = o;
var $_op = ("p" in $_o ?

$_o.p : p);
("x" in $_op ?

$_op.x :
("x" in $_o ?

$_o.x : x
)

);

3. JSAF 구현 ▶ 2) 전반부 주요 구현3. JSAF 구현 ▶ 2) 전반부 주요 구현



JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

AST to IR
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AST to IR

• 더 작은 언어로 변환 (케이스의 간소화)
– switch-case  if-then-else
– 여섯 종류의 iteration  while
– break & continue  break
– obj.prop & obj[“prop”]  obj[“prop”]
– x++  x = x + 1
– ……

• 변환된 IR도 동일한 의미구조를 가짐
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AST to IR
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- AST - IR



AST to IR
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- AST to IR 변환 규칙



JavaScript Parser AST

withRewriter

Disambiguator

Hoister

AST2IR IR IR2CFG CFG

Interpreter Result

CloneDetector CodeCoverage Analyzer

IR
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IR



IR

var sum = 0;
for(var i = 1; i <= 10; i++)

sum+= i;
_<>_print(sum);

25

- JavaScript

3. JSAF 구현 ▶ 3) 후반부 주요 구현3. JSAF 구현 ▶ 3) 후반부 주요 구현

(Program @"test.js":1:1~4:16
_body=(TopLevel
_stmts=[
(VarStmt
_vds=[
(VarDecl
_expr=(Some _value=(IntLiteral _intVal=0 _radix=10))
_name=(Id _text="sum"))])

(ForVar
_action=(Some _value=(UnaryAssignOpApp
_lhs=(VarRef _id=(Id _text="i"))
_op=(Op
_text="++")))

_body=(ExprStmt
_expr=(AssignOpApp
_lhs=(VarRef _id=(Id _text="sum"))
_op=(Op
_text="+=")
_right=(VarRef _id=(Id _text="i")))

_cond=(Some _value=(InfixOpApp
_left=(VarRef _id=(Id _text="i"))
_op=(Op
_text="<=")
_right=(IntLiteral _intVal=10 _radix=10)))

_vars=[
(VarDecl
_expr=(Some _value=(IntLiteral _intVal=1 _radix=10))
_name=(Id _text="i"))])

(ExprStmt
_expr=(FunApp
_fun=(VarRef _id=(Id _text="_<>_print"))
_args=[
(VarRef _id=(Id _text="sum"))])

- AST



IR
(IRRoot @”test.js":1:1~3:16
_irs=[
(IRExprStmt @"<>global":0:0
_lhs=(IRId _temp=true _text="<>_one_202957491637263")
_right=(IRNumber _num=1.0 _text="1"))
(IRStmtUnit @”test.js":1:5~10
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957496278583")
_right=(IRId _text="sum"))
(IRExprStmt @1:11
_lhs=(IRId _temp=true _text="<>_temp_202957496268018")
_right=(IRNumber _num=0.0 _text="0"))
(IRExprStmt @1:5~10
_lhs=(IRId _text="sum")
_right=(IRId _temp=true _text="<>_temp_202957496268018"))
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="sum"))])])

(IRStmtUnit @2:9~12
_stmts=[
(IRStmtUnit
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957497658965")
_right=(IRId _text="i"))

(IRExprStmt @2:13
_lhs=(IRId _temp=true _text="<>_temp_202957497650814")
_right=(IRNumber _num=0.0 _text="0"))

(IRExprStmt @2:9~12
_lhs=(IRId _text="i")
_right=(IRId _temp=true _text="<>_temp_202957497650814"))

(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="i"))])])

(IRStmtUnit @2:1~34
_stmts=[
(IRLabelStmt
_label=(IRId _temp=true _text="<>_break_202957497742276")
_stmt=(IRSeq
_stmts=[
(IRSeq
(IRSeq @2:16~20
_stmts=[
(IRExprStmt @2:16
_lhs=(IRId _temp=true _text="<>_temp_202957500141117")
_ref=true
_right=(IRId _text="i"))

(IRExprStmt @2:20
_lhs=(IRId _temp=true _text="<>_temp_202957500151983")
_right=(IRNumber _num=10.0 _text="10"))
(IRBin @2:16~20
_first=(IRId _temp=true _text="<>_temp_202957500141117")
_lhs=(IRId _temp=true _text="<>_temp_202957500116063")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957500151983"))])

(IRCall @2:1~34
_fun=(IRId _temp=true _text="<>toBoolean")
_lhs=(IRId _temp=true _text="<>_temp_202957500125118")
_args=[
(IRId _temp=true _text="<>_temp_202957500116063")])

(IRWhile
_body=(IRSeq
_stmts=[
(IRLabelStmt
_label=(IRId _temp=true _text="<>_temp_202957497751332")
_stmt=(IRStmtUnit @2:29~34
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957499548274")
_right=(IRId _text="sum"))

(IRExprStmt @2:35
_lhs=(IRId _temp=true _text="<>_temp_202957499555820")
_ref=true
_right=(IRId _text="i"))

(IRBin @2:29~34
_first=(IRId _temp=true _text="<>_old_202957499548274")
_lhs=(IRId _temp=true _text="<>_new_202957499563065")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957499555820"))

(IRExprStmt
_lhs=(IRId _text="sum")
_right=(IRId _temp=true _text="<>_new_202957499563065"))

(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="sum"))])]))

(IRSeq @2:23~25
_stmts=[
(IRSeq @2:23
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957497785140")
_right=(IRId _text="i"))
(IRCall @2:23~25
_fun=(IRId _temp=true _text="<>toNumber")
_lhs=(IRId _temp=true _text="<>_new_202957497794196")
_args=[
(IRId _temp=true _text="<>_old_202957497785140")])

(IRBin
_first=(IRId _temp=true _text="<>_new_202957497794196")
_lhs=(IRId _temp=true _text="<>_new2_202957497802647")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_one_202957491637263"))
(IRExprStmt @2:23
_lhs=(IRId _text="i")
_right=(IRId _temp=true _text="<>_new2_202957497802647"))
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_temp_202957497757973")
_right=(IRId _text="i"))])

(IRExprStmt @2:23~25
_lhs=(IRId _temp=true _text="<>_temp_202957497757973")
_right=(IRId _temp=true _text="<>_new_202957497794196"))])

(IRSeq @2:16~20
_stmts=[
(IRExprStmt @2:16
_lhs=(IRId _temp=true _text="<>_temp_202957500141117")
_ref=true
_right=(IRId _text="i"))
(IRExprStmt @2:20
_lhs=(IRId _temp=true _text="<>_temp_202957500151983")
_right=(IRNumber _num=10.0 _text="10"))
(IRBin @2:16~20
_first=(IRId _temp=true _text="<>_temp_202957500141117")
_lhs=(IRId _temp=true _text="<>_temp_202957500116063")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957500151983"))])

(IRCall @2:1~34
_fun=(IRId _temp=true _text="<>toBoolean")
_lhs=(IRId _temp=true _text="<>_temp_202957500125118")
_args=[
(IRId _temp=true _text="<>_temp_202957500116063")])])

_cond=(IRId _temp=true _text="<>_temp_202957500125118")
(IRStmtUnit @3:1~13
_stmts=[
(IRSeq @3:1~12
_stmts=[
(IRExprStmt @3:11~12
_lhs=(IRId _temp=true _text="<>_temp_202957500634046")
_ref=true
_right=(IRId _text="sum"))
(IRCall @3:1~12
_fun=(IRId _temp=true _text="<>print")
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_args=[
(IRId _temp=true _text="<>_temp_202957500634046")])])])]

_vds=[
(IRVarStmt @1:1~3:16
_lhs=(IRId _text="sum"))
(IRVarStmt
_lhs=(IRId _text="i"))])
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Interpreter

• IR 코드를 실제로 실행시켜 결과를 출력
• IR 명세에 기술된 Semantics에 따라 실행

Ex) The while Statement
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Interpreter

2955- Interpret 결과

3. JSAF 구현 ▶ 3) 후반부 주요 구현3. JSAF 구현 ▶ 3) 후반부 주요 구현

(IRRoot @”test.js":1:1~3:16
_irs=[
(IRExprStmt @"<>global":0:0
_lhs=(IRId _temp=true _text="<>_one_202957491637263")
_right=(IRNumber _num=1.0 _text="1"))
(IRStmtUnit @”test.js":1:5~10
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957496278583")
_right=(IRId _text="sum"))
(IRExprStmt @1:11
_lhs=(IRId _temp=true _text="<>_temp_202957496268018")
_right=(IRNumber _num=0.0 _text="0"))
(IRExprStmt @1:5~10
_lhs=(IRId _text="sum")
_right=(IRId _temp=true _text="<>_temp_202957496268018"))
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="sum"))])])

(IRStmtUnit @2:9~12
_stmts=[
(IRStmtUnit
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957497658965")
_right=(IRId _text="i"))

(IRExprStmt @2:13
_lhs=(IRId _temp=true _text="<>_temp_202957497650814")
_right=(IRNumber _num=0.0 _text="0"))

(IRExprStmt @2:9~12
_lhs=(IRId _text="i")
_right=(IRId _temp=true _text="<>_temp_202957497650814"))

(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="i"))])])

(IRStmtUnit @2:1~34
_stmts=[
(IRLabelStmt
_label=(IRId _temp=true _text="<>_break_202957497742276")
_stmt=(IRSeq
_stmts=[
(IRSeq
(IRSeq @2:16~20
_stmts=[
(IRExprStmt @2:16
_lhs=(IRId _temp=true _text="<>_temp_202957500141117")
_ref=true
_right=(IRId _text="i"))

(IRExprStmt @2:20
_lhs=(IRId _temp=true _text="<>_temp_202957500151983")
_right=(IRNumber _num=10.0 _text="10"))
(IRBin @2:16~20
_first=(IRId _temp=true _text="<>_temp_202957500141117")
_lhs=(IRId _temp=true _text="<>_temp_202957500116063")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957500151983"))])

(IRCall @2:1~34
_fun=(IRId _temp=true _text="<>toBoolean")
_lhs=(IRId _temp=true _text="<>_temp_202957500125118")
_args=[
(IRId _temp=true _text="<>_temp_202957500116063")])

(IRWhile
_body=(IRSeq
_stmts=[
(IRLabelStmt
_label=(IRId _temp=true _text="<>_temp_202957497751332")
_stmt=(IRStmtUnit @2:29~34
_stmts=[
(IRSeq
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957499548274")
_right=(IRId _text="sum"))

(IRExprStmt @2:35
_lhs=(IRId _temp=true _text="<>_temp_202957499555820")
_ref=true
_right=(IRId _text="i"))

(IRBin @2:29~34
_first=(IRId _temp=true _text="<>_old_202957499548274")
_lhs=(IRId _temp=true _text="<>_new_202957499563065")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957499555820"))

(IRExprStmt
_lhs=(IRId _text="sum")
_right=(IRId _temp=true _text="<>_new_202957499563065"))

(IRExprStmt
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_right=(IRId _text="sum"))])]))

(IRSeq @2:23~25
_stmts=[
(IRSeq @2:23
_stmts=[
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_old_202957497785140")
_right=(IRId _text="i"))
(IRCall @2:23~25
_fun=(IRId _temp=true _text="<>toNumber")
_lhs=(IRId _temp=true _text="<>_new_202957497794196")
_args=[
(IRId _temp=true _text="<>_old_202957497785140")])

(IRBin
_first=(IRId _temp=true _text="<>_new_202957497794196")
_lhs=(IRId _temp=true _text="<>_new2_202957497802647")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_one_202957491637263"))
(IRExprStmt @2:23
_lhs=(IRId _text="i")
_right=(IRId _temp=true _text="<>_new2_202957497802647"))
(IRExprStmt
_lhs=(IRId _temp=true _text="<>_temp_202957497757973")
_right=(IRId _text="i"))])

(IRExprStmt @2:23~25
_lhs=(IRId _temp=true _text="<>_temp_202957497757973")
_right=(IRId _temp=true _text="<>_new_202957497794196"))])

(IRSeq @2:16~20
_stmts=[
(IRExprStmt @2:16
_lhs=(IRId _temp=true _text="<>_temp_202957500141117")
_ref=true
_right=(IRId _text="i"))
(IRExprStmt @2:20
_lhs=(IRId _temp=true _text="<>_temp_202957500151983")
_right=(IRNumber _num=10.0 _text="10"))
(IRBin @2:16~20
_first=(IRId _temp=true _text="<>_temp_202957500141117")
_lhs=(IRId _temp=true _text="<>_temp_202957500116063")
_op=?kr.ac.kaist.jsaf.nodes.IROp
_second=(IRId _temp=true _text="<>_temp_202957500151983"))])

(IRCall @2:1~34
_fun=(IRId _temp=true _text="<>toBoolean")
_lhs=(IRId _temp=true _text="<>_temp_202957500125118")
_args=[
(IRId _temp=true _text="<>_temp_202957500116063")])])

_cond=(IRId _temp=true _text="<>_temp_202957500125118")
(IRStmtUnit @3:1~13
_stmts=[
(IRSeq @3:1~12
_stmts=[
(IRExprStmt @3:11~12
_lhs=(IRId _temp=true _text="<>_temp_202957500634046")
_ref=true
_right=(IRId _text="sum"))
(IRCall @3:1~12
_fun=(IRId _temp=true _text="<>print")
_lhs=(IRId _temp=true _text="<>_ignore_202957491738384")
_args=[
(IRId _temp=true _text="<>_temp_202957500634046")])])])]

_vds=[
(IRVarStmt @1:1~3:16
_lhs=(IRId _text="sum"))
(IRVarStmt
_lhs=(IRId _text="i"))])

- IR
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IR2CFG



IR to CFG

var sum = 0;
for(var i = 1; i <= 10; i++)
sum+= i;

_<>_print(sum);

var sum
var i

<>_one_1 = 1
{
<>_old_2 = sum
<>_temp_3 = 0
sum = <>_temp_3
<>_ignore_4 = sum

}
{
{
<>_old_5 = i
<>_temp_6 = 1
i = <>_temp_6
<>_ignore_4 = i

}
<>_break_7 : {
{
<>_temp_8 = i
<>_temp_9 = 10
<>_temp_10 = <>_temp_8 <= <>_temp_9

}
<>_temp_11 = <>toBoolean(<>_temp_10)
while(<>_temp_11)
{
<>_temp_12 : {
<>_old_13 = sum
<>_temp_14 = i
<>_new_15 = <>_old_13 + <>_temp_14
sum = <>_new_15

<>_ignore_4 = sum
}
{
{
<>_old_16 = i
<>_new_17 = <>toNumber(<>_old_16)
<>_new2_18 = <>_new_17 + <>_one_1
i = <>_new2_18
<>_temp_19 = i

}
<>_temp_19 = <>_new_17

}
{
<>_temp_8 = i
<>_temp_9 = 10
<>_temp_10 = <>_temp_8 <= <>_temp_9

}
<>_temp_11 = <>toBoolean(<>_temp_10)

}
}

}
{
<>_temp_20 = sum
<>_ignore_4 = <>print(<>_temp_20)

}
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IR to CFG

var sum
var i

<>_one_1 = 1
{
<>_old_2 = sum
<>_temp_3 = 0
sum = <>_temp_3
<>_ignore_4 = sum

}
{
{
<>_old_5 = i
<>_temp_6 = 1
i = <>_temp_6
<>_ignore_4 = i

}
<>_break_7 : {
{
<>_temp_8 = i
<>_temp_9 = 10
<>_temp_10 = <>_temp_8 <= <>_temp_9

}
<>_temp_11 = <>toBoolean(<>_temp_10)
while(<>_temp_11)
{
<>_temp_12 : {
<>_old_13 = sum
<>_temp_14 = i
<>_new_15 = <>_old_13 + <>_temp_14
sum = <>_new_15

<>_ignore_4 = sum
}
{
{
<>_old_16 = i
<>_new_17 = <>toNumber(<>_old_16)
<>_new2_18 = <>_new_17 + <>_one_1
i = <>_new2_18
<>_temp_19 = i

}
<>_temp_19 = <>_new_17

}
{
<>_temp_8 = i
<>_temp_9 = 10
<>_temp_10 = <>_temp_8 <= <>_temp_9

}
<>_temp_11 = <>toBoolean(<>_temp_10)

}
}

}
{
<>_temp_20 = sum
<>_ignore_4 = <>print(<>_temp_20)

}

32

- IR

3. JSAF 구현 ▶ 3) 후반부 주요 구현3. JSAF 구현 ▶ 3) 후반부 주요 구현

Entry

Exit ExitExc

- CFG



4. 기타

1) 진행 상황
2) 정리
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진행 상황

• Interpreter
– ECMAScript5의 Built-in Object 구현 중
– 테스트 및 버그 수정

• Clone Detector
– 간단한 Prototype 구현 및 관련 연구 조사 중
– 성능 및 정확도 향상 계획
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진행 상황

• Code Coverage
– 기존의 연구들을 조사 중
– Interpreter 완성 후 구현할 계획

• Analyzer
– 간단한 Type 분석 기능을 구현 및 테스트 중
– 분석기 성능 및 정확도 향상 계획

• Sparse 분석
• Flow Sensitive 분석
• Recency 타입 분석
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