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JavaScript is Everywhere
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ECMAScript: JavaScript Specification

13.2.5.2 Runtime Semantics: Evaluation

ArrayLiteral : [ ElementList , Elisionpopt |
1. Let array be ! ArrayCreate(0).

- 2. Let nextindex be the result of performing ArravAccumulation

for ElementList with arguments array and 0.
[ Elisiongge ]

3. ReturnlfAbrupt(nextindex).
4. If Elision is present, then

a. Let len be the result of performing Array Accumulation

for Elision with arguments array and nextindex.
b. ReturnlfAbrupt(len).
5. Return array.

The Evaluation algorithm for
the third alternative of ArraylLiteral in ES12

The production of ArrayLiteral in ES12
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Correctness of ECMAScript is Important
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Problem: Manual Review of ECMAScript

ecma ecma ecma
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11" Edition / June 2020 11 Edition / June 2020 11" Edition / June 2020

ECMAScript® 2020
Language Specification

ECMAScript® 2020
Language Specification

ECMAScript® 2020
Language Specification
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Problem: Fast Evolving JavaScript

| 2015 - ES6
1997 - ES1 | | classes, modules, etc.
First edition 2017 - ES8
| object manipulation, etc.
RegEXx, String, Editorial ;
Try/catch, etc Changes | 2021 - ES12
1996 1998 2000 2002 2004 2008 2010 2012 20‘ 4 2016 2018 2020 2022
2009 - ES5 ES.Next
1998 - ES2 getters/setters, 2020 - ES11
Editorial strict mode, ,' 2018 - ES9
changes exceptions, etc 2016 - ES7

, destructuring patterns, etc.
ECMAScript 2021 [ES12) - 879 pages
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Problem: Open Development Process
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Solution: Type Analysis for ECMAScript

X: (String v Boolean v Number v Object v ...)

20.3.2.28 Math.round (x

n: (Number) A ToNumber(x): (Number v Exception)

Math. round(true)
">" | Math.round(false)

. If n< 0.5 and 7 > 0, return +0.

Math. round(true)

. If n<0and n =-0.5, return -0. Math. round(false)

https://github.com/tc39/ecma262/tree/575149cfd//aebcf3al129e165bd89el4caafc3lc
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Overall Structure of JSTAR

JavaScript Specification Type Analyzer using Refinement

'  Type Analyzer ! Bug Detector
: (Section 3) ! (Section 4)
ccmab 1 |
— 1 Analysis : - Reference
ECMAScript : Initializer . Checker
. Initial . Arity
-~ ~ | Abstract State , Checker
JISET : A :
- 2 Abstract , Assertion
: Transfer Func. : Checker
Qo . .
Mechanized , Type Analysis , Operand Specification
Specification . Result . Checker Bugs )
; |

1) Spec. Extraction : 2) Type Analysis . 3) Bug Detection
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Precision 1+ - 1) Type Analysis

String, String Number — Null

Number,
BigInt,

Number Number +0

- BigInt

Type
Sensitivity

ToNumber ( x )

Number,

Exception -
Exception
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Precision 1 - 2) Condition-based Refinement

refine(le,b)(o?) = refine(e, =b)(o?)
< it b
ag Ui if —b

( O'g O'i if b

refine(€0 || 61,b)(0ﬁ)

reflne(eo && €1, )(Uﬁ) — \ Ug Ui o —b
reflne(x Type == Chormal; t)(aﬁ) = of x — Ti normal(T)]
reflne(x Type == Chormal; # f)(aﬁ) = of x — 7‘>ﬁ< {abrupt}]
refine(x == e, #t)(aﬁ) = of X > 7'>ﬁ< Tg]
refine(x == €, #f)(aﬁ) = of x — 7'>ﬁ<\ LTQH
refine(x: 7, #t)(o%) = of[x = % {1}]
reflne(x T, #f)(a ) = (7 x —> Ti \ {’7'/ | T < T}] - !
refine(e, b)(o%) = of ' :
. I
. . - strin :
where O'g = reflne(ej,b)((fﬁ) for j = 0,1, 7% = ﬂeﬂi((fﬁ), ' tem = === 9. __..

and | 7% | returns {7} if 7% denotes a singleton type T, or returns
&, otherwise.
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RQ1) Performance

* 864 versions of ECMAScript
W extract manalyze mdetect (Jan. 1, 2018 to Mar. 9, 2021)

240.0 -
o 4.2GHz Quad-Core Intel Core i7
e 32GB of RAM

+ Average Time :'

- extract:8.0s

- analyze: 128.5
- detect: 0.8 s

1 201 401 601 801
versions
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RQ2) Precision

Checker Bug Kind Pre_qslon = (# True B}lgs) / (# Detected Bugs)
no-retine refine A
, UnknownVar 17/ 31 / -29
Reference DupiicatedVar 62 / 106 63 /78 16747 +1 /-28 17 =1
Arity MissingParam 4/ 4 4/ 4 4/ 4 / /

Assertion Assertion 4/ 56 4/ 31 4/ 31 / -25 / -25
NoNumber 2/ 6 / -59
Operand Abrupt 22 /113 22 [ 44 / -69 10
Total 92 /279 (33.0%) 93 / +1 / -122 (+26.3%)
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RQ3) Effectiveness of Refinement

Z no-refine  mrefine
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RQ4) Detection of New Bugs

 The Latest Version: ECMAScript 2021 (ES12)

Name Feature Checker Created
ES12-1 Switch Reference | 2015-09-22 | 1,996 days
ES12-2 Try Reference | 2015-09-22 | 1,996 days

ES12-3 | Arguments
ES12-4 Array
ES12-5 Async
ES12-6 Class
ES12-7 Branch
ES12-8 | Arguments

Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Operand 2015-12-16 | 1,910 days

DO et | et | e [ DD e [ O WD) F

PLRG{V JSTAR: JavaScript Specification Type Analyzer using Refinement 16 / 16



Problem: Manual Review of ECMAScript Solution: Type Analysis for ECMAScript

20.3.2.28 Math.round E) x: (String v Boolean v Number v Dbject v ...)

1. Lee?Tn\Tumber(;\'). n: (Number) A ToNumber(x): (Number v Exception)
2. If nis an integral Number, return .

3. Mjxr<0.5 and return +0.| ty5e Mismatch for Math.round(true) = 777
i 4. I'in return -0. | numeric operator ">" | Math.round(false) = 777
. |
3. If n< 0.5 and n > 0, return +0. Math.round(true) =1
4. If n< 0 and n = -0.5, return -0. Math.round(false) = @
ECMAScript ECMAScript ECMAScript
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Overall Structure of JSTAR

JavaScript Specification Type Analyzer using Refinement

RQ4) Detection of New Bugs

' Type Analyzer ! Bug Detector * The Latest Version: ECMAScript 2021 (ES12)
© (Sectiond ! (Section 4)
= it N )
[ ECMASeret ] 2 rrazer | | 2l Crecker | Name Feature @ #  Checker Created  Life Span
: v [if] . ES12-1 | Switch [ 3 [ Reference | 2015-09-22 | 1,996 days
l Abst'r;i;agm = Cm L ES12-2 Try 3 | Reference | 2015-09-22 | 1,996 days
JISET ] 1 1 1] ° ES12-3 | Arguments | 1 | Reference | 2015-09-22 1,996 days
: ) | pys— ES12-4 Array 2 | Reference | 2015-09-22 | 1,996 days
l +| (| Transfer Func. | |} -)[ Checker u ESI12-5 Async | Reference 2015-09-22 1.996 days
—] —: ESI26 | Class | | | Reference | 2015-09-22 | 1996 days
Mechanized | | [ Type Anaiysis | i ,[ Operand ,[ Specification J ES12-7 | Branch | 1 | Reference | 2015-09-22 | 1,996 days
Spocloater J feall gy e ), Buge ES12-8 | Arguments | 2 | Operand | 2015-12-16 | 1,910 days
1) Spec. Extraction g 2) Type Analysis E 3) Bug Detection
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