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ApplyStringOrNumericBinaryOperator ( /Val, oplext, rVal)
It performs the following steps when called:

1. IfopTextis +, then
A. Let [Prim be ? ToPrimitive(/Val).
B. Let »Prim be ? ToPrimitive(rVal).
C. If [Prim 1s a String or »Prim 1s a String, then
1. Let [Str be ? ToString(/Prim).
2. Let »Str be ? ToString(rPrim).
3. Return the string-concatenation of /57 and rStr.
D.Set /Val to [Prim.
E.Set rlal to rPrim.
2. NOTE: At this point, it must be a numeric operation.
3. Let /Num be ? ToNumeric(/Val).
4. Let rNum be ? ToNumeric(rVal).
S. ...

es-meta/esmeta

ECMAScript Specification (ECMA-262)
Metalanguage
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https://tc39.es/ecma262/#sec-toprimitive
https://tc39.es/ecma262/#sec-toprimitive
https://tc39.es/ecma262/#sec-ecmascript-language-types-string-type
https://tc39.es/ecma262/#sec-ecmascript-language-types-string-type
https://tc39.es/ecma262/#sec-tostring
https://tc39.es/ecma262/#sec-tostring
https://tc39.es/ecma262/#string-concatenation
https://tc39.es/ecma262/#sec-tonumeric
https://tc39.es/ecma262/#sec-tonumeric
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AdditiveExpression vieid, await]
MultiplicativeExpression»vie1d, 2await]

Syntax AdditiveExpression|zvield, »await] + MultiplicativeExpression »yvieid, 2await]

AdditiveExpression|zvield, »await] — MultiplfativeExpression »yieid, 2await]

Runtime Semantics: Evaluation

AdditiveExpression : AdditiveExpression + MultiplicativeExpression
1. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, +, Multiplicative Expression).



https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
https://tc39.es/ecma262/2024/#sec-evaluatestringornumericbinaryexpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
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https://tc39.es/ecma262/2024/#sec-evaluation
https://tc39.es/ecma262/2024/#sec-getvalue
https://tc39.es/ecma262/2024/#sec-evaluation
https://tc39.es/ecma262/2024/#sec-getvalue
https://tc39.es/ecma262/2024/#sec-applystringornumericbinaryoperator
https://tc39.es/ecma262/2024/#sec-toprimitive
https://tc39.es/ecma262/2024/#sec-toprimitive
https://tc39.es/ecma262/2024/#sec-ecmascript-language-types-string-type
https://tc39.es/ecma262/2024/#sec-ecmascript-language-types-string-type
https://tc39.es/ecma262/2024/#sec-tostring
https://tc39.es/ecma262/2024/#sec-tostring
https://tc39.es/ecma262/2024/#string-concatenation
https://tc39.es/ecma262/2024/#sec-tonumeric
https://tc39.es/ecma262/2024/#sec-tonumeric
https://tc39.es/ecma262/2024/#sec-ecmascript-data-types-and-values
https://tc39.es/ecma262/2024/#sec-ecmascript-data-types-and-values
https://tc39.es/ecma262/2024/#sec-ecmascript-language-types-bigint-type
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
https://tc39.es/ecma262/2024/#sec-evaluatestringornumericbinaryexpression
https://tc39.es/ecma262/2024/#prod-AdditiveExpression
https://tc39.es/ecma262/2024/#prod-MultiplicativeExpression
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- BACK OVER T BACKOUT <REWIND ¥ JSSTEP
<> JavaScript Editor ~ = ECMAScript Specificatiol ~
function add
(left, right) f{ ApplyStringOrNu
left + right; mericBinaryOpera-

}
— tor(lval, opText, rval)

5 add(!@, 1n); 1. 1If

is +, then
a. Let be?
ToPrimitive( ).
b. Let be?
ToPrimitive( ).
c. If is a
String or 15 a

String, then

i. Let be ?
ToString( ).
ii. Let be ?
ToString( )

iii. Return the

string-concate-

nation of

) <> B o C v @
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CNTINUE “+SPEC BACK

v AST STEP ™ 0OVER T ou

leap () Breaks £ Callstack
& Specification Environment
» lval. true
« opText: "+"
« rval:n
(7] JavaScript Environment
» this . undzfined
« left:
Record[MutzbleBinding]

« BoundValue : tr

ue

« mutable : true

e initialized : t

rue

« strict : false
« right:
Record[MutzbleBinding]

« BoundValue : 1n
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‘& ESMeta / Double Debugger Playground

(% JavaScript Editor v

1 function add(l, r) {
2 | =

9 ¢

4 .
5 add(!e, 1n);

AHHIATEHE
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() JavaScript Environment

» this : undefined
» 1:Record[MutableBinding] 44 ~
« BoundValue : true
« mutable : true
e initialized : true
¢ SUIRIHIATR2I E 51 A |
LRI - Recér&[MutableBmgj?qaa |
« BoundValue : 1n
« mutable : true
« ipitialized : true
« strict : false

» arguments : Record[ImmutableBinding]
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var x = 1;

var Context Not Found Disabled. Start debugger to use.
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" <> JavaScript Edito
1 function add(l, r) {
1 + r;

r -

add('e, 1n);

P CONTINUE “NSPEC BACK

' | = ECMAScript Specification v

Context Not Found

B & @8 O o O % B @ @

LR R ]

& ) ® @& o oreany O Eszezs

< BACK OVER T BACK OUT dIREWIND + JS STEP

e Stat B3 Heap (X) Breaks £ Callstack

Disabled. Start debugger to use.
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CONTINUE

SPEC

§ é> (Javﬂ.':‘l'Scrip‘t E_ditbr.v
1 function add(l, r) {
1 + r;

RunjJobs() ©
1. Perform ?
InitializeHostDefinedRealm().
2. Let scriptEvaluation]ob be a new

b

add('e, 1n);

Abstract Closure with no parameters that
captures nothing and performs the fol-
lowing steps when called:

a. Let sourcelext be the source code of

S

c. Perform ? ScriptEvaluation( scripf ).
d. Return undefined.

3. Perform

HostEnqueuePromiseJob( scriptloalia-

tiorilob . the current Realm Record).

i

Q & @& . oreany O Esze24

v JS STEP

; B'rvera.lés. %2 Callstack

E] Specification Environment
No environment variables.
[¢] JavaScript Environment

No environment variables,

o Execution reached the front
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CONTINUE “\SPEC BACH “<SBACK OVER T BACK OUT 4 JS STEP

:. <> JavaScript Editor 1= ECMAScript Specification v & State @ Env &3 Heap © Breaks}‘:‘"’ Callstack

T,
4 : ~

1 function add(1l, r) {
g 2 1+ 23
b

Breakpoints @ USING BREAKPOINTS |
RunjJobs() ©

1. Perform ?
InitializeHostDefined Realm(). Step Name EnableRemove

2. Let scriptEvaluation]ob be a new No breakpoints. Add Breakpoint by clicking on
Abstract Closure with no parameters that steps in spec viewer or by searching name

search by name

add('e, 1n);

captures nothing and performs the fol-

lowing steps when called: ;

a. Let sourcelext be the source code of

S

c. Perform ? ScriptEvaluation( scripf ).
d. Return undefined.

3. Perform

HostEnqueuePromiseJob( scriptloalia-

tiorilob . the current Realm Record).
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Vv ASTSTEP = ~OVER 7T OUT EEI_I-II:-II

<> JavaScript Editor v

1
2

3
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o

function add(1l, r) {
1 + r;

add(!'e, 1n);

= ECMAScript Specification

RunjJobs( #
1. Perform ?
InitializeHostDefined Realm().
2. Let scriptEvaluntion]ob be a new
Abstract Closure with no parameters that
captures nothing and performs the fol-
lowing steps when called:
a. Let sourcelext be the source code of
a script.
b. Let script be ParseScript( sourcelext,
the current Realm Record, empty).
c. Perform ? ScriptEvaluation( script ).
d. Return undefined.
3. Perform
HostEnquenePromiseJob( scriptloalii-

tionloh . the current Realm Record).

< Callstack

Breakpoints () USING BREAKPOINTS

applyg

ApplyStringOrNumericBinaryOper
ator

ValidateAndApplyPropertyDescript

or

PropertyDestructuringAssignmentE

valuation
Assignment ProperlyList : AssignmeniPropertyl is

t o AssignientFroperty
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O quit Vv SPEC STEP ~OVER T OUT{ DD CONTINUE v JS STEP

v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification £ State @ Env Heap g Callstack
1 function add(l, r) { Breakpoints (@ USING BREAKPOINTS
A RunjJobs( ©
3 } iPesass kearch by name
4 InitializeHostDefined Realm(). =iap Name
5 add(!'e, 1n);

2. Let scriptEvaluationJob be a new 1 ApplyStringOrNumericBinaryOper:
Abstract Closure with no parameters that
captures nothing and performs the fol-
lowing steps when called:
a. Let sonrceleat be the source code of
a script.
b. Let script be ParseScript( sourcelext,
the current Realm Record, empty).
c. Perform ? ScriptEvaluation( script ).
d. Return undefined.
3. Perform
HostEnquenePromiseJob( scriptloalii-

tionloh . the current Realm Record).
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O quit ¥ SPEC STEP ~OVER T OUT D> CONTINUE “\SPEC BACK < BACKOVER T BACK OUT << REWIND + JS STEP

v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification v < State @ Env &3 Heap £ Callstack
1 function add(l, r) { Breakpoints @ USING BREAKPOINTS
2 | ApplyStringOrNumericBinaryOper
3 } search by name
ator(lval, opText, rval) #
4 i 1T - ) H Step Name
F ’ e P .
5 add(!@' 1n); . I)‘” X1 lb+,t en

1 ApplyStringOrNumericBinaryOper:

a. Let /prim be ? ToPrimitive( /vl ).
b. Let rprim be ? ToPrimitive( roa/ ).
c. If [prim isaStringor rprin isa
String, then
i. Let Istr be ? ToString( lprim ).
ii. Let rstr be ? ToString( rprim ).
iii. Return the string-concatenation
of Istr and rsfr.
d. Set lval to Iprim .
e. Set roal to rprin .
2. NOTE: At this point, it must be a nu- o Execution stopped at breakpoint

meric (.)peration.
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v ASTSTEP ~OVER T ouT
<> JavaScript Editor v = ECMAScript Specification v

1 function add(1l, r) {

2 | ApplyStringOrNumericBinary

3} ator(lval, opText, rval) ©

) —

- aned wLe
5 add(le, in): 1.1f opText is+, then

a. Let (prim be ? ToRgimidinatls

B &« @8 O <o

EI
b. ]_et _r‘p;'p';-;; be '> "[( Il'H I'A :l E

c. If [prim isaStringor rprin isa

String, then
i. Let Istr be ? ToString( lprim ).
ii. Let rstr be ? ToString( rprim ).
iii. Return the string-concatenation
of Istr and rsfr,

d. Set lval to Iprim .

e. Set roal to rprin .

2. NOTE: At this point, it must be a nu-

meric operati(m.
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Callstack

Stat &3 Heap ® Breaks @

‘ Sp’emflcatlon'EnwroAnment‘ .

lval : true

opﬂext:WP'

;~@JravaScrlpt Enwronment T

L+ this: undefined

1 ; Record[MutableBinding] 44 ~
BoundValue : true
mutable : true
initialized :
strict : false

true

T : Record[MutableBinding] 4a© ~
BoundValue : 1n
mutable : true

initialized : true
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O quit ¥ SPEC STEP | ~ OVER | T OUT DD CONTINUE “\SPEC BACK < BACKOVER 7T BACK OUT << REWIND v JS STEP

v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification
1 function add(lg ‘1_"‘) { E] Specification Environment
2 | e ApplyStringOrNumericBinaryOper
3} » |val:true
- ©
" __ator(val, opText, rval) £ . opText: "+"

®* 1.1f opText is+, then
a. Let (prim be? ToPrimitive( /ol ).

5 add(!@0, 1n); e rval:1n

n e (0] JavaScript Environment
b. Let rprim be ? ToPrimitive( iron/ ). T
Iy 1 : Record[MutableBinding] <4t
"« BoundValue : true

« mutable : true

e« 1nitialized : true

c. If [prom isaString or rprin is a
String, then

i. Let Istr be ? ToString( lprin ).

ii. Let rstr be ? ToString( rprim ).

ili. Return the string-concatenation
« strict : false

of Istr and rsfr,
d. Set lval to Iprim . » 1 :Record[MutableBinding] <«
e. Set roal to rprim . « BoundValue : 1n
2. NOTE: At this point, it must be a nu- « mutable : true
meric operation. e initialized : true
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<> JavaScript Editor v = ECMAScript Specification
1 function add(lg ‘1_"‘) { E] Specification Environment
2 | e ApplyStringOrNumericBinaryOper
3} » |val:true
- ©
" __ ator(val, opText, rval) £ . opText: "+"

® 1.1If opText is +, then
a. Let /prim be ? ToPrimitive( /vl ).

5 add(!@0, 1n); e rval:1n

N (0] JavaScript Environment
b. Let rprim be ? ToPrimitive( iroq/ ). T
Iy 1 : Record[MutableBinding] <4t
"« BoundValue : true

« mutable : true

c. If [prom isaString or rprin is a
String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).

ili. Return the string-concatenation * 1nitialized : true

e strict : false

of Istr and rsfr,
d. Set lval to Iprim . » 1 :Record[MutableBinding] <«
e. Set roal to rprim . « BoundValue : 1n
2. NOTE: At this point, it must be a nu- « mutable : true
meric operation. e initialized : true
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<> JavaScript Editor v = ECMAScript Specification
1 function add(1l, r) {
2 | e ApplyStringOrNumericBinaryOper
3} ator(lval, opText, rval) #
4 —
* - opText 1s
5 add(10, 1n);: 1.Tf opText is +, then

a. Let (prim be? ToPrimitive( [zl ).

b. Let rprim be ? ToPrimitive( 104/ ).

c. If [prom isaString or rprin is a

String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).
ili. Return the string-concatenation
of Istr and rstr,

d. Set lval to Iprim .

e.Set roal to rprim .

2. NOTE: At this point, it must be a nu-

meric opera ton.
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Specification Environment
Iprim : true
Ilval : true

opText : "+"
rval : 1n

JavaScript Environment

this : undefined

1 : Record[MutableBinding] 44"

BoundValue : true
mutable : true
initialized : true
strict : false

Y : Record[MutableBinding] <4

BoundValue : 1n
mutable : true
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<> JavaScript Editor v = ECMAScript Specification
1 function add(1l, r) {
2 | e ApplyStringOrNumericBinaryOper
3} ator(lval, opText, rval) #
4 —
* - opText 1s
5 add(10, 1n);: 1.Tf opText is +, then

a. Let (prim be? ToPrimitive( /ol ).

b. Let rprim be ? ToPrimitive( ron/ ).

c. If [prim isaString or rprim isa

String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).
ili. Return the string-concatenation
of Istr and rstr,

d. Set lval to Iprim .

e.Set roal to rprim .

2. NOTE: At this point, it must be a nu-

meric opera ton.
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D ) & & rReapy

BACK OUT <IREWIND v JS STEP

> Es2024
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@ Specification Environment

Iprim : true
Ival : true
onlext : "+"
rprim : In
rval : 1n

(¢] JavaScript Environment

this : undefined

1 : Record[MutableBinding] 44t -

« BoundValue : true
« mutable : true

« initialized : true
« strict : false

T : Record[MutableBinding] <4-

¢ BoundValue : 1n
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O quit ¥ SPEC STEP | ~ OVER | T OUT DD CONTINUE “\SPEC BACK < BACKOVER 7T BACK OUT << REWIND v JS STEP

v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification
1 function add(lg ‘1_"‘) { E] Specification Environment
2 | ApplyStringOrNumericBinaryOper ,
' »  lprim : true
3} tor(val, opT D & -
: __ ator(lval, opText, rva ) & e |val : true

t

® 1.1f opText is +, then
a. Let (prim be? ToPrimitive( /ol ).

5 add(!e, 1n); o onText:"+"

» rprim:n

b. Let rprim be ? ToPrimitive( iron/ ). e rval:1n

c. If [prom isaString or rprin is a , .
(¢] JavaScript Environment

String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).

"+ this : undefined
» 1:Record[MutableBinding] <4 -

ili. Return the string-concatenation * BoundValue : true

¢« mutable : true

of Istr and rstr,
d. Set lval to Iprim . « initialized : true
e.Set roal to 'j’:”.!-m. « strict : false
2. NOTE: At this point, it must be a nu- * T :Record[MutableBinding] -
meric operation. e BoundValue : 1n
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O quit ¥ SPEC STEP | ~ OVER | T OUT DD CONTINUE “\SPEC BACK < BACKOVER 7T BACK OUT << REWIND v JS STEP

v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification
1 function add(lg ‘1_"‘) { E] Specification Environment
2 | ApplyStringOrNumericBinaryOper ,
' »  lprim : true
3} tor(val, opT D & -
: __ ator(lval, opText, rva ) & e |val : true

t

® 1.1f opText is +, then
a. Let (prim be? ToPrimitive( /ol ).

5 add(!e, 1n); o onText:"+"

» rprim:n

b. Let rprim be ? ToPrimitive( iron/ ). e rval:1n

c. If [prom isaString or rprin is a , .
(¢] JavaScript Environment

String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).

"+ this : undefined
» 1:Record[MutableBinding] <4 -

ili. Return the string-concatenation * BoundValue : true

¢« mutable : true

of Istr and rstr,
d. Set lval to Iprim . « initialized : true
e.Set roal to rprim . « strict : false
2. NOTE: At this point, it must be a nu- * T :Record[MutableBinding] -
meric operation. * BoundValue : 1n
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v AST STEP =~ OVER T ouT

<> JavaScript Editor v = ECMAScript Specification
1 function add(lg ‘1_"‘) { E] Specification Environment
2 | ApplyStringOrNumericBinaryOper ,
' »  lprim : true
3} tor(val, opT D & -
: __ ator(lval, opText, rva ) & e |val : true

t

® 1.1f opText is +, then
a. Let (prim be? ToPrimitive( /ol ).

5 add(!e, 1n); o onText:"+"

» rprim:n

b. Let rprim be ? ToPrimitive( iron/ ). e rval:1n

c. If [prom isaString or rprin is a , .
(¢] JavaScript Environment

String, then
i. Let Istr be ? ToString( lprin ).
ii. Let rstr be ? ToString( rprim ).

"+ this : undefined
» 1:Record[MutableBinding] <4 -

ili. Return the string-concatenation * BoundValue : true

¢« mutable : true

of Istr and rsfr,
d. Set Ival to Ivrim . « initialized : true
e.Set roal to 'j’:”.!-m. « strict : false
2. NOTE: At this point, it must be a nu- T :Record[MutableBinding] 44
meric operation. * BoundValue : 1n
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D> CONTINUE “\SPEC BACK < BACKOVER 7T BACK OUT << REWIND v JS STEP

v AST STEP

<> JavaScript Editor v

OaguliTt

¥ SPEC STEP § ~ OVER § T OUT

~OVER T OUT

1 function add(1l, r) {

[

add(!'e, 1n);

= ECMAScript Specification

ator(val, opText, rval) &

1. If opText is +, then ;
a. Let lprim be ? ToPrimitive( [oal ). .
b. Let rprimi be ? ToPrimitive( rval ). o
c. If Iprim 1s a String or rprim 1s a 5
String, then .

i. Let Istr be ? ToString( Iprim ).
ii. Let rstr be ? ToString( rprin ).
iii. Return the string-concatenation
of Istr and rstr. :
d. Set leal to [prim .
e. Set roal to rprim.
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let Inum be ? ToNumeric( lval ). .

4. Let rinui be ? ToNumeric( roal ).

™~ YT, 7z X, . ™ ! N

<> MW & EC

e

@ = @

S €) ® @& . oresov O Esze24

E

S Stat Heap (X) Breaks £ Callstack

Specification Environment
Iprim : true
Ival : true

onlext : "+"

rprim : In

rval : 1n

(¢] JavaScript Environment

this : undefined

1 : Record[MutableBinding] <4< -
BoundValue : true
mutable : true
initialized : true
strict : false

T : Record[MutableBinding] 44"
BoundValue : 1n
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<> JavaScript Editor v
1 function add(l, r) {

[ S

}

add(!'e, 1n);

¥ SPEC STEP | = OVER
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& ECMAScript Double Debugg: X  +

es-meta.github.io/playground/

T OUT Db CONTINUE “\»SPEC BACK < BACK OVER

hony

T ouT

= ECMAScript Specification v

ator(val, opText, rval) <

® 1.If opText is+, then
a. Let Iprim be ? ToPrimitive( lval ).
b. Let rprim be ? ToPrimitive( roal ).
c. If Iprim 1s a String or rprim i1s a
String, then

i. Let Istr be ? ToString( Iprim ).

i ii. Let rstr be ? ToString( rprin ).
iii. Return the string-concatenation
of Istr and rstr.

d. Set lval to Iprim .
e. Set roal to rprim .

2. NOTE: At this point, it must be a nu-

meric operation.

3. Let lnum be ? ToNumeric( lval ).

4. Let rinvne be ? ToNumeric( roal ).

-~ Y, o™ 7 X-'e . ™ I'4 Ay

& @8 D

O W% B @ 5@
S ) @ @& o oreanv O Eszezs
T BACK OUT = <dREWIND =+ JSSTEP

£ Stat 3 Heap (X) Breaks £ Callstack

=] Specification Environment

3 - o Atp= - -
Yk et AU <is, wealy

Iprim : true |

i ’ "
~ [¢] JavaScript Environment

» this: undefined

» 1:Record[MutableBinding] <4< ~
« BoundValue : true
« mutable : true
« 1initialized :
e strict :

true
false

» 1 :Record[MutableBinding] <a© ~
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<> JavaScript Editor v = ECMAScript Specification v

1 function add(l, r) { b. Let rprimi be ? ToPrimitive( roal ).

2 + 1 e & : i

5 i L ' c. If [prim is a String or rprim isa

" | String, then

: b 2 of B PR
5 add(10, 1n): i. Let /str be ? ToString( (prim ).

ii. Let rstr be ? ToString( rprin ).
iii. Return the string-concatenation
of Isfr and rsir.
i d. Set lval to Iprim .
e. Set rval to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let Jnnm be ? ToNumeric( l2a/ ).
4. Let rrum be ? ToNumeric( roal ).
5. If Type( Inun ) is not Type( riui ),
throw a TypeError exception.
6. If /num is a Biglnt, then

- —— - e ol -

B x 8 2 o

W %

@ < Q
S ) @ @& o oreanv O Eszezs

v JS STEP

L R J

T BACK OUT < REWIND

£ Stat 3 Heap (X) Breaks £ Callstack

=] Specification Environment

(2] JavaScript Environment

» this: undefined

» 1:Record[MutableBinding] 44 ~
« BoundValue :
« mutable :
e initialized :
« strict : false

True
true
true
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v ASTSTEP ~OVER 7T OUT
<> JavaScript Editor v = ECMAScript Specification S Stat Heap ® Breaks @ Callstack
1 function add(1l, r) { b. Let rprim be ? ToPrimitive( roal ). =] Specification Environment
3 L c. If [prim is a String or rprim isa RETURN : Record[Comp
; - String, then @
5 add(10, 1n): i. Let [str be ? ToString( (prim ).

iii. Return the string-concatenation
of Isfr and rstr .

®

d. Set lval to Iprim . i,

e. Set rval to rprim. .

2. NOTE: At this point, it must be a nu- .

meric operation.

Iprim : true

Ival : true
opText : "+"
rnum : 1n
rperim: In
rval : In

[¢] JavaScript Environment

3. Let v be ? ToNumeric( l2a/ ).

~ X @
4. Let rnum be ? ToNumeric( rval ).

5. If Type( [ni1 ) is not Type( riui ),
throw a TypeError exception.
6. If /num is a Biglnt, then

e ola -

« BoundValue :
« mutable :

a anttFriala—zad -

this : undefined

1 : Record[MutableBinding] <4< ~
true

true

+viio
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v AST STEP

<> JavaScript Editor v

~QOVER
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1 function add(l, r) {

2

3
4
5

[ 3§25k

add(!'o,

1n);

LA N J

By 80 o O % B8 @@
D ) & & o oreanv O Eszezs

¥ SPEC STEP ~OVER T OUT D> CONTINUE “\SPEC BACK < BACKOVER T BACK OUT << REWIND Vv JS STEP

ECMAScript Specification v e Stat &3 Heap (x) Breaks £ Callstack
b. Let rprim be ? ToPrimitive( roal ). | Specnflcatlon Enwronment _

c. If [prim is aString or iprim is a
String, then
i. Let [str be ? ToString( (prim ).
ii. Let rstr be ? ToString( rprin ).
iii. Return the string-concatenation

of Istr and rsfr.
d. Set lval to Iprim .

“e Iprim  true
o |val:true
» oplext: "+

e. Set rval to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.

: » rnum:n
3. Let Jnnm be ? ToNumeric( l2a/ ). —
: e rprim:in
4. Let rnum be ? ToNumeric( rval ). P
e rval:1n

5. If Type( [nim ) is not Type( rinvi ),

throw a TypeError exception. (a] JavaScript Environment

6. If /1um is a Biglnt, then » this : undefined
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<> JavaScript Editor ~ = ECMAScript Specificatiol v leap @Breaks g Callstack
function add & Specification Environment
(left, right) f{ ApplyStringOrNu oot tia
left + right; . Ri . :
; mericBinaryOpera- opText : "+"
. — tor(lval, opText, rval) e rval:in
5 add(!0, 1n); 1. 1f is +, then (%) JavaScript Environment
> > ?
a. Let be » this . undafined
) 4 e
ToPrimitive( | left
b. Let be? 5 By
Le S— Record[MutzbleBinding]
ToPrimitive( )
5 X ]f | a 3
= ¥ « BoundValue : tr
String or noisa

ue

String, then -
« mutable : true

i. Let be ? e
ToString( ), « 1nitialized : t
ii, Let be ? e -
ToString(.rprim ) e strict : false
« right: JS
P Record[MutzbleBindin —
iii. Return the [ 9] iEJE:I..I

string-concate-
« BoundValue : 1n

nation of
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Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + Multiplicative Expression
1. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, +, MultiplicativeExpression).

EvaluateStringOrNumericBinaryExpression ( leftOperand, opText, rightOperand )
Let [ref be ? Evaluation of leftOperand.
Let [val be 7 GetValue(lref).

Let rval be [? GetValue(rref).

1

2.

3. Letrref be ? Evaluation of rightOperand.

4

5. Return ? ApplyStringOrNumericBinaryOperator(/val, opText, rval).

ApplyStringOrNumeSharyOperator ( Ival, opText, rval )

1. IfopTextis +,th
NG etez?;;q N N I%Opri [[Type]]ol normalO] O™ return, normalO|™ [[Value]] %} At

B .Let rprim be ? ToPrimitive(rval).
C.If [prim 1s a String or rprim 1s a String, then

1.Let Istr be ? ToString(lprim).

2. Let rstr be ? ToString(rprim).

3. Return the string-concatenation of /str and rstr.
D.Set [val to [prim.
E.Set rval to rprim.
NOTE: At this point, it must be a { IMMypell : throw , [[Value]] : ...,
Let [num be ? ToNumeric(/val).
Let rnum be ? ToNumeric(rval).
It Type(lnum) 1s not Type(rnum), throw a TypeError exception.
If [num 1s a Bigint, then

syntactic sugar of:

A
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ApplyStringOrNumericBinaryOperator ( Ival, oplg 1+ 1

1. IfopTextis +, 4

B .Let rprim be ? —— 1 + ({ [Symbol.toPrimitive] : 0 })
C.If Iprim 1s a String or rprim 1s a String, then

1.Let Istr be ? ToString(lprim).

2. Let rstr be ? ToString(rprim).

3. Return the string-concatenatygs#
D.Set lval to lprim. 0 *x { [Symbol.toPrimitivel : @ }
E.Set rval to rprim.
NOTE: At this pQj be a numeric operation. 28 == ly
Let [num be ? T #Mmeric(lval).
Let rnum be ? TONumeric(rval).
It Type(lnum) 1s not Type(rnum), throw a TypeKError exception.
If [num 1s a Bigint, then

({ [Symbol.toPrimitive] : 0 }) + 1

{ [Symbol.toPrimitive] : 0 } x @

A
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<> JavaScript Editor ~ = ECMAScript Specificatiol v leap ® Breaks @ Callstack

function add & Specification Environment

(left, right) { ApplyStringOrNu et trie
left + right; : Ri _ :
: mericBinaryOpera- opText : "+"
— tor(lval, opText, rval) ¢ e rval:in
5 add(!0, 1n); 1 1f is +, then () JavaScript Environment
> > ?
a. Let be 1 » this . undafined
ToPrimitive( | left :
» > ‘, . .
bl' Let be ? Record[MutzbleBinding]
ToPrimitive( ).
X wthe « BoundValue : tr
String or 1sa
, ue
String, then .
‘ « mutable true
i. Let be ? I
e , « 1nitialized : t
ToString( ).
ii. Let be ? 2o - Fal
A strict ailse
ToString( ) ’ -
« right:

Record[MutzbleBinding]

iil. Return the

string-concate-
« BoundValue : 1n
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- ESMeta COMA Visualser

— 5.3
ApplyStringOrNumericBinary
Operator ( lval, opText, rval)

The abstract operation
ApolyStringOrNumericBinaryOperator
takes arguments /val (an ECMAScript
language value), opText (kx, %, [, %, 4, =,
<<, 5>, 53>, &, M, or ), and rval (an
ECMAScript language value) and returns

O Sttt by prassing & production with Option
(AN « Lett Cick

either a normal completion containing
either a String, a BigInt, or a Number, or
a throw completion. It performs the

O Stwt by peassing & production with Opton
(Alt) + Lol Cick

following steps when called:

1. If opText is +, then
a. Let lprim be ? ToPrimitive(lval).
b. Let rprim de ? ToPrimitive(rval).
c. If lprim is a String or rprimis a
String, then
0S8t by peyesing & function ok with Lef

i. Let Istr be e

? ToString(Iprim).
il. Let rsir be
? ToString(rprim).
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> 13.11 Equality Operators
> 13.12 Binary Bitwise Operators
» 13.13 Binary Logical Operators
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v 13.15 Assignment Operators
13.15.1 SS: Early Errors
13.15.2 RS: Evaluation
13.15.3 ApplyStringOrNumer...
13.15.4 EvaluateStringOrNum...
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13.15.3 ApplyStringOrNuz

> maryOperator ( Ival,
opText, rval)

a
The abstract operation ApplyStringOrNux. ' Operator takes
arguments {val (an ECMAScript language valu%t (%ek, %, [ 9% +, = <<,
>>,»>>, & N or |), and rval (an ECMAScript language value) and returns
either a normal completion containing either a String, a Bigint, or a Number,
or a throw completion. It performs the following steps when called:

1. If opText is +, then

a. Let lprim be ? ToPrimitive(lval).

b. Let rprim be ? ToPrimitive(rval).

c. If Iprim is a String or rprim is a String, then

i. Let Istr be ? ToString(lprim).
ii. Let rstr be ? ToString(rprim).
iii. Return the string-concatenation of Istr and rstr.

d. Set lval to lprim.

e. Set rval to rprim.
2. NOTE: At this point, it must be a numeric operation.
3. Let [num be ? ToNumeric(lval).
4_1.et rnum be ? ToNumeric(rval).
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— 5.3 ApplyStringOrNumericBinaryOperator ( lval,
vp2cXt, rval) & ESMeta ECMA Visualizer O
The abstract operation ApplyStringOrNumericBinaryOperator takes <> Program
arguments lval (an ECMAScript language value), opText (¥, %, [, %, +, =, <<,
>>, »>>, & M, or |), and rval (an ECMAScript language value) and returns . Sta%t';}',t* ;Ingl |! E T2~ HEGI;Iption
either a normal completion containing either a String, a Biglnt, or a (Alt) + Left Click

Number, or a throw completion. It performs the following steps when
called:

1. If opText is +, then
a. Let lprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If Iprim is a String or rprim is a String, then
i. Let Istr be ? ToString(lprim).
ii. Let rstr be ? ToString(rprim).
iii. Return the string-concatenation of Istr and rsir.

£ CallStack

d. Set lval to lp rim. () Start by pressing a function link with Left
e. Set rval to rprim. Click

2. NOTE: At this point, it must be a numeric operation.

ot Inum he ? TaNumeri [




® @ == ECMAScript® 2024 Languag: X =+ "

&€ - C % tc39.esfecma262/2024/multipagefecmascript-lan... &g ¥ @ 3 0 > W % @ = @

&) ECMA Visualizer W 3¢

— 5.3 ApplyStringOrNumericBinaryOperator ( lval,
vp2eXt, rval)

&) ESMeta ECMA Visualizer O

The abstract operation ApplyStringOrNumericBinaryOperator takes _ || “>Frogeam Run on Double Debugger [>
arguments Ival (an ECMAScript language value), opText (** *, LS - 1 14+1;

>>, >>>, & M, or |), and rval (an hCMAScnpt langugge=wdle)
either a normal completion containing eithe “St’rmg, a Bigint, or a
Number, or a throw completion. It 'o' orms the following steps when

called:

s

, A Test262 (i) 8660 found Download All (&
1. If opText is +, then built-ins/Array/S15.4_A1.1_T10.js Y
a. Let Zpr im be 2 ‘;ﬁve(lval) : built-ins/Array/from/calling-from-valid-1-onlyStrict.] &
b. Let mrim be ? ﬁtive(rval)' built-ins/Array/from/calling-from-valid-2.js &
c.lf lprimisa Sti " g "im is a String, then

built-ins/Array/from/elements-added-after.js &
i. Let Isir be ? ToS.

| =1
ii. Let rstr be‘?ToStrmg Optlon (alt) T =

iii. Return the string-concatenation of Istr and rsir.
d. Set lval to Iprim. () Start by pressing a function link with Left
e. Set rval to rprim. Click
2. NOTE: At this point, it must be a numeric operation.
3. let Inumbe ? TaNumeric(lval.

£ CallStack
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‘a normal completion containing either a String, a Bigint, or a
= Jer, or a throw completion. It performs the following steps when
called:

1. If opText is +, then
a. Let Iprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If Iprim is a String or rprim is a String, then
i. Let Istr be ? ToString(Iprim).
ii. Let rstr be ? ToString(rprim).
iii. Return the string-concatenafef
d. Set lval to Iprim. > "
e.Setrvaltorprim.
2. NOTE: At this point, j#ft ust be a numeric operation.
3. LetInumbe ? ineric(lval).
4. Let rnum be ? ToN umeric(rval).
5. If Type(lnum) is not Type(rnum), throw a TypeError exception.
6. If lnum is a Bigint, then
a. If opText is *%, return ? Bigint::exponentiate(lnum, rmum).
b. If opText is /, return ? Bigint::divide(lnum, rnum).
c. If opText is 9%, return ? BigInt::remainder(lnum, rnum).

= ECMA Visualizer ; RS
‘&) ESMeta ECMA Visualizer O
<> Program Run on Double Debugger >

v L @ { [ Symbol . toPrimitive ] : 0 } ;

A Test262 O 43 found Download All (2
language/expressionsfaddition/bigint-errors.js &
language/expressionsfaddition/coerce-symbol-to-p &
language/expressionsfaddition/order-of-evaluation.] &

language/expressions/bitwise-and/S11.10.1_A2.2_T1 4

t 4

£ CallStack

() Start by pressing a function link with Left
Click
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‘anormal completion containing either a String, a Bigint, or a

= Jer, or a throw completion. It performs the following steps when
called: . ESMeta ECMA Visualizer )

£ ECMA Visualizer ¥ X

- . <> Program Run on Double Debugger >
1. If opText is +, then

a. Let Iprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If Iprim is a String or rprim is a String, then
i. Let Istr be ? ToString(Iprim).
ii. Let rstr be ? ToString(rprim).
i1i. Return the string-concatenation of Isir and rsir.
d. Set lval to Iprim.
e. Set rval to rprim.
2. NOTE: At this point, it must be a numeric operation.
3. Let Inum be ? ToNumeric(lval).
4, Let rnum be ? ToNumeric(rval). .
5. If Type(lnum) is not Type(rnum), throw a TypeError exception.
6. If lnum is a Bigint, then _ o
a. If opText is *%, return ? Bigint::exponentiate(lnum, rmum). g;t:rt Py pressing p function Ine Wit keft
b. If opText is /, return ? Bigint::divide(lnum, rnum).
c. If opText is 9%, return ? BigInt::remainder(lnum, rnum).

1 1+ 0n ;

A Test262 ) .12 found Download All &
language/expressionsfaddition/bigint-and-number.j: &,
language/expressions/bitwise-and/bigint-and-numkt &
languagefexpressions/bitwise-or/bigint-and-numbe &
language/expressions/bitwise-xar/bigint-and-numb: &,

il

£ CallStack
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‘anormal completion containing either a String, a Bigint, or a

= Jer, or a throw completion. It performs the following steps when
called:

& ECMA Visualizer W ¥

2| ESMeta ECMA Visualizer O

<> Program Run on Double Debugger >

1. If opText is +, then
a. Let [prim be ? ToPrimitive(val). boreons o XiIH(Resume)
b. Let rprim be ? ToPrimitive(rval).
c. If Iprim is a String or rprim is a String, then
i. Let Istr be ? ToString(lprim).
il Let rstr be ? ToString(rprim). & Test262 @3312 found Download All (&
i1i. Return the string-concatenation of Isir and rsir.
d. Set lval to Iprim.
e. Set rval to rprim.

language/expressionsfaddition/bigint-and-number.j: &,
language/expressions/bitwise-and/bigint-and-numkt &

sy ; : | ions/bitwise-or/bigint-and-numbe &
2. NOTE: At this point, it must be a numeric operation. anguage/expressions/bitwise-orbigint-and:-numbe

3. Let Inum be ? ToNumeric(val). Ianguage/expressions/bitm.;.i.se-xor/bigint-and-numb- &
4, Let rnum be ? ToNumeric(rval). £ CallStack
5. If Type(lnum) is not Type(rnum), throw a TypeError exception.
6. If Inum is a Bigint, then _ S
a. If opText is *%, return ? Bigint::exponentiate(lnum, rmum). g:::rt Py Riessing a iunction 1IN Lokt
b. If opText is /, return ? Bigint::divide(lnum, rnum).
c. If opText is 9%, return ? BigInt::remainder(lnum, rnum).
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& = @ % es-meta.github.io/playground/?prog=1+%2B+0n+%3B&i.. B ¥ 2 <> W & [E @ = ‘ :
& ESMeta / Double Debugger Playground S Q) & & o oreanv O Eszezs
:DRUN CIQUIT V SPEC STEP = OVER T OUT PP CONTINUE = SPEC BACK S BACKOVER T BACK OUT <REWIND

¥ AST STE ~0OVER T O0OU
| <> JavaScript Editor v = ECMAScript Specification v @Stat &3 Heap ®Breaks @ Callstack
11+ @n - | |
Context Not Found Disabled. Start debugger to use.
i i
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c °5 es-meta.github.io/playground/?prog=1+%2B+0n+%3B&i.. Bf ¥

<> W YR E @ = @

LA N J

& ESMeta / Double Debugger Playground N O B & o oresov O Eszezs

OaQuiT + SPEC STEP ~OVER T OUT DD CONTINUE “\SPEC BACK < BACKOVER T BACK OUT < REWIND

1 JS STEP

v ASTSTEP | ~~0OVER 1T OUT
<> JavaScript Editor v = ECMAScript Specification S Stat &3 Heap ® Breaks @ Callstack
1 SSEEEOl | b. Let rprim be ? ToPrimitive( roal ). E] Specification Environment
c. If [prim is a String or rprim isa e Inum:1
String, then e Iprim:1
i. Let /str be ? ToString( (prim ). e |val:1
ii. Let rstr be ? ToString( rprint ). . opText: "+"

iii. Return the string-concatenation , rpum: 0On

'qf-' g R
of Istr and rstr. e rprim: on

d. Set lval to Iprim . 5
= e e rval:On

e. Set rval to rprim.
2. NOTE: At this point, it must be a nu-

(<] JavaScript Environment

» AggregateError:

meric operation. |

3, Let Inum be? ToNumeric(ival ). Record[PropertyDescriptor] - ~

4. Let rnum be ? ToNumeric( roal ). +« Value : Record[BuiltinFunctionObject]
| 5. If Type( Inua ) is not Type( rinui ), .
| throw a TypeError exception. « Writable : true

6. If /num is a Biglnt, then  Enumerable : false

e ol > N e L L = i
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% s-mataghhubioiplygound B |

& ESMeta ) Double Debigger Playground

B G v @
O# v ©O

CJQUIT v SPEC STEP ~OVER T OUT > CCNTINUE “ SPEC BACK
< BACK OVER T BACK OUT <REWIND v JS STEP v AST STEP > 0OVER ™ oul
<> JavaScript Editor ~ = ECMAScript Specificatiol v leap @ Breaks 8 Callstack

function add
(left, right) {

left + right;
}

ApplyStringOrNu
mericBinaryOpera-
— tor(lval, opText, rval)
5 add(!0, 1n); 1. 1If

is +, then
a. Let be?
ToPrimitive( ).
b. Let be?
ToPrimitive( ).
c. If is a
String or nisa

String, then

i. Let be ?
ToString(

ii. Let be ?
ToString(

iil. Return the

string-concate-

nation of

& Specification Environment
Ilval . true
opText : "+"

« rval:in

(7] JavaScript Environment

» this . undzafined
o left:
Record[MutzbleBinding]

« BoundValue : tr
ue

« mutable true
« initialized : t
rue

e strict false

« right:
Record[MutzbleBinding]

« BoundValue : 1n
s o . e

JS

i)

HA|
(ECMA-262)

€

X 7H

(Resume)

HAE

oz
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— 5.3
ApplyStringOrNumericBinary
Operator ( lval, opText, rval)

The abstract operation
ApolyStringOrNumericBinaryOperator
takes arguments /val (an ECMAScript
language value), opText (k% %, [, %, +, =,
€<, 3>, 55>, & N or ), and rval (an
ECMAScript language value) and returns
either a normal completion containing
either a String, a BigInt, or a Number, or
a throw completion. It performs the
following steps when called:

1. If opText is +, then
a. Let lprim be ? ToPrimitive(lval).

b. Let rprim be ? ToPrimitiveirval).

c. If lprim is a String or rprimis a
String, then
1. Let Istr be
? ToString(lprim).
il. Let rsir be
? ToString(rprim).

OB o8 a@ =@

¥ ECMA Visusiter

- ESMeta COMA Visualkzer

0S4t by peassing a production with Opton
(A1) + Left Cick

() St by peossing @ production with Option
(Alt) + Lol Cick

0 Start by perssing & function nk with Left
Cick




JavaScript HAM|0ll Occurrence Typing X &35}7|

2I1Z7 HEX|E

2025. 08. 21 @ SIGPL 0{Sstul 2025




JavaScript 7|Alsl BM|(ECMA-262)2] EY

JavaScript EIQ2 Tt 855




JavaScript 7|Alsl BM|(ECMA-262)2] EY

rlo
L
o
Op

JavaScript EI

ECMAScript language value (ESValue)
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Undefined, Null, Boolean, String,
Symbol, Number, BigInt, Object

JavaScript Et2 tt 85 F

ECMASCcript language value (ESValue)
Ll MM = O B2 EIE ARS

LS L.

7.2.2 IsArray ( argument )

The abstract operation IsArray takes argument argument (an ECMAScript language value) and
returns either a normal completion containing a Boolean or a throw completion.

1. If argument 1s not an Object, return false.

2. If argument 1s an Array exotic object, return true.

3. If argument 1s a Proxy exotic object, then
a. Perform ? ValidateNonRevokedProxy(argument).
b. Let proxyTlarget be argument.[[ProxyTarget]].
c. Return ? IsArray(proxylarget).

4. Return false.
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ECMASCcript language value (ESValue)
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LS L.

7.2.2 IsArray ( argument )

The abstract operation IsArray takes argument argument (an ECMAScript language value) and
returns either a normal completion containing a Boolean or a throw completion.

1. If argument 1s not an Object, return false.

2. If argument 1s an Array exotic object, return true.

3. If argument 1s a Proxy exotic object, then
a. Perform ? ValidateNonRevokedProxy(argument).
b. Let proxyTlarget be argument.[[ProxyTarget]].
c. Return ? IsArray(proxylarget).

4. Return false.
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7.2.2 IsArray ( argument ) m
Normal[Boolean]

The abstract operation IsAgey takes argument argument (an ECMAScript language value) and

returns either a normal completion containing a Boolean or a throw completion.

1. If argument 1s not an Object, return false.

2. If argument 1s an Array exotic object, return true.

3. If argument 1s a Proxy exotic object, then
a. Perform ? ValidateNonRevokedProxy(argument).
b. Let proxyTlarget be argument.[[ProxyTarget]].
c. Return ? IsArray(proxylarget).

4. Return false.
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7.2.2 IsArray ( argument ) m
Normal[Boolean]

The abstract operation IsAgey takes argument argument (an ECMAScript language value) and
returns either a normal completioolean or a throw completion.
1. If argument Is not an Object,. etul.‘n false. ArrayExoticObject
2. If argument 1s an Array exotic object, TETUT M ==
3. If argument 1s a Proxy exotic object, {hen : :

a. Pertorm ? ValidateNonRevokedProxy(an ProxyExoticObject

b. Let proxyTlarget be argument.[[ProxyTarget]].

c. Return ? IsArray(proxylarget).
4. Return false.



ECMA-2622| E}Q! 2 M

20.2.1.1 Function ( ...parameterArgs, bodyArg )

The last argument (1f any) specifies the body (executable code) of a function; any preceding arguments specity formal parameters.
This function performs the following steps when called:

1. Let C be the active function object.
2. If bodyArg 1s not present, set bodyArg to the empty String.
3. Return ? CreateDynamicFunction(C, NewTarget, NORMAL, parameterArgs, bodyArg).

20.2.1.1.1 CreateDynamicFunction ( constructor, newlarget, kind, parameterArgs, bodyArg )

The abstract operation CreateDynamicFunction takes arguments constructor (a constructor), newlarget (a constructor), kind

(NORMAL, GENERATOR, ASYNC, or ASYNC-GENERATOR), parameterArgs (a List of ECMAScript language values), and bodyArg
(an ECMAScript language value) and returns either a normal completion containing an ECMAScript function object or a throw completion.
constructor 1s the constructor function that 1s performing this action. new7arget 1s the constructor that new was initially applied to.
parameterArgs and bodyArg reflect the argument values that were passed to constructor. It performs the following steps when called:


https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-list-and-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-ecmascript-language-types
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-ecmascript-language-types
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#function-object
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

3. Return ? CreateDynamicFunction(C, NewTarget, NORMAL, parameterArgs, bodyArg).

20.2.1.1.1 CreateDynamicFunction ( newTarget, ¢ YArg )

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor),


https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-list-and-record-specification-type
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https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#function-object
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined

3. Return ? CreateDynamicFunction(C, NewTarget, NORMAL, parameterArgs, bodyArg).

20.2.1.1.1 CreateDynamicFunction ( newTarget, ¢ YArg )

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor),


https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
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https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-ecmascript-language-types
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-ecmascript-language-types
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#function-object
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor

ECMA-2622| E}Q! 2 M

20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined

3. Return ? CreateDynamicFunction(C, NewTarget, NORMAL, parameterArgs, bodyArg).

20.2.1.1.1 CreateDynamicFunction ( newTarget, Requires: Constructor

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor),


https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-list-and-record-specification-type
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https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#sec-completion-record-specification-type
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor
https://tc39.es/ecma262/2024/multipage/ecmascript-data-types-and-values.html#constructor

ECMA-2622| E}Q! 2 M

20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined

3. Return ? CreateDynamicFunction(C, NewTarget, NORMAL, parameterArgs, bodyArg).

20.2.1.1.1 CreateDynamicFunction ( newTarget, Requires: Constructor

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor),
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined
0 . .
3. Return ? CreateDynamicFunction(C, NewTarget, NORM Type mismatch DdyArg).

20.2.1.1.1 CreateDynamicFunction ( newlarget, Requires: Constructor

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor),
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined
(7
3. Return ? CreateDynamicFunction(C, NeWTarget NORM Type mismatch DdyArg).

20.2.1.1.1 CreateDynamicFunction ( newTarget, Requires: Constructor

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor

newlarget (a constructor or undefined)

Fixed in PR #3380 (2024.07.25)
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined
3. Return ? CreateDynamicFunction(C, NeWTarget NORM Typechecks DdyArg).

20.2.1.1.1 CreateDynamicFunction ( newlarget, Requires: Constructor | Undefined

The abstract operation CreateDynamicFunction takes arguments newlarget (a constructor

newlarget (a constructor or undefined)

Fixed in PR #3380 (2024.07.25)
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20.2.1.1 Function ( ...parameterArgs, bodyArg )

Constructor | Undefined
3. Return ? CreateDynamicFunction(C, NeWTarget NORM Typechecks DdyArg).

20.2.1.1.1 CreateDynamicFunction (

The abstract operation CreateDynamicFunction takes arguments

{ EIY = *7\ ESMeta7f

Az 8¢ _pana S B P P B G S A RO LT T T O
- . " . _ - \ » P _ |

-

secma 262 of CI/CDO| He

_forala

v‘ ‘

newlarget, Requires: Constructor | Undefined

newlarget (a constructor

newlarget (a constructor or undefined)

Fixed in PR #3380 (2024.07.25)
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Ete] 24{2| Z2lE: Occurrence Typing

argument. ECMAScript Language Values

Refine EE&= Narrowing
7.2.2 IsArray ( argument )

2. It argument 1s an Array exotic bject, return true.

argument:. Object \ Array exotic object ‘

3. It argument 1s a Proxy exotic ’ ject, then

argument. Proxy exotic object ‘

a. Perform ? ValidateNonRevokedProxy(argument).

Z2 M2t 2|X|(Occurrence)dll i2tA EFRIO| CHE




HIEH E.
od=

7|1Z2| Occurrence Typing

* Syntax-based refinement (JSTAR, TypeScript)
X422 expressionft H11, 017|0| S&SH= HAOE ARHO]| Ho|El FE] 7|HIOZ refinet

ex) if (typeof x == "Object") { ... // x: Object }

* Proposition-based Typing (Typed Racket, Typed Clojure)
Typell| F7IE 2= 'Zf0| &0|M dEot= BH|'2 '240]| HAO0|H dEst= BH|'E E0{A 42}

ex) Boolean { True => x: Object | False => x: number }

1 2|0k Type variable 7|8t (Flow), Set-theoretic type S2| CtFSH EFQ) A|AHI =3y



J1E 712 IHE A8 & US?

JavaScript YME &H EA5

1. Refinement?| Z2Z1E S 2 AN Mu}st 2~ QI0{0f 5} 1
O

7] fIsi A=,

2. True2f False =0t OfL|2} YYIX QI EFQI0]| CHEl proposition

3. MutationO]| ¢!

IH2IE E|A8HO| PrecisionS H 25l Of siC}.

Cl

—



J1E 7lgs M= A

oto

JavaScript HM|IE & 2M5}7| QIsiM =,

ﬂJ\O

1. Refinemente| =71

2. TrueZl False &2t OfL|2} "t ol EfRI0]| CHSt proposition= & + U2
=

3. MutationO| Q/UEHZtE E|ASH| Precisions H &5l OF SHCY

(1) U =2AM ®m | (2) Lut=ol Efel X|2l | (3) Mutation X|&

Typed Racket O X

Flow X X O

Set-Theoretic Type O O X




JavaScript HM|IE & 2M5}7| QIsiM =,

1. Refinement?| Z2Z1E S 2 AN Mu}st 2~ QI0{0f 5} 1
2. TrueZl False &2t OfL|2} "t ol EfRI0]| CHSt proposition= & + U2

3. MutationO| Q/EH2tE z[Aot2| Precision=S EZAt6HOF ST}

(1) U =2AM ®m | (2) Lut=ol Efel X|2l | (3) Mutation X|&

Typed Racket O X

Flow X X O

Set-Theoretic Type O O X




Our solution: "Type Guard"

e 7|Z9| Ef2! A|AEIZ Abstract Interpetation 22 52

« 7|Z9°| Propositions Z0| &= EIR 21X E SX|otx|, C=21}F 20| formalizationgt

e (a) Proposition2 True/False®3t0| OtL|2} X|gt Q10| B2 £ A7

21 A
S22 T RS

o

e (b) MutationO| -t A0]| =, &8 £ = HH= F|C|

Y = Any { Object => x: BigInt, Object[prop: Number] => y: Bool }

Object2lH x7t BigIntS EX&&E £ 1,

Object™A Number EIYQ! "prop" = 7HX[11 QICHH FIIE y7F Boo L2 HE 7t



How Typed Racket works?

function isNumber(x: Number | String) {
if(x is Number) return true;
else return false:

}

let check = isNumber(x):
if(check) {

// X: Number
+



How Typed Racket works?

function isNumber(x: Number | String) {
if(x is Number) return true; VJES

else return false; Number | String =>
SR

let check = isNumber(x):

if(check) { True/False A =7}
// X: Number

}

Typed Racket

Number | String =>
Boolean { True => x: Number | False => x: String }

- Typed RacketO|Al= 0]0] (1) Z2E2AMQ| MIE & X2|5t US



== Ak (2) 2821 EFRi0]l| CHet Proposition
» Typed Racket2 Ct=21t &2 =X|&E0| &

function isNumber(x: Number | String) {
if(x is Number) return {value: true}:
else return {value: false}:

}

True/False?} O}l

let check = isNumber(x):
if(check.value) {
// X: Number

}




ofl d: (2) YuXQl Ef0| CHel Proposition

o O}O|C|0f: At Melot &ele| Ef &ietof| CHSHA] proposition= 71 = UEZE 517

function isNumber(x: Number | String) {
if(x is Number) return {value: true}:
else return {value: false}:

I3
Demanded Type: { value: True }, { value: False }
let check = isNumber(x):;
if(check.value) { isNumber “
: N .
\ // x: Number Number | String => { value: Boolean } {

{ value: True } => x: Number |
{ value: False } => x: String

}



ofl d: (2) YuXQl Ef0| CHel Proposition

o O}O|C|0f: At Melot &ele| Ef &ietof| CHSHA] proposition= 71 = UEZE 517

function isNumber(x: Number | String) {
if(x is Number) return {value: true}:
else return {value: false}:

}

{ value: Boolean } {
{ value: True } => x: Number |
{ value: False } => x: String

let check g isNumber(x):
if(check.value) { check

// X+ Number
+

}

Boolean {

check.value True => x: Number |

False => x: String

}



Lt 2H: (3) Mutation

 SHH, Typed RacketOl| M.

Boolean {
let doJob = isNumber(): True => x: Number |
if (dJOb) { False => _
2 s
doJob = false;
1 Mutation

Invalidate

doJob = isNumber():
if (dJOb) {

/ .
b ST

- 1=

Boolean

Syntax 7|8 AMM EAMo=z
2t 0|ES 7I%l HEE

D invalidate




5iZ: (3) Mutation

e On-the-fly2 MEIHOZ Type GuardE fstA|7]7]

: Boolean { true => y: String }
X = "abc"
// X: String

Variable Invalidating

function foo(x) {
X.T = "abc";

}

function main() {
// x: { f: Number | Boolean } { { f: Number } => y: String }
foo(x)
// X: {1 f: Number | Boolean | String +}

} Field-based Invalidating



Evaluation: Precision

ES2024FE X|S7HX]...



Evaluation: Precision
ES2024 5 E X[Z27}HX]...

70%
60%

R 50%
40%
30%
20%
10%
0%

)

%0

precision

1 21 41 61 81 101121141161

version



Evaluation: Precision
ES2024 5 E X[Z27}HX]...

70%
60% e -] | |

OURS - 53.1%

1 21 41 61 81 101121141161
Syntax - 11.2%

version



Evaluation: Precision

ES2024FE X|S7HX]...

70% | °c°c°° Syn — - = NoMut 80 mTP FP
60% o Fuu ) 50
=
@ 40
-
OURS - 53.1% . 20

/
1 21 41 61 81 101 121 141 161
version

1 21 41 61 81 101121141161
Syntax - 11.2%

version



Evaluation: Precision
ES2024 5 & X[Z7}HX]...

70% | ccccee Syn = . = NoOMut 80 o D
_ 60% oo —— & oo
X 50% ' =

o 40 e
S pronmemsasmaon e
: © ]
OURS - 53.1% 20 ;.
: PR |

1 21 41 61 81 101 121 141 161

version

1 21 41 61 81 101 121 141 161

Syntax - 11.2%

version



Evaluation: Precision

ES2024FE X|S7HX]...

70% | ccccee Syn = . = NoOMut 80 o D
X 50% ' =
o 40 e
c RGO e
: 2 1
OURS - 53.1% 20 ;.
: PR |

1 21 41 61 81 101 121 141 161
version

1 21 41 61 81 101 121 141 161 True Alarm 3471 & 2571 H|&

version

Syntax - 11.2%



[ASE’25] Debun: Detecting Bundled JavaScript Libraries on Web using Property-Order Graphs
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BAO|E XHHIATHE 2(0|Heje| FSE

—

e snyk | SECURITY

SI‘I)'k | SECURITY

Snyk Vulnerability Database ' npm /4 |odash Snyk Vulnerability Database / npm /| angular

Prototype Pollution Arbitrary Code Execution

. i | k ' .4.0-beta.
Affecting lodash packag vVersions <4.17.17 Atfecting angular package,§ VEISIONS  <1.4.0-beta.6

@ Sl‘lyk \ SECURITY

Snyk Vulnerability Database ' npm vue

Regular Expression Denial of Service
(ReDoS)

Affecting vue package, ] VErsions <2.5.14

7VYPLRG SIGPL 2025 0123} - QX3 RHIAIZIE Qo] AEA| &e 74
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1 A4 - 58 EH2 = TEIZ0| ZAlSH |

e LDC (Library Detector for Chrome)
_ 2502 x5t M TjEH O HEIYA0| At

_ 2lo|=a{a| EtX|

typeof §(_ = window. )]

number

length

e PTDetector (ASE’23)

- S8 8= Ec| JEZ A}

string
VERSION

O

function

chain

’VPLRG

(function () {
function lodash (value) {
return new LodashWrapper (value);

}

kLodash.chain =

var result=»lodash(Value);

O 0 J o0 O & W N -

result. wrapped = value;

p—
O

return result;

}
lodash.differenceBy = ...

==
w N

- 1 ;
e e e e B Lo oo v
- _ = 5 X

e
(2 Y~
b
O 3
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S .
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1 < ¥
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{window.

AN TIRE
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L odash v4.17.21
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HZE[0] U= DS &80t RAX| = Ol+

o
function remove(array, predicate) { = =
var result =_1[1]; Yo P HHiJ—l'A-IO'”A-l ?’—;F—I—-II b g'u_l'gE OI_OH H%H‘EEE ﬂxlgjl-

f (!(arrayi&& array.length)) {
return result;

-1,
[],

length = array. length;
bredicate tgetliterat function f(e,r){var t=[1;if(!€]|[!e.length)
while: (++ind€X < Teni
var value = array[lndex]; i return t;var {¥-1,u=I[],a=e. length;
ifi (predicate(value, index, array)) { o )
result.push(value); ‘for(r#anir,3);++n<a;){var h=elnl];
indexes.push(index);
1 r(h,n,e}&& t.push(h),u.push(n))}
u(dSeEullAﬁ<array, indexes); return{bfie,u),t}

return result:

Lodash v4.17.212| remove &t H{glE| =

’VNPLRG SIGPL 2025 0{ 58} - QHXi5t XIHIA I ZIE 210] ME7| &E 7|&



HZE[0] U= DS &80t RAX| = Ol+

o
function remove(array, predicate) { = =
var result = 13 0 Hi Z 00l X BStO 2 0I5 ChaH| W2 = EFX|E 7}
if (!(array && arrayflengthj _ _ = =
return result; o BSHX| ef= 2201 H| W5t €2 eteel= =0l
I3
var 1ndex = -1,
indexes = [],
length = array. length;
predicate = getIteratee(predicate, 3); function f(e,r){var t:[];if(!e||!-;ff:” f;
while (++index < length) A{
var value = arrayl[index]; i return t;var n=-1,u=[],a=e.length;
if (predicate(value, index, array)) {
result§pushivalue); for(r=an(r,3);++n<a;){var h=eln];
indexes.push(index); N
} r(h,n,e)&&(tfpush¥h),u.push(n))}
) LRUS
basePullAt(array, indexes); return bf(e,u),t}
return result;
s

Lodash v4.17.212| remove &t H{glE| =

’VNPLRG SIGPL 2025 0{ 58} - QHXi5t XIHIA I ZIE 210] ME7| &E 7|&
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el
i
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—
o 2AD4
== OO

- el ez £d 0| 7k53510] etEdet Hets flsh tin| =2 £8B 2 HelstX| 23

array['len' + 'gth']l // array.length

obj.p; // print 1
obi = { obj.q = 42; // print 2
get p() { console.log(1l); } *
set gq() { console.log(2); }
¥ obj.q = 42; // print 2
obj.p; // print 1

8 RHIATRIE 210 MEf &t 7]

VPLRG SIGPL 2025 0123} - ok




H 2 E[7] T3 =0

function remove(array, predicate).{
var result = []; wd&bgz‘ﬁk”ww
if (!(array && array. lengthg
return result; ‘
I3

var 1lndex
1ndexes
length =

-1,
[],

WS- RSO IO oF S PR
'V = b
a a ' )
\ ';
_ e & D e d Al -4 _ 2
A ol - oy

arraylindex];
f,fbijvalue, index, array)) {

; },"llAt(array, indexes);
(peturn result;

Lodash v4.17.212| remove &=

’VPLRG

SIGPL 2025 0{ s} -

2940] RX|Z7H?

function f(e, r){ver—tsfiifiied+del length)

return tjvar n=-1,u= []w,ﬂnﬁjfyfif}
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2. 27|71 XK= 4
while (x.p) {
1if (X.Q) break;
}
3. Z2E&l 250| ghxX|= AL
if (y) x.p = x.q = el;
else X.p = X.q = eZ;
’VNPLRG SIGPL 2025 0{=3tm

- OFX

LL

if (y) x.q; else X.p;

for (; x.p & !x.q; );

y 7 el : e2;

X.P X0

8 RHIATRIE 210 MEf &t 7]




sizix. 242 OIZF X o= B3} K}

2to[He2qe| ’ Ho =5 POG A=
Sh J2i= (CFG) (hash)
\ W, \ W, . W, .

S=0iCH Ao Ze|ire| SElE X5
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(1) 27| HE7I -

var x =y ? el : z ? €2 :
if (x) objfpj
else  ob}.dj

%04= llel %0= = |l %0=03

7VYPLRG SIGPL 2025 0{E5}a - otF3t XHHIAIZE o10f MEel7| && 7|5




(1) 271 FE7I -

var x =y ? lel 1 z ? e2 :
if (x) objipy
else  obj.qj

’VPLRG

SIGPL 2025 0{=st

El

r

X

[

%0= e3
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(3) BE FAlot7|

if (y) x.p el;

X.Pp = X.q=Yy 7?7 el : ez

X X
O O

else X.p e2;

#1 Q#f #T Q#f

%0 = el %0 = e2 %04= el =re2
¥ ¥ .

X.q = %0 X.q = %0 X5
¥ ¥

X.p = %0 X.p = %0 X

N

7VYPLRG SIGPL 2025 0123} - QX3 RHIAIZIE Qo] AEA| &e 74




(3) B= JAlol7]

if (y) x.p = x.q = el; - R _ .
else X.p = X.q = €2; X.p = X.q =y 7 el ez
%0 = el %0 = e2
v v
X.q = %0 X.q = %0
v v
X.p = %0 X.p = %0

A2 2AsD

N
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Debun: POGE

i

iy

jQuery v3.7.1

POG-7 |tk
K= =571

POG-7Iat | |[F A
w=[—lxe a0 )

a4 X2 ZA0IE a4 X|2
Lodash v4.17.21 \l,

iy

I
Lodash v4.17.21

’VPLRG

POG-?IH*

X2 DB
DEBUN

1. 2}o|EH2{2| X|2 DB MM 2. 2fo|2gi2| & ™ d=

SIGPL 2025 0153t - QHHst XAHHIAIZE 10] YElA| =2 7|=

jQuery v3.7.1

Lodash v4.17.21
2foj=e2{2| 3 HH™
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Metric [LDC PTDETECTOR DEBUN

TP 111 32 195
FP 3
FN 112

Precision 97.37%
Recall — _42./8%.,
Fl-score § 65. 3
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Metric [.LDC DEBUN

TP 45 85
FP 0 16
FN 60 20
Precision 100.00% 84 16%
Recall

F1 score

+22.52%p
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’VPLRG

SX|2(Consistency)2 H| = & =0 et X|20| §X|=[= H|2

Metric

Count POG POG+F POG+FB POG+FBC

Consistency ~ 87.16% {65.06% }_79.75%  83.51%

+18.67%p

# Consistent 47,385 35,370 43,358 45,404 45,522
# Functions 54,368 54,368 54,368 54,368 54,368

getk(Accuracy)= CHE &+ X|2=0| 20t ChE7H0| et X[ =
Metric Count POG POG+F POG+FB POG+FBC
# Functions 55,518 55518 55518 55518 55,518

# Duplicated 171 5034 274 252 273,252 273 678 273,684

Accuracy
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