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JavaScript Language Specification
ECMA-262

* s written in english prose, somewhat like pseudocode
* which make automatic processing and tooling possible

ApplyStringOrNumericBinaryOperator ( /Val, opText, rVal)
tc39/ecma262 [t performs the following steps when called:

Status, process, and documents for ECMA-262

1. IfopTextis+, then
a. Let [Prim be ? ToPrimitive(/Val).
A 180 @1 sk ¥ ik b. Let »Prim be ? ToPrimitive(rVal).
c. If [Prim 1s a String or »Prim 1s a String, then
i. Let [Str be ? ToString(/Prim).

ii. Let »Str be ? ToString(rPrim).
es-meta/esmeta pa iii. Return the string-concatenation of /St and rStr.
ECMAScript Specification (ECMA-262) [EEMES d.Set [Val to [Prim.

Metalanguage

e.Set rlal to rPrim.
. NOTE: At this point, it must be a numeric operation.
oo 08 o m2e W . Let [INum be ? ToNumeric(/Val).
. Let »Num be ? ToNumeric(rVal).
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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

JavaScript Language Specification is complex

 Evaluation of an addition expression: i i 4 i ;
* Includes 120+ specification steps

Let’s say you want to know: why = '@ + 1n " throws TypeError?

AdditiveExpressionyvield, await] *

MultiplicativeExpression|»vieid, 2await]

AdditiveExpression:vie1d, 2await] + MultiplicativeExpression|»yield, ?2await]
AdditiveExpression»viec1d, 2awvaidy — MultiplicativeExpression|zvieida, »await]

Semantic

Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + Multiplicative Expression
I. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, +, Multiplicative Expression).
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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

What if we can do this in a more interactive way?
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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

olution 1. Double Debugger

&) ECMASEzript Double Debuge X t

C 2 es-memgithubiofplaygroundf B ® s ® 9 0 o a3 &% B = @

ESMeta [ Double Debugger Playground DO 68 v O
OQuiT  +SPECSTEP ™OVER 7T OUT B>CONTINUE =« SPEC BACK

BACK OVER = T BACK OUT = & REWIND Vv JSSTEP Y ASTSTEP  @OVER T QUT

JavaScript Editor v = ECMAScript Specificatiol ™~ {eap ® Breaks @ Callstack

function add (& Specification Environment

(left, right) { ApplyStringOrNu . Ival: true
left + right; . p: ] i :
, ; mericBinaryOpera- opText : "+
' — tor(val, opText, rvall € o [yal:1n
add(!o, 1n); 1.If opText is +, then (@ JavaScript Enviranmeant
a. Let Iprini _bﬁ "« this : undefined
ToPrimitive( fval ). | left -
rrrim be ? . o
b. Let rprim be” _ Record[MutableBinding]
ToPrimitive( ronl ).
e I Dprim is @
N me + Boundvalue : tr
String or rprim isa

ue
String, then
& « mutable : true

i. Let lstr be? .

e 1 \ « 1initialized : t
loString( (i ).

. rue

ii. Let rsfr be? - fal
ToString( rprim ) ¢+ strict : false

e right:
jii. Return the Record[MutableBinding]
string-concate-
nation of Isi « BoundValue : 1n

- muadkabhTa o diin

e
r

JS

Program

Double
Debugger
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® © ® |& ECMAScript Double Debugge X +

<« - C ° es-meta.github.io/playground/

. ESMeta / Double Debugger Playground

B % @8 O3 o @ % B8 9 @

S O ® & v reay © Es2024

<> JavaScript Editor v

1 function add(l, r) {
L+

}

add('@, 1n);

JS. Editor

[¢) JavaScript Environment

» this : undefined

» 1:Record[MutableBinding] <1 ~

e BoundValue : true

e mutable : true

\
~ e inpitialized : true

e stri g

» 1 :Record[MutableBinding] 44 ~

* BoundValue : 1n

e mutable : true
e initialized : true
o strict : false

arguments : Record[ImmutableBinding]

W
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¥ AST STE T OU

,' <> JavaScript Editor v

1 var
2 var
var z
var w

x = 1;

X + V;
Z + X

function f () {

O 00 N Oy 0 & W

let a = 42;
gla);
return 0;

}

function g(a) {
a

‘& ECMAScript Double Debugge X + v
&« > @ % es-meta.github.io/playground/ B % @ O <> W 2 @ :
& ESMeta / Double Debugger Playground D O ® © o reay © Es2e24
DRUN | OQUIT | Y SPECSTEP @ ~OVER 7T OUT  bbCONTINUE | “~SPECBACK < BACKOVER 71 BACKOUT <IREWIND | ¥ JSSTEP
~ OVER

'_,' = ECMAScript Specification v S Stat &3 Heap (¥) Breaks £ Callstack

Context Not Found Disabled. Start debugger to use.
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® ¢ ® |& ECMAscript Double Debugge X + v

« > d % es-meta.github.io/playground/ By @ O <> W % ) ‘

S O ® & v reay © Es2024

PEC BACK < BACKOVER 7T BACKOUT <REWIND Vv JS STEP

,' <> JavaScript Editor v '_,' = ECMAScript Specification v S Stat &3 Heap (X) Breaks & Callstack
1 function add(l, r) {
1+ r; Context Not Found Disabled. Start debugger to use.

}

add('2, 1n);
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® - ® |@ EcMAScript Double Debugge X + .
< > (C 25 es-meta.github.io/playground/ B @ O o> W Y 9 @© :

: ESMeta / Double Debugger Playground D O @ & v reay © Esze24

S STEP

;h--‘ > J;écripf tzc;r-v/ o

1 function add(l, r) {
2 1+ r;

3} 1. Perform ? No environment variables.
4 " InitializeHostDefinedRealm().
5 add(!'0, 1n); 3

'.,' = ECMAScript Specification v £ Statel 70 410 &3 Heap ,' Breaks ‘ Callstack

[E) Specification Environment

© RunJobs) ©

2. Let scriptEvaluationfob be a new [ JavaScript Environment

Abstract Closure with no parameters that No environment variables.
captures nothing and performs the fol-

lowing steps when called:

a. Let sourceText be the source code of

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

3. Perform o Execution reached the front
HostEnqueuePromiseJob( scriptEvalua-

tionlob . the current Realm Record).
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O @ & ECMAScript Double Debugge X - v

& c; % es-meta.github.io/playground/ Bg 2 1 <> W Y% @ 9

& ESMeta / Double Debugger Playground D ) ® @ reay © Es2e24

2 2. Run double debugger 'S ™
v ASTSTEP ~OVER 7T OUT Breapr"TtS

<> JavaScript Editor v/ = ECMAScript Specification v S State € Env &3 Heap ‘ < Callstack
1 function add(l, r) { Breakpoints ® USING BREAKPOINTS
2 1+ r; RunjJobs( #
search by name

3} 1. Perform ? Y
4 InitializeHostDefinedRealm(). Step Name EnableRemove
5 add(1g, 1n); ot EolaationTo!

2. Let scriptEvaluationjob be a new No breakpoints. Add Breakpoint by clicking on

Abstract Closure with no parameters that steps in spec viewer or by searching name

captures nothing and performs the fol-
lowing steps when called:

a. Let sourceText be the source code of

1. Edit JavaScript Program

tne current Kealm kkecora, eimpty).
c. Perform ? ScriptEvaluation( script ).
d. Return undefined.

3. Perform

HostEnqueuePromiseJob( scripfEvalia-

tionlob . the current Realm Record).
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é

& ESMeta / Double Debugger Playground

¥ AST STEP

<> JavaScript Editor v
function add(l, r) {

® |& ECMAScript Double Debugg

c 2

gaQuit

1L + r;

}

add('g, 1n);

es-meta.github.io/playground/

Y SPEC STEP

~ OVER

B %

T™OUT PP CONTINUE

= ECMAScript Specification v

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

tionlob . the current Realm Record).

3 o o A% B 9 @

g o

H ) ® @& resy O Es2e2s

L JS STEP

Breakpoints
S State € Env &3 Heap ‘ = Callstack

Breakpoints (W USING BREAKPOINTS

applys

ApplyStringOrNumericBinaryOper

ator

ValidateAndApplyPropertyDescript

or

PropertyDestructuringAssignmentE

valuation
AssignmentPropertyList : AssignmentPropertyLis
L, AssignmentProperly
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& ECMAScript Double Debugge X +
& C 2% es-meta.github.io/playground/ g %

‘& ESMeta / Double Debugger Playground CO ntl N u e

gauit Vv SPECSTEP ~OVER T OUT_ P> CONTINUE

v ASTSTEP ~OVER TOUT

<> JavaScript Editor v = ECMAScript Specification v
1 function add(l, r) {
2 1+ r; RunjJobs( #
3} 1. Perform ?
4 "~ InitializeHostDefinedRealm().
5 add(!'e, 1n);

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

tionlob . the current Realm Record).

@ 9 o W % D @

H ) ® @& resy O Es2e2s

¥ JS STEP

$ State @ Env &3 Heap £ callstack

Breakpoints (M USING BREAKPOINTS

kearch by name

Step Name

1 ApplyStringOrNumericBinaryOper:

’
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[ NN ) . ECMAScript Double Debugge X + v
& > C % es-meta.github.io/playground/ By 5} <> W % @ Q
‘& ESMeta / Double Debugger Playground H ) @ & v reapy © Es2e2s4

OauiT v SPECSTEP ~OVER T OUT D>CONTINUE “~SPEC BACK <BACK OVER
Vv ASTSTEP ~OVER 7T OUT
<> JavaScript Editor v = ECMAScript Specification v
1 function add(l, r) {
1+ r; ApplyStringOrNumericBinaryOper

ator(val, opText, rval) <

2
3}
4 ] |
5 add(1g, 1n); ® 1.1If oplext is+, then
a. Let Iprim be ? ToPrimitive( [val ).
b. Let rprim be ? ToPrimitive( roal ).
c.If Iprim is a String or rprim isa
String, then
i. Let /str be ? ToString( Iprim ).
ii. Let rstr be ? ToString( rprin ).
iii. Return the string-concatenation
of Istr and rstr.
d. Set lval to Iprim .
e. Set roval to rprim .
2. NOTE: At this point, it must be a nu-

meric operation.

D T oAl Teeiiins dan @ TANTawamm naai~f Too T\

T BACK OUT <«IREWIND Vv JS STEP

< State @ Env &3 Heap £ Callstack

Breakpoints (W USING BREAKPOINTS

search by name

Step Name

1 ApplyStringOrNumericBinaryOper:

0 Execution stopped at breakpoint
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®  ® |& ECMAScript Double Debugge X + .
<« - C 25 es-meta.github.io/playground/ B & 3 o> W T @ Q

.ESMeta/DoubIe Debugger Playground H ) @ & v reapy © Es2e2s4

gauit Vv SPECSTEP ~OVER T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

Vv ASTSTEP ~OVER TOUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap @ Breaks £ Callstack

1 function add(l; r) { ' o ‘@Spcnflatln EnfErines i
i } 1 + r; z;if(:zrjtzn;g(t)rN:njencBma ‘ ‘. lval - true

., _ s opText, rval) & /e opText: "+

5 add(10, 1n);: ® 1.1f oplext is+, then ‘ | rva|“_nrh »

a. Let Iprim be ? ToPrimitive( /val
b. Let rprim be ? ToPrimitive( rval 'J

c.If Iprim is a String or rprin isa

S 'E]JavaScnptEnwronment o
L+ this : undefined
'+ 1 :Record[MutableBinding] <1C. ~
'« Boundvalue : true

» mutable : true

String, then
i. Let /str be ? ToString( Iprim ).
ii. Let rstr be ? ToString( rprin ).

» initialized : true

iii. Return the string-concatenation

» strict : false
T : Record[MutableBinding] <4 ~
BoundValue : 1n
mutable : true

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.

D T oAl Teeiiins dan @ TANTawamm naai~f Too T\

initialized true
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® © ® |& ECMAScript Double Debugge X +

& C 2% es-meta.github.io/playground/ g

8 Esmeta/ Double Debugger P OPEC-Level Step Over
OauiT Vv SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACK OVER

Vv ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v =
1 function add(l, r) {

ECMAScript Specification v

2 bL+r; ApplyStringOrNumericBinaryOper
3 ) ator(val, opText, rval) <

4 _ . .

5 add(!'e, 1n); ® 1.1If oplext is+, then

a. Let Iprim be ? ToPrimitive( [val ).

b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr 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.

DT At Teieiiee laa D TANTwwamm nwalaf T nT N
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® O o m Y 2 @
H ) ® @& resy O Es2e2s
T BACKOUT = «REWIND = ¥ JSSTEP

S Stat &3 Heap (X) Breaks £ Callstack

[E] Specification Environment

lval : true
opText : "+"
rval : 1n

(¢) JavaScript Environment

this : undefined
1 : Record[MutableBinding] <4

BoundValue : true

mutable : true
initialized true

strict : false

: Record[MutableBinding] ««

1n
true

BoundValue :
mutable :
initialized true

PR . - =S R



® © ® |& ECMAscript Double Debugge X +

& c 25 es-meta.github.io/playground/ By % 2 9} <> W Y% @ = 9

© ESMeta / Double Debugger PI: Spec-LeveI Step Over L O ® B ey ©Eszezs
OauIT Vv SPECSTEP © ~OVER ;| TOUT D> CONTINUE ““SPEC BACK <= BACKOVER 7T BACKOUT <IREWIND v JS STEP

Vv ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v =
1 function add(l, r) {

ECMAScript Specification v

2 L+r; ApplyStringOrNumericBinaryOper
3 ) ator(val, opText, rval) <

4 | , .

5 add(!eg, 1n); ® 1.1f oplext is+, then

a. Let Iprim be ? ToPrimitive( [val ).

b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr 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.

DT At Teieiiee laa D TANTwwamm nwalaf T nT N
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S Stat &3 Heap (X) Breaks £ Callstack

[E] Specification Environment

lval : true
opText : "+"
rval : 1n

(¢) JavaScript Environment

this : undefined
1 : Record[MutableBinding] <4

BoundValue : true

mutable : true
initialized true

strict : false

: Record[MutableBinding] ««

BoundValue : 1n

mutable : true

initialized true

PR . - =S R



® © ® |& ECMAScript Double Debugge X +

~ C 2% es-meta.github.io/playground/ Bg 2 9

&) ESMeta / Double Debugger anpec-LeveI Step Over

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK <BACK OVER

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v
1 function add(l, r) {
2 1 +r; ApplyStringOrNumericBinaryOper
3} ator(val, opText, rval) <
4 -
o o Tovt
5 add(10, 1n);: 1.1f oplext is+, then

a. Let Iprim be ? ToPrimitive( [val ).

b. Let rprim be ? ToPrimitive( roal ).

c.If Iprim is a String or rprim isa

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr 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.
DT oAl Teeeiine ban @ TaNTaawamm naaiaf T T\
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> oW W% B8 @ @

H ) ® @& resy O Es2e2s

T BACK OUT <«IREWIND Vv JS STEP

S Stat &3 Heap (X) Breaks £ Callstack

[E] Specification Environment

]

lprim : true
Ival : true
opText : "+"
rval : 1n

(¢) JavaScript Environment

=
°

this : undefined

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

T : Record[MutableBinding] <«
BoundValue : 1n
mutable : true

-———— Al TS e - [



® © ® |& ECMAScript Double Debugge X +

& C 2% es-meta.github.io/playground/ gy &
& ESMeta / Double Debugger anpec-LeveI Step Over

OauIT Vv SPEC STEP | =~ OVER E T OUT PP CONTINUE “~SPEC BACK <BACK OVER
| S

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v
1 function add(l, r) {
2 1 +r; ApplyStringOrNumericBinaryOper
3} ator(val, opText, rval) <
4 -
o o Tovt
5 add(10, 1n);: 1.1f oplext is+, then

a. Let Iprim be ? ToPrimitive( [val ).

b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr 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.

DT At Teieiiee laa D TANTwwamm nwalaf T nT N
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£}

> oW W% B8 @ @

H ) ® @& resy O Es2e2s

T BACK OUT <«IREWIND Vv JS STEP

S Stat &3 Heap (X) Breaks £ Callstack

]

El

Specification Environment
lprim : true

Ival : true

onText - "+"

rprim: 1n

rval : 1n

(¢) JavaScript Environment

.
i
[ J

this : undefined

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

T : Record[MutableBinding] <«
BoundValue : 1n

(PO S P BN - R



® © ® |& ECMAscript Double Debugge X + o

& c % es-meta.github.io/playground/ By % 2 9} <> W Y% @z = 9

® ESMeta / Double DebuggerPIzSpeC'Level Step Over S O ® & ey © Es2e24

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (X) Breaks £ Callstack
1 function add(]-.; r) { . o E] Specification Environment
i , 1+ r; z:tzf(:ysltrmgOrNul’l:encBmaryOper . Iprim : true
, _ val, opText, rval) # e Ival : true
5 add(10, 1n);: ® 1.1f oplext is+, then o onText "+

a. Let Iprim be ? ToPrimitive( [val ).
b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

» rprim:n
e rval:1n

(¢) JavaScript Environment

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).

", this : undefined
» 1: Record[MutableBinding] <«

iii. Return the string-concatenation * BoundValue : true

of Istr and rstr. » mutable : true

d. Set Ival to Iprim . ° initialized : true
e.Set rval to rprim . » strict : false
2. NOTE: At this point, it must be a nu- * 1 :Record[MutableBinding] <«
meric operation. » BoundValue : 1n
DT At Teieiiee laa D TANTwwamm nwalaf T nT N [UURRPIT S . SR S
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® © ® |& ECMAScript Double Debugge X + o
< C 2% es-meta.github.io/playground/ By 2 5} <> W % @ = 9

® ESMeta / Double DebuggerPIzSpeC'Level Step Over S O ® & ey © Es2e24

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (X) Breaks £ Callstack
1 function add(]-.; r) { . o E] Specification Environment
i , 1+ r; z:tzf(:ysltrmgOrNul’l:encBmaryOper . Iprim : true
, _ val, opText, rval) # e Ival : true
5 add(10, 1n);: ® 1.1f oplext is+, then o onText "+

a. Let Iprim be ? ToPrimitive( [val ).
b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

» rprim:n
e rval:1n

(¢) JavaScript Environment

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).

", this : undefined
» 1: Record[MutableBinding] <«

iii. Return the string-concatenation * BoundValue : true

of Istr and rstr. » mutable : true

d. Set lval to Iprim . e initialized : true

e. Set roval to rprim . » strict : false
2. NOTE: At this point, it must be a nu- * 1 :Record[MutableBinding] <«
meric operation. » BoundValue : 1n
DT At Teeeiins lana ™ TANTwwamm naal~f T T\ SO T . R PR S
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® © ® |& ECMAScript Double Debugge X + o
< C 2% es-meta.github.io/playground/ By 2 5} <> W % @ = 9

® ESMeta / Double DebuggerPIzSpeC'Level Step Over S O ® & ey © Es2e24

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (X) Breaks £ Callstack
1 function add(]-.; r) { . o E] Specification Environment
i , 1+ r; z:tzf(:ysltrmgOrNul’l:encBmaryOper . Iprim : true
, _ val, opText, rval) # e Ival : true
5 add(10, 1n);: ® 1.1f oplext is+, then o onText "+

a. Let Iprim be ? ToPrimitive( [val ).
b. Let rprim be ? ToPrimitive( rval ).

c.If Iprim is a String or rprim isa

» rprim:n
e rval:1n

(¢) JavaScript Environment

String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).

", this : undefined
» 1: Record[MutableBinding] <«

iii. Return the string-concatenation * BoundValue : true

of Istr and rstr. » mutable : true

d. Set lval to Iprim . e initialized : true
e.Set rval to rprim . » strict : false
2. NOTE: At this point, it must be a nu- » 1 :Record[MutableBinding] ««
meric operation. » BoundValue : 1n
D T Al Teweiiee lana D TANTacamm naataf T T\ PR T R, PR T,
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® © ® |& ECMAscript Double Debugge X + o
< C 2% es-meta.github.io/playground/ By % B 9} > W Yk @ =i 9

® ESMeta / Double DebuggerPIeSpeC'Level Step Over S O ® & ey © Es2e24

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v S Stat & Heap () Breaks & Callstack
1 function add(l, r) { ator(val, opText, rval) < El Specification Environment
2 L+ ® 1.If opText is+, then » lprim : true
i J L a. Let Iprim be ? ToPrimitive( [val ). e lval: true
5 add(1a, 1n); b. Let rprim be ? ToPrimitive( roval ). o _obText "+"
c.If Iprim is a String or rprin isa » rprim:n
String, then e rval:1n

i. Let /sir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).

(@) JavaScript Environment
", this : undefined
» 1: Record[MutableBinding] <«
» BoundValue : true

iii. Return the string-concatenation
of Istr and rstr.
d. Set lval to Iprim .
e. Set roval to rprim .
2. NOTE: At this point, it must be a nu-

meric operation.

» mutable : true
e initialized : true
e strict : false

3. Let /num be ? ToNumeric( [val ). » 1 :Record[MutableBinding] <«
4. Let rnum be ? ToNumeric( roal ). » BoundValue : 1n
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® © ® |& ECMAScript Double Debugge X +

& C 2% es-meta.github.io/playground/ gy &

&) ESMeta / Double Debugger anpec-LeveI Step Over

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK <BACK OVER

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v
1 function add(l, r) { ator(val, opText, rval)
2 b ® 1.1If opText is+, then
i J - a. Let Iprim be ? ToPrimitive( [val ).
5 add(1@, 1n); b. Let rprim be ? ToPrimitive( rval ).

c. If Iprim is a String or rprin isa
String, then
i. Let /sir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).
iii. Return the string-concatenation
of Istr and rstr.
d. Set lval to Iprim .
e. Set roval to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let lnum be ? ToNumeric( [oal ).
4. Let rnum be ? ToNumeric( roal ).

™~ T m £ 1 AN « M s \
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T

> oW W% B8 @ @

H ) ® @& resy O Es2e2s

BACK OUT <«IREWIND Vv JS STEP

S Stat &3 Heap (X) Breaks £ Callstack

[E] Specification Environment

Inum : 1
lprim : true
Ival : true
opText : "+"
rprim:1n
rval : Tn

" (¢) JavaScript Environment

this : undefined

1 : Record[MutableBinding] <4
» BoundValue : true

» mutable : true

e initialized : true

e strict : false

T : Record[MutableBinding] <«
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® © ® |& ECMAscript Double Debugge X + o
< C 2% es-meta.github.io/playground/ By % B 9} > W Yk @ =i 9

® ESMeta / Double DebuggerPIeSpeC'Level Step Over S O ® & ey © Es2e24

gaQuit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

v ASTSTEP ~OVER 7T OUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (X) Breaks £ Callstack

1 function add(l, r) { b. Let rprim be ? ToPrimitive( rval ). E] Specification Environment
2 ] c.If Iprim is a String or rprim isa »  Inum : 1
i ; L String, then ; lprim : true
5 add(1@, 1n); i. Let /str be ? ToString( Iprim ). e Ival: true

ii. Let rsfr be ? ToString( rprin ). . opText: "+"

iii. Return the string-concatenation & rnum : 1n

of Istr and rstr. rprim : 1n

d. Set [val to Iprim . Shensgcmsme

e. Set roal to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let /num be ? ToNumeric( [oal ).
4. Let rnum be ? ToNumeric( roal ).

5.1f Type( [r1um ) is not Type( rnum ),

(¢) JavaScript Environment

» this : undefined
» 1: Record[MutableBinding] <«
* BoundValue : true
e mutable : true
throw a TypeError exception. » initialized : true
6. If lnum is a Biglnt, then » strict : false

- — PN - - ma . NamAavaAlN A Al aDimn Al og
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& ECMAScript Double Debugge X + v
g o O % @ = @
ESMeta / Double Debugger Pl SpeC' Level Step Over H ) @ & v reapy © Es2e2s4

gauit v SPEC STEP © ~OVER | T OUT D> CONTINUE “~SPEC BACK < BACKOVER 7T BACKOUT <IREWIND Vv JS STEP

& C 2% es-meta.github.io/playground/ g %

Vv ASTSTEP ~OVER TOUT

<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (¥) Breaks £ Callstack
1 function add(l, r) { b. Let rprim be ? ToPrimitive( rval ). E] Specification Environment :
i ) L C.I.f [prim 1is a String or rprim is a "‘RR 'R(/;o-r[rcomp|et|onRecord]
| L String, then
5 add(12, 1n); i. Let Isir be ? ToString( [prim ).

ii. Let rstr be ? ToString( rprin ). « lprim : true
iii. Return the string-concatenation  , |yal : true
of Istr and rstr.
d. Set [val to Iprim .
e. Set roal to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let /num be ? ToNumeric( [oal ).
4. Let rnum be ? ToNumeric( roal ).

5.1f Type( [r1um ) is not Type( rnum ),

o opText: "+

“s rnum:1n
» rprim:in
e rval:1n

(¢) JavaScript Environment

» this : undefined
» 1 :Record[MutableBinding] <«

throw a TypeError exception. * BoundValue : true

6.If Inum is a Bigint, then » mutable : true

» . . .
- — Lo - a Aanitaalazad ¢ +riin

25/39



® © ® |& ECMAScript Double Debugge X +

<« - c 2% es-meta.github.io/playground/ B % & e} <> W %

& ESMeta / Double Debugger Playground H O 0 B
OauIT VY SPECSTEP ~OVER T OUT DPPCONTINUE ““SPEC BACK <= BACKOVER 7T BACKOUT <IREWIND

v ASTSTEP ~OVER TOUT

<> JavaScript Editor v

1 function add(1,
1 + r;

r) {
2
3}
4
5

add('o, 1n);

ECMAScript Specification v

b. Let rprim be ? ToPrimitive( roal ).
c.If Iprim is a String or rprim isa
String, then
i. Let Isir be ? ToString( [prim ).
ii. Let rsfr be ? ToString( rprin ).
iii. Return the string-concatenation
of Istr and rstr.
d. Set [val to Iprim .
e.Set roal to rprim .
2. NOTE: At this point, it must be a nu-
meric operation.
3. Let /num be ? ToNumeric( [oal ).
4. Let rnum be ? ToNumeric( roval ).
5.1f Type( [r1um ) is not Type( rnum ),
throw a TypeError exception.
6.If Inum is a Bigint, then

Al Wl -

=1} 9

v ReaDY ) ES2024

@

Vv JS STEP

S Stat &3 Heap (¥) Breaks £ Callstack

Specmcatlon En\nronment ‘

“o Iprlm : true

o lval: true

o oplext:"+"
* rnum:n

e rprim:in

* rval:1n

[¢) JavaScript Environment

e this : undefined

a |

s PDAanavA TN AiitalWlADI

mAbmaAal a0
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L ] & ECMAZcript Double Debugy X t

2 es-metagithubiofplayground) B @& 5% B o O o> 3 % B = @

ESMeta [ Double Debugger Playground Wy IO

<

aauit v SPECSTEP ~OVER T OUT P>CONTINUE “\ SPEC BACK

BACK OVER T BACK OUT K REWIND Y JSSTEP Y ASTSTEP = OVER T OUT

JavaScript Editor v = ECMAScript Specificatio~ {eap (%) Breaks £ Callstack

function add (& Specification Environment

(left, right) { ApplyStringOrNu | lval - true
left + right; i ~Bi , . :
s i mericBinaryOpera- opText : "+"
' — tor(val, opText, rvall €  , ryal:1n
Cadd('n, 1n); LIf opText is+ then @ Javaseript Environment
[prin 4 . X
a. Let Iprim _bﬁ ‘ « this : undefined
Tol'rimitive( (val ). . left:
wmrim be ? ’ o
b. Let rprim be " Record[MutableBinding]
ToPrimitive( roal ).
I prine isa
L ! s ) « BoundValue : tr
String or rprim isa

ue
String, then

i.Let Istr be?
‘ToString( [prim ).
ii. Let rsfr be?
ToString( rprim )

¢ mutable : true
e initialized : t
rue

e strict : false

e« right: JS

I Record[MutableBinding]

iii. Return the P
rogram

string-concate- og a

nation of Isi; « BoundValue : 1n

- mudkabhTa 2 beiin

Double
Debugger

27 /39



Runtime Semantics: Evaluation

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

EvaluateStringOrNumericBinaryExpression ( leftOperand, opText, rightOperand )
1. Let lrefbe ? Evaluation of leftOperand.

Let [val be ? GetValue(lref).

Let rref be|? Evaluation of rightOperand.

Let rval be ? GetValue(rref).

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

ApplyStringOrNumeQhiaryOperator ( [val, opText, rval )

1. If opTextis +, then : : :
a. Let [prim be ? ToPrin return if [[Type]] is NOT normal , otherwise, use [[Value]]

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

i. Let Istr be ? ToString(lprim).

ii. Let rstr be ? ToString(rprim).

111. Return the string-concatenation of [str and rstr.
d.Set [val to Iprim.
e.Set rval to rprim.
NOTE: At this point, it must be a ; :

Let Inum be[@ ToNumeric(ival) return { [[[Typel] : throw , [[Value]] : ..., ...}
Let rnum be ? ToNumeric(rval).
If Type(/num) is not Type(rnum), throw a TypeError exception.
If [num 1s a Biglnt, then

hn K W I

syntactic sugar of:

AR
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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

What if the spec came with example JavaScript programs?

ApplyStringOrNumericBinaryOperator ( [val, opls
I.

AR

1 + 1

It opText 1s + <ifa ({ [Symbol.toPrimitivel : @ }) + 1

RS e
b.Let rprim be i e 1 + ({ [Symbol.toPrimitive] : @ })
c.If [prim 1s a String or rpringis a String, then

i. Let Istr be 2 ToString(%r e [] + 0

ii. Let rstr be ? ToString(rprim).

ii1. Return the string-concatenatiQgeef
d.Set lval to lprim. 0 x { [Symbol.toPrimitive] : @ }
e.Set rval to rprim.
NOTE: At this pous be a numeric operatie O + 1n
Let [num be 7 #N#Mmeric(lval).
Let rnum be ? PONumeric(rval).
If Type(/num) 1s not Type(rnum), throw a TypeError exception.
If [num 1s a Biglnt, then

{ [Symbol.toPrimitive] : @ } *x 0
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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
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Solution 2. Program Visualizer

® B EcMAScrpt Double Debugg: X + v ECMA-262 Iests P O & ECMASGipt® 2024 Languay. %X 4

C = es-metagithubiofplayground) B & o B 2 0 o3 &% B @ : € ¢ te3D.eslecmaz62/2024). By @ or g 5 00 3% 6
& FCMA Visualizer
ESMeta [ Double Debugger Playground DO 6 v — 5.3 & Eavers £ vhusk
a——— % a visuahze

aauit v SPECSTEP ~OVER T OUT P>CONTINUE “\ SPEC BACK

ApplyStringOrNumericBinary
Operator ( lval, opText, rval )

BACK OVER T BACK OUT K REWIND ¥ JS STEP ¥ AST STEP = OVER T ouT

JavaScript Editor v = ECMAScript Specificatiol ™~ {eap ® Breaks @ Callstack 'l'he Elb'itl'ﬂCt operation

ApplyStringOrNumericBinaryOperator Qstart by pressing & arod.ctior

(Adt) + Left Click

Program Collector

function add

(left, right) { ApplyStringOrNu

(£ Specification Environment

o |val:true

o e L takes arguments /val (an ECMAScript
left + right; mericBinaryOpera- | .o .. g ( p
} ) oplext: language value), opText (%%, %, [, %, +, =,
— torival, opText, rval) & rval - 1n €. 55 555 & A D d rval (
id(10, 1n) 1.If opText is +, then Seribt E 122, » &, 7, 0T |), and rvac (@n
- adal o, )y . 'pLEXT 18 T+, @ Script Envi t ~ s 051262
adc Let b ba (<) JavaScript Enviranman .“................. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE IIIIIIIIIIIIIII." ECI\’I/\.bCllpl ldllgu{lge V'dlue) HIldI‘elul'ns
ToPrimitive( foal ), this : undefined : . either a normal completion containing
A left: . : _ . '
b. Let rprint be? ) - : . either a String, a Bignt, or a Number, or
o " Record[MutableBinding] . . . H B ] L '
ToPrimitive( 7ol ). : Synthes|zed Filtered : a throw completion. It performs the st oy st
e If lprim isa . : : following steps when called: e
Stringor rprin isa | coundvalue ¢ tr : Programs Tests ; :
S / T ue : : Text i
String, then : : 1. If opText is +, then
. , + mutable : true * R _ I
i.Let Istr be? .. . ‘eusEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEsEEEsEEEEEnat a. Let[prnnbe? lOPl‘lmlt]Ve(h’aD. o -
e 1 ¢ 1nitialized : t . _ o £ CaliStack
loString( /i ). e Per Algorlthm Step b. Let rprim be ? ToPrimitive(rval).
T yofy ? . T i 1
fi. Tet 7sfr be? .« strict : false c. If Iprim is a String or rprim is a
oString( ) . right: JS String, then
. L . . OStart by function ir
iii. Return the Recaord[MutableBinding] i Let Istr be Cic:, ¢ pressing 3 function

Program

? ToString(lprim).
ii. Let rsirbe
? ToString(rprim).

string-concate-

nation of /s + BoundValue : 1n \

muadkabhTa o diin

Double
Debugger

Program
Visualizer

Resume
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® @ sems ECMAScript® 2024 Languag: X

+

< c °5 tc39.es/ecma262/2024/multipage/ecmascript-language... B B <> W Y% @z = Q

Search...

Table of Contents
> 13.11 Equality Operators
> 13.12 Binary Bitwise Operators
> 13.13 Binary Logical Operators
» 13.14 Conditional Operator (? ...
v 13.15 Assignment Operators
13.15.1 SS: Early Errors
13.15.2 RS: Evaluation
13.15.3 ApplyStringOrNumer...
13.15.4 EvaluateStringOrNum...
> 13.15.5 Destructuring Assign...
> 13.16 Comma Operator (, )
» 14 ECMAScript Language: Statem...
> 15 ECMAScript Language: Functi...
> 16 ECMAScript Language: Scripts ...
> 17 Error Handling and Language ...
18 ECMAScript Standard Built-in ...
> 19 The Global Object
» 20 Fundamental Objects

13.15.3 ApplyStringOrNur

> maryOperator ( lval,
opText, rval)

VN

The abstract operation ApplyStringOrNua. mamlioerator takes
arguments /val (an ECMAScript language vaiug lick (%%, %, [, %, +, -, <%,
>>, 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 [prim 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.
d. Set lval to lprim.
e. Set rval to rprim.
2. NOTE: At this point, it must be a numeric operation.
3. Let lnum be ? ToNumeric(lval).

4 1.et rnum he ? ToNuimeric(rval
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® ( ®  #m ECMAScript® 2024 Languagr X  + v

& > C % tc39.es/lecma262/2024/multipage/ecmascript-lan... B ¥ @ 93 0 <> W Y% @ = ‘

— . . . @ ECMA Visualizer X X
— 5.3 ApplyStringOrNumericBinaryOperator ( lval,
vpaoXt, rval) (@ EsMeta ECMA Visualizer O
The abstract operation ApplyStringOrNumericBinaryOperator takes <> Program
arguments /val (an ECMAScript language value), opText (%, %, [, %, +, -, <<,
>>,5>> & N, or |), and rval (an ECMAScript language value) and returns OStart by pi IS PJQQ ram,. opion
either a normal completion containing either a String, a Bigint, or a (Alt) + Left Click

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

1. If opText is +, then

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

b. Let rprim be ? ToPrimitive(rval).

c. If [prim 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 Iprim.

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

ot [num he ? ToN11meri ]
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® O sems ECMAScript® 2024 Languag: X + v

& C %5 tc39.es/ecma262/2024/multipage/ecmascript-lan... & % 2 9 <> W Y% @ = 9
— . . & ECMA Visualizer X X
— 5.3 ApplyStringOrNumericBinaryOperator ( Ival, B

vpaoXt, rval) & | ESMeta ECMA Visualizer (W)
The abstract operation ApplyStringOrNumericBinaryOperator takes o | <’ Program Run on Double Debugger >

arguments lval (an ECMAScript language value), opText (kk, %, LSpweran®€EP 1 1 + 1 ;
>>,>>>, & A, or |), and rvel (an ECMAScript languagealue) and returns
T a String, a Biglnt, or a

‘forms the following steps when

either a normal completion containing ejth
Number, or a throw completion.

called:
A Test262 () 8660 found Download All (©

1.If opText is +, then built-ins/Array/S15.4_A11_T10 js s
a. Let lprimbe 2 *tive(lval).
b. Let rprim be ?
c.IflprimisaSt1” «im is a String, then

i. Let Istr be ? ToS q built-ins/Array/from/elements-added-after.js &
1. e .S r e . O \ Ry O tl . —

g pton alt) + Click e

ii. Let rstr be ? ToStrmg( ¥ CallStack

iii. Return the string-concatenation of Istr and rstr.
d. Set lval to lprim.

built-ins/Array/from/calling-from-valid-1-onlyStrict.] &
dtive(rval).

[«

built-ins/Array/from/calling-from-valid-2.js

(O 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 l.et lnumbe ? ToNumeric(lve
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&« > C °3  tc39.esfecma262/2024/multipage/ecmascript-lan... B % @ &3 0D <> W % @ = 9

‘a normal completion containing either a String, a Bigint, or a

— er, 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(rprimpy® "

iii. Return the string-conegdt

d. Set lval to Iprim. s

e. Set rval to rprim. #
2. NOTE: At this poin# it must be a numeric operation.
3. Let lnumbe ? "meric(lml).
4. Let rnumbe? oNumeric(rval).
5. If Type(lnum) is not Type(rnum), throw a TypeError exception.
6. If [num is a BigInt, then
a. If opText is %%, return ? Bigint::exponentiate(lnum, rnum).
b. If opText is /, return ? Bigint::divide(lnum, rnum).

c. If opText is %, return ? Bigint::remainder(lnum, rnum).

@ ECMA Visualizer T X
(£ ESMeta ECMA Visualizer 0O
<> Program Run on Double Debugger >

1 0 x { [ Symbol . toPrimitive ] : @ } ;

A Test262 ©) 43 found Download All (©
language/expressions/addition/bigint-errors.js &
language/expressions/addition/coerce-symbol-to-p &
language/expressions/addition/order-of-evaluation.j &,
language/expressions/bitwise-and/S11.10.1_A2.2_T1 &

£ CallStack

(O Start by pressing a function link with Left
Click
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® | ®  #m ECMAScript® 2024 Languag: X  + ’

&« > C °3  tc39.esfecma262/2024/multipage/ecmascript-lan... B % @ &3 0D <> W % @ = 9
‘a normal completion contalmng elther a Strlng, a Blglnt, ora

— ’ _ @ ECMA Visualizer R X
— er, or a throw completion. It performs the following steps when
called: (£ ESMeta ECMA Visualizer (w)
i <> Program Run on Double Debugger [>
1. If opText is +, then

a. Let lprim be ? ToPrimitive(lval). e BN

b. Let rprim be ? ToPrimitive(rval).
c. If [prim is a String or rprim is a String, then
i. Let Istr be ? ToString(lprim).
ii. Let rsir be ? ToString(rprim).
iii. Return the string-concatenation of Istr and rsir.
d. Set lval to Iprim.

A Test262 () 12 found Download All (©
language/expressions/addition/bigint-and-number.j: &,

. language/expressions/bitwise-and/bigint-and-numkt &,
e. Set rval to rprim.

2. NOTE: At this point, it must be a numeric operation.
3. Let inum be ? ToNumeric(lval).

language/expressions/bitwise-or/bigint-and-numbe &,
language/expressions/bitwise-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 [num is a BigInt, then
) ) . (O Start by pressing a function link with Left
a. If opText is %%, return ? Bigint::exponentiate(lnum, rnum). Click
b. If opText is /, return ? Bigint::divide(lnum, rnum).
c. If opText is %, return ? Bigint::remainder(lnum, rnum).
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® | ®  #m ECMAScript® 2024 Languag: X  +

& C °3  tc39.esfecma262/2024/multipage/ecmascript-lan... B % g 9 <> W % @ = Q

‘a normal completion containing either a String, a Bigint, or a
— er, 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 [prim is a String or rprim is a String, then
i. Let Istr be ? ToString(lprim).
ii. Let rsir be ? ToString(rprim).
iii. Return the string-concatenation of /szr 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 [num is a Biglnt, then
a. If opText is %%, return ? Bigint::exponentiate(lnum, rnum).
b. If opText is /, return ? Bigint::divide(lnum, rnum).
c. If opText is %, return ? Bigint::remainder(lnum, rnum,).

ECMA Visualizer X X

(£ ESMeta ECMA Visualizer (@)

<> Program Run on Double Debugger >

o 1+ on; Resume

A Test262 @-"12 found Download All
language/expressions/addition/bigint-and-number.j: &,
language/expressions/bitwise-and/bigint-and-numkt &,
language/expressions/bitwise-or/bigint-and-numbel &,
language/expressions/bitwise-xor/bigint-and-numb &,

£ CallStack

(O Start by pressing a function link with Left
Click
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® ¢ ® |& ECMAscript Double Debugge X + v

& > @ % es-meta.github.io/playground/?prog=1+%2B+0n+%3B&i.. B ¢ 2 9 <> W Y% @ = ‘

= ESMeta / Double Debugger Playground S O ® & v reay © Es2024
I ID’RVES-‘:LIMEHYDRUN OQuiT Vv SPEC STEP ~OVER T OUT P>CONTINUE “~SPEC BACK < BACKOVER T BACKOUT <«REWIND
SP T Vv AST STE ~ OVER T OouU
<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap @ Breaks @ Callstack
11+ 0n ; W

Context Not Found Disabled. Start debugger to use.
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& ECMAScript Double Debugge X + v

c °5 es-meta.github.io/playground/?prog=1+%2B+0n+%3B&i... B ¢ 5} <> W Y% @z = 9

& ESMeta / Double Debugger Playground & O ® @ v reany O Es2e24

: gauit Vv SPEC STEP ~OVER T OUT P> CONTINUE ““SPEC BACK “BACKOVER T BACKOUT <&REWIND

JSSTEP

v ASTSTEP ~OVER T OUT
<> JavaScript Editor v = ECMAScript Specification v S Stat &3 Heap (¥) Breaks £ Callstack
11+ 0n; N b. Let rprim be ? ToPrimitive( rval ). E] Specification Environment

c.If Iprim is a String or rprim isa e |num:1

String, then o lprim:1
i. Let /str be ? ToString( /prim ). e Ival:1
ii. Let rsfr be ? ToString( rprin ). o opText: "+"
iii. Return the string-concatenation  , rum : On
of Istr and rstr. e rprim: 0N

d. Set lval to Iprim . s rval: On

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

meric operation. .
3. Let /num be ? ToNumeric( [oal ). Record[PropertyDescriptor]

» Value : Record[BuiltinFunctionObject]

(¢] JavaScript Environment

» AggregateError:

4. Let rnum be ? ToNumeric( roal ).
5.1f Type( [11um ) is not Type( rnum ),

throw a TypeError exception. » Writable : true
6.If Inum is a Bigint, then  Enumerable : false
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BACK OVER

® & ECMAZcript Double Debugy X t

C 2% es-metagithubiofplayground) B @ s &

ESMeta [ Double Debugger Playground

aauit v SPEC STEP ~OVER 7TOUT

T BACK OUT K REWIND ¥ JS STEP

JavaScript Editor v = ECMAScript Specificatiol v

function add

(left, right) {
left + right;

ApplyStringOrNu
mericBinaryOpera-
b — tor(lval, opText, rval) &
1.If opText is +, then

a.Let [prim be?
Tol'rimitive( (val ).

b. Let rprin be?
ToPrimitive( roal ).

Cadd('e, 1n);

e If Iprint isa
String or rprim isa
String, then
i.Let Istr be?
‘ToString( [prim ).
ii. Let rstr be?
ToString( rprim )

iii. Return the

string-concate-

nation of /s

e
r

g o 3 % B

¥ AST STEP

= @

DO s v O

B> CONTINUE

“\ SPEC BACK

~OVER T QUT

leap () Breaks & Callstack
(£ Specification Environment

e lval: true

o opText:"+"

¢ rval:n

() JavaScript Environmant

« this : undefined
o left:
Record[MutableBinding]

« BoundValue : tr
ue

+« mutable true
e initialized : t
rue

e strict : false
e« right:
Record[MutableBinding]

« BoundValue : 1n

mudkabhTa 2 beiin
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.

ApplyStringOrNumericBinary
Operator ( lval, opText, rval )

The abstract operation
ApplyStringOrNumericBinaryOperator
takes arguments /val (an ECMAScript
language value), opText (%%, %, [, %, +, =,
g, 5>, »>>, & N, or |), and rval (an
ECMAScript language value) and returns
either a normal completion containing
either a String, a Bignt, or a Number, 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 lprim is a String or rprim is a

String, then
i. Let Istr be
? ToString(lprim).
ii. Let rsir be
? ToString(rprim).

S| > T % B
& ECMA Visualizer
& ESMeta ECMA Visualize

Program

(@ Start by pressing & nraductior
(Adt) + Left Click

es1262

O Slarl by pressing & oroduclior
(Al) + Lett Click

£2 CallStack

() Start by pressing a function lir
Click




