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A JavaScript Language Specification 
Visualization Tool
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• is written in english prose, somewhat like pseudocode

• which make automatic processing and tooling possible

ECMA-262
JavaScript Language Specification
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ApplyStringOrNumericBinaryOperator ( lVal, opText, rVal ) 
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 lPrim is a String or rPrim is a String, then 

i.   Let lStr be ? ToString(lPrim). 
ii.  Let rStr be ? ToString(rPrim). 
iii. Return the string-concatenation of lStr 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 lNum be ? ToNumeric(lVal). 
4. Let rNum be ? ToNumeric(rVal). 
5. …

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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• Evaluation of an addition expression:

• includes 120+ specification steps

JavaScript Language Specification is complex

Let’s say you want to know: why ` !0 + 1n ` throws TypeError?

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

Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + MultiplicativeExpression

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

Semantic

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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EvaluateStringOrNumericBinaryExpression ( leftOperand, opText, rightOperand )
1. Let lref be ? Evaluation of leftOperand.
2. Let lval be ? GetValue(lref).
3. Let rref be ? Evaluation of rightOperand.
4. Let rval be ? GetValue(rref).
5. Return ? ApplyStringOrNumericBinaryOperator(lval, opText, rval).

ApplyStringOrNumericBinaryOperator ( lval, opText, rval )
1. If opText is +, then

a. Let lprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If lprim is a String or rprim is a String, then

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

…

Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(AdditiveExpression, +, MultiplicativeExpression).Expr !0 + Expr 1n

+ BigInt 1nBoolean true

Convert to Primitive

(lprim = Boolean true, rprim = BigInt 1n)

Convert to Numeric

(lnum = Number 1, rnum = BigInt 1n)
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Evaluate Left (lval = Boolean true)

Evaluate Right (rval = BigInt 1n)

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

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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Double 
Debugger

Program
JS

1
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Solution 1. Double Debugger
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Spec. Environment

JS. Environemnt

Step

JS. Editor Spec. Viewer
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1. Edit JavaScript Program
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1. Edit JavaScript Program
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2. Run double debugger
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2. Run double debugger

1. Edit JavaScript Program
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Breakpoints



/ 39

2. Run double debugger

1. Edit JavaScript Program
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Breakpoints
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Breakpoints
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Continue
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over
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Spec-Level Step Over

25



/ 3926



/ 39

Double 
Debugger

Program
JS

1

27



/ 39

EvaluateStringOrNumericBinaryExpression ( leftOperand, opText, rightOperand )
1. Let lref be ? Evaluation of leftOperand.
2. Let lval be ? GetValue(lref).
3. Let rref be ? Evaluation of rightOperand.
4. Let rval be ? GetValue(rref).
5. Return ? ApplyStringOrNumericBinaryOperator(lval, opText, rval).

ApplyStringOrNumericBinaryOperator ( lval, opText, rval )
1. If opText is +, then

a. Let lprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If lprim is a String or rprim is a String, then

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

…

Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + MultiplicativeExpression

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

return {  [[Type]] : throw , [[Value]] : … , … }

return if  [[Type]] is NOT normal , otherwise, use [[Value]]

28

syntactic sugar of:

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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EvaluateStringOrNumericBinaryExpression ( leftOperand, opText, rightOperand )
1. Let lref be ? Evaluation of leftOperand.
2. Let lval be ? GetValue(lref).
3. Let rref be ? Evaluation of rightOperand.
4. Let rval be ? GetValue(rref).
5. Return ? ApplyStringOrNumericBinaryOperator(lval, opText, rval).

ApplyStringOrNumericBinaryOperator ( lval, opText, rval )
1. If opText is +, then

a. Let lprim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If lprim is a String or rprim is a String, then

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

…

Runtime Semantics: Evaluation
AdditiveExpression : AdditiveExpression + MultiplicativeExpression

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

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

[] + 0

1 + 1

{ [Symbol.toPrimitive] : 0 } * 0

0 + 1n

0 * { [Symbol.toPrimitive] : 0 }

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

29

What if the spec came with example JavaScript programs?

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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Solution 2. Program Visualizer
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Click
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Option (alt) + Click

33



/ 3934



/ 3935



/ 3936

Resume
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