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Overview

● Very brief Introduction to TC39

● Stage 0 - 3: Nullish Coalescing

● Reading the spec

● Issues that shaped the proposal

● Implementation details

● Implementing the parsing

● Implementing the byte code

● FREEDOM!
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TC39 and its structure

● Part of Ecma International
● Technical Committee 39 of Ecma International
● Takes care of several standards aside from JavaScript, including ECMA-402, 

ECMA-404, ECMA-414

● Operates via “consensus”
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Stage 0

Someone has an idea 
and they write it up

Stage 1

The idea is presented to 
the committee, committee 
makes comments

Stage 2

Committee discusses if 
this feature “should be 
in the language”

Stage 3

Polyfill and browser 
implementations, final form 
of the proposal takes shape

Stage 4

Proposal is included in 
the specification
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??

Nullish Coalescing

10



Stage 1
● Make the case for the addition
● Describe the shape of a solution
● Identify potential challenges

Requirements

● Identified “champion” who will advance the addition
● Prose outlining the problem or need and the general shape of a solution
● Illustrative examples of usage
● High-level API
● Discussion of key algorithms, abstractions and semantics
● Identification of potential “cross-cutting” concerns and implementation challenges/complexity

Stage 0
● Allow input into the specification 

11



12

https://github.com/tc39/proposal-nullish-coalescing/tree/385c7833e6ca6118685afffc1de1b57c43cea498
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Stage 2

Precisely describe the syntax and semantics using formal spec language 

The committee expects the feature to be developed and eventually included in the 
standard 

Requirements

● Initial spec text 
● all major semantics, syntax and API are covered, but TODOs, placeholders 

and editorial issues are expected 
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file:///Users/yuliastartsev/Downloads/Nullish%20Coalescing%20Operator%20stage%200-1.html


Syntax

16

Semantics



Structure

17

Meaning
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https://tc39.es/ecma262/#sec-grammar-notation
http://www.apple.com/uk
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation


Issues that shaped the specification
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https://github.com/tc39/proposal-nullish-coalescing/issues/26
https://github.com/tc39/proposal-nullish-coalescing/issues/44
https://github.com/tc39/proposal-nullish-coalescing/pull/50
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https://github.com/tc39/proposal-nullish-coalescing/issues/26
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https://github.com/tc39/proposal-nullish-coalescing/commit/febd12daf98e063b707c66c07cf4ddd67793b24c#diff-3540caefa502006d8a33cb1385720803
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https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
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https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
https://tc39.es/ecma262/#sec-grammar-notation
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https://github.com/tc39/proposal-nullish-coalescing/issues/44
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https://github.com/tc39/proposal-nullish-coalescing/pull/50
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https://tc39.es/proposal-nullish-coalescing/


Stage 3

Indicate that further refinement will require feedback from implementations and users 

The solution is complete and no further work is possible without implementation 
experience, significant usage and external feedback. 

Requirements

● Complete spec text
● Designated reviewers have signed off on the current spec text
● All ECMAScript editors have signed off on the current spec text
● All semantics, syntax and API are completed described 
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How do we start?
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Syntax 
(structure)

Semantics 
(meaning)

TokenStream Bytecode Interpreter JITS Parser 
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Syntax 
(structure)

Semantics 
(meaning)

TokenStream Bytecode Interpreter JITS Parser 



Implementing 
Syntax
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Given a
Minimal program

….

36

function coalesce(a, b) { 
  return a ?? b; 
}



function coalesce(a, b) { 
  return a ?? b; 
}Text

[Function] 
[Iden=”coalesce”][LeftParen][Iden=”a”][Comma][Iden=”b”]
[RightParen][LeftCurly] 
[Return][Iden=”a”][Coalesce][Iden=”b”][Semi] 
[RightCurly]

Tokens

Tokenize
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? 

?: ?? 
Ternary Nullish Coalesce
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Update TokenStream.cpp
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Update TokenStream.cpp
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Update TokenKind.h List
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Update TokenStream::getTokenInternal
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Building the 
AST
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FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

right

expr

bodyargs

next



Abstract Syntax Tree (AST)

FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

leftright

expr

bodyargs

next

Parse

[Function] 
[Iden=”coalesce”][LeftParen][Iden=”a”][Comma][Iden=”b”]
[RightParen][LeftCurly] 
[Return][Iden=”a”][Coalesce][Iden=”b”][Semi] 
[RightCurly]

Tokens
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ParseNode.h
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Parser.cpp
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BytecodeEmitter.cpp
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If we don’t keep the lists in sync, this happens
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Parser.cpp
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Pretending to be `||`
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Tiny bit of byte code
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BytecodeEmitter.cpp
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BytecodeEmitter.cpp

54



Let’s run it

55



56

https://github.com/tc39/proposal-nullish-coalescing/issues/26


Parser.cpp
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Parser.cpp
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Let’s run it
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Syntax Covered.
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63

Syntax 
(structure)

Semantics 
(meaning)

TokenStream Bytecode Interpreter JITS Parser 



Implementing 
Semantics
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Bytecode

JSScript
getarg 0 
coalesce 
jumptarget 0 
pop 
getarg 1 
jumptarget 0 
return

Bytecode-
Compile

(AST)

FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

leftright

expr

bodyargs

next
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How do you feel about assembly?
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“the assembly writing game you never knew you wanted”
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What is a stack?
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What is a stack?

71

?

Instruction



input:  
“a” ?? “b”
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“a”

get 0
input:  
“a” ?? “b”
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“a”
“a”

get 0
JSOP_DUPinput:  

“a” ?? “b”
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“a”
“a”
Null

get 0
JSOP_DUP
JSOP_NULL

input:  
“a” ?? “b”
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“a”
True

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

input:  
“a” ?? “b”
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IFEQ vs IFNE
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“a”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump

input:  
“a” ?? “b”
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“a”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump

Patch Jump

input:  
“a” ?? “b”
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“a”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump

Patch Jump

<ADDRESS>

input:  
“a” ?? “b”
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“a”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump

Patch Jump

<ADDRESS>

input:  
“a” ?? “b”



input:  
null ?? “b”
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Null

get 0
input:  
null ?? “b”
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Null
Null

get 0
JSOP_DUPinput:  

null ?? “b”
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Null
Null
Null

get 0
JSOP_DUP
JSOP_NULL

input:  
null ?? “b”
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Null
False

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

input:  
null ?? “b”
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Null

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump

input:  
null ?? “b”
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get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump
JSOP_POP

input:  
null ?? “b”
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“b”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump
JSOP_POP
get 1

input:  
null ?? “b”



95

“b”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump
JSOP_POP
get 1

Patch Jump

input:  
null ?? “b”
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“b”

get 0
JSOP_DUP
JSOP_NULL
JSOP_NE

JSOP_IFNE Jump
JSOP_POP
get 1

Patch Jump

input:  
null ?? “b”



The implementation
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IFEQ vs IFNE

99



The implementation

100



Full Parse 

function coalesce(a, b) { 
  return a ?? b; 
}

Text

[Function][Iden=”coalesce”][LeftParen][Iden=”a”][Comma][Iden=”b”][RightParen][LeftCurly]
[Return][Iden=”a”][Coalesce][Iden=”b”][Semi][RightCurly]Tokens

Abstract 
Syntax Tree 

(AST)

FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

leftright

expr

bodyargs

next

JSScript
getarg 0 
coalesce 
Jumptarget 0 
pop 
getarg 1 
Jumptarget 0 
return

Bytecode

Tokenize

Parse

Bytecode-
Compile
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<aside>
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Pure CSS Francine by Diana Smith
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https://github.com/cyanharlow/purecss-francine


</aside>
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Image of the programmer at work 106
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Image of the programmer at work 108
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Inspecting 
the byte code
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Image of the programmer at work 112



JSOP_COALESCE

113



JSOP_COALESCE bytecode

114



Pulling in tests
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Semantics Covered.
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Review
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Stage 0

Someone has an idea 
and they write it up

Stage 1

The idea is presented to 
the committee, committee 
makes comments

Stage 2

Committee discusses if 
this feature “should be 
in the language”

Stage 3

Polyfill and browser 
implementations, final form 
of the proposal takes shape

Stage 4

Proposal is included in 
the specification
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Syntax

120

Semantics



Given a
Minimal program

….

121

function coalesce(a, b) { 
  return a ?? b; 
}



Building the 
AST

122

FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

right

expr

bodyargs

next



Emit the 
Bytecode

123

JSScript
getarg 0 
coalesce 
jumptarget 0 
pop 
getarg 1 
jumptarget 0 
return



Full Parse 

function coalesce(a, b) { 
  return a ?? b; 
}

Text

[Function][Iden=”coalesce”][LeftParen][Iden=”a”][Comma][Iden=”b”][RightParen][LeftCurly]
[Return][Iden=”a”][Coalesce][Iden=”b”][Semi][RightCurly]Tokens

Abstract 
Syntax Tree 

(AST)

FuncStmt

Id “a”

Coalesce

Id ”a” Id ”b”

Id “b”

Return

leftright

expr

bodyargs

next

JSScript
getarg 0 
coalesce 
Jumptarget 0 
pop 
getarg 1 
Jumptarget 0 
return

Bytecode

Tokenize

Parse

Bytecode-
Compile
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Are we done?
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Stage 4

Indicate that the addition is ready for inclusion in the formal ECMAScript standard 

Requirements

● Test262 acceptance tests have been written for mainline usage scenarios, and 
merged

● Two compatible implementations which pass the acceptance tests
● Significant in-the-field experience with shipping implementations, such as that 

provided by two independent VMs
● A pull request has been sent to tc39/ecma262 with the integrated spec text
● All ECMAScript editors have signed off on the pull request
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https://github.com/tc39/test262
https://github.com/tc39/ecma262
https://github.com/tc39/ecma262


December 2019?
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Thanks!
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(this is an Aguaje)



……
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Still here?

130



Time to do it again!
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https://treeherder.mozilla.org/#/jobs?repo=try&selectedJob=274663208&revision=002f33a442bcea74966f0dfb744b2aba3c26b62d
https://treeherder.mozilla.org/#/jobs?repo=try&selectedJob=274663208&revision=002f33a442bcea74966f0dfb744b2aba3c26b62d

