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history of JavaScript

EcmaScript Chrome Angular
LiveScript IE6 IE7 V8 npm Vue.js ES7 ESO
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[ created JavaScript in
10 days
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bug or feature?

typeof null === "object’; // WTF?
null instanceof Object === false; // WTF??

null instanceof null; // TypeError: Right-hand side of
‘instanceof’ 1s not an object WTF???
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Schrodinger's Null

& H3k& : wikipedia.org
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arrow g
function Exponentiation

Operator

template @

TypedArrays

trailing
commas
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JT @

1995 2008 2017
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V8 Release Process
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TurboFan

,T\

Ignition
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Optimization Killers

NGERkESH async RRZY
. for-ORFOZZH#EFT

. try-catch ftry-finally
. 25 let B constR4E
get, seMNXIZRAEEA
8y, with 151

. 0L protg
. debugg

TurboFan
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const 1

const d

const o

WREAKXE

1;
1.1;

{};

// SmallInteger (Smi)

// HeapNumber (Double)

// JSObject(Heap)
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Chrome 42.0.2311 (2)

Chrome 44.0.2403 (2)

Chrome 48.0.2564 (1)

Chrome 55.0.2883 (2)

Firefox 40.0 (2)

Safari 10.1.1 (1)

SMI vs Double

B double

B int

50,000

100,000

operations per second (higher is better)

150,000

200,000
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($iE: a+b
. MOV eaX, d

. movebx b

. call RuntimeAdd x
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. MoV €ax, a

. movebx b

—call-RuntimeAdd x

. add eax, ebx v

ERAMNERRAKS

(X78: a+b
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Type fee

IR AT LU
KA type feedback

1z .

function f(a, Db) {
var ¢ = a + &
returrn—b + ¢35

StackCheck
Ldar a0
Add agQ,
Star r0
Ldar rO0O

add al, (GD

Return

[ R A }

Feedback vector

2: unitialized

>

3: unitialized
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Type fee

[ R A }

TS EGE DL IR B T type
th;%4;§Jy/\%7l< - tYP StackCheck
feedback 1 E..
Ldar a0
A
, dd a0, Feedback vector
function f(a, b){ Star r0
var ¢ = @ + 7 Ldar r0O
T b +
et Add a1, (3D
Return
. —int + int -> int
»int +int ->int
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Type fee

[ R A }

TS EGE DL IR B T type
th;%4;§Jy/\%7l< - tYP StackCheck
feedback 1 E..
Ldar a0
A
, dd a0, Feedback vector
function f(a, b){ Star r0
var ¢ = @ + 7 Ldar r0O
—Db =y
} returr—b _+ ¢ Add al,
Return
. —int + int -> int
£(1, 0.1)
NUM+NnUuM-> num
>
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Type fee

[ R A }

LG R DI R A type
7EL;E{;E;UMAﬂ< - yp Stfﬂ:kaKy:k
feedback 12 E..
Ldar a0
A
| dd a0, Feedback vector
function f(a, b){ Star r0
var ¢ = @a + A, :Ldalf rO
—Db =
} returr o+ y Add al,
Return
£(1, 2); —int +int -> int
£(1, 0.1) // Deopt!!'!
nuM+num-> num
>
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GMTC
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Optimization

Ignition

ﬁ

— N

Deoptimization

TurboFan

x 1S NOT a Number
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SUEERYRTRREN

125 ms B Manual Loop

B Array#reduce
100 ms

/75 ms
50 ms

25 ms

Execution Time (lower is better)

0 ms

Measurements (ToT)
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. const array = [1, 2, 3];

 // elements kind: PACKED SMI ELEMENTS

. array.push(4.56);

« // elements kind: PACKED DOUBLE ELEMENTS
. array.push('x');

« // elements kind: PACKED ELEMENTS

ERANEMERKS
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« array.length; // 5

INndex 0 1 2 3 4
value 1 2 3 4. 56 “X
GMTC Geel<bang>. InfoQ
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. array.length; // 5

. array[9] = 1;
. // array[5] ~ array[8]

« // elements kind: HOLEY ELEMENTS

index 0 1 2 3 4
value 1 2 3 456 | X
GMTC

kkkkkkkkk

5

0

7

8
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. array[8]; // ???

¢« 8 >= 0 && 8 < array.length; // bounds check
. hasOwnProperty(array, '8');

. hasOwnProperty(Array.prototype, '8');

. hasOwnProperty(Object.prototype, '8');

ERAAEERAKSE
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PACKED_SMI_ELEMENTS

Y

PACKED_DOUBLE_ELEMENTS

HOLEY_SMI_ELEMENTS

\

PACKED_ELEMENTS

HOLEY_DOUBLE_ELEMENTS

Y

HOLEY_ELEMENTS
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const array = [1, 2, 3];

XA ) e R AT 20 b HI#AE{E N 0
T~ L —

array.reduce((b, x) => b + x, 0)

((06+1) + 2) + 3

|
@)
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function foo(A) { function foo inlined(A) {

return A.reduce((b, x) => b + x, 0); const £ = (b, x) =>Db + x;

const len = A.length;

1 if (typeof f !== "function") {
throw new TypeError();
}
let b = 0;

for (let i = 0; i < len; ++1) {
if (1 in A) { b = f(b, A[i]); }
¥

return b;

GMTC Geebang>. InfoQ
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function Array_reduce_inline(A) {

const ¥+ = (b, x) => b + Xx;

if (typeof f !== "function") {
throw new TypeError();

¥

let b = 9;

for (let i = 0; i < A.length; ++1) {
if (i in A) { b = f(b, A[i]); }

¥

return b;

GMTC Geekbang>. InfoQ,
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function Array reduce inline(A) {

const f = (b, x) => b + Xx;

let b = 0;

for (let i = 0; i < A.length; ++i) {
if (1 in A) { b = f(b, A[i]); }

¥

return b;

GMTC Geelbang>. |[nfoQ
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function Array reduce inline(A) {

let b = 0;

for (let i = 0; i < A.length; ++1) {

} |

return b;

if (i in A) { b =b + A[il; }

GMTC Geelbang>. |[nfoQ

ERANEMERKS



function Array reduce inline(A) {

let b = 0;
for (let i = 0; i < A.length; ++1) {
if (i in A) { b=b + A[i]; }

}

return b;

GMTC Geelbang>. |[nfoQ
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function Array reduce inline(A) {

if (A not PACKED SMI ELEMENTS) Deopt;
let b = 9;
for (let i = 0; i < A.length; ++i) {

if (1 in A) { b = b + A[i]; }

if (A not PACKED SMI ELEMENTS) Deopt;

}

return b;

GMTC Geelbang>. |[nfoQ
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function Array reduce inline(A) {

if (A not PACKED SMI ELEMENTS) Deopt;
let b = 9;
for (let i = 0; i < A.length; ++i) {
b =Db+ A[i];
if (A not PACKED_SMI_ELEMENTS) Deopt,;

}

return b;

GMTC Geelbang>. |[nfoQ
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function Array reduce inline(A) {

if (A not PACKED SMI ELEMENTS) Deopt;
let b = 9;
for (let i = 0; i < A.length; ++i) {

b =Db+ A[i];

}

return b;

GMTC Geelbang>. |[nfoQ
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function Array reduce_inline(A) {

if (A not PACKED_SMI_ELEMENTS) Deopt,;

let b = 9;

for (let i = 0; i < A.length; ++1) {

b =b + A[i];
return b; ___ 125ms B Manual Loop
@
} = B Array#reduce

el 100 ms
D
2

3 /75 ms
(D)

£ 50 ms
|_
c
O

b 25 ms
O
D
>
Ll

O ms

Measurements (ToT)
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function add(x, y) {

j

ERAMEERLSE

Inlining

function three add inlined() {
var X = |;

vary = 2;
var add return value =x +y;
return add return value;

function three add const folded() {
return 3;

j
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function add(x, y) {
return X + y;

j

GMTC

ERAMEERLSE

leaq rcex,[r1p+0x0]
movq rcx,[rex-0x37]
testb [rcx+0x{],0x1
jnz CompileLazyDeoptimizedCode
push rbp

movq rbp,rsp

push rsi

push rdi

cmpq rsp,[r13+0xdb0]
jna StackCheck
mov(q rax,[rbp+0x18]
test al,0x1

jnz Deoptimize
movq rbx,[rbp+0x10]
testb rbx,0x1

jnz Deoptimize
movq rdx,rbx

shrq rdx, 32

mov(q rcx,rax

shrq rcx, 32

addl rdx,rcx

jo Deoptimize

shlq rdx, 32

mov(q rax,rdx

movq rsp,rbp

pop rbp

ret Ox18

Geekbang>. [nfoQ
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function three() {
return add(1, 2);

j

GMTC

ERAMEERLSE

leaq rcex,[r1p+0x0]
movq rcx,[rex-0x37]
testb [rcx+0x{],0x1

jnz CompileLazyDeoptimizedCode

push rbp

movq rbp,rsp

push rsi

push rdi

cmpq 1sp,[r13+0xdb0]
jna StackCheck

mov(q rdi,<JSFunction add>
movq rsi,[rd1+0x11]
mov(q rax,<JSGlobal Object>
push rax

movq rax,0x100000000
push rax

movq rax,0x200000000
push rax

movq rdx,[r13-0x60]
movl rax,0x2

mov(q rcx,[rdi+0x21]
addq rcx,0x5f

call rcx

movq rsp,rbp

pop rbp

ret 0x8

Geekbang>. [nfoQ
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leaq rcx,[rip+0x0]
mov( rcx,[rex-0x37]
testb [rex+0x£],0x1
jnz CompileLazyDeoptimizedCode
push rbp

movq rbp,rsp

push rsi

push rd1

cmpq rsp,[r13+0xdb0]
jna StackCheck
mov(q rax,[rbp+0x18]
test al,0x1

jnz Deoptimize
movq rbx,[rbp+0x10]
testb rbx,0x1

jnz Deoptimize
movq rdx,rbx

shrq rdx, 32

movq rex,rax

shrq rcx, 32

addl rdx,rcx

jo Deoptimize

shlq rdx, 32

mov(q rax,rdx

movq rsp,rbp

pop rbp

ret Ox18

GMTC

ERAMEERLSE

leaq rcx,[rip+0x0]

mov( rcx,[rex-0x37]

testb [rex+0x1],0x1

jnz CompileLazyDeoptimizedCode
push rbp

movq rbp,rsp

push rsi

push rdi

cmpq rsp,[r13+0xdb0]

jna StackCheck

mov(q rdi,<JSFunction add>
movq rsi,[rdi+0x11]

mov(q rax,<JSGlobal Object>
push rax

movq rax,0x100000000
push rax

movq rax,0x200000000
push rax

movq rdx,[r13-0x60]

movl rax,0x2

mov(q rcx,[rdi+0x2{]

addq rcx,0x5f

call rex

movq 1sp,rbp

pop rbp

ret 0x8

leaq rcx,[rip+0x0]
mov( reXx,[rex-0x37]
testb [rex+0x1£],0x1

jnz CompileLazyDeoptimizedCode
push rbp

movq rbp,rsp

push rsi

push rdi

cmpq rsp,[r13+0xdb0]
jna StackCheck

movq rax,0x300000000
mov(q rsp,rbp

pop rbp

ret 0x8

Geekbang>. [nfoQ
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escape analysis

function foo(a) {

return abs({x:a, y:a}); =) rcturn Math.sqrt(a*a + a*a);
j

function abs(v) { H o)\ 2°°7?

return Math.sqrt(v.x*v.x + v.y*v.y);

ERAAEERAKSE

Geelkbang>. |[nfoQ



Step 1: NEX

function foo(a) {

let v={x:a, y:a}; SRR TRA

return abs(v);

j

function abs(v) {

return Math.sqrt(v.x*v.x + v.y*v.y);

ERAAEERAKSE

function foo(a) {
let v= {x:a, y:a};
return Math.sqrt(v.x*v.x + v.y*v.y);

j

Geekbang>. InfoQ



Step 2: BHRETEI0HEE

function diagonal(a) { function diagonal(a) {

let v= {x:a, y:a}; SRR let v = {x:a, y:aj;

return Math.sqrt(v.x*v.x + v.y*v.y); return Math.sqrt(a*a + a*a);
j j

GMTC Geelcbang>. [InfoQ
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Step 3: MlPRARIERIEE

function diagonal(a) { function diagonal(a) {

let v = {x:a, y:aj; PSRN

return Math.sgrt(v.x*v.x + v.y*v.y); return Math.sqrt(a®a + a*a);
j j

GMTC Geelcbang>. [InfoQ
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TC39 HIEx

TC39 process

AN N =

Biglnt
Pipeline operator

Pattern Matching
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TC39 process

HEE 5 MER
{5 HTML RYSBEESHITISTVL
FHTF GitHub pull requests
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Stage

Babel
strawman draft finished
Stage O Stage 2 Stage 4
@ & & & @
Stage 1 Stage 3
proposal candidate
polyfill 1 demo
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Stage2+

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

-
-

] 5o B dl Stk B d R

- L LT (— Staged
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Proxy

Chrome 49 Hia3z%F Proxy
Chrome 62 #0# 7 Proxy BY4ERE
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A

Proxy taiSki%

6000 Chrome 61

B Chrome 62

—~ 4000
.
o
0
B2
O
-
Ry
< 2000
)
|=
e
o

)37 289 1068 1011 936

, mm %6
Construct Construct Call proxy Call proxy with
proxy without proxy withtrap  without trap trap
trap

Proxies call/construct
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Points (higher is better)

5000

4000

3000

2000

1000

Proxy SRENEHE

Get property of proxy without

trap

2010
1234
715

Get property of proxy

Get property of proxy with

trap

Chrome 61
B Chrome 62
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Proxy ¥r/Et4E(E

6000 B Chrome 61

B Chrome 62

5 4000
5,
O
B2
©
-
D
<
% 2000
= —
S 1697 |
| 1404 |
1142 1112
0
Has symbol Has symbol Has string Has string with
without trap with trap without trap trap

Has property of proxy
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Proxy iIx&5 B2 E

2000 1793 Chrome 61
1610 B Chrome 62
1500
B
o
2 1000
B2
2 - 16990 S
D
<
@ 500 293 281
= 201
o
: [
Setindex Setindex Setstring Set string Set Set
withtrap without withtrap without symbol symbol
trap trap withtrap  without
trap

Set property on proxy
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Proxy [48EFEF

24% ~ 546%
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Biglnt

(—I)Sign(l.bslbm. - b())g X 26_1023

?ign (11 bits) (52 bits)
)it exponent mantissa

53 62 52 51 (bit Index) lﬁ
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const max = Number MAX SAFE INTEGER;
[/ — 9,007,199,254,740,991 (= 2**53-1)

GMTC Geelbang>. |[nfoQ
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const max = Number MAX SAFE INTEGER;
/I — 9,007,199,254,740,991 (= 2**53-1)
max + 1;

/| — 9,007,199,254,740,992 (= 2**53)

GMTC Geelbang>. |[nfoQ
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const max = Number MAX SAFE INTEGER;
/I — 9,007,199,254,740,991 (= 2**53-1)

max + 1;

/I — 9,007,199,254,740,992 (= 2**33)

max + 2;

/| — 9,007,199,254,740,992 (= 2**53)

GMTC - Geekbang>. InfoQ,
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const max = Number MAX SAFE INTEGER;
/I — 9,007,199,254,740,991 (= 2**53-1)

max + 1;

/I — 9,007,199,254,740,992 (= 2**33)

max + 2;

[/ — 9,007,199,254,740,992 (= 2**33)

max + 3:

/I — 9,007,199,254,740,994 (= 2**53+2)

GMTC - Geekbang>. InfoQ,

ERAMEREARAKXS



const max = Number MAX SAFE INTEGER;
/I — 9,007,199,254,740,991 (= 2**53-1)

max + 1;

/I — 9,007,199,254,740,992 (= 2**33)

max + 2;

[/ — 9,007,199,254,740,992 (= 2**33)

max + 3:

/I — 9,007,199,254,740,994 (= 2**53+2)
Bigint(max) + 2n;

[/ — 9,007,199,254,740,993n (= 2**53+1)

GMTC - Geelbang>. InfoQ,
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1234567890123456789 * 123;
/I — 151851850485185200000

1234567890123456789n * 123n;
/I — 151851850485185185047n

GMTC Geelbang>. |[nfoQ
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typeot 123;

!

// — number

typeot 123n;
// — 'bigint’

GMTC - Geekbang>. InfoQ,
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GMTC

ERAMEEARAKXSE

100%

75%

50%

25%

Operations per second (normalized; higher is better)

0%

M Bigint

. bigi

B silentmatt-biginteger

- Geekban
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Pipeline operator

Stage-1

GMTC Geekbang>. [nfoQ
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log(capitalize(double("hello")))

!

tog PPy "hello"
cap A ) | > double
double ( | > capitalize
"hello” > log
)

ERAMEERLSE
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new User.Message(
capitalize(
doubledSay(value, ', ')

)_l_ '!'
| l
value

> (x => doubleSay(x, ', "))
> capitalize

> (x =>x +'I")
> (x => new User.Message(Xx))

ERAAEERAKSE

Geelkbang>. |[nfoQ



Optional Chaining

Stage 1

Gr ITC Geelcbang>. [nfoQ
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|
T
P

// 3B P name J&
// AT RED ) S 5

const name = response.body.user.name;

GMTC Geelbang>. InfoQ

SRAMERERKSE 5 % D M %



|
L
P

// 3R ' name &
// PIREP HE 5

const name = response.body.user.name;

/| XA A R P E AT R &
const name = response

&& response.body

Gr |TC Geekbang>. InfoQ
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const name = response.body.user.name;

const name = response
&& response.body
&& response.body.user

GMTC Geekbang>. InfoQ.
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const name = response.body.user.name;

const name = response
&& response.body
&& response.body.user

&& response.body.user.name

GMTC Geekbang>. [nfoQ
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const name = response.body.user.name;

const name = response
&& response.body
&& response.body.user

&& response.body.user.name || justjavac';

GMTC Geekbang>. [nfoQ

ERAMNERRAKS



With Optional Chaining

const name = response?.body?.user?.name || 'justjavac';

QNIE Geelcbang>. InfoQ



Pattern Matching

Stage 1

Gr ITC Geelcbang>. [nfoQ
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case (1nput) {

when 1 -> ... // matches if mput 1s |

when 'foo' -> ... // matches if mput 1s 'foo’

when false -> ... // matches 1t ‘mput 1s false

when null -=> ... // matches if ‘mput 15 null

when {x: 1} -> ... // matches if ‘mput’ can do ToObject and "mput.x" 1s 1

when [1,2] -> ... // matches 1f 'input’ can do Getlterator, has exactly 2 items,
// and the 1items are 1, then 2.

when x -> ... // always matches

when /*Moo/ -> ... // SyntaxError
when x 1f (x.match(/*foo/)) -=> ... // ok!

GMTC - Geelbang>. InfoQ
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Redux reducers

function todoApp (state = initialState, action) {
case (action) {
when {type: 'set-visibility-filter', filter: visFilter} ->
return {...state, visFilter}

when {type: 'add-todo’, text} ->

return {...state, todos: [...state.todos, {text} ]}
when {type: 'toggle-todo’, index} -> {
return {
...state,

todos: state.todos.map((todo, 1dx) => 1dx === index ? {...todo, done: !todo.done} : todo)

j
when {} -> {}

h
GMTC Geelbang>. [nfoQ,
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RS S%EE JavaScript {Ui5

- AEZHUREE
{55 F Object.keys()

. AEEBHIMZEUTER

Gr |TC Geelcbang>. [nfoQ
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const o = {a:1,b:2};

undefined

GMTC Geekbang>. InfoQ



AEZSURE R

const o = {a:1,b:2};
undefined

console.time('fast"');

for (let i = 0; i < 1e7; ++1i) {
for (const x in o) {}

I

console.timeEnd('fast"'):
fast: 59.775146484375ms

undefined
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B RELS

const o = {a:1,b:2};
undefined

console.time('fast');

for (let i = 0; i < 1e7; ++i) {
for (const x in o) {}

I

console.timeEnd('fast'):
fast: 59.775146484375ms

undefined
Object.prototype.c = 0;
0
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> const o = {a:1,b:2};
undefined

> console.time('fast'):
for (let 1 = 0; i < 1le7: ++i) {
for (const x in o) {}
&

console.timeEnd('fast');

i1 59.775146484375ms

undefined

> Object.prototype.c = 0;
0

> console.time('slow'):
for (let 1 = 0; i < 1le7; ++i) {
for (const x in o) {}
I

console.timeEnd('slow'):

7266.184814453125ms

undefined

100x

slow:
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> const o = {a:1,b:2};
undefined

> console.time('fast'):

for (let i = 0: i < 1e7: ++1) {
for (const x of Object.keys(o)) {}
&

console.timeEnd('fast'):
fast: 246.964111328125ms

undefined
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Object.keys()

> const o = {a:1,b:2};
undefined

> console.time('fast'):

for (let 1 = 0; i < 1e7; ++i) {
for (const x of Object.keys(o)) {}
I

console.timeEnd("'fast'):

: 1246.964111328125m

undefined

> Object.prototype.c = 0;
0

> console.time('slow'):
for (let 1 = 0: i < 1e7: ++i) {
for (const x of Object.keys(o)) {}
&

console.timeEnd("'slow'):

241.490966796875ms

undefined

I1x

slow:

GMTC Geelbang>. InfoQ
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Afl|ter((X, |) => X > 50), // OK 5000 ms B Array#filter
B Other approach
4000 ms
A.forEach((x, 1) => { g soome
2
o . o i 2000 ms
if (x > 50) AJ[i] = undefined; S
1000 ms
};
O ms
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