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Speaker

Louis Lafreniere

Principal Software Engineer Manager, Chakra

Louis was hired by Microsoft to work on its first shipping 32bit compiler
backend for C/C++. His first task was to add the C++ support. After 18
years of squeezing perf out of C++ and working on security features and 3
backends later, Louis jumped on the opportunity to work on Chakra during
the early IE9 days to write a JIT for JavaScript. That was before he realized
what JavaScript was all about...
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Chakra: From Script to Optimized Code

By some accounts, JavaScript is the most popular programming language in the world. Yet
it's also not a language that was designed with fast performance in mind. The Chakra
team embarked on a journey to make JavaScript fast in IE9 and the Chakra runtime can
today power everything from tiny scripts on a page to modern applications and services
running on Azure. In this talk, we'll cover the basic architecture of the engine that
transforms JavaScript into fast native code
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Where are we in the Web Platform?
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Where are we in the Web Platform?

This is us
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-volution of Chakra
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Fvolution of Chakra
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Architecture of Chakra
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Chakra and ChakraCore
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Chakra and ChakraCore
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Making script executable

s men Script
J Function foo(a, b)
: ret a+b;
e
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Making script executable

Seript Document

Script

Function foo(a, b)
{

L}

return a+b;

Hosting

[ActiveSeript

lActiveScript Direct

lActiveScript Bytecode

UtFE
Buffer

Parser

AST

AST

( program
Scopes: knopBlock(Global)
Scopes: knopFncDecl
fn ded T name foo
Scopes: knopBlock(Parameter)
Scopes: knopBlock(Function)
var a
var b
List
return
+

id: a
id: b

<endcode>
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Making script executable

Seript Document

Script

Function foo(a, b)
{

L}

return a+b;

Hosting

[ [ActiveSeript 7[ IﬁctivtﬁcnptD:uJ llﬂct:vasanpt&rtccog

UtFE
Buffer

=

Byte Code
Generator

AST

( program
Scopes: knopBlock(Global)
Scopes: knopFncDecl
fn decd T name foo
Scopes: knopBlock(Parameter)
Scopes: knopBlock(Function)

Bytecode

R7 LdRoot

R2 Argin_A In?
R3 Argln_A In2
Add A RO R2 R3

var a
var b
List
return
+
id: a
id: b
<endcode>
Bytecode
B

LRet
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Making script executable

Seript Document

Script

Function foo(a, b)
{

L}

return a+b;

Hosting

{ [ActiveSeript 7 tﬁctrvescnptblut:] t/ﬂct:véa':ptsytccoq

UtFE
Buffer

=

O e —————c——

Byte Code
Generator

AST

program
Scopes: knopBlock(Global)
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Scopes: knopBlock(Function)

Bytecode

R7 LdRoot
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var a
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Making script executable

Script Document

Script

Function foo(a, b)
{

L}

return a+b;

Hosting
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program
Scopes: knopBlock(Global)
Scopes: knopFncDecl
fn ded T name foo
Scopes: knopBlock(Parameter)
Scopes: knopBlock(Function)
var a
var b
List
return
+

id: a
id: b

‘ <endcode>

R7 LdRoot

R2 Argin_A In?
R3 Argln_A In2
Add A RO R2 R3
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/* Examples of a+b */

> 1 + 1
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/* Examples of a+b */
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/* Examples of a+b */

> 1 + 1
2

> 1 + nmn

> A ¥ )

> 4 F #
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/* Examples of a+b */

> {F * 1}
> {} + "°
> "1+ {}

> Aakd + Web =
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/* Examples of a+b */

> 1 + 1 > "+ ({1

2

> 1 + "" > 1 + {}

> "a" + "b" > {} + 1
1

> "a’ + 1 >1 + ({})

> LF ¥ 1) > ({}) + 1

>{r+ > [1 + {}

%

> "+ {} > {1} + []
%

> ({}) + 7 > @0 L]

Web EX3
Platform




To get a+b correct...
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Optimizing and Executing code
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Lifecycle of code

e —————

function Sum(numbers) {
var total = O;

{

total += numbers(i];

}

return total;

el

for (var i = O; i < numbers-length; i++)

Ul Threed

JIT Thread

N
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Lifecycle of code
e ™ f 2‘;’;::0

function Sum(numbers) { R3 LICAK 1

var total = O; e — R4 Argin A Inl
Sum Sum's LdlndeF R6

for (var i = O; i < numbers-length; i++) I Profile Data LdA RS R2

/ LA R6 R2
LaopStart:
total += numbers([i]; L:Le:; R7 = R&-length
} : BrGe A LocpEnd RE R7
LdEleml A R7 = R4(RE]
Add_A RS RS R7

return total; Iner A RE RS
} Br LoopStart
T e — LdA RO RS
Ret RO
Bytecode
Interpreter

Ul Thread

JIT Thread
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Lifecycle of code
o) N f =—

O D T —
Sum Sum's

for ( i < numbers-length; i++) = Profile Data
LoopStart:

{
total += numbers[i]; LdlenA  R7 = Ri-length
} BrGe A LocpEnd RE R7
LéEleml A  R7 = RY{RE]
Add_A RS R5 R7
Iner_A R6 R6

Br LoopStart
L — Loooknd:

—

Bytecode
Interpreter

Loop Body JIT

Ul Threed

JIT Thread
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Lifecycle of code

for (
{

}

S

total += numbers(i];

\

i < numbers-length; i++)

Ul Thread

Sum

e m——
| JIT Loop Body { e

JIT Thread

Bytecode
Interpreter

R —

Sum's
Profile Data

if (lisint(7))
barfout()
ff= Tolnt32(7)

tf (lisinttotal))
baitout()
total i = Tolnt32(total)

i€ (lisintArraynumber) )
barfout()

{ = number-length
d = number-data

loop:
£ Odf>=0
break;
total j += dfi i]
I as
gota loop
{ = Tollar(i i)

total = Tollar{totalr)

returr

Web
Platform



Lifecycle of code

function Sum(numbers) {
var total = O;

{
}

total += numbers([i];

return total;

L.

for (var i = O; i < numbers-length; i++)

Ul Thread

JIT Thread

\

Sum
e eSeame——
Bytecode
JIT Loop Body { e Interpreter

Simple JIT

[ ——
b

R —

Sum’'s
Profile Data

tf (lisint(i))
bailout()
i 1= Tolnt32(7)

i€ (lisint(total))
baslout(’)
total i = Tolnt32(total)

if (NistntfArraynumber) )
baitout()

= number-length
d = number-data

loop:
£ G8>= 10
break;
total i += dfi i]
' b
qgoto loop

i = Tollar(i i)
total = Tollar(total i)

return
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Lifecycle of code

—————

function Sum(numbers) { s
var total = O;

for (var i = O; i < numbers-length; i++)

{
}

total += numbers([i];

return total;

o

Ul Thread

JIT Thread

Sum

Simple JIT'd
code

R —

Sum’'s
Profile Data

totafA = 0
r1=0

Loop:

if (isArray(number))
{ = number-length
else
[ = Js::Getlength{number)

if (isint (i) && islnt(l))
i G >=1)
break;
else
if (Js::GreaterOrEq(d, 1))
break

if (isArmay{number) && istnt(7)
&& [ < number-lenigth)
n = number-datafi]
else
n = Js:i:GetElementi(number, ©);

if (isint(n) && isint(total))
total += n;

else
total = Js::Add{total n)

goto Loop

return total
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Lifecycle of code

e ————

function Sum(numbers) { -
var total = O;

for (var i = 0; i < numbers-length; i++)

{
}

total += numbers([i];

return total;

L

Ul Threed

JIT Thread

Sum

Simple JIT'd
code

Full JIT

R —

Sum's
Profile Data

totafA = 0
r1=0

Loop:

if (isArray(number))
{ = number-length
else
[ = Js::Getlength(number)

if (isint (i) && islnt(l))
i 7 >=1)
break;
else
if (Js::GreaterOrEq(d, 1))
break

if (isArmay{number) && istnt(7)
&& 1 < number lzrigth)
n = number-datafi]
else
n = Jsi:GetElementi(number, §);

if (isint(n) && isint(total))
total += n;

else
total = Js::Add{total n)

goto Loop

return total
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Lifecycle of code

T ———

\ total { = O
function Surr;(:wn?bcrs) { iF (listtArray(number))

var total = 0, O — bailout()

Sum Sum'’s
for (var i = O; i < numbers-length; i++) — Profile Data if=0
{ [ = numberlength
total += numbers(i]; d = number-data
} loop:
i (17 >=1)

return total; break:

} total i += dfi i]
k { i+

goto loop

14 cod total = Tolar(total i)
'd code

return total

Ul Thread

JIT Thread
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Lifecycle of code
- N f %’;ﬁ“:o

function Sum(:wmbers) { RI LUCAK 1
var total = O; TR — R4 Argin A Inl
Sum Sum's LdUndef R6
for (var i = O; i < numbers-length; i++ T Profile Data LdA RS R2
LoopStart:
total += numbers([i]; L:Le.:::? R7 = R&4-length
BrGe A LocpEnd RE R7

}
LdEleml A R7 = R4[RE]
Add_A RS RS R7

return total; Iner A R6 RS

} Br LoopStart
| —j —— ———— LdA RO RS
' 5“("({7'7, 252, 33, 4'4, 55]) g d LRO
. ytecode
JIT'd code Interpreter

Ul Thread

JIT Thread
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Lifecycle of code

function Sum(numbers) {
var total = O;

for (var i = O; i < numbers-length; i++)

{
}

total += numbers(i];

return total;

Tamat

' Sum((11, 2:2, 3'3, 44, 5:5]) I

Ul Thread

JIT Thread

N
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R —
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Re-JIT

R —
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Lifecycle of code

e —

function Sum(numbers) {
var total = O;

for (var i = O; i < numbers-length; i++)

{
}

total += numbers(i];

return total;

L

l Sum((17, 2:2, 3'3, 4%, 5:5]) I

Ul Thread

JIT Thread

\

T T——OOEmT—T———
Sum Sum's
—— Profile Data
I —

JIT'd Code v2

total £ = O-0
i€ (lisfBrraylnumber))
batiout()
(i=0Q
{ = numberlenath
d = number-data
loop:
if G i>=1
break:
n = dfi i]
if (lisNumber(n))
baifout()

n_f = ToFloat(n)

total F = n_F

{_rHt
gots loop

total = Tollar(total £)

return total

Web
Platform



