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e JavaScript execution strategy

e Focus on property access inline caches
Simple inline caching
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Inline Caching



Inline Caching

Performance

Why?

Simple inline caching

in interpreter
in JIT

prototype

Advanced topics

Polymorphic Access JIT
Inlining inline caches

Type inference



Performance



Benchmark

Summary

Number of Samples
In my experiments

ES5 benchmarks

(real and synthetic) J
ES6 benchmarks o4
(real and synthetic)
DOM framework
benchmarks 30

(real)

Source: browserbench.org
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var X

0.X;
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hashtable
x: 1

x:1,y: 2}

object y: 1

e Pointer chasing is slow
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hashtable

x: 1
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object y: 1

Pointer chasing is slow

Hash codes take time to compute

_ots of instructions, hard to inline



Hashtable

{x:1,y: 2} ’ /
obje

ksing Is slow

hashtable
x: 1
y: 1

e Pointer

',

odes take time to compute

ots of instructions, hard to inline
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structure

» hashtable

» mMaps name to offset

» hash-consed
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JSC Object Model

64 bits 64 bits 64 bits 64 bits
} il il
Strulgure g = é—’h 2 butterfly pointer inline slot 0 inline slot 1
64 bits 64 bits 64 bits
i <!
public vector

out of line slot O array slot O

length length
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JSC Object Model

statically configurable
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JSC Object Model

statically configurable

= o
structure & < F = : .o C o
D 23§ 2 Dutterfly pointer inline slot 0 inline slot 1
& 5

public vector

length length array slot 0

. outoflineslot0O

dynamically configurable
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var o = {f: 5, g: 6};
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Fast JSODbject

var o = {f: 5, g: 6};
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Fast JSODbject

var o = {f: 5, g: 6};
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var o = {f: 5, g: 6};
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var o = {f: 5, g: 6};

T

BB

var v = o.f;




structure ID:

42

5
Q
[}
x.
)
«Q

adA
sbeyy
21els |99

/

var o = {f: 5, g: 6};

null Oxffff000000000005 Oxffff0O00000000006

Property Table

g: inline(1)
Structure

f: inline(0)

var v

o.f;

1f (o->structurelD == 42)
v = o->1nlineStorage[@]
else
v = slowGet(o, “f”)



“Inline Cache”

var o = {f: 5, g: 6};

var v = o.f;
e 2EEs null Oxffff000000000005 Oxffff000000000006
Structure Property Table
Table
/’ g: inline(1)
Structure .
1f (o->structurelD == 42)
f: inline(0)

= 0->1nlineStoragel[0]

else
v = slowGet(o, “f”)




Interpreter Inline Cache

get_by_1id <result>, <base>, <properyName>



Interpreter Inline Cache

get_by_1id <result>, <base>, <properyName>,
<cachedStructureID>, <cachedOffset>



Interpreter Inline Cache

get_by_id loc42, loc43, “g”,
0, 0



Interpreter Inline Cache

get_by_1d loc42, loc43, “g”,
0, 0

f: OF
nul Oxfff000000000005 OxffF000000000006

structure ID:

42

odA1
sbe||

olels |90

Buixepul



Interpreter Inline Cache

get_by_1d loc42, loc43, “g”,
42, 1

/

tt e ID: O—Q
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nul OxﬁﬁOOOOOOOOOOO5 OX{ff000000000006

sbe||
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JIT Inline Cache

Ox461f8c30b9b0: mov Ox30(%rbp), %rax
Ox46f8c30b9b4: test %rax, %ril5
Ox46f8c30b9b7: jnz Ox46f8c30balc
Ox46f8c30b9bd: Jmp Ox46f8c30balc
Ox46f8c30b9cZ: 016 nop %cs:0x200(%rax,%rax)
Ox46f8c30b9dl: nop (%rax)

Ox46f8c30b9d4: mov %rax, -0x38(%rbp)




JIT Inline Cache

Ox46f8c30b9b0: mov Ox30(%rbp), %rax
Ox46f8c30b9b4: test %rax, %ris

®x46f8c3®b9b7: jnz ®x46f8c3®b02c

Ox46f8c30b9cZ2: 016 nop %cs:0x200(%rax,%rax)
Ox46f8c30b9d1l: nop (%rax)
Ox46f8c30b9d4: mov %rax, -0x38(%rbp)




JIT Inline Cache

Ox46f8c30b9b0: mov Ox30(%rbp), %rax
Ox46f8c30b9b4: test %rax, %ril5

Ox46f8c30b9b7: jnz Ox46f8c30balc
0x46f8c30 . Jjmp Ox46f8c30ba’c
Ox46f8c30b9cZ2: 016 nop %cs:0x200(%rax,%rax)
®x46f8c3® . nop (/rax)




JIT Inline Cache

Ox46f8c30b9b0: mov Ox30(%rbp), %rax
Ox46f8c30b9b4: test %rax, %ril5
Ox46f8c30b9b7: jnz Ox46f8c30balc
Ox46f8c30 . cmp $0x125, (%rax)
Ox46f8c30 : Jnz 0x46f8c30balc
Ox46f8c30 . mov Ox18(%rax), %rax

®x46f8c3® . hop @xZ@@(/rqx)
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“Self” IC
speed-up

JetStream _ p = 10-23

ARES-6 1.66xp =107
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Simple Inline Caching

e |nterpreter edits instruction operands.

o JIT reserves a nop sled and patches it.
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Prototypes

function Foo(f)
{

¥

this.f = f;

Foo.prototype.getF = function()
i

¥

return this.f;
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function Foo(f)
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th'i.S.f == 'F; getF?\
¥
Foo.prototype.getF = function() Foo.prototype
{

return this.f;

¥



Prototypes
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this.f = f; getF: A
¥
Foo.prototype.getF = function() Foo.prototype
{
return this.f;
¥

{f: 42}
var o = new Foo(42);
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function Foo(f)

{
th'i.S.f == 'F; getF?\
¥
Foo.prototype.getF = function() Foo.prototype
{
return this.f;
¥

{f: 42}
var o = new Foo(42);
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function Foo(f)

{
th'i.S.f == 'F; getF?\
¥
Foo.prototype.getF = function() Foo.prototype
{
return this.f;
¥

{f: 42}
var o = new Foo(42);



Prototypes

class Foo {

constructor(f)
{ .
, this.f = f; gelF: \
getFQ) Foo.prototype
{
return this.f;
¥
} {f: 42}

var o = new Foo(42);

var tmp = o.getF();
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Prototypes

class Foo {

constructor(f)
{ .
, this.f = f; s(zilE
getFQ) Foo.prototype
{
return this.f;
¥
} {f: 42}

var o = new Foo(42);

var tmp = o.getF();



Prototype Inline Caching

e (Goals:
e 0.getF should be fast
e 0.getF() should be inlineable

e o0.newField = value should be fast



Prototype Inline Caching

e Mono proto
e [ransition watchpoint

e Replacement watchpoint



Mono Proto

prototype
{x, vyl
T global
object
1, 2) / \
{42, 3}



Mono Proto

structure prototype

e
/ T globa

object
{1, 2] \

{42, 3}

{x, y}

-5, 7}



Proto Chain

object
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Proto Chain

structure
43

prototype
P1

structure

/ 42

object



Proto Chain

prototype

P2
structure
43

prototype
P1

structure

/ 42

object



Proto Chain

structure
44

prototype

P2
structure
43

prototype
P1

structure

/ 42

object



Proto Chain

// tmp = o.getF
1f (o->structurelD == 42
&& Pl->structurelID == 43
&& PZ2->structurelD == 44)
return P2->inlineStoragel..]
else
slowGet(o, “getF”)

prototype
P1

structure
42

>

object

prototype

P2
structure
43

structure
44



Proto Chain

// tmp = o.getF
1t (Qz prototype
&& Pl->structurelID == 43 P2
&& PZ2->structurelD == 44) ///l
->1nlineStoragel..] StruciUre

else 43
slowGet(o, “getF”)

prototype
P1

structure
42

>

object

structure
44



Proto Chain

// o.newField = value

1f (o->structurelD == 42
&& Pl->structurelID == 43
&& PZ2->structurelD == 44)
o->1nlineStoragel..] = value
o->structurelD = 100;

else
slowPut(o, “newField”,
value) prototype
P1
structure
42

>

object

prototype

P2
structure
43

structure
44



Proto Chain

value

"N
N
o
=)
¢
=
T
—
(¢
—
Q.

Il

oragel..] = value
o->structurelD = 100;
else
slowPut(o, “newField”,
val ue) prototype
P1
structure

42

>

object

prototype

P2
structure
43

structure
44
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Transition Hash Consing

Structure
|
Transition
Table
X —» OStructure
{x} -
Transition
Table

—>»  Structure

X, _’yi ......... ..T ..... .
b vl : Transition :

T / Table
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ransition i
Table

Transition
Table . 3 ,
Pl.thingy = “boom”;
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Transition
Table

Pl.thingy = “boom”;



Watchpoint

class Watchpoint {
public:
virtual void fire() = 0;

s
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Simple Inline Caching

e tmp = o.f// self

e o.f =tmp // self, existing

e o.f =tmp // self, new

e tmp = o.f // prototype



Simple Inline Caching

tmp = o.f // self
o.f = tmp // self, existing
only need one branch

o.f = tmp // self, new

tmp = o.f // prototype
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JetStream
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Speedometer 2
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JIT Monomorphic IC
speed-up

1.49x Self
1.87x p=10-18 + Proto
' 97x p=1022 + New Property

1 2.05x p=10° + Transition Watch
2.09x p =0.0001 + Replacement Watch

1.66x

2.82x p =108
3.05%x p=10°
3.13x p=0.06
3.52xp =

10-12

2.5)( 3)( 35)( 4)(



Advanced Topics

e Polymorphic Inline Caches
e Inlining Inline Caches

e Type Inference



Polymorphic Inline
Caches

































var tmp = o.f;












ST S2: S3:
{f, g} {f, g, hi {g, f}

T T T

{t: 54, g:75,

h:389) {g: 37, f: 30}

“~~~A:v L'¢’
var tmp ="0.f;

¥

1f (o->structurelID == S1 || o->structurelID == S2)
o->1nlineStorage[0]

else 1f (o->structureID == S3)
o->1nlineStorage[1]

else
slowGet(o, “f”)



function foo(o) {
return o.f;

¥

nolnline(foo);

for (var 1 = 0; 1 < 10000; ++1) {

foo({f: 1, g: 2});
foo({f: 1, g: 2, h:3});
foo({g: 2, f: 1});



0x456923529be:
0x456923529c4:
0x456923529ca:
0x456923529ce:

cmp $0x129, (%rax)
jnz 0x45692352a2d
mov Ox10(%rax), %rax
nop Ox200(%rax)



function foo(o) {
return o.f;

¥

nolnline(foo);

for (var 1 = 0; 1 < 10000; ++1) {

foo({f: 1, g: 2});
foo({f: 1, g: 2, h:3});
foo({g: 2, f: 1});



0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

{f, g,

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

h} 9, 1}

(%rax), %esi
$0x129, %esi
0x45692352bf7
0x10(%rax), %rax
0x456923529d5
$0x126, %esi
0x45692352c0c
Ox10(%rax), %rax
0x456923529d5
$0x12b, %esi
0x45692352a2d
O0x18(%rax), %rax
0x456923529d5
0x45692352a2d



0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi
0x45692352bf7
0x10(%rax), %rax
0x456923529d5
$0x126, %esi
0x45692352c0c
Ox10(%rax), %rax
0x456923529d5
$0x12b, %esi
0x45692352a2d
O0x18(%rax), %rax
0x456923529d5
0x45692352a2d
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0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi

0x45692352bf7
0x10(%rax), %;;;\\\>

0x456923529d5
$0x126, %esi*”////
Ox45692352cOc
Ox10(%rax), %rax
0x456923529d5
$0x12b, %esi
Ox45692352a2d
O0x18(%rax), %rax
0x456923529d5
Ox45692352a2d

» done
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0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi

0x45692352bf7
0x10(%rax), %;;;\\\>

0x456923529d5
$0x126, %esi*”////
Ox45692352cOc
Ox10(%rax), %rax
0x456923529d5
$0x12b, %esi
Ox45692352a2d
O0x18(%rax), %rax
0x456923529d5
Ox45692352a2d

» done



0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi

0x45692352bf7
0x10(%rax), %;;;\\\>

0x456923529d5
$0x126, %esi*/’////

0x45692352c0c
Ox10(%rax), %;;;\\\>

» done

0x456923529d5
$0x12b), %esi*/’////
0x45692352a2d
O0x18(%rax), %rax

0x456923529d5
0x45692352a2d

» done



0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352
0x45692352

el :
vel:
ned:
nee:
nf2:
0f7:

nfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi

0x45692352bf7
0x10(%rax), %;;;\\\>

0x456923529d5
$0x126, %esi*/’////

0x45692352c0c
Ox10(%rax), %;;;\\\>

» done

0x456923529d5
$0x12b), %esi*/’////

» done

Ox45692352a2d
O0x18(%rax), %rax
0x456923529d5
Ox45692352a2d

» slow



0x45692352be0:
0x45692352be?:
0x45692352be8:
0x45692352bee:
0x45692352bf2:
0x45692352bf7:
0x45692352bfd:
0x45692352c03:
0x45692352c07:
0x45692352c0Oc:
0x45692352c12:
0x45692352c18:
0x45692352clc:
0x45692352c21:

S2:

mov
cmp
jnz
mov
jmp
cmp
jnz
Mov
jmp
cmp
jnz
Mmov
jmp
jmp

(%rax), %esi
$0x129, %esi

0x45692352bf7
0x10(%rax), %;;;\\\>

0x456923529d5 > done
$0x126, %esi/
0x45692352c0Oc

Ox10(%rax) , %m\
0x456923529d5 » done
$0x12b, %esi*/’////
0x45692352a2d > slow
O0x18(%rax), %rax
0x456923529d5 » done
0x45692352a2d



Polymorphic Access JIT

o Self

* Prototype

e Transition (new property)
e Getters

e Setters

e Custom accessors

e Snippets (DOM JIT)



JIT Polymorphic IC
speed-up

5 09x " Monomorphic IC
+ Simple Poly IC
JetStream 2.13x " + Misses
2.14x " + Accessors & Snippets

3.52x

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

5 09x " Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p=0.003 " + Misses
2.14x " + Accessors & Snippets
3.52x

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

5 09x " Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p=0.003 " + Misses
2.14x " + Accessors & Snippets
3.52x

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

5 09x " Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p=0.003 " + Misses
2.14x " + Accessors & Snippets
3.52x

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

2 09% | Monomorphic IC
+ Simple Poly IC
= 0.003
JetStream 215 P = | + Misses

2.14x p=0.7

" + Accessors & Snippets

3.52x

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

2 09% | Monomorphic IC
+ Simple Poly IC
= 0.003
JetStream 215 P = | + Misses

2.14x p=0.7

" + Accessors & Snippets

3.52x

.92 p = 104

4.68x

Speedometer 2

1.37%
1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x




JIT Polymorphic IC
speed-up

2 09% | Monomorphic IC
+ Simple Poly IC
= 0.003
JetStream 215 P = | + Misses

2.14x p=0.7

" + Accessors & Snippets

3.52x

.92 p = 104

4.68x

Speedometer 2

1.37%
1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x




JIT Polymorphic IC
speed-up

2 09x ~ Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p =0.003 W + Misses

2.14x p=0.7 ™ + Accessors & Snippets
28x p=10"0

3.52x

.92 p = 104

4.68x

Speedometer 2

1.37%
1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x




JIT Polymorphic IC
speed-up

2 09x ~ Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p =0.003 W + Misses

2.14x p=0.7 ™ + Accessors & Snippets
28x p=10"0

3.52x

.92 p = 104

4.68x p =102

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



JIT Polymorphic IC
speed-up

2 09x ~ Monomorphic IC
_ + Simple Poly IC
JetStream 2.13x p =0.003 W + Misses

2.14x p=0.7 ™ + Accessors & Snippets
28x p=10"0

3.52x

.92 p = 104

4.68x p =102

Speedometer 2

1% 1.5x% 2 X 2.5% 3x 3.5x 4 x 4.5x 5x 5.5x



Inlining Inline Caches



Four llers

/atency z‘hroughput




Four llers

latency throughput



Four llers

latency throughput



tmp = o.f

. . . o
get_by_1id




jmp Lslow ]
jmp Lslow '
jmp Lslow

get_by_1id
wy S1, 0




cmp S1,
(%rax)
jnz Lslow

jmp Lslow jmp Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




cmp S1, cmp S1, .
jmp Lslow

(%rax)
jnz Lslow
mov 10(%rax),

%rax

. (%rax)
get—by—ld jnz Lslow

ey Sl, 0 mov 10(%rax),
%rax




cmp S1,
(%rax)
jnz Lslow

cmp S1,

cmp S1,
(%rax) (G6rax)

et_by_1id
wy, 51, 0 mov 10(%rax), mov 10(%rax), mov 10(%rax),
%rax

%rax %rax




get_by_1id

tmp



get_by_1id
wy S1, 0

tmp

0.



jmp Lslow

get_by_1id
wy S1, 0




cmp S1,
(%rax)
jnz Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




cmp S1,
(%rax)
jnz Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




cmp S1,
(%rax)
jnz Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




cmp S1,
(%rax)
jnz Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




cmp S1,
(%rax)
jnz Lslow

get_by_1d

ey Sl, 0 mov 10(%rax),
%rax




Il
O
—h

tmp
tmp2 = o0.g




Il
O
—h

tmp
tmp2 = o0.g




Il
O
—h

tmp
tmp2 = o0.g




jmp Lslow

jmp Lslow




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

jmp Lslow




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax




cmp S1,
(%rax)

jnz Lslow

mov 10(%rax),
%rax

cmp S1,
(%rax)

jnz Lslow

mov 18(%rax),
%rax







Inline Cache Control Flow

e, s>

N
e g
/

e oy
.

not redundant!




Inlined with OSR exits

Inline Cache Control Flow

LH £
HEH
{1l
%




Inline Cache Control Flow Inlined with OSR exits

-




Benefits of Inlining

Common subexpression elimination
Abstract interpreter models the structure
Object allocation sinking

Many other optimizations



|C Monomorphic Inlining
Speed-up

| Polymorphic IC
2.28x% + Mono IC Inlining
JetStream
2.49x
.
4.68x
ARES-6
5.67x

1.37 %
Speedometer 2

1.39x

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|C Monomorphic Inlining
Speed-up

| Polymorphic IC
2.28x% + Mono IC Inlining
JetStream
2.49x p=10-14
.
4.68x
ARES-6
5.67x

1.37 %
Speedometer 2

1.39x

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|C Monomorphic Inlining
Speed-up

| Polymorphic IC
2.28x% + Mono IC Inlining
JetStream
2.49x p=1014
I
4.68x
ARES-6
5.67/x p=102

1.37 x
Speedometer 2

1.39x

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|C Monomorphic Inlining
Speed-up

| Polymorphic IC
2.28x% + Mono IC Inlining
JetStream
2.49%x p=1014
I
4.68x
ARES-6
5.67/x p=1021

1.37 %

Speedometer 2
1 39>< P = 0.02

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2.33%
2.49x
4,33 %
ARES-6 4.54‘)(
5.67 %

1.32x%
Speedometer 2 1.36x%
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x
4,33 %
ARES-6 4.54‘)(
5.67 %

1.32x
Speedometer 2 1.36x%
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x
4,33 %
ARES-6 4_54‘)( p=10°
5.67 %

1.32x
Speedometer 2 1.36x%
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x
4,33 %
ARES-6 4_54‘)( p=10°
5.67x%
1.32x%
Speedometer 2 1.36% p =/0.0003
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x p =10
4,33 %
ARES-6 4_54‘)( p=10°
5.67x%
1.32x%
Speedometer 2 1.36% p =/0.0003
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x p =103
4.33 %
ARES-6 4_54‘)( p=10°
5.6/x p=1026
1.32x%
Speedometer 2 1.36% p =/0.0003
1.39x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



|IC Inlining and Watchpoints

IC Inlining w/o Watchpoints
2.24 % |C inlining w/ Transition Watchpoints
' ' IC Inlining w/ Transition & Replacement
JetStream 2 33x|p=108
2.49x p =103
4.33 %
ARES-6 4_54‘)( p=10°
5.6/x p=1026
1.32x%
Speedometer 2 1.36% p =/0.0003
1.39% p =/0.02

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x b5b5x 6% 06.5x 7x



Minimorphic IC Inlining

var tmp = o.f;



Minimorphic IC Inlining

var tmp =%o.f;



Minimorphic IC Inlining

ST 52
1t o} g
| . {f: 54, g:75,
{f: 64, g:75} h:389)

var tmp =20%f;



Minimorphic IC Inlining

ST 52
1t o} g
| . {f: 54, g:75,
{f: 64, g:75} h:389)

var tmp =*0“f;

)

CheckStructure(@o, [S1, SZ2])
GetByOffset(@o, “f”, 0)




Polymorphic IC Inlining

var tmp = o.f;



Polymorphic IC Inlining

~
~
~
~
~
~§
~

~§
~
~
~§
~

s
~
~
~
RS
~ .
S

-~ A Y



Polymorphic IC Inlining

DFGIR: MultiGetByOffset(®o, “f”, [S1, S2] => 0@, [S3] => 1)



Polymorphic IC Inlining

~
~
~
~
~
~§
~

~
~
~
~
~
~
~
~§
~

~
~
~
~
~
~
~
~
~
~§
~

et

DFGIR: MultiGetByOffset(®o, “f”, [S1, S2] => 0@, [S3] => 1)

o

1f (o->structureID == S1 || o->structurelID == S2)
result = o->inlineStoragel[@]

else
result = o->inlineStorage[1]

B3 IR:



JetStream

ARES-6

Speedometer 2

|C Polymorphic Inlining

1x

3
1.40x

=

.39

.38 x

Speed-up

2.49x
2.52x

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

5.72x
5.16x%

1.5x 2x 25x 3x 35x 4x 45x bx 55x b6x 06.5x%

[ %



JetStream

ARES-6

Speedometer 2

|C Polymorphic Inlining

1x

3
1.40x

=

1.5x

.39

.38 x

2x 2.5x

Speed-up

2.49
2.52

X P =

0.02

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

5.72x
5.16x%

3x 3.5x 4x 45x 5Bx b.bx 6x 6.5x

[ %



JetStream

ARES-6

Speedometer 2

|C Polymorphic Inlining

1x

1

=

1.5x

2x 2.5x

2.49
2.52

S

.39
1.40x%
.38 x

X P =

Speed-up

0.02

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

5.67/%
5.72x p=0.5
/6%

3x 3.5x 4x 45x bx bbx 6x 6.5x 7x



JetStream

ARES-6

Speedometer 2

|C Polymorphic Inlining

1x

=

Speed-up

2.49
2.52

S

1.39x

1.40x p=0.6
.38

1.5x 2x 2.5x

X P =

0.02

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

5.67/%
5.72x p=0.5
/6%

3x 3.5x 4x 45x bx bbx 6x 6.5x 7x



JetStream

ARES-6

Speedometer 2

2.52x p = 0.02 @ + Poly IC Inlining
“2.5% p=0.8
5.67/%
5.72x p=0.
s e
1.39x%
1.40x p=0.6
138
1x 1.5x 2x 2.5x 3x 3.5x 4x 4.5x

2.49

|C Polymorphic Inlining
Speed-up

Mono IC Inlining
+ Mini IC Inlining

5x 5.5x 6x 06.5x%

[ %



JetStream 2.52x p =0.02

ARES-6

Speedometer 2

|C Polymorphic Inlining

Speed-up

2.49x

“2.5% p=0.8

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

1.39x%

1.40x p=0.6

[ 1.38x

1x 1.5x 2x 2.5x 3x 3.5x 4x 4.5x

5x 5.5x 6x 06.5x%

[ %



JetStream 2.52x p =0.02

ARES-6

Speedometer 2

|C Polymorphic Inlining

Speed-up

2.49x

“2.5% p=0.8

Mono IC Inlining
+ Mini IC Inlining
| + Poly IC Inlining

1.39x%

1.40x p=0.6

1111.38x p=03

1x 1.5x 2x 2.5x 3x 3.5x 4x 4.5x

5x 5.5x 6x 06.5x%

[ %






function foo(o) { return o.f; }



S S2: S3:
{f, g} {f, g, hi {9, f}

function foo(o) { return\"g.F; 1



S S2: S3:
{f, g} {f, g, hi {9, f}

function foo(o) { returﬁﬁg.F; 1

function bar(p) { return foo(p.g); }



S S2: S3:
{f, g} {f, g, hi {9, f}

Ol
{f, 9 function foo(o) { returnﬁg.F; 1

function bar(p) { return Fooéﬁ?g); }



function foo(o) { returﬁ*g.f; 1

function bar(p) { return fooéﬁ?g); }




function foo(o) { returﬁ*g.f; 1

function bar(p) { return fooéﬁ?g); }

jmp Lslow




function foo(o) { returﬁ*g.f; 1

function bar(p) { return fooéﬁ?g); }

cmp S1,

(%rax)
jnz Lslow
mov 10(%rax),

%rax




~ .
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~
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function foo(o) { returﬁﬁg.f; 1

function bar(p) { return fooéﬁ?g); }

cmp S1,

(%rax)
jnz Lslow
mov 10(%rax),

%rax




function foo(o) { returﬁ*g.f; 1

function bar(p) { return fooéﬁ?g); }

cmp S1,

(%rax)
jnz Lslow
mov 10(%rax),

%rax




|C Polyvariant Inlining
Speed-up

Polymorphic IC Inlining
2.92 % + Polyvariant IC Inlining
JetStream
2.53 %
I
5.76x%
ARES-6
6.14x
1.38x
Speedometer 2
W.39x

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



|C Polyvariant Inlining
Speed-up

Polymorphic IC Inlining
2.92 % + Polyvariant IC Inlining
JetStream
2.53x p=0.4
I
5.76x%
ARES-6
6.14x
1.38x
Speedometer 2
W.39x

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



JetStream

ARES-6

Speedometer 2

|C Polyvariant Inlining

1

1x 1.5x 2x 2.5x 3x 3.5x 4x 4.5x

38x

W.39x

Speed-up

2.52x

2.53x p

=0.4

Polymorphic IC Inlining
+ Polyvariant IC Inlining

5./6x

6.1

4dx p

) = 0.(

)002

5x 55x 6x 6.5x 7x 7.5%



JetStream

ARES-6

Speedometer 2

|C Polyvariant Inlining

1x 1.5x 2x 2.5x 3x 3.5x 4x 4.5x

Speed-up

2.52x
2.53x p
.
1.38x%
W.39x p=0.9

=0.4

Polymorphic IC Inlining
+ Polyvariant IC Inlining

5./6x

6.1

4dx p

) = 0.(

)002

5x 55x 6x 6.5x 7x 7.5%



DFG IR:

MultiGetByOffset(@o, “f”, [S1, SZ2]
MultiGetByOffset(@o, “g”, [S1, SZ2]

=> 0@, [S3]
=> 1, [S3]

> 1)
> 0)



DFG IR:

&

Branch(Equal(

@structure, $S1))
else

Branch(Equal(

Load(@object, ‘TE//’ @structure, $S2))

en
offset = 0x10) “uelse
Branch(Equal(

@structure, $S3))
¥ then
B3 IR: Load(@object,
offset = 0x18)
¥

then

Branch(Equal(
@structure, $S1))

else
then Branch(Equal(

Load(@object, ‘7Z;;’ @structure, $52))
offset = 0x18) uélse
Branch(Equal(
@structure, $S3))
¥ then
Load(@object,

offset = 0x10)

MultiGetByOffset(@o, “f”, [S1, S2] => 0@, [S3]
MultiGetByOffset(@o, “g”, [S1, S2] => 1, [S3]

else

else

o))

OSR exit

OSR exit


















Branch(Equal(
@structure, $S1))

th else
° Branch(Equal(

: @structure, $52))
Load(@obiject, Ajﬂ;;’ ’
] D e éelse
Branch(Equal( bicliCliBgLieiLe _else OSR exit

@structure, $S1)) @structure, $53))

¥ then
Load(@object,
else . At — Oyl
then Branch(Equal(
@structure, $S1))
the else
Branch(Equal(
Load(@object, t?%;;’ @StPUCEifi, $S2))
offset = 0x18) ; hCE els(e I
ranch(Equa else _
@structure, $S3)) OSR exit
¥ then
Load(@object,

offset = 0x10)









else













B3 IR before:




B3 IR before:

B3 IR after:

Branch(Equal(
@structure, $S1))

else
then
Branch(Equal(

‘///// @structure, $52))
then

Load(@object,
offset = 0x10) S G
Branch(Equal(
@structure, $S3))
¥ then
Load(@object,
offset = 0x18)
¥
Branch(Equal(
@structure, $S1))
else
th
) Branch(Equal(
@structure, $52))
Load(@object, A/?;;;/ "
offset = 0x18) " else
Branch(Equal(
@structure, $S3))
¥ then
Load(@object,
offset = 0x10)
Branch(Equal(

@structure, $S1))

else
then
‘(/////\\\\\‘"Branch(Equal(

Load(@object, then

@structure, $S2))

\\‘ else
offset = 0x10) B hCEaual
Load(@object, ran; E qui ( $S3
e s structure, ))
¥ then
Load(@object,
offset = 0x18)
Load(@object,

offset = 0x10)

else

OSR exit

—%¢ .,  OSR exit

duplicateTails(procedure);
foldPathConstants(procedure);

—=» OSR exit
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| Poly Poly IC Inlining
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]
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39 x
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Taildup Speed-up

Poly Poly IC Inlining

2.53x + Taildup
JetStream
25 X p=0.0’3
]
6.14x
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6.23x
39 x%
Speedometer 2
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Taildup Speed-up
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2.53x + Taildup
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6.14x
ARES-6

39x
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Taildup Speed-up

Poly Poly IC Inlining
2.53x + Taildup

JetStream
25 X P = 0.03

6.14x
ARES-6

39x

Speedometer 2
.39% p=0.6

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



o.f.g



Q Nn T Q

o.f.g

>

: CheckStructure(@o, S1)
: GetByOffset(@o)
: CheckStructure(@b, S2)
: GetByOffset(@c)



o.f.g

>

a: CheckStructure(@o, S1)

c: CheckStructure(@b, S2)

U . DVYU
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Property Type Inference
Tablo )/ \
\ Aores to f check type

* |Loads don’t have to

e S1’s inferred type table
watches S2°s transitions
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1.37x%
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Inferred Type “Speed-up”

| Poly Poly IC Inlining + Taildup
2.57x% + Inferred Type
JetStream
2.60x
I
6.23x
ARES-6
6.04 x
1.39x%
Speedometer 2
1.37x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



Inferred Type “Speed-up”

Poly Poly IC Inlining + Taildup

2.57x% + Inferred Type
JetStream
2.60x p=0.03
]
6.23x
ARES-6
6.04 x
1.39x%
Speedometer 2
1.37x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



Inferred Type “Speed-up”

JetStream
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Speedometer 2

1

1.39x

37X
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( X

Ox 1

.03

Poly Poly IC Inlining + Taildup

+ Inferred Type

= 0.08

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



Inferred Type “Speed-up”

JetStream

ARES-6

Speedometer 2

1

1.39x

37X

2.5]

2.6

( X

Ox 1

p::

0.02

.03

Poly Poly IC Inlining + Taildup

+ Inferred Type

= 0.08

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%
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function foo()

{
class Helper {

¥

var h = new Helper();




function foo()

{
class Helper {

¥

var h = new Helper();




Mono Proto Poly Proto
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Poly Proto Speed-up

| Poly Poly + Taildup + Inferred Type
2.60x + Poly Proto
JetStream
2.61x
I
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Poly Proto Speed-up

| Poly Poly + Taildup + Inferred Type
2.60x + Poly Proto
JetStream
2.61x p=08
.
6.04 x
ARES-6
6.27 x
1.37x
Speedometer 2
1.37x%

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



Poly Proto Speed-up

JetStream

ARES-6

Speedometer 2

1.37 %

1.37x%

2.6

2.6

Dx

1x

Poly Poly + Taildup + Inferred Type

+ Poly Proto

p=0.

8

0

.02

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



Poly Proto Speed-up

JetStream

ARES-6

Speedometer 2

1.37 %

1.37x%

p::

2.6

2.6

0.7

Dx

1x

Poly Poly + Taildup + Inferred Type

+ Poly Proto

p=0.

8

0

.02

1x 1.5x 2x 2.5x 3x 3.5x 4x 45x 5x 55x 6x 6.5%x 7x 7.5%



How | Ran These
Experiments

WebKit trunk revision 233406

Safari trunk hash
dd8296dbaac7afa5ed9a699aa261033ea5f5577¢c

macOS Internal SDK
make release (not a root, no shared cache)

Patch, scripts, and raw data at webkit.org/b/187414

MacBookPro11,5 2.8GHz 16GB RAM 1TB SSD


http://webkit.org/b/187414

. Self

+ Proto
W + New Property
" + Transition Watch

+ Replacement Watch
B -+ Polymorphic
" + Miss
.~ + Accessors
= + Monomorphic Inlining
= + Minimorphic Inlining
"+ Polymorphic Inlining
B -+ Polyvariant Inlining
!+ Taildup
" + Inferred Types
-— B + Poly Proto

JetStream

2.605x%

6.27 %

Speedometer 2

1.37x%
1x 1.5x 2x 25x 3x 35x 4x 45x 5bx b5x 6x 6.5%



