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VM basic



Virtual Machine history

pascal 1970
smalltalk 1980
self 1986
python 1991
java 1995
javascript 1995
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How Virtual Machine Work?

e Parser
¢ Intermediate Representation
e Interpreter, JIT

e Runtime, Garbage Collection



Parser

e Tokenize

o AST



Tokenize

R op

& var foo =
cqul




AST

Variable foo Constant |0




Intermediate Representation

e Bytecode

e Stack vs. reqgister



Bytecode (SpiderMonkey)

00000: deffun 0 null

00005: nop
_ 0006: callvar 0
function foo(bar) { 888?2 inﬁi
i Lt
return bar + 1; 00014: pop
} 00015: stop
foo:
fOO(Z); 00020: getarg 0
00023: one
00024: add

00025: return
00026: stop



Stack vs. regdister

e Stack

e JVM, .NET, PHP, Python, Old JavaScript engine
e Reqister

e Lua, Dalvik, Modern JavaScript engine

e Smaller, Faster (about 20%~30%)

e RISC



Stack vs. register

local a,t,1 1: PUSHNIL 3
a=a+1 2: GETLOCAL O ; a

3: GETLOCAL 2 : i

4: ADD . :

SR CETLOGAL 1 0F | 5 ;ggi} AR %: kggDNIL 8 ; g
=l S; 2EEEOCAL ? 2 a=a+1 3: ADD 0 0 250 ;

T e a=t [i] 4: GETTABLE 0 1 2
a=t[1i] 9: GETLOCAL 1 : t

10: GETINDEXED 2 ; i

11: SETLOCAL @ ; a




Interpreter

e Switch statement

e Direct threading, Indirect threading, Token threading ...



Switch statement

while (true) {
switch (opcode) {
case ADD:
break;
case SUB:

break;



Direct threading

typedef void *xInst;
Inst program[] = { &SADD, &&SUB };
Inst *x1p = program;
goto *x1p++;
ADD:
goto *x1p++;

SUB:

http://gcc.gnu.org/onlinedocs/gcc/Labels-as-Values.html



http://gcc.gnu.org/onlinedocs/gcc/Labels-as-Values.html
http://gcc.gnu.org/onlinedocs/gcc/Labels-as-Values.html

Fig. 1. Flow of control: hard Fig. 2 Flow of control: interpre- Fig. 3. Flow of control: threaded
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Garbage Collection

e Reference counting (php, python ...), Smart pointer
e Tracing

e Generational

e Stop-the-world, Concurrent, Incremental

e (Copying, Sweep, Compact



Why )JavaScript is slow?

Dynamic Type
Weak Type
Need to parse every time

GC



Fight with Weak Type



Object model in most VM

typedef union {
volid *p;
double d;
long 1;

} Value;

typedef struct {
unsigned char type;
Value value;

} Object;

Object a;



Tagged pointer



FEILFRBRSER, BIHMIURXT (4585 1)

http://www.gnu.org/s/libc/manual/html_node/Alighed-Memory-Blocks.html
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Tagged pointer

Memory

NV-al sl 2
var b = {a:1} | 0x3d2aa00

object b




Small Number

2% —1=1073741823
29 =_1073741824
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External Fixed Typed Array

e Strong type, Fixed length
e Outof VM heap
e Example: Int32Array, Float64Array



Small Number + Typed Array

@ Seconds (smaller is better)

4020 4200

3750

2500

1250

50 70

C/C++ Java(HotSpot) V8 PHP Ruby Python

http://shootout.alioth.debian.org/u32/performance.php?test=fannkuchredux



http://shootout.alioth.debian.org/u32/performance.php?test=fannkuchredux
http://shootout.alioth.debian.org/u32/performance.php?test=fannkuchredux

Warning: Benchmark
lies



ES6 will have struct




ESG StructType

Point2D = new StructType({

X.
Y.

)

uint32,
uint32

Color

})

rl

g:
b:

J1r
J1r

J1r

new StructType({
138,
138,
t3

Pixel = new StructType({
point: Point2D,

color:

1) ;

Color
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Use typed array to run faster



Fight with Dynamic
Type



foo.bar



foo.barin C

movl 4(%edx), %ecx //get
movl %ecx, 4(%edx) //put



foo.bar in JavaScript

found = HashTable.FindEntry(key)
if (found) return found;

for (pt = GetPrototype();
pt !'= null;
pt = pt.GetPrototype()) {
found = pt.HashTable.FindEntry(key)
1f (found) return found;



How to optimize?



First, We need to know
Object layout



Add Type for object

A Point object

add Property X Hidden class C1 add Property y N s

A Point object

Class pointer
Offset 0: x

Offset 1: y

Class pointer
Fory see

Offset 0: x - R N
or X See offset 1
offset 0 Hidden class C1

Initial hidden > For x see
class CO offset 0
Initial hidden N .
If you add class CO If you add
s, property y, /
PrOpery x. - fvou add yd transition to
'.'F.I["-.IZ (r] ::':th;:-:—er‘\‘ . class C2
plEEs transitionto

http://code.google.com/apis/v8/design.html



http://code.google.com/apis/v8/design.html
http://code.google.com/apis/v8/design.html

Inline Cache

e Slow lookup at first time
e Modify the JIT code in-place

e Next time will directly jump to the address



Inline cache make simple

return foo.lookupProperty(bar);

function fun(foo) {//,/)'
return foo.bar: ‘l

¥

if (foo[hiddenClass] == 0Oxfel) {
return fool[indexOf bar]:
I3

return foo.lookupProperty(bar);
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V8 can’t handle delete yet

Testing in Chrome 18.0.1025.129 on Mac OS X 10.7.3

Test Ops/sec
function Foo() {}
Foo.prototype.x = 1;
var foo = new Foo(); 1,395,890
without delete +1.99%
var result = 0; fastest

for (var 1 = 0; 1 < 100; 1++) {
result result + foo.x;

}

function Foo() {}
Foo.prototype.x = 1;
Foo.prototype.y = 2;

@ Foo. prOtOt@ 68,278 2OX tl mes

with delete +0.65%

var foo = new Foo(); 95% slower Slower!

var result = 0;
for (var 1 = 0; 1 < 100; 1++) {
result result + foo.x;

}

http://jsperf.com/test-v8-delete


http://jsperf.com/test-v8-delete
http://jsperf.com/test-v8-delete

N\

Avoid alter object property
lavout




Just-In-Tume (JIT)



NT

e Method JIT, Trace JIT, Regular expression JIT
e Register allocation

e Code generation



How JIT work?

mmap, malloc (mprotect)
generate native code
cast (c), reinterpret_cast (c++)

call the function



V3



V3

Lars Bak
Hidden Class, PICs

Some of Built-in objects are written in JavaScript

Crankshaft

Precise generation GC



Lars Bak

\‘., \

implement VM since 1988

e0000 0

Beta
Self
JVM (VM architect at Sun)

V8 (Google)




Lines of code (VM only)

W .cpplc B h
500000
10831
375000
250000
359986 63975
125000 T o
g 44646

HotSpot SpiderMonkey JSC Ruby CPython PHP-Zend



Crankshaft



Relative score (bigger is bedter)

1.8

0.6

0.0

V8 Benchmark Suite . version 6

Richards

DaeNtaBlue

Crypto

carleyBoyear

RayTrace

RegExp

Splay

Chrome

B Chrome with
Crankshan



Source code >
runtime profiling
High-Level IR gumdl Low-Level IR o Opt Native Code

g

Crankshaft




Crankshaft

Profiling

Compiler optimization
Generate new JIT code
On-stack replacement

Deoptimize



High-Level IR (Hydrogen)

e AST to SSA
e Type inference (type feedback from inline cache)
e Compiler optimization
e Functioninline
e Loop-invariant code motion, Global value numbering

e Eliminate dead phis



Loop-invariant code motion

_ e ekl tmp = X + VY,
for (1_= 9, L [ ke for (il =00 < incsii B
ali] = 5 alil = tmp;

; )



Function inline limit for now

e big function (large than 600 bytes)
e have recursive
e have unsupported statements

e with, switch

o try/catch/finally



N\

Avoid “with”, “switch” and
“try” in hot path



Built-in objects written in JS

function ArraySort(comparefn) {

// In—-place QuickSort algorithm.
// For short (length <= 22) arrays, insertion sort is used for efficiency.

if (!IS_SPEC_FUNCTION(comparefn)) {
comparefn = function (x, y) {
if (x === y) return 0;
if (%_IsSmi(x) && %_IsSmi(y)) {
return %SmilLexicographicCompare(x, y);
I3
X = ToString(x);
y = ToString(y);
if (x == y) return 0;
else return x <y ? -1 : 1;

v8/src/array.js



Precise
Stop-the-world
Generation

Incremental (2011-10)

GC



V8 performance
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V8 performance

1000x JavaScript V8 + Java 7 -server . JavaScript V8 + PHP
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Warning: Benchmark
lies






Node.|S

e Pros e (Cons
e Easyto write Asyncl/O e Lack of great libraries
e One language for everything e Large JSis hard to maintain
e Maybe Faster than PHP, Python e Easy to have Memory leak

(compare to PHP, Erlang)
e Bet on JavaScript is safe
e Still too youth, unproved



Why Dart?

e Build for large application

e option type, structured, libraries, tools
e Performance

e lightweight process like erlang

e casy to write a faster vm than javascript



The future of Dart?

e |t will not replace JS

e Butit may replace GWT, and become a better choice for
Building large front-end application

e with great IDE, mature libraries

e and some way to communicate with JavaScript



How to make
JavaScript faster?




How to make JavaScript faster?

e Wait for ES6: StructType, const, WeakMap, yield...
e High performance build-in library
o WebCL
e Embed another language
e KL(FabricEngine), GLSL(WebGlL)

e Wait for Quantum computer :)



Things you can learn also

e NaN tagging

e Polymorphic Inline Cache
e Type Inference

e RegexJIT

e Runtime optimization
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