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V8: The Oz Story

Solving Performance Mysteries

John McCutchan
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Late in development...

We've got a problem!
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... didn't want to delay ...
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... called in performance detectives
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Performance Matters
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60 times a second

16 Milliseconds
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Performance Matters
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Performance Matters
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Performance Matters

O

JavaScript execution time:
Google apps spend 50-70% of time in V8
Popular sites 20%-40% of time in V8



Performance Matters

Longer Battery Life

Smoother Applications

More Features -
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Solving Crimes, Performance Crimes.

EVIDENCE COLLECTION
SUSPECTS
FORENSICS LAB







EVIDENCE COLLECTION

O

What Kind of Application is Oz?

Real-time interactive 3D game



EVIDENCE COLLECTION

Are the Developers Following Best Practices?

Yes
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EVIDENCE COLLECTION

What Kind of Performance Problem are we Seeing?
Frame rate drop, once per second.

Correlated with GC activity
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EVIDENCE COLLECTION

O

Is 10MB/sec of Garbage Expected?
No
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EVIDENCE COLLECTION

What Triggers a Garbage Collection?
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Where is the cost in allocating memory?

e Every call to new or implicit memory allocation

o Reserves memory for object
o Cheap until...
e Memory pool exhausted

o Runtime forced to perform a garbage collection
o Can take milliseconds (!)
e Applications must be careful with object allocation patterns

o Every allocation brings you closer to a GC pause

O



How does V8 manage memory?

e Generational

o Split values between young and old
o Qvertime young values promoted to old

\I-.
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How does V8 manage memory?

e YoOUNg Generation ll.-'ls 1.76s 2125 2.47s 2825 3.1

o Fast allocation LS ILE A | |
o Fast collection HLENEA L R |
O Frequent collection 1275 1275 1275 1285 1285 1.2¢

h

. GC Event - Details

| Duration 0.070ms {(at 1.27 s) h
Collected 1.9 MB
Used Heap Size 2.6 MB |_

Call Site stack frame @ frame.js:22




How does V8 manage memory?

e Old Generation

o Fast allocation Parts of collection run concurrently with mutator
o Incremental Marking

o Slower collection Mark-sweep

o Infrequently collected o Return memory to system
Mark-compact
o Move values

O



How does V8 manage memory?

e Why is collecting the young generation faster

o Cost of GC is proportional to the number of live objects

bull

Young Generation Collection Old Generation Collection
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Young Generation In Action

From Space
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Young Generation In Action

From Space



Young Generation In Action

From Space
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Young Generation In Action

From Space
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Young Generation In Action

From Space

O



Young Generation In Action

From Space

O



Young Generation In Action

-C

From Space

O

-E

Not enough room
for E




Young Generation In Action

From Space

O




Young Generation In Action
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Young Generation In Action

To Space

O



Young Generation In Action

To Space

O



Young Generation In Action

To Space
C _
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Young Generation In Action




Young Generation In Action

From Space

O



Young Generation In Action

From Space
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How does V8 manage memory?

e Each allocation moves you closer to a collection

o Not always obvious when you are allocating

e Collection pauses your application

o Higher latency
o Dropped frames
o Unhappy users
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SUSPECT #1

O

-B

Calling new
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SUSPECT #1

O

Audit confirmed no calls to new within frame

"That would have been embarrassing” - UNIT9



SUSPECT #2

Code running in un-optimized mode

vara=p *d;
varb=c+ 3;
var c = 3.3 * dt;

pointx=a*b*c

O
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SUSPECT #2

JavaScript

vara=p*d, @
varb=c+3; @
varc=3.3*dt;‘

pointx=a*b*c

O

Unoptimized mode

Implicit memory allocation

=



SUSPECT #2

JavaScript

vara=p *d;
varb=c+ 3;
var c = 3.3 * dt;

pointx=a*b *c;

O

Optimized Mode

. Implicit memory allocation




Transitions between optimized and unoptimized mode

N ——

Deoptimization

Unoptimized

O

N\,

Certain code
constructs

Too many
deoptimizations



SUSPECT #2

O

Potential Suspect!



SUSPECT #3

Modifying Object Shape

JavaScript
function Point(x, y) {
this.x = x;
this.y =vy;
}

var p = new Point(2.3, 4.5);

p.z=9.9;

O



SUSPECT #3

Modifying Object Shape

function Point(x, y) {
this.x = x;
this.y =vy;

}

var p = new Point(2.3, 4-

O



SUSPECT #3

O




SUSPECT #3

O

Audit confirmed no shape changes



Suspects

Suspect #1: Calling New
Alibi: Not at crime scene

Suspect #2: Unoptimized mode
Alibi: None

Suspect #3: Shape Change
Alibi: Not at crime scene

O






Forensics

900: CrBrowserMain:
Chrom

[ 7 @ Elements E

== Events 2216: CrRendererMain:

[~ Memory 2844: CrGpuMain:

~ XHR Ready State Change
' Function Call (init.36e35

@ Recalculate Style (init.36: :
= Parse HTMI finit 36357, 00167 CrRendererMain: I I I I I

g9,> a @ ¢
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Forensics

Confirm unoptimized code is running

- Determine why code isn't optimized

O



Forensics - Capturing V8 timeline

$ Chrome --no-sandbox --js-flags="--prof --noprof-lazy --log-timer-events"

$ tools/plot-timer-events /path/to/v8.log

O

Command Line

Command Line



Forensics - Analyzing V8 timeline

V8.GCContext (00%) -
V8.GCCompacior (0.4%) -
VV8.GCScavenager (1.6%)

V8 .ParselLazy (0.19%)

V8 PreParse (00%) -

V6 Parse (0.0%) -

v8.CompileEval (0.0%) A
V8.RecompileParallel (0.0%)

V8 .Recompile Synchronous (0.2%)
V8.CompileFullCode (0.2%) -

V8 .Extemal (0.0%) -

V8 Execute (96.3%)

code kind being executed -
top 8 js stack rames -

pause tmes -

O

extemal reg.exp. nntime full cocle Optoode oode stub Built-in inl.cache
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Forensics - Analyzing V8 timeline

O

[GatageColocion

V8. RecompileParallel (0.0%) -
V8. Recompile Synchronous (0.2%) -

Sobein

V8.GCContext (0.0%) -

V8.GCCompactor (0.4%) |||
V8.GCScavenger (1.6%) -

V8 ParseLazy (0.1%)

V8.PreParse (0.0%) -
V8 Parse (0.0%)

V8.CompileEval (0.0%) -

V8.CompileFullCode (0.29) -

V8 Extemal (0.0%) -
V8. Execute (96.29%) -




Forensics - Analyzing V8 timeline

Code Kind

O



Forensics - Analyzing V8 timeline

O

V8 GCContext (0.0%) A

V8. GCCompactor (0.4%) -
VB .GCScavenger (1.6%g) -
VB Parselazy (0.1%) -

V8. PreParse (0.0%) -

Ve Parse (009G -

V8 CompieEval (0.09) -

V8 RecompileParalel (0.0%) -
V8. Recompile Synchronous (0.2%) -
V8. .CompieFUlCode (0.2%) -
V8 Extemal (0.09g -

V8 Execute (96.3%) -

code kind being executed S




Forensics - Analyzing V8 timeline

V8.GCContext (00%) -
V8.GCCompacior (0.4%) -
VV8.GCScavenager (1.6%)

V8 .ParselLazy (0.19%)

V8 PreParse (00%) -

V8 Parse (00%)

V8.CompieEval (0.0%)
V8.RecompileParallel (0.0%)

V8 .Recompile Synchronous (0.2%)
V8.CompileFullCode (0.2%) -

V8 .Extemal (0.0%) -

V8 Execute (96.3%)

code kind being executed -
top 8 js stack rames -

pause tmes -

O

extemal reg.exp. nntime full cocle Optoode oode stub Built-in inl.cache
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Forensics - Finding hot unoptimized functions

$ Chrome --no-sandbox --js-flags="--prof --noprof-lazy --log-timer-events"

$ tools/mac-tick-processor /path/to/v8.log

O



Forensics - Finding hot unoptimized functions

[JavaScript]:
ticks total nonlib
167 61.2% 61.29
40 14.7% 14.7% LazyCompile:
15 5.5% 5.5% Stub: K
13 4.8% 4.8% Stub: B
2.2% 2.2% Stub: BinaryOp

*drawSprites source.js:20

ber+Smi

tu verwriteRight_Number+Number

1.5% 1.5% Stub: KeyedStoreElementStub

0.7% 0.7% KeyedStorelC: {13}

0.4% 0.4% LazyCompile: ~main source.js:30

6
4
4 1.5% 1.5% KeyedLoadIC: {12}
2
1
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Forensics - Determining why a function is not optimized

$ Chrome --no-sandbox --js-flags="--trace-deopt --trace-opt-verbose"

Command Line

[disabled optimization for updateSprites, reason: ForInStatement is not fast case

O



Forensics

Equivalent of Oz problem code:

JavaScript

O



Potential Fix

JavaScript

function updateSprite(sprite, dt) {
sprite.position.x += sprite.velocity.x * dt; // update position
// many more linesgof arithmetic.

}

function upda
for (sprite
updatesS

O



Before and After







Epilogue

Simple fix
> GC pause problem solved

° Real problem was unoptimized code

* Oz devs understood how to look under the hood

* lIdentified other functions in "deoptimization hell"

O



Conclusion

* Timeline plot

° Birds eye view of V8 activity
* Tick processor

 Table of hot functions
* Deoptimization log

* Deep insight into optimization state machine

O



Conclusion

* Evidence Collection

* Asking the right questions

* Suspects
> Narrowing in on likely cause
* Forensics

* Using tools to prove your case



<Thank You!>



O

Check out Perf Alley and Chrome Office Hours
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Chrome DevTools:

o https://developers.google.com/chrome-developer-tools/

V8 Tools:
o Nttps://code.google.com/p/v8/

Structural Profiling JS:
o http://www.youtube.com/watch?v=nxXkquTPng8
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