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Site speed matters

Performance monitoring

Static resource management

Ajaxification

Client side cache




Site speed matters!




Site speed matters: large scale

200 million users, more than 4 billion page views / day

- 10ms per page = more than 1 man-year per day

= more than 5 human-life of time per year



Site speed matters: emerging challenges

. Agile development
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Site speed matters: emerging challenges

. Agile development
- Deep integration

- Viral adoption



facebook Home Profile Friends Inbox (15 David Wei Settings Logout EVILIaiY
- O'Reilly Velocity

! Performance & Operations
‘E News Feed ‘ ) , : Conference
S What's on your mind? G
[ P N

. Agile development “ e

. . ‘!]ayTéng .
- Deep integration B
- Viral adoption Moo -
- Heavily interactive R,

Jordan Moncharmont L]

osh Wiseman L]
o el !
| VSRR, all

»

3 Applications | @ | [ P 4 12 1@ Chat (73) ?



Site speed matters: emerging challenges

. Agile development
- Deep integration
- Viral adoption

- Heavily interactive



Site speed: end-to-end latency experienced by users

. From a user request to the g
presentation of the page at the

browser, interactive:
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Site speed: end-to-end latency experienced by users

User latency = RenderTime + NetTime + GenTime

- RenderTime: ~50% of end-user latency

-NetTime: ~25% of end-user latency

-GenTime: ~25% of end-user latency



Site speed: end-to-end latency experienced by users

User latency = RenderTime + NetTime + GenTime

- RenderTime: ~50% of end-user latency



Cavalry: Site speed monitoring
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User-based measurement

What’s our speed?

- sampling 1/10000 page loads

%" Inspect Clear @D HTML CSS Js
Console HTML CSS Script DOM Netv
GET index.php?cavalry_cohort: 200 OK

GET en_US

GET d74arak6éngo4484c.pkg.js
GET 1bueh6bev3okw084.pkg.j
GET 9r852sg136kgckgc.pkg.js
GET 3103ujvsji80gw8g.pkg.js
GET recaptcha_ajax.js

GET useragent.js

GET cavalry.js

GET 8g8fvoy3z2g44gs4.pkg.cs
GET clh3v0soyxsgg4oc.pkg.cs:
GET 8jinn6i0f8kkks4k.pkg.css
GET 8y65Imoa9zocg4sk.pkg.ct
GET indicator_blue_small.gif?8
GET spacer.gif?8:11

GET linear_tile.jpg

GET MegaSprite_5005_Itr.png
GET fb_menubar_logo_big.gif
GET UlLinkButton_Blue.png
GET radial_behind_content.jpg
GET welcome_page_map.png
GET UlLinkButton_Green.png
GET icons.png

GET instrument_endpoint.php?
24 requests

200 OK

200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK

200 OK

First bytes

All content loaded,
Page Interactive

N
of HTML 1
Server
J/\
XHR Images Flash Q)
Page Speed Page Speed Activity YSlow
facebook.com 10 KB 257ms
b.static.ak.fbcdn.net 27 KB 119ms
b.static.ak.fbcdn.net 27 KB 17ms
b.static.ak.fbcdn.net 45 KB 3ths
static.ak.focdn.net 20 KB 43ms
b.static.ak.fbcdn.net 11 KB 24ms
b.static.ak.fbcdn.net 4 KB 32ms
b.static.ak.fbcdn.net 493 B 35ms
static.ak.focdn.net 2 KB 28ms
static.ak.focdn.net 12 KB 25ms
static.ak.focdn.net S KB 41ms
static.ak.focdn.net 7 KB 47ms
b.static.ak.fbcdn.net 2 KB 57ms
b.static.ak.fbcdn.net 5228 91ms
static.ak.focdn.net 67 B 71ms
static.ak.focdn.net 9388 1ms
static.ak.focdn.net 9 KB Sms
static.ak.focdn.net 3 KB 19ms
static.ak.focdn.net 2998 4ms
static.ak.focdn.net 9 KB Sms
static.ak.focdn.net 42 KB 25ms
static.ak.focdn.net 269 B 268ms
static.ak.focdn.net 19 KB 338ms
facebook.com 1558
248 KB

Report

Options

61ms
1.65s v
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Ll
#c Inspect

Console

User-based measurement

What’s our speed?

- sampling 1/10000 page loads

Clear

HTML CSS
GET index.php?cavalry_cohort:
GET en_US

GET d74arak6éngo4484c.pkg.js
GET 1bueh6bev3okw084.pkg.j
GET 9r852sg136kgckgc.pkg.js
GET 3103ujvsji80gw8g.pkg.js
GET recaptcha_ajax.js

GET useragent.js

GET cavalry.js

GET 8g8fvoy3z2g44gs4.pkg.cs
GET clh3v0soyxsgg4oc.pkg.cs:
GET 8jinn6i0f8kkks4k.pkg.css
GET 8y65Imoa9zocg4sk.pkg.ct
GET indicator_blue_small.gif?8
GET spacer.gif?8:11

GET linear_tile.jpg

GET MegaSprite_5005_Itr.png
GET fb_menubar_logo_big.gif
GET UlLinkButton_Blue.png
GET radial_behind_content.jpg
GET welcome_page_map.png
GET UlLinkButton_Green.png
GET icons.png

GET instrument_endpoint.php?
24 requests

Script

@ HTML CSs IS

DOM Netvw

200 OK

200 OK

200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK
200 OK

200 OK

First bytes
of HTML

All content loaded,

Page Interactive

A
Server
s Report
A AN
XHR Images Flash Q)

Page Speed Page Speed Activity YSlow Options
facebook.com 10 KB 257ms p
b.static.ak.fbcdn.net 27 KB 119ms
b.static.ak.fbcdn.net 27 KB
b.static.ak.fbcdn.net 45 KB
static.ak.focdn.net 20 KB
b.static.ak.fbcdn.net 11 KB
b.static.ak.fbcdn.net 4 KB
b.static.ak.fbcdn.net 493 B
static.ak.focdn.net 2 KB
static.ak.focdn.net 12 KB
static.ak.focdn.net S KB
static.ak.focdn.net 7 KB
b.static.ak.fbcdn.net 2 KB
b.static.ak.fbcdn.net 5228
static.ak.focdn.net 67 B
static.ak.focdn.net 9388
static.ak.focdn.net 9 KB
static.ak.focdn.net 3 KB
static.ak.focdn.net 2998
static.ak.focdn.net 9 KB
static.ak.focdn.net 42 KB
static.ak.focdn.net 269 B 268ms
static.ak.focdn.net 19 KB 338ms
facebook.com 1558 61ms

248 KB 1.65s v




Cavalry: Day-to-day monitoring

- Collect gen time / network transfer time and render time

GenTime Daily site speed
monitoring
Network
Time
Browser
onload time Cavalry

Logs



Cavalry: Project-based analysis

- Integrated with Launch System

GenTime Daily site speed
monitoring
Network
Time
Project-based
Browser regression
onload time Cavalry detection

Logs




Cavalry: Numeric metrics
Why are we fast / slow? How can | fix it?

- YSlow-like technical metrics

GenTime Gate
Keeper
Network
Time
Browser
onload time Cavalry
Logs

Yslow-like

metrics

Daily site speed
monitoring

Project-based
regression
detection

analysis

Regression




“WWW?” in performance monitoring:

- User-based measurement: unbiased, representative results
- Feature-launch integration: identify the regression

- Technical metrics: define actionable items for improvement



Haste: Static resource management




Why we need SR Management?

<Print css tag for feature A>
<Print css tag for feature B>
<Print css tag for feature C>
<print HTML of feature A>
<print HTML of feature B>

<print HTML of feature C>

“Let’'s write a
new page with
features A, B
and C!”



Why we need SR Management?

<Print css tag for feature A>
<Print css tag for feature B>
<Print css tag for feature O
<print HTML of feature A>
<print HTML of feature B>

<print HTML of feature C>

“A&B & Care
always used;
let’s package
them together!”



Why we need SR Management?

<Print css tag for feature A&B&C>
<print HTML of feature A>
<print HTML of feature B>

<print HTML of feature C>



Why we need SR Management?

<Print css tag for featureA&B & C>
<print HTML of feature A>
<print HTML of feature B>

If (users_signup_for_C()) § <print HTML of feature C>}



Why we need SR Management?

<Print css tag for feature A& B & C> A&B are always
used, while Cis
<print HTML of feature A> TOE: o

<print HTML of feature B>

If (users_signup_for_C()) § <print HTML of feature C>}



Why we need SR Management?

<Print css tag for featureA&B & C>
<print HTML of feature A>
<print HTML of feature B>

// no one uses C § <print HTML of feature C>}



Why we need SR Management?

<Print css tag for feature A& B & C>
It is hard to

<print HTML of feature A> remember we
should remove C

<print HTML of feature B> here.

// no one uses C § <print HTML of feature C>}



Why we need SR Management?

<Print css tag for feature A&B& C&D &E&F &G..>
Thousands of dead

if (F is used) <print HTML of feature F> CSSrulesin the
package.

<print HTML of feature G>

if (Fis not used) § <print HTML of feature E>}



Static Resource Management @ Facebook

Deep Integration
Viral Adoption

Agile Development

Separate requirement declaration
and delivery of static resources

Requirement declaration: lives with
HTML generation

Delivery: Globally optimized



Haste: Static Resource Management

Separate Declaration
from actual Delivery

Back to Day 1:

require_static(A_css); <render HTML of feature A>

require_static(B_css); <render HTML of feature B>

require static(C css);<render HTML of feature C>

Requirement Declaration

<deliver all required CSS> lives with HTML

<print all rendered HTML>\ Global Optimization on

Delivery




Haste: Global Optimization

require_static(A_css);<render HTML of feature A>

require_static(B_css); <render HTML of feature B Usage Pattern logs

require_static(C_css); <render HTML of feature C

A4

Clustering algorithms

<deliver all required CSS>

<print all rendered HTML>
“Optimal” packages




Haste: Trace-based Packaging
Nov 2008 => May 2009

# of pkg ata | #of bytes at
4.4 MB

Nov 2008

629 KB

May 2009 729 5.9 MB 14 560 KB



Haste: Trace-based Packaging
Nov 2008 => May 2009

#ofpkgata #ofbytesat

Nov 2008 4.4 MB 629 KB

May 2009 729 5.9 MB 14 560 KB

= 'js/careers/jobs.js’,
='js/lib/ui/timeeditor.js’,

» 'resume/js/resumepro.js’,

» resume/js/resumesection.js’



Haste: Trace-based Packaging
Nov 2008 => May 2009

#ofpkgata #ofbytesat

Nov 2008 4.4 MB 629 KB

May 2009 729 5.9 MB 14 560 KB

# of pkg ata |#of bytes at a

Nov 2008 1.7 MB 69 KB

May 2009 706 1.9 MB 15 64 KB



Haste: Trace-based Analysis

» Thousands of virtual gifts with static images, which to sprite?

T ¢ €9l



Haste: Trace-based Analysis
Potentials for image sprites too!

e The answer is...

NVAY 4




Haste: Trace-based Analysis

» JS/CSS package optimization
« Guidance forimage spriting

» Guidance of progressive rendering



Quickling: Ajaxify the Facebook site




Remove redundant work via Ajax

—_ Full page load Ajax call
Page 1 Page 2 Page 3 Page 4
Use session load  unload ==» load unload ==» load  unload ==» load  unload
Page1 Page 2 Page 3 Page 4

Use session load unload



How Quickling works?

Profie friends Inbox  GKConsole

ong  Settings Logout [

REQUESTS
=) | What's on your mind?

el - o e 1. User clicks a link or back/forward button

3 coode W Peter X. Deng I'm about to et the domain givefiefox.com expire. Let PEOPLEYOU WAV koW
me know if you want t, We used it 2 a part of a school project to

0 siconvatey, &4 (gl spread Frefox back in the day. a

asha Rush

as Frend

£ uncrends minutes 30 Comment- ke

e 2. Quickling sends an ajax to server

o Comment - ke

nvite friends from G w
€1 s En likes this. Invite your friends to
ko comct on Facbook. Use

R aur smple ool to mpot
hore $aremte

ortacsfomyour Gl
adéres bock.
TZ 1 Olaoluwa '0la’ Okelola oh yea.

3. Response arrives

1 probably don't use tables enough to share this website but whatevs HIGHUIGHTS

GIVE UP &rr=

Changhao Jang  Settngs  Logout

3 minutes ago * Comment - Lke - Share

X. Deng and Poul McDonald ke this

Dt | @ 4

4. Quickling blanks the content area

5. Download javascript/CSS ) o

We Love What You Do
F
the bizz
Just changhao  Just riends

© Settings We love social media and the

What CAD Tool do you
dit My Profle use?

Wt smethng shut you i hangho and L Kot e s 2

£ changheo likes Paul seab's lnk
Information

Changhao and fevile Borers are now frends

o

Cranghao and oo R ore now feds.-Cnmre e e gt o el
Gedgnersand o rom e

Cranghao became  fanof i of Tt e e o e

B 0021 O @ 20 onineFrends (19 %)

Facebook

o




LinkController
Intercept user clicks on links

- Dynamically attach a handler to all link clicks:

$(‘a@’).click(function() $
S.get(this.href, function(payload) §
bootload(payload.bootload, function() $
S(“#content’).html(payload.html)

execute(payload.onload)

£);
g



HistoryManager

- Set target page URL as the fragment of the URL
- http://www.facebook.com/home.php
- http://www.facebook.com/home.php#/cjiang?ref=profile

- http://www.facebook.com/home.php#/friends/?ref=tn



Bootloader

function requestResource(type, source) §
var h = document.getElementsByTagName(‘head')[0];
switch (type) §
case'|s":
var script = document.createElement('script");
script.src =source;
script.type = 'text/javascript’;
h.appendChild(script);
break;
case'css’;
varlink =document.createElement('link");
link.rel ="stylesheet";
link.type ="text/css";
link.media ="all";
link.href =source;
h.appendChild(link);
break;



Other details

- All pages now share a single global javascript scope:
Explicitly reclaim resources or reset states before leaving a page

Stub out setTimeout and setinterval

- All CSS rules will be accumulated

Name-spacing CSS rules with page-specificinformation
- Busy indicator

- iframe transport
- Permanent link

- prelude inlined js code to redirect if necessary



Current status

- Turned on for FireFox and IE users: (>90% users)

- ~60% of page hits to Facebook site are Quickling requests



Performance improvement

render time (sec)

[ full page load B quickling

w

50% 75%
profile. php

render time (sec)

[0 full page load B quickling

m B

50% 75%
home. php

40% ~ 50% reduction in render time



PageCache: Cache visited pages at client side




PageCache

- Motivation:
A typical user session:
- home -> profile -> photo -> home -> notes -> home -> photo -> photo
Some pages are likely to be revisited soon (temporal locality)
Home page visited every 3 ~ 5 page views

Back/Forward button



How PageCache works?

facebook  tome Profie friends Inbox Giconsole

N What's on your mind?

] Facebook

] unlinois

i) Google '. Peter X. Deng I'm about to let the domain givefirefox.com expire. Let
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@0 siconvaley. & (gl spread Firefox back in the day.
£ unc frends Mminutes ago * Comment - Like

Settings Logout |3

£ caforni rends

Shuzhen Wang leamed that program manager and programmer

REQUESTS

L new updote
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asha Rush

4 s Friend
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%5

3. Response arrives

1 probably don't use tables enough to share this website but whatevs HIGHUIGHTS

Changhao Jang  Settngs  Logout

GIVE UP &rr=

s ago - Comment - Lke - Share

3.5 Save response in cache

X. Deng and Poul McDonald ke this

Dt | @ 4

4. Quickling blanks the content area

Changhao Jiang

Wall Info Photos Boxes +

dvertse
What's on your mind?

5. Download javascript/CSS

We Love What You Do

Share
F
the bizz
TR ust changhao  Just Fiends Oseltings |l et
abiiyfor cients oy
engage custamers leasedick
e o esn more ot
79 Changhao kes and become » an
OW new conten N i e
v Photasof e ;
29 Chonghao ks Engineering @ Focebook'snote XProfLv: Contnuous funciarevel What CAD Tool do you
it by rofle e e use?
@ Cranghao w :
Virte someting s yous S5 Changrao snd Levy Kot s o finds. - Compert e rs
29 chonghao kes Pau saas ik
Information 451 Changhao and evle Bonersare now fiencs,
f51, Changhao snd i Reis re o frends ear gt el fom el
desgners and s from thir
Facebook %, Chonghao became  fn o Critc of experiences with 30 CAD. Vit
Bl fovicoions [ ) 22 1) @ @ 20 0nine Friends (19 =



Cache consistency 1: Incremental updates

Changhao Jang  Settings  Logout

Settings  Logout

[

Requests s
What's on your mind?

[ Facebook

Requests.

What's on your mind? 20 1iendrequest & 1 riend suggeston
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& tinos: ) Ullinois
- Suggestions — Suggestions
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ui Zhang N -
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1 Ling Ni
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[
(=]
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Cache consistency 1: Incremental updates
Poll server for incremental updates via ajax calls.

Allow registering javascript functions to be called right before
cached page is shown.

Used by home page to refresh ‘ads’, fetch latest stories

facebook Home profie

E==]

7 Facebook

What's on your mind?

7 Ullinos:
[ Google Ling Ni
£ unuc friends San Diego(5)

calfornia friends

= pubic Profies

@ pro SHOW 5 SIMILAR POSTS
#1) links
PR
B video o p e
ey
vHore  #Create

{2 View all 48 comments

Chamath, T got limes 50 now I can make you the cosmo you

have always wanted

Half and Half Life

2:00PM Thursday, June 18th
Half and Half Life

3 Appications

emmEau

® @

Changhao Jang  Settings

ogout
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=]
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20 Chat (37)
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==
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Comment - Lke

4 50 people ke ths.

Jessica Auck cultural heritage belongs to the cultures that
produce it-not to imperiasts, (just my professional opinion)
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OmEL NP

Restored version
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ache consistency 2: In-page writes

Share

reat at parallel parking.
Comment - Like

£ Show 2 more comments...

@ Liz Doughty Tan Bravo! Such an excellent skill to have.

Babak Irani PROTEST RALLYS: Tonight in San Francisco - Union Square
from 6-8, Tonight in Sacramento- Sunrise Mall 6-8, Tomorrow in San
Jose - Market/Park Fairmont Hotel 6-8!

o Comment - Like

Cached version

Doug Beaver

0 * Share

Yishan Wong still great at parallel parking.
B about an hour ago

Comment - Like

9 Show 3 more comments...

zg Kimberly Algeri-Wong No pics?

- Changhao Jiang haha, me too!
= 39 Delete

[z Babak Irani PROTEST RALLYS: Tonight in San Francisco - Union Square
QMY from 6-8, Tonight in Sacramento- Sunrise Mall 6-8, Tomorrow in San
(03 1=¥) Jose - Market/Park Fairmont Hotel 6-8!
about an hour ago * Comment - Like
Harry Huai Wang opera unite
Opera Unite: Host Your Own Website

Restored version




Cache consistency 2: In-page writes
Record and replay

Automatically record all state-changing operations in a cached page

Automatically replay those operations when cached page is restored.

pTHO Doug Beaver
0 corr1e .

o * Comment - Like

£J Show 2mo S £J Show 3 more comments...
@ Liz Doughty Tan Bravo! Such an excellent skil to have. Eﬁ Kimberly Algeri-Wong No pics?
Kimberly Algeri-Wong No pics? | Q Changhao Jiang haha, me too!
" onds Delete
Babak Irani PROTEST RALLYS: Tonight in San Francisco - Union Square Babak Irani PROTEST RALLYS: Tonight in San Francisco - Union Square
from 6-8, Tonight in Sacramento- Sunrise Mall 6-8, Tomorrow in San from 6-8, Tonight in Sacramento- Sunrise Mall 6-8, Tomorrow in San
Jose - Market/Park Fairmont Hotel 6-8! Jose - Market/Park Fairmont Hotel 6-8!

ago * Comment - Lik ago * Comment - Like

Opera Unite: Host Your Own Website Opera Unite: Host Your Own Website

Harry Huai Wang opera unite '4 Harry Huai Wang opera unite

Cached version ' Restored version




Cache consistency 3: Cross-page writes

Profile Friends Inbox

l : What's on your mind?
Share

Joydeep Sen Sarma is wondering whether he should go for a laptop
5 minutes ago * Comment - Lke

! Jonathan Heiliger Vs an iphone? :)

Ling i
s San Diego(3)

nment - Lke - Share

Changhao Jang  Settings  Logout

% You have a friend request.

Bo Yan — 16 mutua

Adtolst... ¥

e | senc

45, 1 fend request
2] 3Page suo

ons [ 2other requ

Suggestions > .
1 You have 3 Page suggestions.
Feng Yu
Add 25 Friend Susan Boyle
You have been invited by Chris Pan (Harvard).
Sponsored

Would you ke to become a fan?
Feeling Overwhelmed?
You might be suffering

B from Search Overioad Confirm Ignore
Syndrome (SOS). Watch
o g o ot Facebook for Influencers
ome a Fan of Bing You have been invited by Chris Pan (Harvard),
angisa fan Would you ke to become 3 fan?

e

Cached version

State-changing op

Profile

prra— Sy ——— |}

What's on your mind?

% 1 iend suggeston 74 37

Share © 1other

Joydeep Sen Sarma is wondering whether he should go for a laptop  Hide Suggestions

nt - Like

0 g C Zi Huang
4d s Frien

! Jonathan Heiliger Vs an iphone? ;)
Sponsored

Zing! with your friends.

Add your own flavor to the

Ling Ni

: S Ay ! ZINGR s

San Diego(4)

Restored version




Cache consistency 3: Cross-page writes

Instrument server-side database access APl, whenever a write
operations is detected, send a signal to the client to invalidate the
cache.

Cached version

State-changing op

Restored version




Current status

- Deployed on production
- Only cache in memory

- Only turned on for home page
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~20% savings on page hits to home page



Performance improvement
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3X ~4X speedup inrender time vs Quickling



Summary




Summary

- Performance monitoring: What, Who, and Why (“WWW?”)

- Static resource management: Adaptive to fast evolution

- Ajaxify the website.

- Client side caching of user visited pages



Thank you!




