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can i have this dance?
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Stanford Alum "05
Google

Married to
Sonia Nagala

June 22, 1983

Searttle, WA

Sunnyvale, CA

Save the planet
neep:/ /www. facebog
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Share: [-) Status [[] Question [@) Photo ¢] Link 'S video

Wayne + Friends m Just Friends

@ Wayne commented on Sonia Nagala's photo.
@ Wayne commented on Sonia Nagala's photo.

i‘il. Wayne iIs now friends with Privanka Goel and 2 other people.
w- n
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Wayne Chang was tagged in Chris Pan's album

Mobile Team Wine Tasting - Nov 2010

{:_l Wayne is now friends with Joshua Harder and Anu Codarty
@ Wayne commented on Julie Zhuo's link.

ZZL Wayne and Herbert Duarte are now friends,

Wayne Chang was tagged in his own album
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Agenda

- Facebook’s scale

= Open Source Technologies
* Memcached
* Thrift
= XHP

- Facebook Ads

* Questions?



500 million unique experiences




Over 20 billion minutes spent every day
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Over 3 billion photos uploaded each month




CHE=PBIErYrhEUERS B = s
S&N:: ‘V.‘ @M;& .i.@%g@-b
o8 T QM@ P L9 E ™ O

- OMBN 497 - BE W0




Open Source



Open Source
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open source

* fflemcached ,, .5

http://developers.facebook.com/opensource

http://github/facebook
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Memcached



Memcached
Scaling Traditional Websites
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The problem with social applications
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Scaling Facebook: Interconnected Data




Home Profile Friends Inbox (115 Ben Chiaramonte  Settings  Logout

What's on your mind?
Attach: fe # + ﬁ

Mark Slee Almost everything is intriguing or beautiful in
super-slow motion. This video is no exception. (If you are
impatient, skip to 3:30 and start there.)

ONOMASTICA

Source: vimeo.com

music video Title: ONOMASTICA Artist: Offlaga Disco Pax
Director: Marco Molinelli (Postodellefragole) Dop: Giovanni
Troilo extended version (6 min.)
www.postodellefragole.com

i 2 hours ago - Comment - Like - Similar Posts - Share

£ Naomi Gleit, Keith Adams, Luke Shepard and 27 others like
this.

[J View all 6 comments

Chad Little Morning News ftw!
i 5 hours ago

Write a comment...

Yesterday at 10:01pm - Comment - Like - Similar Posts - Share
2 people like this.

ILJ View all 4 comments

500 million unique home pages




facebook Home Profile Friends Inbox (115 Ben Chiaramonte  Settings Logout

What's on your mind?

Attach: [@ ' ] 41 ~

Mark Slee Almost everything is intriguing or beautiful in
super-slow motion. This video is no exception. (If you are
impatient, skip to 3:30 and start there.)

ONOMASTICA

Source: vimeo.com

music video Title: ONOMASTICA Artist: Offlaga Disco Pax
Director: Marco Molinelli (Postodellefragole) Dop: Giovanni
Troilo extended version (6 min.)
www.postodellefragole.com

I8 2 hours ago - Comment - Like - Similar Posts - Share . : M e m cac h e

5 Naomi Cleit, Keith Adams, Luke Shepard and 27 others like
this.

[J View all 6 comments

Chad Little Morning News ftw!
5 hours ago

Write a comment...

Memcache

Yesterday at 10:01pm - Comment - Like - Similar Posts - Share

9 2 people like this.

ILJ View all 4 comments

100 million operations per second




Our Answer: Memcached

- Developed @ Livejournal 2003
* First used at Facebook in 2005
= Contributed back to open source in 2007 (became root repository)

- Memcached is a general-purpose distributed in-memory caching system

Used to speed up dynamic database-driven websites.

Caches data and objects in RAM to reduce the number of times an
external data source (like MySQL) gets hit.

Operations include get, set, incr, decr, multiget, multiset.
- Pros: Reliable, low-latency, extremely high service rates
- Cons: Easy to corrupt, limited data model, inefficient for small items




Memcached
Scaling Facebook




Memcached
Flow Chart
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Memcached Improvements

* 64-bit port

- More efficient serialization

- Multithreading

 Improved protocol

- New network drivers

- Compression

- Network stack optimizations
- UDP

* Memache Proxy

- Many others...




Scaling across multiple datacenters
West Coast East Coast

SC Web SF Web VA Web

VIEMGAGHENTO NMemcachelPro

SC SF VA
Memcache Memcache Memcache

SC MySQL MySql replication




Memcached

- Facebook’s main trick to scaling

- http://github.com/facebook
Try it!
Improve it!
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Thrift



The Problem

- The website scripting language of your choice can do the following well:

Handle large amounts of web requests
Fetch data (from mySQL, memcached, etc...)
Manipulate small amounts of data

Construct markup
Easier to debug, no compile time

- But it cannot do the following very well:
Handle large amounts of complex computation
Manipulate huge amounts of data MBs / GBs

Store/ build a large index
Search alarge index of data




The Problem

* Your homegrown service (written in C/C++/)Java/etc) can:

Handle large amounts of complex computation
Manipulate huge amounts of data MBs / GBs
Store/ build a large index

Search alarge index of data

- Butitcannot do the following very well:

Handle web requests
Construct markup




Typical Solution

* Divvy up the work!
- Write a C/C++/)Java/etc server to do the computationally intensive stuff...

* Pass the result back to your web script to do the rest.

Challenges

- Web and Service tiers are in different languages!

- How to pass data back to web tier?
- Code duality is very fragile.
- Challenging to make service tier handle a large qps from web tier.

- Concurrency / multi-threading headaches




Our Answer: Thrift

- Developed @ Facebook late-2005
- Open-sourced April 1st 2007

* Thriftis an remote procedure call (RPC) framework.

Makes executing RPC calls across languages easily.
Advanced serialization for many data types. (MC, DB blobs, etc.)

- High-performance server framework for C++ (100k+ queries per sec)

- Thrift writes its own code!




Thrift Data Flow (Server)

Handler
Implementation




Thrift

- You: Define a .thrift file

Service interface
Functions
Parameters
Return types

Data structures

 Thrift compiler: Generates client AND server stubs
Up to 13(+!) languages

- You: Code actual server logic (in C++/Java/ C#)

* You: Code client result handling (in PHP, Python, Ruby, etc...)




Thrift

thrift Interface File

// math.thrift

struct DivideRequest {
L numerator,
2: denominator,

}

struct DivideResponse {
L g quotient,
2: remainder,

}

exception DivideException {
1l: reason,

}

service MathService extends fb303.FacebookService {
DivideResponse (1: DivideRequest request)
throws (DivideException e)

(1l < > numbers)
(1l < > numbers)




Thrift
Magic

“thrift math.thrift-cpp -php”




Thrift

Server Code

(

& response,
const & request) {
1f (request.denominator == 0) {
ey
e.reason =
throw e;

}

response.quotient = request.numerator /
request.denominator;
(o)

response.remainder = request.numerator %
request.denominator;




Thrift

Server Code

<MathServiceHandler> (

new ()7
<TProcessor>

new (handler));
<TServerTransport> {

new (FLAGS port));
<TTransportFactory> {

new ())7:
<TProtocolFactory> (

new ()7

TSimpleServer (processor, transport,
transportFactory, protocolFactory);

server.serve();




Thrift
Client Code

$socket = new , 44444);
Stransport = new ($socket);
Sprotocol = new (Stransport);
Smath client = new (S$Sprotocol);

try {

Srequest = new (120, 4);
Sresponse = $math client->divide($request);

} catch ( sSe) {

debug rlog( . Se->reason);
} catch ( Se) {

debug rlog( . Se);

}




Thrift

- Takes care of a

Handles low-
Many multi-t

| the tedious stuff.

evel network operations and data serialization

nreading features are not in standard C++lib

Thrift simplifies usage of threads & pools, mutexes, etc.

- Significantly simplifies writing your server code.

- Seamlessly gives your front-end code the power it needs.

- http://github.com/facebook

Try it!
Improve it!



https://github.com/facebook
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XHP



Agcount «

Suggestions

facebook

Ruchi Sanghwvi
39 mutuwal friends
o Add as friend

| & ' ' ! e
a¥ Carol Pai
30 mutual friends

Stefan 'Sparky' Parker # Edit Profile
Facebook - Trinity U i

251, Add as friend

Current
ACTIVITY

Sponsored Create an Ad

What's on your mind?

Attach: El e lﬁl

theKbuzz | Social Media and Word ®

Become a Fan

Become a fan and learn
how we put companies
and governments on
this site, the best
plattarm awer, or call
us at 718.416.2899,
Scott Chun-=Yang Chen
likes thekbuzz | Social
Media and Ward of
Mouth Marketing.

&Y Like

The Art Institutes W

m Daisy Hui Back in Texas and missing y'all

Bl already. Thanks to you and Christina for
everything, see you in June, | hope! Give Squish a hug
for me!

|the ' Buzz]
1 Profile
[] stream
&4 Friends

[®) Photos

|:| Motes

El Yesterday at 6:52pm via Facebook for iPhone - Comment - Liké
See Wall-to-Wall

Shea Parker you should pre-order this.

In a Relationship with

Christina Gray

Hulu - Onion Mews Metwork:
Apple Introduces
Revolutionary New Laptop
With No Keyhoard

i i lu e om

=

Video description: The MacBook

Make us the First stop
on the path to the
filmmaking career you
really want. Learn maore
about courses offerad
in Sunmywale

o ik




Suggestions
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<div />
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- What’s wrong with this?

<span 1d=%"“testl” class=%“"uiTextTitle”>
<img src=%“/images/image.png” />
<div 1d=%1nner”>
Text content
</div>
</span>




HTML

Problems

<span 1d=%“testl” class=“uiTextTitle”>
<img src=%“/images/image.png” />
<div 1d=“1nner”>
Text content
</div>
</span>

<span>
<div /> x
</span>




HTML

Problems

- Rule of 1. If a browser has over 1% market share, we officially support it.

- IE6/7/8, Firefox 3, Chrome 4, Safari 4

")

Firefox Safari




HTML

- How to target CSS to specific browsers
IE 6 “underscorerule”: .component { width: 100%; }
IE6 &7 “starrule”. .component { *width: 100%; }
IE8,7,&6“slash9rule”. .component { width: 100%\9; }
Firefox3: .££3 .component { width: 100%; }

Safari 4/Chrome 4: .safari4 .component { width: 100%; }




HTML
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Our Solution: XHP

- XHP is a PHP extension, which augments the syntax of the language
such that XML document fragments become valid PHP expressions.

Makes front-end code more readable.
Prevents invalid / erroneous markup.
Prevents against cross-site scripting (XSS) attacks.

XML document fragments are like objects.

You can define your own elements, making XHP a templating engine.
Inheritance can be used for more reusable code.
Allows you to define complex components in simple XHP tags.
Encourages cleaner code, more readable code.
Attribute validation




XHP
Simple PHP Example

<?php
if ($_POST[ 'name’']) {
echo ‘<span>Hello, ‘.$ POST['name'].’.</span>’;
} else {
echo
‘<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
</form>';




XHP
Simple XHP Example

<?php
if ($_POST[ 'name’']) {
echo <span>Hello, {$_ POST[ 'name']}</span>;
} else {
echo
<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
</form>;




XHP

Preventing markup errors

<?php
if ($_POST[ 'name’']) {
echo ‘<span>Hello, ‘.$ POST['name'].’.</span>’;
} else {
echo
‘<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
<form>’';




XHP

Preventing markup errors

) Mozilla Firefox

File Edit View Go Bookmarks Tools Help

<‘,ZI v v [j“*;-] Tyﬂ | http://localhost/error.asp ¥ @ Go

XML Parsing Error: mismatched tag. Expected: </em>.
Location: http://localhost/error.asp
Line Number 13, Column 48:




XHP

Preventing markup errors

<?php
if ($_POST[ 'name’']) {
echo <span>Hello, {$_ POST[ 'name']}</span>;
} else {
echo
<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
<form>;




XHP

Preventing markup errors

<?php
if ($_POST[ 'name’']) {
echo <span>Hello, {$_ POST[ 'name']}</span>;
} else {
echo
<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />

<f%m>;




XHP

Preventing markup errors

<?php
echo
‘<span>’.
‘Hello, ‘.
‘<div>’.
S POST[ 'name'].
‘</div>'.
‘</span>’;




XHP

Preventing markup errors

<?php
echo
<span>
Hello
<div>
{$_POST[ 'name ']}
</div>
</span>;




XHP

Preventing markup errors

<?php
echo
<span>
Hello
<aYy>
{$_POST[ 'name ']}
</)@v>
</span>;




XHP

Cross Site Scripting Prevention

<?php
if ($_POST[ 'name’']) {
echo ‘<span>Hello, ‘.$ POST[ 'name'].’.</span>’';
} else {
echo
‘<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
</form>';

What happens if $_POST[‘name’] = “<script src="http://ha.ckers.org/xss.js”></script>’?



http://ha.ckers.org/xss.js
http://ha.ckers.org/xss.js

XHP

Cross Site Scripting Prevention

<?php
if ($_POST[ 'name']) {
echo ‘<span>Hello, ‘.htmlspecialchars($ POST[ 'name']).’.</span>’;
} else {
echo
‘<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
</form>';




XHP

Cross Site Scripting Prevention

<?php
if ($_POST[ 'name’']) {
echo <span>Hello, {$_ POST[ 'name']}</span>;
} else {
echo
<form method="post">
What is your name?<br />
<input type="text" name="name" />
<input type="submit" />
</form>;




XHP

Context-aware markup

class :fb:wide-div extends :fb:div {
attribute
int width = 100;

category %div;

protected function compose() {
return <div width={$this->getWidth()} />;

}

private function getWidth() {
if (Sthis->width != 100) {
return Sthis->width;

Firefox

}

return $this->browser->isIE6() ?
‘*100%’ : ‘100%';




Templating Engines

- Templating Engine acts as the “glue” between your data and
your markup.

01 ; World .

02 ;; Earth < b>
Hello $x!
('./b_‘)

98 ;; Aries —

" Pros: e
N N . 99 ;. Virgo
Data logic is completely separate from display. Datame P e

—¥¥
Simplicity prevents errors. o)

Makes it much easier to read both code and markup.

Markup can be easily changed w/o code change.

Template Engne

= Cons: \ \

Intermediary template engine step has inherent limitations. ' ot feeHe®

Document 1 Documem 99

Extensibility is limited. Web
S Documents
Markup reuse is limited.




XHP as a pseudo-Templating Engine

- XHP itself looks just like markup, making it easy to edit.

- Markup render code lives within XHP elements, separating from data code.

- XHP elements can be built from other XHP elements.

They can render very powerful / complex HTML.
But also exist simply as an element.

- XHP elements can subclass + extend other XHP elements too.

- This is also extremely powerful.
- Encourages code reuse.

* No intermediary template engine required!




XHP

As a pseudo-templating engine

class :fb:like-link extends :fb:link {
attribute
int objectid @required,
enum color {‘blue’, ‘dark blue’} = ‘blue’;

category %link;

protected function compose() {
return
<fb:link href={Sthis->getHref ()}
color={$Sthis->color}>
Like
</fb:1link>
}

private function getHref () {
return ‘/like.php?id=’'.Sobjectid;
}
}




XHP

As a pseudo-templating engine

class :fb:like extends :x:element {
attribute
int objectid @required;

protected function compose() {
return
o ke EB gglt’i‘;?{'gd'ﬁi‘%fe the <fb:hovercard id={$this->objectid}>
<fb:image img="likethumb” />
<fb:like-link id={Sthis->objectid}>
<fb:like-count id={$this->objectid}>
</fb:hovercard>;




XHP

As a pseudo-templating engine

hcem Mome Frofile  Account v

. wayne Chang ' News Feed Top News - Most Recent (EEID <fb:frame>
{ Sutes ] Question IR Photo €1 Link '$* Video e Al <fb tnav />
News Feed
¥ s EY Wose Andersen — <fb:panel pos="left”>

X e
2y Ewents You know Me has changed when £ becomes more economical, due 10 the O & event
e

" hgh numsber of black tie events, 10 purchade 2 Tuvedo rather than rent ™ 3801 1¢ o g g
friend 1 2001 10 year Reurmen Man
oy one. Times are 3 changin ’ <fb : un.Ckl 1nks />
N's Ancther Zeitgeist Bi.

racobosk Soame e <fb:chatbar />

) Sujin Z others Nke this
Mcbile Team b . - - ol 120 Andrew Arqgl Huang
| Ty w Arql Huang

%5 The Real Boys £ View all 6 comments TEPON, Vars Ry | </fb:panel>

‘7' Chang Family

Casey Fox Do | get o be your date 77 People You May Know

B L o e o s ot <fb:panel pos="center”>
L L — l* <fb:composer />
BB o S g e e Soemoors | <fb:newsfeed />
_ | <fb:panel pos="right”>
. S 7 B <fb:events />

Walk - INS e

. o M s Toapsr <fb:pymk />

£ Naomi Glekt and Francis Luw like thiy ) Uke

) i i i _ <fb:ad size="large” />

Questions

E ypemips D::.'n samcanos What is the best student group to <fb : questions />

join st Brown University?

‘ Seavana Ohenmupati $003d vind blends Asked by < fb e connected / >

summernng in Misnesota. They were thoroughly excited!!

Like

Tangueray

Like

What's your favorite sick - in- bed

moie 1o match? </fb:panel>

Asked about

TEETH Why are kids 30 mean? <fb:footer />

Asked By !
| pust reabzed | have three Drowsers runming, et wisdows in Chrame One

with 20 tabs open. .. | think | hawe 2 problem < / fb : frame> ;

Get Connected

. NMegan Peariman ADD much?
A Like D WHhO's on Fatebook?
s

Find your T
Soleso Mstapaper eliminated half of my open tabs m Wha's not on Facebook?
MWD [ W inslapaper o e them now

o Like




XHP

- Better templating system for webpage development.
- Promotes object-oriented markup design.

- Extremely versatile.

- http://github.com/facebook
Try it!
Improve it!



https://github.com/facebook
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Ads



Ads

Purchase Funnel

Initial Brand awareness
Brand engagement / interaction

Product discovery
Consideration / options

Product
selection

Convert to sale



Television, Radio,
Newspaper

Product Reviews,
Consumer Reports, Talk
to Friends

Amazon, Mom & Pop
shop, Toyota Dealer

Ads

Purchase Funnel

Initial Brand awareness
Brand engagement / interaction

Product discovery
Consideration / options

Product
selection

Convert to sale



Television, Radio,
Newspaper

Product Reviews,
Consumer Reports, Talk
to Friends

Amazon, Mom & Pop
shop, Toyota Dealer

Ads

Purchase Funnel

Initial Brand awareness
Brand engagement / interaction

Product discovery
Consideration / options

Product
selection

Convert to sale

+—

+—

~$100s Billions a year

~$10s Billions a year




Television, Radio,
Newspaper

Product Reviews,
Consumer Reports, Talk
to Friends

Amazon, Mom & Pop
shop, Toyota Dealer

Ads

Purchase Funnel

Initial Brand awareness
Brand engagement / interaction

Product discovery
Consideration / options

Product
selection

Convert to sale

facebook

- (GO« /8[6




Ads

Purchase Funnel

Groupon.com 2008 INNEG_N
Priceline.com 1997 I
Amazon.com 1994 NG
. Google 1998 NG
Whatis the Office Degot 1986
fastest grOW| ng JetBlue Al;:v::: 1‘;;)3_
company EVER? Ebay 1995 I
(to SlB N revenue) Apple 1976 NG
Dell 1984| | | ' I | | I

0 1 2 3 4 5 & 7T 8
Years from inception to $1 billion in revenue

Sources: Capital IQ, a Standard & Poor’s business, Morgan Stanley, Thomson
Reuters Fundamentals via FactSet Research
Systems, Forbes




Ads

Purchase Funnel

Initial Brand awareness
Brand engagement / interaction

Product discovery
Consideration / options

Product
selection

Convert to sale

GROUPON

Collective Buying Power




Facebook Ads

e ST TS 3, Create Ad | 4. Set Budget

Features

| want to reach people age 18 and older in the United
States who graduated from college with a major in
Computer Science and work at Google, Microsoft, or Yahoo!.

Powerful demographic targeting cston: [mieioms 3]

o Everywhere - By State/Province e By City

Sex: |_Male rFemaIe

Age | 18 ;|| - | Any ;||

Bid estimation/suggestion

Keywords: |

Campaign optimization

Education Status: ¢ All & College Grad ¢ In College ¢ In High School

www.facebook.com/ads/ caeges: |

Major: ‘ Computer Science

Workplaces: | Coogle Microsoft Yahoo!

Political Views: I_Liberal |_M0derate I_CDnservativE

Relationship Status: |_5ingle rlnaREIatinnship rEngaged rMarriEd



http://www.facebook.com/ads/
http://www.facebook.com/ads/

Facebook Ads

Emerging Demographic Segments Great Engineers

Wanted

= US 18+ eCPM ~$0.27 Linked [1}.

tiing for great

b Wedd]ngs Web Engineer \ngineers,

mystrands those with

- Engaged females age 22-28  engneersvamed oy, app engineer

Internet personali

company offering
- eC PM - SO. 40 services and
marketplaces over
L Al middleware for
= RecrU]t] ng mobile-fixed arch

- People who work at Google it
using Ruby, Rails, css,

"eCPM ~50.42 B

amazing location.

= You can play around with this yourself:
- http://www.facebook.com/ads/create/



http://www.facebook.com/ads/create/
http://www.facebook.com/ads/create/

Facebook Ads
Auction Model

2nd Price Auction “Vickrey Auction”
= Google, Bing, etc... use this auction model

Optimal for seller when there are multiple

quantities of an item available.
Bids are “blind”.
Bidders have much less incentive to bid low.

Auction “winners” pay the 2nd highest price for an
auction.




Facebook Ads
Auction Model

Advertiser
Mallory
Mark

Laura

Cameron

Alison
Will




Facebook Ads
Auction Model

‘Advertiser Quality Score
Mallory 4
Mark 3

Laura 6

Cameron 0.5

Alison 16
Wwill 2




Facebook Ads
Auction Model

Advertiser Quality Score | AdRank
Mallory 4 $0.4x4=16
Mark 3 $0.50x3=1.5

Laura 6 S0.20x6=1.2
Cameron 0.5 $2.00x.5=1

Alison 16 S.05x16=.8
wWill 2 $0.10x2=.2




Facebook Ads
Auction Model

Advertiser | Max CPC | Quality Score AdRank Position Actual CPC
Mallory $0.40 4 $0.4x4=16 1 (1.5 /4) + $.01 = $.39
Mark $0.50 3 $0.50x3=1.5 (1.2 /3) +S5.01=5.41
Laura $0.20 6 $0.20x6=1.2 (1/6)+5.01=5.17
Cameron $2.00 0.5 $2.00x.5=1 (.8 /.5)+5.01=51.61
Alison $0.05 16 S.05x16=.8 (.2/2)+5.01=5.11
Will $0.10 2 $0.10x2=.2 Minimum Bid

Actual CPC = (AdRank to beat / Quality Score of Advertiser) + $.01




Facebook Ads

Social Ads

What’s a social ad?

Do they work?

- Ads that have social data attached have 3-5x CTR
compared to ads that do not have social data attached

> 20% of all ads are eligible for social actions
Very few user complaints




Facebook Ads
Alternative Ads

Friends' Photo Albums

Winter 2010
by Sonia Nagala

People You May Know See All

Jessica Gronski

16 mutual friends
251 Add as friend

Find More Friends

Wayne, More Friends Are Waiting

ain - e 7

These 7 friends found their friends using
the friend finder. Have you found all of
your friends? Give it a try.

Your Email

Email Password

Find Friends

Recommended Pages See All

Mountain Dew

Chris Pan and 21 other friends
like this.

g Like




http://www.facebook.com/video/video.php?v=10150331790590484


http://www.facebook.com/video/video.php?v=10150331790590484
http://www.facebook.com/video/video.php?v=10150331790590484

facebook



