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Do que vamos falar hoje? 

© 2018 Facebook | Dublin | Credits: network icon by Daniel Gamage https://thenounproject.com/term/network/49138/, tools icon by Kiryl Sytsko https://thenounproject.com/term/tools/122204/, chess icon by Dream Icons, https://thenounproject.com/term/chess/127867/, Paraglider by Matt Brooks https://thenounproject.com/term/paraglider/114410/, Question by Henrik Lund Mikkelsen  
https://thenounproject.com/term/question/8325/  https://creativecommons.org/licenses/by/3.0/ https://thenounproject.com/term/web-search/18390/

Entregando conteúdo
para as pessoas

L4/L7 Load 
Balancing

Reduzindo Latência
com PoPs

Global DNS
Load Balancing

Perguntas

https://thenounproject.com/term/network/49138/
https://thenounproject.com/term/tools/122204/
https://thenounproject.com/term/chess/127867/
https://thenounproject.com/term/paraglider/114410/
https://creativecommons.org/licenses/by/3.0/
https://thenounproject.com/term/web-search/18390/


Traffic @ FB



Escala do Facebook
Junho/2018

1.47 B pessoas ativas 
por dia

2.23 B pessoas ativas por 
mês

Maioria das pessoas 
utiliza dispositivos 

móveis

© 2015 Facebook | Dublin | Credit: Network icon by Daniel Gamage https://thenounproject.com/term/network/49138/ Public Domain

https://thenounproject.com/term/network/49138/


Que Tipo de Conteúdo o Facebook Entrega?

© 2018 Facebook | Dublin | Credit: Network icon by Daniel Gamage https://thenounproject.com/term/network/49138/ Public Domain

Conteúdo Dinamico
News Feed

Likes

Conteúdo Estático

Fotos

Videos

Javascript/CSS
Atualização de 

status

Mensagens

(ponto de vista do time de traffic)

O volume de trafego de saída é medido em Tbps

https://thenounproject.com/term/network/49138/
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© 2018 Facebook | Menlo Park

Qual o foco da apresentação?

 
Web 



© 2018 Facebook | Menlo Park

O que esta fora do escopo?

 
MySQL

 
Cache

 
Msgs

 
Feed

 
Ads

 
Web 





7 Dias

Egress

Ingress

Trafico de Entrada/Saída Semanal



11 AM

24 horas

3 PM

Trafego de Saída Diário
Time zone == PST  

(-0800 GMT)



Europa 
America do Norte 
Asia

24 horas

Trafego Agregado
Time zone == PST  

(-0800 GMT)



Entregando Conteúdo Dinamico



© 2018 Facebook | Menlo Park

HTTP Request - Um web server

Poucos RPS

Como podemos 
escalar?

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1
 

Web 
GET /

<HTML> ...



© 2018 Facebook | Menlo Park

L7 LB - Proxygen

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1

GET /  L7 LB
(proxygen

 
Web  

Web  
Web 

GET /

Limitado pelo CPU
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 L7 LB
(proxygen L7 LB

(proxygen

Mais Escala, mais um LB

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1

GET /  
Web  

Web  
Web 

GET /

Limitado pelo CPU

 L4 LB
(shiv)  L7 LB

(proxygen

GET 

Limitado pela rede
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Mais Escala, mais um LB

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1

GET /

GET /

 L7 LB
(proxygen L7 LB

(proxygen

 
Web  

Web  
Web 

GET / L4 LB
(shiv)  L7 LB

(proxygen

GET 

 L4 LB
(shiv)
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Front end Web 
Cluster

~10

~100

Thousands
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cont.

Uma ordem de magnitude a mais
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Moar! Mais Clusters

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1

GET /

GET /
 L7 LB L7 LB

 
Web  

Web  
Web 

 L4 LB
 L7 LB

 L4 LB

 L7 LB L7 LB

 
Web  

Web  
Web 

 L4 LB
 L7 LB

 L4 LB



Realidade

1.2.3.4 

L4LB

 
L7LB

 
HHVM
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Datacenter Locations

Confidential Use Only – Do Not Share

Prineville, OR

Los Lunas, NM

Papillion, NE

Fort Worth, TX

Forest City, NC

Altoona, IA Clonee, Ireland

Luleå, Sweden

Odense, Denmark



Load Balancing: L4/L7
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Mais Escala, mais um LB

AAAA www.facebook.com
 DNS

AAAA 2a03:2880:2130:cf05:face:b00c::1

GET /

GET /

 L7 LB
(proxygen L7 LB

(proxygen

 
Web  

Web  
Web 

GET / L4 LB
(shiv)  L7 LB

(proxygen

GET 

 L4 LB
(shiv)
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OSI Model: What is L4/L7?

 
L7LB 

(proxygen)

 

L4LB
(shiv)

Layer Purpose Ex

7: Application High-Level API HTTP, SPDY, MQTT

6: Presentation Data Translation ASCII, JPEG

5: Session Communication Session RPC

4: Transport Transmission TCP, UDP

3: Network Address, Routing, Flow IPv6, IPv4

2: Data Link Reliable Physical Comm. IEEE, 802.2

1: Physical Raw bit transmission DSL, USB

ECMP



L4LB

NOTE:  L7 (proxygen) Listens to the VIP on loopback (lo) interface.  Not eth0.

 

L4LB
 

L4LB

ECMP
BGP

face:b00c::1face:b00c::1

 
L7LB

 
L7LB

 
L7LB

 
L7LB

face:b00c::1 (lo) face:b00c::1 (lo) face:b00c::1 (lo) face:b00c::1 (lo)State Table



 
L7LB

 
L7LB

 
L7LB

 
L7LB

 

L4LB
 

L4LB

L4LB

State Table 
+ 

Hash

ECMP 
Hash A

D



 
L7LB

 
L7LB

 
L7LB

 
L7LB

 

L4LB
 

L4LB

L4LB Routing

D

State Table 
+ 

Hash

ECMP 
Hash A



 
L7LB

 
L7LB

 
L7LB

 
L7LB

 

L4LB
 

L4LB

L4LB Routing

B

State Table 
+ 

Hash

ECMP 
Hash D

B



 
L7LB

 
L7LB

 
L7LB

 
L7LB

 

L4LB
 

L4LB

L4LB Routing

B

State Table 
+ 

Hash

ECMP 
Hash D

B



Direct 
Server 
Return

L4LB

L7LBL7LBL7LBL7LB

 
Web 

 
Web 

 
Web 

 
Web 
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IP Packet from shiv
IP in IP

Original IP Packet

TCP Segment

HTTP Request



Direct 
Server 
Return

Original IP Packet

TCP Segment

HTTP Request

L4LB

L7LB

Response IP Pckt

TCP Segment

HTTP Response

IP Packet from IPVS

Original IP Packet

TCP Segment

HTTP Request

L4LB L7LB

IP Packet from shiv

Original IP Packet

TCP Segment

HTTP Request

 



Reduzindo a Latência para as 
Pessoas



RTT Global para o facebook.com
circa 11/2011

http://facebook.com


Seoul -> Oregon

TCP Connect: 150ms



HTTPS Seoul -> Oregon

GET

HTTP 1.1 

ChangeCipherSpec

ChangeCipherSpec

ACK

ServerHello

SYN+ACK

SYN

ClientHello

TCP conn 
established: 

150 ms

SSL session 
established: 

450 ms

Response
Received 

600 ms

75ms



Seoul -> Tokyo -> Oregon

TCP Connect: 30ms 
SSL Session: ?? 

HTTP Response: ??

NRT



HTTPS Seoul->Tokyo->Oregon

GET

HTTP 1.1 

Sessions 
established:

90 ms
(vs 450 ms)

Response
Received: 

240 ms

60ms

GET

HTTP 1.1 200

15ms

Request 
Received



Seoul -> Oregon

TCP Connect: 150ms 
SSL Session: 450ms 

HTTP Response: 600ms

30ms
90ms

240ms
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PoPs pelo Mundo

Localização dos PoPs é meramente ilustrativa
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LB entre os PoPs e os DCs

"Flag of Sweden". Licensed under Public Domain via Wikipedia - http://en.wikipedia.org/wiki/File:Flag_of_Sweden.svg#/media/File:Flag_of_Sweden.svg

 
L7LB

 
Web Server

face:b00c::1

face:b00c::1 (lo)

 
L7LB

 
Web 

 

L4LB
 

L4LB

http://en.wikipedia.org/wiki/File:Flag_of_Sweden.svg#/media/File:Flag_of_Sweden.svg


DNS LB: Cartographer
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PoPs pelo Mundo

Localização dos PoPs é meramente ilustrativa



 Seleção do PoP
Critérios: 
•Proximidade com o usuário 

•Capacidade 

•Saúde 

•Geolocalização

???



Sonar: Medindo "Proximidade"

NRT

HKG

SEA

LAX

ORD

Localização dos PoPs é meramente ilustrativa



Arquitetura do Cartographer
Internet

ISP DNS 
resolver

Facebook Backend

DNS mapcartographer

Processo off-line

DNS Serverlatência

capacidade

routing

saúde



ISP Resolver
1.2.3.4

ISP (Comcast) in Bay Area
root NS

.com NS

facebook.com
Authoritative NS

GLB NS

A: www.facebook.com.

NS: .com.
A: www.facebook.com.

NS: facebook.com.

A: www.facebook.com.

CNAME: xyz.facebook.com.
A: xyz.facebook.com.

A: 5.6.7.8

ICANN

Facebook

Question: A 
www.facebook.com

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


Arquitetura do Cartographer



Cartographer em ação



Open Source



Open Source
• Proxygen Libs 
https://github.com/facebook/proxygen 

• HHVM 
https://hhvm.com 

• TinyDNS 
https://cr.yp.to/djbdns/tinydns.html 

• IPVS (IP Virtual Server) 
http://www.linuxvirtualserver.org/software/ipvs.html 

• ExaBGP 
https://github.com/Exa-Networks/exabgp 

• Python 
https://python.org 

• Zookeeper 
https://zookeeper.apache.org 

https://github.com/facebook/proxygen
https://cr.yp.to/djbdns/tinydns.html
http://www.linuxvirtualserver.org/software/ipvs.html
https://github.com/Exa-Networks/exabgp
https://python.org
https://zookeeper.apache.org
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Questions? 

Guilherme Loch Waltrick Goes 
glwgoes@fb.com


