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Problem Statement

Egress Terabits/sec of traffic to our Internet peers
e High-def video, cloud traffic, etc.
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Problem Statement

Egress Terabits/sec of traffic to our Internet peers
e High-def video, cloud traffic, etc.

1. Optimize traffic per-customer and per-application
e e.g., optimal video quality, or differentiated service for cloud
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Problem Statement

Egress Terabits/sec of traffic to our Internet peers
e High-def video, cloud traffic, etc.

2. Deliver new features quickly
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Espresso: Google’s SDN Peering Edge

Our previous experience with SDN

e B4 [SIGCOMM 2013] and Jupiter [SIGCOMM 201 5]
e Enable flexible traffic engineering
e Increase feature velocity
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Espresso in Context

[SIGCOMM 2013] B4

Jupiter Data Center
[SIGCOMM 2015]
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Espresso in Context

Google

Metro/Points-of-presence (PoP)

Jupiter Data Center

Google
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Espresso in Context

Espresso

Juplter Data Center

Internet

Google
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Global Edge Footprint, > 100 PoPs
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Espresso’s Design Principles

1. Hierarchical control plane

o  Global optimization while local control plane provide fast reaction.
2. Fail static

o Local control plane continues to function without global controller failure.
3. Software programmability

o Externalize features into software to exploit commodity servers for scale.

4. Testability
5. Manageability
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Hierarchical control plane
Fail static
Software programmability

Architecture: Externalizing BGP

Traditional
Peering Router

Host Servers
in Metro

Peering Router

Internet-size
routing/forwarding
table

Large ACL
I eBGP Peering

External
Peer
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Hierarchical control plane

Fail static
Architecture: Reliability and Scale of BGP Software programmabllity
Espresso
Traditional Peering Fabric

Peering Router
Host Servers

- . ‘ in Metro

Host Servers
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Hierarchical control plane
Fail static
Software programmability

Architecture: Externalize Packet Processing

Host-based packet processor allows flexible packet processing,
including ACL and handling of DoS.

Peering Fabric

]
|
[ o :

[] Ingress ACL
[ Label-switched | | Dacket
Fabric :
— Labeled packets | Processor
R I'"' """""""""" specify egress
eBGP External Peer
Peering
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Architecture: Hierarchical Control

Global Controller

Espresso Metro

Peering Fabric

Peering Fabric
Control

> Location
Control
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eBGP External Peer
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Hierarchical control plane
Fail static
Software programmability

Packet
Processor
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Hierarchical control plane
Fail static
Software programmability

Architecture: Fail Static

Global Controller

Espresso Metro

Peering Fabric
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Architecture: Application Aware Routing

Espresso Metro

Hierarchical control plane
Fail static
Software programmability

Global Controller
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Using User’'s Best Path, not BGP's

Google
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Improvements in End User Experience

Client ISP Change in mean time Change in Mean Goodput
between rebuffers (MTBR)

A 10 — 20 min 2.25 — 4.5 Mbps

B 4.6 — 12.5 min 2.75 — 4.9 Mbps

C 14 — 19 min 3.2 — 4.2 Mbps
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Release Velocity

Google

Component

Local Controller
BGP speaker

Peering Fabric Controller

Average Velocity
(days)

11.2
12.6

15.8
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Conclusion
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Conclusion

Router

Centric
Protocols

Local view
Connectivity based optimization

Slow evolution
Costly
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1.

What | learned during my time in Davis

Focus on the problem, not only on the solution
Try to not make it just one more incremental work
The following are (at least in part) out of your control:

Whether the problem being investigated will be very important

2. Whether the methods you use to solve will be the best
3. Whether you will have the insight to elegantly solve the problem

But: describing and discussing your problem well, writing well, doing good job with

examples, results, and presentation are all within your control

Who is the client? Who will benefit?

Frequently question all your assumptions (in life, also)

Respect other cultures, specially the one of the country where-youare currently living in
ke friends

Have fun and be happy
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