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¢ƻŘŀȅΩǎ bŜǘǿƻǊƪǎ CŀŎŜ bŜǿ /ƘŀƭƭŜƴƎŜǎ

ÅNetworks growing rapidly in size

ïUp to tens of thousands to millions of hosts

ÅNetworking environments getting highly dynamic

ïMobility, traffic volatility, frequent re-adjustment

ÅNetworks being increasingly deployed in non-IT 
industriesand developing regions

ïLimited support for management
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Networks must be scalableand yet 
easy to build and manage!



Pains In Large Dynamic Networks

ÅControl-plane overhead to store and
disseminate host state

ïMillions of host-info entries 

ÁCommodity switches/routers can store only ~32K/300K entries

ïFrequent state updates, each disseminated to 
thousands of switches/routers

ÅStatus quo: Hierarchical addressing and routing

ÅVictimizes ease of management

ïLeads to complex, high-maintenance, fragile, 
hard-to-debug, and brittle network
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aƻǊŜ tŀƛƴǎ Χ

ÅLimited data-plane capacity

ïTbpsof traffic workload on core links

ÁFastest links today are only 10 ~ 40 Gbps

ïHighly volatile traffic patterns

ÅStatus quo: Over-subscription

ÅVictimizes efficiency (performance)

ïLowers server utilization and end-to-end performance

ïTrying to mitigate this via traffic engineering can make 
management harder
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All We Need Is Just A Huge L2 Switch,
or An Abstraction of One!
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Scalability

Self-Configuration
Efficiency

(Performance)

ÅHost up to millions of hosts
ÅObviate manual configuration

ÅEnsure high capacity and small end-to-end latency



Research Strategy and Goal

ÅEmphasis on architectural solutions

ïRedesign underlying networks

ÅFocus on edge networks

ïEnterprise, campus, and data-center networks

ïVirtual private networks (VPNs)
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[ Research Goal ]
Design, build, and deploy architectural 
solutions enabling scalable, efficient, 

self-configuring edge networks



Why Is This Particularly Difficult?

ÅScalability, self-configuration, and 
efficiency can conflict!

ïSelf-configuration can significantly increase 
the amount of state and make traffic 
forwarding inflexible

ïExamples: Ethernet, VPN routing
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Present solutions to resolve this impasse



Universal Hammers
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Self-configuration

Scalability

Efficiency

ÅUtilize location-independent 
names to identify hosts
ÅLet network self-ƭŜŀǊƴ ƘƻǎǘǎΩ ƛƴŦƻ

Flat
Addressing

Traffic 
Indirection

ÅDeliver traffic through 
intermediaries (chosen 
systematically or randomly)

Usage-driven 
Optimization

ÅPopulate routing and host state 
only when and where needed



Enterprise,
Campus Network

Self-configuring 
semantics

Config-free addressing 
and routing

Data-Center
Network

Virtual
Private Network

Key technique in a 
nutshell

Main scalability 
bottleneck

Solutions For Various Edge Networks
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Config-free 
addressing, routing, 

and traffic engineering

Config-free site-level 
addressing and 

routing

Huge overhead to 
store and disseminate 
ƛƴŘƛǾƛŘǳŀƭ ƘƻǎǘǎΩ ƛƴŦƻ

Limited server-to-
server capacity

Expensive router 
memory to store 
ŎǳǎǘƻƳŜǊǎΩ ƛƴŦƻ

tŀǊǘƛǘƛƻƴ ƘƻǎǘǎΩ ƛƴŦƻ 
over switches

Spread traffic 
randomly over 
multiple paths

Keep routing info 
ƻƴƭȅ ǿƘŜƴ ƛǘΩǎ 

needed

SEATTLE
ώ{LD/haaΩлуϐ

VL2
ώ{LD/haaΩлфϐ

Relaying
ώ{LDa9¢wL/{Ωлуϐ



Enterprise,
Campus Network

Technical Obstacles

Approach
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Strategic Approach for Practical Solutions
Clean
Slate

Backwards
Compatible

Workable solution with
sufficient improvement

Virtual
Private Network

Data-Center
Network

Clean slate on 
network

Clean slate on
end hosts

Backwards 
compatible

ÅHeterogeneity of 
end-host 
environments

ÅLack of 
programmability at 
switches and 
routers

ÅImmediate 
deployment
ÅTransparency to 

customers

Several independent
prototypes

Real-world
Deployment

Pre-deployment
Evaluation

SEATTLE VL2 Relaying



SEATTLE: 
A Scalable Ethernet Architecture 

for Large Enterprises

Work with Matthew Caesar and Jennifer Rexford



Current Practice in Enterprises
A hybrid architecture comprised of several small 

Ethernet-based IP subnetsinterconnected by routers

R

R

Need a protocol that combines 
only the best of IP and Ethernet

R

R

R

ÅLoss of self-configuring capability
ÅComplexity in implementing policies
ÅLimited mobility support
ÅInflexible route selection

IP subnet ==
Ethernet
broadcast
domain

(LAN or VLAN)
R
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Objectives and Solutions
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SolutionApproachObjective

1. Avoid flooding
Resolve host info

via unicast

Bootstrap hosts
via unicast

2. Restrain 
broadcasting

3. Reduce
routing state

4. Enable 
shortest-path 
forwarding

Populate host info 
only when and where 

needed

Allow switches to 
learn topology

Network-layer
one-hop DHT

Traffic-driven 
resolution with 

caching

L2 link-state routing 
maintaining only 

switch-level topology

* Meanwhile, avoid modifying end hosts


