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Outline
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• Last lecture
• Addressing and routing in data center networks (I)

• Today
• Addressing and routing in data center networks (II)

• Announcements
• Project proposal due 10/02/2025 11:59 PM
• Lab1 due 10/08/2025 11:59 PM



An efficient addressing and routing 
mechanism should inherently encode the 
multiple-path routing capability!
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Proposal #3: Scalable DCNet (SIGCOMM’08)

• Key: co-design addressing and routing
• Target the k-array fat-tree topology, e.g., k=4
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Addressing: pod switch
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• 10.pod.switch.1
• pod:[0, k-1]



Addressing: pod switch
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• 10.pod.switch.1
• switch:[0,k-1], starting from left to right, bottom to up



Addressing: core switch
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• 10.k.j.i
• j and i is the switch’s coordinates in the (k/2)^2 core switch grid



Addressing: host
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• 10.pod.switch.ID
• ID:[2,k/2+1], starting from left to right
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Routing Overview

• Two-Level Routing Table
• Primary routing table: (prefix, port)
• Secondary routing table: (suffix, port)

• Primary Table
• Left-handed, i.e., /m prefix masks

• Secondary Table
• Right-handed, i.e., /m suffix masks



Routing @Edge Switch
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• Two types of traffic: to hosts and to aggregation switches

[0, (k/2) -1]

My Subnet



Routing @Aggregation Switch
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• Two types of traffic: to core switches and to edge switches



Routing @Core Switch
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• One type of traffic: to aggregation switches

[0, k -1]



An Example
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• 10.0.1.2 —> 10.2.0.3



Bring multi-path communication between 
two edge switches!
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Proposal #4: VL2 (SIGCOMM’09)
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• A virtual layer 2 offering massive aggregation bandwidth 
• A big L2 Ethernet switch



Proposal #4: VL2 (SIGCOMM’09)
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• A virtual layer 2 offering massive aggregation bandwidth 
• A big L2 Ethernet switch
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Addressing

• Key: name-location separation 
• Introduce a directory service!

• Address assignment 
• Applications use application-specific IP addresses (AA)
• Each AA is associated with a location-specific address (LA)
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Addressing

• Key: name-location separation 
• Introduce a directory service!

• Address assignment 
• Applications use application-specific IP addresses (AA)
• Each AA is associated with a location-specific address (LA)

What is an LA?
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Addressing

• Key: name-location separation 
• Introduce a directory service!

• Address assignment 
• Applications use application-specific IP addresses (AA)
• Each AA is associated with a location-specific address (LA)

The IP address of the connected ToR!



How to Route Packets
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How to Route Packets
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• Key: updating the destination address along the path 
• Look up the directory service
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How to Route Packets
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• Key: updating the destination address along the path 
• Look up the directory service

How does VL2 take advantage of multi-path, 
especially given that the new virtual lay runs link-

state routing protocol?



How to Route Packets
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• Key: updating the destination address along the path 
• Look up the directory service

• VL2 assigns the same LA to all intermediate switches 
• Rely on the directory service to make the decision!



How to Route Packets
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• Key: updating the destination address along the path 
• Look up the directory service

• VL2 assigns the same LA to all intermediate switches 
• Rely on the directory service to make the decision!

Bring multi-path communication between two hosts!



Proposal #4: Pros and Cons

• Pros:
• Better performance than proposal #3
• Better availability than proposal #3

• Cons:
• Complexity, e.g., hardware layering and software directory service
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Proposal #3 vs. Proposal #4
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Proposal #3 Proposal #4



Proposal #3 vs. Proposal #4
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Proposal #3 Proposal #4

Co-design routing and 
addressing



Proposal #3 vs. Proposal #4
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Proposal #3 Proposal #4

Co-design routing and 
addressing

Decouple routing and 
addressing



Proposal #3 vs. Proposal #4
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Proposal #3 Proposal #4

Co-design routing and 
addressing

Decouple routing and 
addressing

Stateless Routing Table



Proposal #3 vs. Proposal #4
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Proposal #3 Proposal #4

Co-design routing and 
addressing

Decouple routing and 
addressing

Stateless Routing Table Stateful Routing Table



Stateless v.s Stateful Routing
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• Stateless Routing
• Easy to manage
• High scalability
• But lacks application awareness

• Stateful Routing
• Maintenance complexity
• Central operational point 
• Application adaptability 
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Another Example: Direct-Connected Topology

• Originally proposed in the HPC and supercomputer
• Use low-radix adapters instead of high-radix switches
• E.g., Cray XD1, XT3, etc..

• Apply for data center networking, especially rack-scale
• E.g., BCube (Sigcomm’09), R2C2 (SIGCOMM’15)
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Another Example: Direct-Connected Topology

• Originally proposed in the HPC and supercomputer
• Use low-radix adapters instead of high-radix switches
• E.g., Cray XD1, XT3, etc..

• Apply for data center networking, especially rack-scale
• E.g., BCube (Sigcomm’09), R2C2 (SIGCOMM’15)

Significant interest in today’s recent AI Supercomputer
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Type #2: Data Center Gateway <—> Data Center Server

DNS

Local AS

AS 1

AS 2

Data center (AS N)
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Type #2: Data Center Gateway <—> Data Center Server

DNS

Local AS

AS 1

AS 2

Data center (AS N)

• Key: update the service destination address
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Type #2: Data Center Gateway <—> Data Center Server

DNS

Local AS

AS 1

AS 2

Data center (AS N)

• Key: update the service destination address

We will discuss this in L8/L9!
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Addressing and Routing in Data Center Networks

• Type #1: User <—> Data Center Gateway
• Internet Routing

• Type #2: Data Center Gateway <—> Data Center Server
• Locate the destination address quickly at scale

• Type #3: Data Center Server <—> Data Center Server
• We discussed four working proposals
• Stateless and stateful routing: no one-size-fit-all solution



Summary

• Today
• Addressing and routing in data center networks (II)

• Next two lectures
• Flow scheduling
• Hedera (NSDI’10)
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