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Reality of Today’s Switch Hardware
• Clock speed of a single pipeline has saturated 
• Limits the line rate 

• Employ multiple parallel pipelines to sustain multi-tbps line rate 
• Each pipeline processes packets independently — No co-ordination
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Goal

Functional Equivalence 
Runtime behavior of program 

same as on a single large pipeline

Performance Equivalence 
Program runs as close to rate 

of a single large pipeline, i.e., R 
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Our Contribution

We present a new switch design MP5 that 
extends current programmable switch’s 

architecture, compiler, and runtime to 
guarantee functional equivalence  

with high performance
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• Switch drops all subsequent packets destined to d
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Solution
How to store shared state that enables high packet 

processing throughput?

Dynamically shard the shared state across pipelines by 
monitoring the state access patterns at runtime 

Reduces to a variant of bin packing problem 
(NP-Hard!)

MP5 uses a heuristic to approximates bin packing 
that is amenable to fast hardware implementation
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A packet in stage i of pipeline j could move to stage i+1 of 
only pipeline j

03:

0
0

0:
1:
2: 0

Current switch design

Existing Solution



Our Solution
How to steer packets to a shared state in a remote pipeline?

A packet in stage i of pipeline j could move to stage i+1 of 
only pipeline j any pipeline

03:

0
0

0:
1:
2: 0

Feed-forward-only packet steering design



Our Solution
How to steer packets to a shared state in a remote pipeline?

Crossbar

A packet in stage i of pipeline j could move to stage i+1 of 
only pipeline j any pipeline

Feed-forward-only packet steering design
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Realistic Workloads & Applications

Flowlet Switching CONGA load balancing

Priority calculation 
for WFQ

Network Sequencer
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Thank you!


