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Architecture for Low Latency Network

• A single (ToR) switch to which all 
hosts are connected 
• Global knowledge of the 

demand 
• Global coordination across 

end-points
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PL2: Centralized Scheduler 

• Switch acts as an arbiter
• Global visibility into packet 

reservation requests from all the 
endpoints

• Switch algorithm should fit
• microseconds-level scheduling 

overhead
• switch architecture, memory capacity 
• restricted programming model and 

memory access model
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• Reduce the scheduling frequency, K=4
• Minimize on the RSV-GRT delay

• Burst RSV packet with last burst data packets 
• Predicable latency:

• For each burst (K=4), the message delivery time = waiting time + 
data transmission 

• The waiting time increases as the reservation slots increase

End-to-end message latency is unbounded!
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Prioritize Low Latency Message

• Switch grants a limited time slots (e.g., T2), for packets 
transmission

• Two properties
• The maximum queue length is bounded by T2.
• The `message` latency can be bounded by T2 + RSV-GRT-delay

• When the network does not have more than T2 packets 
reservation from the high priority message

• Set a bit for high priority message’s RSV packet
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Implementation and Evaluation

• Implementation
• A customized networking stack and Mellanox VMA, Userspace TCP stack
• Use P4 to implement the centralized scheduling algorithm at Tofino switch 

• Evaluation Setup
• Testbed setup: 6 hosts connect to one Tofino switch

• Baseline: Receiver-Driven Scheme (RDS); TCP+Cubic and UDP
• Workloads: Memcached, VGG16, Workload trace (W1-W5) from Homa
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PL2 improves training latencies for VGG16 by 30% 
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PL2 improves the 99th-percentile RPC 
latency up to 3X compared with Cubic.
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PL2 bounds message latency regardless of heavy 
background traffic.



Summary

• PL2 is a centralized packet scheduler towards the predictable 
low latency network in rack-scale network 

• Co-design the switch logic and end host logic
• Reduce the packet scheduling overhead
• Bounded low latency for high priority message
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Yanfang Le, Yanfang@cs.wisc.edu


