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Adaptive Routing from NVIDIA

Load 
Balancin

g

• Static hashing 

• Independent of traffic conditions

• Bigger flows = higher chance for 

congestion

• High tail latency

Traditional ECMP Adaptive Routing
• Congestion based port selection

• Flowlet-aware: eliminates out-of-order Packets 

• Multi-vendor friendly

• RoCE OOO placement for highest efficiency
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Adaptive Routing

• Elephant flows
⎻ High-bandwidth
⎻ Long-lived 
⎻ Most of AI & Storage traffic 

• Mice flows
⎻ Low-bandwidth
⎻ Short-lived
⎻ Latency sensitive

• Chance of leaf/spine congestion increases as # of Elephant 
flows increase

• Adaptive Routing adjusts Elephant flow path to avoid congestion
• Spectrum HW Elephant Identification Engine

⎻ Adaptive Routing can be used just on Elephant flows
⎻ Mice flows are already well distributed
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Flowlet-aware Adaptive Routing

• Long-lived flows broken into flowlets
⎻ Each flowlet can be routed independently

• Flow table track active flow → link

• Flow link association changes allowed when safe
⎻ Safe period is configurable
⎻ Result: Avoid out of order

• Flowlet resolution 1us – 10min
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Adaptive Routing
Performance Test Results
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Adaptive Routing Test with Traffic Generator
• Single switch transmitting to spines using ECMP

• 16 large-size flows, 50G host links

• Benefits

⎻ Consistent FCT across senders, lower 99% FCT

⎻ Higher goodput, shorter completion time
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Real World AI Traffic Test (All-to-All)

Setup: Spectrum + ConnextX-6Dx +CPU + UCX PARAM communications micro-benchmark 
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AI Traffic Test (All-to-All) Reduction in Buffer
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Real World AI Traffic Test (All-Reduce)

• 1.5x Higher Bandwidth with AR

• Tested on CPUs

• NCCL uses Double Binary Trees or Ring

Setup: Spectrum + ConnextX-6Dx +CPU + UCX PARAM communications micro-benchmark 
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Adaptive Routing In Production

mpiGraph: Static vs. Adaptive Routing

Static Routing Adaptive Routing



Connect. Collaborate. Accelerate.

Thank You!
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Leaf/Spine Networks

Scale Out NetworkScale Up Network

Leaf Switches

Superior Price, Performance, and Resiliency

ToR Switches



Connect. Collaborate. 
Accelerate.

Leaf Switches

From Modular to Fixed Port Switches

87% of Data Center Ports are now Fixed Ports

Source: Crehan – Data Center Ethernet Switch Market Share 2021Q1
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