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Storage GPU Comm.Driven by Workloads HPC

Driven by Deployments

Past 5 years, 30+ NSDI/SIGCOMM
papers explore RDMA innovations.

Numerous Ideas

Scalable Reliable Datagram (SRD)
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● Whiteboxing: Inspired by SDN, control in software, data path in hardware
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Express Diverse 
Customizations

Flexibility
Packet-Granular Events

from High Line Rates

Granularity
Handle Many 

Concurrent Flows

Scalability

● Next, we introduce Software Controlled RDMA (SCR) to achieve all.  
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● Dequeue Rate considers events from multiple domains:

Tenant 1 QP
Dequeue 

Rate RNIC ResponderTORTORRNIC

Tenant 2 QP

PC
Ie

○ Host Domain: e.g., RNIC Utilization
○ Fabric Domain: e.g., In-Network Congestion 
○ Peer Domain: e.g., Receiver-Driven Feedbacks

● See paper for multi-domain events and the collection process.
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● Challenge: 100Gbps, 1500B MTU, sub-µs packet-granular events (120 ns!)  

Fabric Domain
Collector

Peer Domain
Collector

Event Collectors

Host Domain 
Collector Event Processor

Ctrl

Event Queues

Multiplexer

● Queues don't matter when you can COALESCE them!
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SQ Depth

……

Large Message

● HW/SW Hybrid Coalescing: 

○ SW coalescing is programmable:
■ E.g., keep latest RTT, drop others.

○ HW coalescing is efficient, but not all events are supported:
■ E.g., fabric domain has HW modules; host domain does not.

Coalescing Thread
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Thread

Thread

2 QPs : 2 Threads
Granularity = 2

Line Rate
Thread

Thread

4 QPs : 2 Threads
Granularity = 2

Line Rate

○ Observation: Adding flows doesn't hurt per-flow coalescing granularity!

Granularity Invariance

○ Principle: Line rate is invariant—catch up, done!

Thread

Thread
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Granularity = 4

Line Rate

Event Processing RatePackets Sent Per Event
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● See paper for detailed characterization on 
new hardware!
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[Takeway]
SCR enables
better algorithms!

● Deeper is more fair

● Deeper is higher util.
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● How to reset existing flows when a new flow joins?

Use Case #1: Further Customize Water Filling
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Scale down to half

Start from 0

Scale down to 

Start from 

[Takeway] SCR enables stateful customizability! 

Slow Converge. 
Unfair

Converge & 
Fair

Heuristic Stateless Strategy With SCR tracking states (e.g., flow_num n)
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[Case#2]

● Case#2: RTT-based congestion control (Swift Algorithm)

[Case#3]

● Case#3: Receiver-driven flow control to accurately allocate bandwidth

[Case#4]

● Case#4: Multipath monitoring to help make routing decision 



●Whiteboxing RDMA Methodology
○ SW Ctrl; HW Data

● Software-Controlled RDMA (SCR)
○ Flexibility
○ Packet-Granularity 
○ Scalability

● Land New Customizations
○ Multi-Tenant Isolation
○ Congestion Control
○ Routing
○ Flow Control

Conclusion
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