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Missing Link Electronics:
“Microsecond Connectivity Backbones for 

High-Volume Data – Fast, Secure, Reliable!”



www.sniadeveloper.org

Real-Time Networking with 
Stanford’s HOMA Protocol

Endric Schubert, Missing Link Electronics
Ulrich Langenbach, Missing Link Electronics
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Aerospace

⮚ Data driven (Move to 10s 
of Gbps)

⮚ Low volume, High 
Reliability

Industrial Automation

⮚ Legacy Protocols
⮚ Highly Distributed
⮚ Op. Equip. Efficiency

Automotive

⮚ Cost Driven
⮚ High Reliability
⮚ Still Waits for AV

Networking in Distributed Systems
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Humanoids: A Datacenter on Legs Running on a Small Battery

Unique Challenges for the 
“Spinal Cord”:
⮚ Physical AI requires 

significant compute 
power

⮚ Motion Control requires 
low, deterministic 
latencies

⮚ Must meet SWaPC

A-Priori Knowledge: 
Network is Designed to 
Meet Specs!
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Not Again!!!!!    
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Datacenter: 

⮚ Utilization of expensive GPUs

Humanoids: 

⮚ Regulation on Machinery

Effects of Latency
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Part 1:
Stanford’s HOMA Protocol
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It’s Time to Replace TCP in 
the Datacenter

A Linux Kernel Implementation 
of the Homa Transport Protocol

Homa - Started by John Ousterhout et al.
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Homa Reduces Tail Latencies in Loaded Networks

⮚ Experimental results

⮚ 25 GigE Network

⮚ Compares Linux kernel space 
implementation of

⮚ TCP/IPv4

⮚ Homa/IPv4

⮚ X-axis is distribution of 
message mengths in 
workload

⮚ Y-axis is Slowdown
RTT_loaded / RTT_unloaded

19x @ P99

2 ms down to 100 µs?

Nice!
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Courtesy of John Ousterhout, Stanford University
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Courtesy of John Ousterhout, Stanford University
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Courtesy of John Ousterhout, Stanford University
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Courtesy of John Ousterhout, Stanford University
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Courtesy of John Ousterhout, Stanford University
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Courtesy of John Ousterhout, Stanford University
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SDC24: Can HOMA Co-exist With TCP?    YES!
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Option 1: Full Acceleration

MLE NPAP - Network Protocol 

Accelerator Platform for ASIC 

& FPGA

Option 2: Offload Engines

Open Source Multi-Queue 

FPGA NIC corundum.io) 

HOMA, Accelerated: RRRRP
(Rapid, Reliable Request-Response Protocol)

http://corundum.io
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Part 2:
Time Sensitive Networking (TSN)
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Time-Sensitive Networking (TSN)

⮚ 2002: Audio Video 
Broadcasting (AVB)

⮚ 2012: Became TSN, a set 
of IEEE standards

⮚ Slow Adoption:
⮚ Manufacturing
⮚ Automotive
⮚ Datacenter

Must Have for Robots

Must Have for Robots
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Time Synchronization

Accuracy and Precision

⮚ Needed for Sensor Coherency

White Rabbit from CERN

⮚ Cost Optimized: Light Rabbit
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Traffic Shaping for a “Virtualized Spinal Cord” 

⮚ Implement a safe and cost-efficient means for legacy interconnect
⮚ Separate Motion Control Messages from Sensor Traffic Streams
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Part 3:
HOMA and TSN
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Running HOMA over TSN

A-Priori Knowledge: Network is 
Designed to Meet Specs!

⮚ TSN Traffic Shaping is key to meet 
the hard real time constraints!

⮚ But: Traffic Shaping has negative 
effects on TCP and on HOMA!

⮚ HOMA as a reliable UDP
with receiver-driven congestion 
control
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BUT …

Mechanism Control 

Paradigm

Latency 

Performance

HOMA Suitability with TSN

Strict Priority Queuing (SP) 

- 802.1Q

“Greedy” - Send 

Immediately

Low average latency, 

high P99 jitter

Good for Bulk (Low Priority) because of 100% 

bandwidth Utilization

Credit-Based Shaping (CBS) 

- 802.1Qav

Rate-Limiting/Token High average delay Does not align with HOMA’s Run-to-

Completion for bulky LP

Time-Aware Shaper (TAS) -

802.1Qbv

Time-Triggered 

(TDMA)

Bounded latency, but 

with gate-miss delay

Static schedule fights dynamic priorities 

(SRPT)

Asynchronous Traffic 

Shaping (ATS) - 802.1Qcr

Event Driven Predictable latency, 

flexible response to 

burst 

Good for High Priority unscheduled homa 

traffic but would not align with HOMA’s Run-

to-completion for bulky LP Traffic
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Experimental Results with IEEE 802.1Qcr (ATS)

w/o Traffic Shaping With Traffic Shaping

Workload W3 over 1 GigE, CIR 60 Mbps
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Experimental Results with IEEE 802.1Qcr (ATS)

w/o Traffic Shaping With Traffic Shaping

Workload W5 over 1 GigE, CIR 300 Mbps
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Thank you for attending!

Please remember to rate this session.

Access presentations at sniadeveloper.org/conference
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Real-Time Networking with Stanford’s HOMA Protocol

At SDC 2023 and SDC 2024 we presented Homa, a reliable datacenter transport-layer protocol invented by John Ousterhout at Stanford University. We were able

to demonstrate that Homa and TCP can co-exist in the same network “peacefully”, and how Homa can be accelerated by something similar to what Offload

Engines do for TCP.

Today, (almost) everybody’s eyes are on datacenter infrastructure and AI clusters because of the challenging Terabit line rates and the high volume numbers of

network ports. Nevertheless, there are many other applications which can also benefit from Homa:

So-called systems-of-systems such as zone-based automotive networks, telecommunication core networks, converged IT/OT networks in industrial automation,

backbones in humanoid robots, or Sensor Open Systems Architectures in aerospace & defense need a reliable transport-layer protocol which minimizes tail

latency and optimizes infrastructure efficiency to deliver bandwidths of 10 Gbps, and more.

Many of these systems require hard real-time behavior which - in theory - matches with Homa’s attributes of being a) message-based, b) connection-less, c)

using receiver-driven congestion control, and d) run-to-completion (SRPT). Time Sensitive Networking (TSN) has become the de-facto choice using IEEE standard

Ethernet. TSN comes with time-synchronization, traffic shaping, reliability and resource management and works well with higher-layer protocols such as TCP.

Hence, in our presentation this year we will share insights on how Homa can be run over TSN and, in particular, the effects of different forms of traffic shaping

on Homa’s core functions. We plan to start with a refresher on Homa and then dive into architecture choices when running TSN and multiple Gbps. This is

complemented by presenting “Light Rabbit” which is a cost-optimized variant of CERN's White Rabbit high-accuracy time synchronization which utilizes

programmability of modern PLLs for frequency and phase synchronization to achieve nano-second accuracy. We close by presenting first experimental results

of running Homa over TSN to achieve the best of both worlds.

Learning Objectives: Tail Latencies in TCP, Homa - A Replacement for TCP From Stanford University, TSN, Traffic Shaping, CERN White Rabbit


