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Why turn the IVN into a Ring?
Assuming a Zonal Architecture
• All data everywhere

• Log and Trace
• Software Defined Vehicle upgrades

• Redundancy or Resiliency
• Alternate path in case one path fails

• Increased Bandwidth
• Two paths to send data

• Separate paths per data-type
• Low latency small frames like audio in one direction
• Large frames in the other
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The Issue with different Path Length

• The path around a ring one way is usually significantly faster (shorter 
in number of hops) than the path around the other way

• If the faster (shorter) path fails, there will be a temporary interruption 
of sequential data, before the redundant communication has travelled 
along the slower (longer) path

• To ensure a (chronologically) seamless operation, the receiver would 
have to always wait for the later packet, before processing or taking 
action

• Such behaviour is not covered (solely) by redundancy concepts, like 
e.g. IEEE Std 802.1CB

• It requires buffering in the receiver or elimination point and
• knowledge about the timing in the receiver at the transmitter 

(compare IEEE Std 1722’s Presentation-Time)

https://www.ieee802.org/1/files/public/docs2015/cb-nfinn-seamless-issues-1015-v02.pdf
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Rings are fundamentally Daisy-Chains -
Leading to Burst Accumulation
Flow  accumulates bursts due to 
bursts from interfering streams(1)  and 

(1) Streams  and  consist of 8 flows eachFrom: 2021 Ethernet & IP @ Automotive Technology Week, M. Turner & J. Walrand, "The “Free Rider Principle”"
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The benefit of shaping

(1)

(2)

(3)

Shaped flows  and  suffer higher latency – but  benefits more! 
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Rings cause Circular Dependencies
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Ludovic THOMAS, THÉSE En vue de l'obtention du DOCTORAT DE L'UNIVERSITÉ DE TOULOUSE, “Analysis of the side-effects on latency bounds of 
combinations of scheduling, redundancy and synchronization mechanisms in time-sensitive networks.”, 12 Sep. 2022

All data
everywhere?
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Programmable
Forwarding Engine

Ring Attachment Unit

CPU

Port

Designing the Ring Attachment Unit and
the connections into the Zone

Port 1
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Can Cut-Through-Forwarding reduce the 
latency around the ring?
• Assuming mostly unicast communication, frames on the Ring 

have one specific destination, i.e. they should pass through all 
the other RAU bridges with minimum delay

• Assuming the stub links to be lower line-rate, only the ring can 
do cut-through-forwarding, while this removes the issue of 
erronious forwarding it can lead to infinite circulation of frames

• Is the ingress from the stubs short enough to not mostly be in 
the way?
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Can Cyclic-Queueing-and-Forwarding limit the 
interference to Cut-Through-Forwarding on the 
ring?
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Can Cyclic-Queueing-and-Forwarding limit the 
interference to Cut-Through-Forwarding on the 
ring?
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Zone Roof

Queue Structure FIFO/FIFO for 1G and 10G!

Ring Attachment Unit
P2

P0

1G

5G


TC 7 + ATS

TC 6 + TX select

TC 5 + TX select

TC 4 + TX select

TC 3 + TX select

TC 2 + TX select

TC 1 + TX select

TC 0 + TX select

Strict Priority 

P1
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TC 7 + TX select

TC 6 + TX select

TC 5 + TX select

TC 4 + TX select

TC 3 + TX select

TC 2 + TX select

TC 1 + TX select

TC 0 + TX select

Strict Priority 

P3
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pre-shaping

pre-shaping

pre-shaping

pre-shaping

ATS Instance 1

ATS Instance 2

ATS Instance 3

ATS Instance 4

ATS Instance 5

ATS Instance 6

ATS Instance 7

Stream Identification

“All ATS schedulers that process frames 
from a particular reception Port and a 
particular upstream traffic class are in 
the respective ATS scheduler group.”
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A Ring example and some Simulations
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Communication Matrix

Consider
• short path: 3 hops
• long path: 6 hops 

Which delay ratio would you expect ? 
Approximately a factor of 2?

Actually, they may be almost the same or the
longer path delay may be much higher!
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Redundancy: similar delays on 
shorter and longer path

Other Lidar => big increase 

very small increase

The end-to-end delay 
is mainly determined 
by the "collision" with 
the other heavy burst 
Lidar stream!
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-P0
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Redundancy: similar delays on
shorter and longer path

more hops

Other Lidar => big increase 

Same "collision" effect as on the 
short path.

The delay due to the additional 
hops is negligible. 

very small increase
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Redundancy: delay on longer path much 
higher

Transmitted only after 12 ms … 

The two heavy burst Lidar streams are arriving at 1Gbps 
peak rate each and are merged into one single 1Gbps link

1Gbps

1Gbps
1Gbps

⇒ Huge amounts of memory 
needed in the switch port to 
not loose any frame!

P0
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Shaping of bursty streams

We have seen that with heavy bursty traffic
• The number of hops is not a good indicator of the transmission 

delay to expect.
• In "collision" scenarios of heavy burst a huge frame backlog may 

builds up and require a lot of memory.

We added TSN shaping in further simulations to reduce latency 
caused by burst accumulation.
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Shaping of bursty streams: CBS, end-to-end

The two shaped 
Lidar streams 
let the Radar 
through quickly!

Systematically low delay skew 
between shorter and longer path

End-to-end delay 
determined by shaping in 
Node!

-P1

-P0
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Partial shaping of bursty streams:
lower priority delays
Let us look at the impact on the transmission delay of a low priority 
frame: "Clock Reference"

No shaping

CBS: end-to-end

CBS: only in nodes

CBS: only in switches

⇒ Shaping before or in nodes is crucial!
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Partial shaping of bursty streams: memory 
requirements

No shaping:
• the "collisions" seen before induce 

high requirements in some ports

CBS – In nodes and switches:
• shaped streams require much less

CBS – Only in Nodes
• shaped streams require much less

CBS – Only in Switches
• High requirement even where not 

needed before
=> Shaping before or in nodes is crucial!

SW0:P2
SW2:P0

SW1:P1
SW0:P1

SW1:P2
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Memory Requirements in some Switch Ports
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Summary:
Rings are fundamentally Daisy-Chains
• Bursty traffic will cause more bursty traffic 
• Transmission delay around the ring can be dominated by busts, rather than hop 

count
• Once traffic is bursty, it takes a lot of memory to re-shape it
• Proper shaping close to the actual source can reduce the skew between short and 

long path
• TSN offers a lot of tools to do this, choosing may be harder than expected
• Per-Stream shaping with ATS can resolve circular burst and latency 

dependencies, if you watch out for traps
• The ring should have higher line-rate than the combined ingress ports
• Egress from the ring can require significant memory, if bursty traffic accumulates
• Do not underestimate the importance and complexity of designing the RAU!
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Thank you very much for your attention!

“We help you build provably safe 
and optimized critical systems”

Contact: 
jorn.migge@realtimeatwork.com

C.T.O. RTaW

Max Turner
Utrechtseweg 75
NL-3702AA Zeist
The Netherlands
+49 177 863 7804
max.turner@ethernovia.co
m
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