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Introduction  Schedulers and Network Calculus

Schedulers: Distribute Access to a Resource
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Introduction  Schedulers and Network Calculus

Network Calculus: Model-Based Analysis
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Introduction  Schedulers and Network Calculus

Network Calculus: Provides Worst-Case Delay Bounds
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Network-calculus delay bound

[Le Boudec, Thiran 2001]

Leaky-bucket
Yr,b

o data

delay bound

Br,T Rate-latency

T time interval t

— [Le Boudec, Thiran 2001] Jean-Yves Le Boudec and Patrick Thiran [2001]. Network Calculus.
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Introduction  Schedulers and Network Calculus

7’ N a
fog ol Do — o 3 — B —
& o e—— M L s — 6
N 4 g
Network-calculus delay bound
[Le Boudee, Thiran 2001] All IEEE TSN schedulers have a Service-Curve Model

[Maile, Hielscher, German 2020].
Leaky-bucket

Yr,b = A flexible, continuous, differentiable model.

o data

delay bound o
=> Allows for optimization of schedulers’ parameters, rout-

Br,T Rate-latency ing, etc. [Geyer, Bondorf 2022].

T time interval t

— [Maile, Hielscher, German 2020] Lisa Maile, Kai-Steffen Hielscher, and Reinhard German [May 2020]. “Network Calculus Results for
TSN: An Introduction”.

— [Geyer, Bondorf 2022] Fabien Geyer and Steffen Bondorf [May 2022]. “Network Synthesis under Delay Constraints: The Power of
Network Calculus Differentiability” .
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Introduction  Traffic Regulators

Traffic Regulators: Allow for a Per-Flow Control

Per-flow regulator (PFR) or 2y,
Yr.b Yr,b*>b
5 > LN,
g ' S g
B2 N

Thomas, Le Boudec Network-Calculus Service Curves of the Interleaved Regulator ITC 35 - 2023-10-03

/27



Introduction  Traffic Regulators

Traffic Regulators: Allow for a Per-Flow Control

Per-flow regulator (PFR)
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Introduction  Traffic Regulators

The Per-Flow Regulator (PFR) has a Service-Curve Model
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— [Le Boudec, Thiran 2001] Jean-Yves Le Boudec and Patrick Thiran [2001]. Network Calculus. | ecture Notes in Computer Science.
Berlin, Heidelberg: Springer. DOI: 10.1007/3-540-45318-0
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Introduction  Traffic Regulators
The Per-Flow Regulator (PFR) has a Service-Curve Model
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Introduction  Traffic Regulators

Interleaved regulator (IR)

Vi, 05 = Vb
[Le Boudec 2018] i —> SN
Model not based on service curves fp —— —

Shaping-for-free
6 —cfiro) T

— [Le Boudec 2018] Jean-Yves Le Boudec [Dec. 2018]. “A Theory of Traffic Regulators for Deterministic Networks With Application to
Interleaved Regulators”. In: IEEE/ACM Transactions on Networking 6. DO1: 10.1109/TNET.2018.2875191
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Introduction  Traffic Regulators

The Only Know Service-Curves for the Interleaved Regulator are Context Limited

Interleaved regulator (IR)

: s
Vi, of = Vrb

[Le Boudec 2018] i —> SN
Model not based on service curves fp —— —
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Ds «— Dsiprr = Ds
Shaping-for-free
6 —cAiro T

[Mohammadpour, et al. 2018]

non FIFO
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— [Mohammadpour, et al. 2018] Ehsan Mohammadpour, Eleni Stai, Maaz Mohiuddin, and Jean-Yves Le Boudec [Sept. 2018]. “Latency

and Backlog Bounds in Time-Sensitive Networking with Credit Based Shapers and Asynchronous Traffic Shaping”. In: 2018 30th
International Teletraffic Congress (ITC 30). pOI: 10.1109/ITC30.2018.10053
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The Quest for a Service-Curve Model for the Interleaved Regulator (IR)

Interleaved regulator (IR)

Introduction  Traffic Regulators
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Introduction  Traffic Regulators

The Quest for a Service-Curve Model for the Interleaved Regulator (IR)

-- -
+Tnterleaved regulator (IR)

' H
: Vi, O'f} é ’Y’i’bi :
' 1
fi — —
fr —i> —
Question
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context-agnostic service curves?

Ds +—— Dsiprr = Ds Does any of them explain
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— [Hamscher 2022] Anja Hamscher [Sept. 9, 2022]. “Using Mathematical Programming to Harden Conjectures on Service Curves”.
[Lausanne, Switzerland]
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Results
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Results  Context-agnostic Service Curves Can't Explain the IR's Shaping-for-free

Can a Context-Agnostic Service Curve Explain the IR's Shaping-for-free?
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Results

Context-agnostic Service Curves Can't Explain the IR’s Shaping-for-free

Interleaved Regulator (IR) after non-FIFO: An Adversarial Traffic Generation
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Results  Context-agnostic Service Curves of the IR

Context-agnostic Service Curves of the IR
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Results  Context-agnostic Service Curves of the IR

Some Properties of FIFO Systems’ Service Curves ; __FIFO N
F e
fr----3 -

Type of B B

service curve

Strict service
curve IBStrlct

implies [Le Boudec, Thiran 2001, Prop. 1.3.5]

A

Service curve

B

derives | [Le Boudec, Thiran 2001, Prop. 6.4.1]

y

Individual service
curve By

— [Le Boudec, Thiran 2001] Jean-Yves Le Boudec and Patrick Thiran [2001]. Network Calculus. | ecture Notes in Computer Science.
Berlin, Heidelberg: Springer. DOI: 10.1007/3-540-45318-0
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Results  Context-agnostic Service Curves of the IR

Service Curves of the Interleaved Regulator (IR) ] __FIFO N
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— [Boyer 2022] Marc Boyer [Sept. 2022]. “Equivalence between
the Theoretical Model and the Standard Algorithm of Asynchronous
Traffic Shaping”.
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Results Context-agnostic Service Curves of the IR N
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Results  Conclusion

Conclusion
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Conclusion

Conclusion

Summary of our contributions
m The Interleaved Regulator (IR) can yield unbounded latencies when placed after a non-FIFO system.
m As a consequence, no context-agnostic service curve can explain the shaping-for-free property of the IR.

m Drastically reduced the "grey” zone of possible service curves for the IR.

Perspectives
m Concludes the IR's service-curve quest.

m The IR’s implementation inside TSN (Asynchronous Traffic Shaping) suffers a change-or-perish risk.

ludovic.thomas@loria.fr
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Backups

Arrival Curve and Strict Service Curve: Formal definitions
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Backups

Arrival Curve and Service Curve: Formal definitions
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