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What do they have in common?

1. Letter “N” 3. Transfer

2. Arbitration 4. 2 & 3 via same medium
different

s



Platzhalter für Bild, Bild auf Titelfolie hinter das Logo einsetzen

Slot-Based Transmission Protocol for Real-Time NoCs

SBT – NoC

Borislav Nikolić, Robin Hofmann, Rolf Ernst

Institut für Datentechnik und Kommunikationsnetze, TU Braunschweig, Germany

ECRTS 2019, Stuttgart, 10-12 July 2019



Borislav Nikolić, Robin Hofmann, Rolf Ernst | SBT – NoC | ECRTS 2019 | Stuttgart, 10-12.07.2019 Slide 3

Outline

▪ NoC Principles

▪ NoCs in Real-Time Domain

▪ SBT-NoC

▪ Experimental evaluation

▪ Application and Future work
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NoC Principles
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NoC Principles - Summary

R1 R2 R3 R4

R5 R6 R7 R8

R9 R10 R11 R12

R13 R14 R15 R16

NoCs are efficient transmission mediums

Transmission latency calculation valid for ~20 years
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Real-Time Analysis of NoCs (Attempt 1)

NoCs without HW support not suitable for RT
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Real-Time Analysis of NoCs (Attempt 2)

R1 R2 R3 R4

R5 R6 R7 R8

R9 R10 R11 R12

R13 R14 R15 R16

Year Authors, Title

1994
M. W. Mutka. “Using rate monotonic scheduling technology for real-time communications in a wormhole 

network”

1997 S. L. Hary, F. Ozguner. “Feasibility test for real-time communication using wormhole routing”

1998 B. Kim et al. “A real-time communication method for wormhole switching networks”

2005 Z. Lu et al. “Feasibility analysis of messages for on-chip networks using wormhole routing”

2008 Z. Shi, A. Burns. “Real-Time Communication Analysis for On-Chip Networks with Wormhole Switching”

2016 M. Liu et al. “Tighter time analysis for real-time traffic in on-chip networks with shared priorities”

2016 H. Kashif, H. Patel. “Buffer Space Allocation for Real-Time Priority-Aware Networks”

2016 Q. Xiong et al. “Real-TimeAnalysis for Wormhole NoC: Revisited and Revised”

2018 Q. Xiong et al. “Extending real-time analysis for wormhole NoCs”

2018
L.S. Indrusiak, A. Burns, B. Nikolić. “Buffer-aware bounds to multi-point progressive blocking in priority-

preemptive NoCs”

2019 B. Nikolić et al. “Real-time analysis of priority-preemptive NoCs with arbitrary buffer sizes and router delays”

But how come?!
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NoC Challenges – Backpressure Effect

R1 R2 R3 R4

R5 R6 R7 R8

R9 R10 R11 R12

R13 R14 R15 R16

Packets often “heavy”, rethink packet injection
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Separation of Concerns
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Dedicated Arbitration Medium

HP

𝒇 𝒙 = 𝒂𝟎 +

𝒏=𝟏

∞

𝒂𝒏 𝐜𝐨𝐬
𝒏𝝅𝒙

𝑳
+ 𝒃𝒏 +



𝒏=𝟏

∞

𝒂𝒏 + 𝒃𝒏 𝐬𝐢𝐧
𝒏𝝅𝒙

𝑳

What medium & protocol CAN be good starting point?
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Separation of Concerns
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Separation of Concerns
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SBT-NoC (Development)
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SBT-NoC (Getting there)

R1 R2 R3 R4

R5 R6 R7 R8

R9 R10 R11 R12
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f1
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time
A
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2/2

Slot 1

1/1

3/5 4/5 5/5

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7

Slot

. . .
β1 β2 β3 β4 β5

2

1 10 10

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
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SBT-NoC (Getting there)
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SBT-NoC (Basic)

f3
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SBT-NoC (Basic)
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SBT-NoC (Basic)
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Slot

SBT-NoC (Advanced w/ Slot Reduction)

time
A

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7

. . .
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Slot

SBT-NoC (Advanced w/ Slot Extension)

time
A

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7

Option 1 Option 2

. . .
β1 β2 β3 β4 β5 βn

. . .
β1 β2 β3 β4 β5 βnpadding

. . .
β1 β2 β3 β4 β5 βn

α

α

αE αE
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SBT-NoC (Advanced w/ Slot Extension)

Use-case of autonomous driving vehicle application (from Shi et al. 2010).
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SBT-NoC (Advanced w/ Slot Extension)
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SBT-NoC (Advanced w/ Slot Extension)

Use-case of autonomous driving vehicle application (from Shi et al. 2010).

SBT-NoC FLP NoC

VCs None Per-stream

Arb None Flit-level

Buff None Credit-based
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SBT-NoC Future Work & Application
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SBT-NoC Application & Future work
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Thank you for your attention!


