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WATERS Industrial Challenges 2016/17

https://waters2017.inria.fr/challenge/

https://waters2017.inria.fr/challenge/
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Challenge HW Model

 Simplified AURIX Architecture ➢ Memory Access Time 
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Challenge SW Model

 Key data of the model

 1250 Runnables mapped to

 21 Tasks & Interrupts accessing

 10.000 Labels (shared data)

 Event chains

Huge amount of data dependencies 

 challenge exact analysis methods
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Handle the Real Complexity…
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Challenge questions 2016

 2016: focus on impact of memory contention on execution times and scheduling

 Calculate tight end-to-end latencies ignoring memory accesses and arbitration

 Calculate tight end-to-end latencies including memory access and arbitration

 Optimize end-to-end latencies by mapping the labels among the local and global memories

Benchmarking, System Design and Case-studies for Multi-core based Embedded Automotive Systems

Piotr Dziurzanski, Amit Kumar Singh, Leandro S. Indrusiak, Björn Saballus

https://arxiv.org/find/cs/1/au:+Dziurzanski_P/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Singh_A/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Indrusiak_L/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Saballus_B/0/1/0/all/0/1
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Challenge questions 2017

 2017: focus on impact of communication mechanisms on end-to-end latencies

 Proposing concepts for realizing implicit and LET communication 

 Compute the overhead induced by the proposed realizations

 Compute the end-to-end latency along event chains due to the proposed realizations

 Propose alternative label mapping to reduce memory access overheads

 Consider effects of memory contention on the end-to-end latencies and memory access time

 Implicit Communication

 Goal: data consistency

▶ LET Communication

▶ Goal: determinism
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Impact on the Forum
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Impact on the Forum

Over 1000 downloads of Amalthea challenge file
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Impact Citations

 58 citations of base paper (source Google Scholar)

 “Dark figure” probably higher
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Trends in automotive E/E systems

Computing Power Demand

Serial computing in embedded 

systems is hitting the techno-

logical limits

Factor 2 - 20
2025

2015



Large-scale integration of 

heterogeneous applications 

on (Cross)-Domain & Vehicle 

Centralized E/E Architectures

Heterogeneous HW platforms 

to satisfy tremendous need for 

computing power
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Status QuoStatus Quo of Performance Analysis @ Bosch
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Evolution of Performance Analysis to Heterogeneous Platforms

Heterogeneous 

hardware
CNN

Core

 Performance factor * (PF) is not enough for 

heterogeneous hardware

 Non linear performance effects due to specific acceleration

 PF is not transparent regarding heterogeneous effects

 Infeasible to compare different ISAs

Goal: Enable models & simulation for heterogeneous software and hardware
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Can we find analytic models with adequate precision ?

 A new model for execution times

 Instruction mixes? 

 How to model the (heterogeneous) execution platform?

‒ Execution platform modelling virtually not present in the real-time community

How to predict performance of software on heterogeneous HW platforms?

How to analytically capture the impact of communication/memory accesses?

Research Challenges for Analytic Approaches
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Predictability on High-Performance Platforms

 Shared memory is a big bottleneck in high-end µP based real-

time platforms

 Interference effects are more severe by orders of 

magnitude compared to µC platforms

Goal for automotive systems engineering: predictable real-time 

behavior on high-performance platforms

NVIDIA Tegra X1 Platform

=
 c

o
n

te
n

tio
n

 p
o
in

ts

Avg. memory access latencies per word

Average (!) latency

Increased by x10

Source: Roberto Cavicchioli, Nicola Capodieci, Marko Bertogna, Memory interference characterization 

between CPU cores and integrated GPUs in mixed-criticality platforms. ETFA 2017

https://twitter.com/intent/tweet?url=https://doi.org/10.1109/ETFA.2017.8247615&text="Memory+interference+characterization+between+CPU+cores+and+integrated+GPUs+in+mixed-criticality+..."&hashtags=dblp&related=dblp_org
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Need for Constructive Approaches

Goal: reconcile high-performance computing with real-time predictability and determinism

Reduce complexity and pessimism of analytic approaches

 Several groups are working on constructive mechanisms to “regulate” contention effects

Memory Bandwidth Management for Efficient Performance Isolation in Multi-core Platforms

Heechul Yun, Gang Yao, Rodolfo Pellizzoni, Marco Caccamo and Lui Sha

IEEE Transactions on Computers, February 2016, Volume 65(2): 562-576

Schedulability Analysis for Memory Bandwidth Regulated Multicore Real-Time Systems

Gang Yao, Heechul Yun, Zheng Pei Wu, Rodolfo Pellizzoni, Marco Caccamo, Lui Sha

IEEE Transactions on Computers, February 2016, Volume 65(2): 601-614 

Contention-Aware Dynamic Memory Bandwidth Isolation with Predictability in COTS Multicores: An Avionics Case Study

Ankit Agrawal, Gerhard Fohler, Johannes Freitag, Jan Nowotsch, Sascha Uhrig, Michael Paulitsch

29th Euromicro Conference on Real-Time Systems (ECRTS), June 2017.

SiGAMMA: Server based integrated GPU Arbitration Mechanism for Memory Accesses 

Nicola Capodieci, Roberto Cavicchioli, Paolo Valente and Marko Bertogna

Proceedings of the 25th International Conference on Real-Time Networks and Systems (RTNS’17), Grenoble, France, October 

2017.me Systems (ECRTS), June 2017.
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Bosch Challenge 2019

 In cooperation with UNIMORE, HiPeRT Lab

 Amalthea model comprising

 Heterogeneous HW platform (µPs including accelerators such as GPU)

 Heterogeneous SW mix (ADAS applications)

 Executable software for relevant COTS HW platform (to be defined)

Challenges

 Analyze response times / contention effects, including comparison with real execution times

 Explore the impact of constructive platform approaches for the gives setup

‒ Compare different approaches

‒ Quantify effects for realistic automotive applications
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