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PROPOSITION DE POST-DOCTORAT 

Intitulé :  Interference analysis for hybrid architectures 

Référence : PDOC-DTIS-2023-05 
(à rappeler dans toute correspondance) 

Début du contrat : 2023 Date limite de candidature : 

Durée : 12 mois, éventuellement renouvelable une fois - Salaire net : environ 25 k€ annuel 

Mots clés 

Certification of multi-core platforms, real-time systems, formal modelling and analysis 

Profil et compétences recherchées  

Low level programming in multi-core COTS (C and assembly). OpenCL will be a plus. 

Real-time systems programming 

Some knowledge on formal methods is welcome 

Présentation du projet post-doctoral, contexte et objectif 

The post doc position will be part of an ANR-DFG project named InterMCore (2023-2026) with 3 partners 
(CEA List, TU Dresden, TU Dortmund).  

Context Safety-critical systems must be carefully developed by assessing the safety and even in some 
domains to comply with some standards. The project targets both the automotive and the aeronautics 
domains. As a consequence, the applicable standards are:  

- ISO2626.2 [1] that provides guidance to ensure that hardware and software components are
developed with an appropriate level of rigorous design,

- AMC 20.193/CAST-32A [2] (formerly CAST-32A) which provides guidance for embedding multi-core
COTS in avionic platforms.

In the project, we focus on the embeddability of high-performance hybrid COTS platforms when targeting 
next generation applications, mixing different criticality requirements, or different programming paradigms 
(e.g., control/command applications with ML-based applications). Hybrid architectures / platforms refer to 
chips integrating several (possibly heterogeneous) cores interconnected by a communication medium (such 
as a shared bus or a hierarchy of shared buses or a network on chip or a combination of them) and a set of 
dedicated accelerators (e.g. GPU or ASIC). The term embeddability must be understood here in the sense 
of applicability of standards. 

Project objective While existing works often focus on one aspect when dealing with interference like 
identifying structural hardware interferences or timing anomalies during the WCET timing analysis, there is 
a clear lack of a combined (software and hardware) methodology-aware development for the analysis and 
mitigation of interference for complex COTS multi-core hybrid architectures. We thus aim at building such a 
global software/hardware interference-centric methodology to support the design of next generation of 
automated driving and avionics systems by: 

1. applying both formal methods and benchmarking to model and assess the timing behavior and
predictability of these applications over MPSoCs;

2. defining appropriate rules and transformations to guide the application software synthesis for an
enhanced timing behavior, i.e. with reduced interferences.

The proposed approach is illustrated in Figure 1. 
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Figure 1: overview of InterMcore approach 

Post doc objective Within InterMCore, ONERA will be in charge of developing the benchmark methodology 
based on previous works done in PHYLOG [3] and many other projects e.g. [4,5]. The purpose will be to 
adapt existing micro-benchmarks to estimate the cost of interferences on the platform, exercising the various 
interference channels, and in particular to consider and compare accelerators such as GPU [6,7,8] or SIMD 
CPU extensions [10, 11]. The work will also have to consider the input languages and execution frameworks 
in order to identify application profiles. The work of [9] provides an example of an approach to characterize 
a platform considering the applications. 

The output of defining and applying the benchmark methodology will be a clear characterization of the target 
NXP S32V234 platform [12], and the capacity to derive a valid, tight model of the platform that will allow 
formal analysis [13, 16]. A second contribution of the post doc will concern the modelling and interaction with 
the (partners) analysis methodology. The work will iterate over the model and the benchmarks in order to 
provide accurate information to the analyses, and assess the impact of proposed methods to mitigate 
interferences [14, 15] and cope with timing anomalies [17,18]. 

In addition, the post doc fellow will have to:  

- Participate to the project meetings 
- Collaborate with the partners on the modelling of the platform 
- Help develop the InterMCore methodology
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Figure 1: Interference-centric design methodology overview. 

Figure 1 sketches a high-level view of the InterMCore project. The dashed boxes represent the 
inputs. The first input, at the top, is the set of applications to be hosted on the platform. We 
consider three traditional models of computation (MoCs) for automotive and aeronautics. 
Synchronous languages [39], such as LUSTRE and SCADE, are classically used to design 
control/command systems. LET/AutoSar is the de-facto programming standard for automotive 
[44] and shares some similarities with the synchronous paradigm as it is time triggered. Finally, 
machine learning algorithms and in particular DNN (deep neural network) are gaining a lot of 
interest that the next generation of embedded applications will eventually integrate them [56, 57]. 
There are also some similarities with the previous MoCs since DNNs are a special case of data-
flows. The second input at the bottom is the processor COTS. In InterMCore, we have chosen a 
representative processor, for both automotive and aeronautics: the NXP S32V platform. This 
platform constitutes an example of a COTS platform gathering a combination of interesting
features like ARM multicore cluster, accelerators and complex memory hierarchy, and is therefore 
suitable for the validation of our proposed interference-centric design methodology. From these 
inputs, the work will consist on the one hand to handle the different MoCs and on the other hand 
to integrate low level timing behaviors at the programming methodology level in order to enforce 
correct functional and temporal executions.

Given the hardware, the first step – named micro-architectural modelling – is to extract the timing 
behavior through benchmarking methodologies. We will extend and adapt the existing approach 
from ONERA. This step is mandatory as the documentation is lacking too much information to 
master correctly the timing behavior and thus, it is up to the designer to reverse engineer the
needed low level details. The idea is to derive a microarchitectural model by treating the processor 
as a grey box. This step is also crucial because if the derived micro-architectural model is false, 
then the rest of the analysis and design rules would be inadequate. Thus, validation strategies 
will also be developed, to show that the model represents correctly the processor. Both these 
steps participates in reaching objective O1. The outputs of the micro-architecture modelling will 
be taken as an input by the two other steps – the analysis framework and the dedicated 
programming methodology.  

The analysis framework is in charge of providing, for a given micro-architectural model and a 
given set of applications allocated to the platform, the timing behaviors. The framework will be 
based on existing components which will be extended if necessary but essentially will be 
integrated together in order to provide a consolidated view of the internal timing behaviors to 
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Collaborations extérieures 

Partners of InterMCore : CEA List, TU Dresden, TU Dortmund 

Laboratoire d’accueil à l’ONERA 

Département : Traitement de l'Information et Systèmes 

Lieu (centre ONERA) : Toulouse 

Contact : Benjamin Lesage and Claire Pagetti 
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