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We pioneer sustainable
aerospace for a safe
and united world

Leading the journey
towards clean
aerospace

Helping

customers defend

their values

Connecting and uniting
people across the
globe

AIRBUS
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Safety is the foundation of our business at Airbus, and encompasses all activities to prevent
incidents and accidents involving Airbus products and services, to manage such events when they
occur, to draw lessons learned and implement change as appropriate.
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e Offer up ] e Be the 1t major manufacturer
to offer a hydrogen-powered
aircraft
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Embedded Systems are bringing Aircraft Differentiation

Environmental Cockpit operations & Systems
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COMMERCIAL AIRCRAFT Airbus Amber

Avionics Example : 4 Generations have converged on A350
standard

1 Early Commercial Jets More auto-flight 3 Glass Cockpit
. Sy systems

Caravelle

AIRBUS



COMMERCIAL AIRCRAFT

Towards a fully Software Defined Aircraft for Smart automation
and Optimized Operations : Safety and Decarbonation
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A320 Family A350XWB

Aircraft

Software brings product DIFFERENTIATION ! AIRBUS
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COMMERCIAL AIRCRAFT

And Tomorrow... : Certifiable &__Embed ed Al

EAR: 0.37, 0.34
Area: 0.12, 0.12

mbedded Al

B CemicalGuidetines  EJEASA Trustworthy Al building-blocks

Demonstrate the intended

behavior
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Trustworthiness .

Analysis Keep the semantics of the
= trained model


https://docs.google.com/file/d/10VDeaSivIuDwVmuolRFtKwEaKJPxDG0y/preview
https://docs.google.com/file/d/1rP1Xf0PJXoBnvTtvR1fW6FndJIcdBNVt/preview
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Many vision applications ...

. but also natural
language processing

GT [m] : 2105, 3, =134
Output [m]: 2108, 3, —134

ATC speech-to-text

. and more to come !
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https://docs.google.com/file/d/10VDeaSivIuDwVmuolRFtKwEaKJPxDG0y/preview
https://docs.google.com/file/d/1u9hftFRWNwiRjuKZp6HyI-gQTgUM2CDZ/preview
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192.168.0.1:8080

-bash
~bash
-bash
~bash
~bash
“bash
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OI“-.! /bin/login «
8& /bin/sh -o luir/llnlushdudu start
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https://docs.google.com/file/d/1u9hftFRWNwiRjuKZp6HyI-gQTgUM2CDZ/preview

What are at stakes ?
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ARPG983/ED-324 : W development cycle

Subsystem I
Regs (incl.

Op. Eny,

[ Subsystem ]

Process
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[ ML Data management ]
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Datasets
MLMID requirements &

ML Model
Design : -
derived architecture reqs
ML model

[ MLC Requirement ]
[ ML Constituent ]

MLC Architecture

(incl.optimisation)

ML Model
verification

Requirement
process

HLR/LLR

Transform.

Integration

SW or HW
ltem

HW/SW
integration and
verification

C] ARP6983/ED-324
C] Existing standard

MLMD: ML Model Description
MLMID: ML Model Item Description
MLC: ML Constituent
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MLMD: ML Model Description () reoseaenaze
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ARPG983/ED-324 : W development cycle
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YoloNAS Neural Network Typical GPU architecture

Architecture

Inference Model on target

We need to express mapping between

Neural Networks logics and HW resources




What we would like to express

Offloading of layers

Parallelization inside layers

Pipelining

Airbus Amber
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Airbus Amber

Neural Networks semantics with PetriNet

e Split the initial neural network
e Demonstrate that the union of splits is equal to the initial function

convl pooll conv2 pool2 flat  dense1 2 3

= ¢ ﬁ %/ﬁ 1o
1x32x32 6x28x28 6x14x14 16x10x1§ﬁ16xﬁx5‘ 400| (120 84| |10

vy v Expression of all possible execution
orders

V1 U3

ReLU MazxPo ReLU MaxPool Flat

QK}F QK}FQ

€l Cony % % Conv

OO

SoftMax Dense U  Dense

og Dense o,

=oEER2  AIRBUS




Multi-ltems with colored Petri-Nets
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implementation

01 7 .. Adrien Gauffriau, Iryna De Albuquerque Silva, Claire Pagetti
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Critical profile
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Convolution is “just” a matrix multiplication

Matrix form Matrix B : Patch of images

Input

Input tensor tensor [l
/ 4 Output tensor LT

Computing a convolution layer
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image2col
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Kernels

kol " Matrix C : Convolution outputs
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Matrix A : Kernels

AIRBUS




[ Airbus Amber ]

Develop a certifiable code intensive and efficient computation

. micro-tile ¢ micro-panel A micro-panel B
* Plenty of BLAS library ek ak i
BUT block block\
* Worst case execution time is mandatory e e ||m -] ™ .
—_ T “ne k.
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Rationale for the PhD of Iryna De albuquerque
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ACETONE is a solution for CPU implementation based on blocked “m“"/ )
matrix multiplication

L3 cache

Pack A

Papers
A Predictable SIMD Library for GEMM Routines.RTAS 2024: 55-67 Memory
Iryna De Albuquerque Silva, Thomas Carle, Adrien Gauffriau, Victor Jégu, Claire Pagetti ﬁ
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Extension to more complex hardware in progress / /
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ACETONE: Predictable Programming Framework for ML Applications in Safety-Critical Systems. EH +=| et I
ECRTS 2022: 3:1-3:19 e k.

Iryna De Albuquerque Silva, Thomas Carle, Adrien Gauffriau, Claire Pagetti::
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Computation needed

Typical Use case for aeronautics requires 1 Tera Floating Point Operation per second (1 TFLOPS)

Increase of the frequency is not possible

1,0 GHz 4 FPUs => 4 GFLOPS
e Chip Makers increase number of ALUs/FPUs

uicc  Real-Time Debug

9" | Warchpoint
Cross Trigger

Q2

itor  Trace

TOMHDLC
g

Aurora

Integration/Aggregation of the ALUs/FPUs is the crux

Core Complex Complex (CPU, U2, L3 Cache)
Accelerators and Memory Control Networking Elements



Example of the Kalray MPPA
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LOADISTOR: : 24-25 26-27 28-29 30-31 120-127
. ; ; - Matrix Multiplier
MPPA® Manycore Compute Cluster 64-bit 3 Generation P

Processor (16 cores) VLIM Core + Accelerators
(5 clusters = 80 cores)

80 Deep Learning Unit (DPU) - Each DPU has 16 FPU => 1280 FPUs

1,280 TFLOPs @1GHz



Design space exploration

Dedicated Hardware
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C  RISC-V Cluster D DRAM Interface

Allocation of compute units
to part of the CNN

BUT critical avionics consideration remains
Tenstorrent company

e HW failure and impact on Neural Networks

® SGnSlthlty tO SEU / MBU Paper on HW failures
e \WhiteBox with Capabilities to handle Methodology for formal verification of hardware safety strategies
using SMT.
software Low Layer To appear LB EMSOFT IEEE Embedded Systems Letters (ESL) 2024
8 Anthony Faure-Gignoux, Kevin Delmas, Adrien Gauffriau, Claire Pagetti.




e Artificial Intelligence is mandatory to support Airbus ambitions
e Certification will be in place BEFORE first_applicatiOn
e Maturity of hardware and associated toolchain remains low






