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Chapter A

Introduction

Embedding machine learning technique in safety related systems implies to demonstrate its
conformity to standards and regulation authorities. Among others, it is necessary to ensure
and demonstrate that the Machine Learning model implementation process preserves the safety
/ functional / operational properties of the model developed during the design process. The
work presented has been based on the ongoing standard discussed within the joint standardiza-
tion group EUROCAE WG-114 / SAE G-34, which introduced the notion of MLMD, Machine
Learning Model Description, to propose an accurate and precise description of the ML Model.
After evaluating several format to support the MLMD, ONNX has been selected. As it does
not fulfill all the requirements for regulations, a profile should be specified for safety related
systems.
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Chapter B

Summary of discussions

B.1. Confiance.AI working group on MLMD

The working group on the MLMD1 and Safety related profile of ONNX is composed of indus-
tries, such as Airbus, Embraer, Thales, Safran, and researchers such as IRT SystemX, IRT Saint
Exupéry, Inria, ONERA, CEA. We meet every 2 weeks, with the following objectives :

• Based on the work previously done to identify gaps between the format and the standard
requirements, refine and develop the constraints imposed by the standards and the industry.

• Bring together different domains, industries, and research institutes to support our work.

• Propose and discuss potential solutions, identifying their advantages and disadvantages.

• Construct the baseline discussions for specification of the profile.

• Create a working group within the ONNX community to be fully integrated to the envi-
ronment.

B.2. Requirements and needs

In the development process of Machine Learning, as described in the ED-324 / ARP6983, the
MLMD is the interface between the design and the implementation process. "It should contain
sufficient details on the ML Model semantic to fully preserve this semantic in the implemented
ML Model" [arp6983, ]

The MLMD should support the validation and verification, but primilarly it has to support
the exact, or approximative, replication of the model for the implementation process.

It is necessary to identify :

• what is needed in order to express an explicit and precise description of the semantic

• what is useful in the development process

1In the document, MLMD is the acronym for Machine Learning Model Description
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10 CHAPTER B. SUMMARY OF DISCUSSIONS

Figure B.1: W cycles described in the ED-324/ARP6983

The MLMD should include :

• The operator semantics,

• the graph semantic,

• the datatypes,

• the ONNX abstract and concrete syntax.

B.3. Specification of the semantic

The specification of the semantic is the core element of the Machine learning Model Description.
In order to identify needs and illustrate the requirements, the work of specification has been done
on the convolution layer. It should contain :

• A definition of the operator role and behaviour (textual),

• A description of Inputs, and Attributes,

– Definition,

– If it implies a modification of the semantic, specification of the impact,

– Constraints, and dependencies with other attributes,

• Textual, or abstract specification, could be mathematical, textual etc.

• Formal specification,

• Reference implementation,

Concerning the formal specification, two solutions are being discussed : ACSL and C, and
Why3, see figure B.2. ACSL and C, has the advantage to be well-known by the community and
so easy to use, whereas Why3 combine a global solution, both the reference implementation and
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Figure B.2: Reference implementation workflow on proposed solutions

a formal specification. However, as a first step, manual specification ("pencil and paper") could
be helpful to understand the behaviour and fix the needs.

The reference implementation could be used as a test oracle, in order to perform test-based
verification.

B.4. Syntax and readability

The human readable objective depends on the definition of "human readable" and what is ex-
pected of the concept.
The definition and requirements, user needs depend on the task to be performed. Depending on
the objective, it should be more or less precise, and containing specific information. Needs on
the precision and content depend on the task that can be : design, certification argumentation,
validation and verification, implementation etc. Moreover it should be auditable.
It is difficult to have a human readable form that matches all the requirements. The conclusion
of our discussions is that the MLMD community should ensure that the model record all the
request information in order for all users to develop their own visualization tool. The MLMD
community has to ensure that the model will be interpreted the same way between activities,
even though the visualization is not the same.
The main material for synthax description available on ONNX GitHub is the Intermediate Rep-
resentation description.

https://github.com/onnx/onnx/blob/main/docs/IR.md
https://github.com/onnx/onnx/blob/main/docs/IR.md
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B.5. Scheduling

The scheduling notion represents the sequencing of operations, and data flow semantic expres-
sion. It takes place as a transition between the MLMD and MLMIDs2 (Machine Learning Model
Item Description). MLMD can be decomposed into several items, hardware or software that are
connected to each other. These connection, and this decomposition should be specified. The
work on [Gauffriau, 2024] develops the notion of expressing scheduling using Petri Nets over
NNEF. An exemple is given in figure B.3

Figure B.3: NNEF semantics of the LeNet-5 express with Petri net. Initial marking. From
[Gauffriau, 2024]

It describes two main objectives :

• Express all possible implementation, specify which implementations are valids. Define
a static scheduling. In the example : Paths of the petri nets specify all the possible im-
plementation. And fulfill the need of DataFlow semantic expression which is not yet
proposed by NNEF (nor ONNX).

• There are several ways to implement Neural Networks. For example on how to split
Neural Networks according to Hardware items availables. The objective is to demonstrate
split is coherent to description and semantic. In the example, over NNEF, proposition to
include subgraphs and extension of the syntax to express interaction between subgraphs.
It introduces a colored Petri Nets to be compared to initial petri nets demonstrating all
possible implementations in order to prove the preservation of the semantic.

The objective of the MLMD is to define the semantic of the model without ambiguity. The
need to express the sequencing is a derived requirement from the implementation. It is an ad-
ditional information not included in the semantic. Moreover, the notion of MLMID should be

2defined in the [arp6983, ]
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precisely defined with its scope. The challenge is to determine at what is an item, and at which
level the MLMID operates, ie a unit, a core etc.

B.6. Some challenges

Floating Point numbers Floating point numbers introduce approximation in the model that
can lead to errors. It is not possible to not specify any accuracy, that would mean that there is no
error boundaries, but the accuracy of computation may be complicated.
Proposed solution : Specify the generic specification in the real domain, and some specific
specifications for different data types.





Chapter C

1er Chapitre

C.1. ONNX Working Group : Safety-related profile

To continue the work beyond Confiance.AI, a working group has been proposed and accepted
within ONNX. The group will be led by Eric Jenn and Jean Souyris. All information on the
working group can be found on github : here.

The objective of the working group is to provide a definition of the formalism used to repre-
sent a trained ML model:

• that has an understandable and non-ambiguous syntax and semantics.
The description of the ML model expressed using this formalism must be a Low-level
Requirement for the implementation phase in the sense that its interpretation and imple-
mentation shall not require any further information that the one given by the description
of the ML model.

• that allows multiple levels of accuracy and precision for the description of a given model.
The language used to describe the model (i.e., its syntax and semantics) must be non-
ambiguous, but a model may be ambiguous if this ambiguity is acceptable or even neces-
sary to leave some freedom to the implementer (e.g., for optimization). The objective is
to identify, control, and possibly remove this ambiguity by an appropriate refinement of
the ML model description.

The kick-off meeting is scheduled on the 26th of September, 2024, to participate please con-
tact Eric Jenn.

Three main tasks has been identified :

• Capture the needs and elicit the requirements for the safety-related profile (not limited to
avionics)

• Analyse the ONNX standard with respect to the requirements

• Develop the "safety-related profile" for ONNX

15
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