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Context of the research project
This research internship takes place in the context of optimized implementation of artificial intelligence
algorithms for embedded systems. In this context, efficient implementation of neural network inference under
real-time and energy constraints is a key challenge to pave the way out to sustainable artificial intelligence.
Currently, Neural Architecture Search (NAS) methods coupled with implementations on Graphics Processing
Units (GPUs) allow optimized and powerful executions of neural networks. Indeed, GPU-based platforms
support a high level of data parallelism which matches well with neural networks needs. However, these
solutions come with a high working frequency at the expense of limited energy efficiency.

Most neural networks implementations perform inference in a static manner with both the computational
graph and the network parameters fixed once trained. Dynamic Neural Networks (DyNNs) have progressively
emerged as interesting solutions as they allow network structures and parameters to be adapted to the input
during the inference process1. Compared to static models which have fixed computational graphs and
parameters at the inference stage, dynamic networks can adapt their structures or parameters to different
inputs, leading to notable advantages in terms of accuracy, computational efficiency, adaptiveness, etc. DyNNs
thus demonstrate run-time adaptation capabilities of the computational workload, which is the result of their
dynamic control path and data path. The dynamicity of the control and data paths makes these algorithms
more difficult to implement efficiently on GPU platforms. This offers interesting perspectives towards the
definition of innovative flexible hardware and software architectures.

The objective of this research project is to study, both through simulation and prototyping methods, the main
requirements in designing real-time and energy constrained platforms for DyNNs. The efficiency of these
potential architectures will especially be compared to GPU implementations.

Workplan and expected contributions of the project
In the scope of this project, we aim to evaluate different strategies to design energy-efficient hardware and
software architectures for DyNNs. The study will be conducted by modeling and simulating DyNNs with
dataflow models of computation that appropriately support such data-dependency. The benefits of the modeled
architectures will be quantified through simulation to get fast yet accurate performance prediction. An
embedded GPU implementation will serve as a baseline to evaluate the gains of the approach. The project
will be organized in three phases:

1 An interesting survey paper about DyNN can be found at arxiv.org/abs/2102.04906



• Phase 1: Bibliography phase about DyNNs, selection of interesting features, definition of an exemplary
use-case.

• Phase 2: Selected DyNN features modeling and model of architecture definition.

• Phase 3: Evaluation of the performance of the created DyNN system, evaluation is led through
prototyping and simulation approaches. Prototyping will target an embedded CPU/GPU platform and
generate a functional proof-of-concept. Simulation will offer fast evaluation of different candidate
architectures. Comparison with implemented solutions will allow the accuracy of the approach to be
estimated.

The expected results of this project are a quantification of potential improvements in neural network architec-
tures in terms of computational and energy efficiency. We expect to present the results of this project in some
related academic workshops and in the scope of the TinyML initiative (https://www.tinyml.org/).

Environment of the project
The project location is the IETR laboratory at Polytech Nantes, 44306 Nantes. This research group has long
expertise in the domain of embedded system design and modeling.

The internship is organized in close collaboration with other members of the IETR laboratory. Especially,
this work will jointly be led with an other intern student from the Image research group also involved on the
topic of dynamic neural networks. The intern student will also be associated to other activities of the research
group: group meetings, seminars, social events.

The project duration is between 5 and 6 months, starting from February or March 2022. According to
regulations, the stipend of the internship is 550-600 euros per month.

Candidate profile
This internship is for a Master student (or 5th year student in engineering) with specialty in computer and
electrical engineering. The required skills are:

• Programming parallel software,

• Basics on neural network,

• Processor system architecture,

• Writing and reading in English.

Please send an email to the supervisor with your CV and a motivational letter.

Contact Sébastien Le Nours
Email: sebastien.le-nours@univ-nantes.fr
Address: Polytech Nantes, rue Christian Pauc, 44306 Nantes, France
Phone: 02.40.68.30.53
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