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Work Scope

Al Method

Fully-connected Feedforward Neural Network
Fully frained model; focus on inference procedure
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Function

Real-time constraint: between 6 and 20 milliseconds
Semantics Preservation: model => code => executable
Deterministic execution: same input => same output
Worst Case Execution Time preliminary analysis
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Trained Model to Embedded Function Workflow
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Feedforward Deep Neural Network Operations

Dense connectivity => memory-intensiveness
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DNN Implementation Optimization for CPU

Initial Implementation
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DNN Implementation Optimization for CPU

Improved Latency: Weights pre-fetching

Multi-neuron Processing: 2D Pre-fetch
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Experimental Study
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Performance Metrics

Impls & Compilers

Nb Clocks & Execution Time
Nb Instructions: total & FP
Instructions per Clock (IPC)
Nb D1 Reloads

Normalized Metrics

DNN Architectures

4 versions of DNN code gen
CompCert & GCC O2 (FMADDS)

Wb Hidden Layers
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Experimental Results: Exec Time & Nb Instructions
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1 hidden layer => Insignificant gain
due to pre-fetch & parallelization

10 3 February, 2020 Presentation title runs here (go to Header and Footer to edit this text) AI RB US



Experimental Results: Scalability
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Conclusions

12

Industrial Problem Expressed => Capability to Embed Al Methods given Avionics Constraints

DNN on CPU monocore study

« capable of executing DNN in real time (in general): 18M model params => prediction in 11 milliseconds
« great scalability of implementation => quasi-linear exec. time in nb model params

« DNN => same control flow regardless input data => offers temporal stability by construction

* Nb instructions independent from input vector (branchless implementation)

Future work

« Study other HW targets & Al methods

« Commercial frameworks & certification

* Numerical precision, quantization & WCET
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