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Continuous long-term monitoring and diagnosis of biomedical signals, such as
electrocardiograms (ECGs), can help mitigate an increasing threat to public
health. Artificial Intelligence (Al) models, such as Convolutional Neural Networks
(CNNs), provide accurate monitoring and classification for relevant diseases;
however, they require more computational resources than conventional Al
hardware can typically afford, especially for a resource-constrained environment
on the edge.
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Hardware Results
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Conv2 100% 3.36 17.23 100% 0.6 49.24 o @ 100 MHZ, O5V 0.4
FCI 100% 4 20.51 100% 7.84 40.21 3.35x smaller area 0.3
Oy O
FC2 50% 0.48 2.46 50% 0.48 1.23 50.1x lower power 0.2
. . 0.1
Total 86.84% 9.12 41.84 88.38 % 22.72 102.99 9 ¢ energy-effl(:lency :
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« Compare with prior work Software Results Conclusion
1. BenDi improves area and energy efficienc
* Accuracy Result: 1%-3.3% loss POV e Chetsy y
1] 2] BenDi through multi-level optimization: hardware-
Paradigm Binary  Binary Bent-Fyramid aware BP9 quantization preserves accuracy,
Model ID-CNN BNN ID-CNN Methods MNIST MIT-BIH Apnea-ECG DiP dataflow!3! red h . buff
Dataset MIT-BIH MIT-BIH  MIT-BIH/Apnea-ECG ACC Macro-F1 ACC Macro-Fl ACC L ataflow™ reduces syncnronization-puffer
Data Width 16-bit I-bit 9-bit FP32 98.84% 090  97.89% 0871  87.59% overhead, quasi-stochastic computing
Accuracy(%) 08.4 08.78 96.89/84.31 PTQ-INTS  98.63% 0.824 96.57% 0.754 77.28% simplifies multipliers, and low-voltage
F H 100M 100K 100M , A A A . .
requency (Hz) PTQ-BP9 97.45% 0.701 91.66% 0.771 77.14% lmplementatlon further reduces pOWEI'.
Process (nm) 33 33 22 QAT-BPY 0.854 96.89 % 0.829 84.31%
Voltage (V) 0.85 1.2 0.5
Area (mm?) 1,39 0.43 0.085 2. BenDi achieves 3.35x smaller area and 5x
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*#: Technology scaling to 22nm according to DeepScaleTool [13].
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efficiency and 62.86 x higher energy efficiency.
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