SAND2016- 11460D

 Exceptional service in the national interest

Sandia
National
Laboratories

Jsing Uitrasnhort Voitage Puises

Jacobs-Gedrim, Robin?!; Kotula, Paul; Goeke, Ronald; Mook, Bill; Finnegan, Patrick Sean; Smith, Carl Lee;
Agarwal, Sapan; Gastian, Loren; Van Benthem, Mark; Jungjohann, Katie; Marinella, Matthew; James, Conrad D;

Hardware Based Deep Learning

Matrix Vector Multiply

Hardware Acceleration of
Adaptive Neural Algorithms

Q. Le, IEEE ICASSP 2013 By Steve Jurvetson -

https://www.flickr.com/photos/jurvetson/26200187902/, CC BY 2.0,

Cybersecurity — Image Recognition — Self Driving Vehicles

Deep Learning provides solutions but currently requires a supercomputer and MWs of power...
Hardware accelerator using analog devices may offer 1075-1076 times power reduction — on a single chip!
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* Forming creates 50 nm filament (cyan).
 RESET changes the TaOx in the filament less metallic state (no cyan)
* SET returns the filament to conductive state (cyan)
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Matrix vector multiply is most computationally expensive process in deep learning
Kirchhoff’s laws allow for matrix vector multiply on crossbar of resistors
« Canimplement programmable array of resistors using analog metal oxide resistive switching devices

“Let physics do the computation”
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Fast pulsing reduces conductance range and increases relative conductance change
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