~wr
9 ARCHITECTURES 112001 TECHNION
AS I C INTELLIGENT COMPUTING 12171100 [19N u Israel Institute
INTEGRATED CIRCUITS TN of Technology

o

Accelerating DNN Applications with
Emerging Memory Technologies

T 5 a27°

Tzofnat Greenberg-Toledo
Advisor: Prof. Shahar Kvatinsky

Viterby Faculty of Electrical Engineering
Technion — Israel Institute of Technology



DNN Hardware

GPU

Google TP

. -'»g 1
& ~ - . . » » ; ¢
A A 4 ~‘ s
Ay » - L/
~ al " LR i L e R e Al 5
“ - : AP

w2 .

......




von Neumann Architecture




Processing Data in von Neumann Architecture

Slower by 103

Power consumption

higher by 104



Solving the Bottleneck
Processing Data Within Memory




Solution: Novel Memory Technologies

Resistive RAM STT MRAM Phase Change
(RRAM) Memory (PCM)
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Processing within Memristive Memories

Memristive memory

Basic memory cell %\ @ @
Memory resistor = Memristor




Process in Memory for DNN
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Process in Memory for DNN

 Reduce data movement

* Highly parallel operation
* Immediate results

* Low power consumption




Example: Support SGD + Momentum
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