Computational memory: A stepping stone to

non-von Neumann computing?

Abu Sebastian
IBM Research i Zurich

Stanford EE380.March 2018



IBM Research - Zurich

FORSCHUNGs.
LABORATORIUM

Abu Sebastian, IBM Research - Zurich



IBM Research - Zurich

3 Abu Sebastian, IBM Research - Zurich




Outline

AMotivation for in-memory computing

AConstituent elements of computational memory
AComputational memory: Logical operations
AComputational memory: Arithmetic operations
AComputational memory: Computing with device dynamics
AMixed-precision in-memory computing

ASummary & Outlook
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Internet of Things (loT)
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An estimated 30 billion 35% CAGR e Of
internet-connected devices
by 2020
o
And that the amount of data 2
produced will be over 3
40 trillion gigabytes o)
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Connected Cars E
Wearables
Connected / Smart TVs

Tablets

Smartphones

Personal Computers
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The Al revolution

Artificial
Intelligence

Information and
Telecommunications

Powered
by Data

Qil, Automobiles
and Mass
Production

Steel, Electricity
and Heavy
Engineering

Steam and
Railways

The Industrial
Revolution
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The computing challenge
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16 terabytes of RAM
80 kW of power

Input data mp
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2880 processor threads

I N MEMORY
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CPU B Results

20 tons of air-conditioned cooling capacity



The computing challenge
Landscape of Al Algorithms

- Largely CPUs
Cognitive / Al
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Machine Advanced

: Analytics: .
Learning NOSOL. GPUs to train;
Learning without explicit programming Hadoop & CPUS, FPGAs to inference;

Analytics

Race to ASICs

Deep
Learning

Many-layer neural
networks

A WEEKs to train certain deep
neural networks!
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