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Overview

* Introduction

* Major Research Questions:
— What are the computational primitives?

— What degree of programmability is required at the device
level?

— How do we program neuromorphic computers?

— How do we make neuromorphic systems more usable
and accessible?

— What applications are most appropriate for neuromorphic
computers?

* Conclusions
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What are the computational
primitives?
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Example: Neuroscience-Inspired
Dynamic Architecture (NIDA)

» Spiking neural network embedded in 3D space.
« Simple neuron and synapse implementation.
* Flexible structure.
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Open Questions

* What neuron and synapse models are most
appropriate?
— Are they application specific?

* What effect does the selection of the computational
primitives have on programmability?

* How biologically-accurate should the models be?

g How does the choice of model/computational h
primitive affect the programming method or
. a gorithm? )

« How does the chosen device/material affect the
choice of computational primitives?
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What degree of programmability
Is required at the device level?



Programmability at Device Levels

Connectivity
Patterns
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Programmability at Device Levels
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Example: Dynamic Adaptive Neural

Network Array (DANNA)

* Array of programmable B O QB QB P
neuromorphic elements. Ny i
* Elements can connect to e .
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Open Questions

* Do neuromorphic devices for different applications
need varying levels of programmability?

"« What elements need to be programmable? B
— Parameters
— Connectivity patterns

. — Structure (number of neurons and synapses)

/
* How does programmability affect the model
selection?

* What is the impact of device programmability on the
programming and training algorithms?

* What device types and materials enable

programmability?
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How do we program
neuromorphic computers?



Training/Learning/Programming

Programming:
Manual
programming

Training: Learning:
Supervised Unsupervised
learning learning
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Training/Learning/Programming
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Example Training/Design:
Evolutionary Optimization
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Example Training/Design:
Evolutionary Optimization
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Example Training/Design: &%
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Example Training/Design: &%
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Example Training/Design:

Evolutionary Optimization '
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Example Training/Design:
Evolutionary Optimization

Next Generation
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Open Questions

« What are the tradeoffs between programming, training, and
learning?

[- How important is on-chip learning vs. off-chip learning? }

« How important is on-line learning?

‘« Which biologically-inspired learning mechanisms are important for
learning?
— Spike-timing dependent plasticity, neurogenesis,
. _neuromodulation.

VA

. Which optimization methods are appropriate for training?
— Gradient-based methods, evolutionary optimization.

-

* How does model selection influence the programming method?
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How do we make neuromorphic
systems usable and
accessible?



Use Cases

Autonomous Vehicle, Sensor
(Embedded System)

» Highly customized.
 Application-specific

Sensor Neuromorphic communications.
Rt » Pre-training/learning.
* On-chip and on-line
learning.

Control
Mechanism

« More programmable Traditional von Neumann Architecture

 More flexible
programming
mechanisms.

« Flexible and adaptable Newromorone louann Ergé?ei:\
communication ‘ - Architegturges

schemes.




DANNA Software Components
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Open Questions

Supporting Software

H
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What applications are most
appropriate for neuromorphic
computers?



Applications
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Network

» Complex scientific data sets
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Applications

Non-
Traditional
Applications

« Graph algorithms
» Scientific simulations

mMAP>S—-HTOw OZ——AH00TICW

PROGRAMMING/TRAINING/LEARNING METHODS




Control: Pole Balancing
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Control: One-Dimensional Navigation

x: 187 y: 303 vy: -137.00 barriers: [(223, 512), (723, 548), (122
0, 809)] current barrier: @ alive: true
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Classification: Language Identification
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Open Questions

"« What are the “killer apps’? -
— Which applications fully utilize and showcase the
- capabilities of neuromorphic systems? -

* What can neuromorphic systems do (theoretically)?

* What should neuromorphic systems do
(practically)?

* To what extent should there be different types of
neuromorphic implementations for different
applications?

« How do computational primitives, device
programmability, programming methods, and

supporting software restrict/enable applications?
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Moving Forward

 Large-scale software simulations (amenable for
HPCs) are key for studying neuromorphic systems.

— Study computational primitives.
— Study device programmability implications.
— Study programming/training/learning methods.

« Compare neuromorphic models and devices:
— Definition of common metrics.
— Definition of a diverse set of benchmark applications.

» Spatiotemporal data sets.
« Control simulations.

* Development of supporting software and systems is
key for usability and accessibility.

— . . . '
Can be developed alongside simulations! % OAK RiDGE
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Why DOE? Scientific User Facilities

 Access to world-class HPC systems.
— Researchers who know how to build large-scale
simulation systems and supporting software.

* Access to world-class materials science user
facilities.
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Why DOE? People

 Collaboration opportunities with materials science

and device researchers (at both national labs and
affiliated universities).
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Why DOE? Applications

* Widening the scope of potential applications for
neuromorphic computing to include world-class
science problems.

— Climate

— Nuclear
— Medical

— Materials science
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Summary

* There are many fundamental questions associated
with neuromorphic computing even within computer
science.

— What are the computational primitives?

— What degree of programmability is required at the device
level?

— How do we program neuromorphic computers?

— How do we make neuromorphic systems more usable
and accessible?

— What applications are most appropriate for neuromorphic
computers?

* DOE is poised to address these questions.
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Workshop Agenda and Goals

* What are the fundamental computing questions
that need to be addressed in order for neuromorphic
computing to be successful as a new architecture?

Wednesday Thursday

* Short * Presentations * Breakout
Breakout e Panel Sessions
Sessions Discussion
* Architectures
 Algorithms

* Applications
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Thank You!

Email: schumancd@ornl.gov



