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Once upon a time...
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2 Months
= 5,184,000,000 ms
= 2 olympics
= 1/6 of a year



Fite “bad code.py', Iline 2, IIT dolit
a==6 /0

ZeroDivisionError: integer division or modulo by zero






P speech-client-ui-st: x

&« C | ® localhost:8080/7filename=speech-client-ui-stream

w f

L ) ~  speech-client-ui-stream.py

T

o ®

Decision

Bias ( Model QOutput
Input L‘)
Audio Input n nput Layer
. Model ©utput
Audio RMS 3,000 / P Prediction: aloha
10,000 ~
Decision: Accepted!
X 0 q
1,000 .
4813 5 314813 5.313

Speed 0.47x m

. 15 2.0 2.5 3.0 3.5 4.0 45 5.0
Time 5.313

Best Model

Train Accuracy (%)

Test Accuracy (%)

False Positive (%)

Nengo

89.4

87.5

0.0




<Y B® ttt_interface.py

-. chris | ABR Slack

< C | ® localhost Filename=ttt _interface.py#

x ¥ £ git-How can I rec x V% SVG Rectangle
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Adventure™






Variable nonlinear dynamics (fast adaptation)

Variable kinematics (slow adaptation)




REACH: Adaptive Motor Control

slow adaptation

1. x*
2. ux = Kp(x —x7)
3. JTM, u,
X* s 4. _Kqu +uadapt
@ h 5, X
A

rapid adaptation

'l_l(t) = JTMXUK_ —KUMq _|_uadc1,pt



Cost

— REACH

-l wavews e Lower control cost and more efficient than state-of-the-art

ﬁ ﬁ‘% e REACH is a neural architecture with specific sites for
Igr: armchange reach: armchange adaptation

% >!< e Improves on state-of-the-art controllers

10! Normalized cost function: distance_travelled_cost Average computational costs for n-link arms
_ —— Reaching 102 = iLQG
10™ —— Forcefield == LQR
i — Amm change == OSC
10° —— Postural 101! =@= REACH
10°
v 10%°
. o
10° O
-
L
10° 10°
10° 108
10*
10°
LQG LOR asC REACH REACH &-bit 2 3 4 5 6 7 8 9 10

Type of Controller Degrees of freedom of system under control






— Challenges /" 3R—

e Build the adaptive controller in spiking hardware (Loihi)
e Demonstrate it is better than other solutions (e.g. PID)
e Demonstrate an industrially relevant result

e Demonstrate that the result depends on the adaptation
running on hardware



— Results Vah tom

Dynamics Compensation

e Onereach 15
. I FD Baseline
e 5 trials 1.4 | W= PID
s Nengo CPU 1k
e 50runs L, J== Nengo Loihi 1k
e 1k neurons
e Save weights 2'
E;11
=
(TN ]
1.0 1
0.9 1
0.8

Runs




— Results
Five reaches
. 250 4
Nonlinear
friction (3 yrs) ...
5 trials ~
(]
50 runs E 150
1k neurons 5
. = 100
Save weights &
50

L
=

Nonlinear Friction Compensation

/3R

N FD Baseline
& FD Final
W PID

s Nengo CPU 1k h
s MNengo Loihi 1k I

I A A II | II I|I
| 1' | / II". | | 1' | I
o

e 2l |

10 20 30 40

Runs

50



— Results Vah tom

Accelerated Wear Simulation (=3 Years)
35p { 8 PD Baseline

e Same as prev

e Gradual W PD Final
P s PD Gradual
frICtIOFI 20014 === Nengo Loihi 1k Gradual
increase @ Nengo Loihi 20k Gradual

s Nengo CPU 20k Gadual

[
im
=

Percent Error
[
o
=




—lcing... /R

e Got power measurements yesterday

e 20K neurons - CPU vs Loihi improvement:
e 36X

e Speech demo - CPU vs Loihi improvement:

e 4/x



— Addressing challenges for Al /3R

e A way to embrace the strengths and address the challenges facing contemporary Al
e We use what works in machine learning, and fix the things that don’t

Strengths of ML Challenges for ML Our Solution
ol D .
Feedforward classification Dynamics Optimal Dynamics
(computed, learned)
Broadly applicable Integration of methods Nengo
. . Spiking neurons, custom
Massively scalable Power consumption
hardware




Scaling

Complexity - 20K, 84K neurons \ p - Making It Real
Thoughts on the future of neuromorphic
. technolo

Scaling ¥

Generality - DL, RL, adaptive control, Chris Eliasmilth

.. o AppliedUBc:*fa\i/r:/iRt::ﬁch,lnc.
audition CTi

Scaling

Applications - Industrially relevant (keywords, adaptive
control)

The race I1s on...



...the adventure continues...



