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NN architecture and energy consumption R TR

MIT Technology Review =Q ' E

)

GX-ATOR<
DGX-2, Y
reMode Cerebras

Artificial Intelligence / Machine Learning

Grog &

91%
Tensigrrentzjipal 100

\ DGX-Stdtion
Arria "Baiqu~ BEr8RnORre
yMprico adh rl@;aa

Training a single Al
model can emit as
much carbon as five

g ol il

Perceiv, ° ®
MG g\ i i W cars in their
QLN RKasit?:ar% Ag'a?)tlvg) YrueN thSvs ° .
10 "%X’ Al @ﬁ:;%al?y Ilfetlmes
A i %euFiow . .
 eptant R Tgkis Autonomgus Deep learning has a terrible carbon
N e footprint.
m:o 107 10 10' 107 10° 10¢ by Karen Hao Jun 6,2019
_ Peak Power (W)
Reuther, et al., Arxiv: 2009:00993.
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Experimental setup / scheme @ »
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Reservoir VCSEL Reservoir

Nodes / Neurons Modes ~ 30

Connections Carrier diffusion / Cavity
diffraction

Porte, et al., J. Phys. Photonics https://doi.org/10.1088/2515-7647/abf6bd.

femto-st

o) B SCIENCES &
TECHNOLOGIES

April 14t 2021, Swiss Photonics, Switzerland



Experimental setup / scheme @
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DMDa
VCSEL DMDb
Reservoir VCSEL Reservoir
Input Information DMDa
Input weights Multi Mode Fiber ~ 20 modes
OUtpUt Welghts DMDb Digital Micromirror Device Array of micromirrors
(DMD)
Porte, et al., J. Phys. Photonics https://doi.org/10.1088/2515-7647/abf6bd.
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Injection locking / Information injection @
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Scan A :highest susceptibility to optical injection

Locking: scan the injection ring width to fully lock the VCSEL.

Porte, et al., J. Phys. Photonics https://doi.org/10.1088/2515-7647/abf6bd.
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Optical modes: neurons embedding in near field -
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Laser injection locking: linking neurons to input information & ®
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Learning strategy ) =

Gradient descent algorithm

A
loss Initial . ol

' Gradient ==
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Nmirrors = Ce€il(a * MSE)
Global loss minimum
>
w
Porte, et al., J. Phys. Photonics https://doi.org/10.1088/2515-7647/abf6bd.
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Header recognition task

« Training sequence of size N (batch size): 50% of the
classification target, 50% of the other digits:

<00>

N/2 |—-

<00>

» After each epoch flip mirrors on DMDDb:

4 Histogram U_train

<01>,<10>,<11>

4

A

Y_target <00>

o (a)

- Wint

p ¢ . z
<00> <01>,<10><11> W mm-fiber

- If the MSE decreases keep the change
- Ifitincreases: revert the change then flip other

MIrrors

irror
« Keep going until the error is bellow a threshold.

= yout

det

VCSEL DMBD

Porte, et al., J. Phys. Photonics https://doi.org/10.1088/2515-7647/abf6bd.
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Results
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Error and injection locking parameters

Injection Power7TmW MSE vs )\__ for different power ratios
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Weight initialization matters (for classification) & @I‘ @@.:
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Finally: classification error rates
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NN breakthrough: long term effort & S

Parallel networks Photonic neurons
Kz __MHz GHz THz
= ' . v + - 10*
:5 3 -ffi."_n: ;:1
Modulatlons;é;d _-— a4 1 cpwaese Seentater Tmesistzs
Liu et al., Laser and Photonics Reviews 9, 172 (2015).
Moughames, et al., Optica 7, 640 (2020). Heuser, et al., J. Appl. Phys 3, 116103 (2018).
Hardware-motivated learning Noise
Additive noise: Multiplicative noise:
D=t =@=()=
Uncorrelated noise: Correlated noise:
=y )—=F)=>
— (—=h—
~O—Ue, ~@-g-
—@D—B= =
Bueno, et al., Optica 5, 756 (2015). Semenova, et al., Chaos 29, 103128 (2015).
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Summary )

Full implementation of all network connections: truly realtime
Learning realized on physical substrate
* Very efficient learning and system: 1W power consumption

Next: push the bandwidth
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