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LightOn Optical Processing Unit

Scaling-up Al and HPC with a Non von Neumann co-processor
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Cache

Scalability of Al / HPC models is limited by the - a'"'“e"‘°“1

Von Neumann bottleneck

for accessing massive amounts of memory, Heat

driving up power consumption. Von Neumann
Architecture

- A new hybrid computing paradigm combining
classical components and
photonic Non Von Neumann accelerators
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Outline

Slides 5-6 LightOn OPU : presentation and hybrid computing scheme

Slides 7-8 Applications in Machine Learning
Slide 9 Applications in Scientific Computing
Slide 10 Conclusion
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/OPU technology
15t accelerator

Scattering material
. . on Spa:grtilgth?;::du)l(ator Transfgr matrix IM on CMOS sensor.
with LightOn OPU 4 ) ﬂ
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on the market K /
Laser beam

M coefficients matrix
fixed by design

Input vector x —  Output vectory = Mx or y=|Mx|?

Dimension of x up to 1 million Dimension of y up to 2 millions 2.10*? random i.i.d.
gaussian numbers

K 1.500 TOPS max. 30 W power consumption /
in a single photonic core
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The Appliance is
connected to the
host server

through external
PCle

LightOn Appliance .
Photonic OPU

|— Core

Analog inside, digital i/o

‘ FPGA
| board
- Host system GPU
Code sample - PCle
import torch - O PyTOFCh
from lightonml import OPU commands
x = torch.randint(0, 1, (128))
y.-opu.tnnsformd(x) Lightonml CPU
API

Seamless
@ python’

programming
with API
compliant with

O PyTorch
O learn
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Al use cases more efficient

A set of examples of OPU use in Al algorithms (1/2)

TRANSFER LEARNING TIME SERIES ANALYSIS
In convolutional Deep NN

Using the OPU to detect change points in
Fast adaptation of a pre-trained million-dimension time series
image or video DNN classifier

Analyzing conformations with a LightOn OPU

SARS-CoV-2 glycop

Total training time

GPU only

GPU + LightOn I 9x faster for the
same accuracy

. h p
Light®n
cloud lighton.ai

And many more can be found on our blog: www.lighton.ai/blog
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Al use cases more efficient

A set of examples of OPU use in Al algorithms (2/2)

DISTRIBUTED TRAINING
for DNN through
Direct feedback Alignment

O/ bfodsy © L3

At NeurIPS 2020, researchers proposed faster,
more efficient alternatives to backpropagation

ADVERSARIAL ROBUSTNESS
by design

DIFFERENTIAL PRIVACY
by design

collaboration with

criteo!

collaboration with

facebook Al Research

"NEURAL INFORMATION
PROCESSING SYSTEMS
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And many more can be found on our blog: www.lighton.ai/blog
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HPC Use case

Randomized Numerical Linear Algebra

DOE RASC report (Jan 2021): randomized algorithms are
“essential to the future of computational science and Al for Science.”

Use the OPU to Opt|ma”y compress data for Example: Community detection in large networks
* Approximate matrix multiplications = Triangle counting on graphs
« Randomized SVD A® TRACE ESTIMATION
: «%s ? OB Numerical
« Randomized Inverse Problems... I | .
° /( _ . 0.20/
o /| e £
See joint HC33 presentation by D. Hesslow et al. . o"‘/f | g°®
Photonic co-processors in HPC: Using LightOn OPUs M 2010 |
for Randomized Numerical Linear Algebra 784 LTSS
o ? . 0.05/ N e |
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Not all coefficients need to be updated = hybrid schemes with NvN
Model-free optimal coefficient distributions are random gaussian

—> Universal data compression / sketching
Free-space photonics provide such computations at trillion scale
Now on the market, seamlessly integrated into hybrid pipelines.

- a unique pathway to “optical advantage”
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