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Conflicting Requirements

Models grow exponentially larger... But data to classify comes from size, weight,
f s and power (SWaP) limited devices
1ot e
-
GPT2 - =
1092_ - .-
: VGG16 Transformer(Blg)c SENet - r Tra:sf&:rmer-XL
1% Alexiet © o ‘,NASNet o ALBERT
E . RegNet—SO/ ’./ Transformer
107;, Goog:eNetlncep“on Ys, - 7 “Xception (829 . 0
106;‘ DON O \ } O
105 | 1 | | | 1 1 1 O
2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

L. Bernstein*, A. Sludds*, Sci Rep 2021
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What Limits Edge Computing Today?

PE M PE
Global v
Buffer PE M ALU |e== fetch data to run
a MAC here
3) W N N GX~A100 e e
Norma"zed Energy Cost _— (DOQQ OQe\ ,§)Q ol A Computation Precision
8 0«0‘ &q}’b Q«Q} DGX'§S“'2 + analog
- < i
ALU 1x (Reference) ?:1 10 R “: Jaet > 2
°:‘:s'" v int4s
0.5-1.0kB RF 8 T,;amt Data Center ¢ ints
S ; Systems : '":?-632
& [} in
NoC: 200 - 1000 PEs | PE | ALU 8 % irzte
o shibaz + int32
100 - 500 kB [[TICS ALU E | dicas rscons i1 Pl o e
s 10 ¥ Fle: s % fp16.32
vierNX fp32
DRAM ALU E PRI rainwave Form Fa;hr
o \?ru NorthSys H Chip
% 10° m Card
& /Autonomous W System
R 0 ! Computation Type
101o3 107 & 107 O 10° S0 10% 10° 10* [ Inference
® Peak Power (W) u Training

Modern digital hardware is limited by fetching weight data. Small edge ASICs consumes watts of power.

1) V. Sze: Efficient Processing of Deep Neural Networks 2) Google Edge TPU  3) Modified from “Survey and Benchmarking...” by Albert Reuther et al
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Vision: Photonic Edge Computing

Smart Transceiver Edge Client
' sir::g:s - (C) Memory (DNN data)
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A Sludds, S Bandyopadhyay et al. Science 2022 (in press)
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Client Energy and Bandwidth

Memory (DNN data)

! t
DAC | X Y | ADC
l A /\-|
™ /5
A.m_@ =i/
= A3
=D/ X
D [ (14 4
Input Mod L
Netcast Client Energy Consumption G HZ MHz
Device Number |Fan- Energy Energy THz D_ /
of Devices |out per Device|per MAC D S—
Modulator 1 N ~1pJ |~ (1/N)pJd \ > —D— /
DAC 1 N ~1pJ |~ (1/N)pJ | g D_/
ADC 1 M ~1pJ |~ ((1/M)pJ
Integrator N M | ~1£] |~(1/M)£] —D- /|
Total — - - ~ (1/N) pJ

10fJ/MAC possible in near-term deployed systems

TeraMAC/s possible on client with single modulator
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422mm? (half reticle)
48 carrier depletion modulators
50 Gbps each
2.4 Tbps total bandwidth
Made in commercial CMOS foundry
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Local Fiber: 98.7% Accurate
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Summary
Demonstrated
Using a silicon smart transceiver
Made in a commercial foundry
computing
Deployment over of real fiber
Using of bandwidth

Time integrating receivers at

Capable of scaling to

For computing on edge devices

A Sludds, S Bandyopadhyay et al. Science 2022 (in press)
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Photodetection: The Full Story
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