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‘Deep Learning Sustainability?

Common carbon footprint benchmarks
in Ibs of CO2 equivalent

Roundtrip flight b/w NY and SF (1
passenger)

| 1,984

Human life (avg. 1 year)

American life (avg. 1 year)

US car including fuel (avg. 1 lifetime) RFIN]
Transformer (213M parameters) w/
neural architecture search 626,155

Chart: MIT Technology Review * Source: Strubell et al. « Created with Datawrapper

Model training is probably not a significant source of carbon emissions today,
but it is increasing exponentially
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Exponential Problem

Petaflop/s-day (Training)
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AlexNet to AlphaGo Zero: A 300,000x Increase in Compute

e AlexNet
e Dropout

2013

e AlphaGo Zero

e AlphaZero

e Neural Macehine Translation
e Neurdl Architecture Search

e TI7 Dota 1vi

e Xception
Yee e DeepSpeech2
® Seq2Seq e ResNets
e GoogleNet

e Visualizing and Understanding Conv Nets

e DQON
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What can we do about it?

Network Architecture
Specialized hardware
Transprecision HW+SW
Edge Al

\ ¢

...Neuromorphic??
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Top-1 accuracy [%]

Network Architecure
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Flat Pareto frontier @
high accuracy

Many non-Pareto points
(SOA is still evolving
very rapidly

MLbench ISCA20
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Specialized Hardware

B Predictions per sec

CPU Parallel

GPU 13,194 Data-parallel
Systolic
TPU 225,000
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Transprecision HW+SW

IBM Researchis Leading in Reduced Precision Scaling
100

Reduced Precision ¥

- Guptaetal, ICML 2015 — "~
- . http-iiproceedings.mir.pressiv37igupta15.pdf 8-bit Training ASICs,
- 32-bi N.Wang et al, NeurlPS 2018
10 L 16-bit
. 16-bit Training
- Training
1 ¢ 4-bit Inference ASICs,
= 8-bit Inference J.Choi et al
C hitps:farxiv.ong/pd M1 B05.06085 pdf L I nfe rence
i J.McKinstry et al TRYS 2-bit Inference ASICs,
- hitps:/farxiv.org/abs/1800.04191  JJ-Choi et al, submitted
5 to SysML 2019 ===

2012 2015 2018 2021 2024
GPU Era for Al: 1x b

|| Specialized ASICs for Al: > 10x
“ In-Memory Compute for Al: >> 100x
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Most intelligence will be at the edge. x \
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Total Cost of Remote loT Processing as a Function of

Data Reduction at the Edge (200 Miles Distance)

‘-‘. Cloud + Edge Computing is Lower Cost than Cloud-
$90,000 ‘A, only Computing when the Reduction in Data Volume
*+4, is 30% or more.
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3-year Cost of Managing & Processing loT Data
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==G=Central Cloud (AWS) Edge + Central Cloud
Source: © Wikibon loT Project. Reference Models AWS loT Service & Pivot3 Server SAN. See Table 1 for Detailed Assumptions & Calculations




Neuromorphic?

Our neurons are super slow and not MAC-based...
We do not learn by backpropagation...

We do not need millions of examples...

But today’s neuromorphic approaches are vastly
Inferior to DL in terms of quality (and efficiency)
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