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Deep and steep

Computing power used in training Al systems
Days spent calculating at one petaflop per second*, log scale

, 7 3.4-month 100
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O Games @ Other /OO 1
AlexNet, image classification with 8 0.1
deep convolutional neural networks —@ .
o/
; 0.01
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o) _.=="0
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Two-year doubling - + ©
(Moore’s Law) T e 0.00001
e < Firstera > - Modern era 0.000001
_;} Perceptron, a simple artificial neural network 0.0000001
I I I I I I I
1960 70 80 90 2000 10 20
Source: OpenAl *1 petaflop=10"5 calculations
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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) I 11,023

American life (avg. 1 year) . 36,156

US car including fuel (avg. 1
lifetime) 126,000
Transformer (213M

parameters) w/ neural 626,155

architecture search

Chart: MIT Technology Review - 2&.:<#" 3("#$ /4156
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During the Moore + DennardOs Law Era

C Instruction -level parallelism (ILP) was
largely mined out by early 2000s

C Voltage (Dennard) scaling ended in 2005
C Hit the power limit wall in 2005

C Performance is coming from parallelism
using more transistors since ~2007

C BUtE.
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Weights Inputs Outputs

R W E = Wceil(R/2)

SU&'((((()(*"+,#(-#-#10"1
$3&'((((()(4'5#67(86!9:#1
$:&'((((O(<,#+ #(- #11-#10"1

"($>?( @A
"($>?2(3@A
B(
$ &CB( $ &D'$ &

Assuming: OvalidO style convolution
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@ I&ON7?3'Q3#30.2#,+'RIQS
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H%-X)"## MPQYHVTTK Q)#$ MPQRE&IM|G A)#$ MPQRe
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Global Buffe(100D500 kB)

@C+"=)+&N#",-
@ O*- 23&*/F&/,$Q"->

@A8P+"2)+&(,("-L&1ED4

6,.8&==02N
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g U-)2.4.#/ab6%/'.c%'".#/

g
And flexibility!

W& () (+,-./,"#"- MIT 6.823 Fall 2021 "% $G1



"#$%&'()*

#5968 $()"



