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Why | post this?

Because yes, we need sustainability.We need climate
neutrality. | don't like the sight of wind turbines either.
But we need lots of them.

In times of Crisis leadership is about about navigating

uncomfortable priorities and taking the
flak.



https://www.un.org/en/climatechange/what-is-climate-change
https://www.un.org/en/climatechange/what-is-climate-change

“Tackling Climate Change with Machine Learning”...
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...only works If we...

...provide equitable access to computation resources
...prioritize computationally efficient hardware and algorithms
...report training time and sensitivity to hyperpgmlgameters.
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Fig. 1.1 ICT carbon footprint outlook (Mtonnes CO2e) (from [2])

Consumption COze (Ibs)
Alr Lravei 1 passenger, NY +>58F 1984
Human life, avg, 1 vear 11,023
American life, avg, 1 vear 36,156
Car, avg incl. fuel, 1 lifetime 126,000
Training one model (GPU)
NLP pipeline (parsing, SRL) 39
w/ tuning & experimentation 78,468
Transformer (big) 192
w/ neural architecture search 626,155

Table 1: Estimated CO. emissions from training com-
mon NLP models, compared to familiar consumption.'

’

Abbildung 27: Vergleich der Treibhausgasemissionen von Videokonferenzen mit verschiedenen
Anzeigegeraten mit den Personenkilometern verschiedener Verkehrsmittel

Personenkilometer mit vergleichbaren Treibhausgasemissionen wie 1 Stunde Videokoferenz [km)]
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Quelle: Eigene Darstellung, Oko-Institut

Groger, J. | Liu,R. | Stobbe, L. | Druschke, J. | Richter, N.: Green Cloud Computing Lebenszyklusbasierte Datenerhebung zu

Umweltwirkungen des Cloud Computing — Abschlussbericht 06 / 2021
https://mww.umweltbundesamt.de/sites/default/files/medien/5750/publikationen/2021-06-17 texte 94-2021 green-cloud-computing.pdf

Model Hardware  Power (W) Hours kWh-PUE CO,e Cloud compute cost
Transformery,.. P100x8 1415.78 12 27 26 541-5140
Transformery;,,  P100x8 1515.43 84 201 192 5289-5981

ELMo P100x3 517.66 336 275 262 5433-51472

BERT b3z V100x64 12,041.51 79 1507 1438 $3751-%12,571

BERT b3z TPUv2x16 — 96 — —  $52074-%6912

NAS P100x8 151543 274,120 656,347 626,155 $942.973-33.201,722
NAS TPUv2x1 — 32,623 — —  544,055-5146,848
GPT-2 TPUv3x32 — 168 — —  512,902-543,008

Table 3: Estimated cost of training a model in terms of CO; emissions (lbs) and cloud compute cost (USD).” Power
and carbon footprint are omitted for TPUs due to lack of public information on power draw for this hardware.

https://arxiv.org/pdf/1906.02243.pdf Florian Michahelles
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What's the efficiency ¢

Table 1. us of programs.
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fannkuch- Indexed access to tiny integer Table 2. Languages sorted by paradigm
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5'500, . ] ) ) ) ] il
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mﬂndﬂ'lbrﬂt pﬂl’tﬂblﬂ bﬂmap ﬁlﬁ 16,000 Irnperatnre PHSCH_L Rust.'
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DNA sequences PHP, Python, Ruby, TypeSceipt:
. Hashtable update and fasta
tide ) .
k-nucleotide strings output
reverse- Rcatmifr fasta
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) Allocate, traverse and )
binary-trees . 21
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chameneos- Symmetrical thread rendezvous M
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meteor- Search for solutions to shape 2 098
contest packing puzzle o
thread-ring Swit::h from thread to thread s0M
passing one token
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Listing 1. Overall process of the energy measuring
framework.

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International Conference on Software
Language Engineering. 2017.
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IS the faster language always the more
energy efficient?

.,

Table 4. Normalized global results for Energy, Time, and

Memory
Total
Energy Time Mb
€ C 1.00 € C 1.00 (c) Pascal 1.00
() Rust 1.0% () Rust 1.04 (c) Go 1.05
(e} C++ 1.34 () C+ 1.56 (e) C 1.17
{e) Ada 1.70 {e) Ada 1.B5 ic) Fortran 1.24
v) Java 1.98 {v) Java 1.89 () C+d 1.54
{c) Pascal 2.14 () Chapel 2.14 ic) Ada 1.47
¢} Chapel 2.18 ie) Go 2 83 (¢) Rust 1.54
{v) Lisp 2.27 () Pascal 3102 (v) Lisp 1.92
{e) Ocaml 2.40 {e) Ocaml 3.09 ic) Haskell 245
(¢} Fortran 2 52 iv) C# 3.14 (iy PHP 257
e} Swift 2.79 {v) Lisp 3.40 (c) Swift 271
{c) Haskell 3.10 () Haskell 3.55 ity Python 2.80
i) C# 3.14 (e} Swift 420 (¢) Ocaml 3 852
{e) Go 3,23 {¢) Fortran 4.20 (v) C# 3 85
i) Dart 383 iv) F# 630 (i) Hack 534
i) F# 413 (i) JavaScript | 652 (v) Racket 5.52
(i) JavaScript 4.45 i1) Dart 6.67 (i) Ruby 5.97
{v) Racket 7.91 {v) Racket 11.27 (e) Chapel 4.00
{1) TypeScript 21.50 (1) Hack 26.99 iv) F# 4.25
i) Hack 24.02 () PHF 3764 (i) JavaSeript | 4.59
() PHP 29,30 {v) Erlang 36.71 (i) TypeScript | 4.69
{v) Erlang 42.23 {1} Jruby 4344 (¥} Java G.01
i) Lua 45.98 (i) TypeScript | 46.20 () Perl 6.62
i) Jrubry 46.54 (i) Ruby 59.34 (i) Lua 6.72
(i) Ruby 69.91 1) Perl 65.79 (v} Erlang 7.20)
i) Python 75.88 (i) Python 71.90 (i} Dhart B.64
i) Perl 79.58 {1} Lua 82.91 (i) Jruby 19 84

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International
Conference on Software Language Engineering. 2017.
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Once we can decide what is the best software language...

&

©® execution time and energy consumption, then yes, it is almost always possible to choose the best language.
® If memory Is also a concern, it Is no longer possible to automatically decide for a single language

Table 5. Pareto optimal sets for different combination of objectives. )
Time & Memory Energy & Time Energy & Memory Energy & Time & Memory 35
C « Pascal » Go C C « Pascal C « Pascal « Go 3 J
Rust « C++ « Fortran Rust Rust «» C++ « Fortran « Go Rust « C++ « Fortran 5t
Ada C4++ Ada Ada
Java « Chapel » Lisp « Ocaml Ada Java « Chapel « Lisp Java « Chapel « Lisp « Ocaml ’
Haskell « C# Java OCaml « Swift « Haskell Swift « Haskell - C# a3
Swift « PHP Pascal « Chapel C# « PHP Dart « F# « Racket » Hack « PHP 1
F# « Racket « Hack « Python Lisp » Ocaml « Go Dart « F# « Racket « Hack « Python JavaScript « Ruby « Python 0.5
JavaScript « Ruby Fortran » Haskell « C# JavaScript « Ruby TypeScript « Erlang 0
Dart « TypeScript « Erlang Swift TypeScript Lua « JRuby « Perl & :zif"“ &
JRuby « Perl Dart « F# Erlang « Lua « Perl ,g’-‘rb ¢ d;:? {}* a‘iﬁ& @@ ‘F)& ;5-1 &
Lua JavaScript JRuby ¢ & ® ) O
Racket
TypeScript Hack B ConcurrentSkipListSet W HashSet LinkedHashSet W TreeSet
E]i‘ll]f_ti.g Figure 5.4: Set results graph for population of 25k
Lua « JRuby . . .
Ruby https://greenlab.di.uminho.pt/wp-content/uploads/2019/02/Rui-Alexandre-Afonso-Pereira.pdf p.89

Pereira, Rui, et al. "Energy efficiency across programming languages: how do energy, time, and memory relate?." Proceedings of the 10th ACM SIGPLAN International
Conference on Software Language Engineering. 2017.
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...tools for green coding emerge! o

Energy consumption

factor

Worker.c &3

N 1 #include <stdio.h> Tests

pubiic Reader getein "
Z t1 | t2 t3 | t4 th
g PO AONSNEELEOY 1 1int !m:lin(int argc, const char* argv[]) {
Sodeck o] « thig.entiy 1 int factorialTotal = @; 1 | 1 1 1 | 1 0.1 |@®
{f Cobj == nmull) { G 5
+ return null; . : = =
} else if (obj instonceo O b for (int 1 = 1; 1 < argc; i++) {
}Jiif‘;" i 5"""“f‘°‘f m |7 int value = atoi(argv[i]); MENERERE |
e P |8 if Cvalue % 2 == @) { 11 |1 ]1]1]02 |@®

} ﬁ 9 int factorial = factorialCalculate(value); 1 0 1 0 | 1 08 |

10 factorialTotal += factorial; 1 o |1 ]o0of[1[on |®
1 2 3 4 5 6 7 B8 E
11 }
ety ey, e, e A A e 1
workspace . project , packageroot , package . flle, class. method, line t 12 ]_
g 13 o ) i i i )
14 rintf("The sum of all numbers' factorial is: %d", factorialTotal); |1 | 1 1 1 |1 0.2 |
p
15 }
0.8 |03 |09 | 03|07

T. Carcao, "Measuring and visualizing energy consumption within software code," 2014 IEEE Symposium on Visual Languages and Human-
Centric Computing (VL/HCC), 2014, pp. 181-182, doi: 10.1109/VLHCC.2014.6883045.
Florian Michahelles




Think bigger:
Review of the software develoment cycle  .asee,

.,

® sustainability criteria and metrics for software products
® model all extractions from the environment (e.g. ores, fossil resources or fuels,
water) and all emissions to the environment (e.g. heavy metals, CO2, CH4,

radiating particles) that occur in each life cycle phase.

) (&) (B) @) [

DELIVERY FROJECTED RUNTIME USAGE TIME WAIT TIME
MAINTENANCE

Total (human) working Total working Rours per year Server uptime(s) per year Estimate of the time taken Estimate of the time spent

hours reguired to make and over the expected to complete a single user on the ‘Leading’_. screen

the application available lifetime interaction (expressad for a single user interaction
a5 a standard use case | [expressed as a standard
customer jourmey, wihich use case f customer joumey,
s then multiplied by the which is then multiplied by
anticipated number of user the anticipated number of
interactions per year over Interactions per year over
the expected lifetime) the expected lifetime)

Florian Michahelles M



Example: Track CO2 from your computing

‘.
. a 3 o W . "
from codecarbon import EmissionsTracker =1 \_‘Z:_
— — 4 ""1 v,
. . a047ccf5-0127-44db-a067-355f3c381ab6 ‘/— & L§ ‘
tracker = EmissionsTracker() —e 2
_ - . g
tracker.start() ‘3 Wy Y
= 2 N _-"'_ Pae .
% é V‘L’T ‘-’. .(
# GPU Intensive code goes here . ; o8 bt
Jul 2021  Aug 2021 Sep2021 Oct2021  Nov 2021 Tocte  Oct9  Octi0  Octi:  octiz : ‘] . . N
\
tracker.stop() .
)/
t"; '.'L'
A -

https://codecarbon.io Y S

Emissions Across Amazon Web Services Regions

100
=]
2 80
)
c
L
g e
=
[= 3
L
S
- 40
|-
1]
]

20 . I
. — -
Cf\_.‘-..@ f‘,@_‘c K‘}:’_‘o @Q&F ~T¢‘ O‘p‘&__ ¢-\5‘ &, " &, . ?O_‘? e, . 2, ., L . Q&Q '9(, ﬁ"&, S'QI G C . - 3
&, 8 o3 2 @
1:;“\1-"(-\ ’?‘ﬁ_\ o/?;é &ls:ﬁ 3 @\5} %t " G\f\f 5“‘5.(* 1 o‘?ﬂﬁ O/?‘,j G’?Jf, DQ;:, % Sofdﬁ @"Pr‘ {uﬁ:‘ rrk"f O?é &
X o 3 ; &, e
A " v ke &, -S‘Q, F‘.‘p Fd' '9,3, :9‘5\ i < - 7 "'ﬁ@
g '] iy T B 5 'y Bx
+ " . \ Fd i
Region

Had this been run in ca-central-1 region,
then the emitted carbon would have been 2.3 kg

Reducing the current emissions by 63.6 kg
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https://codecarbon.io/

Pop Quiz

® How much energy does your home TV use In an hour?
® How many full phone charges can the same amount of energy provide?
® 10
® 20
® 40
® 80

® more

Florian Michahelles M



Source: https://carbon.kilowh.at/
Florian Michahelles



But.. Are all devices created equal?




Can’t we just “read the label™?

Florian Michahelles




How many do you have at home?

Florian Michahelles



sSing metaphors

[% Kilo..what?? X Bjérn
¢ ' O ©® www.kilowh.at QA w @ ® R SJ & e < M

(BETA)

KILO |WHAT?

21 =~

hours with a light bulb on km driving a electric assisted bike

Choose your unit

Choose your unit
KWH SOLAR PANEL COAL TREADMILL LED LAMP NEW FRIDGE LIGHT BULB v KWH SOLAR PANEL COAL TREADMILL LED LAMP NEW FRIDGE LIGHT BULB TV
WIFI MOBILE PHONE WASHING MACHINE ELECTRIC BIKE ELECTRIC CAR CAR WIFI MOBILE PHONE WASHING MACHINE ELECTRIC BIKE ELECTRIC CAR CAR

HEATING  HEATING WITH HEAT PUMP  HAMBURGER HEATING  HEATING WITH HEAT PUMP  HAMBURGER

Hedin, B.; Luis Zapico, J. What Can You Do with 100 kWh? A Longitudinal Study of Using an Interactive Energy Comparison Tool to
Increase Energy Awareness '. Sustainability 2018, 10, 2269. https://doi.org/10.3390/su10072269

g

S A
[ AN o
:-‘ 12"' ) ."f‘

{

—— s — i

J. L. Zapico and B. Hedin, "Energy weight: Tangible interface for increasing energy literacy," 2017 Sustainable Internet and ICT for Sustainability (SustainIT), 2017, pp.
1-3, doi: 10.23919/SustainIT.2017.8379807. Flo rlan M ICh ah e I | eS




The Goal ﬂ\

Create a tool that enables non-experts (i.e., the
layperson) to estimate and quantify personal energy use
through understandable tangible metaphors.

Florian Michahelles M




Use Case: Indoor Awareness

“using YOUR laptop for X hours takes as

much energy as charging YOUR phone from
0-100% Y times."

Florian Michahelles



Use Case: Outdoor “Autarky” ':\

Autarky comes from the Greek words autos (self) and arkein (to
govern)

-
N
“ -

Florian Michahelles M



The Bigger Picture

Digital Companion-Enhanced Person

® Making informed decisions

O] EdUCathﬂ T Human

Perceptual
Effectors

® Energy use "mental model”

dar nsorvsianals Human
- . . —— Sensory
@ Digital companions Perceptors
® Decision support
2 Sa f’# R
f" \ I \
AN, 1 1 signals pata
I }:\'f‘g;;;;" | > | BEHAVIOR
\ A / \ /
\ / \ / Digital Companion
\ / \ /

REINFORCEMENT P TR
h"
/ \
f 1 Kritzler et al. (2019), doi: https://doi.org/lO.1145/3308560.3316510
I RESULT |
\ I
\ '
LY r 4
e s iy -

https://nesslabs.com/ Florian Michahelles




Let's...

® ...look into how our cloud-services are powered and where they run.
® ...document the consumption of ML model training.

® ...quantify systematically the impacts of software

® ...refine our methodologies: document, reconsider, redesign

® ...provide an understanding of energy



Thank you.
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SCI Procedure

® What: software boundary, I.e. the components of a software system to include.

® Scale: carbon emissions per one functional unit, pick the functional unit which
best describes how the application scales.

® How: quantification method, real-world measurements based on telemetry

® Quantify: Calculate a rate, an SCI value, for every software component. The
SCI value of the whole application is the sum of the SCI values for every
software component in the system.

® Report. The SCI has standards for reporting that must be met, including a
disclosure of the software boundary and the calculation methodology.

Florian Michahelles M
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