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Al for Fintech Research (AFR)

e Collaboration between ING and TU Delft.

e Artificial Intelligence, Data Analytics, and Software Analytics
In the context of FinTech.

o Officially started in January 2020.
e 10 research tracks, 5 years.

e Website: https://se.ewi.tudelft.nl/ai4fintech/

o Twitter: @AI4Fintech
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Absiraei—Susdainubility hay emerged us u broud conceen for
sochety. Many engineering dizciplines have been grappling with
challeiges m low we sistam terhnbeal, sockal mwl conlagieal
systemas In the software ¢ngineering community, for example,
munintainuhility hus heen o enncern for w long time. Kt ton
aften, these issves are treated in isolation from one another.
Mispaveptions ansong, (wactitimers and reseavh commaonities
pensst, rovied in a lack of coberent understunding of sustain-
nhility. and haw it redofes o software systems resenrch and
practice. This article presents a cross-disciplinary initiative 1o
civata a connmon pronmd and & paiat of wlorance for the
global communily uf research and peactice in sultware and
sustainability, to be used for effectively communicating key
issves, goals, salues and principles of sustainability design for
softwara-inbmsive systeans. The centreplece of thic offaee is the
Karlskrona Mawifevio for Sustmimebilay Design. u sehide Tor
a muwh needed comversation about sustaimahility within and
bevond the software commueity, and an articulation of the
fondamental principles underpiumng desken choices that affect
suslninubility. We describe the midivedion far descloping this
manifeste, induding some considerations of the genre of the
nannifesto ss well as the dynaoies of its ercation. We illetrate the
collaborative reflective writing process and presecl the current
exlition of the munifrstn itsel. VW nssew immedinle implicitions

and applications of the articulated principles, compare these 1o
corvent practke, and sigeest fitmre steps.

[. INTRODUCTION

It is clear that sccicty is facing major sanstamability chal-
lenges el reguue lung lecas, joned up Uuaking. How do we
sastinn our zchmea |l nlfestoactores, poven bow moch we rely
on them for overything from communication and navigation
throwgh o storine Tealil reconts, identilyingg securily treats,
and keepirp the Tiphte en? Tow da we suetain preeperity in
socIcty, given the crosion of st 1o our polidcal msttntions
and a grawing mequalite in awnesship of recources? And,
abuve all, fww du we sl e pluaciay swsleins Usal supocel
Nl o earlhy v e Gee of aecumdon ol polintm s, species
loss, and accelerating climare change?
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Thwe descipluwe vl Sultware Enguescracg ISE) bas o ueygor
rols w play in sustainability, because of the extent to which
sollware systzms melibe o many aspects ol oo hives, How
sver, caftwars prachies hac a tendency ta foacns only ca the
immediate cifeets and tangible benetits of software prodocts
and niatfarms. ST mesearch has, for the mast nart, Socased on
increasing the reliability, cficiency snd cost-bensfit reoaton
ol sollwane produdts Jor Uemr owoes, Uuough o locus oo
processes. methods, models and techniques to create, verify
and vadidale suliware svsbems aed keep Unno operaionel

The lack of long-tzom thinking in software engincering
rescarch and practice has becn critiqued threnghout the history
all the disciplioe. Re mample. soflware vainlemnos ol
avolodon were raised as concerms oven at the wory first
soltware cogineenng conferenee (1] Suwee thea, clluds w
increase the maintainability of software aroducts and facilitaie
Uners evolubion bave oflen Jucased o unprovag arcluiacluse,
decreasing lifscycle costs and managing technical dett [2].
Noumann has criticized the lack of leng-term thinking over
securily constidecaions in SE (3] For oo digina® infuomation
asscts, some now speax of s ‘dignal dark sge’ (4], whers,
loaving discarden? amdog, media in prelerence far digital, we
now find thar mary af thase assets hecome unreadable, dos.
e purt. Lo Lw zupid bfceyekes of sollwaee lechsolugy.

While progress has been made on design for maintain-
abeliny of sultware per se, cousaiderations Uat extend bevonrd
nrnzdele sollwine prodhic! gushibes and e haelis ae
generally treaced a: sscondary concems. opidional qualitics o
b addresasd enly after he system under desipn has Teen
chowm 10 he a success v terme of t=chrical andfer marksting
coiceria, The larger impact of software artcfacts on socicty
and the natural ervirnmment is not rotme’y anabyred. Tt
by lzadurg ol Jongor-lenn susbunabelry questuons fur shurtees-
e suimess cnlerns, e accumuo e hrss \ll.\IH?I‘;Ihilll:,

We argue that this rade-off itself is unnecessary, As Neumann

(Becker, 2015)




Software Sustainabillity

Individual.

Social.

Technical.

Economic. Wealth creation, prosperity, profitability, capital
Investment, income.

Environmental. Ecosystems, raw resources, climate
change, food production, water, pollution, waste.
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Green Software Engineering

e What is it?

EEEEEEE
Energy consumption
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Software Sustainability

What is Green Software?

Motivation for Green Software
Assignment (teaser)

How to measure Energy Efficiency
Energy patterns

Real Cases

Programming languages

Assignment






Maslow's

Hierarchy of Needs
(adapted)

Self-fulfillment

needs

Psychological

. ‘ needs
S Belongingness and love needs:
intimate relationships, friends




BItcoin example

No central authority — consensus algorithm.

One transaction — multiple agents to compute a hash that
validates the transaction.

Several discussions regarding social sustainability.

How environmental impact of bitcoin transactions
compare to traditional centralised transactions?

bitcoin

10



BItcoin example

e Annual energy consumption equivalent to Chile’s

e Problem with e-waste.

52K hours
(V &3 YouTube
& 780K
VISA

11 https://digiconomist.net/bitcoin-energy-consumption

Alternatlves’?
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Training Neural Networks

(Strubell, 2019)

Energy and Policy Considerations for Deep Learning in NLP

e Deep Learning in NLP.

e Training and tuning an NLP model is
comparable to the CO2 emission of a
normal car throughout its lifetime.

e Researchers should prioritize developing
efficient models and hardware.

12
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Abstract

Recent pregress in hardware ard methodol

ogy for tmining newral nawerks hes ushered
in 0 mew gereration of large naworks trained
or aburdent data, These models hove ob

taincd notable zoms ia pccuracy across mamy
NLP wsks. However, these accursey imprave-
mant: depend on the avallab ity of excepuon

ally lerge compurationa’ recouroes that neces

shar slmilardy swbstzndal energy consurp

tor. As a result thase models ame costly (o
wain and develop, both finamcially, due w the
cos: of hardware sod electricity ar ¢loud com-
pute time, and environmentally, dug w the car-
bon footpnmt reguired w fuel modemn tensor
processing hardware, In (i paper we bring
this issae w0 the anznion of NLP researchers
by quantalying the agpmosimate Granasl anl
eavironmental costs of aining @ varsely ol .
canlly sucvess[ul neardd metwork models (or
NLP. Basad con these liodings, we propuse ac.
tocable roccmuendaions W oreduee custs anld
mprove squity in NLI* research ard poactice.

1 Imtroduction

Advances in techriques and hardware for train-
ing deep meural networks have recently en
abled mnpresave accuracy improvements across
many fundamerntal NLP tasks (Bahdznau et al.,
2015; Lowong et al, 2015, Dozat and Man-
ning, 2017. Vaswani a2t al, 2017), with the
mos: computationally-hangry models obtaning
1he highest scoras (Paters et al., 2018; Devlin etal.,
2019; Radford et al, 2019; Sc et al., 201%). As
a result, truining o state of the art mode] new re
quires substantial computational resouress which
demumxl consideruble energy, along with the as-
sociates hnancial and environmental costs. He-
search and development of new moZels multiplies
these costs by thomsand < of times by requmng re-
rraining 10 experiment with model architectures
and typerparamesers. Whereas a decade 220 most

Consumption COze (Ibs)
Air traved, 1 person, NY +SF 198
Human life. avg, | voar 11,025
Amencan life, avg, § year 36,156
(ar, avgnc foel, | hitesre 176000

Training one model (GPL)

NLP pipeline (parsing, SKL) 39
wi tuning & cxreriments 718465
Transtormer (big) 192
wi nerrel arcn search Ak, 188

Table 1: Esdmatad CO, amisslors from waining com
mon NLP models, compured w0 lanilis consuzption,'

NLF models conld be trainzd and developed on
0 commaodity lapiep or server, many 10w reguire
multiple (nstances of speciel.zed hardware such as
GPUs ar TPUs, therefore limiting access (o (hese
highly zccurate models on the besis of iinances.
Even when these expensive camputational re-
sources are available, model aning also incurs a
subsmnaral endt 1o the envronment See o the en
ergy required to power this hardware for weeks oc
rronths a a time. Though some of this energy may
come from renewatle or catbon credit-offset re-
sources, the hizh energy demonds of these models
are still & concern since (1) ensigy is not cunently
derived from cerron-neural sourees in many loca-
Uonrs, aad (2) when repewable engrav is avalable,
it is still limited to the couipment we have to pro-
duce and store L and eneruy spenl Waunng @ neus-
rel nerwerk might bener be allocared o heating a
family’s home. It is estimated that we must cut
carhon 2missiong by half cver the nexr decnde 10
deter escalating cates of natural disaster, and based
on the estimated CO; emissions listed in Tablz 1,
'Saurces: (10 Alr savel and percapin consmmpdon:
Fetpa:/S/bic. Ly /2lwlxNc: [2) car litcums: httpa:

‘bt l-:gr?n_'}'ll-\l

Frimewlug s af Bes 5700 Al Mevtin g of "o Asven iolive ov Cranpnclationaf Diepeoia s, pages 30635705

Horence, Moly, July 28 - Awgest Z 2015, ©2019 Assoation for Comnputatonal Linguistios




Software Architectural
DecIsSIoNS
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Green Fleld

e There is no awareness of the energy consumption.

e There is little information about the energy consumption of

our decisions and practices as software architects an
developers.

e |ittle is known about our footprint as users and developers.
E.g, watch a movie in streaming platforms.

14



Greenpeace Report

e |T sector consumes 7% of global electricity (2017).

 “The continued lack of transparency by many companies
regarding their energy demand and the supply of
electricity powering their data centers remains a
significant threat to the sector's long-term sustainability.”

e Report provides an analysis of environmental sustainability

of tech providers in different angles. Transparency,
Commitment, Energy Efficiency, Renewable Procurement,

Advocacy.

Gary Cook, Jude Lee, Tamina Tsai, Ada Kongn, John Deans, Brian Johnson, Elizabeth Jardim, and Brian Johnson.

2017. Clicking Clean: Who is winning the race to build a green internet? Technical report, Greenpeace.

15

CLICKING CLEAN:
WHO IS WINNING
THE RAGE TO BUILD

A GREEN INTERNET?

greenpeace.org

GREENPEACE
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(Greenpeace, 2017)
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Video Streaming
N 0O O &

Afreeca.com @
Amazon pl‘ime 0 CleanEnergy Index  Natural Gas
iTunes
HBO () o
Hulu G
Pandora
Netflix o
© SoundCloud
Poog.co.kr G —
e @ Podbbang
Vimeo D
YouTube
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Sources of Energy
Consumption

e EXxecution

e Development

e |nfrastructure



Checkpoint

Green software engineering is a green field.
Some SOA technologies are unsustainable
Bring energy efficiency to the equation (awareness)

Energy efficiency can be tackled at different levels (execution,
development, infrastructure)

Transparency of providers

The decisions of Software Engineers make a difference on
environmental sustainability

19



Assignment

| ook into the change history of the project and find code

changes that are related to green computing. Present and
discuss the rationale behind those changes.

e Suggest energy improvements to be implement in the
project (development, source, infrastructure). Implement
them, If possible.

e Measure the energy consumption of potential hotspots.

® Output: 1-2 page report with all the rationale behind the study

® Critical thinking.

20



How to Measure Energy
Consumption

. Create a scenario.

. Execute and collect power data.
. Implement energy improvement.
. Execute and collect power data.

. Analyse and compare results.

21



Collect Power Data

o B I -

Electricity bill &
Execution time

Estimation tools (Intel® RAPL)
https://01.org/rapl-power-meter

Power Monitors (Monsoon)

22


https://01.org/rapl-power-meter

Tall Energy Consumption




e Measuring energy consumption is difficult!

e Solutions?



Energy Patterns for Mobile

[= i tqre.github.io | E)ENEE |[+

Display a manu
.

W® Energy Patterns for Mobile Apps

A visualization with prevalence and co-occurence of patterns can be found here.

(77 This catalog has been accepted to the Journal of Empirical Software Engineering. Chack

out the preprint.

¢« show all patterns

Dark Ul Colors

Provide a dark Ul color theme t0 save battery
on devices with AMOLED screens.

Context

Screen is one of the mzjor source of power
consumpticn on mobile devices. Apps that require
heavy usage of screen (e.qg., reading apps) can have a
big impact on battery life.

Solution

Provide a Ul with dark background colors. This is particularly beneficial for mobile devices with

AMQLED screens, which are mare energy efficient when displaying dark colars. In some cases,

it might be reascnable to allow users to chonse between a light and a dark theme. The dark
theme can also be activated using a special trigger (e.g., when battery is running low).

https://tgrg.github.io/energy-patterns/

25
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https://tqrg.github.io/energy-patterns/

—nergy Patterns

Dynamic Retry Delay
Avoid Extraneous Graphics and Animations
Push over Poll

Cover them in the website

Inform Users

20



Viethodolgy

Collect Changes With Potential Interest

/ . * (energy|power |battery) . */

Manual Refinement of Subjects of
Interest

20
U{Ln]l.»

g Catalog of Energy Patterns

27

Thematic Analysis

1783
apps

0028
changes

1563
changes

431
reusable
changes

22
patterns
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=xample case: Nextcloud

nweeE P 8 % 1l 2al 76% m 15:43

=  Nextcloud Q

Documents

Photos
Server address httpsiiv .. M

https://cloud.nextcloud.com

hirschmilch_d...rcg_hous.pls

a Secure connection established

s2mame

Nextcloud.mp4

john

| I e X tC lo U Password
EEEEEREEEEERE @ Nextcloud.prg

NEW TO NEXTCLOUD?

o GETITON
pe Google Play

FOSS

’ Available on the

' App Store

29



=xample case: Nextcloud

 Users complain that sometimes they go on a trip and SO/U
Nextcloud drains their battery. Users consider uninstalling the
app when battery life is essential.

30


https://github.com/nextcloud/android/commit/8bc432027e0d33e8043cf40192203203a40ca29c
https://github.com/nextcloud/android/commit/8bc432027e0d33e8043cf40192203203a40ca29c

=xample case: Nextcloud

e [rade-offs?



=xample case:

Accounts Turing Award
&. . g 3

Syncing disabled Syncing disabled

: i ?
Unified Inbox Flements of Interaction 3/20/2013

Robin Milner | am greatly honored to receive this

Al messages in unified folders .
ssages ? award, bearing the name of Alan Turing. Perhaps

The Paradigms of Programming 3/20/2013

Robert Floyd Today | want to talk about the
paradigms cf programming, how they affect our

All messages
Al messages in scarchable folders

Personal 1 @1 One Man's View cf Computer Science 3/20/2013

3.3MB Richard Hamming Let e begin with a few
persona words. When one is notified thal he has

Work Computers Then and Now 3/20/2013
o2 .

1.5MB Maurice V. Wilkes | do not imagine that many of
the Turing 'ecturers whe will fcllow me wil' be

Club i Notetion as a Tool of Thought 3/20/2013

2259KB Kenneth E. Iverson The importance of
nomenciature, notation, and language as tools of

}\ GETITON Can Programming Be L iberated from. 3/20/2013

Google Play John W. Backus Conventional programming
languages are growing ever more enormous, but

wmm GET ITON
F D - d Generality in Artificial Intelligence 372012013
-DTO01

John McCarthy Postscript My 1971 Turing Award

P Lecture was entitled "Generality in Artificial

amazén ; 5 = =

vt .-

GETIT ON

GitHub

32



EXample case: K-9 mall

* Some users noticed that K-9 mail was spending more
energy than usual.

33


https://github.com/k9mail/k-9/commit/86f3b28f79509d1a4d613eb39f60603e08579ea3
https://github.com/k9mail/k-9/commit/86f3b28f79509d1a4d613eb39f60603e08579ea3

=xample case: Nextcloud

e [rade-offs?



Which programming

languages are most energy

efficient?

https://sites.google.com/view/energy-efficiency-languages
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Energy Efficiency across Programming Languages
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Abstract

Thus paper presents a sludy of the runlune, memory usage
und energy consumption of twenty seven well known sofl

ware languages. We monitor the performance of such lan-
guagesusing ten different pragramming problems, expressed
i each of the languages. Our resulls show wnleresiing find-
ings, such vs, dlower/faster lunguogpes consuming less/more
enexgy, and how memory usage influences energy consump-
tion. We show how to nse onr resnlts to provide software
engineers support to deckde which language to use when
energy efliciency 1s 4 concern,

CCS Concepts » Software and its engincering — Soft
ware perfarmance; General programming languages.

Keywords Encrgy Efficiency, Progremming Languages, Lan
gnage Benchmarking, Green Software

ACM Reference Farmat:

Rui Pereira, Marco Conmn, Trancsoen Ribeita, Rui Rua, Jicome Cunha,
Jaas Paula Mavnandes, and Jedo Saraiva. 2017 Frergy Lficiency
acrass Progromming Largeages 1ow Do Tnergy, Time, and Mem-
ory Rebale?, Lu Proceedings of 2017 ACM SICPLAN interriional
Cunference on Softwary Lunguage Engineenng (SLETI7)E AMCN, New
Yorke NY. USAL 12 pages. hllpsedoiong 10.1145/3736014.313603)
1 Introduction

Software lanzuage enzineering providespowerfnl techniques
and lools Lo design, mplement and evolve sofllware lan-
guapges. Such techniyues mim ul mproving progremnmmers
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productivily - by incorporaling advanced [ealures in the lan-
guape design, like for instance powerful modular and Lype
systems - and at eficiently execute such scttware - by de-
veloping, for example, azgressive compiler nptimizations
Indeed, most lechmques were developed with the man goal
of helpmg soltware developers in produeing fasler progruros.
In fact, in the last century performance in software languages
was in almnst all cases synonymous of fest exacution time
(emhedded svstemz were prohahly the single exception).

In (hus century, thes realily 1s quickly chunging and sofl
warc cnergy consumption is becoming a key concern for
compuler manufucturers, sollware language engineers, pro
grammers, and even regular computer users. Nowadays, it
iz nsnal ta see mehile phone users [which are pawerral rom-
puters) avolidmg using CI'U intensive applications just to
save ballery/energy. While the conoern on the compulers’
encrgy cfficiency started by the hardware manufacturess, it
quickly hecame a cancem for saftware developers ton [28)]
In fact, thig ig a vecent and mrenzive area of research where
seversl lweehnryues o analver and oplimize the energy con
sumpticn of software systems are being developed. Such
techniques already provide knowledge an the energy effi-
ciency of data strietres (15, 27] and android lanpnage [25],
the energy mnpad of different progrummang practices both in
mobile (13, 22, 31] and deskiop applivations [26. 32], the en
ergy etficiency of applications within the save seope [2, 17).
ar even on haw ta predict energy ronsumprion in several
soflware syslems [4 14], among several olher works,

An interesting yuestion that frequently arises in the solt
ware energy efficiency arez is whether a fasrer program is
also ant energy efficlent program, ar not. It the answer is ves,
then uplimuzng & program [or speed also means eplamzing
il for energy, and s s exaclly whal the compiler con
struction community has been hardly doing since the very
beginning of software languages. However, eneray comsump-
tion does not depends only on execution time, as shown
m the equation Epyrgy = Time X Pyyer [ facl, there are
severel reseerch worls showing different results regarding

(Pereira, 2017)



https://sites.google.com/view/energy-efficiency-languages

The Computer Language

Benchmarks Game

https://benchmarksgame-team.pages.debian.net/
benchmarksgame/which-programs-are-fastest.htmi

Benchmark Description Input
n-body D.ouble .precisi(m N-body 5OM
simulation
fannkuch- Indexed access to tiny integer 19
redux sequence
spectral- Eigenvalue using the power
5,500
norm method
nandelbrot Generate Mandelbrot set 16,000
portable bitmap file
bidigits Stfeamin.g arbitrary precision 10,000
arithmetic
Match DNA 8mers and fasta
regex-redux . .
substitute magic patterns output
Fasta Generate and write random 25 M
DNA sequences
: Hashtabl f.
k-nucleotide ashtab e updat.e and asta
k-nucleotide strings output
reverse- Read DNA sequences, write fasta
complement their reverse-complement output
: Allocate, traverse and
binary-trees . 21
deallocate many binary trees
chameneos- Symmetrical thread rendezvous M
redux requests
meteor- Search for solutions to shape 2 098
contest packing puzzle ’
. Switch from thread to thread
thread-ring W e cae to Ted 50M

passing one token

(Pereira, 2017)


https://benchmarksgame-team.pages.debian.net/benchmarksgame/which-programs-are-fastest.html
https://benchmarksgame-team.pages.debian.net/benchmarksgame/which-programs-are-fastest.html

Energy Time Mb

(c) C 1.00 (c) C 1.00 (c) Pascal 1.00
(c) Rust 1.03 (c) Rust 1.04 (c) Go 1.05
(c) C 1.34 (c) C 1.56 (c) C 1.17

| “ (c) Ada 1.85 (c) Fortran 1.24

(v) Java 1.89 (c) C4++ 1.34

(c) Pasca 2.14 (c) Chapel 2.14 (c) Ada 1.47
(c) Chapel 2.18 (c) Go 2.83 (c) Rust 1.54
(v) Lisp 2.27 (c) Pascal 3.02 (v) Lisp 1.92
(¢) Ocaml 2.40 (c) Ocaml 3.09 (c) Haskell 2.45
c) Fortran 2.52 (v) C# 3.14 (i) PHP 2.57
(v) Lisp 3.40 (¢) Swift 2.71
(c) Haskell 3.55 (i) Python 2.80
(c) Swift 4.20 (¢) Ocaml 2.82
(c) GO 3.2. (c) Fortran 4.20 (v) C# 2.85
3.83 (v) F# 6.30 (i) Hack 3.34

(i) JavaScript 6.52 (v) Racket 3.52

(i) JavaScript (i) Dart 6.67 (i) Ruby 3.97
(v) Racket 7.91 (v) Racket 11.27 (c) Chapel 4.00
(i) TypeScript 21.50 (i) Hack 26.99 (v) F# 4.25
(i) Hack 24.02 (i) PHP 27.64 (i) JavaScript 4.59
(i) PHP 29.30 (v) Erlang 36.71 (i) TypeScript 4.69
(v) Erlang 42.23 (i) Jruby 43.44 (v) Java 6.01
(i) Lua 45.98 (i) TypeScript | 46.20 (i) Perl 6.62
(i) Jruby 46.54 (i) Ruby 59.34 (i) Lua 6.72

i) Ruby 69.91 (i) Perl 65.79 (v) Erlang 7.20
(i) Python 71.90 (i) Dart 8.64

(i) Lua 82.91 (i) Jruby 19.84

(Pereira, 2017)

https://sites.google.com/view/energy-efficiency-languages
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https://sites.google.com/view/energy-efficiency-languages

Time & Memory Energy & Time Energy & Memory Energy & Time & Memory

C « Pascal « Go C C « Pascal C « Pascal « Go
Rust « C++ « Fortran Rust Rust « C++ « Fortran « Go Rust « C++ « Fortran
Ada C++ Ada Ada
Java « Chapel « Lisp « Ocaml Ada Java « Chapel » Lisp Java « Chapel « Lisp « Ocaml
Haskell « C# Java OCaml « Swift » Haskell Swift « Haskell « C#
Swift « PHP Pascal « Chapel C# « PHP Dart « F# « Racket « Hack « PHP
F# « Racket « Hack « Python Lisp « Ocaml « Go Dart « F# « Racket « Hack « Python JavaScript « Ruby « Python
JavaScript « Ruby Fortran « Haskell « C# JavaScript « Ruby TypeScript « Erlang
Dart « TypeScript « Erlang Swift TypeScript Lua « JRuby « Perl
JRuby « Perl Dart « F# Erlang « Lua « Perl
Lua JavaScript JRuby
Racket
TypeScript « Hack
PHP
Erlang
Lua « JRuby
Ruby

(Pereira, 2017)
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Green Open Fleld

* |ntegrate systems with energy consumption
feedback. inform users

e Energy-efficiency leverage at different levels. Api,
programming language, IDE, user, developer, etc.

e |mpact of different architectures. Controlling for
iImplementation, hardware and feature set is not trivial.
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Wrap-up

What is Sustainable Software
What is Green Software?
How can we measure energy consumption?

What are the sources of energy consumption in software
engineering?

What is an energy pattern?

What are the common trade-offs when improving energy
efficiency?
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Other Research Topics

e Machine Learning Deployment at scale
e ML coding practices

e ML maintainabillity, technical debt

ML, Al, DS, Big Data

O

e ML lifecycle management

e ML documentation generation

e MH in SE

41



Assignment

* Look into the change history of the project and find code changes that are related
to green computing. Present and discuss the rationale behind those changes.

* Suggest energy improvements to be implement in the project (development,
source, infrastructure). Implement them, if possible.

Technical
A

* Measure the energy consumption of potential hotspots. (use RAPL)

Output: 1-2 page report with all the rationale behind the study

e (Critical thinking is a requirement:
e No assumptions or preconceptions, think outside the script.
e |s it always possible to reduce energy consumption?

 What are the trade-offs of improving energy efficiency?

e What are the implications on UX or business metrics?
 Would automation tools help?

 \What is missing in the project to leverage energy efficiency?
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