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What is software sustainabllity¢




) (Software) Perspectives on Sustainability

Dimensions of focus Order of impacts

Technical Economic REBOUND EFFECTS

(negate intfended impact)

Environmental Neleilo] DIRECT IMPACT ENABLING IMPACT

(fechnology)  (supported processes)

Sustainable software Software for sustainability
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69 Reflection point

WE CAN TALK ABOUT “SUSTAINABILITY” [F AND ONLY IF WE ADDRESS
BOTH THE DIMENSION(S) OF FOCUS
AND THE TIMESCALE




The case: Cloud-based Software
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9,000 terawatt hours (TWh)

- . ENERGY FORECAST 20.9% of projected
Implicit question: Widely cited forecasts suggest that the electricity demand
Performance total electricity demand of information and
. _ communications technology (ICT) will

EE = resource accelerate in the 2020s, and that data

efficiency centres will take a larger slice.
B Networks (wireless and wired)
W Production of ICT

Consumer devices (televisions,

Real ques’rlon. computers, mobile phones)

DegrowTh M Data centres
« E.g., dataremoval,

consolidation,
scaling down
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N. Jones, Nature 561, 163-166 (2018)

Borrowed from: Hans Hilgenkamp (Mission 10-X)




69 Software can help

(one exabyte = one billion gigabytes)
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Credits: from Mark Hoogendoorn, Inaugural Lecture, VU Amsterdam (9 Sep. 2022)

AI'S CARBON FOOTPRINT

The emissions associated with training the language-learning model
BERT depend on the time of year, and on the location of the data centre.
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Chart shows 10 of the
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) Do Al algorithms differ Does modifying the dataset impact the
in terms of energy energy efficiency of Al algorithms?
consumption?
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. # OF DATAPOINTS: UP TO 92% SAVING

Decision KNN Random AdaBoost Bagging

Agorithmy # FEATURES: UP TO 76% SAVING

UP TO A 99.49% ENERGY CONSUMPTION
DECREASES
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Edge- vs. Cloud-based software:

How much is the impact of Architectural Tactics on energy
consumption?

Experiment to discover {

Rebuild software Adopt use-case Use batch instead
cloud-native driven design of real-time data
processing

optimal architecture

Automatically Rodute
monitor efficiency Metering e
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96% TOTAL ENERGY CONSUMPTION
DECREASE

Vos, S. et al. (2022) Architectural Tactics to Optimize Software for Energy Efficiency in the Public Cloud. ICT4 VU %? AwsTEROA
Conference, IEEE.




69 The state of the Country: Dafa Center Industry

r DUTCH
DATA CENTER
sl ASSOCIATION

* The word “software” is
absent

» The focus is on making the
DC (the "“box"”) energy-
aware, not its content

* Responsibility is pushed to
customers, support is ) ;
imited 10 £-9., power- . sy V2022 TR
saving seftings : AW ;.
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Dutch Data Center Association, June 2022 A% AmsTERDAM




9 The promise of flexibility: Future Sustainable Digital Infrastructures
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69 The architecture-related challenges: Cloud Centralization

* Any reusaable architectural styles for cloud-
LEGEND: Energy based software?
aware

Software * Energy-awareness is here (and we are |ll
Data ; prepared)

raffic
t » Software architecture
is badly under-estimated

(ON PREMISE) (CLOUD)
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69 The architecture-related challenges: Flexible Geolocation
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The architecture-related challenges: ... adding full transparency and
extreme flexibility

Dynamic
Prioritization

Flexible

LEGEND: Disaggregated
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6, Reflection point

EXTREME FLEXIBILITY REUSABLE ARCHITECTING PRACTICES

Context can be simplified, but
Software-driven adaptation is still a challenge

We can (and must) create and adopt
Innovative know-hows




An open archive to share, collaborate, crowdsource

® ® ® @ catalog| Awesomeand Dark - X+

& > C & s2group.cs.vu.nl/AwesomeAndDarkTactics/catalog

All Tags
AWS
algorithms
architecture

cloud-principles

data-compr

data-processing

energy-footprint
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locality
measured

migration
An Archive of
Awesome and Dark Tactics

performance

rebuilding
scaling
services

strategies

Awesome and Dark Tactics Homepage Catalog Tag Selection  Contributions

Catalog

Category selection

Category: cloud-computing
« Type: Dark Tactics
« Description: The category cloud-computing contains identified Dark Tactics for the user scenario in which cloud
users migrate their digital assets (e.g., software applications, data management, computing resources) to a
centralized cloud provider. Such migration may entail, for instance, truly migrating existing on-premise software
to cloud hosting (e.g., for business customers), or the use of pay-per-use cloud-native applications (e.g., for
end users).

Category: edge-computing
« Type: Dark Tactics
« Description: The category cloud-computing contains identified Dark Tactics for the user scenario in which the
remote cloud is complemented by the use of resources at the edge of the network, i.e., edge computing. In this
paradigm, existing cloud users and new edge users choose to use resources closer to the end user to host their
digital assets. Reasons for doing so may be the need to decrease end-to-end latency, perform data pre-
processing, and address privacy concerns or difficulties in connecting to the remote cloud.

Category: gr 1
« Type: Awesome Tactics
« Description: This category contains software practices that have been assessed to have a green impact, i.e. a
positive impact on the energy-efficiency of the software. The assessment has been performed by means of an
empirical experiment.

Category: resource-adaptation
« Type: Awesome Tactics
« Description: The category resource adaptation involves changing software and hardware resources to increase

Toczé, K., Madon, M., Garcia, M., & Lago, P. (2022). The Dark Side of Cloud and Edge Computing: An Exploratory Study. Workshop on Computing within Limits.

Vos, S. et al. (2022) Architectural Tactics to Optimize Software for Energy Efficiency in the Public Cloud. ICT4S Conference, IEEE.

van den Hoed, R., et al. (2016). Greening the cloud (AUAS). https://www.nederlandict.nl/wp-content/uploads/2016/09/greeningthecloudweblr-2.pdf VU
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https://s2group.cs.vu.nl/AwesomeAndDarkTactics

Thank you

Credits: slides, ideas and results are a collective effort wi
bright and energetic colleagues in the S2 Group
@Vrije Universiteit Amsterdam s2group.cs.vu.nl
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