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AI for Fintech Research (AFR)
• Collaboration between ING and TU Delft.


• Artificial Intelligence, Data Analytics, and Software Analytics 
in the context of FinTech.


• Officially started in January 2020.


• 10 research tracks, 5 years.


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


• Twitter: @Ai4Fintech
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Software Sustainability
• Individual. Mental and physical well-being, education, 

freedom, self-respect, mobility, agency.


• Social. Social equity, justice, employment, democracy.


• Technical. Maintenance, innovation, obsolescence, data 
integrity. 

• Economic. Wealth creation, prosperity, profitability, capital 
investment, income. 

• Environmental. Ecosystems, raw resources, climate 
change, food production, water, pollution, waste.

(Becker, 2015)
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Green Software Engineering

• What is it?

E-waste

Energy consumption
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Outline
• Bio ✅


• Software Sustainability ✅


• What is Green Software? ✅


• Motivation for Green Software


• Assignment (teaser)


• How to measure Energy Efficiency


• Energy patterns


• Real Cases


• Programming languages


• Assignment
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Tech needs:

Battery and Internet

Maslow's 
Hierarchy of Needs

(adapted)
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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?
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Bitcoin example
• Annual energy consumption equivalent to Chile’s


• Problem with e-waste.

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

780K

52K hours

Alternatives?

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


Training Neural Networks
• Deep Learning in NLP.


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


• Researchers should prioritize developing 
efficient models and hardware.

(Strubell, 2019)
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Software Architectural 
Decisions

• 28,895 -> 144 relevant papers


• Domain-specific architectural decisions (such 
as mobile).


• Quality attributes (such as reliability or 
scalability). Security, reliability, usability, scalability, 
evolvability, safety.


• Uncertainty in decision-making, and group 
architectural decisions.
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Green Field

• There is no awareness of the energy consumption.


• There is little information about the energy consumption of 
our decisions and practices as software architects an 
developers.


• Little is known about our footprint as users and developers. 
E.g, watch a movie in streaming platforms.
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Greenpeace Report

•  IT 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.”


• 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.
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(Greenpeace, 2017)
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(Side note)
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Sources of Energy 
Consumption

• Execution


• Development


• Infrastructure
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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
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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.


• Measure the energy consumption of potential hotspots. 

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

• Critical thinking.

Technical  
⚠ 
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How to Measure Energy 
Consumption

1. Create a scenario. 


2. Execute and collect power data.


3. Implement energy improvement.


4. Execute and collect power data.


5. Analyse and compare results.
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Collect Power Data

• Electricity bill 🤑


• Execution time


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


• Power Monitors (Monsoon)
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Tail Energy Consumption
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• Measuring energy consumption is difficult!


• Solutions?


• Software Design Pattern 
General, reusable solution to a recurrent problem within a 
given context in software design. 

• Energy Pattern 
design pattern to improve energy efficiency.



Energy Patterns for Mobile

https://tqrg.github.io/energy-patterns/
25 @luismcruz | 2019
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Energy Patterns

• Dynamic Retry Delay


• Avoid Extraneous Graphics and Animations


• Push over Poll


• Inform Users Cover them in the website
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Methodolgy

Collect Changes With Potential Interest
/.*(energy|power|battery).*/

F-droid Curated Lists
App Collection

Manual Refinement of Subjects of 
Interest

Thematic Analysis

Catalog of Energy Patterns 22
patterns

1783 
apps

1563 
changes

431 
reusable 
changes

6028 
changes
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Energy Patterns are more Frequent
in Android Apps
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Example case: Nextcloud

FOSS

29



Example case: Nextcloud
• Users complain that sometimes they go on a trip and  

Nextcloud drains their battery. Users consider uninstalling the 
app when battery life is essential.


• File sync can be energy-greedy. Send large files to the server, long 3G/4G 
data connections. 

• It is mostly used for backup. No real-time collaboration is needed. 

• Energy requirements vary depending on context and user. Some 
days you really need all the battery you can get. 

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

Solutions?
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Example case: Nextcloud

• Trade-offs?
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Example case: K-9 mail
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Example case: K-9 mail
• Some users noticed that K-9 mail was spending more 

energy than usual.


• A user that was having issues with a personal mail server  
noticed that K-9 mail was one of the most energy-greedy 
apps. IMAP IDLE protocol for real-time notifications.


• When connection is not possible the app automatically 
retries later.


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

🙉
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Example case: Nextcloud

• Trade-offs?
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https://sites.google.com/view/energy-efficiency-languages

Which programming 
languages are most energy 

efficient?

(Pereira, 2017)
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https://sites.google.com/view/energy-efficiency-languages


https://benchmarksgame-team.pages.debian.net/
benchmarksgame/which-programs-are-fastest.html
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(Pereira, 2017)
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Green Open Field

• Integrate systems with energy consumption 
feedback. Inform users


• Energy-efficiency leverage at different levels. API, 
programming language, IDE, user, developer, etc. 


• Impact of different architectures. Controlling for 
implementation, 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
• Machine Learning Deployment at scale


• ML coding practices


• ML maintainability, technical debt


• ML lifecycle management


• ML documentation generation


• MH in SE

ML, AI, DS, Big Data 
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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.


• Measure the energy consumption of potential hotspots. (use RAPL)  
 
Output: 1–2 page report with all the rationale behind the study


• Critical thinking is a requirement:


• No assumptions or preconceptions, think outside the script.


• Is it always possible to reduce energy consumption?


• What are the trade-offs of improving energy efficiency?


• What are the implications on UX or business metrics?


• Would automation tools help?


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

Technical  
⚠  

42


