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WARMLY Suggested reading

https://v8.dev/blog/cost-of-javascript-2019
Other interesting presentations: https://www.youtube.com/user/estellevw/videos 

https://v8.dev/blog/cost-of-javascript-2019
https://www.youtube.com/user/estellevw/videos
https://v8.dev/blog/cost-of-javascript-2019
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Tranco list

https://tranco-list.eu  

https://tranco-list.eu/
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1. Check if you are able to apply the treatments to your subjects
> Are  you able to programmatically modify the index.html  of a web app?
> Are you able to run the ML algorithms in a larger pipeline?

2. Check if you can apply the treatments to your co-factors
> Are you able to throttle the network?
> Are you able to execute the subjects in both Chrome and Firefox?

3. Check if you can execute the experiment
> Are you able to programmatically switch between the WebGL and WebGPU versions 

of a web app?
> Are you able to execute a prefixed usage scenario in your apps?

4. Check if you can collect all the metrics of your experiment
> Are you able to properly collect the page load time of a web page?
> Do the energy measures you collected make sense?

Do the math!
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Technical priority tasks (for all)
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1. Core Web Vitals and energy 

2. Android Location APIs

3. Greener ML software - Desktop

4. Greener ML software - GPU

5. ML - anonymized

6. ML - synthesized

Team assignments
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0 – Core Web Vitals

In collaboration with

Do Core Web Vitals metrics correlate with energy 
consumption on mobile web apps?

Informa
l
RQ
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0 – Core Web Vitals

A previous study have found a negative correlation between 
Lighthouse performance scores and the energy requirements of 
mobile websites  

However, little is known about how CWVs correlate with energy 
consumption

This study aims to answer the following (informal) research questions:
● Is there a correlation between Core Web Vitals and mobile web app 

energy consumption?
● If so, what is the strength and direction of this correlation?
● How does each CWV impact energy consumption individually?

http://www.ivanomalavolta.com/files/papers/EASE_2020.pdf
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0 – Core Web Vitals
● Factors: 

○ Google Chrome – fixed factor
■ but depending on the complexity of your design, you might 

add others like Mozilla Firefox
○ device type (low-end VS high-end)
○ Available bandwidth

■ you can use throttle-proxy or the Charles proxy for this
● Measurement: study in details and try beforehand the JS library 

for collecting the metrics (
https://github.com/GoogleChrome/web-vitals) 
○ Collect all metrics (raw values) 

● Dataset: randomly sample (~50 websites?)
● Readings:

○ Core Web Vitals (CWVs)
■ Detailed guide on CWVs

Tranco list

https://www.npmjs.com/package/throttle-proxy
https://www.charlesproxy.com/documentation/proxying/throttling/
https://github.com/GoogleChrome/web-vitals
https://web.dev/vitals/#core-web-vitals
https://web.dev/learn-core-web-vitals/
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1 – Android Location APIs

In collaboration with

How can developers access Android location APIs 
more efficiently?

Informa
l
RQ

● Android guides to read in depth:
○ Build location-aware apps
○ Optimize location for battery 
○ Improving urban GPS accuracy for

 your apps
● You will need to implement a 

microbench app:
○ Single app with different 

configurations
○ Each configuration accessing 

user’s location with a different 
strategy

https://developer.android.com/training/location
https://developer.android.com/guide/topics/location/battery
https://android-developers.googleblog.com/2020/12/improving-urban-gps-accuracy-for-your.html
https://android-developers.googleblog.com/2020/12/improving-urban-gps-accuracy-for-your.html


Vrije Universiteit Amsterdam
10 Ivano Malavolta / S2 group

1 – Android Location APIs

In collaboration with

Methodology: replication of a 
controlled experiment on iOS

Paper: PDF

Dataset: 
https://github.com/themaplelab/i
osCoreLocationEnergy
 

https://abdulali.ca/papers/ICSME21.pdf
https://github.com/themaplelab/iosCoreLocationEnergy
https://github.com/themaplelab/iosCoreLocationEnergy


Vrije Universiteit Amsterdam
11 Ivano Malavolta / S2 group

2 – Greener ML software - Desktop

How to improve ML software from an energy point of 
view?

Informa
l
RQ

https://github.com/IntelPython/scikit-learn_bench 

https://github.com/IntelPython/scikit-learn_bench
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2 – Greener ML software - Desktop

https://github.com/IntelPython/scikit-learn_bench

https://github.com/IntelPython/scikit-learn_bench 

https://github.com/IntelPython/scikit-learn_bench
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2 – Greener ML software - Desktop

Main steps before running the experiment:
1) Be able to execute all ML algorithms across all ML frameworks (with timestamps!)

○ Tool: https://github.com/powerapi-ng/pyJoules 
2) Define the plan of interventions

- aka the settings/configurations that you want to compare
- see here for some examples on scikit-learn (but there are more – get creative!)

NOTE:  this experiment can be run on either:
- a board (--> IoT flavour to your research) or 

- one of our servers in the Cloud (--> datacenter flavour to your research),  it is up to 
you to 

choose which flavour you want to give to your project

Relevant reading:
- Video: https://www.dropbox.com/s/ak4bl3f9mf0h65q/video1065367371.mp4?dl=0 
- Paper: https://stefanos1316.github.io/my_curriculum_vitae/GKSSZ22.pdf 

https://github.com/powerapi-ng/pyJoules
https://github.com/IntelPython/scikit-learn_bench/tree/master/sklearn_bench
https://www.dropbox.com/s/ak4bl3f9mf0h65q/video1065367371.mp4?dl=0
https://stefanos1316.github.io/my_curriculum_vitae/GKSSZ22.pdf
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3 – Greener ML software - GPU

Same as the previous track, but the ML algorithms will run on a 
GPU, instead of a Desktop/laptop
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4 - ML training on anonymized datasets

● Use repository with datasets https://archive.ics.uci.edu/ml/datasets.php (beta site 
https://archive-beta.ics.uci.edu)

● Datasets features:
○ Multivariate
○ Default task – what the dataset was originally used for

■ Classification, Regression
○ Attribute types

■ Categorical, Numerical, Mixed
○ What is the impact of the number of attributes?

■ < 10, 10 to 100, > 100
● Machine learning algorithms:

○ Random forest
○ kNN

What is the impact of k-anonymizing datasets on 
the energy efficiency (and accuracy) of ML 

algorithms? 

In collaboration with
Ana Oprescu, Zoltan Mann

https://archive.ics.uci.edu/ml/datasets.php
https://archive-beta.ics.uci.edu/
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5 - ML training on k-anonymized datasets

● Technology
○ ARX to create k-anonymised versions of the 

datasets
○ Code using generalisation and suppression: 

https://github.com/PepijndeReus/ThesisAI/tr
ee/main/Anonymisation
 

https://ieeexplore.ieee.org/abstract/document/9830083

● K-anonymization
○ Microaggregation 

better energy efficiency
○ Generalisation and 

suppression better ML 
accuracy, as long as 
hierarchy is well 
constructed

https://github.com/PepijndeReus/ThesisAI/tree/main/Anonymisation
https://github.com/PepijndeReus/ThesisAI/tree/main/Anonymisation
https://ieeexplore.ieee.org/abstract/document/9830083
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5 - ML training on synthesized datasets

What is the impact of data synthesis techniques on 
the energy efficiency (and accuracy) of ML 

algorithms? 
● Use repository with datasets https://archive.ics.uci.edu/ml/datasets.php (beta site 

https://archive-beta.ics.uci.edu)
● Datasets features:

○ Multivariate
○ Default task – what the dataset was originally used for

■ Classification, Regression
○ Attribute types

■ Categorical, Numerical, Mixed
○ What is the impact of the number of attributes?

■ < 10, 10 to 100, > 100
● Machine learning algorithms:

○ Random forest
○ kNN

https://archive.ics.uci.edu/ml/datasets.php
https://archive-beta.ics.uci.edu/
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5 - ML training on synthesized datasets

Energy consumption for ML training on the synthetic Adult data set [1]

● Technology
○ DataSynthesizer to synthesize the datasets 

https://github.com/PepijndeReus/ThesisAI/tree/main/Synth
etic_data
 

https://github.com/PepijndeReus/ThesisAI/tree/main/Synthetic_data
https://github.com/PepijndeReus/ThesisAI/tree/main/Synthetic_data
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6 – Messaging

What is the impact of receiving different types of 
messages in Instant Messaging apps on the 

energy consumption of Android devices?

2267 messages received per month (do the 
math)
https://mashable.com/2014/02/21/whatsapp-us
er-chart/?europe=true
 

In collaboration 
with
Roberto Verdecchia

https://mashable.com/2014/02/21/whatsapp-user-chart/?europe=true
https://mashable.com/2014/02/21/whatsapp-user-chart/?europe=true
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6 – Messaging

● Methodology: 
○ A replication of this study, but with the following differences:

■ focus on sending various types of messages (text, audio, video, etc.)
■ Target these apps (source):

● WhatsApp
● WeChat
● Facebook Messenger
● Telegram
● Signal

○ this is not used much, but it is open-source  it allows you to →
“open the hood” (also Telegram)

● Priority-1 task: check if you are able to programmatically send messages to all the 
targeted apps

● Interesting related work: https://eprint.iacr.org/2023/071.pdf 

http://www.ivanomalavolta.com/files/papers/MOBILESoft_2021.pdf
http://www.ivanomalavolta.com/files/papers/MOBILESoft_2021.pdf
https://www.statista.com/statistics/258749/most-popular-global-mobile-messenger-apps/
https://eprint.iacr.org/2023/071.pdf
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GO!
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