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Context



Etude ADEME - Arcep
Données de 2020
- Digital technologies: 4.4% of global
carbon footprint in France ' 0D
- Datacenters: 2nd source of pollution Terminaux
among digital technologies
o As high as 46% of total digital services
footprint 2
- Usage of foreign datacenters:

o More carbon-intensive electricity grid =

worse carbon footprint Datacenters
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- Cloud resource usage:

- Datacenter rightsizing problem 3: o Generally considered <15% * on avg.
o Should be able to handle peak load o 10 to 30% of servers in US datacenters
(QoS requirements): over provisioning are idle”

o |dle hosts consume around 60% of

o Should minimize idle resources (energy
their peak power ©

efficiency): under utilization
- Datacenter solution: over committing o o st G st o 215
o Risk: QoS violations 1
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3[‘1] Michael Armbrust et al. “A View of Cloud Computing”. Commun. ACM (2010)

L’[‘M] Arunchandar Vasan et al. “Worth Their Watts? - An Empirical Study of Datacenter Servers”. HPCA "16. 2010

5[11] Arman Shehabi et al. United States Data Center Energy Usage Report. Tech. rep. 2016

6(8] Massoud Pedram. “Energy-Efficient Datacenters”. IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems (2012)



- Cloud service models: renting (a VM, a
container, ...) 4

- Serverless service model ’:
o Allocation unit; time instead of

Q On-premise servers

£ Serverful (charged by reservation)

. Serverless (no charge for idle)

25
resource is
o Fine granularity: user request st
o Responsibility: shifting from cloud user gg //// ¢ e !
to cloud provider Eg i / /
- Opportunity for service providers: / / ‘ J /

o Optimize the platform for QoS metrics
-+ With dynamic resource management

o Minimize energy consumption

-

Time

7[10] Johann Schleier-Smith et al. “What Serverless Computing is and Should Become: The next Phase of Cloud Computing”. Commun. ACM (2021)



Context — Problem statement

How to estimate the carbon fooprint for a
serverless platform?

Research Question 2

How to optimize the underlying
infrastructure for carbon footprint and
Quality of Service?



Context — Problem statement

How to estimate the carbon fooprint for a HOW o opiinize the underlylng.
infrastructure for carbon footprint and
serverless platform?

Quality of Service?



Background



- Idle resources impact global platform
cost 8
o Consolidating workloads decreases
dynamic energy consumption
o But servers are still powered on and
draw static power
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Background - Carbon footprint modeling

- Scoped footprint °: direct, indirect

- Life Cycle Analysis '°: evaluate impact thoughout the product’s lifecycle (production,
distribution, use, end-of-life)

- Metric: COzeq "

9[12] . The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard. revised ed. 2004

104] Mehmet Ali Ilgin and Surendra M. Gupta. “Environmentally conscious manufacturing and product recovery (ECMPRO): A review of the state of the art”. Journal of Environmental
Management (2010). ISSN: 0301-4797

"[13] OAR US EPA. Greenhouse Gas Equivalencies Calculator. https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator. Data and Tools. 2015 6



Contribution
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HeROcarmin — Contribution: Serverless carbon footprint
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1. Characterization: Workloads and —

execution platforms platforns
) characterization
2. HeROcarmin loop: 1 carbon mode

21 Optimization module - Generate an

infrastructure l
2.2 Simulation module - Run a scenario

through VariOUS Orchestration pOliCieS Infrastructure ]—» Simulation Evaluation

- Input data: Infrastructure description X terations
(node count w/ selection of hardware P 4\
platforms) i Lp

- Output data: QoS metrics and carbon v
fOOtprmt optimization
2.3 Optimization module - Evaluate §

infrastructre quality



Metaheuristic method: PAES ' (Pareto
Archived Evolution Strategy)
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1251 . Knowles and D. Corne. “The Pareto Archived Evolution Strategy: A New Baseline Algorithm for Pareto Multiobjective Optimisation”. 1999
Bjohann Dréo, "Optimum de Pareto’, 2006. https://commons.wikimedia.org/wiki/File:Front_pareto.svg
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- Mutations :
o Add a node (made of random platforms)
o Remove a (random) node
o Increase (random) resource type count on a (random) node
o Decrease (random) resource type count on a (random) node
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Carbon footprint (kgEqC0O2)
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Figure 1: 10-minute scenario

147] Tristan Nitot. Quels sont les rapports entre numérique et changement climatique ? 2022

- How does that compare? ™
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Average French person: 10 TEqCO2/year
Round-trip Paris - New York: 2 TEqCO2
Smartphone: 86 kgkqCO2

1 kg rice: 3.36 kgeqCO2

Wooden chair: 2 kgkqC02

4.6 km by car: 1 kgeqCO2
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Perspectives



- What has been done: ground work

o @ONB Carbon model implementation in simulation

o ONB Optimization loop using PAES

- What must be done:

o Compare outcomes across orchestration policies

o Configurable constraints to be enforced in solutions at runtime
- Carbon budget for the services provider
- Required average QoS level across user requests

o TODO Improve the carbon footprint model

- Network communications
- Storage footprint (over time)

13



- Geographic dimension:

o Pollution through high electricity use
(approx. 4% US electricity in 2023)

o Sometimes sourced from fossil fuels;
sometimes "clean”

o But datacenters are also backed by
diesel generators (outages)

o Chemical waste from hardware
manufacturing

53] Yuelin Han et al. The Unpaid Toll: Quantifying the Public Health Impact of Al. 2024

- Cost for society: not everyone pays the

same toll

o Health impacts in the US forecast to
approx. 20 bn USD/year by 2030 ®

o Heavily skewed towards low-income
populations due to datacenters
location (West Virginia, Ohio)

o Digital products contribute to reaching
planetary boundaries: metals, minerals,
water...

14



Thank you.
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