We’re about to start..



A little journey back
in time ..



T,
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https://opentextbc.ca/plumbing3b/chapter/describe-water-services/
1. Watershed ',Q' i
O

AR

2. Dam orintake

3. Raw water main

7. Water main

| A—
4. Water treatment facility 5. Pump station 6. Water reservoir

8. Pump station

9. Water main

10. Water distribution main

11. Water main connects to plumbing inside your home GOTO | Sarah Hsu | 4



Beyond Uptime:
What the 'Metric' 1Is
Going On with Green

Software?

Sarah Hsu @ GOTO Copenhagen ¢25
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https://opentextbc.ca/plumbing3b/chapter/describe-water-services/
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How do we accurately
monitorfugls

environmental Timpact
of these intricate
software systems?




Sarah Hsu

Site Reliability Engineer

Green Software Course
Lead @ Green Software
Foundation

Co—-author of 0'Reilly
Book “Building Green
Software”

Linkedin: greenhsul23
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https://www.linkedin.com/in/greenhsu123/

Introduction

The Evolution of Metrics
Bringing in the Environment
Monitoring the Green
Dimension

Working with Imperfect Data
The Limits of Proxies

Green Observability

Where We Go From Here
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Is 1t working?
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https://grafana.com/blog/2023/10/10/how-to-embed-grafana-
dashboards-into-web-applications/
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https://www.devﬁantart.com/irenhorrors/art/Fouerorsewomenfofftheprocalypsef7877®8555L

en of Metrics

GOTO | Sarah Hsu | 13




https://www.blameless.com/the-comprehensive-guide-on-slis-slos-and-error-budgets

Error budgets enable teams
to innovate while maintaining
reliability.

For every SLO, there is an error

budget. SLO is equal to..... Error BUdgEt

99.9% 1%
As a team’s error budget becomes 30days 24Hours 60 Mins 43 Mins
- .001 X X X =
depleted, an error budget policy — Day — —

codifies how a team will respond.

Good events
SLI = X 100%
Valid events
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6 Q Search or jump to... cmd-+k + QO N &

= Home > Dashboards > Grafana SLO > 75% Mythical Correctness and Latency qtfy846t0w1kkbkh89mim vy o9 W Addy B @O & O Lastbhours v @Q O v A
job  All v namespace All v
2 Time Wind LO
75% Mythical Correctness and Latency SLO e e
(o)
Sl ©® Current SLI Value ©

100%

L e s e
90%
80%
70%
Burn Rate Alerts ®©
60%

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00 10:30 11:00 11:30

Error Budget Trend © Remaining Error Budget ©

100%

80%

60%

60.9x
20% https://grafana.com/products/cloud/slo/ GOTO | Sarah Hsu 15

No alerts matching filters S



The missing
piece?
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[‘49} Software

Foundation

o

From the 2023 State of Green Software report by Green Software Foundation

Find out more at stateof.greensoftware.org

Developers want to have
a positive impact

'W‘;




What 1s Green Software?
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Green Software =
Carbon-Efficient Software



Carbon

Efficiency
B =
Energy Hardware Carbon

Efficiency Efficiency Awareness
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gCO,e/kWh

How clean or dirty 1s electricity
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How do we
accurately [ullghhdelg the
environmental Tmpact

of these intricate
software systems?



carbon = CO,e

How do we

accurately the
eﬁﬂgﬂizzﬁﬁ%a% impact
of these 1intricate
software systems?



Why 1s 1t so hard?



https://www.klappir.com/articles/understanding-the-greenhouse-gas-protocol-scopes

SCOPES OF EMISSIONS

SCOPE1

DIRECT
EMISSIONS FROM
SOURCES (ON SITE)

CHy

SCOPE 2

INDIRECT
EMISSIONS FROM
ENERGY/ UTILITIES

N20 HFCs

PCFs NF;3

SCOPE 3

INDIRECT

EMISSIONS OF THE CHAIN
SUPPLY OR SERVICE
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Green
Q$ Software
Foundation
greensoftware foundation
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https://sci.greensoftware. foundation/

Carbon emitted per kWh Carbon emitted through

of energy, gCO2/kWh the hardware that the
’ software is running on

SCI = ((E‘* 1) + M) per =

= db Functional Unit; this is how
ah e e e software scales, for example

software in kWh per user or per device

GOTO | Sarah Hsu | 29



.. . Software Carbon Intensity
Carbon Dioxide Equivalent kWh

Energy Consumption kgCOZe
gCOZe/ kWh Embodied Carbon

Carbon Intensity of Electricity CPU 96

CPU Utilisation N etWO r k 96

Network Utilisation

Memory %
Memory Utilisation R a t _i O

Power Usage Effectiveness
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e Easy to track and understand
e Potential for real-time
e Boosts incentives

e Doesn't directly link to
carbon
e Can be misleading

GOTO | Sarah Hsu | 32



Pros:

e Direct link to carbon
e Relatively easy to understand
Energy e Potential for real-time

Consumption

Cons:

(I(VVF\) e Hard to measure precisely
e Doesn't account for carbon

intensity

GOTO | Sarah Hsu | 33



@ Provides essential carbon

context
Carbon e Enables carbon-aware design
IntenS'ity e Potential for real-time

(gCO,e/kWh)

e Availability 1s patchy
e Coarse granularity

GOTO | Sarah Hsu | 34



e Readily-available and

familiar
e Infers energy use trends
Resource e More granular and real-time

Utilisation

e Doesn't account for carbon

96) intensity
e Doesn’t capture idle energy
use

e Varies across hardware

GOTO | Sarah Hsu | 35




e Accounts for the full

lifecycle
. e Encourages hardware
EmbOd-Ied efficiency
Ca I bon e Incentivizes shared

infrastructure

(kgCO,e)

e Data i1s not readily-available
e Hard to measure per workload

GOTO | Sarah Hsu | 36



e Indicates data center
efficiency

e Helps assess overhead energy
Power Usage consumption

FEffectiveness e Useful for evaluating cloud
provider sustainability

(Ratio)

e Not software-specific

e No visibility or control for
most developers

e Methodology may vary between
data centers

GOTO | Sarah Hsu | 37



What, now? ™%

GOTO | Sarah Hsu | 38



Resource Carbon
Utilisation Intensity

More More
Practical Precise

GOTO | Sarah Hsu | 39



Comparing common carbon-monitoring proxies GOTO | Sarah Hsu | 48

Carbon

Proxy Metric Precision Practicality Real-Time Carbon Context Granularity

SCI ¥ High i A Medium ' A\ Depends 1% i A\ Depends !
Carbon V. High ' A\ Medium ! v | v i A Limited i
Intensity ] ] ] : :
Energy Usage ¥V Medium ¢ A\ Medium | A\ Depends A\ Varies

Resource Low i Vv High i 4 i i vV Yes
Utilization ] ] ! ! [
Cost Low i V. High i 1% i i vV VYes i
Low i A Low i i i Coarse |

Embodied ¥V High A Low i (%4 None

________________________________________________________________________________________________________________
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Comparing common tooling

Source

Infra—-Aware

Uses Carbon
Intensity

o)
b0
1 &
()
=
17]
(7]
()}
(7]
-

Cloud Carbon

Footprint

Scaphandre

Metrics

Green

WattTime /
ElectricityMap




AREYOU NOT ENT ‘{mmm?




What
can we do?

GOTO | Sarah Hsu | 43






< (6] 25 business2community.com/cloud-computing/overprovisioning-always-on-resources-lead-to-26-6-billion-in-public-cloud-waste-expected-in-2021-02381033

Business 2
Community

News v Research v Marketing v Reviews v Dictionary

Home > Cloud Computing > Overprovisioning & Always-On Resources Lead to $26.6 Billion in Public Cloud Waste Expected in 2021

Overprovisioning & Always-On Resources Lead to
$26.6 Billion in Public Cloud Waste Expected in
2021
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CPU and memory utilization

The average CPU utilization across clusters remained
low at 10% (-23% YoY), while average memory utilization
was marginally better at 23% (+15% YoY), indicating no
significant year-over-year improvement in resource
efficiency across cloud platforms compared to our
previous report from 2024.

Cloud provider

CPU utilization
{v‘.

€ used vs. provisioned)

sources

Memory u tior

(resources used vs. provisioned)
CPU overprovisioning

(resources requested vs. provisioned)
Memory overprovisioning

(resources requested vs. provisioned)

10%

AVERAGE CPU UTILIZATION

aws

10%

24%

39%

58%

12%

23%

39%

8%

21%

41%

@CASTAI

23%

AVERAGE MEMORY UTILIZATION

GOTO | Sarah Hsu | 46



5 static replicas

A really
SIMPLE
example SR

5 dynamic replicas

GOTO | Sarah Hsu | 47



CPU Utilization Over 24 Hours

CPU Utilization %

5 static
replicas

10 15
Time (24 Hours)

Energy Consumption Over 24 Hours

Energy Consumption (kWh)

Time (24 Hours)
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5 dynamic

re

blicas

CPU Utilization %

CPU Utilization vs Replica Count Over 24 Hours

w
Replica Count

'
N

|
:

10 15
Time (24 Hours)

Energy Consumption vs Replica Count Over 24 Hours

10 15
Time (24 Hours)
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infog.com/news/2023/06/ebay-platform-upgrade-automation/

InfoQ Homepage > News > Automating Platform Upgrades At EBay

DEVOPS Microsoft Virtual Event (April 29-30): Unleash Al innovation with an API-first strategy.

Automating Platform Upgrades at eBay
v

g Aditya Kulkarni

Product Manager at Secure Privacy |
Senior Editor at InfoQ

Write for InfoQ
Feed your curiosity.
Help 550k+ global
senior developers

each month stay ahead.

Get in touch
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You Can’t Optimize What
You Can’t See —

But You Don’t Need to See
Everything to Start



5 Golden
Signals

o ! !CARBON!!




What does
it mean for SREs?



foq.com/articles/chaos-engineering-healthcare/ x4 & Incognito Finish update :

InfoQ Homepage > Articles > Applying Chaos Engineering In Healthcare: Getting Started With Sensitive Workloads

[ ARCHITECTURE & DESIGN l InfoQ Dev Summit Munich (Oct 15-16): Explore proven strategies for optimizing_your software dev approach.

Applying Chaos Engineering in Healthcare: Getting Started with Sensitive
Workloads

SEP 28, 2020 « 10 MIN READ

by

Carl Chesser -

reviewed by

& Charles Humble

Techie, podcaster, editor, author and
consultant

Write for InfoQ

Feed your curiosity.
Help 550k+ global
senior developers

each month stay ahead.

Getin touch
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w & Incognito Finish update :

os-engineering

InfoQ Homepage > Articles > Applying Chaos Engineering In Healthcare: Getting Started With Sensitive Workloads

[ ARCHITECTURE & DESIGN ] InfoQ Dev Summit Munich (Oct 15-16): Explore proven strategies for optimizing_your software dev approach.

Applying Chaos Engineering in Healthcare: Getting Started with Sensitive
Workloads

SEP 28, 2020 « 10 MIN READ

by

Carl Chesser -

reviewed by

3 Charles Humble

Techie, podcaster, editor, author and
consultant

Write for InfoQ
Feed your curiosity.
Help 550k+ global
senior developers

each month stay ahead.

Get in touch
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25 uptimeinstitute.com/about-ui/press-releases/2022-outage-analysis-finds-downtime-costs-and-consequences-worsening D & Incognito

f v @ ABOUT U BLOG SELECT YOUR LANGUAGE Q
upt'me Tier Certification Professional Services Education Events Network Intelligence Clients Resources
About Uptime Institute N
‘ SN
4/ Home / AboutUl / Press Releases

Uptime Institute’'s 2022 Outage Analysis Finds Downtime Costs and Consequences Worsening as Industry Efforts to Curb Outage Frequency Fall Short

Uptime Institute's 2022 Outage Analysis Finds
Downtime Costs and Consequences Worsening
as Industry Efforts to Curb Outage Frequency
Fall Short

4 GOTO | Sarah Hsy | 56



https://arize.com/blog/beyond-monitoring-the-rise-of-observability/

Monitoring

Observability

DTO | Sarah Hsu | 57



Should we add [4g:=Ely to
observability?



https://opentextbc.ca/plumbing3b/chapter/describe-water-services/

\, ! 7’
1. Watershed 'Q'
(&)

AR

I produce
lots of
carbon!

2. Dam orintake

3. Raw water main

7. Water main

e————]
6. Water reservoir

4. Water treatment facility 5. Pump station

8. Pump station

9. Water main

10. Water distribution main

11. Water main connects to plumbing inside your home
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So, what’s next?

Join us @Green Software Foundation
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8 —> 68

We represent the
global software industry
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Green Software for Practitioners (LFC131)

E.I THE LI N ux FOUNDAT'ON Learn the basic concepts a software practitioner needs

to know to build, maintain and run greener applications.

0. 0 8
; JAN O
Who Is It For What It Prepares What You Will Learn
i You For i _ _
This is an introductory course : § This course provides a frar_n_ework
designed for software practitioners. § This course will teach you how to apply § to e(_JIucate_: software practitioners
: green software principles to the design and : in topics related to green
development of your software applications. software.
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So, what’s next?

Join us @Green Software Foundation

and
Read Building Green Software
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https://www.oreilly.com/library/view/building-green-software/9781098150617/

Building
Green Software

A Sustainable Approach
to Software Development
and Operations

Anne Currie, Sarah Hsu
& Sara Bergman
Foreword by Adrian Cockcroft

OREILLY"

Construir
software verde

Un enfoque sostenible
para el desarrollo
y la operacién de software

Anne Currie, Sarah Hsu
y Sara Bergman

Preambulo de Adrian Cockcroft
Traduccién de José Alejandro Sanchez

&N
Marcombo

i

OREILLY" 0 Preview
S ATEQ0

Building Green Software

A Sustainable Approach
to Software Development
and Operations

st AT ES o] JHLnt
287

A2, M2t 4, ALt Hj2iet s / X w prll-?
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e Sustainability 1s a
software concern
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e Proxies aren’t perfect,
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e Imperfect data # inaction

GOTO | Sarah Hsu | 69



@ Green software isn’t ne
ork
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e SRE practices already

align with sustainability
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e Green belongs 1in
observability

GOTO | Sarah Hsu | 72
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One in a m1111on

Sti1ll makes bathtime better!




“We can do 1t’

(Yes, we can! Thank youl!)
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