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Green Software
Engineering

What?

Green Software Engineering
focuses on developing
software that is energy-
efficient and minimizes
environmental impact.

It involves optimizing code,
reducing energy
consumption, and using
sustainable computing
resources.
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Green Software
Engineering

e Stable and flexible. Organization is focused on continuous improvement and
Optimizing is built to pivot and respond to opportunity and change. The organization’s
stability provides a platform for agility and innovation.

Quantitative|y Measured and controlled. Organization is data-driven with quantitative
Mana ge d performance improvement objectives that are predictable and align to
meet the needs of internal and external stakeholders.

: Proactive, rather than reactive. Organization-wide
Defined standards provide guidance across projects, programs
and portfolios.

Managed on the project level. Projects
Managed are planned, performed, measured,
and controlled.

Unpredictable and reactive,

Initial - YOU ARE HERE Work gets completed but is

often delayed and over budget.
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Data Centers and Their
Increasing Energy Appetite

Estimated electricity consumption of data centers”
compared to selected countries in 2022, in TWh
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A Breakdown of Energy Consumption by

Different Components of a Data Center

Data centers use more electricity
than entire countries

Domestic electricity consumption of selected
countries vs. data centers in 2020 in TWh
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E-Waste

%'%E WHAT IS

E'WASTE? What's in a typical mobile phone?

Total Annual Global

E-WASTE GENERATION

B Mt (Million Metric Tons)
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Sustainable

Software - Y

Greenhouse Effect

Sunliiht reflected by
the surface

Sunlight absorbed
at surface

Human activities release Greenhouse gases (GHGs)

that increase global warming

\ ( > (‘ -
‘ Methane (CH,) Nitrous oxide (N,0) %‘arbon dioxide (CO,) Fluorinated gases
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Everyone Has a Role Sustainability is the Key
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Mengapa
GSE

Penting?

Reduces carbon
footprint of IT
infrastructure

Promotes
sustainable
computing

practices

Enhances energy
efficiency in data
centers

Helps organizations
meet
environmental
regulations
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SUSTAINABLE CODING: BEST PRACTICES
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Steps to Optimize Cloud Usage

Use Reserved

Instances Monitor and Adjust

Committing to long- Regularly
term resource usage
for savings

Implement Cloud
Cost Management
Tools

Continuously
tracking and
tweaking resources

Right-Size Your

Using tools to
Resources

manage and reduce
costs Adjusting resource

sizes to fit needs
Leverage Auto-
Scaling

Automatically
adjusting resources

based on demand Analyze Usage

Patterns

Understanding
current resource
usage

Energy Consumption (Joule)

2048 (mobile application)
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Coding & Carbon Footprints

Power Hungry )“" N /
Data Center 7

Scalability &
Longevity
Optimized Reduction Synergy

Mobile Apps Transmission Energy
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Ecograder
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Tools for GSE

. JR: https://weather.com

Page Speed Google Page Speed Insight Score

HTTP Requests Lrann moAe >
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ools for GSE

Ecograder

RESULTS FOR: https://weather.com

4 Test Another Site

YOUR SCORE

25
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Plus d'informations

Carbonalyser

Mentions légales

[(') Lancer I'analyse] [U Redémarrer ]

- 60% Youtube
- 18% Netflix

- 12% Le Monde
- 3% Autres

~)

[Sélectionnez votre zone géopgrahique

Ce n'est pas obligatoire mais ¢a rendra le résultat pius pertinent

En 7 minutes de navigation vous avez fait transiter
103Mb de données. Cela a nécessité 0.244 kWh
d'électricité, soit 126gCO,.

Accessibility Best Practices| Pourquoi ma navigation génére des émissions de CO, ? [5
=rn =mn o (67T (7 0.244
0-49 56-89 e Kwh
103 126
T @ 12
. Les émissions de CO, liées a votre usage du numérique
est équivalente a :
Performanc
15 0.573
Smartphones chargés = Km en voiture
1.0s @ Firs
1.6s @ Fir [Commem changer cela ? Quelle responsabilité ? [4 ]
30s = May
\

Values are estimated and may vary.




Tools for
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Tools for GSE
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Data Center

Cloudflare
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interconnect

Retail Sites.
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Case Studies in Green Software

Google’s energy-efficient data centers
Microsoft’s carbon-negative initiatives
Sustainable software development at IBM
Green Al models reducing computation power



Industry Impact of Green Software

* |T industry’s role in reducing carbon emissions
* Green coding initiatives in major tech firms

* Policy and regulatory trends towards
sustainability

* Future of eco-friendly software development



CLOUD COMPUTING AND GREEN
CODING

Efficiency at Its Core
Reduced Carbon Footprint
Scale with Care

Less Waste



ROLE OF Al IN GREEN CODING

2

OPTIMIZATION PREDICTIVE AUTOMATED GREEN DYNAMIC
ALGORITHMS ANALYTICS TESTING RESOURCE
ALLOCATION

S

TAILORED LEARNING
RESOURCES




What Future Holds

Future Directions in Green Softwavre
Avchitecture

Regulatory o AT and ML
Pressure Oog

Green Software Design Strategies

High Sustainability
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costs. reducing e-waste. and transmission. ?Mpact. optimization.




Future Directions in Green Software
Avrchitecture

Regulatory o
Pressure q @ AL and ML
Metrics and ( VA l .
Standards

Edge
Computing

iy

Renewable
Energy



Green Coding

Algoritma dan Struktur Data Yang Efisien

Linear Search

def count_elements_linear(arr, element):
count=0 Hash Table Search
foriin range(len(arr)):

if arr[i] == element:
count +=1 count_table = {}

def count_elements_hash_table(arr, element):

return count foriin range(len(arr)):
if arr[i] in count_table:
count_table[arr]i]] +=1
else:
count_table[arr[i]] =1
if element in count_table:
return count_table[element]
else:
return O



Green Coding

Energy-Efficient Hardware

No-Memoization

def fibonacci_recursive(n):
if n<2:
return n

return fibonacci_recursive(n-1) +
fibonacci_recursive(n-2)

With Memoization

ef fibonacci_memoization(n, memo):
if nin memo:
return memo[n]
if n<2:
memol[n] =n
else:

memo[n] = fibonacci_memoization(n-1, memo)
+ fibonacci_memoization(n-2, memo)

return memo[n]

def fibonacci(n):
memo = {}

return fibonacci_memoization(n, memo)



Green Coding

Energy-Efficient Programming Language
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Source: David Cassel (2018)



Green Coding

Energy-Efficient Programming Language

Energy consumed Run-time
C 57) 2019 ms
Rust 59) 2103 ms
C++ i) 3155 ms
Ada 98J 3740 ms
[ Java 114) 3821 ms ]
Language Memory space needed
Pascal 66Mb
Go 69Mb
C 77TMb
Fortran 82Mb
[ [c++ 88Mb |

Source: David Cassel (2018)



Green Coding

Energy-Efficient Programming Language

Energy consumed Run-time
Imperative 125J) 5585ms
Object-Oriented 879J 32965ms
Functional 1367J 42740ms
[ Scripting 2320) 88322 ms ]

Source: David Cassel (2018)



