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Is It our problem?

*  TODO
*/

public void log(String s) {
System.out.println(s);

}




Is It our problem?
Around 4.6 billion people use the internet every day.

ICT: Information and Communication Technology


https://www.statista.com/statistics/617136/digital-population-worldwide/
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The internel’s YouTube habit has
the carbon lootprint of a small
cily

companies—and proposes a new way of measuring the sustainability of digital
interfaces.

Globally, the average web page
produces approximately
CO2 equivalent per pageview. For a
website with 10,000 monthly page

views, that's m CO2e per year.
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What can we do?

Being aware of energy-related coding practices
IN web world can help us make better choices

Bree et al.,, 2022, The energy cost of the visitor pattern



What can we do?

Energy patterns

Bree et al.,, 2022, The energy cost of the visitor pattern



It requires a multi-perspective view
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RQ1: Energy Patterns for the Web

22 Moblle Dark Ul Colors

Provide a dark Ul colour theme to save battery.

energy patterns
Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Open Only When Necessary

Open/start resources/services only when they are strictly necessary.

Push Over Poll

Use push notifications to receive updates from resources instead of actively querying resources (polling)

Power Awareness

Have a different behavior when device is connected/disconnected to a power station

Wifi Over Cellular

16 Delay or disable heavy data connections until the device is connected to a Wik network

https://tgrg.github.io/energy-patterns/#/
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20 Web Dark Ul Colors

Provide a dark Ul colour theme to save battery.

energy patterns
Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Open Only When Necessary

Open/start resources/services only when they are strictly necessary.

Push Over Poll

Use push notifications to receive updates from resources instead of actively querying resources (polling)

2 Power Awareness

Have a different behavior when device is connected/disconnected to a power station
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RQ2: Developers’ Perception on Patterns
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RQ2: Developers’ Perception on Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it
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RQ2: Developers’ Perception on Patterns
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RQ2: Developers’ Perception on Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it
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RQ2: Developers’ Perception on Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

2 Pattern (Anti)pattern
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RQ2: Developers’ Perception on Patterns
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RQ2: Developers’ Perception on Patterns

Other
Case study with 6 ramiliarity Concerns on Patterns in questions

web developers on patterns antipatterns source code
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Energy Patterns in Source code

if not hasattr(self, ' headers buffer'):
self. headers buffer = []
self. headers_buffer.append(("%s %d %s\r\n" %
(self.protocol_version, code, message)).encode(
'latin-1', 'strict'))

def send header(self, keyword, value):
"""Send a MIME header to the headers buffer."""
if self.request _version != 'HTTP/0.9':
if not hasattr(self, ' headers_buffer'):
self. headers_buffer = []
self. headers_buffer.append(
("%s: %s\r\n" % (keyword, value)).encode('latin-1°, 'strict’))

if keyword.lower() == 'connection’:
if value.lower() == 'close’:
self.close connection = True
elif value.lower() == 'keep-alive’:
self.close connection = False
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if not hasattr(self, ' _headers_buffer'):
self._headers_buffer = []
self. headers_buffer.append(("%s %d %s\r\n" %
(self.protocol_version, code, message)).encode(
'latin-1', ‘'strict'))

Energy Patterns in Source code

def send_header(self, keyword, value):
"""Send a MIME header to the headers buffer."""
if self.request_version != "HTTP/0.9':
if not hasattr(self, '_headers_buffer'):
self. headers_buffer = []
self. headers_buffer.append(
("%s: %s\r\n" % (keyword, value)).encode('latin-1’, ‘strict'))

if keyword.lower() == 'connection’:
if value.lower() == 'close':
self.close_connection = True
elif value.lower() == 'keep-alive':
self.close_connection = False

¥ 4 not applicable to code
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RQ3: Impact of Energy Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Open Only When Necessary

Open/start resources/services only when they are strictly necessary.

Do they
really impact”?
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RQ3: Impact of Energy Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Pattern
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RQ3: Impact of Energy Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Pattern (Anti)pattern
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RQ3: Impact of Energy Patterns

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it
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RQ3: Impact of Energy Patterns

Open Only When Necessary

Open/start resources/services only when they are strictly necessary.

-

load images as scroll

Pattern
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RQ3: Impact of Energy Patterns

Open Only When Necessary

Open/start resources/services only when they are strictly necessary.

B o—0) |® C—C

load images as scroll load all images

Pattern (Anti)pattern
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RQ3: Impact of Energy Patterns

Open Only When Necessary

Open/start resources/services only when

W =
~] o
&) -
] ]

oy
Q1
-

% 339.73

o8
(N
&)

Energy Consumption (J)

w

-

-
1

275 A '

267.04

Chrome antipattern Chrome pattern Safari antipattern

320.58

Safari pattern



Takeaways

¢ 83% developers are not familiar with energy patterns.
¢ Developers are concerned about many anti patterns.
¢ They could find 16 (anti) patterns in source code.

* Energy impact of energy patterns vary.

38
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* TODO
*/

public void log(String s) {
System.out.println(s);

}
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RQ1: Energy Patterns for the Web

Dark Ul Colors

Provide a dark Ul colour theme to save battery.

Dynamic Retry Delay

Whenever an attempt to access a resource has failed, increase the interval of time waited before asking it

Open Only When Necessary
Open/start resources/services only when they are strictly necessary.

Push Over Poll

Use push notifications to receive updates from resources instead of actively querying resources (polling)

Power Awareness
Have a different behavior when device is connected/disconnected to a power station
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My profile

“Sustainability means meeting our own needs without
compromising the ability of future generations to meet
their own needs.” (McGill University, 2013)

/ \
/ Economic |\

Sustainable Software

Energy Patterns in Source code

+ 9 patterns found in code

X 4 not applicable to code
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Replication Package

It requires a multi-perspective view

Are there energy patterns for
Web apps?

What is developers’
perception on patterns?

Do energy patterns
really impact?
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RQ3: Do Energy Patterns impact?
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More Curious”



RQ2: Developers’ Perception on Patterns

(1) Insights on energy (3) Concerns for energy (5) Resource investment
pattern awareness (anti) patterns for energy patterns

—>
1317
.Welcorr?e & (2) Introduction of (4) Inquire about (6) questiops_on
Instructions energy (anti) patterns patterns in source code demographic info
Case study with 3 web developers 3 developers from
from a energy-grid based company other companies
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RQ3: Impact of Energy Patterns

50 Iterations
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Measure energy User scenarios for Start Browser and Execute scenario Quit Browser
consumption energy(anti) patterns Demo websites on websites
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Compute results
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Computers

Terminals (production)

(use)

TVs
(production)
Data
centers
(use)
Smartphones
(production)

Others

Ne(tt\l/;gsle (production)

Distribution of the energy consumption of digital technologies

for production (45 %) and use (55 %) in 2017
[Source : Lean ICT, The Shift Project 2018]


https://theshiftproject.org/en/article/unsustainable-use-online-video/

Technologies disappear, software
updates, iIncreasing development costs
due to technical debt, high-performance
systems that need high power.

Saputri and Lee, 2021, Integrated framework for incorporating sustainability design in software engineering life-cycle: An empirical study



