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Research in
Engineering Smart and Sustainable Software: this is what we do...

velopment, address: ngenv ronmental su

ing the reasoning of stakeholders for all above matters.

Our philosophy is that research should be industrial-relevant and serve the final purpose 0

being applied in practice. To this end, we spec fic




Education:
CS Master — Track Software Engineering and Green IT

Software-intensive systems supparl mosl ir

expens h ergy nec
ta keep them on and available is becoming
and i= a major global problem that
all major nations aim at tackling
The time has come 1o build

energy-aware soflware

PROGRAMME

general s

while st

"IT SOLUTIONS ARE NOWADAYS
MOSTLY EASY TO MIND, BUT THE
GREEN ONES ARE HARD TO GET.
THINKING GREEN OPENS THE
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Software follow(ed) unsustainable practices
Software is disrupting (future) social and business contexts
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ENIAC Programmers Project (1946) Steve Jobs unveils the iPhone (2007)
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Hardware optimizations are negated by Potential 87% energy savings with cloud

software inefficiencies [cf. Wirth’ Law] migration of legacy software [Berkeley Labs]
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“Software is eating the world”. Marc Andreessen, 2011
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“Software is eating the world”. Marc Andreessen, 2011




What does “green software” mean?

Energy efficient

Energy aware

Sustainable

© Patricia Lago 2014




What does “green software” mean?

Myth: energy-efficient hardware will solve the issue




Practice

Description

Category

Environment

Implementation

Measures

Energy
Impact

Use efficient
queries

complex queries can be
performed to increase the
responsiveness of the application
at the expense of energy
efficiency. Can be useful to avoid
unnecessary "ORDER BY™ or to
use indexes.

Database

SEFLab

MySQL Server +
Wikipedia DB,
measure
response time
during query

Put application
to sleep

Apache

"

in order to save energy the
application can be put in sleep
mode. An event, a signal, or an
interrupt can resume the
application

SEFLab

Apache
WebServer

System level,
resource leve
incl. usage
ratio,
software
execution
measures
(response
time, number
of
request/query
served)

-25% <€
energy
consump
tion

-8.5% <
energy

consump
tion

[S2 Green Software Wiki,

[Procaccianti, Fernandez, Lago, Empirical evaluation of two best practices for energy-efficient software
development, Journal of Systems and Software, 117:185-198, 2016]

Energy-efficient software:
By implementation




Mobile Client
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Energy-efficient software:

By design

Mobile Client

Cyber-
Foraging
Enabled

Mabile App
T
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REUSABLE DESIGN PATTERNS AND
ARCHITECTURAL TACTICS




IT System Power model

- Software components, virtual instructions, architectural styles
Architecture

Software Source code metrics
Source Code White-Box

Instructions, operands, parameters = Software

Hardware vendor specs, power states, performance counters

Logical Resources usage ratio (CPU, RAM...)
Hardware _J " — Black-Box
Component design characteristics >
Physical Indirect Measurement (T, V, f...) Component model - Hardware

Direct Measurement

c
=)
=
=
E=]

@

2
a.

Process

_ Y
- Approximation Validation ..
Actual power consumption Power measure Power prediction

____ OO
. > . Power value
Legenda: Input / Output Process Abstraction level

Need 4 research:
Too many variables, too much “noise”




OPTIMIZED DATA MANAGEMENT
EFFICIENT DATABASE QUERIES +70% performance
-25% energy consumption ; —

WEBSITE CONTENT DELIVERY

SMART USE OF WEB RESOURCES -45% energy consumption
-8,5% energy consumption

Some numbers: true or false?

PATRICIA LAGO ©2016

FLEXIBLE COMPUTATION
OFFLOAD
-40% power consumption

SOFTWARE REFACTORING

-50% energy consumption

-20% power consumption




Resource scarce
environment

Mission impossible |l (2000), the motion picture

Smart home

Energy-aware (smart) software:
Cyber-foraging optimizes functionality by resource discovery
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SIGNED, SEALED... DELIVERED? > SustainAbility

Behind Certifications and Beyond Labels

Deconstructing the model

=
CERTIFICATION provides third-party

assurance of conformity against a standard

LABELS are on-pack marks or seals that
indicate conformance with the standard

What should a green label really do?

PATRICIA LAGO ©2016




SIGNED, SEALED... DELIVERED? > SustainAbility

Behind Certifications and Beyond Labels

What do these tools do?

;

J1VHLISNONW3d

CERTIFICATION

What should a green label mean for software?

PATRICIA LAGO ©2016




E.g., location, Network
user profile, connectivity,
schedule, data traffic,
battery proximity,
functionality, ...

Availability, privacy,
Qos, ...

Enterprise Cloud
(Data Center)

‘\

Low Bandwidth Synchronous High Bandwidth Synchronous Network
Network I/0 — Network 1/O Hop

Low Bandwidth Asynchronous High Bandwidth Asynchronous
I . k
Network I/O Network 1/O

G. Lewis & P. Lago, “Characterization of Cyber-Foraging Usage Contexts”, In Software Architecture, Springer LNCS (2015)

(Energy-aware) smart software:
Cyber-foraging optimizes functionality by resource discovery




Mobile Client Surrogate Enterprise

Cloud
Cyber-
Foraging Only when data
Enabled is not already
Mobile App available on the
E.g, AN surrogate
location Execute Data Operation Data Operation | .
user y

H Execute Data e e .
prOflle’ Pre-Fetch Dat_:a Operation(Pre-Fetch Hints) Data Staging 4 > Cloud Data
schedule Hints - Staging Manager & - pre-Fetch DatascliR - Repository

Client

Calculate Pre-Fetch Data Set(Pre-Fetch Hints)

Pre-Fetch
Algorithm

Retrieves data from
the cloud according
to algorithm and
stores it locally

>

File Read/
Runtime Repository i Write
Component (Synchronous)

File Read/Write

Boundary (Asynchronous)

G. Lewis & P. Lago, “Characterization of Cyber-Foraging Usage Contexts”, In Software Architecture, Springer LNCS (2015)

(Energy-aware) smart software:
Cyber-foraging software tactics make the cloud smarter




Projection of Datacenter Electricity Use

1600

1200 e Global Footprint (TWhr)

—_
s
o

—_
-

[ =g
o

800

8

400

©
o0

0 | T T | T
1995 2000 2005 2010 2015 202

o
o
o

=
Y

=
£
=
=
Eo,so% ==
3
g
2
2
=
U
[

If software gets smarter,
should we (still) invest in a greener cloud?
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@ Datacentsr Telecom

Overig

SOURCE: Trends ICT en Energie 2013-2030 (2016)




Nuclear Power
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Need 4 research (and better practice):
How to provide the right tools for informed decision making?

Source: Clicking Clean, Greenpeace, 2014
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IEBlog

MSDN Blogs IEBlog Browser Power Consumption—Lea

Browser Power Consumption—Leading the Industry with
Internet Explorer 9

Published Monday, March 28, 2011 8:10 PM

ding the Industry with Internet Explorer 9

Power consumption is an important consideration in building a modern browser and one objective of Internet Explorer 9 is to

responsibly lead the industry in power requirements. The more efficiently a browser uses power the longer the battery will last

Comparison study between IE9, Chrome, Firefox, Opera,
Safari

Guess who won?

What software product should we buy?
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News Site Total Power Consumption

Chrome 10 Firefox 4 Opera 11 Safari 5

What software product should we buy?
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News Site Total Power Consumption

Chrome

Opera

IE9 FireFox I Safari

Need 4 research (and better practice):
(Truthful) visualizations




SOCIAL

SCALABILITY
CONFIGURABILITY

HEATHCARE
SAVINGS

ENERGY WELL BEING

ENERGY SYAVINER
COSTS

Smart

Lighting J

ENABLING
IMPACT

Sustainable software:
Lasting, cost-effective, socio-technical savvy

PATRICIA LAGO ©2016 SOFTWARE SYSTAINABILITY ASSESSMENT METHOD © PATRICIA LAGO




DISCOVERY LEARNING MATURING
Top-down Bottom-up Iterative

Strategies —™— Refactoring
N

Practices & Imbacts
Metrics/KPls F:\

Value Objects
(Assets)

4 Sustainability-Dimensions map

Software
architecture
quality
assessment

—

Economic | Social
|eajuysa) | |e3diaug

as a Software Quality Property
|

_n
S=
'S

Surve
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Smart resource utilization
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IMAGE: ANONYMOUS

SOURCES: S2GROUP (2014) & ADS project BIG DATA 4 GREEN SOFTWARE (2015) SOURCES: LAGO, LEWIS, PROCACCIANTI (WICSA 2014, ECSA 2015)

Measure and visualize Informed design decision making




National Private sector
govemments

Partnerships &
collaborations

OUN

Mass sodal change
movements

O O

Municipal
govemments

Should be leading (mentions)

Socal
entrepreneurs

Financial
institutions O) O
Research &
academia

Leading Institutions | 39

In your opinion, who should lead the sustainable development
agenda over the next 20 years?

PATRICIA LAGO ©2016 The 2016 Sustainability Leaders © A GLOBESCAN SUSTAINABILITY SURVEY




Thank you

Credits: slides, ideas and results are a collective
effort with my bright and energetic colleagues in the
S2 Group @Vrije Universiteit Amsterdam
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What specific companies do you think are leaders in integrating
sustainability into their business strategy?
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