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WHAT IS SOFTWARE WITH A SUSTAINABILITY INTENT?
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Research and Education



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

THE SOFTWARE LAB




Education:
CS Master — Track Software Engineering and Green IT

MASTER'S TRACK IN

SOFTWARE ENGINEERING AND GREEN IT

2 YEARS:

ENROLL BEFORE APRIL 15T / JUNE 15T [NL
STUDENTS|

More inla about the Green-IT track in Lhe

“IT SOLUTIONS ARE NOWADAYS two years Master in Compuler Science can
MOSTLY EASY TO MIND, BUT THE be leund at. weesvu.nlfcompulerscience
GREEN ONES ARE HARD T0 GET. CQuestions aboul the research or courses:
THINKING GREEN OPENS THE Dr. Palricia Lage |Dumpul=r Science,
CREATIVE MIND!® T +31-10]20-5787745

E p.lage@vulnl
Sarah Laklit, student bkt
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“Software Is eating the world”. Marc Andrcissen, 2011
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“Software Is eating the world”. Marc Andreessen, 2011
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The software industry and unsustainability

Hardware requirements of Windows versions
100000

' owes  wes w000 XP Visa

Hardware optimizations are negated by
software inefficiencies [cf. Wirth’” Law]
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Potential 87% energy savings with cloud
migration of legacy software [Berkeley Labs]

Steve Jobs unveils the iPhone (2007)
Photo: Wikimedia Commons

% .h L
-] J I F«r! ” = ‘_'-‘n'l'.
A R 1) \ /;_.“’_ o # > .‘_;.-
\ .,.// X, # | i !

r

9.7 Billions connected things by 2020 [Gartner]
Image: EFHF, Wikimedia Commons
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Software intent:
“the fundamental laws that capture a software system’s intended
behavior”

[Huisman et al, Software that meets its intent, 2016]
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- h eobot may net injure & human being
of, throuogh inaction, allew & human
being to come to harm.

]

. h robot mugt obey the orders givenm it
by huoan beings except where such
orders would comfldiet with the First
Law.

[ES)

. & robot must protect its own existence
85 long as such protection does nmot
conflict with the Flest or Second Law,

[HE THREE LAVS OF ROGOTICS

Isaac Asdimov
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Software with a sustainability intent: intended
sustainability behavior”

- Technical Economic

-

al. “Framing Sustainability as a Software Quality Property”, ACN
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Software
_ Product

ENABLING
IMPACT

Software with a sustainability intent:
A multi-dimensional problem over time
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SCALABILITY

ENERGY
ENERGY SAVINGS

COSTS

ENABLING
IMPACT

Sustainable software:
Cost-effective, socio-technical savvy, energy-aware, reliable, ...
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WELL BEING

Smart
Lighting

SOCIAL

HEATHCARE
SAVINGS

SOFTWARE SYSTAINABILITY ASSESSMENT METHOD © PATRICIA LAGO
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Mission impossible 1l (2000), the motion picture

Smart home

Smart software:
from -aware to Socially-aware




Practice

Use efficient
quenes

Put application
o sleep

Apache

[S2 Green Software Wiki,

Description

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

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

Database

Environment

SEFLab

MySQL Server +
Wikipedia DB,
measure
response time
during quenry

Apache
WebServer

[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

Measures

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

energy
consump
tion

-8.5%
enerqy
consump
ton



https://wiki.cs.vu.nl/green_software/index.php/Main_Page
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i i : Cloud

Enabled
Mobile App
Virtual I
Resource
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Performance
itor
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Energy Model

Souree Su

Operating
System

monitor

Research need: a knowledge bank

Make software practices available
Mobile Client ' -- i

Surry

Offload R er Consumption Estimation
&

Foraging
Enabled Client
Mobile App

2 Get Surrogate

¥_ (Gptien

f \
Surrogate ... .al Surrogate Surrogate
Directory Ul Directory Metadata

Resource

SOURCES: LAGO, LEWIS, ME, PROCACCIANTI (WICSA 2014. ECSA 2015, ECSA 2016 )

Energy-efficient software:
By design



FLEXIBLE COMPUTATION
OFFLOAD
-40% power consumption

—
‘I

WEBSITE CONTENT DELIVERY
SMART USE OF WEB RESOURCES -45% energy consumption

-8,5% energy consumption - SOFTWARE REFACTORING
; -50% energy consumption
-20% power consumption

Some numbers: true or false?
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Power model

w Software

Logical

Physical

Research need: new empirical methods
Too many variables, too much “noise’, too little time, ...
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Research need:

A green label for software, too



SIGNED, SEALED... DELIVERED? B SustainAbility

Behind Certifications and Beyond Labels

What do these tools do?
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CERTIFICATION
LABELS

What should a green label mean for software?

www.sustainability.com
PATRICIA LAGO ©2016



-1 Smart Mobility
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Connected Driving

Smart software:
from Innovation to breakthrough



Mobile Client Surrogate Enterprise
Cuber Cloud
Foraging Only when not
Enabled Cache _already
Depending Mobile App available on the
4 ,-\ surrogate
on Execute Data Operation Data Operation ' s
1 Cache
location, 4 .
user | Execute Dat . -Dat-a Operatior
proﬁle Pre-Fetch Da".:a I(Jper'atic):(n(Ftr'e—Feieji Hints) Data Staging ‘ ) Cloud Data
’ Hints <P Staging M ¥+ = PreFetch Data Sef
schedule Client anager

Repository
ke - -

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

Pre-Fetch
Algorithm

Retrieves data from
the cloud according
to algorithm and

) Legend
stores it locally

[

e o>

Custom File Read/

Syst . . ) File Read/Writ
ystem Runtime Repository call Write fle Read/Write
Boundary

Component (Synchronous) (Asynchronous)

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

Smart software:
Cyber-foraging software tactics make the cloud smarter

THE'SOFTWARELAB



Research need: new software architecture methods :
Change in context, boundaries, intents, practices, ...  TEsOFwWarRe LA



GREEN SOFTWARE LABEL
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SOFTWARE REFACTORING
-50% energy consumption
-20% power consumption
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Smart
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NEW EMPIRICAL METHODS NEW ARCHITECTURE METHODS



Thank you 1
Credits: slides, ideas and results are a collective \ LY. /
p

effort with my bright and energetic colleagues in the
S2 Group @Vrije Universiteit Amsterdam
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http://www.s2group.cs.vu.nl
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