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Software is energy-inefficient

Energy-
unaware
software

Bloat.

Hardware optimizations are
negated by software
inefficiencies [cf. Wirth’ Law]




Software is energy-inefficient

[The energy efficiency potential of cloud-based software: A US case study.
Tech. rep., Berkeley, California, 2013]



A green label for software, too...
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[The energy efficiency potential of
cloud-based software: A US case
study. TR Berkeley, California, 2013]

Labels tell how much energy we
will consume with that product,
and influence our behaviour.

Energy-
unaware
software

Hardware optimizations are
negated by software
inefficiencies [cf. Wirth’ Law]
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[The energy efficiency potential of
cloud-based software: A US case
study. TR Berkeley, California, 2013]
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Labels tell how much energy we
will consume with that product,
and influence our behaviour.

easure - Scan

Energy-
unaware
software

Hardware optimizations are
negated by software
inefficiencies [cf. Wirth’ Law]




Knowledge: design, develop, reuse

« Software determines hardware behaviour

« We treat EE as a software quality attribute

1. Study the influence of software architectures on EE by means of architectural
tactics

2. Capture developers’ knowledge in SE guidelines (aka software practices)

3. Share best practices for reuse



Knowledge: design, develop, reuse:
Green Architectural Tactics for the Cloud

| 1 ! | [ |
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[Procaccianti et al., Green Architectural Tactics for the Cloud
|[EEE/IFIP WICSA, 2014]

[Procaccianti et al., A Systematic Literature Review on Energy Efficiency
in Cloud Software Architectures, Sustainable Computing: Informatics
and Systems, Elsevier, 2014]




Knowledge: design, develop, reuse:
EE of Software Engineering Practices

ID Practice Description Category | Environment | Implementation Energy Energy
Consumption | Impact
Measures
1 Use efficient | complex queries can be | Database | SEFLab MySQL Server+ | Systemlevel, | -25% <€T—
queries performed to increase the Wikipedia DB, resource level | energy
responsiveness of the application measure incl. usage consump
at the expense of energy response time ratio, tion
efficiency. Can be useful to avoid during query software
unnecessary "ORDER BY™ or to execution
use indexes. measures
(response
2 Put application in order to save energy the | Coding SEFLab Apache time, number | -85% e
to sleep application can be put in sleep WebServer of energy
mode. An event, a signal, or an request/query | consump
interrupt can  resume the served) tion
application.

[Gude & Lago, Best Practices for Energy-Efficient Software, wiki.cs.vu.nl/green software]

[Procaccianti et al., Empirical Evaluation of Best Practices for Energy-Efficient Software Development,
I[EEE Trans. Software Engineering, under submission, 2014]
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Knowledge: design, develop, reuse:

Share best practices
GreenlCT . VI - - U

- Search for Green Practi

Home | Green Practices

Green Practices

10 4+ practices per page Search: | software|

Name 4 category Role of IT Proposed By

Avoid software-induced replacement. Management Greening by IT Taken from literature
Deploy software that can manage other software applications. Design Greening of IT MJA

Eliminate the dependency between software applications and dedicated hardware Organization  Greening of IT MJA

Pu software applications that are equipped with energy management functionality and are Design Greening of IT MJA

also energy efficient at run time.

Purchase software applications that exactly fit the required functionality. Design Greening of IT MJA

Str re and classify current and future sofiware applications. Organization Greening of IT MJA

Use power management software. ICcT Greening by IT Taken from literature

Use software to manage the package flow. IcT Greening by IT Taken from literature

Use software to turn off PC automatically during the night. ICT Greening by IT Taken from literature
Showing 1 to 9 of 9 practices « Previol Ne:

http://greenpractice.few.vu.nl

[Gu and Lago, Estimating the economic value of reusable green ICT
practices, ICSR, Springer, 2013]

G ree n I C Tpractices VU kﬁ:‘:f:&%‘& mET

h for Green Practices. -

Home / Calculator
A web-based calculator for value business of green ICT practices
Before After

Expenses Quantity Cost Total Expenses Quantity Cost Total

| Maintenance (Investment) 50 50 €2500 | Server (Expense) 1 4000  €4.000 !

hin client (Expense) 50 400

| Server (Investment) 1

Electricity (Expense) 288

{Fat client (Investment) 50

Total Electricity Consumption (per month) 2.180 KWh

! Electricity (Expense) 160
Investment (one time cost) €35.590 .
Total y (per month) 448 KWh €224
Expenses (per month) €0
Investment (one time cost) €0
Expenses (per month) €25.874

One time savings Savings per month

Investment Electricity In KWh C02° emissions Monthly costs

Work in progress

ICT and Sustainability

Amsterdam

Data Science




Measure: model, estimate, monitor

IT System Power model
r : —
: Software components, virtual instructions, architectural styles
Architecture >
Sof — Source code metrics
oftware ..
Source Code —>| White-Box
Instructions, operands, parameters > = Software
Hardware vendor specs, power states, performance counters >
Logical Resources usage ratio (CPU, RAM...) Black-B
adCK-boX
Hardware Component design characteristics -
Physical Indirect Measurement (T, V, f...) | Component model Jp- Hardware

Direct Measurement - I
ol
S
21

Process |
; Approximation v Validation y .
Actual power consumption € == = = = = = = = Powermeasure | = = = = = = = = > Power prediction

. > ——m———— > - Power value
Legenda: Input / Output Process Abstraction level




Scan: uncover, identify energy hotspots

Energy hotspot: element or property, at any level of abstraction of the system
architecture, that has a (potential) measurable and significant impact on energy
consumption |Procaccianti et al |

Select
case Generalize
reusable green

strategies

. trated
reen notpots “Sraeges —
hotspots measurement strategies measurement
ot p ° Report on
green scan

[Lago & Procaccianti, Green Scan Methodology,
http://www.slideshare.net/patricia_lago/green-scanmethodology ]
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Statement #1:
SE researchers and practitioners need closer collaboration




Statement #2:
Sustainability in Software Engineering is necessary

Economic Social

<S— 7

Sustainable
Software

N

Technical .
Environmental

[Four Dimensional Sustainable E-services, by Razavian et al., Envirolnfo Conference 2014]



Statement #2:
ustainability in Software Engineering is necessary
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efvices, by Razavian et al., Enpdrolnfo Conference 2014]



Statement #3:
Energy efficient software needs more and better research

ONLY =17% OF THE POWER ENTERING
A DATA CENTER IS USED BY: THE PROCESSOR

ol
30 TO 90% OF THIS POWER IS WASTED
DUE TO INEFFICIENT SOF‘}WARE
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The GREENSWEEP Approach
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[Procaccianti G., Lago P, Vetrd A., Mendéz Fernandez, D., Wieringa, R. (under submission). The Green Lab: Experimentation in
Software Energy Efficiency. Submitted to the 37t International Conference on Software Engineering (ICSE 2015).]



Statement #4: sound education is needed

Why the Track Software
Engineering and Green IT?
* Provide current professionals

and future generations
with the appropriate skills and | 'g.vu.NL/COMPUTERsc.ENCE
competencies |
to engineer energy-aware
software and ICT systems
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The Green Lab © VU e

A master course for serious experimentation in software energy efficiency
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