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Presentations are in order

v

e Dr. Giuseppe Procaccianti
e Postdoc, Software and Services
e (ontact me:

O g.procaccianti@vu.nl
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ICT is unsustainable

Total energy per view:

0.2 kWh

Total number of views:

2,307,082,001
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ICT is unsustainable

1000 e 5.0%
900 - + 4.5%
. ® Data centers
= m ! yooat®® ! "0%
r LCDs :
E 700 4 + 3.5%
T
§ 600 - L o ®CRD Personal
E - [~ computers
£ s00 - - L 2.5% ™ Laptops
§ e
5 a0 N [=ry] I t 2.0% = Desktops |
i 300 - l . . 1.5% Customer premises
- - A = Office networks | Communication
networks
100 - + 0.5%
Telecom oparator
0o +—m= BN — IR 1 0.0% networks
2007 2008 2009 2010 2011 2012

N
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ICT is unsustainable

v
1.E+16 |

2008+2009 laptops

1.E+15 -
1E+14 -
1.E+13 -
€012 "The energy efficiency of
1.E+11 -
1Ev10 hardware doubles every 1.5
1.E+09 -
1.E+08

years."

1.E+07

Computations per kWh

1406 (Koomey's law)

1.E+03 -

1.E+02 -

rosults:

N=80
1.E+01 - Adjusted R-squared = 0.983

" Comps/kWh = exp(0.4401939 x Year - 849,1617)
Average doubling time (1946 10 2009) = 1.57 years

1.E+00 T T T
1940 1950 1960 1970 1980 1990 2000 2010
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Software is unsustainable

v

"Software gets slower more rapidly than hardware gets faster."

100000

1000

100

10

10 The Green Lab

(Wirth's law)

Hardware requirements of Windows versions

~FProcossor (IMH2)

Memory (MB)
Havd dsk s20 (MB)

W waa W2000 xe L 7
VU



Software is unsustainable

v

1. Softwarelis a gas
Software always expands to fit whatever container it is stored In.

2. Software grows until it becomes limited by Moore's Law
The initial growth of software is rapid, like gas expanding, but is inevitably limited
by the rate of increase in hardware speed.

3. Software growth makes Moore's Law possible
People buy new hardware because the software requires it,

4. Software is only limited by human ambition and expectation
We'll always find new algorithms, new applications, and new users.

Nathan P. Myhrvold, Microsoft, ACM 1997
11 The Green Lab VU ;!Py



Software is unsustainable
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Best practices for Energy-efficient Software

v

e Many best-practices available in literature...
e ...without proper validation

e Poor documentation and context description

14 The Green Lab VU mﬁ



Green Software wiki

https://wiki.cs.vu.nl/green software

oege Sadusan VW SOUe Siery
Best practices for energy efficient software

Based on sources from Barature and the ndustry, In Energy efficient soBwave 3 set of best practices has beon devised

1. Lazy baang

2 ENcien! detaralic

3 Decreass sigorthens cormpinxty
& Powar Sown Dorphadale

5 Efcient Ul

6 Sate GU

7. Use e¥ioont quenes

8 Load talancng

0 Avout poling

10 AvOR! cae of Dyte-20de

11, Make pioper Use Of virtualzansn
12 Lower the clock Yequency

13 Use low level programeing

54 Use assemitly 1or Sequarily osaciec CO0 seguence)
15 Use AT Compilar

16 Use spociic: purpose Nardwaro
7. Put applcation 1o sloep

18 Code Nearaton (noents)
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Green Software Practices evaluation [1]

Practice 1: use efficient queries

250 ' &
: as
200 ! ' 40
3 ' ; £
§ g S
2 150 30
: 5
: B
O 100 S20
H Bis
4
50 @ 4
5
0 0
Before Practice Afer Pracice Before Practice After Practice
3% Power savings 25% Energy savings

[1] Procaccianti G., Fernandez H., Lago P. "Empirical Evaluation of Two Best-Practices for Energy-Efficient Sofiware Development".
Accepted for publication in Journal of System and Software, 2016. Pre-print available on: http://dare.ubvu.vu.nl/handle/1871/54184
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Green Software Practices evaluation [1]

Practice 2: put application to sleep

25
300 "
: ! ~20
; | s :
: g1
s E
z
‘E %10
100
& 8,

f=1
=

Belore Prachce Aler Pracice Before Practice Aler Practce

8.2% Power savings 8.4% Energy savings

[1] Procaccianti G., Fernandez H., Lago P. "Empirical Evaluation of Two Best-Practices for Energy-Efficient Sofiware Development".
Accepted for publication in Journal of System and Software, 2016. Pre-print available on: http://dare.ubvu.vu.nl/handle/1871/54184
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Design Tactics for Energy-efficient Software

v

e Energy Efficiency is a Software quality attribute

e Software must be designed for energy efficiency

e (eneral, reusable tactics are needed

18 The Green Lab VU mﬁ



Design Tactics for Energy-efficient Software [2]

Strategy Tactic
Metering
Energy Monitoring Modeling

Static Classification

Scaling Down

Self-Adaptation Consolidation
Workload Scheduling
Energy Brokerin
Cloud Federation &Y 8

Service Adaptation

[2] Procaccianti, Giuseppe, Patricia Lago, and Grace A. Lewis. "Green architectural tactics for the cloud.” Software Architecture (WICSA), 2014
IEEE/IFIP Conference on. IEEE, 2014.
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Design Tactics for Energy-efficient Software [2]

Self Adaptation tactic: - l
Consolidation ;‘c"”‘""“"‘"
(Implementation example) P trgme

|

+SLA Vicketior Crechers & J

* Prwer Jergumpton Evmeton
2
wSreipy Woden .
Power Calculxior

[2] Procaccianti, Giuseppe, Patricia Lago, and Grace A. Lewis. "Green architectural tactics for the cloud.” Software Architecture (WICSA), 2014
IEEE/IFIP Conference on. IEEE, 2014.
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The Green Lab

v

e Our research initiative on
Software Energy Efficiency
o Laboratory
O Master course
o Network platform

22 The Green Lab VU m"a



The Lab

v
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The Lab - support

RAAK-mkb Greening the Cloud

GREENING
THE CLOUD

/p greenhost R diesveld P sciuserc TRANSFER
7 eavidaly R PHILIS
b vrije w;::uun ucwwn '; e:b
amster,
Sl Greent geses <|- Suee Uiy
S3imende MY, s 8 5 mm)m g R[l\ ‘ ... A : _J —
) Hogeschool KLOOSTERS
Cloudirovider ReasonNet M;&"Mm 4 ISPConnect vmware ASSOCIATES
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The Green Lab course

v

MASTER'S TRACK IN

Program: CS/SEG master Y cosruren science
SOFTWARE
. : NIT
Aim: teaching students how to . e

perform experiments related to
software energy efficiency

25 The Green Lab



The Green Lab course

Industrial Context Academic Context

pr R T8 Empirical SE
o6 [ Experiments for EE

Corporate Campus
Sustainability Sustainability

Software Product Sustainability

SUStainabi"ty Awareness
(Software Footprint)

LSS B EE Research
151in, L= 2 2% for Education

N
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The Green Lab: case studies

v

Multi-tier business applications

ReM

e Evaluate the difference in performance and AUTOMATISERING
energy between different multi-tier
architectures
Energy Consumption per Treatment Execution Time per Treatment
2 ® . — B
& 38 T L
5 i | —
: 1 ;
1 == 3 —

T T T T ‘ i !

S.OFF 1.0FF S.ON T.ON S.OFF T.OFF S.ON TON

27 The Green Lab VU ms:’a



The Green Lab: case studies

v

Multi-tier business applications R => ]VI

Conclusions AUTOMATISERING

e Distributed configuration is more efficient
o higher CPU usage
O no increase in energy consumption
o (slight) performance improvements

e Actionable recommendations:
o Always turn on database sync
o Always separate tiers

28 The Green Lab VU x!S"a
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Conclusions: takeaway message #1

Energy consumption is software-defined.
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Conclusions: takeaway message #2

There 1s no one-size-fits-all.
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Conclusions: takeaway message #3

Measure, measure, measure.
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Thank youl!

<
o
-
4
|| £

g.procacclanti@vu.nl
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EXTRA SLIDES



Measuring the impact of software

Application Usage scenarios, user behavior

Architecture Software components, architectural metrics

Software -
Source code metrics

Instructions, operands, parameters

Hardware vendor specs, power states, performance counters
Resources usage ratio (CPU, RAM...)

Component design characteristics

Physical Indirect measurement (T, V, f...)

Direct measurement

Logical
Hardware -

Energy consumption

N
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Measuring the impact of software

White-box Black-box

Software internals are known Software internals are unknown
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Measuring the impact of software

Application Usage scenarios, user behavior

Architecture Software components, architectural metrics

Software

Source code metrics

Instructions, operands, parameters

Hardware vendor specs, power states....
Resources usage ratio (CPU, RAM...)
Component design characteristics

Physical Indirect measurement (T, V, f...)
Direct measurement

Logical
Hardware =

Energy consumption

N
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Measuring the impact of software

Tool Platform White vs. Black-box
Joulemeter Windows Black-box
Intel Energy Checker Windows/Linux White-box
PowerTOP Linux Black-box
ARO Mobile White-box
PowerTutor Mobile Black-box
Apple Activity Monitor Mac OS Black-box

38 The Green Lab VU mﬁ



