™

GREENCO

GREEN COMPUTING & COMMUNICATIONS

Newcastle
+ University

METHODS OF MEASUREMENT USING

GREENCO CONTROLLER (GCC)

o The study of laboratory complex
“MCU-based GreenCo Controller"

¢ Energy research of Fast Fourier

Transform algorithm

JHEPITO3®®EKTUBHOCTD
AJITOPUTMOB U NPOrPAMM.

AHAJIU3 U ONTUMU3ALIMA
C UCNOJ/Ib3OBAHUEM

ENERGY EFFICIENCY RESEARCH OF GREENCO CONTROLLER

ALGORITHMS AND SOFTWARE USING 4 ‘

GCC

 Power consumption research of
different complexity algorithms

e Energy efficiency research for SW 3
developed using different languages ‘ m!m.,-\

PR - s
TpeHuHr-Kypc "
" {,-‘I-’,-r = X

’

///"//;/ ENERGY EFFICIENC 7 s

IV——

o

'OF ALGORITHMS AND PROGRAMS. '~ = "
/" ANALYSIS AND OPTIMIZATION %
' USING GREENCO CONTROLLER |

i

/ * Impact analysis of the optimization 1 V11
level for compiling programs on

ik I energy consumption
"W e Research of techniques to optimize

----- SW energy efficiency

4

A

A\ University of loannina
b L

I~
European Commission

" " TEMPUS

"



MuHuCTEPCTBO 00pa30BaHUs H HAYKH Y KPaHHbI
HauunonaabHbIi a9pOKOCMUYECKHI YHHBEPCUTET
um. H.E. Kykosckoro «XAN»

B.B. Ckasip, O.H. Onapymenxo, E.H. Byab6a, P.A. I'opéenko,
A.10. KpuBuos, A.O. UBacwk, B.C. Xapuyenko

IHepro3pPeKTUBHOCTH AJITOPUTMOB U IIPOrPaMM.
AHAJINM3 ¥ ONTHMH3ALUSA C UCIIO0JIb30BaHUEM
GreenCo Controller

TpeHuHr

Ilon penakumeii B.C. Xapuenko, B.B. Cxasipa, O.H. Onapymenko

Energy Efficiency of Algorithms and Programs.
Analysis and Optimization using GreenCo Controller

Training

IIpoekT
530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR
Green Computing & Communication

2016



VJIK 004.9+681.5
bbK 164.91031-5
C78

Buxnaneno marepiamu tpeninr-kypey LLL1 “Methods and Tools for Green Algorithms and
Software”, sikuit po3podnero B pamkax npoekry TEMPUS «Green Computing & Communication»
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

Kypc 6a3yeTbcst Ha METOIMYHHX Ta IHCTPYMEHTAIBHUX 3ac00aX, MPU3HAYEHHX JUIs OBOJIOIIHHS
MPAKTUYHUMH HABUYKAMHU PO3POOJICHHS eHeproe)eKTHBHOIO MPOrPAMHOI0 3a0€3MEYEHHsI, BUMIpPIO-
BaHHSI Ta ONTUMI3aLlii HePrOCIIOKNUBAHHS JUISl AJITOPUTMIB 1 IPOrpam, sIKi peasti3yroThest y BOyIOBAHUX
cucTeMax Ha MiKkpokoHTposnepax. Hagano onmc naGoparopHux poOiT i TpEHiHTIB, SKi BAKOHYIOTBCS 3
BHKOPUCTAHHSIM IIporpamMHo-anaparHoro komiuiekcy GreenCo Controller.

J1nst iHKeHepiB, SIKi 3aiiMatOThCs PO3POOICHHSIM Ta BIIPOBA/DKEHHSIM €HEProe(heKTUBHUX MIKPO-
TPOLIECOPHIX CHCTEM, a TAaKOK MaricTpiB i acripaHTiB YHIBEPCHTETIB, IKi HABYAIOTHCS 33 HANPAMAMU
KOMIT'FOTEPHHUX HayK, KOMIT FOTEpPHOI Ta MPOrpaMHOI iHKEHepil, Y BUBYCHHI METOIIB 1 3aC00IB 3eJ1e-
Hoi I T-imxeHepii.

Peuenzentnl: Moxop Buaagumup BaagumupoBuuy, aupexrop HMuctutyra
npobieM MonenupoBanusi B oHepreruke um. [LE. Ilyxosa
HanmonansHoit AkazeMun Hayk YKpauHbl, JIOKTOP TEXHHYECKHX
HayK, ipodeccop;

Levashenko Vitaly, Dr, Professor, Faculty of Management
Science and Informatics University of Zilina, Slovakia.

B.B. Ckasip, O.H. Onapymenxo, E.H. Byas6a, P.A. Topoenkxo, A.}O. Kpusnos, A.O. HBaciok,
B.C. Xapuenxo

OHepro3(peKTHBHOCTL ANTOPHTMOB M NPOrpamMM. AHAJIM3 M ONTHMH3a-
uus ¢ ucnoiabzoBanueM GreenCo Controller. Tpenunr. / ITox pen. Xapuenxo B.C.,
B.B. Cxmpa, O.H. Opmapymenko. — XappkoB: HarmonambHBIH a’poKocMuuecKuit
yauBepcuteT umenn H.E. Xyxosckoro «XAU». —2016.—-95 c.

ISBN 978-617-7361-09-0.

W3noxens! Marepuainsl TpeHuHr-Kypea LLL1 “Methods and Tools for Green Algorithms and
Software”, paspaborannoro B pamkax mpoekra TEMPUS “Green Computing & Communication”
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

Kypc ©Oasupyercs Ha METOOMYECKMX H HHCTPYMEHTAIBHBIX CPEICTBAX I OBJIAJCHHS
NPAKTHYECKUMH HABBIKAMU  Pa3pabOTKH  3HEProd((EeKTUBHOIO IPOrPaMMHOIO  OOCCIICUCHHMS,
M3MEpeHUs ¥ ONTUMU3ALUN YHEPTrONOTPeOIeHHs U aITOPUTMOB U IIPOrPAMM, KOTOPBIE PeaTu3yIoTCs
BO BCTPOCHHBIX CHCTEMaX C HCIIOI30BaHNEM MUKPOKOHTPOJUIEPOB. B mmocobun nprBesieHo onmcanue
7a00paToOpHBIX PAbOT M TPEHHWHIOB, KOTOPHIC BBINOIHSIOTCS C HCIOIB30BAHHEM IPOIPAMMHO-
armaparHoro komiuiexca GreenCo Controller.

JIns MHKEHEpOB, 3aHUMAIONMXCS Pa3padOTKOi 3HEprodGeKTHBHBIX MHKPOIPOLIECCOPHBIX
CHCTEM, MaruCTPOB U aCIIMPAHTOB YHUBEPCUTETOB, KOTOPBIE yUaTCsl 10 HAIPABJICHNSIM KOMIILIOTEPHBIX
HayK, KOMITBIOTEPHOI M MPOrpaMMHOM MHKEHEPUH, TIPU U3YyUEeHUH METOJIOB M Cpe/cTB 3eneHoi UT-
WHKeHepruH. bl — 56 HAaMMEHOBaHUH, PUCYHKOB — 23, Tl — 7.

VTBepkAeHO Ha 3aceilaHuK YueHoro coeta HarnoHaabHOTO adpOKOCMUUECKOTO YHHUBEPCUTETA
umenn H.E. XKykosckoro « XAy (npotokoi Ne 1 ot 2.09.2015).

VIK 004.9+681.5

bbK 164.91031-5

© B.B. Cxuisip, O.H. Onapymenko, E.H.
Bysnnba, P.A. Top6Gerko, A.YO. Kpusiios,
A.O. Usactok, B.C. Xapuenko

© HauuoHabHbIH a3pOKOCMHYECKHIT YHUBEPCUTET

ISBN 978-617-7361-09-0 nmerm HE. XKyxoscxoro «XAl», 2016



CIuCcoK CoKparieHun

CIIMCOK COKPAIIEHUH
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OI1O - sneprocbHeperarolee MporpaMMHoe odOecrieueHe
HIID - nuckpeTtHOe ipeobpazoBanne Oypobe

BII® - GeicTpoe mpeobpazoBanue Oypre

TIIY - neHTpanbHOE NPOLECCOPHOE YCTPONUCTBO

I1O — mporpammHOE obecieuecHme

OC — onepanuoHHasi cUCTEMa

MCU - Micro Controller Unit

HW - Hardware

ISP - In-System Programming

COM - Communication Port - serial port

RAM - Random Access Memory

MCU - Microcontroller Unit (MUKPOKOHTpOJLIED)

GUI - Graphical User Interface (rpaduyeckuii monb30BaTENbCKUN
uHTEephEicC).
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BBEJIEHHWE

MoruBanusa. Baxnoil cocTaBistonie 3enenoir WT-umxenepuu
SBIISIFOTCS. TEXHOJIOTHH CO3JIAHHS SHEProd((eKTHBHOIO IPOTPAMMHOTO
obecneuenuss  (I10), T.e. IIO, mnpH KOTOPOM MUHHUMH3ZHPYETCS
SHEPromnoTpeONeHNe BCTPOEHHBIX CHUCTEM, T[I€ OHO HCIIOJIb3YeTCs.
JlelicTBeHHOCTh METOZIOB M CPEICTB IOBBHIMICHUS 3HEProd(pPEeKTUBHOCTH
AITOPUTMOB M TIPOTPaMM, CHIDKEHHUS  JHEpPromoTpeOieHus Ui
BCTPOCHHBIX CHCTEM, SIBISIOTCS TEXHOJOTHH, 00ecIieuyrBaloIIie perieHne
TpeX B3aNMOCBS3aHHBIX 3a/1a4:

- W3MEpeHHe ¥ AaHaJW3 DHEProNOTPEONCHHUS BCTPOCHHBIMHU
peLIeHUsMH B 3aBHCUMOCTH OT BapHaHTOB PEalN3yeMbIX aJITOPUTMOB U
MPOTPAMMHBIX CPEIICTB;

- pa3paboTKa HpPOTrpaMMHOTO OOCCIIEYCHUS C y4eTOM TpeOOBaHUU K
9HEproxapakTepUCTHKaM CHCTeM, IpoTpaccupoBaHHbIX 1itst [10;

- onTuMHu3auus dHeproxapaktepuctuk 10 s CylecTBYIOIMX U
MOJECPHU3UPYEMBIX CHCTEM.

[Ipu >TOM Ba)KHO OBJIANETH CPEACTBAMH, CIIOCOOHBIMU M3MEPSTH TOU
YacTH 3HEPronoTpebieHUs, KOTOpoe 3aBUCUT OT mpukiaaaHoro I10, a
3areM  yOemuTbcs B €ro  BO3MOXKHOM  YMEHBIICHHH  IIOCIE
SHEPrOONTUMH3ALNH U, €CTECTBCHHO, HAYIUTHCS BHITIOIHUTH €€.

Heap u cTpyKTypa TpeHHHT-Kypca. B 1ocoOum H3JI0KeHBI
Martepuansl TpeHmHT-Kypca LLL1 "Methods and Tools for Green
Algorithms and Software", pa3paboTaHHOTO [UII MaruCTPaHTOB,
aCIMpPaHTOB U MHXEHepoB B paMkax mnpoekta TEMPUS «Green
Computing &  Communication»  (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR).

B OCHOBY [PaKTUKyMa I10JIOKEHO HU3Y4YCHUE TEXHUK
9KCIIEPUMEHTAIEHOT0  H3MEPEHUsl  XapaKTepHCTHK, pa3paboTKu |
ONTUMH3AIMN TaK HAa3bIBAEMBIX "3CJICHBIX " aNTOPUTMOB WM TPOTPaMM,
IIENIBI0 KOTOPBIX SIBAsiETCS co3panue 3HeproaddexruBHoro [10. TpeHuHr-
KypC COAEPKHUT TPU MOAYJS, KOTOPHIM COOTBETCTBYIOT Pa3leibl JaHHOTO
NoCco0OHs, BKITIOYAIOIIET0 Habop 1abopaTOpHBIX pabOT-MPaKTHKYMOB.

B mepBrIit pazmen BKITIOUEHBI Ja00paToOpHBIE PaOOTHI, TOCBSIICHHEIC
U3y4YCHUIO TPOTPaMMHO-AMIAPATHBIX KOMIIOHEHT y4eOHO-1abopaTOpHOTO
uccnenoparensckoro kommwiekca "GreenCo Controller" u wMetonoB
MPOBEIICHHST HCCIICAOBAHUHN MMapaMeTPOB SHEPrONOTPEOICHUS alrOPUTMOB
Y TIPOTPaMM C €0 MIOMOIIBIO.

Btopoit  pasmen  MOCBSILIEH — MCCIEAOBAHMIO  XapaKTEPUCTHK
AITOPUTMOB  Pa3IMYHON CIOXKHOCTH W aHAIN3y DHEPromoTpeOIICHHs
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mporpaMM, KOTOpbIE pa3paboTaHbl HAa S3BIKAX IPOrPAMMUPOBAHHUS
Pa3IMIHOTO YPOBHS HA OCHOBE STHX aJITOPHTMOB.

Tperuit pazgmen oObenuHsAeT TaboOpaTOpHBIE PAaOOTHI, MOCBSIICHHEIC
aHamM3y BIWSHHUA YPOBHEW ONTHMU3AIMKA TPH KOMIWIAIMKA Ha
JHEPromnoTpeOIeHNE IPOTrPaMM U HCCIICTOBAHUIO TEXHUK ONMTHMHU3AIIHH.

ABTOpcKMii KoJuUIeKTHB. [locoOWe TONTrOTOBICHO TEXHUYESCKUM
nupektopom Hayuno-npoussoacteennoro npeanpustus (HIIIT) "Paaguit”,
npodeccopoM kadeapsl KOMIBIOTEPHBIX CUCTEM U ceTell HarponampHOro
aspokocmuyeckoro yamepcurera uM. H.E. Kyxosckoro "XAU" n.T.H.,
npogeccopom Ckisipom B.B. (pazmen 1), 3aBemyromuM 3ToH Kadeapsl
I.T.H., mpodeccopom XapueHko B.C. (BBemeHue, paszen 3), BeayLIUM
HayuHbiM cotpyaaukoMm HIIIT "Pamuit" x.T.H., momentom OpapylieHKO
O.H. (BBenenwe W pazmen 1), 3aMeCTHTENIEM TEXHHYECKOTO IHUPEKTOpa
HIIIT "Papuit" k.1.H. MBactokom A.O. (pa3men 1), cTapmiuM HHXEHEPOM-
nporpammuctoM HII "Pamuit" Byns6oit E.H. (pasmen 1), uHxkeHepom-
nporpammuictom HIIIT "Pamuii" T'opGenko P.A. (pasgen 1), accucTeHTOM
Kagenpsl KommbloTepHbBIX cucteM U cereit XAUW Kpusnossim A.1O.
(pazmensr 2 u 3). Pa3paboTka mporpamMmbl Kypca BBIMOJIHEHO BCEMHU
aBropamu. OOmiee pemaktupoBanue mpoeaeHo B. C. Xapuenko, B.B.
Cxuspom u O.H. OnapymeHko.

YueOHo-m1abopaTopHblil  HccienoBareibekuii  koMiuieke "GreenCo
Controller" u ero neiicTByrommii 00pas3ern CIPOSKTHPOBAH W H3TOTOBJICH
HBacrokom A.O., bynn6oii E.H., l'opbenko P.A., bapsunko A.Il.

BaarogapHocTH. ABTOpBI BBIpaXalOT OJIaroJapHOCTbh PElIEH3EHTaM,
KOJUIeTaM TI0 TIPOEKTY, COTPYAHHKaM Kadeap 3a LEHHYI0 WH()OPMAIHIO,
METOANYECKYI0 IOMOIIb M KOHCTPYKTHBHBIC NPEIIOKEHHS, KOTOpBIC
BBICKa3bIBAJIUCh B Tporecce o0cyxkneHusi TpeboBanuii k "GreenCo
Controller", mporpamMmsl Kypca, MaT€pHanoB MOCOOHsL.
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Buxmraneno marepianu tpeHinr-kypcy LLL1 "Methods and Tools
for Green Algorithms and Software", sixkuii po3pobieHo B pamkax
npoekty TEMPUS «Green Computing & Communication» (530270-
TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

Kypc 6a3yeTbcst Ha METOAMYHHUX Ta IHCTPYMEHTAJIbHUX 3aco0aXx,
MPU3HAYEHUX ISl OBOJIOAIHHS MPAKTUYHUMH HABUYKAMHU PO3POOIICHHS
€HEeproe()eKTUBHOTO TPOrPaMHOT0 3a0e3NEeYCHHs, BHUMIPIOBAHHS Ta
onTHUMIi3amii EHEeproCHoXUBaHHS I alTOPUTMIB 1 Tporpam, sKi
pealtizyloThCsl y BOYJIOBaHUX CUCTEMax Ha MiKpokoHTposiepax. Hamgano
omuc NabopaTopHUX poOIT 1 TPEHIHTiB, $KI BUKOHYIOTHCA 3
BUKOPDHUCTaHHSIM  NporpamHo-amapatHoro  kommiekcy  GreenCo
Controller.

Jis  imKeHepiB,  sAKi  3afiMarOThCS  PO3POOJICHHSM  Ta
BIIPOBA/DKCHHSM €HEProe()eKTUBHUX MIKPOIPOLECOPHUX CHUCTEM, a
TAKOX MAaricTpiB 1 acmipaHTiB YHIBEPCHUTETIB, SIKi HaBUAIOThCA 3a
HanpsiMaMd KOMITIOTEPHHX HayK, KOMI'FOTEPHOI Ta MpPOTrpaMHOi
1H)KeHepii, TPy BUBYEHH] METOIB 1 3ac00iB 3eneHoi I T-imxenepii.

Bi6n. — 56 HaiimenyBaHb, pUCYHKIB — 23, TaOIup — 7.
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Abstract and content

ABSTRACT AND CONTENT

UDCO004.9+681.5

Sklyar V., Odarushchenko O., Bulba Y., Gorbenko R., Krivtsov
A., Ivasiuk O., Kharchenko V. Energy Efficiency of Algorithms and
Programs. Analysis and Optimisation Using GreenCo Controller.
Training. / Ed. Kharchenko V., Sklyar V., Odarushchenko O. —
Kharkiv: National Aerospace University KhAI —2016. — 95p.

ISBN 978-617-7361-09-0

Practical materials of training course LLL1 "Energy Efficiency
of Algorithms and Programs" for under graduates, post graduate
students and engineers in frameworks of the project TEMPUS «Green
Computing & Communication» (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR) are described.

The training course is based on methodical and instrumental
tools to study techniques and to get skills of developing energy-
efficient algorithms and software, measuring energy related metrics,
power consumption optimization using different methods and means
for embedded systems. The trainings and labs to study green software
development and optimization using a special kit GreenCo Controller
are described.

The book is supposed to be used by engineers developing energy
efficient software and embedded systems, and MSc and PhD students
of universities that study computer science, computer and program
engineering when studying methods and tools of green IT. It could be
very useful for lecturers and professors who conduct classes on
corresponding courses.

Ref. — 56 items, figures — 23, tables — 7.
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NPUJIOKEHHUE. YYEBHAS ITIPOI'PAMMA
DESCRIPTION OF THE MODULE

TITLE OF THE MODULE Code
Energy Efficiency of Algorithms and Programs
Teacher(s) Department
Coordinating: Dr. Odarushchenko Oleg Comper  Systems
Others: DrS, Prof. Sklyar Vladimir, DrS, Prof. | and Networks
Kharchenko Vyacheslav, Bulba Yevhen, Gorbenko | Department of
Roman, Krivtsov Andrii, Dr Ivasiuk Oleksandr KhAI, RPC Radiy

Study cycle Level of the module Type of the module
Under graduates, Full-time tuition
A
Post graduate
Form of delivery Duration Language(s)
Full-time tuition One semester Russian

Prerequisites

Prerequisites:

Boolean algebra; statistics; discrete
mathematics; software developments;

Co-requisites (if necessary):

computer systems and system
analysis
Credits of the Total student Contact hours | Individual work
course workload hours
2.5 75 38 37
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Aim of the module (course unit):
competences foreseen by the study programme

Learning of software development methods with lower power consumption

Learning outcomes of module Teaching/learning Assessment
(course unit) methods methods

At the end of course, the

successful student will be able:

1. To perform measurements by |Interactive lectures, Module

use of GreenCo Controller. To|Learning in Evaluation

assess  energy  metrics  of|laboratories, Questionnaire

algorithms (similar Fast Fourier | Just-in-Time Teaching

Transform algorithms).

2. To research energy efficiency | Interactive lectures, Module

of algorithms and programs Learning in Evaluation
laboratories, Questionnaire
Just-in-Time Teaching

3. To perform an impact analysis | Interactive lectures, Module

of the optimization level for Learning in Evaluation

compiling programs on energy laboratories, Questionnaire

consumption.

4. To research and apply the
techniques of energy optimization
of programs

Just-in-Time Teaching
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Time and
Contact work hours .tas.k§ for
individual
work
A
Themes . v B %4
AREIEE R
m.ggfg“gg 'S | Tasks
eS| E|E|E|E18 ) 2
SIE|E|8|2|2EY 3
g
SIS|A|&|S|EEF E
1. The study of laboratory | 2 2 41 4
complex GreenCo
Controller
2. Energy research Fast 212 2 6| 5
Fourier Transform
algorithm
3. Energy research of 2 4 61| 5
algorithms of different
complexity
4. Analysis of energy 212 4 8| 8
consumption programs
developed using
programming languages
of different levels
5. Impact analysis of the 212 2 6| 6
optimization level when
compiling programs on
energy consumption
6. Research of't 212 4 8| 9
techniques to optimize
energy programs
Total: 121 8 18 38| 37
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Assessment | Weight | Deadl- Assessment criteria

strategy in % ines
Lecture 10 7,14 |85% — 100% Outstanding work,
activity, showing a full grasp of all the questions
including answered.
fulfilling 70% — 84% Perfect or near perfect
special answers to a high proportion of the
self-tasks

questions answered. There should be a
thorough understanding and
appreciation of the material.

60% — 69% A very good knowledge of
much of the important material,
possibly excellent in places, but with a
limited account of some significant
topics.

50% — 59% There should be a good
grasp of several important topics, but
with only a limited understanding or
ability in places. There may be
significant omissions.

45% — 49% Students will show some
relevant knowledge of some of the
issues involved, but with a good grasp
of only a minority of the material. Some
topics may be answered well, but others
will be either omitted or incorrect.

40% — 44% There should be some work
of some merit. There may be a few
topics answered partly or there may be
scattered or perfunctory knowledge
across a larger range.

20% — 39% There should be substantial
deficiencies, or no answers, across large
parts of the topics set, but with a little
relevant and correct material in places.
0% — 19% Very little or nothing that is
correct and relevant.

92




[Ipunoxenue. YuebHas nporpamma

Learning in
laboratories

30

7,14

85% — 100% An outstanding piece of
work, superbly organised and presented,
excellent achievement of the objectives,
evidence of original thought.

70% — 84% Students will show a
thorough understanding and
appreciation of the material, producing
work without significant error or
omission. Objectives achieved well.
Excellent organisation and presentation.
60% — 69% Students will show a clear
understanding of the issues involved
and the work should be well written and
well organised. Good work towards the
objectives.

The exercise should show evidence that
the student has thought about the topic
and has not simply reproduced standard
solutions or arguments.

50% — 59% The work should show
evidence that the student has a
reasonable understanding of the basic
material. There may be some signs of
weakness, but overall the grasp of the
topic should be sound. The presentation
and organisation should be reasonably
clear, and the objectives should at least
be

partially achieved.

45% — 49% Students will show some
appreciation of the issues involved. The
exercise will indicate a  basic
understanding of the topic, but will not
have gone beyond this, and there may
well be signs of confusion about more
complex material. There should be fair
work towards the laboratory work
objectives.
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40% — 44% There should be some work
towards the laboratory work objectives,
but significant issues are likely to be
neglected, and there will be little or no
appreciation of the complexity of the
problem.

20% — 39% The work may contain
some correct and relevant material, but
most issues are neglected or are covered
incorrectly. There should be some signs
of appreciation of the laboratory work
requirements.

0% — 19% Very little or nothing that is
correct and relevant and no real
appreciation of the laboratory work
requirements.

Module
Evaluation
Quest

60

8,16

The score corresponds to the percentage
of correct answers to the test questions
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