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IIpeaucnoBue

I[MTPEANCJIOBUE

[anHoe mocobue sBISETCA YaCTbi0 Y4e€OHO-METOANYECKOrO
obecrieueHust Kypca «HccnenoBanue u pa3paboTka
9HEprodGEeKTUBHBIX MOOWJIBHBIX W BCTPOEHHBIX cHcTeM» (Research
and Development for Green Mobile and Embedded Systems),
MOATOTOBJICHHOTO [JIsl acHupaHToB B paMkax npoekra TEMPUS-
GREENCO «Green Computing & Communications» (530270-
TEMPUS-1-2012-1-UK-TEMPUS-JPCR), u cnyXUT IOMOJTHEHUEM K
JIEKIMOHHOMY MaTepualy, u3jaoxeHHomy B [19, 20].

Kypc mocBfmeH H3y4eHHIO COBPEMEHHBIX IOIOXOJOB H
TEXHOJIOTUI MOCTPOCHUS 9HEeprodGEeKTUBHBIX  MOOMIIBHBIX
NPUIIOKEHUH M BCTPOCHHBIX MHUKPOIPOLIECCOPHBIX CHCTEM, a TAKXKE
METOZaM M CPEACTBAM aHaIN3a, OLEHHWBAHUS U SKCIIEPUMEHTAIBHOIO
WCCIICIOBAHUSI HHEPronoTpeOsieHHs] ammapaTHbIX W IPOrpaMMHBIX
CpPEACTB.

B mocoOum mnpuBomATcst omucaHue JabOpaTopHBIX padoT u
CEMHUHApOB, METOIMYECKHUE PEKOMEHIAIMM II0 CaMOCTOSITEIbHOMY
M3y4YEHHIO MaTepHuaja Kypca, B IPUIOKEHUH JaHa yuyeOHas mporpamma
Kypca. [IpakTrueckas yacTe Kypca BKIIIOYAET JJaOOpaTOpHbIE PabOTHl U
CEMHUHApCKUE 3aHATHUS, TIIOCBSIICHHBIE aHaIu3y, pa3paboTke U
MCCIIEIOBAHUIO:

— METOOUK U CPEACTB M3MEPEHHUsl IMOTPeOnseMOl MOIIHOCTH
U(POBHIX BEIYMCIUTENBHEBIX YCTPOHCTB (JabopaTopHas padora Nel);

— (aKTOpOB, OKAa3bIBAIOLINX BIMSHUE HA BEIMYMHY CTaTHYECKOTO
SHEPronoTpedsieHHsl MHUKpPOIPOLECCOPHBIX CcHCTeM (J1abopaTOpHBIE
paboTer Ne2);

— 3Hepro3PPeKTUBHOCTH MPOrpaMMHOTO obecrieueHust
MHUKPOIPOLECCOPHBIX CUCTEM U (PAKTOPOB, BIUSIOIIMX HA BEIUUUHY
JUHAMHUYECKOrO JHEPronoTpeOsIeHHs] MUKPOIPOLIECCOPHBIX CHCTEM
(;mabopatopHbie padboTel Ne3);

— METOJMK OLIEHKH YHEPrornoTpeOeH!s] MOOMIBHBIX MPHIIOKEHUI
(maboparopHas padora Ned).

Kaxmass w3 mabopaTopHbIX pa0OT BKIIOYAET: IIENb, YUEOHEBIE,
NPAaKTUYECKUE U HCCIEN0BATEIBCKUE 3a/lauM; MPOrpaMMy IOATOTOBKH;
KpaTKUil ~ TEOPETMYECKUH  MaTepuall; MporpamMmy  IPOBEICHHUS



IIpeaucnoBue

pa3pabOTOK W HCCIENOBAaHMIA; TPEOOBAHUS K COMACPKAHHIO OTYETY;
BapUAHTHI 3aJIaHUI; KOHTPOIBHBIC BOITPOCHL.

CeMuHapcKue 3aHSATHA  TNPOBOMATCS IO  NEPCIIEKTHBHBIM
HaIpaBJICHUSIM Pa3BUTHSA COBPEMEHHBIX BCTPOCHHBIX
MHKPOIPOIIECCOPHBIX ~ CUCTEM M MOOWJIBHBIX  HPHIIOKEHHI
1) sHEProa P HeKTHBHOCTH MOOMIIBHBIX MPUJIOKEHUN B PaMKaX CEpBHUC-
OPHMEHTHUPOBAHHOIN MOJIENN B3aUMOJCHCTBHS; 2) 9HEProd()(HeKTUBHOCTD
CXEM DJEKTPUYECKOr0 MHUTAaHHS U CTPYKTYPHOH OpraHU3alUH
OU(POBBIX  YCTPOMCTB;  3) MHCTPYMEHTBI ~ HCCIICNOBAaHHS U
MOJICITUPOBAHUS SHEPToNoTPeOICHUS U(PPOBBIX CHCTEM;
4) ynpasnenne 3Heprod)HeKTHBHOCTIO KOMITBIOTEPHBIX CUCTEM U JIp.
Onucanne  CEMHHAapCKUX — 3aHATHH  BKIIOYAeT  TeMy,  Ieib,
METOJMYECKUE YKAa3aHUs MO TIOITOTOBKE M ITPOBECHUIO.

[Tocobue mpenHa3HA4YeHO JUII MarucTpoB M aCHHPAaHTOB
YHUBEPCUTETOB, OOYYAIONMXCS MO HAIMPABICHUSM KOMITBIOTEPHBIX
HAayK, KOMIBIOTEPHOH W TPOrpaMMHOM HWHXCHEPHH NPH H3yYCHUH
MOMXOAOB K OIEHKE © O0ecredeHnto dHeprod(pQeKTuBHOCTH
BCTPOCHHBIX ~ MHKPOIPOIECCOPHBIX ~ CUCTEM M MOOWIJIBHBIX
NPWIOKEHHH, a TakKe MOXKET OBITh MOJIE3HBIM JUIS MperoJaBaTeleH,
BEIYIIMX 3aHATHUS IT0 COOTBETCTBYIOLINM KYpPCaM.

ABTOpBI BBIpaXaroT OJIArOJAPHOCTH pEIEH3eHTaM, KOJUIeraM Io
IPOEKTY, KadeapaM YHHBEPCHTETOB 3a IICHHYIO HH(OpMaIHIo,
METOJJMYECKYI0 TIOMOIIb M KOHCTPYKTHBHBIC MPEITOKEHHS, KOTOpPBIE
BBICKa3bIBAICH B IpoLecce OOCYXKICHHS NPAKTHYECKOH YacTh
JAHHOTO Kypca.
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O.M. Tapactok, O.B. Mazypenko, A.B. 'opoenxko. Jlocaimkenns
Ta po3poOka eHeproeeKTUBHMX MOOUIBHMX Ta BOYIOBaHUX
cucrem. Ilpaxktuxkym / Ilin pen. Xapuenka B.C. — MinicrepcTBo
OCBiTH Ta Hayku YKpaiau, HarioHanpHUI aepOKOCMIYHHN YHIBEPCUTET
iM. M.€. XKyxkoBcrkoro «XAl», 2016. — 80 c.
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Y mociOHWKY BUKIQAEHI MaTepiald TPaKTHYHOI YaCTUHU
HaBYAJIBHOTO Kypcy «JlocmiypkeHHs Ta po3poOka eHeproedeKTHBHHX
MOOLThHEX Ta BOymoBaHuX cuctem» (Research and Development for
Green Mobile and Embedded Systems), minroroBmeHoro s
acmipantiB B pamkax mnpoektry TEMPUS-GREENCO «Green
Computing & Communications» (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR).

Kypc mpucBsyeHnii BUBYEHHIO METO[IB OIlIHKA Ta MOOYIOBU
eHeproe() eKTUBHUX MOOLITBHUX IOATKIB Ta BOYJIOBaHHUX
MIKpOIIPOLIECOPHUX CHCTeM. [IpHBOAMTHCS HaBUAIbHA IPOrpamMa
KypCY, HAa€ThCS OMUC JTA0OPAaTOPHUX M MPAKTUYHHUX POOIT, METOIUYHI
pEeKOMeHTallii 111010 CaMOCTIHHOTO BUBYEHHS MaTepiaty Kypcy.

Kawnra npr3HaueHa 1 CTYIEHTIB 1 acllipaHTiB YHIBEPCHTETIB, 110
HABYAIOTHCS 32 HANPSAMKAMH KOMI'TOTEpPHHX HAyK, KOMITFOTEpHIH i
MporpamMHiil iH)KeHepii TpW BHBUYEHHI MIiIXOAiB 10 3abe3redeHHs
eHeproe()eKTUBHOCTI BOYIOBAaHUX MIKPOIPOIIECOPHUX CHCTEM Ta
MOOLTPHHX [IOJIATKIB, a TakoX OyJae KOpHCHa s BHKIAJadiB
BiJINIOBiTHUX HABYAJIIEHUX KYPCIB.

bi6n. — 20 HaliMeHyBaHb, pUCYHKIB — 15.
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Abstract and content

ABSTRACT AND CONTENT

UDC 004.052

Tarasyuk O., Mazurenko A., Gorbenko A. Research and
Development for Power Efficient Mobile and Embedded Systems /
Kharchenko V. (edit.). — Department of Education and Science of
Ukraine, National Aerospace University named after N. Zhukovsky
“KhAI”, 2016. — 80 p.
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Practical materials of study course the ‘“Research and
Development for Green Mobile and Embedded Systems” are
expounded in this training textbook prepared for PhD-students within
the framework of project TEMPUS-GREENCO «Green Computing &
Communications» (530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

The course focuses on the study of evaluation and development
techniques of energy-efficient mobile applications and embedded
microprocessor systems. Course curriculum, description of laboratory
works, practical trainings and methodical recommendations for self-
sufficient study are given.

The book is intended for university master and PhD students
learning computer sciences, computer and software engineering, and
studying techniques ensuring energy-efficiency of mobile and
embedded systems as well as for teachers lecturing respective courses.

Ref. — 19 items, figures — 28, tables — 6.
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[MTPMJIOKEHUE. YYEBHAS ITPOTPAMMA

TEACHING PROGRAM
TITLE OF THE MODULE Code
Research and Development for Green Mobile PhD3
and Embedded Systems
Teacher(s) Department

Coordinating: Computer Systems and Networks
Prof. Anatoliy Gorbenko

Others: Dr. Olga Tarasyuk

Study cycle Level of the module Type of the module
PhD B Full-time tuition
Form of delivery Duration Language(s)
Full-time tuition One semester English
Prerequisites
Prerequisites: Co-requisites (if necessary):
Computer Systems and System
Analysis; Microprocessor systems;
Embedded systems development
Credits of the Total student Contact hours | Individual work
module workload hours
4 108 36 72

Aim of the module (course unit): competences foreseen by the study
programme

The aim of module is to create a knowledge base for multidisciplinary research
on energy-efficient mobile applications and embedded microprocessor
systems. It includes overview of methods, and approaches to measure and
evaluate power consumption of embedded microprocessor systems and to
develop energy-efficient mobile applications.
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Learning outcomes of module
(course unit)

Teaching/learning
methods

Assessment
methods

At the end of course, the
successful student will be able
to:

1. Choose and implement in
practice different techniques of
energy saving for mobile
applications and embedded
computer systems.

Interactive lectures,
Learning in
laboratories,
Just-in-Time
Teaching

Module Evaluation
Questionnaire

Interactive lectures,

2. Understand different power | Learning in .

. . Module Evaluation
consumption measurement | laboratories, . .
techniques. Just-in-Time Questionnaire

Teaching
3. Estimate power-efficiency | Interactive lectures,
metrics and identify trade-offs | Learnin in .
of computing resource laboratO%ies, Modu.IC Eyaluatlon
distribution in hybrid mobile | Just-in-Time Questionnaire
systems. Teaching

4. Understand energy-saving

Interactive lectures,

techniques and optimize energy | Learning in .
consumption of  software | laboratories, Modu}e Eyaluatlon
. . o Questionnaire

applications for mobile | Just-in-Time
devices. Teaching
Time and tasks
Contact work hours for individual
work
e
<3| |E|%
Themes 2 =| 3 Zl8
.9 A RSEIR NS
~ 8| 2lc| 8|5 E|E Tasks
ElE S =|8|E|l 2|2
Zl2|E|lg|5|l8|2|2
AHEEEEEE
QO || & 3|2
==
1. Methods of energy saving for |6 4 10 |18 (1.5. Learning
mobile technologies standards on
1.1. Problems of energy saving power
for mobile devices consumption
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1.2. SW and HW adaptive power
management

1.3. ACPI standard for power and
configuration management

1.4. Methods of reducing the
power consumption of mobile
devices

measurement
and
management
1.6. Reading
research paper
on methods of
energy saving

for mobile

technologies
2. Development of intelligent 4 8 [18]2.5. Reading
energy monitoring subsystem research paper
devices on energy
2.1. Techniques of power measurement
consumption measurement and monitoring
2.2. HW and SW power techniques and
consumption measurement tools tools
2.3. Models of power
consumption
2.4. Power consumption
modelling tools for embedded
systems
3. Adaptive mobile technologies |4 8 [18]3.5. Reading
for hybrid systems research paper
3.1. Energy efficiency metrics on adaptive
3.2. Energy efficiency of data mobile
centers technologies
3.3. Cloud-providing energy for hybrid
efficient services for mobile systems
customers
3.4. Trade-off of energy-efficient
distribution of computing
resources in hybrid systems
4. Tools for support of energy |4 10 |18 [4.5. Reading

saving for mobile devices
4.1. Energy efficiency techniques
for mobile software

4.2. Power profiling tools for
mobile applications

4.3. Power-efficient re-
engineering of mobile
applications

research paper
on techniques
and tools for
energy saving
for mobile
applications
and embedded
devices
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4.4. Energy optimization tasks
for SW development for mobile

4.6.
Preparation of

platforms material for
seminars
according to
individual
tasks.

Total 18 2 16 36 |72

Assessment Weight | Deadlin Assessment criteria

strategy in % es

Lecture 10 7,14 85% — 100% Outstanding work,

activity, showing a full grasp of all the

including questions answered.

fulfilling 70% — 84% Perfect or near perfect

special  self- answers to a high proportion of the

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.
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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.

Learning
laboratories

in

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 organization
and presentation.

60% — 69% Students will show a
clear understanding of the issues
involved and the work should be well
written and well organized. 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 organization 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
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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.

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 60 8,16 The score corresponds to the
Evaluation percentage of correct answers to the
Quest test questions
Author Year Title No of Place of
of periodical | printing.
issue or volume | Printing house
or internet
link
Compulsory literature
B. C. 2014 3eneHas UT- Xapspkos: Harr.
Xap4yeHko u nmkeHepus. T.1 : A3POKOCM. YH-T
Ip. IIpunnumnsl, WM. H. E.
MOJICTIH, ’KykoBckoro
KOMITOHCHTBI "XAN"
B. C. 2014 3eneHas UT- Xapspkos: Harr.

Xap4yeHko u
Aap.

umkeHepus.  T.2:
Cucremsi,
UHIYCTPHSL,

a’pPOKOCM. YH-T
mm. H. E.
JKyKkoBckoro
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COLINYM "XAN"
Mahmoud S. | 2012 | Green Performance | Vol. 3 Journal of
S., Ahmad L. Indicators for Green
Energy Aware IT Engineering
Systems:  Survey
and Assessment
A.P. 1992 | Low-power CMOS | Vol. 27, No | IEEE Journal
Chandrakasa digital design 4 of Solid-State
n, S. Sheng, Circuits
R. W.
Brodersen
Emmzapos, 1986 | Dnekrpopammon3m M. Bomm.
A.C. epeHmns. YUeOHHUK TIK.
mir BY3oB 1o
CMELNaTbHOCTH
«PaguorexHuka
Bowers N. 2006 | Digitising  linear http://www.ele
measurement  for ctronicspecifier
greater accuracy .com/test-and-
measurement/d
igitising-linear-
measurement-
for-greater-
accuracy
Lide Zhang, | 2010 | Accurate  Online IEEE/ACM/IFI
B. Tiwana, R. Power Estimation P International
P. Dick, et al. and Automatic Conference on
Battery Behavior Hardware/Soft
Based Power ware Codesign
Model Generation and System
for Smartphones Synthesis
Nguyen D. 2003 | Minimization  of Int.
Dynamic and Static Symposium on
Power Through Low Power
Joint  Assignment Electronics and
of Threshold Design
Voltages and
Sizing
Optimization
Pedram M. 1996 | Tutorial and survey | Vol.1, No.l1 | ACM Trans. on
paper, power Design
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minimization in IC

Automation of

design: principles Electronic

and applications Systems
N.  Grover, | 2012 Reduction of | Vol.5 Int. Journal on
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