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IIpenucnosue

INPEJAUCJIOBHUE

Janroe mocoOne SBISAETCA YACTBIO y4eOHO-METOIUIECKOTO
obOecnieueHus: yueOHoro kypca MScl «OcuHoBbl 3eneHoit UT-
uwkeHepun. MogenupoBanue oOmavnbix cuctem» (Fundamentals of
Green IT Engineering and Modeling), moaroroBmeHHOro B paMKax
mpoekta ~ TEMPUS GREENCO «Green  Computing &
Communications» (530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR),
U CIy)HUT JOMOJHEHUEM K JICKIIMOHHOMY MaTepHaily, U3JI0KCHHOMY B
[1, 21].

Kypc mocBsmieH n3y4eHWIO OCHOBHBIX IOHSATHH W IPUHIMIIOB
senenoir UT-umxenepun, Gap-anammsy sHeprodddextusroctn UT-
CHCTEM, HCCIICIOBAHUIO METOJIOB MOJICIUPOBAHUSI M OIICHUBAHUS
3Hepro3(hHEeKTUBHOCTH u 0e30MMacHOCTH 00JIa9HbIX UT-
uHppacTpykryp. llpuBomurcs yweOHas mporpamMma Kypca, TaeTcs
KpaTkoe  HM3JI0KCHHE  TEOPETUYEeCKOT0  MaTepHana,  OIHCaHUE
71a00paTOPHBIX pabOT, a TaKkkKe METOMUYCCKHE PEKOMCHIAIMH II0
CaMOCTOSITEIEHOMY H3y4EHHUIO MaTepuaa.

[TpakTHyeckass 4acTh Kypca COIEpP)KUT CEMHHApPCKHE 3aHATHA H
nabopaTopHbie padoThl. CEMUHAPHI MTOCBSILICHBI:

— 00CY)KIEHHI0 OOIIMX TOJOKEHWH W MPUHOUIOB 3eneHoit UT-
WHXCHEPUH, OCOCOCHHOCTEH pealn3alii MPOIECCOB JKU3HEHHOTO
LMKJIa Opu co3ianuu 3eieHbix UT-cucrem;

— aHalM3y COBPEMEHHBIX BBI30OBOB W HANpPaBJICHUH pPa3BUTHSA
sHeprocOeperaromux W 3HepProdpQeKTUBHBIX  HWHPOPMAIOHHBIX
TEXHOJIOTHH,  METOJUK  OLUEHWBAaHUS W  DHEPrOONTHMH3AINN
CYIIECTBYIOIIUX CUCTEM M X KOMIIOHEHTOB;

— aHanM3y IyTeHd COBEPIICHCTBOBAHUS 3€JICHBIX TEXHOJOTHH
METOAaMH KpaTHOTo 3ddekra ynydieHus annapaTHbIX peIeHHH.

JlaGopatopHbie pabOTH MO3BOJIIOT HCCIENOBATH BO3MOKHOCTH
sHeprocOepekeHust Uil COBpeMeHHbIX o0nauHbix UT-uHbpacTpyKTyp
¢ ydeToM O€30MacHOCTH W MPOUPBOIUTEIBHOCTH. JlaGopaTopHbie
paboThl HaMpaBIICHBI HA:

— HCCIIEIOBAaHME  BO3MOXHOCTEH M OTpabOTKE  HAaBBIKOB
nposeneaus Gap-ananusa sHeprodddexkrusaocT UT-crucrem;



IIpenucnosue

— W3y4YCHHE BapHAHTOB MOCTPOEHHS OOJaYHON WHPPACTPYKTYpPHI
c ycayroii laaS wm BbeIOOpa KpuTepHeB WX OLECHHMBaHHA (KadecTBa
00CITy>KUBaHUS, JOCTYIHOCTH H S3HEPTOd(PHEKTUBHOCTH);

— UCCIIeNOBAaHWE MAapKOBCKUX MOJCICH 3JIEMEHTOB OOJaYHOMN
UHQPaACTPYKTYphl ¢ yciayroi laaS, mo3BoJSIOIINX OLIEHUTH KauecTBO
00CITy>KUBaHUs, JOCTYIHOCTh PECYPCOB U UX 3HEPronoTpedieHue;

— OBJIaJICHWE HaBBIKAMH  pa3pabOTKH  MOJenH  OOJadHOU
nHPPACTPYKTYpHl ¢ ycrmyrod laaS m mccriegoBaHme 3aBUCHMOTEH ee
PE3YIBTUPYIOIIUX noKazaresei (xauecTBa oOcmy>KuBaHus,
OOCTYHHOCTH PECYpcOB M JHEPromorpediieHHs) OT  BXOIHBIX
napameTpoB;

— H3y4YeHHE BO3MOXXKHOCTEH HCIIOJIL30BAHUSI MOJICTH OO0JA4HOM
UHPpacTPYKTYypHI ¢ ycayroi laaS ans ananmza u pacuera nmokasaTtesnei
SHEPrONOTPEOICHHUS;

— OLEHKY METPHK 3HEProdpQeKTUBHOCTH KIIMEHT-CEPBEPHBIX
00JTaYHBIX APXHUTEKTYp M aHAJM3 PalUOHAILHOCTH HCIOJIb30BAHUS
pecypcos;

— HCCIICIOBAHUE HEPrONOTPEOICHHS 3IIEMEHTOB OIHOPAHTOBOM
pacrpeescHHON 00J1auHOi CUCTEMBI.

Kaxnas w3 naGoparopHbIX pabOT BKJIIOYAET: LeEsb, y4eOHBIE,
MPaKTHYECKHE W WCCIIEA0BATEIBCKUE 3aJlaud; MPOrpaMMy MOATOTOBKH;
KpaTKMi  TEOPEeTHYECKMH  Marepuall; MNporpamMmy  I[IPOBEACHUS
UCCIICIOBaHUI;, TpeOOBaHHWS K COJEPXKAHUIO OTYETa; BapHAHTHI
3aJaHU{; KOHTPOJIbHBIE BOIIPOCHI U 334aHUSL.

IlocoOue NOArOTOBIEHO KOJUIEKTHBOM AaBTOPOB, YYaCTHHUKaMH
npoekta GreenCo — kxadenpamu HalmoHambsHOTO a’3pOKOCMUYECKOrO
yamBepcuteta uM H.E. Xykosckoro «XAW» (m.1.H., mpodeccop
Xapuenko B.C., npemucrnoBue, pazgensl 1,3,5); acucteHT SIHOBCKas
0O.B., x.T.H., moueHT SHOBckmit M.D. — pasmen 4), [lonbacckoro
texanyeckoro yaueepcurera (Kpusror A.1O., pasmen 1), Omgecckoro
HaIlMOHAJIBHOTO MOJIMTEXHUYECKOTO YHHBEpcUTeTa (A.T.H., mpodeccop
Hpo3n A.B., pazgen 2), IlonTaBCKOro HAIMOHAIHHOTO TEXHUYIECKOTO
yauBepcurera uM. HOpus Komapatioka (k.T.H., c.H.c. [loHOYOBHBIN
I0JL., nmoktopant XAW, pazmenst 1,3) u JIHempomeTpoBCcKOro
YHUBEPCUTET TaMOXXEHHOro Jena W (uHAHCOB (K.T.H., JOLEHT
Wanuenko O.B., mokropant XAMW, pazgen 3). PemakrupoBanue
nocoOusi U paszpaboTKa NporpaMMbl Kypca Ha OCHOBE MaTepHalIoB
aBTOpOB MoayJei 1-4 BeimonHeno Xapuenko B.C. (XAN).
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[locobme w y4eOHBIH Kypc IMpenHa3HAYEHBl IS CTYICHTOB
YHUBEPCUTETOB, O0YYaIOUIMXCSl 10 HAMpaBJICHUSIM KOMIBIOTEPHOH H
NpOrpaMMHON WH)KEHEPHH, KOMIBIOTEPHBIX HayK, a TaKkke JJis
CIIEIIMAINCTOB B oOyacTh pa3paboTku M sKcruryataimu UT-cucrem ¢
WCIIOJIb30BaHUEM OOJauHBIX M 3€JICHBIX TEXHOJOTHH, a TaKKe MOXKET
ObITh TOJE3HO JUIS TpernojaBaTeNeil, BeOyIIMX 3aHSATHA 110
COOTBETCTBYIOLIHM KypCaM.

ABTOpPBI BBIpaXaloT ONAaroJapHOCTh PEIEH3eHTaM, KOJUIeraM IIo
NpPOEKTy, KadenpaM YHHBEPCHUTETOB 3a LEHHYI HH(pOpMaIHIO,
METOJMYECKYI0 MOMOIIb M KOHCTPYKTHBHBIC TPEUIOKEHHS, KOTOPHIE
BBICKA3bIBAJINCH B Ipolecce OOCYXKICHHS TNPAKTHYECKOH YacTH
JTAHHOTO Kypca.



AHoOTAaIis Ta 3MiCT

AHOTAIIS

VJIK 004.052

OcHoBu 3ejieHoi IT-imkenepii. MopgeqoBaHHsT XMapHHX
cucreMm. IlpakTuxkym / Xapuenxo B.C., lpozn O.B., IlonouoBHmit
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Y  mociOHMKY BHKIaJeHi MaTepiadd MpakTHYHOI YacTHUHU
HaB4YambHOTO  Kypcy MScl  «OcnHoBu 3emeHoi  IT-imxeHepii.
MonentoBanust  xMapHux cucrem» (Fundamentals of Green IT
Engineering. Modelling of Cloud Systems), miaroroBneHoro B paMkax
npoekry  TEMPUS  GREENCO  «Green  Computing &
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Jlanuii Kypc TPHUCBSYCHUH ONMUCY OCHOBHMX IOHSTH 1 TPHHIIMIIIB
3eneHoi IT-imxkenepii, Gap-ananizy eneproedextuBHocti IT-cuctem,
JOCTIKEHHIO METOJIiB MO/IETIOBaHHS i OLIIHFOBaHHSI
eHeprodedekTUBHOCTI W  Oe3mekum xmapaux  [T-iH]pacTpykTyp.
[TpuBomUTECS HaBYajbHA TMpOrpaMa Kypcy, JAE€ThCs KOPOTKHH BHKIIA[
TEOPETHYHOT0 Marepiaya, OMUC ceMiHapiB, JabopaTopHHX poOiT, a
TaKOX METOAWYHI PEKOMEHJAIll I0J0 CaMOCTIHHOIO BHUBYCHHS
Marepiaiy.

[lpusHaueHo  [Is  CTYAEHTIB,  acmipaHTIB 1  BHUKJIAJAYiB
YHIBEpCHUTETIB, SIKi  CHELIaNi3ylOTBCS B  HANpSAMKY  3€JIeHUX
iHpOpMaIIHHUX TEXHOJIOTIH B KOMI'IOTEpHIHM Ta MporpamMHiil imxeHepii,
a TaKOXK IH)KEHEpIB 1 JOCTIIHUKIB y Taldy3l pPO3poOKH Ta aHaji3y
eHeproedexkTuBHUX i 0e3rmeunux IT-cucrem.

Bi6n. — 46 naiiMmenyBaHb, pucyHKiB — 41, Tabmuip — 16.
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Abstract and content

ABSTRACT
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Practical materials of a study course of MScl “Fundamentals of
Green IT Engineering. Modelling of Cloud Systems” are described. The
book has been prepared within the framework of project TEMPUS
GREENCO "Green Computing & Communications" (530270-
TEMPUS-1-2012-1-UK-TEMPUS-JPCR) project.

The course is devoted to analysis of the current state and
perspectives of green information technologies development and
implementation in computer systems and cloud-based IT-
infrastrucuturesthes. Main concepts and principles of creating and
analyzing green IT-systems are reserahced. Curriculum of the course,
brief theoretical materials, description of seminars, laboratory works
and methodical recommendations for self-sufficient study are given.

The book is intended for university students, postgraduate students
and lecturer specializing in the direction of green technologies in
computer and software engineering, and also designers and researchers
in area of design, development and operation of IT systems based on
green and secure cloud technologies.

Ref. — 46 items, figures — 41, tables 16.
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[punoxenue. YueOHas mporpamma

IMPUJIOKEHUE. YYEBHAS ITPOI'PAMMA
DESCRIPTION OF THE COURSE

TITLE OF THE COURSE Code
MScl. Fundamentals of Green IT Engineering
Teacher(s) Department

Coordinating: Prof. Kharchenko V. S.
Others: Prof. Drozd A.V., Dr. Ponochovnyj
Yu. L., Yanovska O.V., Dr. Yanovsky M.E.,

Computer Systems and
Networks, National
Aerospace University

Kryvtsov A. Yu., Dr. Ivanchenko O.V. KhAI
Study cycle Level of the module | Type of the module
Master A Full-time tuition
Form of delivery Duration Langage(s)
Full-time tuition One semester English
Prerequisites |
Prerequisites: Computer Systems and System | Co-requisites
Analysis;  Advanced  Processor and  Cloud | (if necessary):
Architectures, Probability Theory and Markov’s | no
Analysis. Skills in Computer Software for Modeling.
Credits of the | Total student | Contact hours Individual
module workload work hours
3 120 54 66

Aim of the module (course unit): competences foreseeen by the

study programme

The aim of course is, firstly, to study basic concepts and principles of
creating green IT-systems, the current state and perspectives of green
IT development and implementation, techniques of assessment and
modeling of energy efficient and secure cloud systems and, secondly, to

obtain skills on analysis of green IT-systems at the

different stages of

lifecycle, assessment of risks and development of recommendations on

greening of such systems. modeling the different clo
point of view energy efficiency.

ud architectures in
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Learning outcomes of Teaching/learning Assessment

module (course unit) methods methods
At the end of course, the
successful student will be
able:
1) to formulate the basic Interactive lectures,

. Module

concepts of green IT Seminars and .

. . . . . Evaluation
engineering and explain analytical reviews, Questionnaire
relation between these Just-in-Time Teaching
concepts and more general
aspects of sustainable
development and computing;

2) to conduct gap-analysis of
computer systems and to Interactive lectures,

. : . Module
suggest solutions to decrease | Practicum in .

. . Evaluation
power consumption and laboratories, Questionnaire
energy efficiency of Just-in-Time Teaching
modernized systems;

3) to implement resourse- .
. Interactive lectures,
based approach to improve . Module
. Seminars and .
energy related indicators for . . Evaluation
analytical reviews, . .
hardware, FPGA and e . Questionnaire
Just-in-Time Teaching
software-based systems;
4) to analyze and simulate .
. Interactive lectures,
cloud architecture to assess S Module
. Learning in .
energy efficiency and other . Evaluation
. laboratories, . .
characteristics (on example oo . Questionnaire
. Just-in-Time Teaching
of laaS);
5) to analyse methods and .
Interactive lectures,
develop models to research S Module
. . Learning in .
energy efficience of client- laboratories Evaluation
server and distributed cloud ’ Questionnaire

systems.

Just-in-Time Teaching
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Contact work

Time and tasks
for individual

work
<
s
Themes 2 2|
A 1= | <] ©
g 5 2 | 8 B | Tasks
2 . 5 g g e T
wn < 8 = o =) =
o= 52 8493 =
S Z 2 S 55 Z
5 4 o @ < o
g 5 5§29 8 T
— Ol A & 4 =| =
1. Fundamentals of Green 6 6|4 1118 | 1.e6.
IT Engineering 6 Susta-
1.1. Main concepts and inable
taxonomy of green IT deve-
engineering. lopment,
1.2. Life cycle of green IT noocom-
Systems. {a)rlllzimgeen
1.3. Principles of develop- IT &
pment and implementation of 1 7
green ITs. G ) IT
1.4. Risks of green IT o;f?s: i
implementation. '
1.5. Gap-analysis of IT-
Systems.
2. Resourse Approach in 2.3.
|Green IT Engineering Analysis
2.1. Fundamentals of research Of_ multl-
approach. plicity
2.2. Implementation of effect and
resourse approach in green IT corrgs—
engineering. ponding
solutions.
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3. Models of Secure and 6 1 2124 3.5.

Energy Efficient Cloud 4 0 Security

Systems and

3.1. Analysis of IaaS cloud power

system architectures and consumpt

criteria of assessment using 10n issues

Markov’s models. for cloud

3.2. Models for typical systems.

elements of IaaS cloud 3 '6“ .

systems. Dec1‘s1on

3.3. Complex model for laas making

cloud systems. relaj[ed to
choice of

3.4. Research of power optimal

consumption for Iaas cloud cloud

systems. architectu
re

4. Models and Methods for 4 8 1|14 4.5.

Energy Efficience of Client- 2 Tools and

Server and Distributed technique

Cloud Systems s to

4.1. Client-server and support

distributed cloud systems. decision

Basic architectures. making.

4.2. Research of energy

efficience of client-server

cloud systems by calculation

of metrics PUE and DCIE.

4.3. Research of power

consumption for one-rank

distributed cloud systems.

4.4. Comparing and choice of

cloud architectures according

with multi-criterion.

Total |20 22| |54| 66
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Wei
Assessment ght | Dead N
. . Assessment criteria
strategy in lines
%
Lecture activity, | 10 7,14 | 85% — 100% Outstanding work,

including
fulfilling special
self-tasks

showing a full grasp of all the
questions answered.

70% — 84% Perfect or near perfect
answers to a high proportion of the
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

1
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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.

Learning in
laboratories,
seminars,
practicum

30

7,14

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

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

1
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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.

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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]
=
2 No of Place of printing.
Author 3 Title periodical | Printing house or
§ or volume internet link
>
Compulsory literature
Ed. by < |Green IT- National Aerospace
V. Kharchenko § Engineering. University “KhAI”
Volume 1.
Principles, models,
HW&SW
C. Pattinson | Does 'thin client' http://www.jisc.ac.
S |mean 'energy uk/media/documen
efficiency'? ts/programmes/gre
eningict/finalreport
s/ThinCFinalRepor
t.pdf
Ed. by wr |Green IT- National Aerospace
V. Kharchenko S |Engineering. University “KhAI”
N
Volume 2. Systems,
Industry,
SocietyPrinciples,
models, HW&SW
Ed. by « |Harnessing Green J. Wiley and Sons
S.Murugesan, § IT: Principles and Ltd
G.Gangadharan Practices
Recommendatio | < |Cloud computing | Standard |Geneva: Interna-
n ITU-T Y.3513 § - Functional tional Telecommu-
requirements of nication Union
Infrastructure as a
Service



http://www.jisc.ac/
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NIST Special «|Cloud Computing| Standard |Gaithersburg:
Publication 800- | &|Synopsis and National Institute
146 Recommenda- of Standards and
tions Technology
A.Yakovlev —|Energy-modulated Design, Automation
§ computing and Test in Europe.
Conf., Grenoble,
France.
http://async.org.uk/te
ch-reports/NCL-
EECE-MSD-TR-
2010-167.pdf
A.P. «|Low-Power CMOS [Vol. 27, |IEEE Journal of
Chandracasan, & |Digital Design No 4, pp. |solid-state circuits
R. Sheng, - 473 — 484
S. Brodersen
o |STMicroelectronics| AN3147 |http://www.bdtic.co
§ STMSL family m/DownLoad
power management /ST/AN3147.pdf
P. Greenhalgh —|big.LITTLE 'White http://www.arm.com/
§ Processing with paper files/”downloads/big_
ARM Cortex-Al5 |ARM, LITTLE Final Final
& Cortex-A7 .pdf.
n|PowerPlay  Early Altera Corporation
§ Power  Estimator.
User Guide
A. Drozd, < |Estimation of Nol (89) |Electrotechnic and
S. Mileiko, § power consumption Computer Systems
V.Kalinichenko, distribution in a
N. Ulchenko FPGA project
G. Cook, J.|~|How dirtyis your Greenpeace
Horn § data? A Look at International,
the Energy Amsterdam
Choices That
Power Cloud
Computing



http://async.org.uk/tech-reports/NCL-EECE-MSD-TR-2010-167.pdf
http://async.org.uk/tech-reports/NCL-EECE-MSD-TR-2010-167.pdf
http://async.org.uk/tech-reports/NCL-EECE-MSD-TR-2010-167.pdf
http://async.org.uk/tech-reports/NCL-EECE-MSD-TR-2010-167.pdf
http://async.org.uk/tech-reports/NCL-EECE-MSD-TR-2010-167.pdf
http://www.bdtic.co/
http://www.arm.com/
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G. Cook «|[How Clean is Greenpeace
K[Your Cloud? International,
Amsterdam

O. Yanovskaya, | «|The concept of East-West Design

M. Yanovsky, | &|green Cloud & Test IEEE

V. Kharchenko infrastructure Symposium Kyiv,
based on Ukraine
distributed
computing and
hardware
accelerator within
FPGA as a
Service,

Additional literature

J. Drozd, wn |A resource IEEE East-West

A. Drozd, § approach to on-line Design & Test

M. Al-dhabi testing of Symposium.
computing circuits Batumi, Georgia

P. Srisuresh, B. 2 RFC 5128. State IETF

Ford, D. Kegel | & |of Peer-to-Peer
Communication
across Network
Address
Translators

J. Drozd, e Natural pp- 233 — | 7th IEEE Inter-

A. Drozd, S |development of the 237 national Confe-

S. Antoshchuk, resources in design rence on Intel-

V. Kharchenko and testing of the ligent Data Acqu-
computer systems isition and Advan-
and their ced Computing
components Systems, Berlin,

Germany

L. A. Barroso «~ | The case for Vol. 40, Computer

U. Holzle S |energy-proportional |[Dec., pp.

o computing 33 -37
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