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IIpenucnosBue

I[MPEANCIIOBUE

[anHoe mocobue sBISETCA YacTbi0 Yy4e€OHO-METOAUYECKOTO
obecnieueHust ydueOHoro kypca mo Ttemartumke MSc2: «Texnomorun
3eneHoro ammapatHoro obecnedeHus» (Technologies of Green
Hardware), moarorosiennoro B pamkax npoekra TEMPUS GREENCO
«Green Computing & Communications» (530270-TEMPUS-1-2012-1-
UK-TEMPUS-JPCR), u CHyXdT JONOTHEHHEM K JIEKIMOHHOMY
MaTtepuay, U3J0KeHHOMY B [1].

Hacrosmumii npaktukym «3esieHble anmapaTHble CpeacTBa H
nporpammupyembie cucteMbl» (Green Hardware and Programmable
Systems) MOCBSILEH aHAIN3Yy COBPEMEHHOI'O COCTOSHHSI U IEPCIIEKTHB
pa3BUTHA  3€IEHBIX  TEXHOJNOTMH B  ammapaTHBIX  PELIeHUsIX
KOMITBIOTEpHOW  MHXeHepuH. lIpuBogumTcsi KpaTKoe H3JI0KEHHE
TEOPETUYECKOr0 MaTephalia, OmucaHhue JabopaTOpHBIX paboT
METOANYECKUE PEKOMEHIAUWUA MO0 CaMOCTOSTEIbHOMY H3yYEHHIO
MaTepuana kypca. [lpunoxena yuebHas mporpamma Kypca MSc2.

IIpakTudeckas yacTb Kypca CoIepKuT 7 1abopaTOpHBIX padoT.

JlaGopatopHble  pabOTBIl  PACKPBIBAIOT  SHEProcOEperaroiIyro
HampaBleHHOCTh coBpeMeHHBIX CAIIP na npumepe CAD Altera
Quartus II, a Takke BO3MOXHOCTH PAa3BUTHUA 3€ICHBIX TEXHOJIOTHH
METOaMHU KpaTHOrO 3¢¢eKra yIydlIeHWs OCHOBHBIX IapaMeTpoB
anmapaTHBIX PEIIEHUH U ero (OKycHpOoBaHHMs Ha Hamboiiee BaKHbIC
napamerpsl. JlaboparopHsle pabOTHI HapaBJIeHb! Ha:

— HCCIIEIOBaHHE BO3MOXKHOCTEH AMCTAaHUMOHHOTO YHPAaBIICHUS
9HeprocOeperarIuMu peKUMaMU paboTHI MIEPCOHANBHOTO
kommbioTepa (I11K);

— W3y4YeHHe YCTaHOBOK, ucmonb3yeMbix B CAD Altera Quartus 11
[UIS OLEHKM W ONTUMH3ALMU 3HEPronOTPEONCHHUS MPOEKTOB 110
pazpaboTke U(POBBIX CXEM;

— OLeHKy UuMu(pOBOH CXEMbl KacaTelbHO pacHpeiereHus
9HEPronoTpedICHHs] MEXIY €€ y3JIaMu;

— OpraHW3allhi0 eCTECTBEHHOW KOHBeWepwm3anuu mHu(poBoit
CXEMBI [UISl CHIDKEHHSI TPEOOBAaHMI K NMPOROKUTEIBHOCTH TaKTa IIPU
MOHW)XEHUH HANpPsDKCHUS! TMHUTaHHWS M YCTPAaHEHHs] SHEProroTepsb,
BO3HMKAIOIINX BCIEICTBUE COCTA3aHUN CUTHAJIOB;



IIpenucnosBue

— JIUCTAaHIIMOHHOE yIpaBieHHe sHEprocOeperaouMMu
peXUMaMu pabOThI IEPCOHATBHOTO KOMITBIOTEPA;

— OIEHKy KpaTHoro J3(dexTa U ero (QOKyCHpOBaHHUS IPHU
BBIMTOJIHEHUU COKPALICHHOT'O0 YMHOXKCHHUS;

— OLIEHKY CHW)XCHHUSI KOJNHWYEeCTBA IEPEKIIOYEHUII CHUTHAJIOB B
apu(METUYECKOM CABHUTraTelNe MAaHTUCC MpPHU TOBBILICHUH YPOBHSA
CXEMHOT'0 MapauIeIn3Ma;

— OIEHKYy KpaTHoro J3(dexta U ero (QOKyCHpOBaHHUS IPHU
MOBBIILICHUN YPOBHSI Pa3BUTHUSI PECYPCOB C IEPEXOIOM OT 00paboTKU
napajieNbHbIX KOJOB YMCET B OJHOTAKTHBIX MAaTPUYHBIX yCTPOHCTBaX
K MHOTOITIOTOYHOM MOpa3psaHOA KOHBEHEPU3allui BEIYUCICHUMN.

Kaxmas w3 mabopaTopHBIX pabOT BKIIOYAET: IIelb, y4eOHEIE,
MPAaKTUYECKUE U HCCIIEAOBATENBCKHUE 3aaul; MPOrpaMMy IHOATOTOBKH;
KpaTKuil ~ TEOPETHYECKUMH  MaTepual; I[porpaMMmy  IpPOBEICHUS
UCCIIEIOBAaHNH; TpeOOBAaHUSI K COACPKAHUIO OTYETa; BapUaHTHI
3aJaHU{; KOHTPOJIbHBIE BOIPOCH! U 3a1aHMHSL.

ITocoOne NOATrOTOBIEHO KOJUIEKTUBOM AaBTOPOB, YYaCTHUKAMH
mpoekta GreenCo — xkadeapamu OmeccKoro HaIMOHAIBHOTO
MOJIUTEXHUYECKOT O YHUBEPCUTETA (OHITY), Y 3KropoJackoro
HAIlMOHAJIBHOTO YHHBepcUTeTa 1 HarmoHaIbHOro a3poKOoCMHYECKOTr0
yHuBepcutera  «XAW». PemaktupoBaHue — BBINOIHEHO  I.T.H.,
npogeccopom Jlpozmom A.B. (OHIIY) wm na.r1.H., mnpodeccopom
Xapuenko B.C. (XAN).

OHO  mpemHa3HA4YeHO ISl CTYINGHTOB  YHHUBEPCUTETOB,
00YyJaroLMXCsl [0 HANPaBIECHUIO KOMIIBIOTEPHON MHXEHEPUH, a TAaKXKe
Ui pabOTAIOUIMX B YKAa3aHHOH OTpaciy CIENHaINCTOB MPU H3YYEHUH
3€JIEHBIX TEXHOJOIMH NMPOEKTUPOBAHUS M AWATHOCTUKH KOMIIOHEHTOB
KOMITBIOTEPHBIX CHCTEM, a TaKKe MOXKET OBbITh MOJE3HO IS
IpenoaaBaTenei, BEAyIUX 3aHATH [0 COOTBETCTBYIOIIUM KypcaMm.

ABTOpPBI BBIpaXalT OJAarofapHOCTh PELEH3EHTaM, KOJUIeraM II0
NpOeKTy, KadenpaM YHHBEPCUTETOB 3a ILEHHYI0 HH(OpMAIHIO,
METOANYECKYIO TOMOIIb U KOHCTPYKTHBHBIC MPEIJIOKEHHSI, KOTOPHIE
BBICKA3bIBAINCh B IIpoLlecCE OOCYKIEHUS MPAKTUYECKOW YacTu
JaHHOTO Kypca.
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3eneni amaparHi 3aco0m  Ta NPOrpamMoOBHI  CHCTEMH.
Hpaktuxym / 3a pen. posma O.B., Xapuenka B.C. — MiHicTepcTBO
ocBiTH 1 Haykm Ykpainu, HamioHanpHHIA aepOKOCMIYHHAN YHIBEpCHUTET
iM. M.€. XKyxoBcrkoro «XAl», 2015. - 117 c.

ISBN 978-966-662-715-8

Y mociOHWKY BHKIAJEHI MarTepiand NPaKTUIHOI YaCTHHU
HaBYaIBHOrO Kypcy MSc2 “3eneni amapaTHi 3acobu Ta mporpaMoBHi
cucremn” (Green Hardware and Programmable Systems), ski
niaroroBieHo B pamkax npoekty TEMPUS GREENCO «Green
Computing & Communications» (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR).

Januii Kypc IpUCBSYEHO aHAJi3y Cy4YacCHOTO CTaHy Ta IIEPCIIEKTUB
PO3BUTKY 3€JCHUX TEXHOJOTid B amapatHoMy 3a0e3ledeHH,
MPOrpaMOBHUX 3ac00ax KOMIT IOTepHUX cucTeM. HanaeTbca HaByanpHa
mporpama Kypcy, TEOpeTHIHAN MaTepiajl, OMUC JJabOpaTOPHHUX PoOiT, a
TAKOX METOAWYHI pEeKOMEHAalil Ui CaMOCTIMHOTO BHBYEHHS
Marepiainy.

[lociGHMK TpHU3HAYEHO JJIsi CTYIEHTIB, acIipaHTiB Ta BUKJIAJAYiB
VHIBEpCUTETIB, IO CIIEMIali3ylOThCs Yy 3€IIEHUX TEeXHOJIOTIAX
KOMIT'IOTEpHOI iHXeHepii, a TaKoK PO3POOHHKIB Ta IOCIITHUKIB B
ramy3i TPOEKTYBaHHS Ta JIarHOCTHKH IH(PPOBUX KOMITOHEHTIB
KOMIT IOTEPHHUX CHUCTEM.

Im. 37. Tabmn. 3. Bibmiorp.: 53 Ha3B.
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Abstract and content

ABSTRACT

UDC 004.052

Green hardware and programmable systems. Practicum / Drozd
A., Kharchenko V. (editors). — Department of Education and Science of
Ukraine, National aerospace university named after N.Zhukovsky
“KhAI”, 2015. - 117 p.

ISBN 978-966-662-715-8

Practical materials of a study course of MSc2 “Green hardware
and programmable systems” are expounded. This 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 research of power consumption
assessment methods for hardware, microcontrollers and FPGA-based
systems and techniques to decrease recourse and energy indicators
during designing. Curriculum of the course, brief theoretical materials,
description of laboratory works and also 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 engineering, and also designers and researchers in area of co-
design and testing digital components of computer systems by use of
green technologies.

Ref. — 53 items, figures — 37.
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[punoxenue. YueOHas nmporpamMmma

ITPUJIOXEHHME. YYEGHAS ITPOTPAMMA
DESCRIPTION OF THE COURSE

TITLE OF THE COURSE Code
MSc2. Technologies of Green Hardware Computing
Teacher(s) Department

Coordinating: Prof. Drozd Oleksandr
Others: Dr. Martinuk Oleksandr,

Dr. Zashcholkin Konstantin, Dr. Oleshchuk
Oleg, MSc Antoniuk Viktor

Computer Intellectual
Systems and Networks

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: Co-requisites
Computer Systems and System Analysis; (if necessary):
Advanced  Processor Architectures,
Foundations of Logic Engineering;

Probability Theory; Modeling Foundation
knowledge and skills in CAD.

Credits of the Total student | Contact hours Individual
module workload work hours
3 108 36 72

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

study programme

The aim of module is to create a knowledge acquisition about
technologies of green hardware computing. Obtaining skills in setting
energy-efficient modes in operation of the computer systems and their
components. Accumulation of experience in development of energy-
aware methods and techniques for co-design of embedded systems on

chips.
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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 Interactive lectures, Module
able to: Learning in .
. . Evaluation
1. formulate the basic ideas laboratories, . .
.o . Questionnaire
of low-power hardware Just-in-Time Teaching
foundations.
. Interactive lectures
2. .s.elect. green solutions Learning in ’ Module.
utilized in microcontrollers laboratories Evaluation
and processors. Just-in-Time Teaching Questionnaire
3. conduct comparative .
. P Interactive lectures,
analysis of throughput and Learning in Module
power efficiency for laboratories, Evalugtion .
graphical processor and Just-in-Time Teaching Questionnaire
CPU.
4. anal nd optimize .
analyze and optimiz Interactive lectures,
power consumption in FPGA Learning in Module
rojects developed with . Evaluation
proj P laboratories, . .
using CAD Altera Quartus Just-in-Time Teaching Questionnaire
I1.
. Interactive lectures
5. present both power saving Learning in ’ Module
aspect and safety one of . Evaluation
Ie)en testin, g Iaboratories, Questionnaire
& & Just-in-Time Teaching
6. analyze the modern green | Interactive lectures, Module
technologies in hardware Learning in .
) .. . Evaluation
computing on position of laboratories, . .
.o . Questionnaire
resource approach Just-in-Time Teaching
7. offer the new green .
solutions based (%rn the Interactive lectures, Module
. Learning in .
methods of multiply effect & Evaluation
L laboratories, . .
and focusing it into green Questionnaire

values

Just-in-Time Teaching
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Contact work

Time and tasks
for individual

hours work
o
o
Themes ~ 2|
" ~| O -| ©
& 5| 5 2| = Tasks
2 Bl 8lel=
wl &2 =l 8 g g =
SIS E|2| S| E| 2=
HEEEEEE
3 S SRS
3S|2 &S |m =] &
1. Low-power hardware 2 2| 4| 1.6. Energy-
foundations proportional
1.1. Power dissipation in and power-
digital circuits. efﬁmenﬁc
1.2. Clock and power gating. computing.
1.3. Dynamic voltage and 1;17' P.ower
frequency scaling. Zeaiptrllve
sign.
1.4. Energy-modulated &
system approach.
1.5. Self-timed logic.
2. Architecture- and mode- | 2 2| 4] 2.6.Power
oriented green technologies saving
for microcontrollers modes of
2.1. Microcontrollers of Microcontrol
STMBSL series. Features of lers dsPIC33
architecture. and
2.2. Modes of lowered power PIC24F/H.
consumption.
2.3. Control of power and
clock.

2.4. Methods of power saving.
2.5. 16-bit Microcontrollers of
Microchip.
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3. Diversity in green- 2 4 1] 3.6. Intel
oriented decisions for 2 | Enhanced
processors Speed Step
3.1. Green features of technology
processor architectures and
3.2. Green technology 3G of Processors
Foxconn: GoD (Green on Pentium 4-
Demand), GPS (Green Power M, .
Saving) and GSM (Green Pentium M.
System Mode). 3; 7. ARM
3.3. Network filters ‘:ng}.lLI"fTLE
GreenPower MDP 900 of eCanooey
Monster Cable. and

) processor
3.4. Intellectual video Exynos S Oc
adapters. ta.
3.5. AMD Cool’n Quiet
technology and processors
Athlon 64, Opteron, Phenom,
Phenom II.
4. Graphical processor and | 2 4| 4.6. Specific
technology CUDA power
4.1. Key features of graphical efficiency of
processor. CUDA
4.2. A method of power technology.
efficiency inquiry for CUDA
technology.
4.3. Implementation of test
pattern on graphical
processor.
4.4. Analysis of power
efficiency.
4.5. Comparative analysis of
throughput for  graphical
processor and CPU.
5. Control of power 2 2 8| 5.5. Control
consumption in CAD Altera of signal
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Quartus II activity in
5.1. Influence of Altera Altera
Quartus II setting on power Quartus IL.
consumption.
5.2. Use of utility “PowerPlay
Power Analyzer Tool”
5.3. Optimization of power
consumption
5.4. Power consumption
calculation.
6. Experiments with 6.5.
GREEN FPGA Comparison
6.1. Analysis of signal of iterative
activity in FPGA projects. array and
6.2. Assessment of power bit-series
consumption distribution on a pipeline
circuit in FPGA projects. circuits in
6.3. Green-oriented natural power
pipelining of calculations in consumption
FPGA projects.
6.4. Comparison of complete
and truncated arithmetical
operations in power
consumption.
7. GREEN aspects of 7.7. Methods
hardware testing for solving
7.1. Power saving aspect of the problem
green testing. of the hidden
7.2. Energy consumption in faults.

hardware testing and on-line
testing.
7.3. Green approaches to
testing.
7.4. Safety aspect of green
testing.
7.5. A problem of the hidden
faults for safety-related
system components.
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7.6. Models of checkability
for digital components.

8. Analysis of modern green | 2

approaches to hardware
computing

8.1. Resource-oriented
analysis of green

technologies.

8.2. Profiling the resources

under features of the solved

task.

8.3. Diversity of means in
green hardware computing.
8.4. Mode diversity of green

hardware solutions.

8.5. Levels
of green
hardware
computing.

N —

9. Development prospect of
green hardware computing
9.1. Development of hardware
on the natural way of growing
both parallelism and
fuzziness.
9.2. Elimination of traditional
contradictions in requirements
to hardware.
9.3. Diversity in domination
spheres of hardware
universalization and
specialization
9.4. Development of multiply
effect methods.

=)
—

9.5.
2 | Focusing of
multiply
effect into
green values.

Total

18

18

3672
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Wei
Assessment ght | Dead o
x - 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
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 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.
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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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No of Place of
Year Qo N
Author of Title periodi .pr}ntlng.
. cal or Printing house
1ssue volume | or internet link
Compulsory literature
Ed. by 2014 | Green IT- National
V. Kharchenko Engineering. Aerospace
Volume 1. University
Principles, “KhAI”
models,
HW&SW
Ed. by 2012 | Harnessing J. Wiley and
S.Murugesan, Green IT: Sons Ltd
G.Gangadharan Principles and
Practices
Ed. by 2012 | On-Line National
A. Drozd Testing of the Aerospace
V. Kharchenko Safe University
Instrumentation “KhAI”
and Control
Systems
Ed. by 2013 | Co-Design and National
A. Drozd Testing of Aerospace
V. Kharchenko Safety-Critical University
Embedded “KhAI”
Systems
A.Yakovlev 2011 | Energy- Design,
modulated Automation and
computing Test in Europe.
Conf., Grenoble,
France.
http://async.org.u
k/tech-
reports/NCL-
EECE-MSD-TR-
2010-167.pdf
E. Zaitseva, 2012 | Importance Springer. —
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Lisniansky A., Analysis of a London, UK.
Frenkel I. et al. Multi-State
System Based
on Multiple-
Valued Logic
Methods in
Recent
Advances in
System
Reliability:
Signatures,
Multi-state and
Statistical
Inference
J. Drozd, 2015 | A Resource- Vol. 1, | Central
A. Drozd based Approach | Issue 1. | European
and Methods of Researchers
Multiply Journal (CERes
Effects in Journal)
Computer
World
J. Drozd, 2015 | Effectiveness of 8th IEEE
A. Drozd, Matrix and International
S. Antoshchuk, Pipeline FPGA- Conference on
A. Kushnerov, Based Intelligent Data
V. Nikul Arithmetic Acquisition and
Components of Advanced
Safety-Related Computing
Systems Systems:
Technology and
Applications. —
Warsaw, Poland
A.P. 1992 | Low-Power Vol. 27, | IEEE Journal of
Chandracasan, CMOS Digital | No 4, solid-state
R. Sheng, Design pp- 473 | circuits
S. Brodersen —484
2010 | STMicroelectro | AN314 | http://www.bdtic
nics STMSL | 7 .com/DownLoad
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family  power /ST/AN3147.pdf
management
2013 | 16-bit http://www.pic2
Microcontroller 4.ru/doku.php/art
s of Microchip icles/mchp/16_bi
t mcu
2004 | Cool‘n’Quiet™ | Advanc | http://www.amd.
Technology ed com/us-
Installation Micro en/assets/content
Guide for AMD | Devices | _type/Download
Athlon™ 64 |, Inc ableAssets/Cool
Processor N_Quiet_Installa
Based Systems tion Guide3.pdf
M. Larabel 2006 | Intel EIST | Phoroni | http://www.phor
SpeedStep X onix.com/scan.p
hp?page=article
&item=397&nu
m=1
P. Greenhalgh (2011 | big.LITTLE White http://www.arm.
Processing with | paper com/files/downlo
ARM Cortex- | ARM, ads/big LITTLE
Al5 & Cortex- _Final Final.pdf.
A7
2007 | NVIDIA Version | NVIDIA
CUDA 1.0. Corporation
Compute
Unified Device
Architecture.
Programming
Guide
2004 | Netlist Quartus | Altera
Optimizations II Corporation
and Physical Handbo
Synthesis. ok. Vol.
Qii52007-2.0 2.
2013 | PowerPlay Altera
Early  Power Corporation
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Estimator. User
Guide.
A. Drozd, 2014 | Estimation of No 1 Electrotechnic
S. Mileiko, power (89) and Computer
V.Kalinichenko, consumption Systems
N. Ulchenko distribution in a
FPGA project
Additional literature
A. Shen, 1992 | An Average IEEE
A. Ghosh, Power International
S. Devadas, Dissipation and Conference on
K. Keutzer Random Pattern Computer-Aided
Testability of Design
CMOS
Combinational
Logic Networks
J. Drozd, 2015 | A resource IEEE East-West
A. Drozd, approach to on- Design & Test
M. Al-dhabi line testing of Symposium.
computing Batumi, Georgia
circuits
M. Drozd, 2014 | Safety-Related | pp. 137 | The 10"
A. Drozd Instrumentation | — 140 International
and Control Conference on
Systems and a Digital
Problem of the Technologies,
Hidden Faults Zhilina, Slovak
Republic
J. Drozd, 2013 | Natural pp- 233 | 7th IEEE
A. Drozd, development of | — 237 International
S. Antoshchuk, the resources in Conference on
V. Kharchenko design and Intelligent Data
testing of the Acquisition and
computer Advanced
systems and Computing
their Systems:
components Technology and
Applications,
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Berlin, Germany

L. A. Barroso {2007 | The case for Vol. 40, | Computer

U. Holzle energy- Dec.,
proportional pp- 33 —
computing 37

O. Oleshchuk, |[2012 | Simulation full- | Vistnik | National

O. Popel, connected Ne 747, | University

M. Kopitchuk neural net with | 131- "Lvivska
use of 139. Politechnika"
technology
CUDA

J. Drozd, 2014 | The Levels of pp- 185 | IEEE East-West

A. Drozd, Target — 189 Design & Test

D. Maevsky, Resources Symposium,

L. Shapa Development in Kiev, Ukraine
Computer
Systems

2004 | Design Quartus | Altera
Optimization II Corporation
for Altera | Handbo
Devices. ok. Vol.

Qii52005-2.0 2.

2013 | PowerPlay Altera
Power Corporation
Analysis.

Qii53013.
Quartus II
Handbook

A. Drozd, 2014 | Green—oriented | Vol. 1 Odessa,

K. Zashcholkin natural (43). — | Odessa
pipelining of pp- 162 | polytechnic
digital circuits | — 168. university
in FPGA-
projects

D. Ivanov 2010 | Genetic No 18 Serie:
algorithm of (169), “Computer
power pp- 206 | technology and
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dissipation -215 automation”,
optimisation Donetsk,
for input test DonNTU
sequences
J. Drozd, 2013 | A Concept of IEEE East-West
A Drozd. Computing Design & Test
K.Zashcholkin, Based on Symposium,
V. Antonyuk, Resources Rostov-on-Don,
N. Kuznetsov, Development Russia
V.Kalinichenko Analysis
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