


MUHHCTEPCTBO 00PA30BaHUA U HAYKH Y KPaNHbI
HanuoHaabHBIA a3POKOCMUYECKUA YHUBEPCUTET
uMm. H.E. KykoBckoro «XAW»

C.®. Twopun, A.H. Kamenckux, B.C. Xapuenko

JHeproddexkTBHbIE BBIYUCJIECHUS HA
MpPOrpaMMHUPYeMoil JIOTUKeE

Energy Efficient Programmable
Logic-Based Computing

IIpakTUKyM

ITox penaxkuueii B.C. Xapuenko

IIpoexTt
TEMPUS-GREENCO
530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR
Green Computing and Communication

2016



VK 004.052
BBK 97.420(0)m
T63

BukitajeHi Marepiaii HaB4aJIbHOTO KypCy, IPHCBSYCHOTO AOCIIPKCHHIO Ta PO3POOJICHHIO CHEep-
roe(heKTUBHHX TEXHOJIOTIH obuncieHb Ha nporpamoBHiii torii — [TJIIC tuny FPGA. Hanani mpak-
THYHI 3aHSTTS 1 JTabopatopHi poOOTH 3 BapiaHTaMM 3aBJIaHb JUISl CAMOCTIHOTO BUBYCHHSI.

Ipaktukym BimmoBizae mporpami Kypcy “EneproedexkTnBHI 0OUHCICHHS Ha MPOrpamMOBHI
noriui” (PhD2, Research and Development for Green FPGA-Based Computing), miarorosieHoi st
PhD-crynentis B pamkax npoekry TEMPUS-Green Co (530270-TEMPUS-1-2012-1-UK- TEMPUS-
JPCR).

PeKxoMEH/y€eThCs CTy[ICHTaM, MaricTpaHTaM, acipaHTaM, TOKTOpaHTaM BHIIMX HABYAIbHHX 3a-
KJIAJIiB, 1110 HABYAIOTHCS 32 CIIELIAJIbHOCTSIMU KOMIT FOTEPHOI 1HXKEHepil, BUK/IafadaM, HayKOBUM CITiB-
poOiTHHKAM, IHKeHepaMm, 110 3aiiMaroThest po3podKoro BOynoBanux cucrem Ha [TJTIC.

Penenzentbl: Onanacenko Buaagumup HuxonaeBuy, HayaJbHMK — OTIena
Wucturyra knbeprernkn uMenn B.M. I'mymkoBa HAH Vipaunsl,
JIOKTOp TEXHHYECKUX Hayk, podeccop;

Cupnopenko Hukonaii denopoBuy, miaBHbii umxeHep HT
CKGb «lIlomucBury», 3acioyKeHHBIH H300peraTenh YKpawWHBI,
KaH/IUAaT TeXHUYECKUX HayK, TOLCHT.

Tiopun C.®., Kamenckux A.H., Xapuenxo B.C.

OHeprodddexTHBHbIe BLIMHCIEHUs1 HA Hporpammupyemoii Jioruke. Ipaxruxym / Iox
penakuueit Xapuenko B.C. — MunucrepcrBo o0pa3oBaHMs M Haykd YKpauHbl, HanmoHanbHbIi
aspokocmuueckuii yausepeureT uM. H.E.XKykosckoro « XAy, Xapbkos. —2016. — 135 c.

ISBN 978-966-662-717-9.

W3nokeHsl MaTepuaabl yueOHOTO Kypca, TOCBSIIEGHHOIO MCCIEJOBAHMIO M Pa3paboTke
9HEProd(P(HEKTHBHBIX TEXHOJIOTMH BBIYUCICHUH, OCHOBaHHBIX Ha IPOrPAMMHpPYEMOIl JOTHKEe —
TUIMC tuna FPGA. [lanbl npaktryeckue U j1aboparopHble paboThl ¢ BapUAHTAMM 3aaHUN IJIs
CaMOCTOSITENIEHOTO H3YUCHHSL.

IpakTHKyM COOTBETCTBYET MPOTPaMME UCHHIUTMHBI «DHEProd(peKTHBHBIC BBIYUCICHUS
Ha mporpammupyemoi joruke» (PhD2, Research and Development (R&D) for Green FPGA-
Based Computing), moarotoBineHHoH msi acmupantoB B pamkax mnpoekra TEMPUS-Green Co
(530270-TEMPUS-1-2012-1-UK- TEMPUS- JPCR).

Pexomensyercss CTygeHTaM, MAarHCTpaHTaM, IOKTOPAHTaM BBICHIMX Y4YeOHBIX 3aBEICHMIA,
O0y4aroImIMCsl 110 CHEHUAIBHOCTSIM KOMIIBIOTEPHOH WHKCHEPUH, IPEIOaBaTe/siM, HayIHBIM
paboTHHKaM, MHXKEHEpaM, 3aHUMAIOIIMMCS pa3padoTKoi BcTpoeHHbIX cucteM Ha [TJTUC. bubn. — 54
HANMEHOBAHHIA, PHCYHKOB — 98, Tabmmi — 4.

PexomennoBano Kk w3manmio  YueHoiM CoBetoM  HarmoHanmbHOro — a’spoKOCMHYECKOTo
yauBepcutera uM. H.E. JKykoBckoro «XapbKoBCKuii aBHAOHHBINH HHCTHTYT» (1poTokor Nel ot 2
cenTsiopst 2015 ).

VJIK 004.052
BBK 97.420(0)m

© Tropun C.®., Kamenckux A.H., Xapuenko B.C.

© HauuoHabHBIH a3pOKOCMHUYECKHI YHUBEPCHTET

ISBN 978-966-662-717-9 nverm H.E. XKyxoscxoro «XA», 2016



CIIUCOK COKPALIEHHUI

AJTY— apn(pMeTHKO-JIOTHIECKOE YCTPOHCTBO

AO — anmaparHoe obecrniedeHue

ATOIJI — aguabaruueckas (I TEPMOJTMHAMHYECKH 00paTHMast) JIOruKa
(adiabatic circuits)

BUC — Gonplune HHTErpaabHbIE CXEMBbI

JC — nuBepcHas CHHXpOHM3AIMs

3B — 3eneHble BEIUUCICHUS (green computing)

UKT — unpopMaoHHble KOMIBIOTEPHBIE TEXHOJIOTHU

KJIB — xoHdurypupyemsii norudeckuii 61ok (configurable logic block,
CLB)

JID — noruueckuii aneMeHT (BEHTHIIb, gate)

HT — nakpucranpHoe TepMuHupoBanue (on-die termination , ODT)
HUII — He3aBucuMas 4acTh MPOEKT

ITK — nmepconanbpHbIi KOMITBIOTED (personal computing, PC)

IIJINC — nporpammupyemasi JIoTHuecKasi HHTeTpajJbHas cXxema

ITIJIM — mporpaMMupyeMasi 10ru4eckas MaTpuLa

I10 — mporpammHoe obecrieucHue

YHD3 — ycrpoiicTBo HU3KOTO SHepronotpedienus (low power design, LPD)
OIIT — pyHKIHOHAIEHO-IOHAS TOJICPAHTHAS

ASIC (application-specific integrated circuit) — 3axazHas
cnennanuzupoBanHas BUIC, ofHOKpaTHO mporpaMmMupyeMasi MHTerpajibHas
cxema

FPGA (field-programmable gate array) — nporpammupyemasi
MOJIF30BATENEM JIOTHYECKask MaTpHUIla

LUT (look-up-table) — normueckas staeiixa [TJIMC tuna FPGA
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BBEJEHUE

OKOHOMHS PEecypcoB B 00JaCTH KOMITBIOTEPHOH TEXHHKH B IIOCIICIHEE
BpeMs mpuoOperaeT, paBHYIO, a HWHOTIAa H OOJBIIyI0 3HAYMMOCTH TIO
CPaBHEHHIO C YBEJIMYCHHEM CKOPOCTH BBIYHCICHHH, MPOM3BOAUTEIFHOCTH U
HanexsoctH (http:/nature-time.ru/2014/07/zelenyie-vyichisleniya-ili-zelenyie-
informatsionnyie-tehnologii).

Green computing (3enensie BblumcicHus, 3B [1,2]) — 3rto Teopus u
MPAaKTUKA 3KOJIOTMYCCKH OPUCHTHUPOBAHHBIX HMH()OPMAI[MOHHBIX TEXHOJOTHHU,
9TO 3HeprocoOeperatomne, 3HeprodP(GEKTUBHBIE TEXHOJIOTUH BBIYUCICHUHN
(OTB). Cozmana wMexayHapoxHas opranusanusi —IFG  (International
Federation of Green ICT) u pa3pabaTbIBaroTCsi COOTBETCTBYIOIIHE CTaHIAPTHI
IFG Standards. OcHoBHbIME 1easiMH 3B SBISIOTCS:  COKpallcHHE
WCIIONB30BaHMUsI OIMACHBIX MAaTepHaliOB, CHIDKCHHE JHEPTONOTPeONICHUS Ha
NPOTSDKCHUH KW3HeHHoro mukina WUT-m3menuit, a Taxoke >¢QQeKTHBHAs, B
9KOHOMHUYECKOM M 3KOJOTMYECKOM CMbIcie, yrunuszanus [3], puc. B.1.

Llenn
3eNéHbIX
BbI4YUCNEeHWNA
{Green
Computing)
! 1
YMeHbietne L TG CnocoGcTBoBaHME
HUCNoNb30BaHUA YBenuieHuve 3HeproagheKTMBHOCTH
Ha NPOTAXEHUM AKOHOMUWYECKN
onacHbIX KU3HEHHOTO
HKna HAMIHEHHOro WM 3KONorM4ecKkm
Mli-ll:repuanoa IT ;;Aen"ﬁ umKna 3gdexTMBHON
8 U IELE IT nspenwvin yTl'InM:ial.l,Mgl
IT uspenuin

Puc. B.1. OcnoBusle nean 3B

YacTo HCIONB3YIOTCSl TaK)Ke€ CHHOHMMHUYHBIE TOHSTHS M TEPMHHBI —
9HEPrOOPUEHTHPOBAHHBIE (IHEPIOCO3HATENBHBIE) KOMIBIOTEPHBIE CUCTEMBI -
3CKC - (Energy-Aware Computer Systems), SJHEPrO3KOHOMHYHEIE (B CMBICIIE
3aTpaT SHEpPTruH) KOMIIBIOTEPHBIE CHUCTEMbl Ha OCHOBE SHEprocOeperarommx
noaxonoB - OKC (Energy-Saving Computer Systems), sHepro3h¢peKTuBHbIE
komitstoTepHsie cuctemsl - 9OKC (Energy Efficient Computer Systems) u mp.

B CIIIA Ha mutaHue U OXJIaXIEHUe nataneHtpoB tparturcsa $4,5 mupi.;
HMEeTCsl TeHICHIUS K pocTy 10 $8 mipa. B Ommwkaiimue 5 et [1]. B TumoBom
ource KOMIBIOTEPHI HCIIOIB3YIOT MPUMEPHO TOJIOBUHY BCEI AIIEKTPOIHEPTHH,
MPUYEM CEPBEPBI MOTPEOIISIOT OKOJIO JBYX TPETEH, OCTaIbHOE MPUXOIUTCS Ha
paboune craniuu u nepudeputo. LleHTpb 00pabOTKKM JaHHBIX MOTPEOISIOT B
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100-200 pa3 GosbIlie cTaHmApPTHOTO oduca. 1o HEKOTOPHIM OIICHKaM PacXOJIbI
Ha TIMTAaHHE KOMIIBIOTEPOB B CPEIHEM COCTABIIIOT MOJOBHHY IIE€HBI
obopynoanus; 50% ot HEX — crommocTts oxnaxaeHus [1]. B CHIA oxomno
50% IIK He BBIKIIIOYAIOTCS HOYBIO, B PE3yNBTATE UEr0, €KETOTHBIE ITOTEPH
sHeprun nopsaka 30 mupa. kBry, a croumocts $3 mapa. B roa. B Espore
MIOTEPH Ha MOPSAOK MEHBIIE, HO BCE paBHO OHU OTPOMHBI.

Cuuraercs, 4TO «3eleHas» TOHKa Hadajgacb B 1992 romy, korga
AreHTCTBO 10 OxpaHe okpyxatomien cpeabl CIIIA 3amyctuno mpoekt Energy
Star ans moorpeHus J0OPOBOJNEHBIX TCHICHIMA YHEProd(PPEKTHBHOCTU MPHU
pa3paboTKe MOHHTOPOB, OOOPYJIOBaHUS KIUMAT-KOHTPOJS, W B JPYrUX
TEXHOJIOTHSIX. DTO JaJ0 TONYOK HIMPOKOMY PACHPOCTPAHCHUIO «CIISILETOY
peKHUMa Cpead MOTPCOUTEIBCKOW 3IICKTPOHUKH. DHeprocoeperarorme
(yHKOIMH Temeph HWMEIOTCS Ha JI000M KOMMBIOTEpE, BBEICHBI  CILAIIHN
[suspend] m xmymmit [hibernate] peKUMBI: B IEPBOM CiIydae KOMITBIOTED
ocTaeTcs BKIFOUEHHBIM, HO OCTaHABIMBACTCS JKECTKUH AMCK U MPOIIECCOp; BO
BTOpOoM conepxumoe O3Y 3amuceiBacTCs Ha BHHYECTEP, U KOMITBIOTEP
BBIKJIIOYaeTcs MOJIHOCThI0. OCHOBHBIE HampaBiieHus 3B noka3aHsl Ha puc. B.2.
B mHactosmee BpeMs HampaBlICHHE 3€ICHBIX BBIYUCICHHHA aKTUBHO
pa3BUBACTCs, MPOBOMATCS MACIITAOHBIC HAYYHO-TCXHHUYECKHE U OHW3HEC-
KoHpepeHmuu [4-5].

3enéHble
BbI4YHUCNeHHUA

[ I I 1
PaseuTtne

Menonssosanme PaspaGoTia
" BUPTYanNbHBIX
Ha":;»'::;z":z;‘;““” MoBbIiLeHAe PasBuTHe 3eNEHbIN 3chcpekTUBHBLIX GO
ynpaeneHue 3¢h peKTMBHOCTH [reneKoMmMyHuKaLLg CISuErRLDTE=l) M MCNonb3oEaHNe
HaNpBKeHWeM nown nuTaHuA Plug
W vacToToi ANropuTMOE {c Boicokim KMO)

KOMMNBbIOTEROE
CHHXpOHUIALMN

annapatype!

Puc. B.2. OcHoBHBbIe HanpaBnenus 3B

Co3nansl MHOT'OYHUCIICHHBIE OpraHu3aluy, Ooprommecs 3a
SHEPTreTHYECKyI0 3((EeKTUBHOCTh C TTTOOANBHON IENBI0 CHIDKEHHS BBIOpOca
«MTapHUKOBBIX» Ta30B, Hampumep, Alliance to Save Energy, Climate Savers
Computing Initiative ~ 2Degrees (Low Carbon ITC Network), The Green
Grid, Sustainable Electronics Initiative (SEI) wu ap. IIpomarammupyercs
COOTBETCTBYIOIIAsl N0OpoBoibHas ceprudukanys [T uznennii.
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CymiecTByIoT ~ 00pa3oBaTelbHBIE  MPOrpaMMbl  (MarmcTepcKkue |
acmUpaHTCkue) B ABcTpanmumiickom — HarmmoHadhbHOM — YHUBEPCHTETE,
YHUBEPCHUTETE Artabacku (Kanama), Jluackom YHUBEPCUTETE
(BemukoOputanus) u ap. [1]. Wwmetorcs obOmmpHbie WHTEpHET-pECypchl B
aToit obmactu [6-7]. Takum oOpa3oM, pedb UAET O 3eNEHON WHKEHEPHU U O
TaK Ha3bIBAEMOW HHEPIETHUECKOH  «CO3HATEIHHOCTH-OCBEIOMIICHHOCTH
(Energy Awareness).

Bri3biBaeT 0coOBIil MHTEpPEC TaKOe HAINpaBJICHHE CO3JIaHMs HKOJIOTUYHON
KOMITBIOTEPHOW TEXHHUKH KaK TeXHOJOTHH poirosedHoctd (Longevity), B ToM
YHCJIe C MCIOJIb30BAaHUEM NPUHLHUIIOB MOAEPHU3UPYEMOCTH U MOJIYJIBHOCTH.
Okonorndyeckn 3ddexTrBHEN OOHOBIEHME, MOJEpHM3AIMS JEHCTBYIOIIETO
anmapatHoro obecnedeHuss (AO), yeM TPOU3BOJACTBO HOBOIO (CM.
HaIpaBJICHUS CHIKEHUS dHepromnorpednenus AO, puc.B.3)[1-19].

Puc. B.3. OcHOBHBIC TEXHOJIOTHH 3€JICHOTO alMapaTHOro 00eCIeYCHUS

Kak wm3BectHo, mukpocxembl tuma KMOII (CMOS - complementary
MOS: kommementapubrii MOIT), UCTIONB3YIOMIKE B JIOTHYECKUAX DJIEMEHTaX -
BEHTWISIX KOMIIEMEHTapHBIE HMapel pP- U n-kKaHaubHBIX MOII-TpaH3ncTopos
(B3aMMHO JIOTIONHSIOIINE TPAH3UCTOPHI — OAWH OTKPBIT, APYTOH 3aKpHIT), U
Ob1Tr co3aanbl B 60-¢ ronel 20 Beka @prnkom Bonmacom (Frank Wanlass) u3
kommanuu Fairchild Semiconductor, kak sneprocoeperatomue. [lo cpaBHEHHIO
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C HEKOMIIJIEMEHTapHBIMH CXEMaMH TaKOH BEHTWIIb 3aHUMAET OOJIbIIE MECTa U
MMEET MEHBIIYIO MIPEAETbHYIO YacTOTy, HO MOTPEOISIET 3HAaYUTEIbHO MEHbIIIE
SHEPrUH. B CBs3M C TOBBIICHHEM CTETIEHW WHTETPallidl MHUKPOCXEM €CTh
npobiieMa paccerBaHMsA HEPTHUHM HA JJIEMEHTaX. B pe3ynprare TeXHOJIOTHA
KMOII oka3zanach B BEIUTPBIITHOM TIOJIO0XEHUH. TeM He MeHee, KaK yKa3aHo B
[8], B camux mpomeccopax Texronoruss KMOII ucrons3yeTcs penko.

Kpome Ttoro, Bo3mMokHa oNTHMH3aLMs (MUHMMHU3ALUs) aIrapaTypHBIX
3aTpaT, MCIOJb30BaHHE IMPOTrPaMMHO-ANNApPaTHOTO MepepacHpeeIeHus
¢ynkimid. C 1enplo CHIKCHHS EMKOCTH (IapasWTHOW) MEXCOETMHEHHH,
TaKXKe BO3MOXKHO HCIOJIB30BaHHE TaK HAa3bIBAEMOIO HAKPHUCTaJIBHOTO
TepMuHupoBanus - On-Die Termination (ODT), korma  Harpy3o4HbIe
PE3UCTOPBI PACIIONIOKEHBI, HANpUMep, HE Ha KOHTpoJIepe MaMsATH, a Ha
caMOM MHKpPOCXEME MaMATH, IIOMHMO MOBBIIICHUS KadecTBa CHTHaja
obecrieuynBaeT TaKXKe HEKOTOPOE CHIDKCHHE IOTPEONIIeMO MOITHOCTH
rieyaTHO# tutatel [10].

OnHako He ciemyeT 3a0bIBaTh, YTO CHIKCHHE HANPSDKEHWS ITHTAHUS
CHM)XAeT IIOMEXOYCTOWYMBOCTh M YBEIMYMBACT HWHTCHCHBHOCTH COOEB.
ITosToMy mpennokeH Na’ke HOBBIM IOKa3aTelb HHEPrOHAIE)KHOCTH (2 new
metric - the energy-reliability product) [3,8]. Bmecte ¢ yka3aHHBIMHU BBIIIC
TexHonorusiMu  jonroseynoctd  (Longevity), SHeproHaiexHble pelICHUsS
ABJIAKOTCA OAHUM U3 HaHpaBJ’IeHI/Iﬁ JaHHOT'O Kypca.

CHIDKEHHE TaKTOBOM YacCTOTHI YBECJIUYNUBACT BPEMS  BBIIIOJHCHUSA
AITOPUTMOB, YTO MOXKET CBECTH Ha HET HKOHOMHIO dHepruu. lcnosns3oBaHue
TaK HA3bIBa€MOIl CaMOCHHXPOHHOW CXEMOTEXHHKH IO3BOJISIET padoTaTh Ha
CBEPXHHU3KOM HalpsDKEHUH MUTAHUS (BpeMs BEIYMCICHUH YBEITMUMBACTCS), HO
IpHU 3TOM Tpebyercst Oombast H30BITOYHOCTh, YTO YBEJIMYUBACT aIlllapaTHbHIE
3aTparbl. Kpome TOro, cymecTBylOT METOJbI, OCHOBAaHHBIE HAa Pa3IMYHOM
(mMBepcHOI) CHHXPOHM3AIMU YacTeH 3JIEKTPOHHOW CHCTEMBI, ITO3BOJISIOINE
MHHUMH3HUPOBATh YWCIO TMEPEKIIOYEHUH JIIEMEHTOB M JUHAMHYECKYIO
COCTaBIISAIONIYIO OTPEOIIIEMON MOIITHOCTH.

[MporpammHo-anmapaTHoe  mnepepacrpeneneHie  GYHKUUA — MOXET
YMEHBUIUTH KOJIMYECTBO armnaparypbl, HO U BPEMA OIATH-TaKHM BO3pPACTacCT,
YTO HE Bcerzaa Ienecoodpazno. OnTuMu3anus (MUHAMH3ANKs) arapaTypHbIX
3aTpaT TaKKe HEe BCerJa JOMyCTUMa B CHIy HEOOXOTUMOCTH OOphOBI ¢
COCTS3aHMSIMM ~ CHUTHAJIOB,  o0ecriedeHus  TpeOoBaHMHA  HAAEKHOCTH,
c00CyCTONYHBOCTH.

Jpyrumu cioBaMy, IIaHaled HET M HYXXHa BAYMYHBas, CKpPYITyJIE3HAS
ONTHMU3ALHNS TIPU IPUMEHEHHH BCEX ITHX METOJIOB «O3EJICHECHHS.

OHepromnotpebieHne COBPEMEHHBIX KOMITBIOTEPHBIX cucTeM
orpezieseTcs 3HaYeHUSIMH TOKOB ITUTAHHUS B CTATUYECKOM M JIMHAMHYECKOM
pexxuMe (QYHKIMOHUPOBAHMS. DHEPronorpedieHne B CTaTUUYECKOM PEKHME,
ompenenseMoe TOKAaMH YTEYKH, 3aBHCHUT OT pa3MepoB KpHCTala W
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UCIIONB3YEMbIX ~ TEXHOJNOTHEHl ero mpou3BOACTBA. TakuM  0Opasom,
9HEPronoTpedICHUE B HACTOSAIIEE BpeMsl 00jIee BCEro ONpPEAEIIeTCS TAKTOBOM
YJaCTOTOH, 4YeM OHA HIDKE — TEM MEHBIIIE SHEPTHHU ITOTPEOIIIeT MUKPOCXeMa, HO
3TO NPHUBOIUT K MAJCHUIO TPOU3BOAUTEIHBHOCTH.

Meron IMHAMHYECKOTO MAacCIITAaOMPOBAHUS HANpPSDKEHUS W 9aCTOTHI
(DVFS — Dynamic Voltage and Frequency Scaling) wucmoms3yercs mis
CHIDKEHUsSI  JIMHAMUYECKOTO  DHEPronoTpeOieHus IMmyTéM  yMEHBIICHUS
HampsoKeHust muTaHus uinu 4dactotel [15-19] B coorBerctBue ¢ ACPI
(Advanced Configuration and Power Interface — ycoBepuieHCTBOBaHHBII
uHTepdeiic ynpasieHus KoHHrypanued u nutaHueMm). [lepcrekTHBHBIMU
TEXHOJIOTHSIMH  SIBIIIFOTCSL  onTudeckue ((poronHsie) TexHomoruu [20],
TEXHOJIOTHH CO3/IaHHUSI MUKPOMOIIHBIX YCTPOWCTB MPOU3BOJCTBA U 00pabOTKH
uapopmanun (LPD), HanpuMep, H3rOTOBIEHHS CIICIHAIBHBIX TPAH3UCTOPOB
3D tri-gate transistors, KOTOpBIE yXe¢ HCHOJB3YIOTCSA B mpomeccope Haswell
¢upmer  MaTen[20]. OcoOblif wWHTEpeC BBI3BIBaCT ajmadaTWdeckas WIN
TepMoJauHaMHuUeckn oOpatumas Jormka — ATOJI [21,22], a Takxke
camocuHxpoHHas (self timed) cxemoTexHWKa, KOTOpBIE IOKa IIHPOKO HE
MPUMEHSIOTCS, HO, BHIUMO, UX 3BE3IHBIN Yac yxe Ommurcs [23].

Takum 00pa3oM, COBpEeMEHHbIE HHEprocOeperaroye TEXHOJIOTHU
UCTIONB3YIOT KaK OCHOBHOM — NPHHIUI IMHAMHYECKOI0 MAaCIITA0NPOBAHUSA
HaNpsDKEHUS U TAKTOBOM YaCTOTHI ¢ Y4ETOM XOJa BEIUHCIICHUH.

Merto/ipl ¥ cpencTBa peanu3anu dHeprodh(GeKTUBHBIX BBIUUCICHUI Ha
NpOrpaMMHUPYEMOH JIOTHKE SIBISIIOTCSA npeameroM kKypca PhD2. Research and
Development for Green FPGA-Based Systems, pa3paboTaHHOTO B paMKax
npoekta TEMPUS-Green Co (530270-TEMPUS-1-2012-1-UK- TEMPUS-
JPCR). [Jamee B mocoOMH TPEICTABISIOTCS JTaOOpATOPHBIC W MPAKTUICCKHE
paboTsl 3TOrO Kypca. TeopeTndyeckue MaTepHaibl Kypca H3JIOXKeHbI B [1],
JIOTIOJTHUTENBHBIE CBEICHHS 110 JINTEPaType AaHbI K Kax10i pabore.

JlanHoe mocoOme M Kypc IIOATOTOBJICHBI COBMECTHO IPOQeccopoM
Kadenpbl aBTOMAaTUKH M  TejeMeXaHuKH [lepMCKOro  HalMOHAIIBHOTO
HCCIIEIOBATEIbCKOTO  MOJUTEXHUYECKOTO  YHUBEPCUTETAa, 3aCIY)KEHHBIM
n3obperarenem Poccuiickoii ®epepanyn A.T.H.,, npod. C.D. TropuHbiM,
acrmpanToM 5Tod Kadeapsl Kamenckmx A.H. u 3aBemyromum kadenpoit
KOMIIBIOTEPHBIX CUCTEM U cereid HanuoHanbHOro a’poOKOCMHYECKOTO
yauBepcureta uM. H.E. JXXykoBckoro «XAW» 3acmyXKeHHBIM H300peTaTeieM
VYxpaunsl 1.T.H., npo¢. B.C. Xapuenko. Obuiee peqakTupoBaHue MPOBEICHO
B.C. Xapuenko.

ABTOPBI BBRIpaXAatOT 0J1aro1apHOCTH PELEH3EHTaM, KOJUIEraM I10 MPOEKTY,
COTpyJHHMKaM Kadeap 3a IeHHYI0 MH(POPMAIHMIO, METOANYECKYI0 IOMOIIb U
KOHCTPYKTHBHbBIE NPEUIOKEHHS, KOTOPble BBICKa3bIBAIUCH B IIpoIecce
00CYX/ICHUS TOCOOHS.
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AHoTalis

AHOTANIA

Tropun C.®., Kamencskux A.M., Xapuenko B.C.

EneproedexTnBHi  o04McIeHHSs HAa  NPOrpaMoBHii  Jorimi.
MpaxTukym / 3a penakuiero Xapuenka B.C. — MiHiCTepCTBO OCBITH 1 HAyKH
Ykpaian, Hamionansauii aepoxocMiuanii yHiBepcuteT iM. M.E.)KykoBcbkoro
«XAl», Xapkis. —2016. — 135 c.

Buknazgeni MmaTepiany HaBYaIBHOTO KypCy, PUCBSIYEHOTO JOCITIHKEHHIO
Ta PO3POOJIEHHIO E€HEProeeKTHBHUX TEXHOJOTIN o0uncieHp, sKi
peari3yroThCs Ha MPOrpaMoBHIl Jyorimi, y Tomy gucai Ha [IUIIC tuny FPGA.
Hapmani npakTudHi 3aHATTA 1 1a00paTtopHi poOOTH 3 BapiaHTaMU 3aBIaHb UIS
CaMOCTIIfHOTO BUBUCHHSI.

[pakTukym BiamoBimae mporpami Kypcy "EHeproedexkTBHI o0UnCICHHS
Ha nporpamoBHii Jorini" (Research and Development (R&D) for Green
FPGA-Based Computing), miArOTOBIEHOTO AJIsl aCIipaHTIB B paMKax MPOEKTY
TEMPUS-Green Co (530270-TEMPUS-1-2012-1-UK- TEMPUS-JPCR).

PexoMeHIyeTbCSl CTyleHTaM, MaricTpaHTaM, aclipaHTaM, JOKTOpPaHTaM
BUIIMX HABYAIbHUX 3aKJIa/liB, LI0 HABYAIOTHCA 32 CHELIAIBHOCTIMH
KOMI'IOTEpHOI ~ iHKeHepil  BUKJIagadaM, HAayKOBHM  CHiBpOOITHHKaM,
ImKeHepaM, IO 3alMaroThcs PO3POOJICHHSAM 1 MOCHIHKCHHSAM BOYIOBaHUX
cuctem Ha ITJIIC.

bubi. — 54 HaumeHOBaHMA, pUCYHKOB — 98, Tabnmi —4.
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Abstract

ABSTRACT

S. Tyurin, A. Kamenskikh, V. Kharchenko.

Energy-Effective Programmable Logic-Based Computing. Practicum.
/ Kharchenko V. (edit.). — Department of Education and Science of Ukraine,
National Aerospace University named after N. Zhukovsky “KhAI”, Kharkiv. —
2016.— 135 p.

Practical materials of study course the “Research and Development for
Green FPGA-Based Computing” 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 development models of green logic,
algorithms and technologies of energy-efficient computing for programmable
systems based on FPGA. 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 techniques for
ensuring energy-efficiency and dependability of FPGA-based embedded
systems, as well as for lecturers of respective courses and engineers
developing embedded systems.

Ref. — 54 items, figures — 98, tables — 4.
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INPUJIOKEHHME. YYEBHASA ITPOI'PAMMA
TEACHING PROGRAM

TITLE OF THE MODULE

Code

Research and Development (R&D) for Green

FPGA-Based Computing

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

Acquisition of knowledge about elements of the Green FPGA-
Based Computing methodology that provides Naturally Reliable
and Fault-Tolerant by use of modern methods and techniques.

Learning outcomes of module
(course unit)

Teaching/learning
methods

Assessment
methods

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

1.Describe new approaches to
Green FPGA-Based Computing

Interactive lectures

Module Evaluation
Questionnaire

2. Use appropriate method for
synthesis and analysis Green
FPGA-Based Computing

Interactive lectures,
Learning in
laboratories,

Module Evaluation
Questionnaire

3. Analyze computing systems
in terms of green FPGA-Based
Computing

Interactive lectures
Practical and labs

Module Evaluation
Questionnaire

4. Design green FPGA-Based
Computing

Interactive lectures
Learning in
laboratories,

Module Evaluation
Questionnaire

5. Develop green FPGA-Based
Computing

Interactive lectures
Learning in
laboratories,

Module Evaluation
Questionnaire

6. Review application problems
of self-timed FPGA

Interactive lectures

Module Evaluation
Questionnaire
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Contact work hours

Time and tasks
for individual

work
¥ |5
Themes o | H 2 A
S |24 432
o 5 o o 8 § £| § Tasks
52 85 gg 82
2 @2 5 & g 9 < =
SR EEEER:
O v & 1A S E
M1. Introduction in energy- | 2 2 | 8 |1.6. Review
reliability scaling computing of the main
1. Introduction in Green FPGA technologies
based Green
Computing. Computing.
1.1. General characteristics of Low Power
course and specialty Interface
1.2. Basic conceptions and devises.
definitions of the Energy-Aware
Computer Systems - Green
Computing.
1.3. Main technologies Green
Co - Hardware. Dynamic
voltage  scaling&  Dynamic
frequency scaling
1.4. Power management.
ACPI& IEEE 1680. Processor’s
States According ACPI
1.5. New circuit design:
Capacitance reduction, Adiabatic
circuits. Self-timed circuits.
2. Advanced dynamic scaling | 2 6 8 |8 2.6
principle for Green Computing. Construction
Dynamic energy&logic bases& of fault-
time scaling. tolerant
2.1. Dynamic energy&logic function of
bases& time scaling. four
2.2. Dynamic energy arguments
scaling.Concept of the energy 2.7 Reliability
modulated computing theory
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2.3. Dynamic logic  bases
scaling. Redundancy logical
bases.

2.4. Concept of the FTEAC -
Fault-Tolerant ~ Energy-Aware
Computing

2.5. Construction of fault-
tolerant function

2.6. Getting of logical
expression fault tolerant bases
2.7. Dynamic time scaling.

M2. Green Computing, based
on self-timed circuits

3.1. Overview of self-timed
approach and practice of its
realization

3.2. The review of energy-
aware  adaptive  computing
systems based on self-timed
approach

3.3. Synthesis and analysis of a
self-timed circuit

3.4. Simulation of self-timed
circuits using CAD TRANAL
and CAD MultiSim

12

3.4.Concurren
t process in
digital circuits

M3. Energy-Reliability Aware
FPGA based on Green Logic
4. Green FPGAs technologies
4.1. Concepts and reviews of
the Green FPGAs technologies
4.2. Development of the DC-

10

4.5 Review of]
FPGA Power
Components.
System Power]
Profile.

Static Power.

LUT FPGA Dynamic

4.3. Development of the DNF Power.

FPGA Power-Aware

4.4. Hardware-firmware LUT Synthesis

FPGA Options.
Power
Reduction
Methodology

5. Green reliable FPGAs 8 5.5.
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5.1. Checked
FPGA

5.2. Fault tolerant LUT FPGA.
5.3. Development of the
SRAM cell FPGAs. Quadrupling
SRAM cell - QSRAM cell

5.4. Modified logic element
MLUT FPGA for the purpose of
the acceleration of diagnostics

LUT CLUT

Simulation of
the modified
logic element
MLUT
FPGA

6. Energy-Reliability Aware
Green Computing, based on self-
timed circuits

6.1. Quasi and strictly
timed design approaches
6.2. Null convention
foundations

6.3. Reconfigurable NCL LE
6.4. Self-timed pipeline

6.5. Problems of self-timed
FPGA based computing

6.6. Application of self-timed
circuits in natural reliable
computing

6.7. Synthesis of fault-tolerant
self-timed digital circuit

6.8. Simulation of fault-tolerant
self-timed digital circuit

self-

logic

6.9. The
Design of
Aperiodic
Logical
Circuits in
Computers
and Discrete
Systems

M4. MMP2.4. Experiments with
green FPGA design

7. Influence of adjusting for
Quartus II on power
consumption of FPGA design

8. Influence of structural
solutions in FPGA design on
power consumption.

9. Possibilities of diversification
of FPGA design. Diverse
clocking for FPGA

Total

20

34

60

60
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