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KIIMMEHKO I A.

OPTAHI3AIIA BATATOPIBHEBOI HAM’SITI B PEKOH®IT'YPOBAHUX
OBYUC/IIOBAJIBHUX CUCTEMAX

3amponoHoBaHi 3aco0M oprasizauii OaraTopiBHeBol mam’siTi peKOH(IrypoBaHOi 0OYHCIIOBAILHOI CUCTEMH, JUIS
HiATPUMKH pO3KIIany 30epiranHsi KOHQIrypamii anapaTHUX 3ajad Ha JOKaJIbHOMY PiBHI OOYMCIIIOBATBHOIO MOJY-
JIs1, 3MEHIITYIOYH HaKJIaaHI BUTpPATH peKoH)Iryparii i BHPINTyIOUH MpodiieMy 0OMeKEeHOCTI BHYTPINTHROT TTaM’sITi

TJIIC.

The multilevel memory of reconfigurable computing system to support the scheduling of storage hardware tasks
configuration at the local level computing module are proposed, reducing the reconfiguration overhead and solving

the problem of limited internal memory of the FPGA.

1. Betyn

Ha npoTs3i ocTaHHIX IEKITIBKOX POKIB peKOH]i-
TypoBaHi OOYHMCIIIOBAJIbHI CUCTEMH Bce Oiniblie
NPOSIBJISIFOTh PUCH TTApANICIbHUX O0YHCITIOBATBHUX
CHCTEM 3arajbHOr0 NMPU3HAYEHHS 1 HOCATH Ha3BYy
peKkoH(]IrypoBaHUX CYIEPKOMIT IOTEpiB a00 BHCO-
KOMPOJIYKTUBHUX PEKOH(ITYpOBAaHUX KOMII'FOTEPIB
(High-Performance Reconfigurable Computers,
HPRO)[1, 2, 3].

EdexTuBHUM MexaHI3MOM, 1110 3a0e3Meuye THY-
YKICTh apXITEKTYpU BUCOKOMPOIYKTHUBHUX PEKOH-
GbirypoBaHuX KOMIT IOTEPIB € TUHAMIYHA peKOH]i-
rypauis yacy BUKoOHaHHS (RunTime pexkoHdirypa-
uis) [1, 4, 5, 6]. [Ipu npomy HeratuBHUM (HaKTO-
pOM, IO BIUIMBA€ Ha 3arajibHy NPOIYKTHUBHICTh
o0urCcIeHb € HaKJIaIHI BUTPATH PEKOH)Iryparlii,
HaAMOLIBII KPUTUYHOIO CKJIAI0OBOI0 SKHX € Hac,
BUTpaYCHUH HA PEKOHQITYpaIito 1 11 MATPUMKY.

CyuacHi TexHOJNOril NpPOBIAHUX BUPOOHHUKIB
[UIIC mpomonHytoTh €()EeKTUBHI MEXaHI3MH 3HU-
KEHHS 3aTPUMOK peKOoH]irypailii 3a paxyHOK yac-
TKOBOI JUHAMIYHOI peKoH(Iirypailii, KOjau nepesa-
BaHTAXXYEThCS JIMINIE 4YacTHHA Mikpocxemu [7].
Bbauaetbes, 1mo camMe BHKOPHCTaHHS YacTKOBOI
JMHAMIYHOI peKoH(iryparii J1eXUTh B OCHOBI KOH-
Henii MiIBUIIEHHS TPOAYKTHBHOCTI peKOH)Iry-
poBaHuX cynepkoMmi 1oTepis [1, 2, 3, 4, 8].

Hanani, 3acobu wacTkoBoi pexoHdiryparii Ha-
JIAI0Th MOXKJIMBICTh BHYTPIIIHBOTO KOH(IrypyBaH-
Hs Mikpocxemu [4, 9]. Lle cnpuse 3HavHOMY 3Me-
HIIEHHIO 4acy pekoH(irypamii, 3a yMOBU pO3Mi-
mieHHs1 01ITOBUX KOHQITYpaIliiHUX MOTOKIB Y BHYT-
pimHilA mam’sATi Mikpocxemu. AJe iHIa npoodiema
00MEXEHOCTI pecypcCiB BHYTPIIIHBOI MaM’ ST MiK-
pocxemu IUIIC He no3Boisie 30epiraTu BEJNUKY
KUIBKICTh KOH(IrypamifHuX JaHUX 1 BCE K BUMa-

ra€ 3ajlydeHHsI 30BHINIHBOI MaM’SITi, 10 CHPHYH-
HIOE JI0JIATKOB1 YaCOBI BUTPATH.

TakuM 9MHOM, HE3BaXKAIOUM HA TIEpEeBaru TeX-
HOJIOTiT YacTKOBOi JWMHAMIYHOI peKoHpirypamii
BUTpPAaTH dYacy Ha pekoH(piryparito i oOMexeHi
armapaTHi pecypcH BHYTPIIIHBOT mam’sTi 3ajuiia-
IOTHCSl 3HAYHOIO MPOOJIEMOO, IO BIUTUBAE HA JIO-
CSITHEHHSI BHCOKOI MPOIYKTUBHOCTI peKoHpIrypo-
BaHMX OOYHMCITIOBAILHUX CHCTEM. BupimieHHs 1€l
po0JIeMH € BaKIIMBUM acTeKTOM B c(hepi BHCOKO-
MPOAYKTUBHUX PEKOH(DIrypOBaHUX OOYHMCIICHb, IO
00yMOBITIO€ aKTYyaJbHICTh Ta JOIUIBHICTH TPOBE-
JIEHUX JTOCIIIKEHbD.

2. Ornsap BigOMUX pileHb

Ha nikBimanito HakjJaJHUX BUTpAT PeKOH(Iry-
parii B OCTaHHI POKHM TOKJIAJACHO OaraTo JOCIija-
HUIIPKUX Ta HAYKOBHUX 3ycwib. B psai poOit [10,
11, 12, 13] mocmiKeHHS CIpSMOBaHI Ha PIIICHHS
npoOJeMH 3MEHIIEHHS HaKJIaJHUX BUTpAT PEKOH-
¢birypamii B o6macti BOyI0BaHUX PEKOH(ITYpOBa-
HUX CUCTEM, sIKi 0a3yIOThCS, SIK Ha TOBHIN Tak 1 Ha
YaCTKOBIM peKoH}iryparrii.

Takox B miTeparTypi NmpeacTaBiIeHO OaraTto pi-
IIEHb Ul TABUIIEHHS €()EeKTUBHOCTI BHUKOPHC-
TaHHS YaCTKOBOi JIWHAMIYHOi pexoHpirypamii B
BHCOKOIIPOAYKTHBHUX pekoH]IrypoBaHUX
KoMIT'foTepax. B miifi obnacti 3a3Bu4ail mocii-
JOKEHHSI CHPSIMOBaHI Ha PO3POOKH aJITOPUTMIB
TUTAHYBaHHS 1 PO3MIIIEHHS 3a7ay, [0 BOJHOYAC
peani3yloTh pi3HI METOIW 3MEHIICHHS BUTpPAT pe-
KoHirypanii. HailGinbm1 po3noBCIOKEHUMHU Me-
TogamMu € TmorepenaHs BuOipka koHpiryparmiit [1,
14], moBTOpHE BHMKOPHCTaHHS OOYHMCIIOBAIBHUX
pecypciB [3, 6, 8], moeqHaHHs KOHDIrypariii 3 me-
TOI0 3MEHIIEHHS peKOHQIrypamiiiHux BUTpaT i
pyxy nanux [1, 2]. AnropuT™Mu TpeACTaBJICH] aB-
Topamu poOiT [1, 2, 14] BunpoOyBaHi Ha ICHYIOUHX
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BUCOKONPOAYKTHUBHUX Iutatpopmax Cray XDI,
SRC-6 [15], oOMexxeHHS TTepeyMOBIICHOT apXiTeK-
Typyd SIKUX HETaTUBHO BIUIMHYJIH Ha THYYKICTh
peamsanii Ta oTpuMmaHi pesynbTaTu. [lepeBakHa
KUTBKICTB OTJITHYTHX PO3p00OK 0a3yroThcs Ha Ipo-
rpaMHOMY a00 €eKCIIEpUMEHTAIIbHOMY MOJENIO-
BaHHI Mpolecy pekoH(irypauii, yacto adcrparo-
BaHO Bix (pi3nyHOT CTOPOHM peanizarii [3, 6, 8, 10].
[HIT1 PO3IIIAAAIOT 3arajibHy apXiTEKTypHY MOJIEINb
00YHCITIOBAIBHOI CHCTEMH, ITHOPYIOYM 1i peanbHl
0COOJIMBOCTI, Ha KIITANT CTPYKTYPHU PEKOHPITypo-
BaHOi 00J1acTi, opraHizailli KOMYHIKAI[iIHHOTO ce-
penoBHILA Ta MaM sTi, KOMyHIKAIlIfHUX TMPOLECB,
KOH(TIKTIB 3arajibHUX pPecypciB, Tomo [2, 8].

Pan pobit, siki MPOMOHYIOTH apXiTEKTypHI Ta
TEXHIYHI BIOCKOHAJIEHHS 0a30BMX TEXHOJIOIIHN 4Ya-
CTKOBOI pekoH]irypaiiii, 6a3yr0Tbcs Ha anmapaTHUX
MeTOJaX KEUIyBaHHS Ta BIPTYaJIbHUX MOJEIAX
nam'siTi, 3aco0ax 30UTBIIICHHS MMPOIYCKHOT 34aTHO-
cTi iHTepdeiiciB pexoHdiryparii. B pobori [8] Ha
psal 3 iICHYBaHHSIM JBOX IPOLECOPIB Ui 31iic-
HEHHS YIpaBIiHHS PeKOH(DIryparieo i BUKOHAHHS
nporpaMHuX (pyHKIIH niependadyeHo OKpeMUil amna-
paTHUW KOHTpOJEp peKoHIryparlii, sSIKHUid 3BLIb-
HIOE IIEHTPAJbHUNA YIPaBIAIOYUI TMpoLEecop Bix
BUTpAT Ha peKOH]ITryparlito 1 30UTbITy€E MPOMYCKHY
3aTHICTh peKoH(Irypalii, CIpUsSIOYd MPUCKOPEH-
HIO 00uncieHb. ABTopu pooit [16, 17] nns miasu-
IIEHHS IIBHJKOCTI 3aBaHTA)XCHHs KOHQIrypariii-
HUX TIOTOKIB MPOMOHYIOTH IMIAXIJ MPSAMOTO JOCTY-
ny 10 mam’sTi KoH¢irypauiid. Po3mimenns Onoky
kem mam’sTi mopsia 3 nmoptoM /CAP mpu3BOIUTH
JI0 TOAANIBIIOTO 30UTBIIICHHSI IPOAYKTUBHOCTI [17].
Onnave, po3MilIeHHs TTaM’SITI BEIUKOTO 00’ €My Ha
[UTIC BusiBnsierbest HeepekTUBHUM. B poboTi [9]
MPUCKOPEHHST peKoHdIrypartii 3aiHCHIOETbCS 3a
paxyHOK peajizalii IpucTporo peKoH(iryparii ans
3B’s13ky [ICAP Tta 30BHIIIHBOI SRAM B pexumi
OpSAMOTO JIOCTYIly, LIO J03BOJISIE 3a0€3MEeUnTH
MIBUIKICTh TIEpenaBaHHs KOH)IrypamiitHoro moTo-
Ky Omm3pkoi o imeanmpHOi — 400 Mobaiir/c. Jlns
HoBUX mokojiiHb I[IJIIC aBTOpM OUIKYHOTH HOCST-
HEHHSI TPOIYCKHOI 3/1aTHOCTI B IeKiibKa [ 6aiT/c.

TakuMm YWHOM, TATPUMKA 3aCO0IB 3MEHIIICHHS
HAKJIQJHUX BUTpAT, BOYJOBaHA B aJTOPUTMHU ILIa-
HYBaHHsI Ta PO3MIIIEHHS 3a/ady, 3a3BUYail MoKJa-
JIA€ThCS HAa PiBEHb IMporpamMHoi abo MporpamHo-
amapaTHoi HaaOyIOBH omepariiHoi cuctemu [8],
o0 notpedye AOAAaTKOBUX BUTPAT MPOIYKTHBHOC-
Ti.

3 iHmoro 60Ky, MepeBaXHO BCi BiIOMI apXiTeK-
TypHI 3aco0M BiOKpEeMJIEHI BiJ pIlICHHA 33134
MJIaHyBaHHS Ta PO3MIIIEHHS, 110 HEEPEKTUBHO IS

pexoH(}IrypoBaHuX OOYMCIIOBAILHUX CHUCTEM, JI€
BCi 3aco0u 3a0e3reueHHs MOCTiIOBHOCTI peKOH(DI-
ryparii CHJIbHO 3aJIeKaTh OJUH BiJ OJHOTO 1y Oi-
JBIIOCTI BUTIAJKIB MPEACTABIAIOTh €AMHUN MeXa-
HI3M.

3. NMocTaHoBKa 3aaauvi

BuznaunMo cymapHmii yac BUKOHAHHS 3ajadi
T§ym» AK CyMy IBOX CKIAJOBHUX 4acy, AKi BILIH-

BAaIOTh HA 3arajibHy NMPOJYKTUBHICTh PEKOH(Irypo-
BaHUX OOYHCIIECHB!

T'sum = Tcount + TRconf 5
ne Icount — Yac BUKOHAHHS 3aJadi amapaTHUMU
3aco0amu, Treonr — Yac pekoH(piryparrii anapaTHoi
3agauil ga I[TJIIC.

CxianoBa TCouns BU3HAYAE TIO3UTHBHUHN e(deKT
BiJl TPAJAMIIMHUX CIOCOOIB 3MEHIICHHS 4Yacy BU-
KOHAHHS 3aJ1a4, IIJIIXOM TOTJIUOJICHHS Tapasiesis-
My Ta IX anapaTHOro IPUCKOpEHHs:A. Take MpUCKO-
pEHHS OUiKyBaHE BiJl 3aCTOCYBaHHS PEKOH)ITypo-
BaHMX oOumcieHb. CkianoBa TRrconf € HEMPOIYK-

THUBHOIO CKJIAJIOBOIO, SIKa BH3HA4Ya€ yac BHUTpaye-
HUN came Ha mporlec peKoHQIryparii amapatypu.
Ils ckmagoBa 0OYMOBITIOE BTpATy MPOAYKTUBHOCTI
miJ 4ac pekoH(IrypoBaHUX OOYHMCIIEHB 1 BHMIpIO-
€ThCSl HAKJIAAHUMU Buaatkamu. [Ipu npomy B fe-
AKHX BHIIaJKaX MOXe OyTH MOpIBHSHHUH yac ama-
paTHOTO MPUCKOPEHHS 3a7a4 1 yac ix KoHirypartii
Ha amapatypi [1].

UYac pekoHpiryparlii B CBOIO 4epry CKJIaAa€ThCs
HACTYIMHUX y3arajlbHeHUX KOMIIOHEHT: 4acy BUKO-
HaHHS JIOT14HOI Ta (DI3WYHOI MOCIITOBHOCTI PEKO-
H(irypamifHoro mpoiecy, o 3a0e3MeuyeThCcsi Ha
MPOTrpaMHOMY PIBHI aJITOPUTMaMHU TUTAHYBAaHHS Ta
po3moainy 3amay; yacy InepenaBaHHs KoHQirypa-
MIMHUX JTaHWUX, SKI MOXYTh 3aBaHTa)XyBaTHCh 13
3arajibHOi CUCTeMHO] 0161i0TeKH KOH(Irypamiiaux
(haiiniB, i3 30BHINIHBOI JOKAIBHOI TTaM’sITI 00YHC-
JIOBAJILHOTO MOyt 200 13 BHYTPIIIHBOI Mam’siTi
IUIIIC, wacy mpommBaHHS Mikpocxemu. Tomi A0
HAHOUIBII BATOMHUX KOMITOHEHT HAKJIAJHUX BUTPAT
BIJIHECEMO BTpaTH MPOJYKTUBHOCTI Ha 3abe3rie-
YeHHs1 OOYHMCIIOBAIBHOI CKJIAJHOCTI aJITOPUTMIB
IUIaHYBaHHS Ta PO3MIIICHHS 3ajay, Ta 4ac BUTpa-
YeHUI Ha INepeJaBaHHs 1 3aBaHTaXEHHS KOHQITY-
paliiHuX JaHUX.

B sixocTi pekoH(IrypoBaHOTO MPOCTOpPY NpHUKA-
Memo nuHamiuHy yactury [1JIIC, npusHaveny mis
pexoHdirypamii [4], siIKy BU3HAYHMO SIK peKOH(i-
rypoBaHy o0sactb. PekoHdirypoBaHa o6y1acte Mae
po3Mip 1 cTpyKTypy. Po3Mip 3a5IeuTh BiJl MOXKIIU-
BocTell BHKOpucTOBYBaHoro cimeiictea IIJIIC 1
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apxiTekTypu pekoH¢irypoBanoi cucremu. CTpyk-
Typa BH3HAYAETHCS BUKOPHUCTOBYBAHOI MOJICILITIO
po3mimenHast 3axad. CywacHi Texnomorii ITJIIC
nporoHyoTh 1D 1 2D Mozen po3MillleHHs 3aaa4
[3, 4], xonu 3a1a4i MOXKYTh OYTH PO3MIIIEHI CTOB-
OIIMU PI3HOT IMIMPUHU HA BCIO BUCOTY PEKOHPITY-
poBaHoi oOijacti a0 MPSIMOKYTHHKaMHu (iKkcoBa-
HOTO a00 JOBUIBHOTO PO3MIPY Ta MICIIS PO3TAIly-
BaHHSI.

B sikocTi aGcTpakTHOT MOENi 00YHCTIOBAITBHOL
3amadi po3risgaemMo (GyHKIi€0 abo Tak 3BaHE (y-
HKITIOHAJIBHE SIIPO, CAHTE30BaHE B MIU(PPOBY CXEMY
3 METOI0 PO3MIIICHHSI B peKOH]IrypoBaHiii obnac-
Ti. BuzHaunmo Ti, sk amapaTHy 3amady. 3acTocye-
MO TpaJuIliiiHy MOAENb 3a1adi aOCTPaKTHOTO PiB-
Hs [3], KoM 3a/7aua XapakTePU3YETHCS PO3MIPOM,
dopmoro BinoOpaskeHHs 1 YacoM BHUKOHaHHS. Po3-
Mip BHU3HAYa€ MPOCTOPOBI BUMOTH JI0 PEKOHPITY-
poBanoi ob6nacti. opma BiOOpaKEHHS 3aTEKUTh
BiJI MOJIENTI PO3MIIICHHS 3a71a4 B PEKOH(IrypoBa-
Hill oOnacti. g BCix mMojenel po3MillieHHs y3a-
TaJIbHUMO, 110 3a/1a4a Mae popMy IPSIMOKYTHHUKA.
Toxi 3a1aua BUBHAYAETHCS SIK BEKTOP

T = {Si,TSumi |(TCoumi +TRconﬁgi),]i,Ni} ) (1)

ne Si— IJIONIMHA MPSIMOKYTHHKA, IO MICTHTH 3a-
naay 7T, a yac pexoHdirypamii TReonfigi 11€ YaCTH-
Ha 4acy ii BUKOHAHHA Isumi, Ii — TUI omeparii,
110 BUKOHYE 3a1a4a, i N; — yHIKaJIbHUH i1eHTUdi-
KaTop 3a7adi y BHXIZHOMY Tpadi alroputMy,
i =1, Nmax , Nmax — KIJIbKICTb BepILKH Ipady.

BBaxkaeMo 1110 3a/1a4i pO3MIIIYIOTECS HA TIOBEP-
XHI pekoH]irypoBaHoi 00JacTi 3TIIHO JEIKOMY
QITOPUTMY TJIAHYBaHHS Ta PO3MIIIEHHS 3a1ad 3
ypaxyBaHHSIM iX mpocTtopoBux mnapametrpiB (1).
OCHOBHOIO LU0 JOCIIMKEHb € 3MEHIIEHHS, IO
CHPUSATHME 3arallbHOMY ITPUCKOPEHHIO O0YHCIICHb.

Jlns 3abe3neueHHs ouikyBaHOro e(ekTy Bif 3a-
CTOCYBaHHS peKOH(]IrypoBaHUX OOYHUCIICHBb 3 TOU-
KU 30py MPOJIYKTUBHOCTI, Mae OyTH BUpillIeHa 3a-
Jada 3MEHIIICHHS KOMIIOHEHT 4acy peKoH]irypartii
TRconfig, MPUHAWMHI B CTETEHI MOPIBHAHIN 3 TpHC-
KOPEHHSIM OOYHMCIIeHb, IO 3BOAMTUME JIO HYIIA
HaKJIaH1 BUTPATU peKOH}Iryparii.

4. BupiweHHs npobnemun obmexeHoro o6’emy
BHYTpilWHbOI nam’aTi MJIC

ANTOpUTMH TIONEPEIHBOI BHOIpKH KOHGIrypa-
1[i}i, TOBTOPHOTO BUKOPUCTAHHS OOYHMCIIOBAIBHUX
pecypciB, TMHAMIYHOI camopeKoHpiryparrii, 3aco-
O6u nedparmenTanii pekoH]irypoBaHoi obnacti i
BUTICHEHHS 3a7a4 HAIar0Th MaKCHUMAaJIbHI II0Kas3-

HUKU TIPOJYKTUBHOCTI 3a0e3Meuyloud MIBUAKICTb
3aBaHTaXEHHsI KOH}ITyparii, nusixom 30epiraHHs
ix y Baytpimni nam’sri [IJIIC. Asne ne qocsArarorhb-
Csl IIHOK HEMPOJIYKTUBHOTO BUKOPHUCTAHHS OOMe-
KEHUX Ta KOIITOBHUX pECypciB BHYTPIIIHBOI
nmam’sati [IJIIC. KinpkicHl OIIHKAa BUKOPUCTaHHS
BHYTpPIIIHBOI MaM’sTi A1l 3a0e3MedeHHs mepeBar
YaCTKOBO1 peKoHirypailii onucana B pooori [18],
BUIHO, M0 OOMEXEHI pecypcH BHYTPIIIHBOI
nam’sati [TJIIC € ocHOBHOIO TepemKoioro, ska He
JI03BOJISIIOTH 30epiratu BeMUKY KiJIbKICTh KOHQITY-
paliiHuX JaHUX.

O06’eM BHYTpPINIHBOI OJIOYHOT MaM’sATI PO3MO-
BCIO/DKCHHX B peanizailii peKoH()IrypoBaHUX MpHU-
cTpoiB cimeiicTB Mikpocxem Virtex 4 108K6 —
756K0, Virtex E 4K6 — 16K6. Po3mip moBHOTrO
KOH(QITypaIiifHOro MOTOKY MIKpOCXeM CiMeHcTBa
Virtex E nocsirae 68K6 — 748 K6 [19]. 3a nanumu
po6otu [18] po3mip koHpirypamiiHux QaimiB pe-
KOH(ITYpOBaHUX JIIYUIBHUKIB, IO BIAPI3HAIOTHCS
JOBXHHOIO JiumiIbHOTO perictpy 24K6 — 131KG6.
[Ipn npoMy HalMeHIIMA 3KOH(ITYpOBAaHUN MO-
nynb 3aiimae 0.36 % JOTIYHOTO pecypcy MiKpoc-
xemu Virtex-5 FX70, mai6inpmmii — 10 %.

3 BHIIECKA3aHOTO BUIHO, IO I[iHA BUKOPUCTA-
Hux pecypceiB [IJIIC mig yac 36epiraHHs BXe 3KO-
HOITYpOBaHMX amapaTHUX 3a/Ja4 3HAYHO MEHIIA,
HDK 3a 30epira"fs iX y BUTIIAMI KOHQITYpaIriiHux
¢aiiniB y BHyTpimHiiA nam’ari. Ha nipomy 6a3yeTh-
Cs1 3aIIPOITIOHOBAHA B CTATTI KOHIICTIIIs, TIOI0TaHHS
HaKJIaJHUX BHUTpAT PEKOH}Irypamii 3a paxyHOK
3MEHIICHHSI Yacy TIepelaBaHHs 1 3aBaHTaKEHHSI
KoHirypaniitnux nanux. [Ipu pomy mias TUMua-
COBOro 30epiranHs KOHQIrypaiii 3armpornoHOBaHO
BUKOPHUCTOBYBaTH TOBEPXHIO PEKOH(IrypoBaHOi
oOmacTi 1 30epiraTu amapaTHi pecypcu B 3a3jalie-
rib 3KOH(IrypOBaHOMY BHIJISII, BHUPILIIYIOUH
npobseMy OOMEKEHHUX PECypCiB BHYTPIITHBOT
mam’ siTi.

5. Mogenb pekoHcirypoBaHoro o6uumcnio-
BaNlbHOro Moayns

[IpencraBieni B cTaTTi JOCHIIKEHHS OPIEHTO-
BaHI Ha 3aCTOCYBaHHS B MacIITaOOBaHUX PEKOH(DI-
TYPOBAaHHUX CYIEPKOMIT IOTEpax, MOOyJOBaHUX 3a
MPUHIIAIIOM BIAKPHUTOI apXiTEKTYpPH Ta MOAYJIbHOI
opranizauii. Taki apxiTeKTypu 3a3BUYail MICTSITh
[EHTPAIILHUI TIpoliecop 1 3arajbHy CHUCTEMHY
nam’sTh. OOYUCITIOBAIBHI MOIYJI TiA €qHAHI O
LEHTPAIbHUX 3acO0iB YIpaBIiHHS Ta 3arajbHOI
mam’siTi 3a JIOOMOTOI0 BHCOKOIIBUAKICHUX Mepe-
KEBUX 3ac00iB (4).

CrtpykTypa 3ampOornOHOBAHOTO OOYUCITIOBAIBHO-
T'O MOJYJISI TPENICTaBlIeHa Ha puc. 1.
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Ha BinMiny Bif 3araibHONPHIHATOI Mozemi 00-
YHCITIOBAJIBHOTO MOAYJS, Y CKJIaj SKOi 3a3BHUYait
BXOJUTH ynpasisitounii npouecop (YII), eneprone-
3aJIe)KHA T1aM’SAT1 7151 30€pe)eHHs JIOKATbHUX TPO-
rpam Ta aanux (JIII) i pekoH}irypoBanuii MOIyIb,
mo peamizoBanuii Ha [IJIIC (PM), y cTtpyktypi
00YHCITIOBAJILHOTO MOJYJISl 3alPOIIOHOBAHO BUKO-
pucTaHHs OaratopiBHeBOi mam’siTi. baraTopiBHeBa
nam’siTh PO3MIIIYETHCS MK OCHOBHOIO CHCTEMHOIO

yIpaBIiHHS JIOTiKOIO pekoHdirypamii (Puc.1). J{ns
peanizaiiii 6araropiBHEBOI mam’sITi 3aIPONOHOBAHO
BUKOPUCTaHHA TPAJUIIMHOT TEXHOJOril Keml-
nam’saTi. Jlo ckimagy pexkoH()IrypoBaHOTO MOMYJIS
TaKOXX JOJAHO CIELiaIbHUIl KOHTpoJiep peKoH(i-
rypariii, 3 METOO 3MEHIICHHS Yacy peKkoHdiryparii
32 paxyHOK pO3IUIEHHS JIOTIYHOTO 1 (hi3UYHOTO
piBHIB pexoH}irypaii i po3BaHTa)XyBaHHS yIIpaB-
JISII0YOTOo Tporiecopa [8].

naMm’sSTTIO Ta  BHYTPIMOAYJIBHUMH  3aco0amMu
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Puc. 1. Apximexmypa pekongizyposanoi 004ucaoeanibnoi cucmemu

PexondirypoBanuii MOIysb CKIQIa€ThCS 31 CTa-
THYHOI 1 JuHAMI4HOI oOjacTi. JluHaMmiuHa 00JacTh
IpU3HAuYeHa AJIs PO3MIILEHHS amapaTHUX 3a1ad y
BUTJIAJII BiMOBIAHO 3KOH(DIirypoBaHux (QyHKIIiO-
HanpHUX OnokiB (®B). Ilix ®b Mu po3ymieMo
CTPYKTYpHE BHM3HA4Y€HHS 3ajladi, 110 € YaCTHHOIO
pekoH(pirypoBaHoi 001acTi B sKa MICTUTh amapar-
Hy 3amady. B cratnuniit o6nacri [IJIIC po3minry-
€TBCS KNI IMaM ATh TEPIIOro PIiBHSA 1 KOHTPOJIEP
yIpaBIiHHA (PI3UYHOIO MOCIIIOBHICTIO PEKOHITY-
parrii.

JuHaMiyHa 00JIaCTh Pa3oM i3 CBOIM OCHOBHUM
O00YMCITIOBAIbHUM TPU3HAYEHHSM OJHOYACHO BH-
KOHye (QyHKIi0 30epiraHHs (QyHKI[IOHATBHUX
0JIOKIB 17151 TX MojanbInoro BUkopucranus. Kondi-
rypauii @b 30epiratoTbcsi Ha TOBEPXHI PEKOHITY-
poBaHOi 00JlacTi 3a TEBHUM po3kiagoMm. Kemr
nam’siTb BUKOPUCTOBYETHCS JUIsl OOJIIKY yIpaBJis-
10401 iHhopMarIlii 1 mMATPUMKH PO3KIany peKoHdi-
rypauii (QyHKIiOHaTbHUX OJOKIB. DAaKTHUYHO Kell
nam’siTb MICTUTh TOKa)XYUKU Ha (YHKIIOHATBHI
0510KH, 110 30epiratoThecsi B peKoHpirypoBaHiit 00-
JacTi, Ta iHGOPMAIIitO MO0 X MOTOYHOTO CTaHY.

[TepBuHHE 3aBaHTaxXeHHsI KOHITypariid me Oi-
JBIIE YMOBUIBHIOE PEKOHQITypalliio 3a paxyHOK
3BEpHEHHS 10 3arajbHOI CHCTEMHOI Iam’sTi, Je
30epiraeThCs MEHTpajTizoBaHa 010ioTeka KOHPITy-
pauiii ¢yHKIioHaTEHUX ONOKiB. [l 3amoOiraHHs
BEJIMKOI KIJTBKOCTI 3BEPHEHB JI0 3arajbHOI mam’sTi
3aMpoNOHOBaHM Kelll APyroro piBHs, jae 30epira-

IOThCSl OJTHOTO pa3zy BXKE 3aCTOCOBaHI KOH(Irypa-

uitHi ¢aitnmu. JlokanpHa maM’sATh KOHQIryparii

peanizoBaHa y CKJaJl JIOKAJbHOI mam’siTi 004HcC-

JIOBAJIBHOTO MOJYJsl, SIKa HE TaK KPUTHYHA M0

00’emy, Hix BHyTpimHS nam’ste [UIIC. Ane, sax

BXke Oyllo 3a3HayeHo, OOMiH KOHQIrypauiiHUMH

JTAHUMU MDK JIOKQJIBHOIO TaM’sSITTIO 1 peKoH)Iry-

poBaHOIO oOmacTio OyJe CHPUYMHATH HaKJIaIHI

BUTpaTu pekoHpiryparii. Kem mam’ste npyroro

piBHS MICTHTh TOKa)XYMKH Ha KOHQIrypariiiai

(haiinu amapaTHUX 3a/1a4 Ta X MOTOYHHUM CTaH.
AJNTOpUTM 3amycKy amapaTHOI 3aJadi Ha BHKO-

HaHHSI B peKOH(ITypoBaHiii 00J1aCTl HACTYITHUI:

Kpox 1. Ynpasnstounii npouecop 3amyckae 4epro-
BY 3a/ady JUIsi OOYHMCIICHHS, sIKa Mpe/cTaBiIeHa
CJIOBOM KOMAaHJH 1 CIOBaMH JaHuX. Y (opmarti
KOMaHAM MPHUCYTHE TOJie THUIly oOmeparii, o
Mae OyTH BUKOHaHa HaJ BXigHMMH Janumu. Ha
migcraBi yoro YII dopmye BuKOHaBUy ajapecy,
Ui TIOIIYKY KoH(irypamiiHux ¢aiiniB B
nam’siTi.

Kpok 2. BukonaBya ajgjpeca rnoctyrmnae Ha BXiJ| Kelll-
maM’sTi TEepIIoTO PiBHSA, 3MIMCHIOETHCS TOIITYK
paHim  3KOH(IrypoBaHOTO (PYHKIIOHAJIHHOTO
0JIOKY. Y BHITAJIKy «yCHIITHOTO 3BepHEHHs» YII
1HIIIIIOE TTpOIeypy 3aIlyCKy 3a7adi B iCHYIOUO-
My QYHKIIIOHAJIbHOMY OJIOTIi.

Kpok 3. V Bunagky «mmpomaxy» BUKOHaBYa ajpeca
MOCTYIIa€ Ha BXIJ KEII-TaM sTi APYTroro piBHS B
MOIITYKY THUMYacoBO 30epexeHoro KoHdirypa-
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niiiHoro (ainy amapaTHOi 3amavi. Y BHUIAIKy
«ycmimHoro 3BepHeHHs» YII iHimitoe mpouery-
Py TOBTOPHOTO 3aBaHTaXXCHHs KOH(Dirypaiii-
Horo (aitmy i3 mokanpHOI mam’siti Ha TTJIIC 1
3aImycKy 3aadi.

Kpok 4. ¥V Bunanky «mpomaxy» YII 3aBanTaxye
KoHpirypauiitauii ¢aiin va [JIIC 13 6i6mioTexu
KoH(]iryparliii 3aranpHOi mam’Ti 1 3amyckae 3a-
naqay.

IToBepHeHHS 10 KpOKY 1.

6. Mogenb naM’ATi cTaHy PyHKLiOHaNbHUX
6nokiB

BukonyBaHa mporpaMa y BUXIJHOMY CTaHi IO-
JlaHa y BUDJIAII auukiiuHoro rpagy G, B Bepu-
Hax SKOTO PO3MINIYIOTHCS OOYMCITIOBANIBHI 3a/1a4i.
MaxkcumanbHa KiUTbKiCTh BepIIUH rpady oomMexxeHa

BEIMYMHOK Nmax. 3aJadi OJHO3HAYHO BH3HAYA-
IOThCSl YHIKQJIBHUM 1IeHTH(]IKaTopoM 3amadi y
BuxigHomy rpadi Ng | g =1, Nmax .

Koxna 3amada acoImifo€eThCs 3 MapamMeTpoM
«Tun omepariin. Tum onepartii Bianosinae GyHK-
1ii, IKy BUKOHY€ 3ajJia4a, [0 CHHTE30BaHa B IU}-
POBY CXEMY 1 3aBaHTaXYEThCS B (PYHKITIOHATHLHUN
010K Tij yac peKoH(pIrypoBaHux o04HCIeHb. Ama-
paTHi peaizaiii 3aJ1a4 CTBOPIOIOTHCS 3a3AaJIETib 1
30epiraeTbcsi B LIEHTpaNi3oBaHii 6i10mioTeni KoHpi-
rypamii y BUTIIAII KOHQIrypamiiHux ¢GaniisB, Kiib-
KICTh SIKMX JOPIBHIOE M — IO OJHIH AJIs1 KOKHOTO
Tanmy omepamii. TakuM dYWHOM THII oOmepartii

1;|j=11Inax, ne Imax — KiIBKICTH amapaTHoO pea-
JI30BaHUX THIIIB ONepariii, OAHO3HAYHO BU3HAYAE
KoH(pirypamiiinuii ¢aiina, Mo 3aBaHTAKYETHCS B
(GyHKLIIOHATBHUA OJIOK 1 BHMKOPHUCTOBYETHCS SIK
OCHOBHHH TapameTp JJis MOIIyKy Horo KoHpiry-
pauii B mam’ti, abo Ha mikpocxemi [JIIC.

TexHomoTiuHI 0OOMEXKEHHS TUIOIIMHU pPeKOH]i-
rypoBaHoi o0iacti Ta po3mipu KoHQirypauiii o0-
MEXYIOTh KIJTBKICTh PO3MINTyBaHUX (DYHKITIOHAIb-
HUX OJIOKIB MapamMeTpoM Fmax . Togl KoxkHUM (HyH-
KI[IOHATBHUIA OJIOK, IO PO3MIIICHH Ha TOBEPXHI
pekoH(pirypoBaHoi 00jacTi BU3HAYAETHCS 1CHTH-
dikatopom Fy |s =1, Fimax .

CriBBiTHOIIIEHHSI MIX OINHWCAHWMH IapaMeTrpa-
MU HaBeJleH1 Ha puc. 2. O3HaueHi CiBBIIHOIICHHS
BOXIUBI s (HOpMyBaHHS BHKOHABUOi aJapecu
NOUIyKy KOH(irypauidHux ¢aiiiB B JOKalIbHIN Ta
3arajgpHId TaM’sATi 1 (QYHKI[IOHAIBHUX OJIOKIB Ha
noBepxHi pekoHdirypoBanoi oobOmacti. Koxuuit
KoH(pirypamiitnuii (aisr 0JHO3HAYHO BU3HAYAETHCS
tunoM oneparii. Jlexinbka ¢yHKIIOHATBHUX OJI0-
KiB MOXXYTh BHUKOHYBaTH OJWH 1 TOM CaMHH THII

omepariii, BiAMOBiMHO M0 TUmy 3anad. KoxHa 00-
YHCIIOBaIbHA 3ajada Ny B BU3HAYEHHH MOMEHT
yacy 7, BUKOHYETbCA B OKPEeMOMY (YHKIIIOHAIIb-
HoMy Ounomi F5. IIpoTsirom yacy B KokHOMY (hyH-
KI[IOHAIBHOMY OJ10111 MOKe OyTH BUKOHAHO TOCITI-
JOBHICTh 3a/1a4, Y BHUIIAJKy iX MOBTOPHOTO BHKO-
pucrtanus (puc. 3). BignoBigHo 10 1mporo, KoH®i-
rypauiiiai  Qainm iIeHTH(IKYIOTbCS 3HAUYCHHIM
tumy onepanii /. J{ns igeHTHdIKaIii 3K0HITYpO-
Banux Ha [IJIIC ¢yHKIiOHaNbHUX OJIOKIB BUKOPH-
CTAEMO CKJIQJCHHWH 3 JBOX TOJIB iAeHTH(IKATOP
aapecu [.F (puc. 4).

06uncntoBanbHi
3apa4i

PyHKUA
Tun onepauji

KoHoirypauiiHi ®yHKUioOHaNbHi
daviamn 610KM

Fmax (Tn)

Nmax Imax MI

1 Fmax
OanH po 6araTbox

1—>1
OpauvH fo ogHoro

1€>»1
OauH fo ogHOro

Nmax 1
OanH o 6araTbox

1—>1
OpauvH oo ogHOro

Puc. 2. Cniggionowenns mijic 0CHOHUMU Na-
pamempamu

PyHKUiOHaNbHI 6A0KK.
PekoHdiryposaHa o6siacTb

T1 T2 T3

&) N2)=1(N:)
®
®
1(N2)=I(N)

O6uncntoBanbHi 3agavi
BepwwHu rpady

OOODE

® ®

O BvKOHaHHA 3apaui

O 36epekeHHs KoHdirypauii
O BinbHWi1 610K
Puc. 3. Ilpunyun 3aeanmarxcennusn Qynxuyio-
HAMbHUX O710KiG

[TpumycTumo, Mo MakcHMMallbHa KUIBKICTH BH-
KOHYBaHHUX THUIMIB omeparii My.x = 64, MakcuMma-
JbHA KiIbKiCTh KOHGIrypamiii @b B omguin TIJIIC
Fae = 63. Toxi monenp mam’siTi Ay 30epiraHHs
CTaHy PO3MIIICHUX Ha IUIOMIMHI PeKOH(ITypOBaHOT
obnacti [IJIIC 3nanobutbes minimym 4K6 mam’ati
3 aApEeCHUM JOCTYIOM, 32 YMOBHU MIiHIMaJbHOTO
o0csry ympapisio4oi iH(opMmarii, Mo AOpiBHIOE
OoJTHOMY 0OaiiTy. 3a 30epeKeHHsI, HAaPHUKJIaa YOTH-
pBOX OaifTiB ynpaisitoyoi iHpopMmarlii 3HaJOOUTh-
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cst 16K6 mam’sari. Mopens mam’siTi 3 aApecHUM
JIOCTYTIOM 300pa’keHa Ha puc. 5.

Konrenuito acouiaTMBHOTO MOIIYKYy B Oarato-
PIBHEBIM mam’sTi peani3yloTh KJIaCHYHI TEXHOJIOTIi
Kenr-nam’ati. BuxopucranHs ix ocoOiuBocTel,
TaKUX SIK JIOKAJIBHICTH PO3MIIIEHHS, MPO30PICTh
JUI TIPOTPaMHOTrO IIapy, armapaTHa peajizallis mo-
IIyKY, BHJIKICTh MOMIYKY, BIZICYTHICTh 30MTKOBHX
3anuciB, MOOUTBHUI PO3Mip, BUPIIIYIOTH Psij MPO-
OJ1eM TIOB’sI3aHUX 3 HAKIIQJHUMHU BHJATKAMH PEKO-
Hiryparii i oomexxennm pecypcom ITIIIC.

7. Bubip mogeni kew nam’aTi

Jlnst BUpilIeHHs MOCTaBleHOT B poOOTI 3amadi
pO3TJITHEMO [IBi THUIIOBI TEXHOJOTIi opraHi3armii

KeII-TlaM’ATi — TIOBHICTIO AacolliaTUBHA Kelll-
MmaM’Th 1 KeII-1am’sITh 13 MPSIMUM BiJ0OpakeHHSIM
azapec.

[Ticna dbopmyBaHHS BUKOHABYOI aapecH B TOB-
HICTIO acCOIllaTUBHIA mam’aTi 1i crapmi OiTH, 110
YTBOPIOIOTH TET, OJJHOYACHO TMOPIBHIOIOTHCS 3 BCi-
Ma TeraMH 3aIuciB mam’ati. SIKIIo BCi MOPiBHAHHS
MPU3BOMATH /10 HETaTHBHOTO PE3yJbTary, (iKCy-
€THCS TAK 3BAHUH «KENI-IIPOMax», B IHIIIOMY BHUIIa-
JIKY, KOJI 3HAWJACHWN OAWH IIyKaHWH 3amuc (Qik-
CYETBCS «KEII-YCITiX».

BibnioTeka KoHirypau,ii Agpeca OaHi
. L. Kog Tuny laeHTUikaTop
KoHdirypaulitHi paitnm ‘lk onepaqi'l' U) 5 (F) FlOTOUHMIT cTaH DB
IHOEKC
KEL apyroro pisHA 4K6
KoHdirypauliiHi daiinn |:I:|
A
KEL nepworo piBHA 000001 RS
3KOHGirypoBaH 0 000O0OO0 Cnoeo cTaHy
dyHKUiOHaNbHi 610KKN II—AL
BuKoHaBya agpeca
N o
¢ o
S
7 E 3
LleHTpanbHMi OKaanMMv =]
TR ynpasaaouuii 1
2 npotuecop =

Puc. 4. @®opmam euxonasuoi aopecu

3 ormamy Ha mpoOieMy 30epiraHHs pecypciB
BHyTpimHBbOi mam’sti [IJIIC, BpaxoByrouw, 110
MaKCHUMYM HIICTACCAT YOTHUPH CJIOBA JaHUX 13 J0OC-
TynHuX 4K6 OyayTh BUKOPHUCTOBYBAaTUCH I 30e-
pEeXKEHHSI CTaHIB, B pOOOTI 3alpOIIOHOBAHO BHKO-
pUCTaHHS MaM’ATi 3 ACOLIaTHBHUM IIOIIYKOM iH-
dopmariii. [le ckopoTuTs 00’€M mam’sITi CTaHIB 70
64 GaiitiB. 3a 30UIbLICHHS] JOBXXUHH CJIOBAa CTaHY,
HaIPUKIIAJ 10 YOTHPbOX OalTiB 00’€M acoriaThuB-
HOT mam’sITi 30UTbIIUTECS 10 256 GaiiT. [{o motpe-
OyBaTHME JIOBOJII HE3HAUYHUX 3araM’ STOBYIOUHX
pecypciB mikpocxemu TTJIIC.

3 iHIIOT0 OOKY MOBTOPHE BUKOPUCTAHHS PaHIII
3KOH(DIrypoBaHUX (PYHKI[IOHATBHUX OJIOKIB Ta IiJI-
TpUMKa iX po3kiiamy 30epiraHHs, BUMAarae 3Jiic-
HEHHS MOIIYKY B IaM’sTi CTaHiB IUIIXOM mepebo-
Py BCiX 3amuciB mam’sTi. 3BHYAHO 3a 3acTOCy-
BaHHS TaM’ATi 3 aJPpeCHUM JOCTYIOM Yac BHUKO-

Puc. 5. Mooenv nam’ami

HaHHSI TaKOTO TOIIYyKy Oyze MpOMOPIIHHUNA KiJTb-
KOCTI 3aIuCiB, 0 MOTpeOyBaTUME 3HAYHOTO Yacy.

AcoIiaTUBHHUI TIOIIYK 1€ THUTIOBUN 3aci0 cripsi-
MOBAaHUN Ha TPUCKOPEHHS MOLIYKY iH(opMariii.
JIst 37ifiCHEeHHS TONTYKY B acOLIaTHBHI TaM’sITi
nporecop BUAAae B iHTepdelc mam’aTi creriaabHe
CIIOBO, SIK€ Ha3WBAE€ThCs TeroMm. [lig yac BHKOHaH-
Hs TIONIYKY 3aJlaHUi Ter TOPIBHIOETHCA 3 TETOM
KO)KHOTO 3alKCy acomiaTuBHOI mam’saTi. Takum
YUHOM 3/IMCHEHHS TMONIYKY 3BOAMTHCS 10 OJIHOTO
3BEpPHEHHS JI0 TTaM’sITi 3 OOKY Tpoliiecopa, 1o MpH-
CKOPIOE MPOLEAYPY MOIIYKY 1 pO3BAHTAXY€E KOMY-
HikaIiiiHe cepenosuie. Cama mporeaypa acoiia-
TUBHOTO TMONIYKY MiATPUMYETHCS amapatHo Ha
piBHI iHTEpdeiicy mam sTi.

[Tpu bOMYy, SIKIIIO B SIKOCTI T€Ty BUKOPUCTOBY-
€TbCS 1MeHTU]IKATOP aapecu (YHKIIOHATHLHOTO
0JIOKY, CKJIaJICHHH 3 IBOX MOJiB [.F, MU OTpUMY-
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€MO MaKCHMaJbHE 3MEHIICHHS 00’e€My TOM’STi.
Toml 3a BuganeHHs 30MTKOBHX 3aImciB 00’eM
OM’SIT1 JIOPIBHIOBATUME IICTAECAT YOTHPH 3aIlu-
cu, mo oaHi mis koxHoro ®b. Ilpu nbomy npuc-
KOPEHHSI TIOIIyKy Oy/e JOCATHYTE JIMIIe 3a paxy-
HOK 3MEHIICHHS KUTbKOCTI 3ammciB. [lomyk 30e-
pexe BCl PHCH MOIIYKY B MTaM STl 3 apeCHUM JI0C-
TYIIOM, TaKUM YHHOM, 3Ha4yHe MPUCKOPEHHS He-
MOJKJTUBE.

[TosicHUMO 1€ HaCTYIMTHUM YUHOM. SIK Bke Oyi10
3a3HaYeHO MK THUIOM BUKOHYBaHMX oreparii i ®b
skoHpirypoBanumu Ha IIJIIC 1 icHye 3B’s30K
OIUH-I0-0ararb0X, TOOTO MOKJIHMBA HaABHICTD
MEeBHOT KIJILKOCTI OAHOTHIHUX Oj0KiB. L{imtro 1mo-
myky € 3HaxomkeHHs Bcix @b na IUIIC, mo Bu-
KOHYIOTh TIEBHHM THI omeparii. TexHomoris xe
MOBHICTIO aCOI[IaTUBHOI KEeII-TIOM SITI J03BOJISIE
3HAXOJDKEHHS JIMIIE OJHOrO 3amucy. B npomy Bu-
NaaKy MPOIENypy MOLIYKY TOBEAETHCS MOKIACTH
Ha TPOIECOp, MO CYNEPEeUuTh 1Ael TOCIIKEHb.
BuxopucTtaHHs ke B SIKOCTi TETY JIMIIE MO TUITY
orepairii, MOXJIHMBE, ajie CJIOBa CTaHIB BCIX OJHO-
TUTTHUX OJIOKIB JTOBENEThCS 30epiraTé B OJHOMY
psanky kem-nam’sti. Lle moTsarHe 3a cobor yckiia-
THEHHS ¥ YNOBUIBHEHHS MPOLEAypH TMOIIYKY Ta
noTpeOyBaTUMe J0JaTKOBOTO BJIOCKOHAJICHHS 1H-
tepdeiicy kem-mam’siti. OKpiM BChOTO THIIOBA
amapaTypa IOBHICTIO acOI[IaTUBHOI Keml-Tiam’siTi
OyayeTbcs Ha 3aCTOCYBaHHI KOMIApaTOpiB, Kiib-

| Tun onepauii (/) | lpeHTndikaTop D6 (F) |

IHAEKC

>
»

v

KICTh SIKHX JIOPIBHIOE KINBKOCTI 3amlMCiB Kell-
nam’siTi.

[TpuBenemMo TakoX OI[IHKY amapaTHUX PEcypciB
JUIsL  peamizamii acoIliaTUBHOI Kem-mam’ sTi. 3a
3poOJIECHNX TPUIYIIEHb 3HAAOOUTHCS 64 nBaHAI-
uaTuOiTHI KoMmrapatopu. [lpubnusHa oIliHkKa 3a-
TpaT yCcTaTKyBaHHS JJIsl peastizaiii 0HOro KOMIIa-
patopa ckiamgae 10 TpaH3UCTOpiB Ha OIWMH OIT
koMmmaparopa [ 19], Takum 94MHOM HaM 3HATOOUTHCS
7680 TpaH3UCTOPIB IJIs peanizaiii JUIIe CXEeMHU
NOpiBHSAHHS B iHTepdeiici kemr-nam’ari. [na pea-
Ji3arfii cXeMHu MOPIBHSHHS B TUIIOBHX peai3allisx
mam’ATi, 0 BUKOPHCTOBYETbCA B HAMOLIBII poO3-
MOBCIOJDKEHHUX TIpoliecopax, 06’emom 256 K6 3
JOBXKUHOIO psigka 32 Oalté 3HamoOuThCs 2
211 840 Tpan3ucTOpIB.

[ToctaBneHuM B poOOTI LUISAM 1100 BUKOHAHHS
MOIIYKYy  HAWOIBII  BIAMOBiZAaEe  acoliaTUBHA
1am’ATh 3 IPSIMUM BiTOOpaskeHHSIM ajpec.

Psinku xem mam’sTi ampecyroThCsl acoIliaTHB-
HUM TETOM, B SIKOCTi SIKOTO MPUHMAEMO THII OIle-
partii, a psa 1HAEKCIB, 0 MEepPeaapecoOBYEThCI HA
KOXXHUI PSAIOK IMaM’sATi TPECTaBIse iIeHTH]IKa-
Topu (GYHKIIOHATBHUX OJIOKiB. CxeMa opranizaitii
Kell-1am’sTi HaBeJeHa Ha puc. 6. 3a 3poOJIeHHuxX
MPUIYIICHb KITBKICTh PSAJIKIB, Ky BH3HAYa€ PO3-
PSIHICTB TETY, TOPIBHIOE MIICTAECAT YOTUPH.

| BukoHaBya agpeca

—> «Yenix» / «Mpomax»

IHOEKC TET CnoBo cTaHy

leHepaTop IHOEKC TEr CnoBo cTaHy
iHOeKciB ..

IHOEKC TET CnoBo cTaHy

Homep pagky

1 6aut

Puc. 6. Cmpykmypna cxema Kewi-nam’ami nepuio2o piens

CranpapTHUil anropuT™ (YHKIIOHYBAaHHS Ha-
crynmauii. Ha aapecHuii BXin iHTepdericy mam’sTi
NIOCTYINA€ BHKOHABYA ajjpeca, IO CKIAJAETHCA 3
noniB [ /.F | = [TEI'.IHJEKC]. Ananizyerbes mo-
ne IHAEKC, ske Bka3zye Ha omguH 3 ®b. Hanmami
crapmi pospsau aapecu (TED), mo BkasyroTe Ha
IIyKaHUW THI Omeparlii, MOPIBHIOIOTHCA 3 TETOM,
SIKUH 30epiraeTbcs B psAAKy. 3a 30iry gopmyeThes
curHan «Ycmixy», iHakme — «[Ipomaxy». Taka
nam’sTh MOTpedye MiHIMAILHOTO 00’ €My yCTaTKYy-

BaHHA. [[1s1 OpIBHSIHHSI 3HAJOOUTHCS JUIIE OJUH
KOMITaparop, Ha Bxij skoro nonaerbes ter KEII-
psaka obpanoro 3a nosiem «[HIEKC».

TakuMm YMHOM MOXKIJIMBO peayli3yBaTH HACTYITHY
JIOTIKY IIbOBOTO MOUIyKy. @akTHUYHO 3a7a4a CTO-
iTh B mepebopi BciX ¢yHKIIOHATBHI OJIOKIB 1 TIO-
IIyKy Cepell HUX THX, [0 BUKOHYIOTH IIyKaHUHN
tun oneparrii. Hamani po3nonaitoBad 3a1a4 aHaTi-
3ye cTaH BUOpaHUX OJIOKIB 1 OoOMpae cepel HHUX
OJIOK JIJIs1 3aBaHTa)KEHHS YepProBoi 3a1adi.
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Jnist 3BIIBHEHHS TIPOLIECOPY BijJ BUKOHAHHS TO-
CIiOBHOTO TIepebopy aapec (GYHKIIIOHATBHHUX
O70KIB, 710 CKiIady iHTepdeiicy mam’aTi BBOIUTHCS
CrelialbHUA  TPUCTPIA — TEHepaTop  ajzpec
(puc. 6). Toxi BUKOHABYA ajapeca, MO0 BUAAECTHCA
IPOIIECOPOM Ha TIOYATKY IOIIYKY CKIIQTA€ThCS 3
noniB [/.0]. reHeparop agpec MOCIITOBHO BHUIAE
IHIEKCH IS TIONIYKY, a 3HA4YCeHHS KOAY Omeparrii
MOPIBHIOETHCS 3 TETAMH PSIKIB.

Bimomuii HemOMIK TPaaUIIMHOTO 3aCTOCYBAaHHS
KeII-aM’aTi 3 MpsAMHM BiZOOpakeHHSM ajpec,
KOJIM HEMOXKJIMBO OJHOYACHO 30epiraTu J1Ba PsAKA
3 OJJHUM 1 TUM CaMHM 1HJIEKCOM 1 pI3HHMH 3HAYEH-
HSIMH TETIB, HE 3aBaka€ PIIICHHIO IUJILOBOI 3a/1a4i
JOCHIJKeHHs, 00 Taka CHUTYyallisl HIKOJIM HE BHHU-
Ka€ — HEMOXJIMBO BUKOHAHHS JCKIJTLKOX Orepariii
OJTHUM (PYHKI[IOHATBHUM OJIOKOM.

3amnucy, 10 BUAAIAIOTHECS 13 Kell-TlaM’ STl MOT-
pamIsfioTh B Kell-iaM’siTh Apyroro piBHs. Bigmo-
BIJIHO N0 1bOTO KOHGIrypamii (yHKIIIOHAIbHUX
OJIOKIB BHJAJSIOTHCS 3 MOBEPXHI PeKOH]IrypoBa-
HO1 00JyacTi, a KOH}ITypaIliiiHi I1aHi 30epiratoTbCs
y JIOKaJIbHIH nmam’sITi 00YMCIIOBAIIBHOTO MOTYJIS.

8. Kew-nam’aTb gpyroro piBHA

[Ipu3HadeHHsT Kemi-maM’sTi JPYroro piBHS B
Ha/laHH1 JOAATKOBOTO yacy uisd 30epiraHHs KoH)i-
rypanifHuX JaHUX Ha JIOKAJIBHOMY pPiBHI 00YMC-
TroBambHOTO MOAys. Lle cpustuMe oaaTKOBOMY
3MEHIIICHHIO HAKJIQJHUX BUIATKIB pekoH)iryparii
3a paXxyHOK BiJICYyTHOCTI KOMYHIKaliHUX TMpolie-
JIyp MDKMOJYJBHOTO PiBHSL.

Jns peamizanii Takoi KemI-rmam’sTi 3aCTOCYEMO
MOBHICTIO acoIllaTUBHY Kemil-mam’sTh. OO0MexeHa
KUTBKICTh BUAUIEHOT Mam’ATi JUIsl 30epiraHHsi KOH-
birypaniiftaux ¢aimiB  oOMexye 00’eM  Kerl-
nam’sATi JEKUIbKOMa psAIKaMH, [0 OOyMOBIIOE
JIOBOJII HE3HAYHI amapaTHi BUTpaTH. B sKOCTI aco-
[[IATUBHOTO TETY JUIS MOIIYKY 3aCTOCOBYETHCSI IO~
Jie TUITY oTiepartii, 1o 0JJHO3HAaYHO BU3HAYa€E (Haiis
KOH}iryparii QyHKIIOHAIBHOTO OJIOKY.

Posknan 30epiranns koHdpirypariiaux (haisis B
KEeII-1IaM’ATi IPYroro piBHS MiATPHUMYETHCS aBTO-
MaTU4YHO CTaHAAPTHUMH 3acob0amMu 0e3 ydacTi
IUTAHYBaJIbHUKA. B JaHOMy BUNAAKY JOIUTHHA
cTpaTteris oOMEeXEeHHSI KUIBKOCTI PAIKIB maM’sTi 1
BUTICHEHHS 13 ITaM’ATi 3aIIMCIiB a00 HAHOLIBII JaB-

HIX 3amuciB, a00 TaKUX 110 MAIOTh MEHIITy MOBIip-
HICTh BUKOPHUCTaHHA. /[ 1IbOTO ICHYIOTH BiJIOMI
QITOPUTMH, SKI MOXYTb OyTH YCHIIIHO BUKOpHC-
TaHi: aJTOPUTM 3aMIIICHHS Ha OCHOBI HAWOUIBII
naBHbOro 3acrocyBaHHs (Least Recently Used,
LRU), - 3amilieHHs] HaWMEHIII 4acTO BUKOPHCTO-
ByBaHOTO psnky (Least Frequently Used, LFU).

9. BUCHOBKM

Haxmanni BuTpaté pexoHdirypailii € 3Ha4HOIO
npoOJIeMOI0, sIKa HEraTUBHUM YHMHOM BILIMBAaE Ha
MPOAYKTUBHICT PEKOH(DIrypOBaHUX OOYHCITIOBA-
JBHHUX CUCTEM. BcCi BiTOMi anropuTMu IIaHYBaHHS
W po3nofiTy 3aaad, M0 MIATPUMYIOTh Pi3HI METO-
JIM 3MEHIIIEHHS HaKJIaJHUX BUTpAT, peali3oBaHi Ha
a0CTpaKTHOMY pIBHI OmeEparliiHoi CUCTEMH 3acO-
0aMu LEHTPAJIBHOTO YIPABIISIOYOTO IPOLIECOpa.
[le moTpeOye moAaTKOBOTO Yacy Ha ixX peasizallito.

TexHiuHa miATpUMKa 31 ICHIOBaHA 3alpOIOHO-
BaHMMHU 3aco0aMH CHpPSMOBaHa Ha 3MEHIICHHS
yacy BUKOHAHHSI peKOHQIryparii MEeToJoM MOBTO-
pHOTO BUKOPHCTAaHHS pPeCcypciB (YHKITIOHATHHUX
OJIOKIB.

3ampornoHoOBaHa CTPYKTYpa OOYHCIIOBAIEHOTO
Moyl Ha 6a3i GaraTopiBHEBOi mam’siTi BHpIIIYeE
3a/1auy YOpaBIiHHSA PO3KIAIOM PO3MIIIEHHS Ta
MIATPUMKH 3a3/1aJieTi/[b 3aBaHTAXXCHUX (PYHKIIIO-
HaJLHUX OJIOKIB, TPO30PO JIJIsl MPOTPAMHOTO IIapy,
JIOKaJIi30BaHO Ha piBHI amapatrypu OOYMCIIOBAIIb-
HOro Momyns. TakuM 4HMHOM, 3alpONOHOBAHI 3a-
co0M 3MEHIIYIOTh OOYMCIIOBAJIIbHY CKJIAJHICTh
AITOPUTMIB YIPABIIHHS JOTIYHOIO MOCIIIOBHICTIO
pexoHpiryparii.

3anpornoHoBaHWii HOBUH croci® 30epiraHHs
KOH(irypaliii amapaTHux 3aja4 Ha MOBEPXHI pe-
KoHpirypoBanoi obxacti IIJIIC na 6a3i 3acrocy-
BaHHS OaraTOpiBHEBOi mam’sTi, sSIKUiM 3a0e3medye
3MEHIIEHHS yacy peKoH(irypamii i BHpilrye mpo-
O6meMy OOMEXEHOCTI  pecypciB  BHYTPILIHBOI
nam’ari TJIIC. 3anpomoHoBanuii cmoci®d Moxe
OyTH BHKOpPUCTAaHWH Ui 3a0e3MeYeHHS METOJIB
MOBTOPHOTO BHUKOPUCTAHHS 1 MOTMIEPETHHOTO 3aBaH-
Ta)XEHHS OOYMCITIOBAIBHUX PECYPCIB, SIKI ITUPOKO
3aCTOCOBYIOTBHCS JUUIsl 3MEHIICHHS HAKJIQJHUX BHU-
Tpat pekoH}irypari.

Cnucok nocunaHb

1. El-Araby E. Exploiting Partial Runtime Reconfiguration for High-Performance Reconfigurable Computing /
E. El-Araby, 1. Gonzalez, T. El-Ghazawi // ACM Transactions on Reconfigurable Technology and Systems
(TRETS). - USA, NY, New York, ACM, 2009. — Vol. 1, Issue 4, Article Ne 21.



26

Bicuuk HTVYYVY «KIll» IndopmaTuka, ynpaBiiaHs Ta 00uncitoBagbHa TexHika Ne6 1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Huang M. Reconfiguration and Communication-Aware Task Scheduling for High-Performance Reconfigurable
Computing / M. Huang, V K. Narayana, H. Simmler, O. Serres, T. El-Ghazawi // Transactions on Reconfigura-
ble Technology and Systems (TRETS). — USA, NY, New York, ACM, 2010. — Vol. 3, Issue 4, Article Ne 20.

3. Bassiri M.M. Mitigating Reconfiguration Overhead In On-Line Task Scheduling For Reconfigurable Compu-
ting Systems / M.M. Bassiri, S.H. Shahriar // Proceeding of 2nd International Conference on Computer Engineer-
ing and Technology (ICCET), (Chengdu, 16-18 April 2010). — I[EEE, 2010. — Vol. 4. — P. V4-397. — V4-402.

4. Kmmmenko ILA. Krnacudikamis pekondirypoBanux oOumcmoBanbHHX cucteM / LA, Kimumenxko,
M.B. Pynaunpkuit // Bicauk BiHHHIBKOTO MOMiTeXHIYHOTO 1HCTHTYTY. — Bimaumss: BHTY, 2014. - Ne5 (116). —
C. 120 -128.

5. Danne K. Periodic Real-Time Scheduling for FPGA Computers / K. Danne, M. Platzner // Published in Third
International Workshop on Intelligent Solutions in Embedded Systems (Germany, Hamburg, 2005). — IEEE,
2005.-P. 117 - 127.

6. Panella A. A Design Workflow for Dynamically Reconfigurable Multi-FPGA Systems / A. Panella, F.
Redaelli, F. Cancare, D. Sciuto // Published in 18th IEEE/IFIP VLSI System on Chip Conference (VLSI-SoC),
(Spain, Madrid, 27-29 Sept. 2010). — IEEE, 2010. — P. 114 — 119.

7. What’s New in Xilinx ISE Design Suite 12 [Enexkrponnuii pecypc]. — Xilinx, 2014. — Pexxum gocrtymy:
http://www xilinx.com/support/documentation/sw_manuals/xilinx12 3/whatsnew.htm.

8. Al-Wattar A. Efficient On-line Hardware/Software Task Scheduling for Dynamic Run-time Reconfigurable
Systems / A. Al-Wattar, S. Areibi, F. Saffih // Proceeding in 26th International Parallel and Distributed Pro-
cessing Symposium Workshops & PhD Forum (IPDPSW). — IEEE, 2012. - P 401 — 406.

9. Liu S. Achieving Energy Efficiency through Runtime Partial Reconfiguration on Reconfigurable Systems / S.
Liu, R.N. Pittman, A. Forin, J.-L. Gaudiot // Transactions on Embedded Computing Systems (TECS). — USA,
NY, New York, ACM, 2013. — Volume 12, Issue 3, Article Ne 72. — 21 p.

10. Pellizzoni R. Adaptive allocation of software and hardware real-time tasks for FPGA-based embedded sys-
tems / R. Pellizzoni, M. Caccamo // Proceeding of the 12th Real-Time and Embedded Technology and Applica-
tions Symposium, 2006. — IEEE, 2006 — P. 208 — 220.

11. Extending Embedded Computing Scheduling Algorithms for Reconfigurable Computing Systems Saha, P. ;
El-Ghazawi, T. Proceedeng in 3rd Southern Conference on Programmable Logic (SPL '07) (Mar del Plata, 28-26
Feb. 2007). — IEEE, 2007 — P. 87 - 92.

12. Hasan M.Z. Runtime partial reconfiguration for embedded vector processors / M.Z. Hasan, S.G. Ziavras //
Journal of Computers. — Vol. 2, Ne9. — Academy Publisher, 2007. — P. 60 — 66.

13. Jara-Berrocal A. VAPRES: A Virtual Architecture for Partially Reconfigurable Embedded Systems / A. Jara-
Berrocal, A. Gordon-Ross A.// Proceeding of Design, Automation & Test in Europe Conference & Exhibition
(DATE), (Germany, Dresden, 8-12 March 2010) — IEEE, 2010. — P. 837 — 842.

14. Taher M. Virtual Configuration Management: A Technique for Partial Runtime Reconfiguration / M. Taher,
T. El-Ghazawi // IEEE Transactions on Computers. — [EEE, 2009. — Vol. 58, Issue: 10. — P. 1398 — 1410.

15. Buell D. High-Performance Reconfigurable Computing // D. Buell, T. El-Ghazawi, K. Gaj, V. Kindratenko //
Journal Computer. — Volume 40 Issue 3 — USA, CA, IEEE Computer Society Press Los Alamitos, 2007. — P. 23
-27.

16. Koch D. Fine-Grained Partial Runtime Reconfiguration on Virtex-5 FPGAs // D. Koch, C. Beckhoft, J. Tor-
rison // Proceeding of 18th IEEE Annual International Symposium on Field-Programmable Custom Computing
Machines (FCCM) (NC, Charlotte, 2-4 May 2010). — IEEE, 2010, - P. 69 — 72.

17. Liu S. Minimizing the runtime partial reconfiguration overheads in reconfigurable systems / S. Liu, R.N.
Pittman, A. Forin, J.-L. Gaudiot // The Journal of Supercomputing, 2012. — Volume 61, Issue 3. — P. 894-911

18. dyuenps P. b. IIpobnemu moOymoBu 4acTkoBO pekoHpirypoBanux cucreM Ha IIJIIC / P. b. Jlyneus, /. 4.
Tuxancekuit / PanioenexTpoHHi i komm toTepHi cuctemu, 2010. — Ne 7 (48). —c. 200 - 204.

19. Virtex TM 2.5 V Field Programmable Gate Arrays. DS003-1 (v4.0) [Enextponnuii pecypc]. — Xilinx, 2013.
— Pexxum noctymy: http://www.xilinx.com/support/documentation/data_sheets/ds003.pdf.



