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AITAPATHA BAT'ATO3AJAYHICTD Y KOMIT' OTEPHUX CUCTEMAX
HA OCHOBI YACTKOBO PEKOH®IT'YPOBHUX IIJIIC

© Menwvnux B. A., 2015

Buznaveno 6a3oBi mpuHUMNM peaJi3anii anmapaTHoi 0araro3aga4HocTi B pekoHiry-
POBHHUX KOMII IOTEPHUX cucTeMaX, modyroBanux Ha ocHoBi IIJIIC 3 quHAMIYHMM YaCTKOBUM
pexkoH(pIrypyBaHHsiM. 3anponoHOBAHO CTPYKTYpy miargopmu Ajsi peantizanili amapatHoi
0araro3aga4HocTi B 4acTKoBO pexoHpiryposHiii IIJIIC. Po3rinssHyTo KOHIeNnuio BipTyaJbHUX
anapaTHuUx 3aco0iB, a TaKo:K NMHUTAHHS MEePEeMHKAHHSI KOHTEKCTY i mepeMillleHHAl 3aja4 y
4acTKOBO pexoHdiryposHniii IIJIIC.

KuarouoBi ciioBa: anmapatna 6araro3agaudicts, IIJIIC, yacTkoBe pexkoH(irypyBaHHs,
BipTyanbHi anmapartHi 3aco0u.

HARDWARE MULTITASKING IN COMPUTER SYSTEMSBASED
ON PARTIALLY RECONFIGURABLE FPGAS

© Melnyk V., 2015

In the article the basic principles of hardware multitasking in the reconfigurable
computer systems, based on partially reconfigurable FPGAS, are identified. The structure of
the platform to implement hardware multitasking in partially reconfigurable FPGA is
proposed. The concept of Virtual Hardware and the questions of the context switch and task
relocation in partially reconfigurable FPGA ar e disclosed.

Key words: hardwar e multitasking, FPGA, partial reconfiguration, Virtual Hardware.

Beryn

[epeBaxkHa OINBIIICTh CYYacCHUX KOMIT IOTEPIB 3arallbHOrO TPU3HAYCHHS MiATPUMYIOTH Oararto-
3aJauHUi peKUM poOOTH. B omepaniiHuX cricreMax 0araTOKOPHUCTYBAIbKMX KOMIT I0TepiB Oaratos3anad-
HICTH HeoOXimHa U1 opradizauii napanensHoi poOoTH KopucTyBayiB. HaBiTh mopraTHBHI MOOiTBHI
NPUCTPOI — IUTAHIIETH i cMapTHOHU € OaraTo3aadyHUMH.

dakTuHO BCi cydvacHi omepauiitni cuctemu (OC) e OGararozamaduHumu. 30Kpema, TAKUMU € BCi
HaBeneHi Hmwkdye OC, mnpudomy, 3a maHuMu peiituary Top 500 [1], uyacTka BUKOPUCTaHHS Y
cynepkomi’ rorepax OC Linux ta Unix cranom Ha sjucroman 2014 p. cranoButs 99,6 %, a Microsoft
Windows — 0,2 %. Cepen OC mepcoHanbHUX KOMIT IOTepiB, 3a manumu netapplications.com, y 2014 p.
mizepom 6yB Microsoft Windows (7, 8, XP, Vista) 3 wactkoro 91,45 %, a pemrra 8,55 % nanesxamu Linux ta
Unix. ¥ BOynoBaHUX KOMIT FoTepHUX cucTeMmax, 3a gaHumu 2012 p. [2], y BUKOpPHCTaHHI MEepeBaKatOTh
Linux-momi6umit Android (29,44 %), Unix-moxiouuit QNX (4,29 %) ta Microsoft Windows Embedded
Compact (11,65 %). ¥V cuctemax peanproro 4dacy [3] — Android (19,3 %) ta cucremu Bing Microsoft:
Windows XP Embedded Ta Windows Embedded Compact (pazom 35,8 %).

BararozanaunicTs 3a0e3medyeTbCsl K Ha PiBHI amapaTHuUX 3aco0iB, Tak 1 Ha PiBHI CHCTEMHOIO
porpaMHoro 3ade3rneueHHs KoM 1oTepa. Ha piBHI anmapaTHHX 3ac00iB 0araTo3alayHiCTh 3a0€3MMeUy€eThCs
BHUKOPUCTAHHSIM OJHOTO YM O1MbIIOI KITBKOCTI YHIBEpCaJIbHMX HPOLECOPIB, SIKi PO3B SA3yIOTh 3aAadyi 3a
BKa31BKaMH TPOTpaM MOYEProBO, BUIUIIOYN KOXKHIN 3 HUX KOPOTKHI MPOMIKOK 4Yacy 1 I[MM CTBOPIOIOUH
e(eKT iX 0JITHOYAaCHOTO BUKOHAHHSI.
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[ligBuieHHsT MPOMYKTHBHOCTI B 0aratro3alladyHuX KOMIT IOTEPHUX CHCTEMax JIOCATaIOTh EKCTEeH-
CHUBHO — 30UTBIIYIOYHM KUTBKICTH MTPOIECOPiB, €MHICTH TaM STi TOMIO, IO, OYEBUIHO, TIOB’S3aHO 3i
301JIBIICHHSAM iXHBOI BAapTOCTI Ta CIOXKUBAHOI IMOTYXHOCTI. IHIMUMHM MiAXOJaMu JO IiJBUIICHHS
MPOAYKTUBHOCTI € CIeliaji3allisi KOMI I0TepHUX 3aco0iB 1 amapaTHa iHTeprpeTalisi BAKOHYBaHUX HUMH
anroputMiB. Bimomo, 1o 1i miaxoau 3a0e3neuyroTh 3pOCTaHHsS MPOAYKTHBHOCTI Ha 1-4 nopsaku. OngHak
ix 3acTocyBaHHA 3a0e3leuye BUCOKI IMOKa3HUKH NPOAYKTUBHOCTI KOMI FOTEPHHUX CHUCTEM JIMIIE Ha
OXOIUIEHUX HUMH KJlacax 3a/1ad.

Bupimenasam mpobiemMu e(peKTHBHOTO MOETHAHHS YHIBEPCAJIbHOCTI W amapaTHOi iHTeprperarii
BUKOHYBaHHMX aJrOPUTMIB € IMOOyIOBa KOMI IOTEPHHX CHCTEM 3 BHKOPHUCTAHHSIM PEKOHQDIrYpPOBHHX
KoMmoHeHTiB. Taki KoM IOTepHi CHCTeMH Ha3MBalOTh PEeKOH(IrypOBHUMM. IXHi CTPYKTYpy Ta (yHKIii
MOKHa 3aJaHMM CHOCOOOM MepeHaNalTyBaTH 3 METOI0 BpaxyBaHHS CTPYKTYPHHX Ta OOYHCIIOBAJIb-
HUX XapaKTEPUCTUK BUKOHYBAHUX alTOpUTMiIB. [IpakTHuHEe BIPOBAKCHHS TEXHOJOTI PEeKOHQITypoB-
HUX OOuHCIeHb YMOXIMBWIOCH 3 mosiBolo [IJIIC — mporpamMOBHHX JIOTIYHHX IHTETPAjbHUAX CXEM
(aurn. FPGA — Field Programmable Gate Array) Bucokoro crynens inrerpaiii. ®@ipma XilinX va nouatky
80-x poKiB MHHYJOIO CTONITTS Hepiior mnoyana macoe BurorosieHHs [UJIIC, crmouatky ckiagHicTIO
OJIM3BKO THCAYI, @ CHOIOJHI — JECATKU MIJIBHOHIB JIOTIYHUX BEHTHIIIB.

BrpoBamkennsi Oarato3asauHocti B pekoH¢iryposti komir rotepHi cuctemu (PKKC) Bce e 3ammu-
LIA€ThCS TPOOJIEMHUM MUTaHHM. Lle ToB’ 13aH0 3 0COONMMBICTIO MpOLIECy 3MiHM B HUX PO3B’ I3yBaHOI 3a1a4i.

3arajioM Tpolec 3MiHM O3B’ sI3yBaHOI 3a7a4i B KOMIT IOTepHIH cuctemi nepenbauae: 1) 3ynmuHKy
PO3B’ A3yBaHHS MOTOYHOI 3aJadi i1 3amam’ ATOBYBaHHSI CTaHy KOMIT IOTEPHHX 3ac00iB 3 TUM, 00 mi3Hile
MO)KHA OyJIO TPOTOBKUTH 11 PO3B’ A3yBaHHS 3 MiCIl 3yNMUHKH; 1 2) BCTAHOBJICHHS B MTOYATKOBUI cTaH abo
BiTHOBJICHHSI CTaHY KOMII IOTEPHHUX 3ac00iB BiANOBIAHO U MOYATKy YW NMPOJOBXKEHHS PO3B’ S3yBaHHSI
HacTynHOi 3ajadi. CTaH KOMIT IOTepHHUX 3ac00iB y MOMEHT 3YIHHKH PO3B’SI3yBaHHS 3a/ladi HA3UBAIOThH
KOHTEKCTOM 3ajaui. B TpaguuiiHMX KOMH IOTEPHHUX CHCTEMax BiH CKJIaJa€ThCs 3 BMICTY pericTpisB
mporecopa, CTaHy HPOrpaMHOro JHYMIBHUKA, PEXHMY POOOTH mpolecopa, 3axucTy nam’'sti tomo. B
PKKC konTekcT Takox MicTuTh KoHGirypauito [TJIIC 1 noToununii BMicT 1i 3aram’ STOBYIOUHX €IIEMEHTIB.

[Ipobnema 3minn po3s’sszyBanoi 3agadi B PKKC 3ymoBnena mepemyciM 3HAYHOIO TPHUBANICTIO
pexonpirypysanus [IJIIC. 3mina akTuBHOTO Tipoliecy (IPOrpaMu B CTaHi BUKOHAHHS) B YHIBEPCAILHOMY
MIPOLIECOPi 3MIMCHIOETHCS TIEPEMUKAHHIM KOHTEKCTY i TpuBae 1-4 Mkc, Tofi sk pekonpirypysanns [UIIC —
BiJl KUIBKOX JECATKIB 10 KUIBKOX COTEHb MC. | Olibliie, 3aJeKHO BiJl 3aBAaHTAKECHOCTI KOMIT IOTEPHOT
CHCTEMH MEPEMHUKaHHS KOHTEKCTY B MPOLECOpPi MOXKE BUKOHYBAaTHCh AECATKU YU COTHI pa3iB 3a CEKyHIY
[4-6], To6TO KOkHI 100-10 Mmc, a me € cmiBMipHuUM 3 TpuBajiicTio pekoHoirypysanns [TJIIC. Orxke,
pexondirypysanss [1JIIC He Moxe OyTH BHKOHAHE Pa3OM i3 MEPEMHUKAHHSIM KOHTEKCTY IiJ 4ac 3MiHU
po3s’sizyBanoi 3amadi B PKKC, a B geskux Bumagkax HIBEIIOE MOXKIUBE NPUCKOPEHHS BHUKOHAHHS
nporpamu, oTpuMane 3aBasku 3actocyBanHio [TJIIC.

Pazom 3 TuM, ocTaHHIMH poKaMu 3’ SIBWINCH Ta HaOyBaioTh Bce Oinbmioro nommpenns IJIIC, mo
JIAIOTh 3MOTY BUKOHYBAaTH PEKOH(IrypyBaHHS HE TiJIBKH IMOBHICTIO, ane U y JesKid CBOIM 4yacTWHi, He
3MiHIOIOYM KoHQirypauii pemru obnannanss. Taki [IJIIC orpumanu Ha3By 4acTKOBO PEKOH(DITYpOBHHX
(YP, anr. Partially Reconfigurable). TpuBanicts dactkoBoro pexon¢irypysauns I1JIIC 3HauHO MeHIa,
HDX ITOBHOTO, TOMY iX 3aCTOCYBaHHs BiIKPHBAa€ HHM3KY HOBHX MOXIIMBOCTEH y KOMI IOTEpHiM TexHiLi,
30KpeMa Ja€ 3MOIy OpraHiyBaTu amapatHy Oararo3amaudicte y Mexax IIJIIC, a orke, # y
PEKOH(ITypPOBHUX KOMI' FOTEPHUX CUCTEMAaX.

AHaJji3 gocaiizkeHb Ta nyoJikanii

Jlo mepmmx TEOpeTHYHHX Mpallb, B SKAX BHCBITICHO MiAXia J0 peaiizalii amaparHoi Oararo3amad-
HOCTI i3 3aCTOCYBaHHSIM MPHUCTPOIB PeKOHITypOBHOT JIOTiKH, HalexaTh podotu [7] i [8], omyOnikoBaHi 1ie
B KiHli 90-X pOKiB MHHYJIOTO CTONITTS. Y IIMX caMHUX po0OOTaxX TakOX OMHMCAHO KOHLEMMLIiIO0 BipTyaJbHUX
amaparuux 3aco6iB (anr. Virtual Hardware), sika 6esmocepeqHbpo MOB'I3aHa 3 amapaTHOIO OaraTo3amady-
Hicto. [Ipuknaau peamnizamii KoHIENii BipTyalbHUX amapaTHUX 3aco0iB y Oararo3agauyHuX peKoH)Iry-
poBHUX KoM FoTepHHX cuctemax Ha ocHoBi YP IIJIIC omucano B po6otax [9-11]. Jlo iHIIMX HHUTaHb,
OB’ I3aHKMX 3 peanizaiiero amapatHoi OararozamauHocti B UP IIJIIC, Takox HauekaTh MEPEeMHKaHHS
koHTeKCTy [12-15] i mepemimenns 3anay [16-22].



IHocTanoBka nmpodaeMu

Sk moka3ye aHai3 AOCHIHKEHb Ta MyOImiKaIliil 3a TeMaTHKoIo anapaTHoi 6araro3anauHocti B PKKC,
nepeBakHa OUIBIIICTh Mpalb 30CEPeKYIOTh yBary Ha OKpeMHX acmekrax ii peamizauii. I[Ipore xomr-
JIEKCHO MUTaHHS opraHizamii amapaTHoi O6araTo3agadHocTi, (GopMyioBaHHA NpUHUMOIB i peamizamii i
3aBJaHb, 3 LMM IOB SA3aHUX, OCI HE PO3ISAANNACH. TOMYy akTyaJlbHUM 3aBIAHHSM € BHCBITJICHHS
MiATPYHTSI KOHLEMLIi anapaTHoi 6araro3ajadHocTi i, HA OCHOBI y3aralbHEHHS 1 CHCTEMaTH3alii pe3ylib-
TaTiB HAYKOBHX JOCHIPKEHb Y LIbOMY HampsiMi, Bu3HadeHHs npuHuumis ii peanizauii B PKKC, ocHoBannx
Ha YP TIJIIC, voro i cTocyeThCs LSl CTATTSL.

1. llousiTTs anapaTHoi 0araTo3aga4yHocTi

VY koMmm' roTepHid TexHili OaraTo3agadHICTIO Ha3MBAaIOTh TaKy Oprafizamiio (YHKLIIOHYBaHHS
KOMIT' FOTEpHOI CHCTEMH, sKa 3a0e3leuye napajeibHe pO3B sI3yBaHHS HEIO 0araTboxX 3aiad yIpOIOBXK
MIEBHOTO NPOMIXKKY uacy. IlapanensHe po3B’ si3yBaHHs 3a/1a4 HE 3aBXAM O3HAYAE, 110 BOHU PO3B’ SI3YIOTHCS
OJTHOYACHO, aKe OJHOYACHE PO3B’s3yBaHHA MOTpeOye HASBHOCTI B KOMIT IOTEpi KiJIBKOX HPOLIECOPIB.
Tomy po3aiISAIOTE CripaBxHil (IificHUIT) mapaneni3M, KoM JICKilIbKa MPOLECOPiB 0OTHOUYACHO PO3B’ SI3YIOTh
pi3Hi 3az1adi, Ta MceBAOMAapajeni3M, KOIM OAWH IMPOLEcOp PO3B’A3ye Pi3HI 3a4adi MO 4Yep3i, BUAUIIIOUU
KOXHIA 3 HUX KOPOTKHUH MPOMIXKOK 4acy i, OTXe, CTBOPIOIOUH e€(eKT iX OIHOYACHOTO PO3B’SA3yBaHHS.
OctanHil migxig 1a€ MOKJIMBICTh NapalieIbHO PO3B’ 3yBaTH OUIBIIY KUIBKICTh 33/1a4, HIXK € MPOLIECOPIB Yy
cuctemi. O0HUIBa MiIXOAX CHOTO/HI YaCTO CyMIIIAIOTh i 3aCTOCOBYIOTh HE TiJIBKH Y BUCOKOIIPOYKTHBHHUX,
asie i y mepcoHabHUX 1 HABITh Y IUTAHIICTHUX KOMIT I0TEepax.

bararo3amauHicTh Ha3WBAIOTH anapaTHOIO, SAKIIO JJS PO3B’s3yBaHHS 3alad BHUKOPHCTOBYIOTH
crieniani3oBani amapaTHi 3aco0H, SIKi MPAIIOIOTh MapaneabHO . baszosmii miaxix 1o peamisauii amaparsoi
Oararo3amauHocti mnepenbaudae 3actocyBaHHs [IJIIC i mporpamMHuX 3aco0iB iMIIIeMeHTamii y HHUX
CNIEKTPOHHUX HUPPOBUX MPUCTPOIB. TeopeTudHi mpaili (cepen KX mepenyciMm BapTo 3raaati podotu [7]
i [8]) 3 uporo mutanHs 3’ sBuiMcs e B KiHmi 90-X pPOKIB MHUHYJIOIO CTONITTS. SIKICHO HOBHI erar
MPAKTHYHOTO BTIJICHHS amaparHoi Oararo3amgayHocTi HactaB 3 mosBoro ILJIIC, mo miarpuMyroTh auHA-
MiuHE 4acTKOBe peKoH(DirypyBaHHs (naii B TeKcTi i TepMinoM YP po3yMiTHMEMO camMe AMHAMIYHU THIT
YP). CroroHi 1ieit HanpsiM aKTUBHO PO3BUBAETHCS.

3a pe3yabTaTaMH ONPAIOBAHHS HU3KHU JITEpATypHUX JKepel, 30kpeMa [12-15, 17, 22, 24, 25], Ta
y3arajbHEHHs 1 CHCTeMaTH3allil pe3yJbTaTiB HAyKOBHX JOCHIKCHb, MOJKHA BHOKPEMHUTH TaKi OCHOBHI
NPUHIIMIYI peartizaiii anapaTHoi 6aratozagauHocti B PKKC, noOynoBanux Ha ocrosi YP TIJIIC:

1) y YP IIJIIC po3milieHO MHOXXHUHY PEKOH(BITYPOBHHUX PETIOHIB, Y KOXKHOMY 3 SKUX y BU3HAYCHUI
MOMEHT 4acy Moxe (pyHKI[IOHYBaTH OJIUH 3aMiHHUA MOJTYJb;

2) 3amady (abo wactmny 3azmadi) mogaroth y PKKC y Burmsai mporpamHoi MoJesi 3aMiHHOTO
MOJYJIsl, IKM KOMIUTIOOTE y daiin yactkoBoi koHpirypanii [TJIIC i 3aBaHTaXyr0Th 10 Hel y BU3HAUYCHUH
pexoH(ITYpOBHHI PErioH 3a KOMaHIOIO 1Himiani3amii po3B’ s;3yBaHHA 1€l 3a1aui,

3) 3amiHHMIT MOIYIb MOXKE BUKOPHCTOBYBATH BiJ oxHOro 10 N pexoHbirypoBHHX perioHiB, ie

Ngp — KinbKicTh pekoHpirypoBuux perionis y UP IIIIC;
4) y YP IIIC moxe oxgHouyacHO ¢yHKIioHyBaTH 10 N5 3aMiHHHX MOJIYJIB;
5) y pa3si morpebu 3amiHHI MOAYIi MOXYTh BHKOPHCTOBYBaTH pekoH(irypouuil perion RP, y

PEXUMI 4aCOBOT'O MYJbTUILICKCYBAHHS;
6) y PKKC na ocuosi YP ITJIIC peanizoBaHo:
a) 3aco0M 3aBaHTAXCHHS YaCTKOBHUX KOH]Iryparii;
0) mexanizmu nepemukands kKouTekcty B IUIIC i mepeminieHHs 3a1au M peKOH(IrypOBHUMH
perionamy;
B) KOHIICTIL[}O BipTyalbHHX arapaTHUX 3aco0iB.

! He tpe6a munytati TepMiHn «amapaTHa GaraTosajadHicTh» i «amapartHa 6araTomoTokoBicTh» (anr. Hardware
Multithreading) — ocranHiM Mo3Ha4arOTh crocid peanizamii 6araTo3afauHoro pexuMy poOOTH B YHIBepCaIbHUX
nporecopax [23].
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2. [lnardopma 1us peanizauii anaparHoi 6ararozagaunocti B YP IIJIIC

Kpim muOXHHE pexoH(irypoBHuX perioHiB, y UP IIJIIC Takox HOTpiOHO PO3MICTUTH IOMOMIXKHI
3aco0u IS MIATPUMKH amapaTHOi 0araTo3alayHocTi, SKi JaJyTh MOXKIWBICTh MIBHAKO 3aBaHTaKyBaTH
4acTKOBI KOH(Qirypanii i mepeMHKaTH KOHTEKCT. Pa3oM i3 MHOXHMHOIO PEKOH(IrypOBHHUX DETiOHIB Wi
3aco0u yTBOPIOIOTH IuIaThOpMy Ui peanizauii anaparHoi 6araro3agaunocti B UP IIUIIC. Ctpykrypy Takoi
w1atopMH, 1[0 OCHOBAaHA Ha MEPEePaxOBaHUX BHILE MPUHIMIAX peani3auii amapaTHOi 0araTto3agadHocCTi,
HaBeneHo Ha puc. 1. Tyt 3acobu minTpuMmKu amapaTHOI OaraTo3agayHOCTI PO3MIIIEHO y CTaTUYHOMY
perioni IIUIIC. Lle nae MOXJIUBICTh CTBOPUTH IJIAT(HOPMY 32 METOAOJOTIEI0 MPOEKTYBAaHHS EIEKTPOHHHUX
MIPUCTPOIB 3 HEBU3HAUYCHUMH 3aMiHHUMH MOIYJISIMU.

Cratuynuii perion YP ITJIIC

> N KOI\)/I(I'(I) ’i:Tep
) <l
.y
Ilam’sTH Kontponep
nporpam
> - o
Bi6mioTeka
JaCTKOBUX

, KoHirypariii
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[
Y4aCTKOBHX > BC BC ! -
KOH(]irypamiit | > 2
dirypauii | o : pp | ||| PP l —
. : —
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! i~ —
[lam’aTh cTaHiB | : BC BC :
3aMiHHUX —»: PP 000 PP [
i ' BC — BipTyansHuii Coker;
MOJLYJTiB | | ’
< ) [ PP — pexoHdirypoBHHUIi perioH.

Puc. 1. Cmpyxmypa niamgpopmu onsa peanizayii anapamuoi 6bazamosadaunocmi ¢ YP [LIIC

PexoHdirypoBHi perioHd TyT MarOTh 3a3/1ajeriJib pO3IJIaHOBaHE PO3MIIICHHS, BU3HAYCHI PO3MipU
i inrepdeiicu. KoxeH pekoH(IrypoBHHI pErioH pO3TAIIOBaHWNA B OKPEMOMY BipTyalbHOMY COKETi
(amrm. Virtual Socket), mia eqHanoMy 10 KaHANIB 3aBaHTAKEHHS 1 BUOIPKM 4acTKOBUX KOH(irypartiid. ITix
BIpTyaJIbHUM COKETOM PO3yMitoTh yacTuHy oOsaananHs IIJIIC, mo MicTUTh pekoH(IrypoBHHH PETioH 3
pecypcaMu CTaTHYHOTO PErioHy, sKi 3a0e31e4yr0Th HOro 4acTKoBe peKoHdirypyBaHHs [26].

st po3B’ si3yBaHHS MOTPIOHKX 3a/1a4 PO3POOHKK CTBOPIOE 3aMiHHI MOJYJII 1 TeHEpPY€E YacTKOBI KOH]i-
rypauii s KOXHOTO 3 HUX, BPaXOBYIOUM OOMEKEHHS Ha KiNbKICTh 0OnaaHaHHA Ta cnermdikanii iHTepdeiicis
pekoH(IrypoBHUX perioHiB. J{nst 30epiranHs QaiiiiB yacTKOBHX KOH(DITypalliii BUKOPHUCTAHO CHEIialbHy
mam’ T, MO3Ha4YeHy Ha PUCYHKY SIK «0i0ioTexa yacTKOBHX KOH]irypauiii». Lle enepronesanexsHa mam’ sitb
JUTSL TOBrOTEpMiHOBOTO 30epiranHst iHpopMallii, B sikiii KoH}iryparii 30epiratoTbCst HOCTIHHO i 3YUTYIOTHCS Ta
MePeNaroThCs A0 PEKOH(IrypOBHUX PETIOHIB MiCHs iHiIiai3alii po3B’ s3yBaHHs BiANOBITHUX 3a1ad.

Jlns oprasizaiii nepeMuKaHHsI KOHTEKCTY, OJHI€I0 3 TOJIOBHUX BHMOT JIO SIKOT'O € MiHIMaJIbHUH 4ac
BUKOHAHHSI, BUKOPUCTAHO IIBUAKI ONOKM BOYOOBaHOI maM’'STi IJIi KOPOTKOTEPMIHOBOTO 30epiraHHs
iHpopMallil — Ken-nam’ ITh YaCTKOBUX KOHQIryparliii 1 mam’ iTh CTaHiB 3aMiHHUX MOAayJiB. [lepemukanHs
KOHTEKCTY, SIK 1 3aBaHTa)KCHHSI YaCTKOBHUX KOH(Iirypauiii 3 61051i0TeKH, BUKOHYE KOHTPOJIEP.

[lam’aTH TIpOTpaM MICTHTh MPOTrpaMU KOHTpOJIEpPA Ul 3aBaHTKEHHS YACTKOBHX KOHQIryparii,
MepEeMHUKaHHA KOHTEKCTY, SIKi Iepen0adaroTh 30epeKeHHs 1 BITHOBICHHS KOHTEKCTY, MEpeMilleHHs 3a1ay
y IITIC (ui muTaHHs BUCBITIEHO HMKYE). OKpiM BUKOHAHHS 3a3HAYCHHX MPOrpaM, KOHTPOJIEP 3iHCHIOE
3arajibHe KepyBaHHS POOOTOI0 KOMIIOHEHTIB IIaTGOPMH 1 B3aEMOJIIE 3 XOCT-KOMIT' FOTEPOM.

Huxde posriissHeMo JeTaibHilne 0a30Bi aclieKTH Ooprasizaliii arnapatHoi 6araro3amayHocti B PKKC
Ha ocHOBi UP TJIIC. Po3rmsin moyHeMO i3 KOHIIeIii BipTyalbHHUX arapaTHUX 3aco0iB.
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3. Konuenuist BipryajbHUX anapaTHHX 3ac00iB

Konuerniist BipTyansHux anapataux 3aco0iB (anri. Virtual Hardware) [7, 8] naminena Ha oprasizaiiro
amapataoi Oararo3amauHocti B PKKC i moxmiOHa mo KoHIEmi BipTyaJpHOI mam’'sATi B KOMI IOTepax 3i
CTOPIHKOBOIO, CETMEHTHOIO 1 CErMEHTHO-CTOPiHKOBOIO OpraHizaiiero nam’ siti. OauHunero indopmarii, Koo
orepye IMiacHCTeMa BIpTyalbHHX allapaTHUX 3aco0iB, € MiIBaHTAXYBATbHHN Jjoriuauii Moxynb (ILJIM,
auri. Swappable Logic Unit). TIJIM € joriuHuM mpe/CTaBIeHHSIM KOMIT FOTEPHOTO MPHUCTPOO /IS PO3B’ s13y-
BaHHS 3a7a4i a0o ii yacTHHU Ha AesKoMy eTari il po3B’ s3yBanHs. [IJIM npezncTasmisie koM’ IOTepHHUN PUCTPii
Ha piBHi Koy koH(irypauii IUIIC. Cran npuctporo Ha esKoMy eTami po3B’ A3yBaHHS HUM 3371adi € BinoOpa-
YKEHHSIM TOTOYHOTO BMICTY YCiX 3amam’ ITOBYIOUYHX €JIEMEHTIB Y HOTO CKJIai.

CyTb KoHLeNUii BipTyaJbHHUX anapaTHUX 3ac00iB Taka:

1. V mam’ ari PKKC 36epiratoTscs mporpamHi Mozesi KOMI' FOTEPHUX NPUCTPOIB AJIsl PO3B’ A3yBaHHS
3agad. Lli moneni npencrasieni Ha piBHI koaiB koH}irypauii IIJIIC pekoH}pirypoBHOT0 cepenoBuIna.

2. Tlicna iHimiamizarfii po3B’s3yBaHHS 3ajavi B PEKOH(ITYPOBHOMY CEPEIOBHINI CTBOPHOETHCS
BIJIMOBIAHUH i KOMIT' FOTEpHUIA MPUCTPid. YIIPOMOBXK PO3B’ sI3yBaHHs 3a/adi Leil MpucTpiii Moxe, B pasi
notpebu, OyTH MPU3YNMHHEHUM i THMYACOBO BHBAHTAKCHHUM i3 PEKOH(ITypOBHOTO CEPEOBHUINA Y MaM’ SITh.
[ig TMMYAacOBMM BHBaHTaXXEHHSM NPHUCTPOIO po3yMmiemo 3amuc koxy koHoirypamii [IJIIC i moToyHoro
BMICTy YCIX 3amam’TOBYIOUMX €JEMEHTIB MPHCTPOIO JIO TIaM sTi. BUBaHTaXKEHUH KOMI IOTEPHUIMA
NPUCTPii MPOAOBKYE iICHYBATH B CHCTEMI «BipTyanbHO» y BUrIIAI [TJIM.

3. Ilam’'sath, B skiii 30epirarots [1JIM — THMYacOBO BUBAHTaXKEHI 3 PEKOH(DITYPOBHOTO Cepe0BHUIIA
KOMIT' FOT€PHI MPUCTPOT, HA3BEMO MPOCTOPOM ITi/IBAHTAKECHHS.

4. YV notpibnuit MmomenT dacy [1JIM MokHa MOBTOPHO 3aBaHTAXHTHU i3 MPOCTOPY IMiIBAHTAKECHHS
JI0 PeKOH(IrypOBHOTO CEPEIOBHIIA TS IPOIOBKEHHS/3aKiHIEHHS YU IIOBTOPHOIO PO3B’ sI3yBaHHS 3a7adi.

5. Bci koMmIT 10TepHI MPUCTPOi, MO MPALIOTh B PEKOHQITYPOBHOMY cepelioBulli abo iCHYIOThH
BipTyansHO 5K I1IJIM y mpocTopi niBaHTaXeHH, 3 IOMJIALY KOpUCTyBaya (PyHKIIOHYIOTh MapajieiabHo.

6. MakcuManbHUI cyMapHHH po3Mip pecypciB peKOH(DIrypOBHOI JIOTIKH, IKUH MOXKe OyTH HaJgaHUH
U IMIUIEMEHTalil ycix KOMIT I0TepHUX NpucTpoiB, mo ¢ynkuionytots y PKKC mapanensHo, BH3Ha-
YaeThCsl KUIBKICTIO PECypCiB PEKOH(IrypOBHOIO CepefoBHIIA Ta 00’ €MOM MPOCTOPY IiJBAaHTAXKECHHSI.
HeBenuky KinbkicTh pecypciB peKOH(IrypoOBHOIO CepeloBUINA MOXKHA KOMIIEHCYBaTH 301TbLICHHSIM
MIPOCTOPY MiABAHTAKEHHS.

7. IponyktuBHicts PKKC 3anexuts Bif KUTBKOCTI pecypciB peKOH(IrypOBHOTO cepeloBUIla 1 He
3aJISKUTh BiJl 00’ €My IIPOCTOPY MiABAHTaKECHHS.

3 orsay Ha CKaszaHe BHIIE, TEPMiH «BIPTyalbHI» CTOCOBHO amapaTHHX 3aco0iB MOXE MaTH JBa
TIIyMaueHHS:

1) BipTyanbHUMH € KOMIT FOTepHI mpUcTpoi, 1o icHytots y PKKC y Burmsai I[TJIM;

2) BIpTYaJIbHUMH € pecypcu peKOoHQIrypoBHOI jioriky, mo icHyiots y PKKC y Burisai npocropy
M1 IBaHTAKEHHA.

st 3abe3nedeHHst BUCOKOT MBUAKOCTI miiBanTaxeHHs [1JIM mam’ sitb pocTopy ITiIBAaHTaKEHHST MOYKE
OyTu GaraTopiBHEBOIO 1 PO3MOICHOIO TI0 Pi3HKX 3araM’ aToBytounx npuctposx B [TIIC i 3a 1 Mexxamu.

Brinenns koHueniii BipryanbHux amapaTHux 3aco0iB y PKKC mo ocranHix pokiB Oyio mpoOiie-
MATHYHUAM 3 OTJIsIy Ha TexHiuHi xapakrepuctuku HasBHuX [LJIIC. Tlo-mepiie, TpuBamicTh iX pekoH)i-
TYpPYBaHHSI HE JlaBayia 3MOTY 3[IiHCHUTH B MPUHHATHUN 4ac TigBaHTaxkeHHs moTpionoro [1IJIM. ITo-apyre,
BiJICYTHICTh MOJIMBOCTI PEKOH(IrypyBaHHS B YacTHHI HE J03BOJISUIa peali3yBaTd amaparHy Oararo-
3amaynicth B Mexax I[IJIIC. 3 mosBOIO 1 MOJAibIIAM PO3BUTKOM TEXHOJIOTII JMHAMIYHOIO YaCTKOBOI'O
pexondirypysanns IUIIC cutyanis 3miHuMiacs, 1 cbOroJHI KOHIEMLIS BipTyalbHUX amapaTHUX 3aco0iB
peanizyerbest B 6aratozagaunux PKKC, mMaroun miaTpuMKy HeE TiJBKH Ha PiBHI anmapaTypH, ajie i Ha piBHI
ix omepariiitnux cucrem [9-11].

TpupiBHeBY mam’ sITh MPOCTOPY MiIBAaHTAXEHHSA y miuaTdopmi Ui peamizauii amaparHoi OaraTo-
3amaynocti B UP TUJIIC mokasano Ha puc. 2.
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Puc. 2. Tpupisnesa nam’smv npocmopy niosaumagiceHHs y naamegopmi
ons peanizayii anapamnoi bacamoszadaynocmi ¢ YP IIJIIC

SK MOXXEMO 3ayBaKWTH, KELI-NIaM ATh YacTKOBHX KOH]Iirypamid Ta mam’sTh CTaHIB 3aMiHHHUX
MonyJiB, posMimeHux y Mexax [LJIIC, MaroTh JOriyHe NpPOJOBXKEHHS Yy NPOCTOPI MMiJBaHTaKCHHS.
®iznuno nam’ ate [1JIM mepmoro piBHS Moke OyTH pearnizoBaHa y BOyzoBanii nam’ sti [TJIIC, mam’ st
[IJIM ppyroro piBHS — B OIEPaTUBHOMY 3araM’ SITOBYHOUOMY TPHUCTPOI, sikuii TicHo B3aemogie 3 [TJIIC.
[am'sate TIJIM TpeThoro piBHS MOXXE BHKOPHCTOBYBATH JESAKY 4YacTUHY Oi0mioTekn KoHiryparii,
TEOPETHYHO aX JI0 YChOro il 00’ eMy. 3p0o3yMijo, IO MIBUAKICTH HigBaHTaxeHHs [1JIM 31 30UIbIICHHAM
NPOCTOPY MiJIBAHTAXCHHSI 3HWKYETHCS, 0COOIMBO 13 3aIy4eHHAM JI0 HOro ckiany 0i0nioTekn KoHQIry-
partii, 1o, sk 3a3HaueHO BUIIE, PEATi3yEThCS B CHEPrOHE3AICKHIN 1MaM’ SITi, MOYKE MaTH BEJIUKUH 00’ €M 1
HEBHCOKY IIBHJKICTh YATaHHs/3amucy. Bee s mepeBaru 3acTocyBaHHs KOHIICIIIIT BipTyalbHUX arnapaTHUX
3ac00iB Oe33anepeyHi, 1 HAWBAXKIUBIIIUMU 3 HUX € TaKi:

— MOXIUBICTh MapalelbHO PO3B’A3yBaTH OLNBINY KUIBKICTH 3a/la4, HIK KiIbKICTh PeKOH(IrypoB-
Hux perionis y YP IJIIC;

— MOXJIMBICTh BHUKOHYBaTH 3a/1aui, SIKi MOTPeOYIOTh OLIBIIOI KUIBKOCTI pecypciB peKOHMIrypoBHOT
noriky, Hix goctynHo B YP TUIIC, 3aBasiku 3aBaHTaXEHHIO 10 HET OKPEMHX MOJYJIB BiMOBIAHMX MPUCTPOIB.

[lepmoyeproBuMu NHUTAaHHAMHM, $KI BHHUKAIOTH WA Yac peamizauii KOHLENUil BipTyaJbHHX
amapaTHuUX 3aco0iB, € MEPEeMHUKAaHHS KOHTEKCTY 1 TMEpeMillleHHS 3afad 3 OJHOTO PEKOH(IrypoBHOTO
periony [IJIIC no inmoro. L{i nutanHs po3risHEMO HIKYE.

3. IlepeMuKaHHS KOHTEKCTY B 4acTKOBO pekoHdiryposuux IIJIIC

VY OararozagadyHuX OMEpallifHUX CHCTeMaX MiJ TePMIHOM «IIePEMHKAHHS KOHTEKCTY>» PO3YMIIOTh
KOMIUIEKC i, HeOOXiMHUX /ISl 3aMiHH OJIHi€i PO3B’sI3yBaHOI MPOIECOPOM 3aladi Ha iHITYy, SIKUH aae
MO>KITUBICTh MI3HIIE BIAHOBUTH PO3B’ I3yBaHHS MOIEPEIHBOI 3aadi 3 TOT0 CaMOTro MiCIIsl, Ha SKOMY BOHO
Oyno 3ynuHeHo. Y KHu3i [27] mepeMHKaHHS KOHTEKCTY BH3HAUEHO K Iepenava KepyBaHHS Bil OJXHOTO
nporiecy 10 iHmoro (mporec — Ie mporpama I yac BUKOHAHHS 3 11 BAACHUMM JaHUMH) 31 30eperKeHHIM
CTaHy mpolecopa. BiAMoBiIHO KOHTEKCTOM HA3MBalOTh CTaH MPOIECY B JEAKHHA MOMEHT Yacy HOro
BUKOHaHHS. Xoua peaiizaiis MNepeMHUKaHHS KOHTEKCTY 3alie)KUTh BiJl apXiTEKTypH KOMIT IoTepa i
oreparliiiHoi CUCTeMH, y3arajbHeHa IMOCIiJOBHICT, BUKOHYBaHUX Il Taka:

1) 3ynuHKa BUKOHAHHS MOTOYHOTO BUKOHYBAHOTO IPOIIECY;

2) 30epekeHHsI KOHTEKCTY MMOTOYHOrO BUKOHYBAHOTO MPOIIECY B 00JIACTh HOT0 30epiraHHs B IIaM'siTi;

3) BHM3HAYEHHS HACTYITHOTO BUKOHYBAHOT'O MPOIIECY;

4) 3aBaHTKCHHS KOHTEKCTY HACTYITHOIO BUKOHYBAHOT'O MPOIIECY i3 00J1acTi HOro 30epiraHHs B IaM'siTi;

5) mouaTok abo MPOAOBKEHHS BUKOHAHHS HACTYITHOIO BUKOHYBAHOTO TIPOIIECY.
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KoHTeKkeT € CyKyIHICTIO 3HaYeHb PETiCTPiB Ipouecopa, NPUIOMY PETiCTpiB HE TINBKH 3arajlbHOrO
MIPU3HAYEHHS, ajle i CUCTEMHHMX, 30KpeMa JIUMIbHUKA KOMaHIl, PericTpiB 3axXUCTy Mam’ siTi, CJIOBa CTaHy
OporpaMu i iHIIKMX, 3aleKHO Bif apxitektypu mporecopa [28]. ITo cyTi, mepeMHUKaHHS KOHTEKCTY €
BTPATOIO0 4Yacy, OCKUJIbKM MPOTATOM HOro BUKOHAHHS MPOLECOP HE BUKOHYE >KOIHOI iHIIO! podotu. s
MiHimi3auii 1€l BTpaTH nepeMHUKaHHS KOHTEKCTY YacTO BUKOHYIOTH 13 3aCTOCYBaHHSAM 3ac0o0iB amapaTHoOi
nigrpuMku. Hanpuknan, B apxitektypi [4-32 myisa 30epeXeHHS] KOHTEKCTY BUKOPUCTOBYIOThH CHeELialbHY
JUISHKY mam’ siTi — cerMeHT crady 3amadi (anri. TSS — Task State Segment). Anpecy i€l ainstHku 36epi-
raroTh B CHCTEMHOMY pericTpi 3aaadi TR.

Peanizaniss nepemukanns kontekcty B UP IIIIC icTtoTHO Binmpi3HSEThCS BiJ Horo peanizamii B
YHiBepCaJbHUX Hpouecopax. Lle 3yMoBIeHO 3aCTOCYBaHHIM NPUHLIUIIOBO Pi3HUX MiAXOAIB A0 opraHizamii
orpaioBaHHs iH(popMalii, MOKIaJeHUX B OCHOBY iX (PyHKIIOHYBaHHS, a came:

— B yHiBepcalbHOMY IIPOLIECOPI AITOPUTM PO3B’ sI3yBaHHS 3a/1a4i M0Jal0Th Iporpamoro, a B IVIIC —
KOH(irypatieto o0iagHaHHS;

— CTpYKTypa yHiBepcaJbHOTO MpOLIeCOpa HE3MiHHA, IJIs 3MiHH aJITOPUTMY pO3B’ sI3yBaHHA 3ajadi
3MiHIOIOTh BUKOHYBaHy nporpamy. 3Miny anroputmy B [IJIIC 3aiiicHIOIOTE 3MiHOIO KOH(Iryparii;

— B YHIBEpCaJIbHOMY HPOLECOPI KOHTEKCT € CYKYIHICTIO MOTOYHHMX 3HA4YE€Hb HOTO pEricTpis.
VY IUIIC xoHTEeKCT — e KOoHQIrypauisi i HOTOYHHUN BMICT BCiX 3amaM’ sITOBYIOUHMX €JIEMEHTIB IPUCTPOIO B 11
CKJIaJi — TpUrepiB, pericTpis, 6sokiB nam' ati. Haramaemo, mo B UP IIJIIC po3pobHuk peaiizye npucTpii
SIK 3aMiHHUH MOIYJIb.

3 ypaxyBaHHSIM BKa3aHUX BiAMIHHOCTEH BH3HAYMMO Ta OMHUIIEMO HOCIiJOBHICTH i, SKi HOTPiOHO
BUKOHATH JUIsl IEPEMUKaHHS KOHTEKCTY B pa3i peamizamnii anapatHoi 6aratozagaunocti 8 YP TUIIC. Lo
MOCITIIOBHICTb 1TFOCTPYE pHC. 3.

Bubip pekoHpirypoBHOro periony

v

306epexeHHs koHTekcTy (3M1)

30epekeHHs BMiCTy
3anam’ATOBYHYMX eJleMeHTiB 3M 1

v

BinHoenenHsa koHTekcty (3M2)

@opmyBaHHsI HOBOTO KOLY
4acTKOBOT KoHirypatii 3M2

3aBaHTa)KEHHS KOHTEKCTY

v

Po3B’s3yBaHHs 3ana4i (3M2)

Puc. 3. [locnioosuicmy Oiil 018 nepemMuKanHs KOHMEKCy
6 pasi peanizayii anapamnoi 6acamosadaynocmi 6 YP ITJIIC

Ockinbku B YP IIJIIC Moke OQHOYACHO MpalfoBaTH JesAKa KUIbKICTh IMPHUCTPOIB, BIAMOBIIHO 0
HasBHOI KiJIBKOCTI PEKOH(IrypOBHUX PETiOHIB, MUTAHHS MEPEMUKAaHHS KOHTEKCTy B Hill BUHHKae TOMi,
KOJIM BCi PeKOH(]IrypoBHi perioHu 3aifHATi. B iHImOMY BHnazky 4acTKOBY KOH(QIrypalilo 3aBaHTaXYIOTbh
JI0 BUIBHOTO peKOH(]IrypoBHOTO periony. ToMmy Mepiior orepari€ero, Ky MoTpiOHO BHKOHATH, € BHOIp
PEKOH(ITYpOBHOTO pETioHy, B SIKOMY Oyae 3MiHeHO KOHTEKCT. [lami moTpiOHO 30epertd KOHTEKCT —
YaCTKOBY KOHQIrypariro i MOTOYHHIA BMICT yCiX 3amamM’ ATOBYIOYMX €JEMEHTIB 3aMIHHOTO MoayJs 3MI,
10 Mpalroe y UboMy pekoHgpirypoBHomy perioni. ChopmyBaru nani npo cran 3M1 moxHa cmoco6om
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3UMTYBaHHS BMICTY 3aliaM’ STOBYIOUHX €JIEMEHTIB 1 HOro HaKJIaJAaHHSIM Ha BMICT BiJIIOBIIHUX €JICMCHTIB Y
MOYaTKOBOMY KoOji KOH(iryparii, ik Iie 3ampornoHoBaHo B po6oti [12]. Ha BigmiHy BiJ OIHCaHOrO B
poborti [12] pimieHHs, poOUTH Lie MPOMOHYEThCS HE MiJ 4Yac 30CpPeKEHHS, a IMijJ Yac BiIHOBICHHS
KOHTEKCTY, SKIIO BOHO Oyle moTpiOHe (Hema ceHcy (OpMyBaTH KOHTEKCT, SKIO 3aMiHHHH MOJIYJIb
3aKiH4MB CBOKO poOoTy). ToMy 10 mam’sti craHiB 3amiHHHX MoaydiB (puc.l) 3amucyemo BMiCT
3amam’ ATOBYIOUHX €JI€MEHTIB 3aMiHHOTO MOYJIS.

HactynHoro omepaiii€elo € BiJHOBJIEHHS KOHTEKCTY — YacTKOBOi KOH(Qirypamii Ta BMICTYy ycix
3amaM’ ATOBYIOUMX €JIEMEHTIB 3aMiHHOro moayns 3M2. Skmo 3M2 TibKH NMOYMHAE CBOIO POOOTY, TO
KOHTpoJiep BuOupae 3 6i0mioTekn Horo 4acTkoBy KOH(irypamito 1 3aBaHTaxye ii 70 peKOH(IrypOBHOTO
perioHy, a TakoX KoIitoe y kemi-nam’ st (puc. 1). ko *k mocraBieHe 3aBIaHHS BiJHOBJICHHS paHilie
30€peKEeHOro0 KOHTEKCTY, TO KOHTPOJIEp MOBUHEH c(OPMYBaTH HOBUHM KO 4acTKOBOI KOHpirypauii 3M2 i3
HOro MOYaTKOBOrO KOAY 1 HOTOYHOTO BMICTY 3amaM’ ATOBYIOUMX €JIEMEHTIB Ta 3aBaHTaKUTH LEH KoJ 0
pexoHgirypoBHoro periony. [TouaTkoBuii Koj KOH]Irypaiii KOHTpoJiep 34uTye 3 Kenr-am’' siti. [Ipomec
(hopMyBaHHS HOBOTO KOJYy YacTKOBOI KOH(QIryparii MOXKHa CyMiCTHUTH 3 MPOIIECOM YaCTKOBOTO PEKOH-
¢irypysanns [UIIC.

BupizHsaioTs 1Ba METOAW MepenaBaHHSA AAHMX MiJ Yac 30€peKEHHS Ta BiIHOBJICHHA KOHTEKCTY — 3
BHKOPHCTaHHSAM CTaHAapTHOrO iHTepdeiicy pexoHdirypyBanns (anri. reconfiguration-based) [22, 13], nanpuk-
nan, ICAP, i 3 BukopucrtanusaMm iHTepdeiicy mpuctporo (anri. design-based [29, 30], abo Task-Specific Access
Structures [22]), sikuii TPOEKTYETHCS TaK, MO0 MAKCUMAJIBbHO MIBHIKO BUKOHATH 3YMTYBAHHS/3AITHC BMICTY
3amaM’ ITOBYIOUMX eJIeMeHTIB. [IpupoHo, Mo apyruii MeToa 3a0e3redye BUCOKY IIBUIKICTh, ajle, Ha BIAMIHY
BiJl MEpIOro, BUMAra€e BiJl PO3pOOHMKA Oe3rmocepeHboi peantizaiii 3aco0iB IIBHIAKOTO 3YMTYBaHHS/3amMucy
JaHUX y 3amaM’ SITOBYIOUMX €JIEMEHTax Ha PiBHI apXiTeKTypH NPHUCTPOIO, IO, CBOEIO YEProro, 301Iblye
3aTpaTty 00JIaIHAHHS Ha HOTO pealti3allifo Ta YCKIIaJHIOE IPOSKTYBaHHSI.

[porpamuy peanizamito nporeayp GpopMmyBaHHs, 30epeKEHHsI Ta BiTHOBJICHHS KOHTEKCTY 3aIlpoIo-
HOBaHO B poboti [12]. Tam mepembadeHo, MO IIi MPOIEIYPH BHUKOHYE BOYIOBaHHH MIKPOIIPOIIECOP,
PO3MIIIIEHNH y CTaTUYHOMY perioHi. Ha Hamry myMmKy, Takuii miJXiJ] CyTTEBO YIOBUIBHIOE BiJHOBJICHHS
KOHTEKCTY, OCKUJIbKH (JOpPMYyBaHHSI HOBOTO KOJYy KOHQIrypaiii MiKpoIpoIiecop BUKOHYE IMOCTIIOBHO Y
dopmati 32-po3psAHHUX CIiB, a OPMYBaHHS KOXKHOTO CJIOBA Iependadae 3BEPHEHHS 0 Kell-mam’ sTi
YaCTKOBUX KOH(Irypauiid, 3BepHEHHS A0 IaM sTi KOHTEKCTIB 1 IepelaBaHHS PE3yJbTaTy B peKOHQIry-
POBHUI1 perioH. 3MEHIIUTH TPUBAIICTH BIIHOBJICHHS KOHTEKCTY MO)KHA BHECEHHSM JO CKJIAAY BipTyanb-
HOTO COKETa, B IKOMY MiCTHThCS PEKOH(DIrypOBHUI PErioH, mMpUCTporo (GopMyBaHHS KOHTEKCTY. Bpaxo-
BYIOUHM HH3bKY OGUHMCITIOBANBHY CKIAAHICTH i€l omeparii (context = state,qyq - Mk +confiqj; - msk, me
msk — macka, sika BKa3ye Ha HAJICKHICTb OiTa 10 JaHuX KoHTekcry [12]), ii amapatHa peamisalis He
norpedyBaTHMe 3HAYHUX 3aTpaT oOyagHaHHA. | Oinble, SKIIO TaKWUH MPUCTPI PO3SMICTUTH B KOKHOMY
BIPTYaJbHOMY COKETi, TO MEPEeMUKAHHS KOHTEKCTYy MOXKHA OyJle BHKOHYBaTH B PI3HMX PEKOH(IrypOBHHX
perioHax OJJHOYACHO. YKPYITHEHY CTPYKTYpY YTBOPEHUX y TaKHi CIociO 3aco0iB amapaTHOT MiTPUMKH Tiepe-
MHKaHHSI KOHTEKCTY B CKJIaJli IiatdopMu Juis peanizaii armapatHoi Oararozamaunocti B UP TUIIC imoctpye
puc. 4. 11{o6 3abe3reunT MakCUMajbHY IIBHAKICTH 1 MOMJIMBOCTI OJHOYACHOTO BHKOHAHHS IEPEMUKAHHS
KOHTEKCTY B PI3HMX PEKOH(IrypOBHHMX perioHax, KelI-laM ATh YaCcTKOBMX KOH(]Irypauiil i mam’sTh cTaHiB
3aMiHHHMX MOJYJIB TYT PO3MOICHI Ha OKpEMi ISl KOXKHOTO PeKOH(DITypOBHOTO PErioHy OJIOKH.

5. llepemimenns 3agau y UP IIJIIC
Sk BKe CKaszaHO BHIIE, 3a0e3leucHHs MOXIIMBOCTI mepemimienns 3agau (anrir. Task Relocation)
HaJICXKUTh JI0 IPUHITMTIOBHUX 3aBJaHb, HEOOXITHUX s pearizalii anapatHoi 6arato3amnagHocti B PKKC Ha
ocHosi [IIC 3 nuHamMiyHMM 4acTKOBUM peKoHQirypyBanHsaM. [loTpeOa BUKOHAHHS MEepEeMIllIeHHs 3a1ay y
YP [JIIC BuHuKae micis iHiiamizalii 41 Ipoa0BKESHHS pO3B’ I3yBaHHs 3a1a4i, KoJu BianoriaHi it [1JIM
(omuH 4m Ginplie) MOTPIOHO 3aBaHTAXHUTH O BUOpAHMX 3aCO00aMM KOMIT FOTEPHOI CHCTEMH PEKOHQIry-
poBHUX perioHiB, po3mimieHHs akux y UP I[IJIIC € inmunmM, HiXkK BU3HAUYEHO Ha eTarli IIaHyBaHHS.
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Puc. 4. Yxpynuena cmpyxmypa 3acobie anapamuoi niOompumky nepemMuKanisi KOHMeKCmy
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[IpobneMHUM MUTAHHSAM TepeMillleHHs 331a4 € Te, 10 METOAOJIOTIsI MPOEKTYBaHHS KOMIT IOTCPHHUX
npucTpoiB i3 3amiHHUMH MoayisMu st UP [UUIIC mepenbauae BU3HAYEHHsSI MiCIl pO3TallyBaHHS
KOo>kHOTO 3aMinHoro Moxyis B [IJIIC Ha erami miaHyBaHHS PO3MIIEHHS PEKOHQITYPOBHHUX pPErioHiB. Y
pe3ynbraTi [1JIM maroTs Bu3HaueHe i ¢ikcoBaHe po3mimenHs B [TJIIC, BkazaHe agpecamMu y BiAOBITHUX
NOJISIX Koy KOH(piryparii.

TpuBiasbHUM MTiAXOZOM 1O BHUPIIICHHS MUTAHHS MEPEeMIlleHHs 3aJadi € CTBOPEHHS OKPEMHX
1ICHTUYHUX YaCTKOBUX KOH(Irypauii OAHOro 3aMiHHOTO MOAYJIS I Pi3HUX PEKOH(ITypPOBHUX PETiOHIB,
aje e CYNPOBOKYEThCA MOTPeOOI0 30epiraHHs B IMaM ATI BEJIMKOI KUIBKOCTI HAUIMIIKOBUX IaHHX.
Peamizanist x nepeMilyBajJbHAX 3aMIHHUX MOJYJIB IMOKH IO HE MiATPUMYETHCS CHCTEMaMH aBTOMATHU-
30BaHOI0 MPOEKTYBaHHs, 110 nponoHytoTs BUpoOHuUKH [IJIIC. ToMy HaykoBui W iH)KeHEpH, SIKi CTHUKa-
I0ThCS 13 muTaHHAM mnepemimieHHs 3amau y YP IUIIC, pospobnstoTs myis mporo BiacHi 3acobu. Lle,
Hanpuknag, REPLICA [19], sxuii Moaudikye moYaTKOBHH KOJ 4acTKOBOI KOH(Iryparii mig 4ac #oro
3apaHTaxeHHs a0 [IJIIC. Takuit miaxia — moaudikallito KOAy «Ha JIbOTY» — HA3WBAIOTh JUHAMIUHUM
nepemimernsaM (anri. dynamic relocation). 3acio PBITPOS [31] po3po6aenwuii st [TJIIC Virtex 11 i Virtex
I Pro ¢ipmu Xilinx i ToMy yMOXJIHBIIIOE MIEPEMIILICHHS JIMILIE B MEKaX CTOBMIIB (Tak 3BaHE OJAHOBHMIpHE
nepemintenns). 1le kinbka MeTOIIB peaizaliii nepemimieHns onucano B podorax [16-18] i [20]. Ha nam
norJisi, GYHKIIOHATHPHO HAWTIOBHIIIMM 3 MOTJISY MIPOCKTYBAHHS KOMIT IOTEpHUX IPUCTPOIB i3 MepeMily-
BasbHUME 3aMinHuME Momyisimu juis YP ITJIIC e 3aci6 GoAhead [32], po3poOnenuit Ha (akysibreTi
iHpopmatuku YHiBepcutery M. Oclio.

B UP IUIIC MOXIMBICTH IMEpeMillleHHS 3a7ad 3a0e3MeuyeThCs THM, IO MOYATKOBUH, 3 SIKOTO
BUKOHYETBCS TIEPEMILICHHS, 1 I[IIbOBUH, Y SKUH BUKOHYETHCS ITEPEMIllICHHS, PeKOH(DIrYpOBHI perioHu
MAaroTh OJTHAKOBI:

1) po3smipy;

2) KUIBKICTb, THII I PO3MIIICHHS peCypCiB PeKOHDIrYpOBHOI JIOTIKH i KaHANIB TIepeaBaHHs TaHUX;

3) po3minieHHs iHTepdEHCHIX TiHIN.

JonaTkoBOI0 BHMOTOIO € HE3aCTOCYBAaHHS TPAH3MTHHUX CTATUYHUX CHUTHANTIB, IO MPOXOIATH KPi3b
PEKOH(ITYPOBHHI PETioH.

3arajoM po3pi3HAIOTH MmepeMitneHHs oqHoBuMipHe (1-D), MOKIMBe BUKIIIOUHO B ME)KaX CTOBIIIIIB, i
nsoBuMipHe (2-D), y mexax pstakis i crosmitiB IIJIIC. MosknusicTs 3aiticaents 1-D qu 2-D mepemitnerus
3aJIeKUTh Bi po3Mipy pekoHQirypoBHoro periony i apxitekrypu [IJIIC. 3Baxarouun Ha Te, M0 OUIBIIICT
cydacHux IUIIC mictsaTh OMOKH pi3HOrO (PyHKIIOHATBHOTO NMPHU3HAYEHHS, a HEPEMILCHHS MOAYNA Y
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HOBHH PEriOH MOXKJIMBE 34 YMOBH, IO LIEH PerioH Mae€ iICHTUYHUH i3 MonepeaHiM CKIIaa 1 po3TamryBaHHs
pecypcis, 2-D nepemimeHHs XapakTepHe A1l PETiOHIB MaJloro i cepeJHbOTO PO3MIpy.

[ToTpiOHO 3a3HAYUTH, 1110, OCKUIBKH HEPEMIIICHHS 3aMIHHOT'O MOAYJIS mepeadayae MaHImyJ Il Haj
KOH(}IrypaifHuM KoJaoM, criocid Horo 3aificHeHHs abcomoTHO npuB’ si3anuid 1o tuiy [IJIIC, a Tomy Hema
€IMHOTO aJITOPUTMY BUKOHAHHS MepeMilieHHs 3aaa4 s pisaux [JIIC.

BucnoBkn

1. BucBiTieHo miaxiza A0 peamizallii anapatHoi 0arato3aiadyHoCcTi B PeKOH(IrypOBHUX KOMIT IOTEp-
HUX cucTemax Ha ocHOBi [UIIC, 1m0 miATpUMYIOTh AMHAMIYHE YaCTKOBE PEKOH(ITypyBaHHS.

2. BuokpemineHo Taki OCHOBHI NpHHUMIM peaiizamii amapatnoi Oararo3amaunocti B PKKC,
noOymoBanux Ha ocHosi YP ITJIIC:

2.1) B YP IUIIC po3MilleHO MHOXHHY PEKOH(ITypOBHHMX pPETiOHIB, B KOXXHOMY 3 SKHX Y
BH3HAYEHUH MOMEHT 4Yacy Moke (QyHKI[IOHYBaTH OUH 3aMiHHUH MOIYJIb;

2.2) 3anauy (abo uactuny 3agadvi) nomaroTs B PKKC y BHMIsai mporpamMHOi MOJETI 3aMiHHOTO
MOJTYJIsI, IKM KOMIUTIOOTE y daiin yactkoBoi koHpirypanii [TJIIC i 3aBaHTaXyr0Th 10 Hei Yy BU3HAUYCHUHA
peKoH(IrypOBHHI PerioH 3a KOMaHAOIO iHimiani3anii po3B’ s13yBaHHs Li€l 3a1adi;

2.3) 3aMiHHMI MOMYJb MOXKE BUKOPUCTOBYBAaTH BiJ 0AHOrO 10 Nqp peKkoH(MIrypoBHHX perioHis,

ne Ngp —kinbkicts pekoHpirypoBrux periouis y UP IJIIC;
2.4) yYP IUIIC mosxe oxHovacHo GyHkuioHyBatd 10 Ngp 3aMiHHHX MOAYIIB;
2.5) y pasi nmorpebu 3amMiHHI MOJIyJi MOXYTh BUKOPHCTOBYBaTH pekoHdiryposuuii perion RP, B

PEXUMI 4aCOBOT'O MYJIbTUILIEKCYBaHHSI;
2.6) y PKKC na ocHosi UP ITJIIC peanizoBaHo:
a) 3aco0H 3aBaHTaXCHHS YaCTKOBUX KOH(DIryparriii;
0) MexaHi3mMu nepemukanns Kontekety B ITJIIC i nmepemitieHHs 3a7a4 MK peKOH(IrypoB-
HUMU perioHaMH;
B) KOHIICMIIIIO BipTyaJIbHUX allapaTHUX 3aCO0IB.

3. 3ampornoHOBaHO CTPYKTYPY IiaThopMu s peaiisalii anapaTHoi 6arato3amaynocti 8 UP IJIIC,
sIKa BiJINOBIZ[a€ BKA3aHUM BUIIE MPHHITUTIAM.

4. BuknaZieHO CyTh KOHIICIIi BipTyaJbHUX amapaTHUX 3aco0iB. JlorivHOW opuHUIEIO iHGOpMAIlii,
SKOI0 OIEpy€e MiJICUCTEMa BIPTyaJIbHUX anapaTHUX 3aco0iB, € IiJBaHTaKyBaJbHUU JIOTIYHHH MOJIYJIb.
[1JIM € n0TiYHMM NPEACTABIECHHSIM KOMIT FOTEPHOTO IPUCTPOIO [UI PO3B’ I3yBaHHS 3aadi a0o ii yacTuHH
Ha aeskoMmy ertami i poss ssyBanHs. IIJIM mpexacraBisie KOMI IOTEPHUH NPHUCTPi Ha PiBHI KOLYy
koHbirypamii [TJIIC. CtaH npucTpOIO0 Ha JAEIKOMY eTami po3B’sA3yBaHHSI HHMM 33Jadi € BiJOOpaXKCHHIM
MIOTOYHOT'O BMICTY yCiX 3amam’ STOBYIOUHX €JIEMEHTIB y HOTro CKIIai.

5. Po3rasHyTO OCOONMBOCTI BHKOHAHHS Ta BH3HAYEHO TOCTINOBHICTh HiH s TEpPeMUKaHHS
KOHTEKCTY B pa3i peauizalii amaparHoi 6ararozagadnocti B YP [JIIC. 3anpomoHoBaHO CTPYKTYpy 3ac00iB
anapatHoOl MATPUMKH EPEMHUKAHHS KOHTEKCTY.

6. PosrmsiHyTO mmTaHHs nepeminienHs 3agad y UP [JIIC, mogaHo orisia migxomiB Ta iHCTpyMEH-
TaJILHUX 3aC001B, IO 3aCTOCOBYIOTHCS JJIsl HOTO BUKOHAHHSI.
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