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Annorammsi. QEMU — »swmynsarop ammapaTHOro  OOECIICUCHHS,  HCIOJIB3YIOIIUH
JUHAMUYECKYIO JBOMYHYIO TpaHCISIMIO B cBoed pabore. B  jmaHHON  cTaTthe
paccMaTpUBAlOTCS BO3MOJKHBIC YIIYUIIEHHs aJIroOpuTMa JIOKAJIbHOIO pacHpenesIeHus
peructpoB B QEMU. M3meHenus Obliy MpoU3BEeICHBI HAa IPAKTUKE, U PE3YJIbTATHI TOKA3AJIH,
YTO JanbHeHlnee yIydllleHHEe alropuTMa BO3MOXKHO TOJIBKO 4Yepe3 H3MEHEHHe
CYIIECTBYIOIINX OTPaHUICHHUN HA HETO.

KJHO'IeBLle CJI0Ba: pacrpeacsiCHUEC PpErucTpoB, AUHaAMHUYCCKasd ABOWYHas TpaHCIALUA,
QEMLU.

1. BeedeHue

QEMU — sMmynsaTop anmmapaTHOTO OOecleueHHs, KOTOPBI MO3BOJISET 3aIlycKaTh
IIPOrpaMMbl M ONEPALHOHHBIE CHCTEMBI, HAIMCAHHBIE JUIA OJHUX MAalIMH, Ha
apyrux. QEMU umeet aBa pexxuma paboThl: PEXXUM AMYJISILUNA CUCTEMBI H PEXUM
SMYJSIIIMA TPUWIOXKEHUs. B mepBoM pexume >SMyIHpyeTcsi Bce ammapaTHOE
obecrieueHre, W B IIOJYYEHHOH BUPTYaJIbHOM MAaIlllMHE 3arpy’Xaercsi CBOS
ONEpallMOHHAs CHCTeMAa. BO BTOpOM pEXUME 3MYyJIUPYETCS TOJBKO MPOLECCOP.
OTOT pexuM NO3BOJSIET 3aIyCKaThb OTHAENBbHBIE IOJb30BATEIBCKUE MPHUIIOKEHMUS,
HaTMCaHHBIE JIs OTHOW apXUTEKTYpHI, Ha Apyroi [1].

B cBoeii padore QEMU wucnosp3yer TMHaMHYECKYIO ABOMYHYIO TpaHcisiuuto. [1pu
9TOM TOCTEBOI KOJ AU3acceMOIUpyeTcs B HEKOTOPOE BHYTPEHHEE NPEACTaBICHHUE,
U Bce HEOOXOIUMBIE W3MEHEHHsI TIPOU3BOJATCS Ha YpPOBHE BHYTPEHHETO
MIPEICTaBICHHA. 3aTEM U3 BHYTPEHHETO NPEACTaBICHUS T€HEPUPYETCS MaIlUHHBIN
KOJ Ul 3aJJaHHOH apXUTEKTYPBHIL.

B naHHOI cTaThe paccMaTpHBaeTCs 3ajada paclpeleeHUs] PerucTpOB BO BpeEMs
TreHepalry KoJjia Mo BHYTPEHHEMY MPEICTaBICHUIO.
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2. 0630p cywecmeyrOWUX an20pPUMMOE JIOKaslbHO20
pacnpedeneHusi pe2ucmpoe

3a,uaqa pacopencicHusds perucTtpoB COCTOUT B  HA3HAYCHHUU  TICPEMCEHHBLIX
BHYTPCHHETO MPEACTABJICHUA HAa PETUCTPHI. Ee moxHO pa36I/ITL Ha JIBC 11oJA3aJa4u:

o Bbl6paTb, KakKue€ HOaHHBIC NOJDKHBI HAaXOJIWUTHCA Ha PETUCTPax B Kanc,uoﬁ
TOYKE IPOrPaMMBbI, U IOMECTUTh UX Ha TaK HA3bIBAEMBbIE IICEB/IOPETHUCTPEI
— BUpPTYaJIbHBIE PETUCTPBI, YHCIO KOTOPBIX HE OIPaHUYEHO, M KaXIIBIH 13
KOTOPBIX COJEPXKUT POBHO OJIHO 3HA4YCHUE,
®  [IOCTaBUTBH B COOTBETCTBHE IICEBJOPETUCTPAM peajbHbIC.
[Tpu aTOM ecitn pacripeiesIeHue PerucTpPOB MPOUCXOANUT B paMKax OJHOTO 0a30BOTO
050Ka, TO Takoe pacHpesiesieHHe Ha3bIBAeTCsl JIOKAIBHBIM —paclpeleiieHueM
peructpoB. Eciu npu pacrpeielieHul yYUTBIBAIOTCS HECKOJIBKO 0a30BBIX OJIOKOB,
TO pacmpeielicHHe PEeTHUCTPOB HasbIBaeTcs riobambHeIM [6]. B mannO#t pabote
paccMaTpuBaeTcs TOJBKO 331a4a JIOKAIbHOTO PACIIPEIeICHHs PETHCTPOB.

Lenpro aIropuTMOB pacrpeneseH sl perucTpoB OOBIYHO SIBISIETCS TOJyYEHUE Kak
MOXHO Oojiee ObicTpo paboraromiero kona. OpmHako Bpemsi paboThl (parmeHra
[POrpaMMbl 3aBUCHUT OT MHOTHX ()aKTOPOB, U HEIOCPEACTBEHHO H3MEpATh €ro
OpIBaeT TsKeo. [1oaToMy 3 (EeKTHBHOCT aNTOPUTMOB pacIIpeIeIeHUs] PETUCTPOB
YacTO OLICHHBAIOT MO KOJHMYECTBY CICHEPUPOBAHHBIX B pE3yJbTaTe UTCHUI H3
MaMsTH ¥ 3aITUCel B maMATh [3].

3ajada JIOKaJBHOTO paclpelesieHus perucTpoB sBisercs NP-tpynHoit [5].
M3BeCTHO HECKOJIBKO aJITOPUTMOB €€ TOYHOT'O PEILCHHUS: Yyepe3 CBEACHHE K 3a/iaue
JUHEHHOTO TMporpaMMHpoBaHUS [4] 10O TOMCKOM KpaTdaimero ImyTH B
AIMKJIAIECKOM B3BEIICHHOM OpHUEHTHPOBaHHOM Tpade [3]. OmHaKo 3TH alrOpUTMBEI
paboTaroT JOCTaTOYHO MEUICHHO, M BMECTO HHUX Ha IPAKTHKE IPHUMEHSIOTCS
pa3IUYHbIC IBPUCTUKH, TAKHE KaK:

o Ilepsrrit mameHmMit (Furthest-First, FF) — xorma HeoOXomMMO ITOMECTHUTH
TICEBAOPETHCTP Ha pEaNbHBINA, BBIOWpaercs 000 cBOOOAHEIN. Ecim
CBOOOHOTO HET — TO OCBOOOJKIAETCS TOT, OJIrrKaiillee HCIIOJb30BaHUE
COJIEP’)KUMOTO KOTOPOTO HAXOIUTCS KaK MOXHO JalIblIIe.

e [lepssrit uncteiit (Clean-First, CF) — ananorn4so npeapiaymemMy, HO I
OCBOOOXKIIEHUSI HMEIOT MPUOPUTET PErHCTPbI, 3HAUYEHHE KOTOPBIX
COBIIA/IAET CO 3HAUYEHUEM COOTBETCTBYIOLIEH IIEPEMEHHOM, 3alIUCaHHbIM B
HaMsITH.

Opuctudeckuii anroputM FF coueraer B cebe BBICOKYIO CKOPOCTh PabOTHI H
MOJIy4aeT JOCTaTOYHO OJM3KOEe K ONTHMalbHOMY peiuenue [4, 5]. Onwuuiem ero
6onee moapoOHO.

1. PaccmarpuBaercs ouepenHas MHCTPYKUMs (KOX MpOCMaTpHBaeTcs B
IPSIMOM TOPSIZIKE, OT Havyalia K KOHILY).

2. Jlys Bcex ICEeBIOPETHCTPOB, KOTOPHIE €Ille HE pacIipeeeHbl Ha PEruCTpHl,
BBIOMPAIOTCS TPOU3BOJILHBIE CBOOOHBIE PETUCTPEI.
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3. Ecmu cBOOOIHBIX PErHCTPOB HENOCTATOYHO, TO HEKOTOPBIE PErUCTPEHI
ocBoOoxratorcsi.  J{i1si  OCBOOOXKIECHUS BBIOMPAIOTCS TE€  PETrUCTPBI,
OmmKaifliiee  MCMOJB30BaHUE COAEPKUMOTO KOTOPBIX HAXOIHUTCS Kak
MOKHO JIAJTbIIIE.

4. AnroputM HEpeXOOUT K CIEAyHOUIeH WHCTPYKIHMH W BO3BPAILACTCS Ha
war 1.

3. AHanu3 803MOXHbIX yJly4YweHul cyuwecmeyrou,e20 8
QEMU anzopumma

QEMU o0pabatbiBaeT TOCTEBOH KOJ HEOOIBIIUMH KyCKaMH — OJIOKamMH
tpaHcisiuud. KoJ rocTeBoil CHCTEMbI TPAHCIMPYETCsl CHayajla BO BHYTPEHHee
NPEACTaBJICHAE, a 3aTeM W3 BHYTPEHHEro IPEJCTaBICHHS B MAIIMHHBIA KOJ
npoleccopa, Ha KOTOPOM 3aIylieH dMYJIATOp. BHyTpU 010K TpaHCIALMH COCTOUT
U3 OJTHOTO MJIM HECKOJIBKUX 0a30BBIX OJIOKOB U MPEJCTABISCT COOOM allUKITMICCKHIA
Y4acCTOK KOJia ¢ OJHHUM BXOJO0M.

B kauectBe BHyTpeHHero npencrasieHns B QEMU BeicTymaeT MacCuB HHCTPYKIIHI
U UX apryMEHTOB. ApryMEHTaMHt MOTYT ObITh BPEMEHHBIE, JIOKAJbHBIE, TI100aIhHBIE
IepeMeHHbIe WM KOHCTAHTHl. BpeMeHHbIe, IOKalbHbIE U TII00aIbHBIE ITepEMEHHBIE
OTIIMYAIOTCS  00JAacThl0O BHAMMOCTH: 0a30BbIH OJIOK JUIi BPEMEHHBIX, OJIOK
TpaHCIAAOUKU U1 JIOKAJIbHBIX W BECb KOO  IJIA rao0anpHbIX. [ mobGannHBIE
MEPEMCHHBIEC HUCIOJIB3YIOTCA, B YaCTHOCTHU, IJId SMYJIAUHUU PETrUCTPOB roCTeBOM
APXUTEKTYphl — KaXJIOMy PETUCTPY CTaBUTCI B COOTBETCTBHE IJIOOAIbHAS
nepemeHHas [1].

Hpem,ue 4yeM Ui UHCTPYKIUMHW BHYTPEHHEro IMPCACTABJICHUA MOXKCT 6])ITI)
CreHEpHpOBaH KO, €€ OINepaHIbl JIODKHBI ObITh pacHpeseNeHbl Ha PEerucTphl.
IIpornecc pacnpenenenus peructpos B QEMU coBMeltieH ¢ reHepanueit kojia: cpasy
TI0CJIe TOTO, KaK ISl ONepallii BHYTPEHHETO NPEJICTaBICHHs ObUTH pacipeesieHbl
pEerucCTphl, Al Hee TeHepupyeTcss MamMHHBIN kox. Takum oOpa3oM, M3MEHHTh
BBIOOp pErHcTpa BIIOCIEACTBUHM YK€ HEBO3MOXKHO, W alITOPUTM paclpeeeHUs
peructpoe B QEMU sBisiercss OOHONPOXOMHBIM. PacmpenencHue perwcTpoB B
QEMU mnoxkansHOe. TakuMm 00pa3oM, IepeMEeHHasT MOXKET HaXOIUTHCS Ha PETHCTpPe
TONBKO BHYTpH 0a30BOro OJIOKa, a B €ro KOHIIC OHA JOJDKHA OBITH 3ammcaHa
00paTHO MaMSITh.

Anroput™ pacnpenenenus peructpoB B QEMU moxker ObITh Omnmcan ciemyroreit
MOCIIEI0BATEIbHOCTBIO 1arOB.

1. PaccmartpuBaercs ouepeaHas HMHCTPYKUMS (KOA IpOCMAaTpUBAETCS B
MIPSIMOM TIOpsi/IKE, OT Hadalla K KOHILY).

2. Ecmm wHCTpyKumst SsBiS€T BBI3OBOM (DYHKUIMHM, TO BCE IJIOOAIBHBIE
NIepEMEHHBIE COXPAHAIOTCA B IAMSTh, PETHCTPBI, KOTOPBIE MOTYT OBITH
WCIIOPYEHBl  BBI3BIBAEMON  (pyHKIMEH OCBOOOXKIAIOTCS, apryMEHTHI
pacIoyararoTcsi Ha CTEKE M PETHUCTPax B COOTBETCTBHHU C COTTIALICHUSIMH O
BBI30BAX. AJITOPUTM NEPEXOAUT K mary 6.
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3. us Bcex apryMEHTOB, KOTOpBIE €I HE PACHpPEAENICHBl Ha PETHUCTPBI,
BBIOMpAETCst MOJXO KN (C Y4eTOM OrpaHUuSHUH LIeJIeBOW apXUTEKTYPhI)
cBOOO#HBIA peructp. Ecnm momxonsmmx cBOOOJHBIX — PErHCTPOB
HECKOIBKO — To Oepercss HamOosee mnpuopuTeTHbI. IIpnopurers
PEruCTpOB CTaTHYECKHE M BBIPAXKAIOTCS B MOPSIKE MX MPOCMOTpA MpHU
BEIOOpE moaxosIero [2].

4. Ecnm Ha mare 3 cBOOOAHBIX PETHCTPOB HE HANLIOCH, TO MPOU3BONBHBINA HE
HCIIOJIb3yEeMBIIl B TAHHOW HMHCTPYKLIMH PETHCTP OCBOOOXIAETCS, a €ro
colepxIMoe cOpacrsiBaeTcst B mamsTh. Illar 3 moBTopsercs.

5. Ecnm nanHas MHCTPYKUHMS SBISIETCS MOCIeqHENd B 6a3oBoM OJ0OKe, TO BCe
riobanbHbIE MEPEMEHHBIE, HaXOJSIINECs Ha PETHCTPaX, COXPAHSAITCA B
aMsATh.

6. Ilocme Toro, kak pacIpeleNeHHe PErucTpoB I JaHHON HHCTPYKLUHU
3aBepIIEHO, IS Hee T'eHEepHUPYeTCs] MAIIMHHBIA KOJ W 3alMChIBAETCS B
BBIXO/IHOM Oydep.

7. Ecnu nepemeHHas, coaepKalasicss B PerHCTpe, OKa3agach MEpTBa IMOCIE
JTAaHHOW MHCTPYKIMH, TO 3TOT PETHCTP IMTOMEYaeTCsl Kak cBOOOHBIMN.

8. AIropuT™M MepexoguT K CleAylolled HMHCTPYKLMU U BO3BpAIlaeTcs Ha
mar 1.

Tenepp paccMoTpuM  BO3MOKHOCTH mpumeHeHus B QEMU  anroputmos,
OINHCAHHBIX B YAaCTH 2 JaHHOM CTaTbU.

QEMU npousBoAuT paclpelesieHHe pPErucTpoB BO  BpeMsl  BBIOJHEHHUS
NPOrpaMMBl, TO3TOMY BpeMsi pabOThl CaMOT0 aJITOPUTMA TAK)KE BAXKHO YUUTHIBATS.
[To coorHomeHHIO BpeMeHHM pabOTHl M KadyecTBa IOIYyYaeMOro KoJa OJHHM H3
nyumux ssiserca aaroput™ FF. Jlisg ero peanusanuu B paMKax CyIIECTBYIOLIETO
ITOpPUTMa HEOOXOIMMO BHECTH U3MEHEHUSI B YETBEPTHIH ILIar ajlrOpuTMa.

Onnako Hanuyue BO BHyTpeHHeM mnpenactasieHun QEMU BbI30BOB (yHKIMH,
KOTOpble HE paccmarpuBarorcss B ainropurMme FF, HaknaneiBaer  nBa
JIOTIOJIHUTEIIbHBIX OIPAHUYCHMUSL:
1) BbbIBaeMas (QyHKOUS MOXKET YHMTaTh WM HW3MEHATh III0OANIbHBIE
NepeMEeHHbIE, TOATOMY BCE OHM JIOJDKHBI OBITh COXpPaHEHBI U3 PErUCTPOB B
NaMsTh,
2) couepKUMOE HEKOTOPBHIX PEabHBIX PETHMCTPOB MOXKET OBITh HCIOPUYCHO
BBI3bIBa€MOH (PyHKIIMEH B COOTBETCTBHH C COTJIALICHUSIMU O BBI30BaX.
B QEMU 511 npobisieMbl 4acTHYHO penieHbl. KOppeKTHOCTh TeHepupyeMoro Koja
obecrieunBaeTcst marom 2 anroputma. HepaBHoInpaBue perucTpoB, KOTOPOE BHOCUT
BTOpas po0JieMa, YUUTHIBAETCS B IIPHOPUTETaX PErUCTPOB MPU pacHpesieNieHHH Ha
TpeTbeM mmare [2].
B nanHO¥ crartke mpejsaraercs clelyloulee yJay4dlleHHe: COXPaHsSTh rioOallbHbIe
NepeMeHHbIe B MaMsTh HE IMepeJ]] CaMUM BbI30BOM (YHKLHMH, a cpa3y Iocie uX
MOCJIE/IHETO HCIOJIB30BaHUsl A0 A3TOro BbI3oBa. Ha rpaHumax 6a30BbIX OJOKOB
MOCTYTAaTh AHAJTOTUYHO.
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Jannpie rnobanbHBIE TEepeMeHHBIE O0NagaroT TeM CBOWCTBOM, YTO OHHU IKHBBHI,
3aHAMAIOT PETUCTP, HO HE MOTYT OBITh KCIIOJB30BaHBI O€3 MPEABAPUTEIBHON HUX
3amicy B MamsaTh. TakuM o0pa3oMm, IpeiaraeTcs pOU3BOJUTh TaKyH0 3aIlMCh Kak
MOXKHO paHbIlle, OCBOOOXKIas perucrp mis APYrHX HyXI. B ciydae, xornma
PETrUCTPOB HE XBATAET, JAHHAS 3BPUCTUKA MO3BOJISIET COKOHOMUTH 3aIMCh B IaMSITh,
MIOCKOJIbKY aJITOPUTM BBIOOpAa perucrpa Ui OCBOOOXKICHUS MOXET BBIOpaTh
JIpYroi perucTp, KOTOpbId ele MOKHO MCI0JIb30BaTh. M B cilydae, Korja euie ecTb
CBOOOTHBIE PETHCTPEI, 3Ta IBPHCTHUKA TOXKE MOXKET IKOHOMUTEH COPOCHI PETHCTPOB B
mamMsATh. JTO CBS3aHO C HEOTHOPOJHOCTHIO pealbHBIX peructpoB B QEMU —
HEKOTOpbIE M3 HUX COXPAHSIOT CBOM 3HAUCHHS IIOCIIE BBI30BOB, 3 HEKOTOPHIC HET.
Takum 00pa3oM, OCBOOOKICHHBI IBPUCTHKONW PETHCTP MOXET OKa3aThCs Ooiiee
«yZOOHBIMY» JUISI XpaHEHHS IEPEMEHHOM, YeM MMEIOLIHIICS CBOOOTHBIN PETUCTP.

B ommcanaeiM Beime anroputMe FF cxomHas cuTyamus, Korzma TioOaimbHas
IepeMeHHast )KUBa, HO He MOXKET OBITh UCIIONIb30BaHa 0€3 3aliCH B aMsITh, MOXKET
BO3HUKATh Ha TPaHUIaX 0a30BBIX 010k0B. OIHAKO B TOM MOIENH

®  BCE PETUCTPhI PAaBHOMPABHBI U JIIOOOH MOXET OBITh MCIOJIB30BAH BMECTO
TM000T0 IPYTOTO,
® TaKWe TMEPEMEHHbIE HWMEIOT Hauboyiee BBICOKMH MPUOPHUTET MPH
0CBOOOX/ICHUU PETHCTPa B CIlydyae MX HEXBATKW — HH OJHA MEepeMEHHas
HE MOXET UMETh UCIIOJIb30BaHKE JIANIbIIIe, YeM IpaHuia 0a30BOro OJ0Ka.
Takum 06pazom, HEOOXOAUMOCTH B MMOA0O0HOM dBpHcTHKE B anroputMme FF He ObL10.

4. U3meHeHus e anzopumme pacrnpeodesieHuUs1 pe2ucmpos 8
QEMU

B xonme manHo# paboThl B anroputMe pachpeneneHus peructpoB B QEMU 0wl
peann30BaHbl J[BE€ IBPHCTHKH, & TAK)KE€ BHECEHBbl M3MEHEHHs B aHAJIM3 BPEMEHU
JKU3HHU MEPEMEHHBIX JJId TOAACPIKKN JaHHBIX W3MEHEHUM.

AHanmmM3 BpeMEHH JXHU3HH TEePEeMEHHBIX, KOTOphli cymectByeT B QEMU mna
yHaJeHHsT MEpTBOTO Kona, ObUl MOIW(UIMPOBAH TaK, YTOOBI IS KaXIOTO
orepaHa KaXI0W oIeparuy BHYTPEHHETO MIPEICTaBICHUS COXPAHATH, TIe JaHHBINA
OllepaH] B CIEAYIOMNN pa3 WUCHONb3yeTcs. s 3Toro B HEM, MpH MIPOXOAE OT
KOHIIa KOJa K Hadaly, MHOJAEPKHUBACTCI MAacCHB, B KOTOPOM ISl KaXmoit
IIEPEMEHHON BHYTPEHHEIO IPEJACTaBICHMS 3allMCaHO, B KakOMl IOCIEIHEH
BCTPEUSHHOH OIlepalliy OHA MCIOJIb30BaJIach. AHAJIOTUYHBIM 00pa3oM sl KaXKA0H
UHCTPYKIMU BHYTPCHHETO MPEICTABICHUS OMPEICIIACTCS OMMKANIINI CIIe Yy FOLIHiA
3a Hel BBI30B (DYHKIIHH.

[Ipu pacmpeneneHNH PETUCTPOB UIS KAXKAOTO PETUCTpa B KaXKIBIH MOMEHT
BPEMEHH TMOIACP)KABAaeTCS HMH(pOpMAIsi, B KaKOH HHCTPYKIIMH BHYTPEHHETO
Npe/iCTaBiIeHUs. Oy[eT CJEOyIollee HCIOJIIb30BAHUE COIEPKUMOIO  JaHHOTO
peructpa. Ota HHGOPMALHS UCIIOIB3YETCS B CIEAYIOIIUX ITPABUIIAX:
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®  eCiM B pe3ysibTare HeXBAaTKH PErMCTPOB KAKOW-TO PErHCTp JOJKEH OBbITh
OCBOOOXIICH, TO BBIOMpAETCs TOT PErHCTp, OMKaMIliee HCIOJIb30BAHHE
COJIEP’)KUMOT'0 KOTOPOTO MPOM30MIAET KaK MOXKHO TI03XKeE;

® CCIIM B HEKOTOPHIH MOMEHT BPEMEHH PETHCTP COJCPIKHUT TII00ATbHYIO
MepeMeHHYI0 U Onrkaiiliee UCHOJIb30BAaHUE 3TOM MEPEMEHHOW HAXOAUTCS
B Ipyrom 0a30BOM OJIOKE WM MOCNE BBI30Ba (DYHKLHH, TO MEPEMEHHAs
cOpachIBaeTcs B IaMATh, a PETHCTP OCBOOOXKIACTCS,

®  CCIIM PErHCTpP MOXET ObITh HUCIIOPYEH B PE3yJbTaTe BbI30Ba (YHKIHH, a
OuDKaiiliee UCIOIb30BaHKUE €ro COACPIKUMOTrO MPOU30MIET ITOCIE BHI30BA
(GYHKIHH, TO COJACPKUMOE TAaHHOTO PErHcTpa cOpachiBaeTCsl B MaMsTh, a
PETHCTP OCBOOOXKTAETCS.

5. dkcnepumeHmanbHble pe3ysibmamabl

Hus onenxn 3¢ dexTuBHOCTH Tpon3BeAeHHBIX n3MeHeHnit B QEMU Obuto peanu-
30BaHO MPOQMINPOBaHUE TeHEPUPYEMBIX COPOCOB B mamsTh. [ kKaxxgoro copoca
NpoUIMPOBIIMK ONpPEASNIAeT NPUYMHY: HEXBAaTKa PETHCTPOB, 3aTHPAaHHE PEruc-
TPOB BbI3bIBaeMOM (yHKIMEH, cOpOC TI00aNbHBIX MEPEMEHHBIX TE€pel] BBI30BOM
¢dyHKIHMH, cOpOC TI100ANBHBIX TIEPEMEHHBIX Mepe/l KOHIIOM 0a30BOro OioKa.

B Ttabmummax 1 w 2 mpuBeneHBl pe3yNbTaThl TECTHPOBAHUA. TeCTHpOBaHUE
MPOBOAMIIOCH HAa ApXUTEKType X86, B KayeCTBE TOCTEBOH ApXUTEKTYPHI TaKXKe
ucnonb3oBanach x86. llepBble TpH TecTa 3alyCKaIUCh B PEKUME SMYIALUH
MPWIOXKCHUS, TOCIEAHUI TECT MPEACTaBIsAeT co0OW 3arpy3Ky OIEpallOHHOM
cucrembl GNU/Linux B pexuMe SMYJISIUHA CUCTEMBI.

HexBatka Koner Br130B Bri3oB Bcero
peructpoB 6a30BOro  (PyHKUIUH: GbyHKIMH:
Osoka rio0ajbHbIe 3aTupaeMbie
MepeMeHHbIC PETHCTPBI

date 647 5480 7640 582 14349
45%)  (382%)  (53.2%) (4.1%)

bzip2 1469 6042 10055 1041 18607
(7.9%) (32.5%)  (54.0%) (5.6%)

linpackc 514 4455 6360 487 11816
(4.4%) (37.7%)  (53.8%) (4.1%)

Linux 11765 105556 149284 14390 280995

boot (4.2%) (37.6%)  (53.1%) (5.1%)

Tab. 1. Pesynomamul npoghunuposanus npudun copoca pecucmpos
OPUSUHATILHO20 aneopumma pacnpeoenerus pecucmpos ¢ QEMU.
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Hexsatka Komnern Bri3oB Bri3oB Bcero
peructpoB 6a30BOro  (PyHKIUH: byHKIHH:
610Ka riobajbHbIe 3aTHpaeMble
nepeMeHHbIE pETUCTPhI

date 102 5535 8349 224 14210
07%)  (39.0%)  (58.8%) (1.6%)

bzip2 317 6188 11588 324 18417
(1.7%) (33.6%)  (62.9%) (1.8%)

linpacke 52 4491 6978 179 11700
(0.4%) (38.4%)  (59.6%) (1.5%)

Linux 1139 106543 160513 4730 272925

boot (0.4%) (39.0%)  (58.8%) (1.7%)

Tab. 2. Pesynomamul npoghuauposaniis npudun copoca pecucmpos
UBMEHeHHO20 aneopumma pacnpeodeiienus pecucmpos 6 QEMU.

B nepBbIX Tpex TecTax BHIHO CYIIECTBEHHOE CHIDKEHHE COpPOCOB PErMCTPOB B
naMATbL M3-3a HEXBATKW PETrUCTPOB U H3-3a 3aTHpaHUsA PETrUCTPOB IPHU BbI3OBAX
(GyHKUMHM (B COOTBETCTBMM C COIJIalllEHHEM O BbI3oBax). C Jpyrod CTOpOHBI,
KOJINYECTBO COPOCOB III00ANIBHBIX IEPEMEHHBIX Ha IpaHMIax 0a30BbIX OJIOKOB M Ha
BbI30BaX (PYHKIMI yBEIMYMBAETCS. JTO CBA3aHO C TEM, YTO B HOBOM aJTOpUTME
TaKhe CUTyallMd OOHAPY)KMBAIOTCS KaK MOYKHO paHbIE, M IIPOMCXOAMT cOpoc
COZICP)KUMOTO PETHCTPOB B MaMATh. B cTapoM anroputMe riobanbHble IepeMeHHbIe
COXpaHATCS Ha PETUCTPax A0 CaMOro KOHIa 0a30BOTO OJIOKA MM BBI30BA (DYHKITUH.
OnHako O 3TOr0 MOMEHTa OHM MOTYT OBITH COPOLIEHBI IO NPUYMHE HEXBATKH
peructpo. Tem He MeHee, 00lIee KOJIMYECTBO COPOCOB PETHCTPOB B TPEX IMEPBBIX
TecTax yMeHbIIMIoch Ha 1%.

UeTBepThIif TECT COMECPKUT JOCTATOYHO MHOTO HEAETEPMEHH3MA, II03TOMY
CpaBHMBaTh paldOTy JBYX aITOPUTMOB IO YHCIY CT€HEPHPOBAHHBIX COPOCOB B
mamMsiaTh Ha HeM  HekoppekTHo. OH  mpuBefeH Ui TOrO,  9YTOOBI
IIPOIEMOHCTPUPOBATH, YTO PACHpEesIeHHE IPUUUH cOpoca PErHCTPOB Ul PeXUMa
SMYJISALMHA CHUCTEMBI OCTAeTCs TAKMM )K€, PaBHO KaK U BIMSHUE HM3MEHEHUH B
JITOPUTME PACIIPEAEIECHUS PETHCTPOB.

W3 momydeHHBIX pe3yiabTaToOB BHAHO, dTo moutn 60% obmero uwmcna
CTEHEPHUPOBAHHBIX COPOCOB COCTABISAIOT COPOCHI MIOOATBHBIX IMEPEMEHHBIX Tepes
BbI3OoBaMH (GyHKIMH, Oomee 33% co cOpocoM TOOAIBHBIX IIEPEMEHHBIX Ha
rpanunax 0a3oBbIX OMOKOB. Ha moiro OCTanbHBIX NPUYMH NMPUXOIMTCS HE Ooiiee
3.5%. Taxum oOpazom, majpHEHIINE YITydIICHUS aNrOpuTMa, HAIlPaBICHHBIE Ha
Oonee ymauHbI BHIOOp PETHCTPOB IPH PACIpPEAENICHUH, HE NPHHECYT 3aMETHBIX
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pe3ynbTaToB. [ yIydIIeHus aropuTMa pacupeesieHHs perucTpoB HE0OXO0IUMO
1100 0ocnalsATh OrpaHUYEHHs], CBSI3AHHBIE CO COPOCOM INI00AJIBbHBIX MEPEMEHHBIX
nepen BbI30BaMH (QYHKIMH, JIMOO NEPeXOIuTh K alrOpUTMy IJI00AIILHOTO
pactipenenenust peructpos. [Ipu 3ToM nepBoe MOXKeT AaTh ropas3no 0osee CHIbHBINA
3¢ dekr, ueM BTOpOE.

CusiTve WM ociablieHne OrpaHHYeHHuil B 00ILEeM Cilydyae, KOra Ipo BhI3bIBAEMYIO
(YHKIMIO HHUYEro He W3BeCTHO, HeBO3MOkHO. Opnako B QEMU Gomblioe
KOJIMYECTBO BBI30BOB CBS3aHO C HEOOJBIIMMHU BCIIOMOTaTEIbHBIMH (QYHKIHSIMH
camoro QEMU (mampumep, ¢yHnkims helper rdtsc, peanusyromass WHCTPYKLHEO
rdtsc apxutekTypel x86). Ecim uwHpOpMamMiO Tpo TO, KakKue TII00aIbHBIC
NepeMeHHbIE HCIONIB3YIOT JaHHbIE (QYHKINH, IEPeaaTh B aJITOPUTM pacIpeeIeHUs
PETUCTPOB, TO CTAaHET BO3MOXKHBIM COXPaHATh TOJIBKO HYXKHbBIE TIJI00aJbHBIC
MepEMEHHbIE.

6. 3aknroyeHue

B nanHOii pabore OBUIM pPACCMOTPEHBI BO3MOXKHBIE YIYUIIEHHs ajIropuTMa
JOKaNbHOTO pacnpenenenuss peructpoB B QEMU. PaccmarpuBanuch Kak
CYIIECTBYIOIIIME allTOPUTMBI, TaK U HOBBIE, cnenuduynsie 111 QEMU, sBpuctuku.
BriOpaHHbIe 3BpHCTHKY OBUIM peaIM30BaHbI, M OBUIO IPOBEAEHO MCCIIENOBAHUE MX
s¢pdextuBHocTH. [lo pesynapraTaM 3TOrO0 HCCIEJOBAHMS CTAJO SICHO, 4YTO
JanbHEHIIee YITydIIeHHe BEIOOpa PErncTpoB HE MPUHECET Pe3yIbTaToOB 0e3 CHATHS
cymectByromux B QEMU orpanndeHnit Ha aJTOPUTM paCIpENeIeHUs] PETHCTPOB:
OH SBJIETCS JIOKANbHBIM AQJITOPUTMOM pPAcClpeleNeHus] PETUCTPOB, U BCE
rio0anbHbIE TIEPEMEHHBIC OJDKHBI OBITH COXPAaHEHBI B NMaMSTh NEPEA BBI30BOM
(hyHKIHN.
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