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JNlekuna 5. PacnpepeneHue pecypcoB. YnpaBjieHMe naMATblo.
BupTtyanbHas namMsatbh. HacTtb 2

Bonpochbl
1. BwupTyanbHas namatb (NpoAOXEHUE).
2. ANropuTMbl 3aMeLLeHNs CTpaHuu,.

3. BbiBOAbI.
BupTtyanbHaa namMATb

Tabnuubl CTpaHuy

B npocTtenwemM cnydyae otobpaxkeHne BUpPTYyasbHbIX agpecoB Ha uanyeckme, NponucxoauT Tak,
KaK TONbKO 4YTO 6b1710 ONUCaHO. BUpTyanbHbI agpec AennTCa Ha HOMEpP BUPTYasbHOW CTpaHuULbI
(ctapwwue 6uTbl) n casur (Mnagwuve 6utel). Hanpumep, npun 16-pa3paaHbiX agpecax U pasmepe
CcTpaHuubl 4 K6anT ctapwwue 4 6uta MOryT ykasbiBaTb OAHY M3 16 BUpTyanbHbIX CTpaHuLU, a
HUXHUe 12 6MT MoryT onpeaenatb 6anTt cmewweHns (ot 0 4o 4095) BHYTpuM BbIBpaHHOW CTPaHMULbI.
OpHako pa3bueHune cTpaHuubl Ha 3,5 nnu kakoe-HMbyab Apyroe 4Mcno 6GUTOB TakXKe BO3MOXHO.
Pa3Hble yacTu NnoApasyMeBaloT pas/iMUHbIE pa3Mepbl CTpaHuL,.

dusmyeckan agpec
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Puc. 1. BHyTpeHHA:a onepaunsa MMU B cucrteme C WwWecTHaaUaTbio CTpaHMuaMm pasmepom 4
Kéant

Homep BMpPTyanbHOM CTpaHWULbl MCMNONb3yeTCa KakK MHAEKC B Tabnuue cTpaHuy Ans noucka
3annucu aTol cTpaHuubl. Mo 3anucm B Tabnuue CTpaHuy, HaxoanTcs Homep dusmyeckoro 6ioka
CTpaHuubl (ecnu 3ToO MMeeT MecTo). [laHHbIA HOMep NPUCOEaMNHAETCS K CTapLliMM pa3psiaaM uncna
CMeLleHMs, 3aMeLlas HOMep BUPTyasibHOW CTpaHuLbl U TeM caMbiM OpMUpPYS dUnveckmin agpec,
KOTOpPbIN MOXET 6bITb MOCNaH B NaMsAThb.

Ha3HauyeHMe Tabnuubl CTpaHWUL 3aK/l4YaeTca B OToO6paxeHuun BUPTyasbHbIX CTPaHWUL Ha
CTpaHuyHble 6n10kM. [0OBOpPA MaTeMaTM4yecKku, Tabnmua CTpaHuy, — 3TO (YHKUMSA, nMmewwas B
KayecTBe apryMmMeHTa HoOMep BMPTyalbHOM CTpaHuubl W Mofay4yawwas B pedynbTaTe HOMep
dusnyeckoro 6noka. Ncnonb3ys pesynbTaT AENCTBUMSA 3TOM (PYHKUWMM, Nosie BUPTyasibHOM
CTpaHuubl B BUPTYaslbHOM agpece MOXeT ObiTb 3aMEHEHO MosieM CTpaHU4YHOro 65o0ka, Takum
obpaszoM, popmMupyeTca pusndecknuin agpec.



HecMOoTpsi Ha CTO/MIb MpPOCTOE OnuMcaHWe, HaM MPUAETCS CTOSIKHYTbCS C ABYMSI BaXXHbIMU
npobnemamu:

1. Tabnuua cTpaHul MOXET 6bITb CINLWKOM 60/1bLUON.
2. OTobpaxeHne A0/MKHO 6bITb BbICTPbIM.

MepBbIA NYHKT crneayeTr U3 Toro (akrta, YTO COBPEMEHHbIE MPOLECCOPbl MCMOML3YIT MO
KpanHen Mepe 32-pa3psifHble BUPTyanbHble agpeca. [pu pa3smepe cTpaHuubl, ckaxeMm, 4 KbanT,
32-pa3psigHoe aapecHoe NpoCTpaHCTBO OyaeT COCTOATb M3 OAHOMO MWIMOHA@ CTpaHwuu, a
64-pa3psigHoOe agpecHoe NpoCcTpaHCcTBO byaeT BkaovaTb B cebs HaMHOro 60/ble CTpaHul, Yem
TO KOMYEeCTBO, C KOTOPbIM Bbl 3ax0TuTe WMeTb Aeno. [puM OAHOM MUANMOHE CTpaHul B
BMPTYasbHOM apeCHOM NPOCTpPaHCTBe Tabauua CTpaHuL A0J1XXHa COCTOATb M3 04HOIM0 MUJIIMOHA
3anucen. N noMHUTE, YTO KaXXAbl NPOLLECC HYXXAAeTCsl B CBOel cobcTBeHHOM Tabnuue cTpaHuy
(NOTOMY UTO Yy Hero ectb cBoe cO6CTBEHHOE BUPTYasibHOE aApecHoe NpPOCTPaHCTBO).

BTOpOo#/ MYHKT — 3TO BbIBOA M3 TOro dakrta, 4To npeobpa3oBaHMe BUPTYyalbHbIX aApecoB B
dusmyeckme 4oMKHO bbITh BbINOIHEHO ANA Kaxaoro obpaweHus K syenke namMaTtu. TunudHas
KOMaHAa npoueccopa Bko4yaeT B cebs CnoBO-KOMaHAY WM 4acTo Takxe onepaHa namatu. B
pesynbTaTe Heobxoammo caenatb 1, 2 unu vHorga 6onblwe obpaweHnii kK Tabnuuye cTpaHuy 3a
KoMaHay. Ecnn BbINONHEHWE KOMaHAbl 3aHUMAEeT, CKa)XeM, 4 HC, TO NOUCK B Tabnuue cTpaHuy,
OOMXKEH 6bITb caenaH MeHblle, 4eM 3a 1 Hc, 4yTobbl Npeobpa3oBaHue BUPTYasbHbIX aApecoB He
CTaso rnaBHbIM Y3KMM MECTOM CUCTEMBbI.

MoTpebHOCTb B OFPOMHOM, HO MpPU 3TOM ObLICTPOM CTPAHMYHOM OTOOpaKeHun HaknaabliBaeT
CyLLeCTBEHHbIe OrpaHn4YeHms Ha cnocobbl MOCTPOEHMsT KOMNblOTEPOB. XoTsa npobaema Hanbonee
Cepbe3HO BCTaeT ANA CTaplnx MoAenem CceMencTBa, OHa TakXe MosABAsAeTCa W Aas Mnaawux
Moaenen, Korga CTOMMOCTb M COOTHOLIEHWE LeHa/NnpouM3BOAUTENBbHOCTE UMEKT KpUTU4yeckoe
3HayeHue. B aToM n cnepyrowmx pasgenax Mbl pacCMOTPUM YCTPOMCTBO Tabnuubl CTpaHuL B
AeTanax M rnokaxem HeCKO/bKO annapaTHbIX peleHnn, KOTopble NCMOb30BanuCh B peasibHbIX
KoMMbloTEpax.

MpocTeliwee KOHCTPYKTOPCKoe peweHue (Mo KparHen Mepe, KOHUenTyaslbHO) 3aKai4vaeTcs B
noagep)XxaHmu Tabnuubl CTpaHWL, COCTOSILLEN M3 MaccmBa ObICTpbIX annapaTHbIX PErucTpoB C
OAHOM 3anucbio AN KaXAoW BUPTyasnbHOMW CTPaHWuUbl, MWMHAEKCMPOBAHHOIO MO HOMepaM
BUPTYasnbHbIX CTPpaHWUL, Kak NokasaHo Ha puc. 1. Korga npouecc 3anyckaetcs, OC 3arpyxaeT B
perncTpbl Tabnuuy cTpaHuu Npouecca, AaHHble 6epyTcs n3 konum, xpaHsauwencsa B O3Y. Bo Bpems
BbIMOJSIHEHMS npouecca Tabnuue cTpaHuy 6onblle He HyXHO obpawaTtbca K namaTu.
MNpeMMyLLecTBO 3TOro MeToda 3aK/4vaeTca B ero npoctote U OTCYTCTBUMM HeobxoaAMMOCTM
obpawleHnii K namaTn BO Bpema npeobpasoBaHus agpecoB. HepoctaTkoM saBnseTcs ero
noTeHuMasibHO BbICOKasA CTOMMOCTb (ecnun Tabnuua crTpaHuy Benuka). HeobxoammocTb
3arpy3km MosiHoi Tabnuubl B pernctpbl Npyv KaXXAoM KOHTEKCTHOM MNEpeK/IIoYEHUN HAHOCUT
ywepb nponsBoaMTeNbHOCTU.

Apyrasa KpavHOCTb 3aK/1l04aeTcs B TOM, YTO Tabamuya cTpaHMLY Le/IMKOM pacnoJsiaraerca B
O3Y. Torpa Bce Heobxoammoe obopyaoBaHMeE COCTOUT M3 OAHOrO- €AMHCTBEHHOIrO PerucrTpa,
yKa3bIBaloLWEro Ha Hadyano Tabnunubl cTpaHuy. Takass CXeMa NO3BOJISET U3MEHATb KapTy NaMAaATu
MPU KOHTEKCTHOM MEepEKYEHNN NyTEM Nnepe3arpy3kn TobKO 0AHOro perncrpa. KoHeyHo, OHa
MMEET CBOW HeAoCTaTOK: BO BPEMS BbIMOSIHEHUS KaXAOW MHCTPYKUMWU MporpaMmbl TpebyeTtcs
OAHO WM HECKOJIbKO obpalieHunit K namMsaTn gna yteHus 3anucen Tabnuubl cTpaHuu. Mo aTton
MPUYMHE JAaHHbIN METOA PeaKO NCMOJIb3YETCSA B CBOEM YNCTOM BMAae, HO HUXe ByaeT pacCMOTPEHO
HECKOJIbKO €ro pa3sHoOBMAHOCTEN, MMelLwmnx 6osee BbICOKYO NPOM3BOAMNTENBHOCTb.

MHOroypoBHeBble Tabnmubl CTpaHuL

Y1066l 0601MTN NpobneMy HeOo6XOANMMOCTN NMOCTOSHHOIO XpaHeHWs B MamMsTM OrpoOMHbIX Tabnuu
CTpaHWL, MHOrMe KOMMbKTEPbl MCNOMb3YIOT MHOFOYPOBHEBYIO Tabnuuy crpaHuu. lNpocTon
npumep npeacrasfieH Ha puc. 2. Ha puc. 2(a) nsobpaxeH 32-pa3psgHblil BUPTyanbHblA agpec,
KOTOpbIN pa3geneH Ha 10-paspsgHoe none PT1, 10-pa3spsigHoe nosne PT2 n 12-pa3pagHoe none
Offset (cMeweHne). Tak Kak noa cMeLleHne oTBeaeHo 12 6MT, cTpaHuubl MMeloT pa3mep 4 Kb6anT,
n nx scero 220,
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Puc. 2. 32-pa3psaaHblie agpeca ¢ nonsaMu AByx Tabnuy ctpaHuy, (a); AByXypoBHeBas Tabnuua
cTpaHuy (6)

CekpeT MeToga MHOroypoBHEBOM Tabnuubl CTpaHMULU 3ak/l4yaeTcs B TOM, 4Tobbl um3beratb
NMOCTOSAHHOIO CoAep)KaHus B NamMsATK BCceX Tabnuy, cTpaHuy. B yacTHocTn, Te yacTu, KoTopbie He
HY>XHbl B AHHbIA MOMEHT, He AO0JI)XHbl XPAaHUTbCA B NaMATU. [1peanonoxnm, Hanpumep,
YTO NpoLueccy HyXHo 12 Mb6aiT, mnagwune 4 M6anT NamMaTn An9 TEKCTa NporpaMmel, cregylowme
4 M6ainT ons gaHHbIX U cTapwue 4 MbanT gna creka. Mexay BepXOM AaHHbIX M HU30M CTeka
obpasyeTcsa rmraHTCckmin cBo60AHbLIN Y4aCTOK, KOTOPbIN HE MCNOJIb3yeTCs.

Ha puc. 2(6) Mbl BMAUMM, KaKk B AaHHOM npuMmepe paboTaeT AByXypoBHeBas Tabnuua cTpaHuu.
CneBa HaxoauTcs Tabnuua cTpaHuL BepxHero ypoBHA € 1024 3anncsMm, COOTBETCTBYHOLMMU
10-paspsaHomMy Honto PT1. Koraa BupTyanbHbli agpec npeactaet nepeg MMU, oH cHavana
BblaenseT nose PT1 1 ncnonb3yeT ero 3HavyeHue Kak nHaekc tabnuubl BepxHero ypoBHs. Kaxxaas
n3 3tnx 1024 3anucen npeacrasnsetr 4 M, notoMmMy 4Tto uenoe 4-rurabamTtHoe (TO ecCcTb
32-pa3psagHoe) BupTyasnbHOEe aapecHoe NpoCcTPaHCTBO 6bIs10 Hape3aHo Ha Kycku no 1024 6anTa.

3anucb, MecTo KOTOpOW onpeaenseTcs No nHaeKCy B Tabnuvue CTpaHul, BEpXHEro yYpoBHS, BblaaeT
aZpec N HoMep CTpaHM4yHoro 650ka Tabnuubl CTpaHUL BTOPOro ypoBHSA. 3anmcbk 0 B Tabnnue
CTpaHuL, NepBOro ypoBHS yKa3biBaeT Ha Tabnuuy cTpaHuy, 4S8 TeKCTa nporpammbl, 3anucb 1
yKasblBaeT Ha Tabnuuy cTpaHuu 418 AaHHbIX, 3anucb 1023 ykasbiBaeT Ha Tabnuuy cTpaHuy ans
cTeka. [lpyrve (3awTpuxoBaHHbIe) 3aNnUcK He ncnonb3ytoTcs. Mone PT2 Tenepb ncnonb3yeTcs
KakK MHOekc B BbibpaHHOM Tabnuue BTOPOro ypoBHS A/ MOMCKa HOMepa CTpaHu4yHoro 6soka
CaMOW CTpaHuubl.

B kauecTBe npmmepa paccMoTpuM 32-pa3psagHbiii agpec 0x00403004 (4 206 596 B necaTM4yHOM
BMAE), KOTOpbIN cooTBeTCcTBYeT 6alTy 12 292 B AaHHbIX. Y 3TOro BMpTyasbHOro agpeca PT1=1,
PT2=2 u Offset=4. MMU cHauyana ucnonb3yeT none PI1, yTobbl N0 nHaekcy B Tabnunue cTtpaHul
BEPXHEro YpoBHS MOSYYUTb 3anmncb 1, KOTOpas COOTBeTCTBYeT aapecam oT 4 o 8 M . 3ateM OH
Bocnonb3yetca nonem PT2, ytobbl MO MHAEKCY M3 TOMBbKO YTO HamgeHHon Tabnwuubl BTOPOro
YPOBHS 13BJieYb 3anncb 3, KOTOpas COOTBETCTBYET agpecam ot 12 288 ao 16 383 BHYTpuM cBOEro
y4yactka pasmepoM 4 M (1o ectb abcontoTHbIM agpecam oT 4 206 592 no 4 210 687). OT1a 3anucb
coaepXut Homep duamyeckoro 6n0Ka CTpaHuuUbl, coaepxXalen BUpTyasbHbIM aapec
0x00403004. Ecnn gaHHas CcTpaHuua He HaxoauTcs B namatu, 6ut MpucyTtcTeusa/OTCyTCTBUS B
3anmcu Tabnuubl cTpaHuy 6yaeT paBeH HYAK, YTO NPUBEAET K CTPAHMYHOMY npepbiBaHuio. Ecnm



CTpaHuMua B NaMsaATW, TO HOMEpP CTpaHMYHOro 67oKka, B3SATblA M3 Tabnuubl CTpaHWL, BTOPOro
YPOBHS, MNpPUCOEAUHSAETCS K cMeuweHuto (4), cospaBass du3Mueckuii agpec. ITOT aapec
BbICTaBJ/IIETCS Ha LWUMHY M NepeaaeTcs NamsaTu.

Cnenyet OTMETUTb OAHY MHTEPECHYIO AeTaNlb Ha pUC. 2. XOTH agpecHoe NpOCTPaHCTBO COAEPXKUT
60nblUe MUIMOHA CTPpaHuL, PaKTUUYECKN HYXHbl TObKO YeTbipe Tabnuubl: Tabnmua BepxHero
YPOBHS 1 Tabnunubl HUXKHEro ypoBHs ansa namatn ot 0 no 4 M, ot 4 0o 8 M n anda BepxHmnx 4 M .
Butam Mpucytcreusl/ otcytctBusa ana 1021 3anucm Tabnuubl CTpaHWL, BepPXHEro YpOBHS
NPUCBOEHO 3Ha4vyeHne 0, YTO BbIZOBET CTPAHUYHOE NpepbiBaHMe nMpu toboM obpalleHnn K HUM.
Ecnn 310 nponcxoamnT, To OC 3aMeTuT, 4YTO Npouecc nbitaeTcs obpatnTbcsa K o6aactn namsaTn, He
npeanonaratollen CCbIJIOK Ha Hee, WU npeanpuvMeT COOTBETCTBYlOWEe AeNCTBME, Hanpumep,
MoLweT My CUTHaN UM YHUYTOXWUT ero. B onmcaHHOM Bbilwe npumepe 6bian BbibpaHbl Kpyribie
3Ha4YeHus 4S5 pas3InyHbIX BENNMYMH K Bbibpann pa3mep nons PT1, paBHbii pa3mepy nons PT2, HO
B peanbHOW NMpakTUKe, KOHEeYHO, BO3MOXHbI Apyrue undpol.

CucrtemMa ABYXYpPOBHEBOW Tabnuubl Ha puc. 2 MoXeT 6biTb paclumMpeHa AN Tpex, YeTbipex u
6onblwe ypoBHeNn. [ononHUTENbHbIE YPOBHU AaayT 601bWwyo rMbKoCTb, HO COMHUTESNIbHO, 4YTO
crnepnyeT YCOXHATb cucteMy bonblue, 4eM A0 TpeX YPOBHEeN.

CTPYKTypa anemeHTa Tab1ubl CTPaHUL,

Tenepb OT CTPYKTypbl Tabnny CTpaHuL B LLeNIOM Mbl Meperaem K AeTansiM OTAeNbHOro afeMeHTa
3anucy Tabnuubl. TOYHas CTPyKTypa 3/ieMeHTa B 3HAUYUTENIbHOW Mepe 3aBUCUT OT MallWHbI, HO
BWAbl NpeAcTaBneHHOoM MHdopMaumMn NpuMepHo O4HM U Te Xxe. Ha puc. 3 npeacrtasneH obpasel
3anucu B Tabnuue ctpaHmu. Ee annHa naMeHseTcsa oT npoueccopa K npoueccopy, Ho 32 6uta —
3TO Hambonee pacnpocTpaHeHHbln pa3mep. Hawbonee BaxHbiM nonem sasnsercs Homep
cTpaHn4YHOro 6noka. lNMpexae Bcero, 3agadyen otobpaxeHus CTpaHuL, IBNSETCS onpeaeneHme
3TOM BE/IMYMHbLIL. 3a 3TUM nosnem cneayet 6ut Mpucyrtcreusa/oTcyTcTBuA. Ecnn s1oT 6MT paBeH
1, 3anMcb UMEEeT cuNy M MOXeT UCNOoNb30BaTbCAa. Ecnn oH pasBeH 0, BMpTyanbHas CTpaHWLa,
KOTOpOW COOTBETCTBYET 3Ta 3anucCb, B AaHHbIl MOMEHT OTCYTCTBYeT B namsTtu. ObpaweHue K
3anucu B Tabnuue CTpaHuL, Y KOTOPON 3TOMY 6MUTY NPUCBOEHO HY/EBOE 3HAYeHue, NPUBOAMUT K
CTPaHWU4YHOMY MpepbIBaAHMIO.

BnoknposaHve

Kawwa M3ameHeHne MpucyTtcTBre/oTcyTcTBUE

[

Homep cTpaHunyHoro 6noka

O6palueHne 3awmTa
Puc. 3. TunmyHasa 3anmnce B Tabnuue crpaHny

BuTbl 3awmMTbl FOBOPAT 0 TOM, Kakne paspelleHbl BUabl 40CTyNa K 3Tol cTpaHuue. B npocTeiwei
dopMe 3TO none coaepXuT oanH 6uT, paBHbin 1 ansa dTeHusa/3anncm n paBHbidi 0 TONbKO AN
yTeHus. bonee cnoXxHble CXxeMbl UMEKT TpK 6MUTa, MO OAHOMY A AOMNYCKa Ka) Aol U3 onepauumn
YTEHWUS, 3aMNUCU N BbIMOSIHEHUSA CTPaHWULbI.

Butel N3aMeHeHnsa 1 O6palleHnsa OTCNexunBarT UCNOMb30BaHMe CTpaHuubl. Koraa crpaHuua
3anucobiBaeTcsl, annapaTypa aBTOMAaTMYeCKM YycTaHaBnmeaeT 6ut WM3MeHeHue. ITOT 6UT
yunTbiBaeTcs, korga OC pewaeTt ocBo60anTb CTpaHMYHbIN 6n10K. ECnm cTpaHuua B HeM 6bina
n3MeHeHa (TO eCTb OHa «rpsisHas»), TO ee HoBas Bepcus AO/XHa 6biTb NepenmcaHa Ha OUCK.
Ecnu oHa He 6bina mogudunumnpoBaHa (TO eCTb CTPaHULA «4MUCTas» ), ee MOXHO NPOCTO yAaAuUTb U3
namsaTu, Tak KakK BCe elle AeACTBMUTEeNbHA KONMUSA Ha AMCKe. DTOT 6MT MHOrAa Ha3biBalOT MPSA3HbIM
6MTOM, TaK KakK OH OTpa)kaeT COCTOsIHME CTPaHWULbI.

BT O6paweHmns ycTaHaBIMBaETCA BCAKUI pa3, Koraa NpoMcxoanT obpallleHne K CTpaHuue ans
yTeHuMs unu 3anucu. Ero 3HauveHune nomoraet OC npu Bbi6ope CTpaHWubl ANA yAaneHus u3
naMmaTn, Koraa cny4vaeTcs ownbKa M3-3a OTCYTCTBMS CTPaHULbl. CTpaHuLbl, HE UCMONb3YoLWNecs
B [laHHbI MOMEHT, ABNAKTCA Ny4dlIMMW KaHAMAATaMM, YeM Haxoaslmecs B paboTe. DTOT 6UT
UrpaeT BaXHYl poOJib B HECKOJIbKUX anroputMax MepeMelleHns CTpaHul, KoTopble 6yayT
paccMOTPEeHbl HEMHOIO MO3Xe.

HakoHew, nocneaHuii 6UT NO3BONSET 3aNPEeTUTb K3WMNPOBaHWE CTPaHWULbl. DTO CBOMCTBO BaXHO
ANS CTpaHWUL, 0To6paXkatloWwmnXcs He Ha NaMsATb, @ Ha perncTpbl ycTponcTs. Ecnm OC HaxoauTcs B
LUMKe 0XMAaHUs OTBETA OT HEKOTOPOIro YCTPOMCTBa BBOAA-BbIBOAA, KOTOPOMY 6blfla TOMbKO YTO
[laHa KoOMaHJa, CyLecTBeHHO, YTo6bl annapaTypa npoaoJsikasna nosy4daTtb C/IOBO U3 YCTPOWMCTBA, a
He MCMosb30Baso CTapyl KOMWID, HaxXoAsWylcs B Kaw-namsatv. Mpu nomowm 3storo 6uta
K3LMPOBAHNE MOXHO OTK/OUYMTb. MalluHbl, MMEWLWNE OTAe/IbHOE MPOCTPAaHCTBO afpecoB



BBOAA-BbIBOAA W HE MCMONb3YylWMNE O0TOOpaXxeHUs perncTtpoB BBOAA- BbiBOAA Ha MNaMsiTb, He
HY>XAalTCcs B 9TOM buTte.

3aMeTMM, 4YTO agpec MecTa Ha AUCKe, B KOTOPOM XPaHUTCS CTpaHuuLa TOoraa, Korha oHa He
HaxoAMTCS B NaMATU, HE SBASIETCS YacTblo Tabnnubl cTpaHuu. MNpuynHa oyeHb nNpocTta. Tabnuua
CTPaHWUL COAEPXMUT TONbKO Ty MH@OPpMaUMio, KOTOpas HyXHa annapaTtype ANns nepesoaa
BMpPTyanbHOro agpeca B dusndeckun. WHpopmaumsa, Heobxoaumas OC ansa obpabotku
CTPaHMYHbIX NpepbIBaHMIM, XpaHUTCS B NporpamMMHbIX Tabnuuax BHyTpn OC. AnnapaType oHa He
HY>XHa.

bydepbl 6bicTporo npeobpazosaHmsa agpeca (TLB)

B 60nbWIMHCTBE CXEM CO CTPaAHU4YHOW OpraHmsaumen namsaTu Tabnuubl CTpaHWUL XpaHATCS B
namMaTnm wm3-3a MX 3HAUYUTENbLHOro pasMmepa. [loTeHUManbHO Takoe YCTPOWCTBO OKa3biBaeT
KONoCCanbHOE B/USAHWE Ha MNpPOU3BOAUTENbLHOCTb. PaccMOTpuMM, HanpuMmep, KOoMaHay
npoueccopa, KONMpYyLLYH COAEPXMUMOe 0AHOIr0O perucTpa B Apyroi. B oTcyTcTBME CTpaHUYHOM
opraHusaumm naMsaTu 3Ta KoMaHAa NPUMBOAUT TONbKO K OAHOMY oObpalleHWo K namsTyv anas
BbI6OpPKKM caMoM KoMaHAabl. Ecnm ke naMaTb opraHmM3oBaHa NOCTpaHU4YHO, TO byayT Heob6xoanMbl
AOMOSIHUTENbHbIE CCbIKM ANs Aoctyna K Tabnuue cTpaHuy. Tak KakK CKOPOCTb BbIMOSIHEHUS
KOMaHA4 B OCHOBHOM OrpaHuM4yeHa CKOPOCTb, C KOTOPOW LEeHTpasbHbIi npoueccop BbibupaeT
KOMaHAbl M AaHHble U3 NaMATU, HEOBX0AMMOCTb ABYX OobpaleHunii K Tabnuue cTpaHuy Ha ogHy
CCbIIKY K NMAaMATU YMEeHbLUAET NPOU3BOAUTENBHOCTb Ha 2/3. MNMpn TakmMX yCNOBUAX HUKTO HEe CTasn
MCNONb30BaTb 3TOT METOA.

PazpaboTumkm npoueccopoB MHOrmMe roabl pasmbiwnsam ob 3Ton npobneme m B pesynbraTe
npnaymann peleHune. OHO OCHOBA@HO Ha Ha6mo,u,eva|, yTo 60/bLUMHCTBO nporpamMMm CKJIOHHO
AenaTb OrpOMHOE KONM4YecTBo obpaweHnin K He6oNblWOMY KOMYECTBY CTPaHuL, a He HaoboporT.
TakuMm o06pa3oMm, B Tabnuue CTpaHML TOMbKO Manas AONs 3anucel uymtaeTcss WUHTEHCUMBHO,
oCTasibHas YacTb eABa /i Boo6LLEe MCNOMb3YETCS,

B pe3ynbtaTte MpPUMHATOrO peleHus KoMnbloTep cHabxaetca HebosnbwKuM annapaTHbIM
YCTPOMCTBOM, Cnyxawmm ansa otobpaxeHns BUpTyanbHbiX agpecos B dumsmdeckme 6e3 npoxoaa
no Tabnuue cTpaHul. 3TO YCTPOMCTBO, Ha3biBaeMoe 6ycgepom 6bicTporo npeo6bpasosaHun
apgpeca (TLB — Translation Lookaside Buffer) wnm nHorga accouuMaTMBHOM NaMATbHO,
npoaeMOHCTpMpoBaHo B Tabn. 1. OHO 06bI4HO HaxoanTcsa BHYTPpU MMU 1 COCTOUT N3 HECKOIbKMX
3anucei. B npuMmepe nx BoceMb, HO aKTUYECKU 3anucen peako 6biBaeT 6onblie 64. Kaxaas
3anncb coaepxuTt nHdopmaumto o6 ogHON CTPaHMLE, @ UMEHHO:

e HOMEp BUPTYasibHOM CTpaHuLbl,

e 6UT, yCTaHaBIMBaeMbIN NPU N3MEHEHUU CTPaHULbI,

e KO 3alUnTbl (pa3spelleHns Ha YTeHne/ 3anmcb/BbiNOHEHNE)

e N HOMep HU3MYECKOro CTpaHMYHOro 6/10ka, B KOTOPOM pacrofioXeHa 3Ta CTpaHuua.

DT nons OAHO3HAYHO COOTBETCTBYKOT noasaM B Tabnuue cTtpaHuy. Ewe oaunH 6uUT cayxut
MpU3HaKoOM TOro, AeNCTBUTENbHA 1M 3anncb (MCNOAb3YETCS /I OHA B AAHHbIM MOMEHT) UN HeT.

Tabnuua 1. bydep 6bicTporo npeobpasoBaHnsa NaMaTu 418 YBEINYEHUS CKOPOCTU CTPaHUYHOM
noaKayku

[lecTBUTENbHBIN  |BUpTyanbHasa cTpaHuua N3MeHeHMe [Bawwmta |[CTpaHMYHbIN dpenm
1 140 1 RW 31
1 20 0 RX 38
1 130 1 RW 29
1 129 1 RW 62
1 19 0 RX 50
1 21 0 RX 45
1 860 1 RW 74
1 861 1 RW 75

MpumMep, KOTOpbIN MOr 6bl chopMupoBaTb TLB-6ydep, nzobpaxkeHHbili Ha puc. 4, — LUKINYECKUI
npouecc, pacrnofiaraloWmnimnca B BUpPTyanbHbiX cTpaHuuax 19, 20 n 21, noaToMy 3TK 3anucu B
6ydepe Ha puc. 6 UMET 3aWMTHbIe KOAbl ANS YTEHUS U BbINOJAHEHUs. OCHOBHble AaHHblE,
ncnonb3yemble B HacTosiwee BpeMmsa (ckaxeMm, obpabaTbiBaeMbii MacCMB), HaxoaAaTcs B
cTpaHmuax 129 m 130. CtpaHumua 140 comepXuT uHAEKCbl, Tpebyowmeca aAns BblYNCIEHWNI
MaccmBa. Ml HakoHeu, B cTpaHuuax 860 u 861 HaxoanTCs CTek.




Tenepb paccMOTpuM, Kak xe pyHkumoHupyet 6ydep 6bicTporo npeobpasosanHmns agpeca (TLB).
Koroa BupTyanbHbit agpec npeactasnsetrcs MMU pans otobpa)keHus, annapaTypa CHa4dana
ybexpaaercsa B TOM, YTO HOMeEp ero BMPTYasibHOM CTpaHuLbl NpucyTcTByeT B 6ydepe TLB nyTtem
CpaBHEHUSA ajpeca CO BCEMU 3aNUCAMU O4HOBPEMEHHO (TO eCTb mapassiensHo). Ecin HangeHo
nMelolee cuny coesnageHue u obpauleHne He HapywaeT 6MTbl 3alWuTbl, CTPaHWYHbIN 610K
bepetca npsamo n3 6ydepa TLB, 6e3 nepexoga Kk Tabnuuye crpaHuu. Ecin HoMep BUpTyasibHOMN
CTpaHuubl NpucyTcTByeT B bydepe TLB, HO MHCTPYKUKMS NbITAETCA 3anNnucaTb YTO-TO HA CTPaHuULUy,
OOCTYMHYIO TONMbKO ANs 4YTeHus, dopMmupyetcs owmbka 3awuTbl TOYHO TaK Xe, KakK 3TOo
nponcxoamno 66l U3 caMmon Tabnumubl CTpaHUL,.

NHTepecHasa cuTyauusa nonyvaeTrcs, eC/iu HOMEp BUPTYasibHOM CTPaHULbl He HaxoauTcs B 6ydepe
6bicTporo npeobpasosaHusa agpeca. MMU obHapyxmnBaeT OTCYTCTBME CTpaHWLUbl U BbIMOJHAET
06bluHbIN NoMcK B Tabnuuye cTtpaHuy. 3aTeM OH yaanseT ogHy m3 3anucen ns bydepa TLB wu
3aMeHseT ee TOSIbKO YTO HaMAEeHHOM 3anmcblo n3 Tabnuubl cTtpaHuy. Takmm obpasom, ecnum aTa
CTpaHuua cHoBa Bckope 6yaeTt 3aTpeboBaHa, BO BTOPOM pa3 MOWMCK OKAXEeTCs yCnewHbIM, a He
HeypauyHbiM. Korga 3anuck ypansietca m3 6ydepa 6bictporo npeobpasoBaHus agpeca, 6ut
M3MEHEHUSI KONMUPYETCSH B 3anncb Tabaunubl CTpaHUL B NamMsATU. [lpyrue BeIMYMNHbI y)Ke HaxXxoasaTcs
TaM. Korga 6ydep TLB 3arpyxaetcs u3 Tabnuubl cTpaHul, Bce nona 6epyTca us namaTu.

MHBepTUpPOBaHHbIe TabnuMLbl CTpaHuL,

TpaavuMoHHble Tabnuubl CTpaHWUL, TMN KOTOPbIX ONUCbIBAaAUCL A0 CMX Mop, TpebyloT no oaHOM
3aMnUCU Ha KaxXAayl BUPTYasbHYK CTpaHuuy, TaK KakK OHWU MHAEKCUPYIOTCA MO HOMepy 3TOW
CTpaHuubl. Ecnn agpecHoe NpoCcTpaHCTBO COCTOUT U3 232 6alT ¢ pa3MepoM cTpaHuubl 4096 6anT,
Torga B Tabnuue ctpaHuy AOXKHO 6bITb 6onble MuAnmnoHa 3anucen. MNMpu aTom Tabnmua cTpaHmy,
6yaetr 3aHMMaTb MUHMMYM 4 M6anTt. B poctatoyHo 60nbWMX CcUCTEMAxX 3TO, BEPOSTHO,
BbIMNOJIHNUMO.

OpHako NOCKONbKY 64-pa3psiaHble KOMMNbIOTEPbLI BCTPEYAOTCA BCE Yalle, CUMTyauns pagnkanabHO
MeHsieTca. Ecnv Tenepb agpecHoe NpoCTPaHCTBO yBeANYMIoCh Ao 2M 6aiT C pa3MepoM CTpaHumubl
4 Kb6anT, HaMm TpebyeTca Tabnuua ctpaHuy ¢ 252 3anucamu. Ecnu kaxaas 3anucb pasBHa 8
6antam, Tabnuua 3ammeT 6onblie 30 T6anT. BoigeneHune 30 T6aNT ToNbko Ansa Tabnunubl cTpaHuy,
HepeaslbHO cenyac M He byaer peanbHbIM Koraa-nnbo B 6yaywem. CnegoBaTenbHo, Ans
64-pa3psaaHoOro CTpaHMYHOro BMPTYasibHOro NpOCTpaHCTBa HeobXxoaAMMO Apyroe peleHue.

O4HWMM 13 TakuX pelleHui SBNSEeTCS MHBepTUpoBaHHaA Tabnuuya crpaHuud. B 310l Mogenu
Tabnuua coaep>XXnT No 0AHOM 3aMnUCKU Ha CTPaHWYHbIN 6/10K B peasibHOW NaMATK, @ He Ha CTpaHuuy
B BUPTYanbHOM aJpecHOM MpocTpaHcTee. Hanpumep, npu 64-paspsaaHblX BUpTYanbHbIX agpecax,
pa3sMmepe cTpanuy 4 Kb6ant u 256 M6ant O3Y nHBepTUpoBaHHas Tabnuua cTtpaHuy noTpebyer
Bcero nuwb 65 536 3anucen. Kaxpas 3anucb oTcnexusaeT, 4To (npouecc, BupTyasbHas
CTpaHWua) pacrnosioXXeHo B AaHHOM CTpaHU4HOM 6roke.

XOTa WHBepTUpOBaHHble Tabnuubl CTpaHUL, 3KOHOMAT 3Ha4yUTeNbHOE KOSIMYEeCTBO MecTa, no
KpalHei Mmepe, Korga BupTyasibHOE agpecHOe NPOCTPaHCTBO HAaMHOro 6onblue, yem pusmyeckas
namsTb, OHW MMEKT CeEpbEe3HblIA HEAQOCTATOK: NepeBo BUPTyasbHOro agpeca B puU3NYecKkui
CTAHOBUTCA HaMHOro croxHee. Korga npouecc N obpawaeTcsd K BUPTyanbHOW CTpaHuue P ,
annapaTHoe obecrneyeHne He MoOXeT 6osblle HaNTU PU3NYECKYIO CTpaHuLy, NCNob3ys HoMep P
B KayecCcTBe MHAEKCa B Ta6nv|ue CTpaHuu,. BmecTo 3TOro oHo AOJIDKHO Npon3BoaAnNTb NMOUCK 3anncu

(n, p) BO BCeNl WHBEpPTMpPOBaHHOW Tabnuue cTpaHuy. bonee TOro, 3TOT MNOWUCK AOJSIXKEH

BbIMOJTHATBLCA MPU KaXa0M O6paLU,EHVIM K nNaMAaTu, a HE TOJIbKO NMpun CTpaHWMYHOM NpepbiBaHUN.
Onepaumnsa noucka B Tabnnue pasmepoM 64 K npu KaX[0OM CCbIJIKE K NaMATU BOBCE He YBENMNYNT
CKOpPOCTb BbIYNCNUTENIBHON CUCTEMBI.

BbInTM M3 3TOro 3aTpyAHMTENbHOrO TMOMIOXKEHMS MOXHO, ucnonb3ys 6ydep 6bicTporo
npeo6pa3oBaHua agpeca (TLB). Ecnm 6ydep TLB MoxeT coaepxaTb BCe 4acTO MCMOJb3yeMble
CTpaHuubl, TpaHcnaumsa agpeca 6yaeTr nNpoucxoauTb TakK Xe 6bICTpo, Kak M C O6blYHbIMU
TabnmuamMn ctpaHmu. Ho npu HeymadyHoMm noucke B 6ydepe TLB nouck B MHBEPTUPOBAHHOM
Tabnuvue cCTpaHuL AO/MKEH BbINOAHATBCA nporpaMMHo. OAMH M3 BO3MOXHbIX cnoco6os
yCOBepLEeHCTBOBaTb €ro — noAAepXmBaTb X3W-Tabnuuy BuMpTyanbHbIX agpecoB. Bce
BUpTYanbHble CTpaHuLUbl, HaxXoAsWMecss B AaHHbIA MOMEHT B NamMsTM U MMelowme OAMHAKOBOE
3HayeHne x3W-PyHKUMKN, CUenasaTcs Apyr C APYrOM, Kak MokasaHo Ha puc. 4. Ecam
x3w-tabnmua COCTOMT M3 TakKOro Xe KoJiMyecTBa fA4eeKk, CKOMbKO B MawuHe duU3nveckmx
CTpaHuL, cpeaHss uenoyka 6yaet ANMHOM TOMbKO B OAHY 3aMnUCb, YTO 3HAYUTENbHO YBEINYUT
CKOpOCTb oTobpaxeHuss agpecoB. Kak TOMbKO HangeH HoMep CTpaHu4yHoro 6s0ka, HoBas napa
(BupTyanbHas, dmsmyeckas) nomewaercs B 6ydep TLB.

MHBEepTUpOBaHHbIE TabnuLbl CTPAHWL, B HACcTOsILLEE BPEMSI UCMOMb3YOTCA Ha HEKOTOPbIX pabo4mx



cTaHumax komnaHumi IBM un Hewlett-Packard u 6yayT BCTpeuaTbCs BCe 4auwe, TakK Kak
64-pa3pagHble MallWHbI NMOsy4yatoT BCe 6osiee WNPOKOe pacnpocTpaHeHume.

TpaguuwnosHaa Tabnuua
CTPAaHKMLU C AYedKOW ONA
KAXO0M U3 252 cTpaHuy

Rl coemm——

256 MGanT chruarnueckon
NamMATH MMEeT 218 cTpaHuHBIX
Griokos pamepom 4 KGait
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BuptyancHas CTpaHUMHLIA
CTPaHULA Gnok

ANropuTMbl 3aMeLLeHUs1 CTPaHUL

Koraa nponcxoauT cTpaHuMyHoe npepbiBaHne, OC aoskHa Bbi6paTh CTpaHULy ANS yAaneHus us
namaTn, 4tobbl 0CBO60AUTL MECTO AN CTPaHWLbl, KOTOPYH HYXXHO NMepeHecTV B namaTb. Ecnu
yoansemasi cTpaHuua 6bila U3SMeHeHa 3a BPEMS CBOEro NMPUCYTCTBUS B NaMsTH, ee Heob6xoanmo
nepenucatb Ha AMCK, 4YTO6bl O6GHOBUTHL KOMWIO, XpaHswytocs Tam. OfHaKo ecnu cTpaHuua He
6blna MoanduunpoBaHa (HanpuMmep, OHa COAEPXUT TEKCT MPOrpaMMbl), KOMUSA Ha OAUCKE yXe
ABNSIETCA CaMOW HOBOWM M ee He Hago NepenucbiBaTb. Toraa CTpaHMUA, KOTOPYH HYXHO
NpoYnTaTb, MPOCTO CYUTLIBAETCS MOBEPX BbIFPYXXAEMON CTPAHULbI.

XoTs B MPUHLUMME MOXHO MPU KaXXA0M CTPaHM4YHOM MpepbiBaHUN BbIBUpaTh ClydalHyto CTpaHuuy
ANSA  yAaneHus U3 namMsaTv, Mpou3BOAUTENBHOCTb CUCTEMbI 3aMETHO MOBbLILIAETCA, Koraa
npeanoyYTeHMe OTAAEeTCs peako WCMoNb3yeMon cTpaHuue. Ecnm  BbirpyxaeTtcsa cTpaHuua,
obpallleHnst K KOTOPOWN MPOUCXOANAT YacTo, BENMKa BEPOATHOCTb, YTO BCKOPE OMNSTb NMoTpebyeTrcs
ee BO3BpaT B MaMsiTb, YTO AACT B pe3yfibTaTe AOMNOJIHUTENbHbIE U3AEPXKKU. TeMe pa3paboTku
anNropuTMOB 3aMeHbl CTPaHuuUbl 6bIJI0 MOCBSLWEHO MHOro paboT, Kak TEOPeTUYECKUX, TakK W
3KCnepuMeHTanbHbIX. H1XXe onuieM HEKOTopble U3 Hanbosiee BaXKHbIX afirOpUTMOB.

Cnepyetr 0oTMETUTb, 4YTO NMpobnemMa «CTpaHMYHOro ob6bMeHa» TakKXe BCTAaeT U B APYrux
061acTaX KOHCTPYMpOBaHUA KOMMblOTePOB. Hanpumep, y 601bLLIMHCTBA KOMMNbIOTEPOB €CTh OAWH
WIN HECKONbKO K3LeNn, COCTOAWMX U3 UCNOSb3yeMbIX B nocneaHee speMs 326aMToBbIX WMAKU
64-6ariToBbix 6N10KkOB NamaTM. Korpa kaw 3anoJsiHeH, Heo6xoanMMo Bbi6paTb HEKOTOpble
6noku ana ypaneHus. OTa npobneMa npakTMYecKM aHanormyHa 3aMmeLleHmnio CTpaHuL Nnb
OLHOM pasHuLen, 3akavanLlencs B MeHblleM MacwTtabe speMeHn (onepaunms Ao/KHA 6biTb
BbINMO/IHEHA 3@ HECKOSIbKO HC, @ He MC, KakK Ans 3aMeHbl cTpaHuu). lMpuuuHon ana 6onee
KOPOTKOr0o MpOMeXyTKa BpeMeHu SABAsSeTCca TO, 4YTO HeyAayHblii nouck 6noka B Kawe
obpabaTbiBaeTCs M3 OCHOBHOW MNaMATM, B KOTOPOW He TPaTUTCS BPEMS Ha MOUCK HYXHOro
uMAnHApPa ANCKa W HET 3a4EPXXKM M3-3a €ro BpalleHus.

BTopoit npuMmep BcTpeuaetrcs Ha web-cepBepax. CepBep MOXET XpaHWUTb OMpeaesieHHoe
KOJIMYECTBO YacTo UCMOb3yEMbIX WEb-CTpaHuL B CBoel Kalw-naMaTn. OQHaKo Koraa KawnaMsaThb
3aMnoNIHAETCA LEeNIMKOM U MpoucxoauT obpalleHne K HOBOW CTpaHuue, AO/IKHO MPUHUMATbCS
pelleHne 0 TOM, KaKyl M3 CTpaHuL, BbIrpyXaTb. 34€Cb NPUMEHUMbI TE Xe PacCy>XAeHWUs, UTo U
AN CTpaHWL B BUPTyanbHOW MNaMsATW, C TOW pasHULEN, 4YTO web- cTpaHuubl HMKOrga He
M3MEHSAIOTCA B K3lle, MO3TOMY AN HUX BCErga ecTb CBexasi Konus Ha aucke. B cucrteme
BUPTYanbHOM NaMATU CTpaHuubl B O3Y MOryT 6biTb «YUCTBIMU® UAN <TPA3HBIMU».

OnTUMarbHbI aNropuT™

HannyJwmnin 13 BO3MOXHbIX airOPUTMOB 3aMeLleHns CTPaHWUL, 1erko onmcatb, HO HEBO3MOXHO
ocyuwectBuTb. OH AencTByeT Tak. B TOT MOMeHT, Koraa nponcxoamT CTpaHWYHOE npepbiBaHue, B
MamMsaTM HaxoaAuTCs HekoTopblr Habop cTtpaHuu. K ogHOM M3 3TmMX cTpaHuy byaet obpawartbces
crneaylolas KoMaHaa npoueccopa (K cTpaHuue, cogepxallen Tpebyemyto komaHay). Ha apyrue
CTpaHu1Lbl, BO3MOXHO, HE ByaeT cCbisloK B TeueHume cneaytowmx 10, 100 nnm gaxe 1000 komaHa.
Kaxpas cTpaHmua MoXeT 6biTb MOMedYeHa KOM4YeCTBOM KOMaHzA, KOoTopble 6yayT BbIMOMHATLCS
nepea nepsbiM obpalleHneM K 3TON CTpaHuue.



OnTMManbHbIN CTPAHUYHbIA anropuUTM NMPOCTO coobuwaeT, YTo A4O/KHA 6bITb BbIFpyXXeHa CTpaHuua
C Hambonbwen MeTKOW. Ecnu oaHa CcTpaHuua He 6yaeT MCnonb3oBaTbCs B TedeHne 8 MIIH.
KOMaHz, a Apyrasi — B TeyeHne 6 MJIH. MHCTPYKUWIA, yaaneHne nepBoi oToABMHET B byayliee Ha
BO3MOXHO MaKCMManbHbIA CPOK CTpaHM4YHOE npepbiBaHWE, KOTOPOE BEPHET ee Hasaga.
KoMmnbloTepbl, nogobHO nwASAM, NbITAOTCA OTNOXWUTb HenpuaTHble CcobbITUA HACTOSbKO,
HaCKOJIbKO 3TO BO3MOXHO.

C 3TMM anropuTtMOM CBfi3aHa TOJIbKO OAfHA npo6sieMa: OH HEBbLINOJIHUM. B MOMeHT
CTpaHu4Horo npepbiBaHua OC He MMeeT BO3MOXHOCTU Y3HaTb, KOraa NMpovMsonaeT creaytoulee
obpalleHne K Kaxzaow cTpaHuue. TeM He MeHee, BbIMOJIHAS NporpaMMy Ha MoAenu u cneas 3a
BCeEMU 06palleHNsIMU K CTpaHuuaMm, ONTUMAJIbHYH0 3aMeHy MOXHO OCYLEeCTBUTb MNpu
BTOPOM 3anyckKe, MCMNob3ys MH(POPMaLMIO O CCbIIKax Ha CTpaHuubl, CO6paHHYy0 BO BpeMs
nepBoro 3anycka.

B 3TOM cny4dyae MOXHO CpaBHMBATb MPOU3BOAUTENLHOCTb peasin3yeMblX anroputMoB C
Hamny4wmm. Ecnn OC gobumBaeTcs NpoM3BOANTENIBHOCTUN, CKaXXeM, BCEro Ha OAMH NPOLLEHT HUXeE,
yeM npu paboTe ONTUMANbHOrO anropuMTMa, YCWAWUs, MNOTpPaYeHHble Ha MOUCK Jlydlero
anropmTMa, NoBbICAT NPOAYKTUBHOCTb CXEMbl MaKCMMYM Ha 1%.

YT0o6bI n36exaTb BO3MOXHbLIX HEAOpPA3yMeHUN, cneayeT NMPOSICHUTb, YTO MOJSTyYEHHbIN NMPOTOKO
obpalleHnit K cTpaHmuaMm OTHOCUTCS TONIbKO K OAHOW XOpOLWO CrAaHWMPOBAHHOM nporpaMMe u,
KpoOMe TOro, K onpefesieHHbIM BXOAHbIM JAaHHbIM. TakuMM 06pa3oMm, anroputM 3aMelleHus
CTpaHwL, BbIBEAEHHbIN U3 Hero, 6yaeT XxapakKTepeH TONbKO AN 3TOM NporpamMmbel C UMEHHO 3TUMM
BXOAHbIMW AAHHbIMU. XOTA TaKOM MeToA None3eH AN OLEeHKN afifOpUTMOB 3aMeLleHns CTpaHul,
OH He NCNOJIb3YeTCs B MPaKTUYECKMX cUcTemMax. Hmxe nayuymm anroputMbl, KOTOpble SBASIOTCA
NPUMEHVUMbIMW B peasnibHbIX CUCTEMAX.

Anroput™ NRU — He ncnosnb3oBaBsLlasica B nocnegHee BpeMs CTpaHuua

Yto6bl AaTb BO3MOXHOCTb OC cobupaTb MNoMe3Hble CTaTUCTUUYECKME [AaHHble O TOM, Kakue
CTpaHWLbl UCNOMb3YIOTCS, @ Kakne — HeT, 60/bLMHCTBO KOMMbIOTEPOB C BUPTYasibHON NaMsITbio
NOAAEPXUBAKOT ABaA CTAaTYCHbIX 6MTa, CBA3AHHbIX C KaXA0M CTpaHuuen:

e bBbut R (Referenced — ob6pauweHna) ycraHaBAnMBaeTCs BCAKUI pas, Korga npomcxoauT
obpalleHune Kk cTpaHuue (YTeHune nnu 3anmch).

« but M (Modified — nsmeHeHme) ycraHaBnMBaeTCs, Koraa ctpaHuua 3anucoisaetcs (To
eCTb U3MeHSeTCs).

BuTbl cogepxaTcs B KaXxAoOM aneMeHTe Tabnuubl CTpaHul, Kak nokasaHo Ha puc. 5. BaxHo
peanu3oBaTb 06HOB/IEHNE 3TUX BUTOB NpU Kaxaom obpalleHnn K NaMaTu, N03TOMy Heob6xoammo,
yTo6bl OHM 3adaBanucCb annapaTtHo. Ecnn ogHaxabl 6muT 6bin1 yCcTaHoOBMIeH B 1, TO OH OCTaeTcs
paBHbIM 1 go Tex nop, noka OC nporpaMMHO He BEPHET ero B coctosiHue 0.

Ecnn annapaTHoe obecnevyeHve He MoAAEpPXWMBAET 3TU OBUTbl, UX MOXHO CMOAENMPOBaTb
cneayrowmnm obpasom:

e Korpa npouecc 3anyckaeTcs, BCe ero 3anucm B Tabnuue CTpaHWL, MOMeYarTca Kak
OTCYTCTBYytOLLME B MNaMATU.

e Kak Tonbko npouncxoauTt obpalleHne K CTpaHuue, NponcxXoanT CTPaHMYHOE NpepbiBaHKe.

e 3artem OC yctaHaBnuBaeT 6uT R (B cBOMX BHYTpeHHUX Tabnunuax);

M3MEHSIET 3anmcb B Tabauue cTpaHuy, 4Tobbl OHa yKa3biBasa Ha KOPPEKTHYH CTpaHuuUy C
pexnmoMm READ ONLY (Tonbko Aons uyteHus),

M nepesanyckaeT KomaHay.

Ecnn cTtpaHuvua no3sgHee 3anucbiBaeTcs, MPOUCXOAUT ApPYyroe CTpaHW4yHoe MnpepbiBaHue,
nossonstouwee OC ycTaHOBUTb 6MT M U M3MEHUTb COCTOsIHME cTpaHuubl Ha READ/WRITE
(4yTeHune/3anunchb).

Butel R 1 M MOryT ncnonb3oBaTbCsa 419 MOCTPOEHMS MPOCTOro afropuTMa 3aMeLleHns cTpaHul,
onucaHHoro Huxe. Korga npouecc 3anyckaetcs, oba ctpaHu4dHbiX 6uTa gnsa scex ero ctpanumy OC
ycTtaHoBneHbl Ha 0. MNepunoanyeckn (HanpuMmep, NpuM KaxaoMm npepbiBaHWM No Tanmepy) 6muTt R
oumnwaeTcs, 4Tobbl OTAMUNTD CTPaHMLbI, K KOTOPbIM AaBHO He nMpoucxoanso obpaleHus ot Tex,
Ha KOTOpble 6blN CCbINKMU.

Korpa Bo3HMKaeT cTpaHuyHoe npepbiBaHne, OC npoBepsieT BCe CTPaHuLbl U AeNUT UX Ha YeTbipe
KaTeropnn Ha oCHOBaHUN TEKYLLUNX 3Ha4yeHun 6muToB R n M:

e Knacc 0: He 6b1510 obpalleHnin 1 U3MeHEHUN.

e Knacc 1: He 6b1510 ob6palleHunii, cTpaHmua n3MeHeHa.
e Knacc 2: 6b1n10 obpalleHne, cTpaHmua He U3MEHEHaA.
e Knacc 3: npomsowsio n obpalwieHne, u NUSMeHeHMe.

XoTa knacc 1 Ha HepBbIVI B3rnaa KaXeTcd HEBO3MOXXHbIM, TaK0Oe Cy4aeTcd, Koraa y CtpaHuubl N3



Kknacca 3 6ut R cbpacbiBaeTcs BO BpeMsl npepbiBaHUA N0 TanMmepy. lNpepbiBaHUSA NO TanMepy He
ctupatoT 6uT M, NoToMy 4TO 3Ta MHDOpMauna Heobxoamma Ans TOro, YTobbl 3HATb, HYXXHO K
nepenmcobiBaTb CTPaHMLUY Ha AMCKe unun HeT. NoaToMy ecnm 61T R ycTaHaBAMBaeTCs Ha HOMb, a M
OCTaeTCsl HETPOHYTbIM, CTpaHWLa nonagaeT B knacc 1.

Anropnt™ NRU (Not Recently Used — He mncnonb3oBaBLIMNCS B MocregHee BpeMs) yaanfaer
CTpaHMUy C MNOMOLWbIO CJIy4allHOro NMOMCKa B HEeNnycToM KJjlacce C HaMMEeHbLUUM
HOMepOoM. B 3ToM anropntMe nogpasyMeBaeTCsl, YTO Jlyylle BbIFPYy3MTb UBMEHEHHYIO CTpaHuLy,
K KOTOpOWN He 6bln0 obpalleHun Mo KpanHen Mepe B TeyeHue OAHOro TMKa CUCTEMHbIX 4acoB
(obbiyHO 20 MC), 4yeM CTepeTb 4acTo MWCnonb3yeMmyk cTpaHudy. [puBneKkaTesnbHOCTb
anropntmMa NRU 3akntoyaetcas B TOM, UYTO OH JIerok Ansi MOHUMAHWUS, YMEPEHHO C/IOXEH B
peanusaumun n AaeT Npon3BOANTENbHOCTb, KOTOPasi, KOHEYHO, He ONMTUMasibHA, HO MOXET BroJiHe
OKa3aTbCsa AOCTAaTO4YHOM.

Anroput™ FIFO — nepsbiM Npubbin — nepBbiM 06C/Ty>KeH

Opyrum Tpebyowmm Hebonblwnx nsgepxek anroputmom senserca FIFO (First-In, First-Out—
«NepBbIM NpUbLIT — NepBbIM 06CTyXeH»). YTobbl NponnntocTpupoBaTh ero paboTy, paccCMOTpUM
YHMBEpPCaM, Ha MOJIKax KOTOPOro MOXHO BbICTaBWUTb POBHO K pasnunuHbix npoaykToB. OH
npeanaraet HoBYyK YAOOHYH nNuULy: pacTBOPUMbIN, F1y6OKO 3aMOPOXKEHHbIN, 3KOSOMMYECKU
UYNCTbIA NOrypT, KOTOPbIA MOXXHO MFHOBEHHO MPUroTOBUTb B MUKPOBOJIHOBOW rneuu. Mokynatenu
TYT Xe obpaTuinm BHMMAHME Ha 3TOT MPOAYKT, MO3TOMY HAll OrpaHUW4YeHHbIi B pa3Mepax
cynepMapkeT, ansa Toro 4ytobbl npogaBaTb MOrypT, AO/HKEeH n3baBUTbCA OT OAHOrO M3 CTapbIX
TOBapoB.

OanH 13 BapWaHTOB COCTOUT B TOM, 4YTOBbl HAWTM MPOAYKT, KOTOPbIN CynepMapKeT npopaeTt
Aonblue Bcero (To ecTb YTo-HMbyab, YTO Hayanu peanmn3osbiBaTb 120 neTt Hasag), n ocBob0aAnTL
OT Hero MarasmMH Ha TOM OCHOBaHWM, 4YTO WM HWUKTO 6onblle He WuHTepecyeTcs. B
OENCTBUTENbHOCTM CyMepMapKeT XpPaHUT MNepeyvyeHb BCEX MpoAaBaeMblX B AaHHbIA MOMEHT
TOBApOB, YNOPSAOYEHHbIA MO BPEMEHU nX nosifieHns. Kaxabli HOBbIM NPOAYKT MOMeLLaeTCs B
KOHeL, NepeyHs, a U3 Hadana cnucka yaansieTcsa ogHo CTapoe HavMeHOoBaHue.

Ty >Xe camylo MAE MOXHO NPUMEHUTb B KadecTBe asiroputMa 3ameweHuns crpanuy. OC
NnoAAEPXNBAET CMUCOK BCEX CTPaHUL, HaxoAsWMXCA B AAHHbIA MOMEHT B NaMATU, B KOTOPOM
nepeas CTpaHuua ABMASETCS CTapeinwen, a CTpaHuubl B XBOCTE CMMCKa nonasau B HEero COBCEM
HepaBHo. Korga npouvcxoauT CTpaHMYHOE MpepbiBaHUE, BbIrPyXaeTca M3 naMmsATu CTpaHuua B
rofoBe CNuckKa, a HoBas cTpaHuua gobaenseTcs B ero koHeu. Ecnm anroputm FIFO ncnonb3osaTtb
B MarasmHe, TO OH MOXEeT yAa/InTb BOCK A1 YCOB, HO TakXe MOXET yAannTb U MYKY, COJib UK
Macno. NpMMeHUTENbHO K KOMMbIOTEPaM BO3HUKAET Ta e npobnema. 1o 3Tol NpuymnHE anropuTtMm
FIFO peako ncnosnb3yeTcs B CBOEM MCXOAHOW (opMe.

AnroputM «BTOpast MOMbITKa»

B npocreiiweMm BapuaHTe anropmtma FIFO, koTopbii, no3BonseT usbexaTb npobnemobl
BbITECHEHWS U3 NAaMATU YaCcTO UCMOMb3YEMbIX CTPaHWUL, Y CaMON CTapeiLen CTpaHuLbl U3y4vaeTcs
6uT R. Ecnu oH paBeH 0, cTpaHMLUa He TOIbKO HaxX0AUTCHA B NamMsATK A0Aro, oHa BAo6aBoK elle u
He MCMNONb3YyeTCs, NO3TOMY HeMeANeHHO 3aMeHseTcs HoBol. Ecnm xe 6uT R paBeH 1, To emy
npuceamsaeTcd 3HadyeHue 0, CTpaHuUa NEPEeHOCUTCH B KOHEL CruCKa, a BpeMs ee 3arpys3ku
0bHOBISETCA, TO €CTb CYMTaeTCs, YTO CTpaHMLa TOMIbKO YTO Nonasa B NaMaTb. 3aTteM npoueaypa
npoaosHKaeTcs.

PaboTta aToro anrop1tma, Ha3blBAEMOro «BTOPOM nonbiTkon» (second chance), nokasaHa Ha puc.
5(a). 3pmecb wu306paxkeHbl CTpaHuubl OT A Ao S, XpaHawmecs B CBS3aHHOM CruCKe W
OTCOPTMPOBaHHbIE MO BPEMEHU MX MNOCTYMSIEHUS B NaMsaTb. Ymncna Hag cTpaHuuamu obosHavawT
MX BPeMS 3arpy3ku B namsiTb.

MNpeanonoxmMm, 4To B MOMeHT BpeMeHuM 20 nNpoucxoamT CTpaHuMdHOe npepbiBaHune. Camoi
cTapllen CTpaHuuen asnsieTcs cTpaHuua A, oHa 6bina 3arpyeHa B naMsaTb Bo BpeMsa 0, kKoraa
Ha4van paboTy npouecc. Ecnm 6mT R cTpaHuubl A paseH 0, oHa BbIrpy>XaeTcs U3 NamaTn Uam nyTem
3anmMcK Ha AUCK (eCcnu CTpaHuua «rpsasHas»), WamM NpocTo yaansetcsa (ecim oHa «yuctasa»). Bo
BTOpOM cny4ae, ecnm 6ut R paBeH 1, cTpaHuua A nepeaBuraeTcss B KOHeLU, CNMcKa, a ee
«3arpy3o4dyHoe BpeMsi» NpuHMUMaeT Tekyuwee 3HadeHue (20). Mpu 3tom 6MT R ounwaetca. NMomck
noaxoasilen CTpaHuubl MPOAO/IXAETCA; Cneaylowen npoBepseTcs cTtpaHmua B.

CTtpaHuua,
3arpyxeHHas nepsou MocnegHasa
x03ygn2 14 15 18 3arpyxeHHas cTpaHuua
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3arpykeHHas cTpaHuua

Puc. 5. lencrtBmne anropntma «BTOpasi MNOMNbITKa»: CTPaHULbl, OTCOPTUPOBAHHbIE B NOpsiaKe
ouvepeamn (FIFO) (a); cnMcoK CTpaHuL, ecnn CTpaHMYHOe npepbiBaHMe NpoOn30LLSI0 BO BpeMS
20, a ctpaHunua A nmeet 6muT R, paBHbin 0 (6)

ANropuTM «BTOpas MonbiTKa» UWEeT B CMIMCKe caMylo CTapylo CTpaHMLy, K KOTOpoi He 6bino
obpawleHnii B npeabiaywem BpeMeHHOM uHTepBase. Ecnn xe npoucxoamnnm CCbIJIKM Ha Bce
CTpaHuLUbl, TO «BTOpas NonbiTKa» npespallaeTcs B 06bluHbIn anroputM FIFO. MpeacTtaBbTe, 4TO Y
BCeX CTpaHuL Ha puc. 5(a) 6uT R paseH 1. OaHy 3a apyroi nepeasuraet OC CcTpaHuULbl B KOHeL,
cnucka, oumwas 6muT R Kaxabli pas, Koraa oHa nepemelwaeTt CTpaHMuy B XBOCT. HakoHel, oHa
BEPHETCS K CTpaHuue A, HO Tenepb yxe ee 6uty R npuceoeHo 3HadveHume 0. B 3TOT MOMEHT
CTpaHmua A Bbirpy)aetcs M3 namsatu. TakuMm obpasoMm, anroputMm Bcerga ycrnewHo 3asepliaer
CBOlO paboTy.

ANropuT™M «4yacbl»

XoT4a aIfOPUTM «BTOpPas NONbITKa» ABNAETCA KOPPEKTHbIM, OH C/TIMLLKOM He3CbeeKTVIBeH, noTomy
YTO MOCTOSAHHO MNepeaBuraeT CTpaHuubl MO CAUCKY. NO3TOMY Nydwe XpaHUTb BCE CTPaHU4YHbIE
610KN B KONMbLEBOM crivcke B dOpMe 4acoB, Kak MokasaHo Ha puc. 6. CTpenka yKkasblBaeT Ha
CTapenLwyo cTpaHuuy.

Koraa npoucxoauT CTpaHW4YHOE npepbiBaHWe, MNpPOBEPSAETCs Ta CTpaHuWua, Ha KOTOpYH
HanpaBneHa ctpenka. Ecnu ee 6uT R paBeH 0, CTpaHMuUa BbIrPy>aeTcsi, Ha ee MecTo B YacOBOM
Kpyr BCTaeT HOBasi CTpaHWLA, a CTpesika cABUraeTcsl Brnepea Ha oaHy no3suumto. Ecnmn 6uT R paBeH
1, To OH cbpacbiBaeTcsi, CTpefika MepeMellaeTca K cneaylwein cTpaHuue. STOT npouecc
NnoBTOPSIETCA [0 Tex Mop, MokKa He HaxoauTca Ta CTpaHuua, Yy Kotopoih 6ut R = O.
HeyanMBUTENbHO, YTO 3TOT ANICOPUTM Ha3bliBaeTCs «4yacbl». OH OT/IMYAETCS OT anropuTMa «BTopas
nomnbITKa» TOMIbKO CBOEW peanunsaunen.



Korga npovcxoguT cTpaHuyHoe
npepbiBaHve, NOBepSeTCs CTpaHuua,
Ha KOTOpYIO yKa3biBaeT cTpesika.
MNpeanpvHMMaemMble 4encTBus
3aBUCAT oT buta R:

R=0: cTpaHuua BbIrpyxaeTtcs
R=1: 6uT R cbpacbiBaeTcs, cTpenka
OBwXeTCH Brepen

Puc. 6. ANropnTm 3aMeLleHns CTpaHuL, «4acbl»

Anroput™ LRU — cTpaHuua, He ncnonb30BaBLIAsaCca Aosblue BCEro

B ocHoBe 3TOM HEMJ0XOW anmnpoKCMMauuM ONTUMaNbHOrO anropuTMa NexuT HabnwaeHne, yYTo
CTpaHuubl, K KOTOpPbIM npoucxoamsno MHOrokKpatHoe o6pau.|,eHV|e B HECKOJIbKUX nocneaHunx
KOMaHAax, BeposATHO, Takxe O6yAyT 4acTo MCMofAb30BaTbCA B CAeaylwuX WHCTpyKumax. U
HaobopoT, MOXHO MNosaraTb, YTO CTPaHULbI, K KOTOPbIM paHee He BO3HWKano obpauweHuin, He
6yayt ynotpebnaTbCa B TeyeHWe A0NAroro BpeMeHW. DTa uAaes npueena K crnepylolemy
peanusyeMoMy anropuTtMy: Korga npoMcxoauT CTpaHUYHOEe npepbiBaHMe, Bbirpy)kaercsa
M3 NaMAaATUM CTpaHULA, KOTOpPas He UCMNoJib30BaJsilacb AOJiblUe BCEro. Takas crpaTterus
3aMelleHns ctpaHuy HasbiBaeTcd LRU (Least Recently Used — «MeHee HepaBHO», TO eCTb
Hanbonee AaBHO MCMNONb30BaBLUASICA CTPaHMUa).

Xota anroputMm LRU TeopeTnyeckm peanumsyem, OH He 4BAfeTca gewesbiM. [59 nosHoro
ocywecrteneHns anropmtma LRU Heobxoammo noapepXmBaTb CBSA3HbIA  CNMCOK  BCeX
cogepXalluxcs B NamMAaTW CTpaHwuu, rae nocneaHsas UCronb30BaBLlIAsACA CTpaHUUa HaXoaAuTCS B
Hayase cnMcka, a Ta, K KOTopol gonble Bcero He 6b110 obpaleHnii, — B KoHUe. CNOXKHOCTb
3aK/loMaeTcA B TOM, 4YTO CMMCOK A0J/KeH OBHOBAATLCA MpU KaxkaoM obpalleHuMn K namsaTtiu.
Mouck cTpaHuubl, ee ypaneHue, a 3aTeM BCTaBka B Hayano cnmcka — 3TO onepauuu,
nornowarmLlmne o4eHb MHOr0 BPEMEHN, AAXe eC/IN OHU BbINOJHAKTCSA annapaTHoO (ecnu
NMpeanosioXnTb, yTo Heobxoaumoe ob6opyaoBaHME MOXHO

CKOHCTpYMpOBaThb).

OpHako cyuwecTBytoT Apyrue cnocobbl peanmsaummn anropmtma LRU ¢ noMowbio cneumanbHOro
obopynoBaHusa. [Ana nepsoro MmeToaa TpebyeTcsa oOcCHalweHWe KoMMbikoTepa 64- paspsaHbIM
annapaTHbIM cyeTumMkoM C, KOTOpbIA aBTOMaTUYECKN BO3pacTaeT Nocne Kaxaonm komaHabl. Kpome
TOro, Kaxxaas 3anucb B Tabnuue cTpaHWU AOMKHA WMMeTb Nnone, AOCTaTovyHo 6onblioe Ans
XpaHeHUs 3HayeHus cyeTumka. [ocne kaxaoro obpalleHus K namMsaTu Tekylas BenuMunHa
cyetymnka C 3anoMmHaeTcs B 3anucu Tabnuubl, COOTBETCTBYIOWEN TON CTpaHuuUe, K KOTOpPOWM
npousoLuna ccoika. A ecim Bo3HMKaeT CTpaHU4YHoe npepbiBaHue, OC rnposepseT BCe 3HaYeHUs
cyeTymkoB B Tabnumue CTpaHML W UWET HauMeHbluee. DTa CTpaHUUA 4BASETCA He
NMCNoNb30BaBLUENCs AoNblue BCero.

Tenepb pacCMOTPUM BTOPOW BapuaHT annapaTHol peanm3auun anropmtma LRU. Ha mawwuHe c n
CTpaHn4HbIMKM 6nokamm obopyaoBaHme LRU MoxeT nogaepxmBaTb MaTtpuuy N X N 6wuT,
N3HavyaNbHO PaBHbIX HYM0. BCAkuin pas, Koraa npomcxoauT obpalleHme K cTpaHuyHoMmy 6510ky K
, annapaTtypa cHa4yana rnpucBaMBaeT BCEM 6MTaM cTpoku K 3HaueHme 1, 3aTeM NpupaBHUBAET K
Hyto Bce 6uTbl ctonbua K . B no6oit MOMEHT BpeMeHW CTPOKa, ABOUYHOE 3HAYEHME KOTOPOW
HanMeHbllee, SBASETCA He MWCMoSib30OBaBlenca aonbwe Bcero. Pabota aTtoro anroputMma

NpPOAEMOHCTPMPOBAHa Ha puc. 7, FAe pacCMaTpuMBalOTCA UYETbIPE CTPaHU4HbIX 6/0Ka U
cneayroLwunii Nopaaok obpalleHns K CTpaHULaM:

0123210323

Mocne ccbiikn Ha cTpaHuuyy 0 Mbl mony4dyaeMm cuTyauuio, MoKasaHHyk Ha puc. 7(a); nocne
obpawieHuns kK ctpanmue 1 — puc. 7(6) n 7. 4.
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Puc. 7. Anroputm LRU, ncnone3ytowmin matpuuy. ObpalleHuns K cTpaHmuaM NpoucxXoanT B
nopsaake: 0,1,2,3,2,1,0,3,2,3

Anroput™ «pabounit Habop»

B npocTeilluein cxemMe CTpaHWYHOW MNOAKAYKM B MOMEHT 3amnycka MNpoOLEecCOB HYXHble WM
CTpaHMUbl OTCYTCTBYKOT B NMaMATU. Kak Tonbko LI,eHTpaJ'IbeII7I npoueccop nblTaeTcs Bbl6paTb
nepByl0 KOMaHAy, OH MoJjlyyaeT CTpaHM4YHOEe npepbiBaHWe, nobyxaatowee OC nepeHecTu B
namaTb CTpaHWUy, COAEPXalLyt NepBy WUHCTPYKUMIO. OB6bIYHO cnefoM 6bICTPO MPOUCXOAAT
CTpaHMN4YHbIE NpepbiBaHNA ANA rnobanbHbIX NeEPEMEHHbIX N CTEKA. ‘-lepe3 HEKOTOpPOE BpEMA B
namaTu ckanaueaeTcs 60/bWMHCTBO HEO6XOAMMBIX MpoOLECcCcy CTpaHuu, M OH MpUCTYnaeT K
paboTe C OTHOCUTENbHO HebOoNbLWMM KONMYECTBOM OLKNBOK M3-3a OTCYTCTBUS CTpaHuu. DTOT
MeTOo/ Ha3blBAETCH 3aMelleHneM cTpaHuL no 3anpocy (demand paging), NOTOMY UTO CTpaHWULbI
3arpy»arTca B namaTb no TpeboBaHMIo, a He 3apaHee.

KOHeuHOo, AOCTaTOYHO Ierko HanucaTbh TECTOBYH MPOrpamMMmy, CUCTEMATUUECKN UMTAKOLWLY O BCE
CTpaHWLbl B OFPOMHOM apeCHOM NPOCTPAHCTBE, BbI3blBasi Tak MHOIMO CTPaHMYHbIX NPepbIBaHUNR,
yto 6yaeT He xBaTaTb NamMaTM Ansa ux obpaboTkm. K cuyactbio, 60MbLWMHCTBO MPOLIECCOB HE
paboTatloT TakuM ob6pasoM. OHU XapaKTepU3yHTCS JIOKalbHOCTbIO ObpalleHnn, o3Ha4vatlowen,
4YTO BO BpeMs BbINoOJSIHEHMS Ntob6ol KoMaHAbl, npouecc obpallaeTcss TONbKO K CpaBHUTENbHO
HebonbWoM YacTu CcBOMX CTpaHuy. Kaxabll npoxos MHOMONPOXOAHOMO0 KOMMAMUAATOPA,
Hanpumep, obpallaeTcs TONbKO K 4acTu OT obuiero KonmyecTBa CTpaHuL, M KaxXAbli pas K
ApYyron yacru.

MHOXeCTBO CTpaHuL, KOTOpOe MpoLecc NCNOoNb3yeT B AAHHbIM MOMEHT, Ha3biBaeTcs paboumm
Ha6opom. Ecnin pabounii Habop LeNMKOM HaxoauTca B NamaTu, npouecc byaet paboTtaTh, He
Bbi3blBasi 60/1bLIOro KoaAnM4yecTea owWmMbOK, A0 Tex MOp Moka OH He mepengeT K apyron dase
BbIMOSIHEHUA (TO €CTb K creayloleMy npoxoay kKomnunatopa). Ecnm pgocTtynHas namaTb
C/IMWKOM Mana gns toro, 4tobbl coaepxaTb NONHbIM pabounii Habop, Npouecc BbI3OBET MHOMO
CTPaHU4HbIX NMpepbiBaHMA M 6yaeT paboTaTb MeAsieHHee, TaK KaK BbIMOJIHEHWE WMHCTPYKLUK
3aHUMAET HECKOJ/IbKO HC, @ YTeHue CTpaHuubl ¢ aucka obblyHO TpebyeT 10 mc. MNpu ckopocTu
OAHa MNuM ABe KoMaHabl 3a 10 Mc 4ns 3aBeplueHms NnporpaMmmbl NOHaaob6aTcsa Beka. FoOBOpAT, UTO
nporpamma, Bbi3biBaloWas CTPaHMYHOE MpepbiBaHWE KaXAble HECKONbKO  KOMaHA,
npobykcoBbiBaeT (thrashing).

B MHOrosaaa4yHbiX CUCTEMaX NPOLECCHI HaCTo nNepeMeLllarnTCd Ha ANCK (TO €CTb BCE UX CTpaHULbI
yAanawTca M3 naMaTu), 4YTobbl NO3BOAUTL  APYrMM npoueccaM MonyyuTb A[OCTyn K
LeHTpanbHOMY rnpoueccopy. BosHuMkaeT Bonpoc, 4TOo JenaTtb, Korga npouecc CcHoBa
3arpyxaetcs B namMaTb. C hopManbHON TOUKN 3peHns AenaTbh HUYero He Hy>Ho. MNMpouecc 6yaet
BbI3blBaTb OAHO 3a APYrMM CTPaHWYHbIE MpepbiBaHUA A0 TeX NOp, MOKa He 3arpy3nTcs B NaMAaTb
BecCb ero pabouun Habop. Npobnema B TOM, UTO Hannumne 20, 100 nnn aaxxe 1000 cTpaHUYHbIX
npepbiBaHUN MNpU KaXX[oW 3arpy3ke npouecca CMIbHO 3ameansieT paboTy CUCTEMbl U, KpoMe
TOro, TPATUT BMYCTYO 3HaUYMUTENIbHOE KONIMYECTBO BpeMeHM paboTbl LLeHTpasibHOro Npoueccopa,
Tak Kak obpaboTka cTpaHnyHoro npepbiBaHusa OC TpebyeT HEeCKONbKNX MUNNCEKYHA paboThbl
npoueccopa.

Mo3TOMy MHOTME CUCTEMbI CO CTPaHMYHOM OpraHusauuelr MNbITAalTCS OTCNEXMBaTb pabounii
Habop Ka)aoro npouecca n obecneunBatoT ero HaxoXAeHne B NamMsTM A0 3amnycka npouecca.
Takon noaxoa HOCUT Ha3BaHMe Moaenu pabouero Habopa. OH pa3spaboTaH ans Toro, 4TobbI



3HAYNTENIbHO CHM3UTb MPOLEHT CTPAHWYHbIX NpepbiBaHWIA. 3arpy3ka CTpaHuL nepen TeM, Kak
pa3pewwunTb npoueccy paboTaTb, TakXe Ha3biBAaeTCs OonepeXxarlen NnoaKauykKoM CTpaHuu
(prepaging). 3ameTbTe, 4TO pabounin Habop M3MEHSIETCA C TEYEHNUEM BPEMEHMN.

[laBHO W3BECTHO, YTO O6ONbLIMHCTBO MpOrpaMM He o06pallaloTcd K CBOEMY aApecHOMy
NPOCTPaAHCTBY PAaBHOMEPHO; Yalle BCEro CCbIIKU TPyNnuMpyoTCa Ha HEBOMbLIOM KONMMYecTBe
cTpaHuy. O6palleHre K NamMsaTV MOXET 6biTb BbIGOPKOM KOMaHAbl, AaHHbIX WX COXPAaHEHUEM
[laHHbIX. B N0601 MOMEHT BpeMeHu t cyLlecTBYeT MHOXECTBO CTpaHUL, MCrosb30BaBLIMXcs 3a K

nocriegHuUx obpalweHnii K NnamMsTn. OTO MHOXECTBO W(k, t ) N ecTb paboumnin Habop. Tak Kak

BCE HEJaBHUeE o6pa|.u,eHV|;| K NaMATn angd k > 1 o6a3artenbHo OOJIKHbI 6bINTN o6pau.|,aTbc9| KO BCEM
CTpaHunuaM, ncnonb3oBaBWNMCA ANA k =1 o6pau.|,eHM;| K naMaTn, 170 €CTb K nocneaHemn “u,

BO3MOXHO, €lle K HEKOTOpbIM CTpaHuuaM, W(k, t ) SIBIS€TCSI MOHOTOHHO Hey6biBaroulen

dpyHkumen ot K . OyHkuus W(k, t ) orpaHuyeHa ans 6onblmnx K , notoMy 4to nporpamMma He

MoxeT obpalaTbCs K 60/SbLIEMY KOMMYECTBY CTpPaHWL, YEM COAEPXKMUTCS B e€e aApecHOM
NpPOCTPAHCTBE, KpOMe TOro, pefikme nporpamMmbl ob6pallatoTcsa KO BCEM CTpaHuLaM aapecHoro
npocTpaHcTBa. Ha puc. 8 nsobpaxeHa 3aBUCMMOCTb pa3Mepa paboyero Habopa oT K .

ToT akT, uTo 6ONBLLWMHCTBO NMporpamMmMm cryyanHbiM o6pa3om obpalaeTcs K He6obWOMY YMCy
CTpaHWU, HO 3TO MHOXECTBO MEASIEHHO W3MEHSEeTCa BO BpeMeHW, 06bsicHseT 6bicTpoe
BO3pacTaHne GyHKUUN B Hayasne u 3aTeM MeasieHHoe yBennyeHne ansa 6onbwmnx K . Hanpumep,
nporpamma, KOTOpas BbIMNOMHSAET UMK/, 3aTparveBaloWwMin ABe CTpaHuubl M WUCNOAb3YHOLWNIA
AaHHbIE HA YeTblpex CTpaHMuax, MoXxeT obpallaTbCs KO BCEM LWECTU CTPaHULAM Yyepe3 Kaxable
1000 mHCTpyKUMN, HO caMoe nocnegHee obpalweHMe K HEKOTOPbIM APYIMM CTpaHuuaM MOrao
NpOU30NTM MUIJIMOHOM KOMaHj paHblue, BO BPEMS HayasibHOW 3arpy3ku asbl. Bcneacrteue
3TOr0 acUMMTOTUYECKOro XapakTrepa coaepxummoe pabouyero Habopa He 4yBCTBUTENbHO K
BblI6paHHOM BennunHe K . CyLlecTByeT WMPOKNUiA AnanasoH 3HayeHunit K , 4na KoTopbix pabounii
Habop nocTtosiHeH. [lMockonbkKy pabouynint Habop MeaNneHHO MEHSeTCA CO BpPeMEHEM, MOXHO
caoenatb pas3yMHOe npeanosioXeHwe, 4YTOo Te CTpaHuubl, KOTopble 6yayT HYXHbl Ans
BO306HOBNeHMst paboTbl MporpaMMbl, COCTaBAAKT OCHOBY pabodero Habopa BO Bpems
nocnefHern O0CTaHOBKU npouecca. Onepexatrowas nogkadvka CTpaHUL, 3aK1lo4vaeTcs B 3arpyske
pabouero Habopa A0 TOro, Kak NpoLeccy pa3peLllaeTcs BO30OHOBUTLCS.

|
|

wi(k.t) |

k
Puc. 8. Pabounit Habop — 3TO MHOXECTBO CTPaHUL, UCMOJSIb3YEMbIX K NOCNEAHUMMU

obpaweHnsamm Kk namaTn. OyHKUMA W(k, t ) npeacrasnaet cobor pasmep pabouero Habopa B

MOMEHT BpEMEHMU t

YTob6bl peanmnsosaTtb Mogenb pabouero Habopa, Heobxoammo, 4Tob6bl OC oTCnexmBana, Kakue
CTpaHWuUbl B HeM HaxopsaTcs. Hanuume 3Tol MHGOpMauMM TakxKe HeMeaNeHHO MNpPUBOAUT K
BO3MOXHOMY anropuTMy 3aMeLleHUs CTpaHuL: Korga npoucxoauT CTpaHWYHOE npepbiBaHue,
MWETCS U BbIFPYXaeTcsa CTpaHuua, He Haxoasuwascs B pabodem Habope. [Ana peanusaunu
TaKoro anropmTMa Hy>XeH TOYHbI MeToA onpeaeneHns TOoro, Kakas CTpaHuua HaxoauTcs B
paboueM Habope, a Kakas B HErO He BKJIlOYEHA B 060N 3alaHHbI MOMEHT BPEMEHMU.

Kak ynoMuHanu Bblwe, pabouynm Habopom SABNSIETCS MHOXECTBO CTpaHML, UCMOJIb30BaBLUNXCS B
K nocneaHux obpalleHnsx K namsatn (HEKOTOpbIe aBTOPbI MCMOMb3YoT K nocieaHnx CTpaHMyHbIX
obpawieHnii, HO BblbOp npousBosieH). [nsa OCyLeCTB/eHMs anroputMa «paboumin Habop»
3apaHee HYXXHO Ha3HauuTb 3HadeHue K . Kak Tonbko HekoTopas BenvuuHa BbibpaHa, mocne
KaXxaoro obpalleHms K NamMaT Habop CTpaHuL, MCNofb3yeMbix 3a npeabiaywme K obpalieHui,
onpeaenseTcs eaMHCTBEHHbIM 06pa3oM.



KoHeuyHO, Hannuue paencreylowero onpeaeneHus pabodero Habopa BOBCE He O3HAYaeT, 4yTo
cywecTByeT 3a(ppeKTUBHbIN cnocob oTcnexmnBaHus ero B peasbHOM BpEMEHU, TO €CTb BO BpeMS
BbIMO/THEHUSA NPOrpaMMbl. MOXHO 6b110 6bl MpMAYMaTh CABUIalOWUACA PErncTp AnunHbl K
KOTOPbIN CMELLAETCs B/IEBO Ha OA4HY MO3ULNIO NPY KaXXaAoM obpalleHn K NaMaTu U 3anucbiBaeT
HOMep nocneaHen NCnosib30BaBLIENCA CTPaHULbl B KpaliHIo npasyto no3umumio. Bce K Homepos
CTpPaHuL B CABMUralLeEMCs permcrpe Bxoamnum 6bel B pabounin Habop. TeopeTnyeckn B MOMEHT
CTPaHMYHOro NpepbIiBaHNS COAEPXKMMOE 3TOr0 PErMCTPa MOI/I0 Bbl CYNTBLIBATLCSA M COXPAHATLCS.
3atem ygananucb 6bl aybnupyrowmecs ctpaHumubl. B pesynbTate Mbl 661 nonydanu pabouunit
Habop. OgHako noagep)xka cABurawrouwierocs peruncrpa u ero obpabotrka npu CTpaHWU4YHOM
npepbiBaHNUM Ype3BbIYAHO AOPOrK, NO3TOMY AaHHash TEXHMKA HMUKOrAa He ynoTpebnsercs Ha
aene.

BMecTo Hee uMCNoNb3ylTCsA pasnmMuyHbie annpokcmMmauun. [lMpuMmeHsemblin B 60MbLUMHCTBE
CnyyaeB Noaxo/ 3aK/yaeTcs B TOM, 4Tobbl 0CTaBUTb Maeto noacyeTa K nocneaHunx obpatieHni
K MaMsTM M BMECTO 3TOr0 MUCMoJib30BaTb BPEMS BbINOSIHEHWSA NporpamMmmbl. Hanpumep, BMecTo
onpegeneHns paboyero Habopa Kak MHOXeCTBa CTPaHWL, Ha KOTOpble CCblslanuMcb npu
npeablaywmnx 10 MaH obpaweHnin K NnamMaTn, MOXKeEM OnpeaennTb ero Kak MHOXEeCTBO CTpaHuL,
MCNO/b30BaBLWNXCSA B TedeHue nocnegHux 100 Mc BpeMeHUW BbIMOSHEHUA. Ha npakTuke 3TO
onpegeneHne MMeEET TOT XeE CMbIC/1, HO HAMHOIo ynpoLwaeT peaansaumno aaropmntma. 3aMeTVIM,
YTO ANS KaXXA0ro npouecca cumMTaeTcst To/bKo ero cobcreeHHoe BpeMs paboTbl. Takmm ob6pasom,
eCcnn npouecc craptoBasn Bo BpeMs T 1 3aHsan npoueccop Ha 40 Mc 3a peanbHoe BpeMs T+100
MC, ANS onpeaeneHus paboyero Habopa ero Bpems paBHo 40 mMc. Bpems paboTbl npoueccopa,
KOoTOpoe (pakTU4ecku MCnosib30Bas NpoUecc C MOMEHTa 3anycka, 4acToO Ha3blBaeTCs TeKyLMM
BUPTYyanbHbIM BpemeHeM. [lpu TakoM npubnmxeHun paboumin Habop npouecca — 3TO
MHOXECTBO CTPaHWL, K KOTOPOMY OH obpallancs 3a nocneaHume m CeKyHA BUPTYasbHOro
BPEMEHMN.

Tenepb pacCcMOTpPWMM afaropuMTtM 3aMeleHus CTpaHuL, OCHOBaHHbIN Ha pabouyem Habope. Ero
6asoBas maen 3ak/iloyaeTcs B TOM, 4TOObl HAWTU CTpaHWULY, HE BKJ/IIOYEHHYK B pabouuin
Habop, u BbIrpy3nTb ee. Ha puc. 9 unsobpaxeHa 4vacTtb Tabnuubl CTpaHuy ANS HEKOTOPOW
MaluHbl. OCKONbKY B KayecTBe KaHAWMAATOB Ha yAasieHMe paccMaTpuBalrTCA TOMbKO Te
CTpaHuubl, KOTOpble B HacToslllee BpPeMs HaxoAsTCA B MNaMsaATW, OTCYTCTBYIOWME WU MNaMATU
CTpaHWUbl 3TUM anropuTMOM UFHOPUPYIOTCA. Kaxaas 3anmcb CoaepXuT (Mo KpanHen mepe) ABa
anemMeHTa nHdopmaunu:

e npubnmMxeHHoe BpPEMSs, B KOTOpPOE CTpaHMLa MCNonb30Banacb B NOCNEAHMI pas,
e 1 6uT R (0bpaweHuns).

MycTble 6enble NPAMOYrONbHUKWM CUMBONU3UPYIOT APYrue nons, HEHyXHble 415 AaHHOro
anropuTMa, TakMe Kak HoOMep CTpaHMYyHoro 6noka, 6utbl 3aWwmTbl 1 6UT M (M3MeHeHNS).

Anroputm paboTtaeT cneagywmowmMm obpasom: lNMpegnonaraercs, 4To annapatHoe obecnevyeHue
yCcTaHaBnuBaeTr 6utbl R © M, kak onucbiBanu Bbllwe. [lpeanonaraeTca TakxXe, 4TO
nepuoauyeckKoe npepbiBaHue Mo TaiMepy Bbi3bIBAeT 3anyCcK MporpamMmbl, oyuwatowen 6ut R
Npu KaXxaoM TUKe YacoBs. Npu KakaoM CTpPaHMYHOM NpepbiBaHUK uccnenyetcsa tabnuua cTtpaHumy,
M ULLETCHA CTpaHuua, noaxoadiwaa Ansa yaaneHusa u3 namaTu.

B npouecce ob6paboTkm kaxaon 3anucu nposepsietcas 6ut R. Ecnu oH paBeH 1, Tekyulee
BUpTYyanbHOE BpeMS 3anucbiBaeTcsa B nose Bpems nocnepaHero umcnonb3oBaHusa (Time of
last use) B Tabnuue cTpaHuy, yKasbiBasi, YTO CTpaHuMLa WUCMosib30Basacb B TOT MOMEHT, Korga
Npou30LW0 npepbiBaHue. Tak Kak K cTpaHuue 6bino obpalieHne B TeHeHWe AAaHHOro TakTa,
SICHO, YTO OHa HaxoauTca B pabouyem Habope M He sABNSETCA KaHAMAATOM Ha yaaneHue
(npeanonaraeTcs, 4YTo m OXBaTblBAET HECKOJ/IbKO TUKOB 4acoB).

Ecnun 6mT R paBeH 0, 3T0 03HayaeT, 4YTO K CTpaHuue He 6b1510 obpalleHnin B TeHeHmne nocneaHero
TMKA 4acoB M OHa MOXeT O6blTb KaHAWAATOM Ha yaaneHue. YTobbl MOHATb, HYXHO Nu ee
BbIrPYyXaTb, BblUMUC/SETCS ee BO3pacT, TO eCTb TeKyllee BUPTyasibHOe BpeMsi MUHYC ee Bpems
nocneaHero UCnofib30oBaHus, U cpaBHMBaeTCa ¢ m . Ecnn Bo3pact 6onblle BENYUHBLI T, 3TO
O3HauvaeT, 4YTo cTpaHuua bonee He HaxoauTca B paboyem Habope.

OHa cTupaeTcs, a Ha ee MecTo 3arpyaeTcsi HoBas cTpaHuua. OaHaKo ckaHMpoBaHue Tabauubl
npofosikaeTcsi, 06HOBNAA OCTasibHble 3arnuncu.
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WMHbopmaums o buT R (oBpauienue)
o6 ogHoit cTpaHue 2084 T1
2003 —1_1 Mpu nay=eHn Boex CTPaHWL
Bpems nocneaHero A nposepserca Bur R:
wcronssosanns 2. 1980 |1
573 I ecrnu (R==1),
K cTpaHuue Gbinc Tekylwee Bprzaanoe Bpemnhaanommnge*riﬂ
ofpatueHa 3a faHHBIA B None BpemeHW NochnenHerc UCRoNs3I0BaHWA
2014 [ 1
TaKt ecni {R==0 v sozpact > 1),
2020 1 yAanseTca aTa crpaHwvla
2032 [ ecnu (R==0 1 so3pacr <1,
K crpanuue He Goino Y 3AMOMUHABTCA HAWMEHbLUSE BPEMS
obpaleHna 3a JaHHEA 550 it

TaKT
Tabnuua cTpaHuy,

Puc. 9. Anroputm «paboumnin Habop»

Ecnu xe 6uT R paseH 0, HO BO3pacT CTpaHuLbl MEHbLUE UM PaBEH BPEMEHMW 1, 3TO 3HAUMUT, YTO
CTpaHuua 40 CuX nop HaxoauTcsa B paboyem Habope. OHa BpeMeHHO 06X0ANTCS, HO CTpaHuua C
HambonblWMM BO3PACTOM 3anoMuHaeTcs (HaMMEeHblWUM 3HavyeHueMm BpemeHu nocneaHero
ncnonb3oBaHusa). Ecnm npoeBepeHa Bcs Tabnuua, a KaHAWAAT Ha yAdasieHWe He HaWaeH, 3To
O3Ha4yaeT, YTO BCe CTpaHuubl BXoasaT B pabounin Habop. B aTom cnydae, ecnu 6binv HangeHsbl
oaHa unu 6onblie ctpaHuy c 6utoM R = 0, yaansdetca Ta U3 HUX, KOTopas MMeeT HaubonbLINiA
BO3pacT. B xyalwem cnydae KO BCEM CTpaHuuaM npomsowno obpalieHme 3a BpeMs TeKyLLero
TakTa 4acoB (M, cnefoBaTesibHO, BCe oHM uMetoT 6uT R = 1), Toraa ana yaaneHus cny4daliHbiM
obpa3oM BblibMpaeTca ogHa M3 HUX, MPUYEM >XXenaTenbHO 4Yucrtas, ecan Takas CcTpaHuua
CylLlecTByeT.

Anroput™ WSClock

NcxopHblt anropuTtMm «pabounii Habop» rpoMo3goK, Tak Kak MpU KaXXAOM CTPaHU4YHOM
npepbiBaHUMU csieayeT NpoBepsATb Tabnuuyy cTpaHuu A0 TeX NOP, NOKa He onpeaennTcs
MEeCTOMOJIOXKEHUE noAxXxoAsilero kKaHaupaaTa. YCOBEpPLEHCTBOBAHHLIA  anropuTw,
OCHOBAHHbIA Ha 4YaCOBOM ajropMTMe, HO TaKXe WCMoNb3ywwWwuin mHdbopmaumto pabouero
Habopa, HasbiBaeTca WSCIock. bBnarogaps npocTtoTe peanusaummM KW XOpoLlen
NpoM3BOAMTENIbHOCTM 3TOT aJirOPUTM LUMPOKO UCMONb3YETCS HA NpaKTUKe.

Onsa Hero HeobxoAMMa CTPYKTypa AaHHbIX B BUAE KObLEBOIO CMMCKa CTPaHMYHbIX 6/10KOB, Kak
B aNropuMTMe «4yacbl», 4To n3obpaxeHo Ha puc. 10(a). B ncxogHoOM NONOXEHUM 3TOT CAMCOK
nyctor. Koraga 3arpyxaeTtcs nepsas cTpaHuua, oHa gobasnsercsa B cnucok. Mo mepe npuxoaa
CTPaHWUL OHM MOCTYNatoT B CNNCOK, HOPMUPYS KOAbLO.

Kaxpas 3anucb, kpome 6uta R (nokasaH) v 6uta M (He nokasaH), COAEPXWUT nosie «BpeMs
nocsegHero ncnosib3oBaHma» n3 6a3oBoro aaroputMa «paboumnii Habop».
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Puc. 10. Pa6oTa anroputma WSClIock: npumep Toro, 4to npoucxoaut npu 6ute R = 1 (a) u (6);

npumep ansa 6uta R = 0 (B) u (1)

HoBaa cTpanKLua

Kak 1 B cnyyae anropmMtMa «4achbl», Mpu KaxaoM CTpaHMYHOM NpepbiBaHWUM NEePBOI NPOBEPSETCS
Ta CTpaHuMUa, Ha KOTOPYI YKa3blBaeT cTpesika. Ecnn 6mut R paBeH 1, 3TO 3HAUMT, YTO CTpaHMUa
MCNofb30Basacb B TeYEHWE MOoC/efHEero Takta 4acoB, MO3TOMY OHa He SBMSETCA uaeasbHbIM
KaHAWAATOM Ha yapaneHue. Toraa 6wt R ycTtaHaBnueaeTcsa Ha 0, cTpenka nepeaBuraetcs Ha
cneaywouwy CcTpaHuuy W anss Hee noBTopsieTcs anroputMm. CocTositHMe noc/ie TaKow
nocnenoBaTesIbHOCTN AEACTBMIN MPOAEMOHCTPMPOBAHO Ha puc. 10(6).

Tenepb paccCMOTpUM, YTO NPOUCXOAMT, €CNIN CTpaHuua, Ha KOTOPYIO YKa3blBaeT CTpesika, uMeet
6ut R = 0 , kak nokasaHo Ha puc. 10(B). Ecnu Bo3pacT cTpaHuubl 60Mblue BENUUYUHBI M U
CTpaHuua — 4uctas, TO OHa He BXoAMT B paboumin Habop 1M Ha AUCKe eCTb ee AeNCTBUTeNbHas
Konusa. Toraa B [AaHHbIA CTpaHU4HbIK 670K MPOCTO 3arpyxaeTcsd HoBas CTpaHuua, Kak
nsobpaxeHo Ha puc. 10(r). Ecnm, HanpoTuB, CTpaHWUa <«rpsaA3Has», €e Henb3s HeMeasleHHO
CTepeTb, TaK Kak Ha [AWCKEe HEeT ee nocnefHen konuu. Ytobbl m3bexaTb nepeknnyeHus
NpoLeccoB, 3anncb Ha AUCK BK/KOYAETCSA B rpaduk naaHMpOBaAHUS, HO CTpefika CABUraeTcs Ha
no3mumuio, U anroputM npoaosxkaeT paboTy co cneaylowen cTpaHuuen. HecMoTps Ha To 4To
«FpsA3Hasas» CTpaHuMua MoOXeT 6bITb cTaplle, Yncras Haxoautcsa 6amxe B psay CTpaHuy, KoTopble
MOXHO MCMNOJIb30BaTb HEMEA IEHHO.

TeopeTnuyeckn 3a oauMH 06xo4 BOKpYr umndepbnaTta 4YacoB A8 BCEX CTPaHUL, MOXET OKa3aTbCs
3anaHNpPoOBaHHbIM BBOA-BbIBOA C AUCKA. UTOBbl YMEHbLIUTb NMOTOK O6MEHa C AUCKOM, MOXHO
YCTaHOBUTb Mpeaes, No3BOMAWNIA 6biTb 3anuMcaHHbIMWM MakcuMyM N cTpaHuuam. [locne
JOCTMXKEHWNA 3TOI rpaHuLbl HOBblE oMnepaLun 3anncK NepecTalT BKIOUATbLCA B rpaduk.

YTo npoucxoauT, ecnu cTpenka obxoauT uenbin Kpyr M BO3BpallaeTCcs K HadanbHOM Touke?
CyuwecTByeT ABa BapuaHTa:

1. 3annaHupoBaHa, No KpanHeln Mepe, ogHa onepaums 3anmMcum Ha AUCK.



2. Hwn ogHoOM onepaumm 3anucK He 3anJaaHUpoBaHO.

B nepBoM cnyyae, cTpenka NpoAo/XKaeT ABWMXEHME, OTbICKMBAs YMCTYH CTpaHuuy. Tak Kak
3aniaHupoBaHa oaHa Unu 6oblle onepauunii 3anucyM Ha AUCK, CO BPEMEHEM Kakas-HUbyAb u3
HMX 6yAeT BbINOMHEHA, W COOTBETCTBYOLWAA CTpaHuua 6yaeT MnoMe4vYeHa Kak u4ucTas.
Bbirpy>xaeTcsi nepBas nornasLllasics YncTas cTpaHMua. OTo He o6s3aTeNbHO Ta CTpaHuua, 3anuch
KOTOpOW 3ansaHMpoBaHa NepBoii, MOTOMY UTO ApaiBep AUCKA MOXET U3MEHUTb NOPAAOK PaboTbl
C ANCKOM, 4YTO6bl ONTUMU3NPOBATL €ro NPOM3BOANTENBHOCTb.

Bo BTOpOM cnyyae Bce CTpaHuLbl HaxoaaTca B paboyem Habope, MHauye nnaHuMpoBanach 6bl, No
KpanHel Mepe, oaHa onepaums 3anucu. 3a HeloCTaTKOM [I0MOJIHUTENbHON MHdOopMaL MK npolle
BCEro NpeabsiBUTb MpaBa Ha /o6yl UYMCTYI CTpaHMUy M MCMNoJSIb30BaTb ee. PacnonoxeHue
UMCTOIM CTpaHULbl MOrNO 6bl OTC/IEXMBATLCSA BO BPEMS «UYUCTKM». ECIM B MaMATU HET YUCTbIX
CTpaHuL, Toraa Bbi6MpaeTcs TeKyllas CTpaHMLa U NepenncbiBaeTcs Ha AUCK.

BbiBOAbI

Mbl pacCMOTpPEN MHOXECTBO Pa3/IMYHbIX a/iIfOPUTMOB 3aMeLLEHNS CTpaHuL. B 3ToM pazaene Mbl
KpaTKO noagBeaeM UTOrnM BbllUECKA3aHHOrO. Cnucok 06CY)K,CI,eHHbIX anropnTtMoB nNpeactaB/iEH B
Tabn. 2.

OnTuMarnbHbLIM anropuTM 3aMeHseT Ty CTpaHuly, obpalleHne K KOTOpOW NpoM3BOANIIOCH paHblue
ApYruX, HaxoAsawmxcs B AaHHbIA MOMeHT B namMatu. K coxaneHuio, He cyuecTByeT cnocoba
onpeaeneHns Toro, Kakas crpaHuua 6yaeT nocnegHen, no3ToMy AaHHbIA anropuTM HE MOXeT
MCNONb30BaTbCA Ha MpakTuke. HO OH noneseH B KayecTBe TeCTOBOW 3a4auyn, OTHOCUTENbHO
KOTOPOW MOXHO OLEHWBAaTb ApPYrue anropuTMbl.

Anroput™ NRU (He mncnonb3oBasllasaca B MocieAHee Bpems CTpaHuua) AenuT CTpaHuubl Ha
yeTblpe Kflacca B 3aBUMCUMOCTM OT CoCcTosiHMSA 6uToB R 1 M. Bbibupaetcs nwobas crtpaHuua ums
Knacca C HaMMEHbLWWUM HOMEPOM. ITOT aJIrOpuUTM JIErKO peasin3dyeTcs, HO OH ABJISIETCA OYeHb
rpy6bbiM. CyLLeCcTBYIOT Ay4lUne CXeMbl.

Tabnuua 2. AIropuTMbl 3aMeLleHUS CTpaHuL

ANropuUT™M KoMMeHTapuu

OnTMManbHbIN He ocyuwecTtBuM, HO rnosie3eH B KayecTse
TEeCTOBOW 3a4auu

NRU (He ncnonb3oBaBlascs B nocnegHee OueHb rpy6bbiit
BpeMs CTpaHuua)

FIFO (nepsbiM Npubbia, nepsBbiM 06CnyXeH) |MOXEeT BbIrPy3nTb BaXKHble CTPaHMULbI

BTopas nonbiTka SHaumMTenbHoe ycoseplleHcTBoBaHune FIFO
Yachl PeannctnuHbii

LRU (cTpaHuua, He ncnonb3oBaBLUascs OTAUYHbBIA anropuTM, HO €ro CNOXHOo
LeMKOM Aofblie BCero) OCYyLLEeCTBUTb

NFU (penko ucnonb3oBaBLlascs cTpaHuua)  JdoBonbHo rpyboe npubnumxeHue anropmtma
LRU

CrapeHue DddeKTnBHbIN anropuTM, XOpOoLIo
annpokcMMupyowmm anroput™ LRU

Pabounin Habop HeMHoro gopor ans peannsaumm
WSCIock XOopowwni paumoHanbHbIn anropmutm
Anropntm FIFO (nepBbiM nNpubbin — nepBbiM O6CAYXeEH) OTCNexXuBaeT MNOPSAOK 3arpysku

CTpaHuL B MaMsiTb, XpaHs MX B CBA3HOM crnucke. [pu 3TOM yaaneHue cCTapenwen CTpaHuubl
CTQHOBWUTCS TPUBMaAsIbHbIM, HO 3Ta CTPaHMLA MOXET UCMOSIb30BaTbCS B AAHHbIA MOMEHT, MO3TOMY
anroput™ FIFO npeacrasnsert coboi nnoxon Bbibop.

ANroputM <«BTOpas MonbiTKa» — 3TO0 Moaudwukaums anroputma FIFO, oH nepep yapaneHuem
CTpaHuLbl U3 NaMATK NMpoBepSeT, NCNOJb3YyeTCs 1N OHa B AaHHbIN MOMeHT. Ecnu aa, To cTpaHuua
nponyckaeTcs. Takoe M3MEeHeHMe CUNbHO MOBbIWAaeT MPOU3BOAUTENBHOCTb. AIFOPUTM «4acbl»
npeacrasnseT cobon BCero NuWb ApPyroe OCyLecTBieHMe anroputMa «BTOPON MonbITKW». OH



MMEET TE XE CaMble€é XapaKTEPUCTUKKN NPOM3BOAUTENDBHOCTU, HO TDGGYET HEMHOIo0 MeHbLlEe
BPEMEHWN Ha BbIMNOJIHEHUE aA/ITOPUTMaA.

AnroputM LRU (cTpaHuua, He ncnonb3oBaBLlUAsiCs A0JblUE BCEro) — 3TO OT/IMYHbIN afirOpUTM, HO
ero Henb3s ocywecTBuTb 6e3 cneuwnanbHOro annapaTHoro obecneyeHusa. Ecnu nopobHoe
obopynoBaHnme HEAOCTYMHO, anroputM HEBO3MOXHO wucnosb3oBatb. AnroputM NFU (peako
MCNONAb30BaBLUASsCA CTpaHuua) npeacraBnseT cobon rpybyro nonmbITKY annpokcuMauum
anroputma LRU, OH He oyeHb xopouw. HO cywecTByeT aJirOpuUTM «CTapeHUs», KOTOPbIA HAMHOTO
nydywe annpokcummpyet anroput™ LRU un mMoxer 6biTb 3pdeKTMBHO peanusoBaH. 3ITO
3ameyaTenbHbIl BbI6Op.

MocnegHue ABa anropmMTMa Mcnosb3yoT pabounii Habop. Anroputm «pabounii Habop» obnagaert
NnpuUeMsieMoii MpoM3BOAUTENBHOCTBIO, HO Aopor B peanusaumn. Anroputm WSClock — 3710
BapuWaHT, KOTOPbIA He TONbKO AaeT AOCTONHY NPOM3BOAUTENIBHOCTb, HO €ro TakXe A0CTaTO4YHO
NpoOCTO peann3oBaThb.

B utore AByMs HaMaydwWmMMK anropntMamm aensaTcsa «ctapeHmne» n WSClock. OHM ocHOBaHbl Ha
anroputMe LRU mn noHsatum pabouero Habopa coorBeTcTBEHHO. Oba obecrneumBaloT XOpowyto
MOCTPaHUYHYO NoAKauKy M MOryT ObiTb peann3oBaHbl 3a pa3yMHyl uUeHy. CyllecTByeT ewe
HECKO/IbKO anropnTtmMoB, HO Ansd NpaKTUYECKUX u,eneﬁ 3TW ABa ABNAKTCA, BEPOATHO, Hanbonee
Ba>XXHbIMU.
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