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JTO HasBaHHe — IIPOCTO 3aMBbICJIOBATHIN CII0C00 CKa3aTh, UTO S IIOIIBITAI0Ch OIIMCAaTh BCIO CUCTEMY
BUPTYaJIbHOM mamATH (VM) IleJIMKOM, II0 BO3MOXKHOCTH TaK, YTOOBI 3TO OBLIO IIOHATHO
Ka)kKZ,oMy.B TeueHHe IT0C/IefHero roja si COCpeJ0TOUYMIICA Ha HEeCKOJIbKHUX OCHOBHBIX ITOICUCTEMax
anpa FreeBSD. HauboJsiee HHTepeCHBIMU U3 HUX CTaJIM IIOACUCTeMBI VM U IogKauku (Swap), Torga
Kak pabota ¢ NFS okasajacek, Ckopee, «<He0OXOJJMMOM PYyTHHOM». 51 Ilepelycasl JIUIIb HeO0IbIIne
yacTh Koja. B obsiacth VM Moell efMHCTBEHHOM KPYIIHOM IlepepabOTKOM CTajla IIofCHUCTeMa
II0JKaYKU. B 0CHOBHOM MO0s1 paboTa 3aKJrodajach B OUMCTKe U IIOJepKKe KOZa, C YMePeHHBIMU
IIpaBKaMU U 0e3 CepbE3HBIX U3MEHEHUU aJrOpUTMOB B mnojacucreMe VM. TeopeTruueckass 0CHOBa
VM-noficucTeMBl OCTaJIaCh HEM3MEHHOM, M JIbBMHAasg [0JI1 3aciayr B e€ MOJepHHU3alluu 3a
IoCcJIefHHE TOABI IIPHUHAUIEKUT /IPKOHY /laicoHy u /[laBuay I'puHMaHy. S He HCTOPUK, B OTJIMYHE
oT Kupka, I103TOMy He CTaHy IIPUIIMCHIBATH pasMyHble QYHKIIMKU KOHKPETHBIM JIIOAAM — BCE
PaBHO Ie-HUOYAL OIIUOYCh.
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1. BBegeHue

[Tepen TeM, KaK IIepeHTH HeIIOCPeCTBEHHO K CYIIeCTBYIOIEeH apXUTeKType, IIOTpaTUM HeMHOTO
BpeMeHH Ha pacCMOTpeHHe BOIIpoca 0 HeOOXOAUMMOCTH IOJIep>KKHM U MOJepHH3alluu JIF060T0o
IJINTEeJIbHO SKUBYIIEI0 KoJa. B Mupe NIporpaMMHpOBaHUS aJITOPUTMBI CTaHOBATCSI OoJjlee
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Ba)KHBIMH, 4UeM KOJ, U HMMeHHO H3-3a aKa/JleMHUYeCKUX KOpHel BSD m3HaudalbHO 60JIbIIIOE
BHHMaHHe ye/I110Ch IIPopaboTKe aJrOPUTMOB. BHUMaHUe, yejleHHOe apXUTeKType, B 00IeM
OTpa’kaeTcsd Ha SICHOCTH U I'MOKOCTHU KOZa, KOTOPBIM MOXKeT OBITH [OCTaTOYHO JIETKO U3MeEHEH,
paciMpeH HWIK C TedyeHHeM BpeMeHH 3aMeHeH. XO0Tsd HeKOTOphle cuuTarT BSD "crapom"
OIlepallMOHHOM CHUCTEMOM, Te UX Hac, KTO paboTaeT Haj Hel, BUJAT e€ CKOpee CHUCTEMOM CO
"3pesIbIM" KOJIOM C Pas/JIMYHBIMHA KOMIIOHEHTaMHM, KOTOpPBIe OBIIM 3aMeHeHBI, pacIlIupeHbl WA
H3MEeHEeHBI COBpeMeHHBIM KoioM. OH pasBuBaeTcd, ¥ FreeBSD ocTaércs 1epeioBOM CUCTEMOMH, BHe
3aBUCHMOCTH OT TOTO, HACKOJIBKO CTapoM MOKeT OBITh 4YacTh KOZa. OTO BaKHOe OTJIMYHe,
KOTOpOe, K COKaJleHHI0, He BCeMH IIOHHMMaeTcsd. CaMoM OOJIBIIION OIIMOKOM, KOTOPYI MOXKeT
OOIYCTUTH IIPOTPAMMMUCT, SBJIsIeTCI HUIHOPHUpPOBaHMe HCTOPUH, M 3TO MMEHHO Ta OIIMOKa,
KOTOPYIO CJeJIaJId MHOI'Me [pyrve COBpPeMeHHBIe OIlepalfHOHHBIe CHUCTeMBlL. CaMBIM SIPKUM
IIpuMepoM 31ech saBigercs Windows NT®, U I1ocaeCTBUA y>KacHBIL. Linux Taxkke B HEKOTOPOM
CTeIleHU COBEPIIIMJI 3Ty OLIMOKY — J0CTaTOYHO, YTOOBI MBI, JIFOAHU BSD, 110 KpaliHell Mepe II0 pasy
OTITYCTHJIM II0 3TOMY II0BOAY INyTKY. I[Ipo6eMa Linux 3ak/aro4daeTcsd IIPOCTO B OTCYTCTBUHU OIIBITA
U UCTOPUU [JI1 CpaBHEHUS HJel, IIpobsieMa, KOTopas JIETKO W OBICTPO pellaeTcs COOOIeCTBOM
Linux TOYHO Tak >Ke, KaK OHa pellaeTcsd B cooOIiecTBe BSD-IIOCTOSHHOM pab0TOM Haj KOJLOM.
Paspa6oTunku Windows NT®, ¢ Jpyroil CTOPOHBI, IIOCTOSTHHO COBEPIIAIOT Te JKe caMble OIIHOKH,
4TO0 6bLIH pelreHbl B UNIX® mecqaTKH JIeT Ha3a/l, a 3aTeM TPaTAT ro/ibl Ha UX ycTrpaHeHue. CHOBa U
CcHOBa. ECTh HeCKOJIBKO C/IydaeB "IIpopaboTKa apXUTEKTYPhl OTCYTCTBYEeT" W "MBI BCeI[a IIpaBhl,
IIOTOMY YTO TaK FTOBOPUT HAaIll OTAeJI IIPOoAak". 4 IIJIOXO IIepPeHOIIy TeX, KOIo He YUUT UCTOPHI.

BOJIBIIIMHCTBO OYEBU/IHOM CJI0KHOCTH apXUTeKTyphl FreeBSD, oco6eHHO B mozacucteme VM/Swap,
IBJIIeTCAd IIPSIMBIM  CJIeICTBMEM TOIO, UYTO OHa pelllaeT Cepbe3Hble IIPOOJIeMBI C
IIPOU3BOIUTESLHOCTHI0, KOTOpPBIe IIPOSIBJISAIOTCS IIPU PAas3IUYHBIX YCJAOBUAX. ITH IIPOOIEMBI
BBI3BAaHBI He IUJIOXOM IIPOPabOTKOM aJrOPUTMOB, a BO3HUKAIOT U3 OKpPy’Karwolux (akKTopoB. B
JI060M IIpIMOM CpaBHEHUM MeXJy IulaTdopMaMU 3THU Hpo6JieMbl IIPOSIBJISIOTCS, KOIza
CHCTEMHBIE pecypchl HaUMHAKT HUCTOIAThCA. Tak Kak s OIUChIBaK IojgcucrteMy VM/Swap Bo
FreeBSD, To unTaTesb JOJKEH BCerna KMeTh B BUAY [iBa 00CTOATeIbCTBA:

1. CaMBIM Ba)KHBIM acCIIeKTOM IIpU IIPOEKTHUPOBAHUU IIPOU3BOJUTEIBHOCTHU SIBJISETCS TO, YTO
HasbIBaeTCsd "ONTHUMHU3aIIHed KpUTUYEeCKOro MapuIpyTa”. YacTo caydaeTcs, YTO OIITUMU3AIHS
IIPOU3BOAUTEILHOCTH NAET IIPUPOCT 06bEMa KoJla paJy TOT0, YTOOBI KPUTHYECKUI MapIIpyT
paboTas 6sICTpee.

2. YeTKOCTh, 0OIell apXUTEKTYphl OKasblBaeTCd JIydllle CHJIBHO OITHUMH3MPOBAHHOM
apXUTeKTyphl C TeyeHHeM BpeMeHH. Korma kKak 0000IeHHas apXUTeEKTypa MOXKeT OBITh
MeJJIeHHee, 4YeM ONTHMH3UPOBAHHAsA apxXUTeKTypa, IIPH IIePBOM peaHsaliud, IIpHU
0000111eHHOM apXUTeKType Jierde II0ACTPauBaThCA 10/ U3MEHSIOIHeCs YCI0BUS U Upe3MepHO
OIITUMH3UPOBAHHASA apXUTEKTypa OKa3bIBAETCS HEIIPUTOLHOM.

JIr060# KOJi, KOTOPHIY J0JDKEeH BBDKUTD U ITO/IIaBaThCS MOJIep>KKe TO/IBI, I0/DKEH II03TOMY OBIThH
TIIaTeJIbHO IPOJyMaH C CaMOT0 Hadaja, Jake ecjJIM 3TO CTOUT II0TePHU IIPOU3BOJUTEIHLHOCTH.
/lBagniaTh JIeT Ha3aj ObLIM Te, KTO OTCTAHBaJ IIPEHMYIIECTBO IIPOTPAMMHPOBAHUS Ha SI3BIKE
acceMbiiepa Iiepe[l MPOrPaMMHPOBAHUEM Ha SI3bIKE BBICOKOTO YPOBHS, IIOTOMY YTO II€PBBIH
reHepUpoBaJl B JIeCATh pa3 6oJiee OBICTPHIM KOJ. B HaIIM JHU ONIMG0YHOCTH 3TOTO apryMeHTa
OUeBH/IHA - MOKHO IIPOBECTH IapaJuIesIH ¢ IIOCTPOeHHEeM aJITOPUTMOB U 060611IeH1eM Ko/ia.



2. 00beKTsI VM

Jlyuimte Bcero HayaTh onucaHue VM-cucteMbl FreeBSD ¢ IOIBITKU B3IJIIHYTH Ha Hee C TOYKU
3peHUs II0JIb30BaTeJILCKOTO IIportecca. KasKObIM II0/Ib30BaTEILCKUM IIPOIlecC MMeeT efquHoe,
IIpUHajJIe’kalllee TOJIBKO eMy M HepaspbIBHOe aJpecHOe IIPOoCTpaHCTBO VM, cofeprkallee
HECKOJIbKO THUIIOB OOBEKTOB IIaMATH. ITU O0O0BEKThl UMEHT pPasjhyHble XapaKTepUCTHUKH. Kox
IporpaMMbl M e€ JaHHble SBJSAIOTCI eIUHBIM (QaiyioM, 0TOOpakaeMbIM B IIaMATH (3TO
BBIIIOJIHAIOIUNUCA IBOUYHBIA ¢aiiy), OJHAKO KOJ IIPOrpaMMbl IOCTYIIeH TOJIbKO [JI1 YTeHUd,
TOIZa KakK [JaHHBble IIPOTPaMMBI pPasMeIlalnTCd B pPeXuMe KOIIMPOBaHUA-IIPU-3alluCH. BSS
porpamMMbl IIPeCTaBIgeT COO0M BCEro JIMIb BBHIJeJIEHHYI0 00JIaCTh HaMSTH, 3all0JTHEHHYIO,
€CJI 9TO Tpeb0BasIOCh, HYJIIMU, UTO Ha3bIBaeTCAd 0OHYJIEHHEM CTPaHUII IIaMSATU 110 TPeOOBaHUIO.
OtnmenbHBle QaWabl MOIYT TakyKe O0TOOpa’kaTbCsl B aJpecHOe IIPOCTPAHCTBO, UMEHHO TakK
paboTrarT AUHaAMU4YecKHe OHOMOTeKU. Takue oToOpakeHUs TpeOYIOT H3MeHEeHUM, 4YTOOBI
OCTaBaThbCAd IIPUHAJJIEKAIUMHU IIPOIlecCy, KOTOPbIM HX BBIINIOJHWI. CHUCTEMHBINM BbI3OB fork
IIepeBOAUT IIpo6JieMy yIIpaBiieHHs: VM IIOJIHOCTBI0O B HOBYH IUIOCKOCTBH, BIOOABOK K YKe
HMEIOIUMCH CJIOKHOCTSAM.

WJUTIOCTPUPYET CJIOKHOCTH CTPaHUIlA JaHHBIX JABOUYHON IIPOrpaMMbl (KOTOpast SIBJISIETCS
CTpaHUIlel  KONUPYyeMOH-IPHU-3allMCH).  /IBOMYHAss  [porpaMMa  COJEPKUT  CEKIIHI0
IIpe/lBapUTeJIbHO HHHUITUAIU3UPOBAHHBIX [TaHHBIX, KOTOpas IIepBOHAUYaJIbHO OTOOpakaeTcs
HeTI0CPe/ICTBEHHO U3 daiia mporpaMMel. Korfa mporpaMma 3arpyskaeTcsi B BUPTyaIbHYI0 IaMsTh
TIpoIiecca, 3Ta 06J1aCTh CHavasaa 0TOGPakaeTcsl B ITaMSITh U IOITIeP>KUBAETCsI OMHAPHBIM QpatiyioM
IIPOTpaMMBbl, 103BOJIsIE VM-cUcTeMe 0CBOOO’K/IATh/IIOBTOPHO HCIIOJIb30BaTh CTPAHUITY, a IOTOM
3arpy’kaTh eé CHOBa M3 OMHapHOro ¢aiina. OJHAKO B MOMEHT, KOIJla IIPOIlecC M3MeHsIeT 3TH
maHHBIe, VM-CHCTeMa JIO0J/DKHA C/leJIaTh KOIHI0 CTPAHUITHL, IIPHHAJJIE)KANIYI0 TOJIHKO 3TOMY
rporteccy. Tak Kak 3Ta KOIus 6bLIa U3MeHeHa, To VM-cHcTeMa He MOJKeT GOJIbIIIe 0CBOOOXKIATh
3Ty CTPAHMUILY, TaK KaK BIIOC/IE/ICTBUU €€ HEBO3MO>KHO GY/IeT BOCCTAHOBUTb.

BBl TyT ’Ke 3aMeTHUTe, YTO TO, UTO CHaydaja OBLIO IIPOCTBIM OTOOpakeHHeM ¢ailia B IIaMATh,
CTaHOBUTCA Tropasfo OoJsiee CI0KHBIM IIpeAMeTOM. /JlaHHBIE MOIYT MOAUQUITMPOBATHCA
IIOCTPaHUYHO, KOITa KaK OoTobpakeHHe alisia BBIIIOJHAETCA IJ1 MHOTHX CTPaHHUI[ 3a pas.
CI0KHOCTBL elllé OoJsiee yBeJIMUMBAeTCs, KOIZa IIpollecCc BBINOIHAeT BBI3OB fork. IIpm artom
IIOPOYKAAI0TCS [iBa IIPoIiecca-KaXkAbIi C COOCTBEHHBIM aZpeCHBIM IIPOCTPAHCTBOM, BKIIOYAIOIIIM
BCe M3MEeHEHMUs, BBIIIOJIHEHHBbIE HMCXOJHBIM IIpOIleccoM [0 BbI30Ba QYHKIMU fork(). Beuaio OBl
IyIIo g VM-cHUcTeMBl JieslaTh II0JIHYI0 KOIIHMIO JaHHBIX BO BpeMs BbI3oBa fork(), Tak Kak BecbMa
BEPOSITHO, UYTO OZMH U3 [IBYX IIPOIIeCCOB OyZeT Hy>KeH TOJIBKO JIs UTeHUs U3 TOU CTPaHHUIIbI, YTO
I103BOJIAeT HCII0JIb30BaHUE MCXOMHOM CTpaHHUIIBL. To, YTO OBLIO CTpPaHUIEH, IIpHHAAIeKaler
TOJIBKO ITPOIIECCY, CHeslaeTCs CHOBa CTPaHUIlel, KOIMMPYeMOU IIPU 3allkCH, TaK KaK KaKIbIH U3
IIpoIeccoB (M pogUTeNJb, W IIOTOMOK) IIOJIAaral0T, YTO MX COOCTBEHHBIe H3MeHeHUs IIoCje
pasBeTBJIeHUs OYAYT IIpUHAaJJIeKaTh TOJIbKO UM, ¥ He 3aTPOHYT POACTBEHHBIN IIPOIiecC.

FreeBSD y1paBJigeT BceM 3TUM IIPU ITIOMOIII MHOTOYPOBHEBOU Mofies il VM-00beKTOB. MICXOIHBIN
¢aiiyl ¢ OBOMYHOM IIPOTPaMMOM IIePeHOCHTCS Ha CaMblii HIDKHUU ypOBeHb 00BEKTOB VM.
YpoOBeHb CTpaHUI], KOIIUPYeMBIX IIPU 3allMCH, HAaXOJWUTCS BBIIIe HEer0, U XpaHUT Te CTPaHUIIGL,
KOTOpPBIe OBIM CKOIIMPOBAHBI U3 UCXOAHOIO ¢aitna. Ecau mporpaMmMa MOAUPUITUPYeT CTPaHUILILI
DAHHBIX, OTHOCAIMeCI K UCXOAHOMY Qaiiny, To crucTemMa VM 06Hapy>KUBaeT 3TO U IIePEeHOCUT
KOITHIO 3TOM CTpaHUIIBI Ha 60Jiee BBICOKUU YpoBeHb. Korza IIporecc pasBeTBIAETCs, 400aBIATCA
HOBble YpPOBHU VM-00BeKTOB. ITO MOJKHO II0KasaTb Ha HIpocToM HnpuMepe. dyHknus fork()



SIBJIgeTcs OOINeHd omepalied s Bcex cucreM *BSD, Tak 4UTo B 3TOM IHpuUMepe OynaeT
paccMaTpUBaThCS IIporpaMma, KOTopasl 3alyckaeTcs, a 3aTeM pa3BeTBJsieTcs. Korpa Irporiecc
3amyckaeTcsi, VM-cHcTeMa co3aeT HEKOTOPHIH YPOBeHb 06'eKTOB, 0603HAUHM €ro A:

Ha pucyHke A COOTBETCTBYeT ¢aisly — II0 HeOOXOAMMOCTH CTPAaHUIBI MIaMATH MOTYT
BBICBOOOJKIATHCA U IIOAIPYKaThCA C HOCUTeJIA ¢aitia. IIoArpysKa ¢ [uCKa MOXKeT II0TPe6oBaThCA
IIporpaMMe, OJJHAKO Ha CaMOM Jiejle Mbl He XOTHM, YTOOBI OHa 3allMChiBajach 06paTHO B Qariil.
[TosToMmy VM-cucTeMa CO3ZjaeT BTOPOH YpOBeHb, B, KOTOpPBIA (QU3MYECKH IIOALep>KUBAeTCI
IVCKOBBIM IIPOCTPaHCTBOM IIOJKaYKHU:

[Ipy 11epBOM 3alMCH B CTPAHHUILY II0CJIe BBIIIOJHEHHA 3TOM oIllepaliiu B B cospmaeTca HoBasg
CTPaHUIlA, COLEePKUMOe KOTOpOoM Oepérca u3 A. Bce cTpaHMIBI B B MOryT cOpachlBaThbCA U
CUMUTBIBATHCA M3 YCTPOMCTBA IOAKauKH. Korma ImporpamMMa BeTBHTCH, VM-cHcCTeMa cO3/aeT [Ba
HOBBIX YPOBHA 00beKTOB — C1 I IIopoKzparolero mpomecca U C2 g IIOPOXKAeHHOI0 — OHHU
pacriojiararoTcs Iosepx B:

C1 c2

B aToM ciydae, JOIIyCTHM, YTO CTpaHUIla B B Oblla M3MeHeHa HadaJlbHBIM POAUTEIHbCKHUM
IIporieccoM. B 1porjecce BO3HHUKHET CHTyalldsd KOIIMPOBaHMSA IIPHM 3allMCH, KW CTPaHHIA
ckonupyetcsa B C1, IIpu 3TOM HMCXOJHAs CTPaHHUIIA OCTaHeTCd B B HeTpoHyTOH. Tellepb JOIIYCTUM,
4TO Ta ’Ke caMas CTpaHHUIlA B B M3MeHseTCs IIOPOKAEeHHBIM IIPOIIeCCOM. B IIporiecce BO3SHUKHET
CHUTYyalllsd KOIIMPOBAHMS IIPH 3allMCH M CTpaHHIla ckomupyeTca B C2. McxomHad cTpaHHIIA B B
TeIlephb IMOJTHOCTHIO CKPBITA, TaK Kak 1 C1, 1 C2 ©UMeIOT KOIIHH, a YPOBEHL B TeOpeTHYeCKH MOJKET
OBITH YHUUTO’KEH, €eCJM OH He IIpe[cTaBJsieT C000i "peasbHOro" ¢aria). OZHAKO TaKyo
OIITUMHM3AIIUI0 He TaK YK IIPOCTO OCYIeCTBHUTH, IIOTOMY YTO 3TO HAJA0 [ejlaTh Ha YpOBHE



CJIMIIIKOM MeJIKHX eJUHUIL. Bo FreeBSD Takas oITHMH3aIys He BBIIIOJIHAETCH. Tellepsb II0JI0KHUM
(a aTO HYacTO ciy4aeTcs), UTO IIOPOXKIEHHBIN IIPOIlecC BBINIOJIHAET BBI3OB exec(). Ero Tekyiuee
ajpecHOe IIPOCTPAHCTBO OOBIYHO  3aMeHseTCd HOBBIM  aJpPeCHBIM  IIPOCTPAaHCTBOM,
IIpeCTaBJIAIIUM HOBBIU paiiyl. B 3TOM ciydae ypoBeHb C2 YHUYTOXKAETCH:

C1

B aToM cilydyae KOJIMYeCTBO IIOTOMKOB B CTaHOBUTCA paBHBIM OZHOMY U BCe oOpallleHUs K B
Telepb BBINOJHAITCI 4depe3 Cl. ITo o3HayaeT, yTo B 1 C1 MoryT ObITH OO0BeAHMHEHBI. Bce
CTpaHUIIBI B B, KOTOpBIe TakKe CyIecTBYIOT U B Cl, BO BpeMsd o0befuHeHUd U3 B ynangrorcs.
Takum 06pasoM, XOTS OITHUMM3AIUA Ha IIpelbIAyIlleM IIare MOKET He [eylaThCs, Mbl MOXKEM
BOCCTaHOBUTH MepTBhIe CTPAaHUIIbI IIPU OKOHUYaHUU PaboThl IIPOIleCCOB MU IIPU BBI30Be exec().

Takast MOJieJIb CO3/laeT HEKOTOPOe KOJIMYeCTBO II0TeHIIMaJIbHBIX IIpobieM. [lepBas, ¢ KOTOPOH Bl
MO>KeTe CTOJIKHYTBHCS, 3aK/IH4aeTcsd B CPaBHUTEJIBHO OOJIBIIOHN II0C/Ie0BaTeIbHOCTH YPOBHEMH
06beKTOB VM, Ha CKaHHMpPOBaHHE KOTOPBIX TPATUTCSI BpeMs M IaMiITh. BosbIloe KOJIHMYECTBO
YPOBHEH MO’KeT BO3HUKHYTH, KOI/la IIPOIleCChl Pa3BeTBJIAIOTCS, a 3aTeM Pa3BeTBJIIIOTCS eIllé pa3s
(kax IIOpPOK[EeHHBbIe, TaK M IIOPOKJaroInue). Bropas mpob6seMa 3akjIro4aeTcs B TOM, YTO BHI
MOJKeTe CTOJIKHYTHCS C MEPTBBIMH, HEJJOCTYIIHBIMU CTPaHUIIAMU IJTy60KO B MepapXuu 06 beKTOB
VM. B HamieMm IocjiefiHeM IIpHMepe ecIy KaK POJUTeNb, TaK U IIOTOMOK U3MEHSIIOT OJJHY U TY JKe
CTpaHMUILy, OHH 00a II0JIy4aroT COOCTBEHHBIe KOIIMHM CTPaHMUIIBI, 8 HCXOAHAas CTpaHUIa Ha ypOBHe B
CTaHOBHUTCS HUKOMY He JOCTYITHOM. Takas cTpaHHUIIAa B B MOKeT OBITh BEICBOOOXK/EHA.

FreeBSD pemaer I1po6sieMy C IJIyOMHOM BJIOKEHHOCTH C IIOMOIBI0 IIpUéMAa OITUMHU3AIUY,
KoTOphIXM HasbiBaeTcd "All Shadowed Case". 3TOT ciaydyall BoO3HHKaeT, eciid B C1 jsm6o C2
IIPOMCXOAUT CTOJIBKO CJIyyaeB KOIIMPOBAHWSA CTPAHUI] IIPU 3allMCH, YTO OHU IIOJTHOCTBHIO
IIepeKphIBaIOT Bce CcTpaHUIlLl B B. [lorryctuM, 4To Takoe Irpousolnuio B Cl. YposBens Cl moxkeT
Telephb IIOJHOCTBIO IIPOITYCKAaTh YPOBeHD B, Tak uTO BMecTO Ijertouek C1 - B - AuC2 - B - A
MBI Terepb uMmeeM Ierrouku C1 -~ Au C2 -~ B - A. Ho mocMoTpuTe, UTO I10JIydaeTcss — Terepb B
UMeeT TOJILKO OIHY CChUIKY (C2), TaK 4TO MbI MOKeM 00beqUHUTH B 11 C2. B KoHeuHOM utore B
Oy/eT II0JTHOCTBIO YAAJIEH, U MBI IIOJIyduM Iennouyku C1- A u C2— A. Yacto B OGyzeT copep>kaThb
60JIbIIIOe KOJIMYeCTBO CTpaHUI], U HU C1, HU C2 He CMOTYT IIOJTHOCTHIO €r0 3aMeHUTh. ECiIu MBI
CHOBA IIOPOLUM IIpOIIecC M CO3afUM Habop ypoBHeU D, IIpu 3TOM, OJHAKO, 60JIee BepOsITHO, YTO
O[IMH U3 ypOBHell D IIOCTeIeHHO CMO’KeT IIOJHOCTBI 3aMeCTUTh IOpas/io MeHbIIUM Habop
MAaHHBIX, IIpeacTaBiaeHHbIN C1 1 C2. Ta ke caMmas olITUMU3aIMg paboTaeT B 000U TOUKe rpada u
€€ IJIaBHBIM pPe3yJIbTaTOM SBJAETCI TO, YTO [Ja’ke Ha CHJIBHO 3arpy’KeHHOH MallliHe C
MHO>KeCTBOM II0PO0’KJaeMbIX IIPOIleCCOB CTeKU 06beKTOB VM He 4acTO OBIBAIOT IVIYGrKe UeThIPEX
YPOBHEM. 3TO BEPHO KaK [ IIOPOXKIAIOIEro, TaK M I IIOPOXKAEHHOIO IIPOIIeCCOB, ¥ OCTaETCd
CIIpaBe//INBLIM KaK B CJy4yae, KOIZla BeTBJIEHME BBHIIIOJIHAET POAUTEJb, TAK U B Cly4ae, KOIZIa



BeTBJIEHHE BBIIIOJIHAET €Iro IIOTOMOK.

[IpobsieMa ¢ MepTBOM CTpaHUIIEX BCe eIlé uMeeT MecTo, Korma C1 mian C2 He IIOJIHOCTBHIO
nepekpblBaloT B. I3-3a Apyrux IpuUMeHsSeMbIX HaMH MeTOJO0B OITUMH3AIIUU 3TOT CJAydad He
IIpeJcTaBJIsAeT OOJIBIION IIPO6JIEMBI U MBI IIPOCTO II03BOJIIEM TaKMM CTPaHUIlAM CyllleCTBOBATh.
Eciii cucTeMa UCHBITHIBaeT HeXBAaTKY OIlepPaTUBHOM IIaMATH, OHA BBIIIOJIHSAET HUX BBIIPY3KY B
006J1aCTh IIOJKAaYKH, UTO 3aHUMaeT HEKOTOPOe IIPOCTPAHCTBO B 06J1aCTH II0JKaYKH, HO 3TO BCE.

[IperMyIriecTBO Moziesid VM-00BEKTOB 3aKJIH0UYaeTCd B OUeHb OBICTPOM BBIIIOJIHEHUM QYHKITUU
fork(), Tak KaK IIpX 3TOM He BBIIIOJIHSAETCS PeaJbHOI0 KOIIMPOBaHUS JaHHBIX. MUHYCOM 3TOrO
II0JXO0/ia ABJIsIeTCS TO, UTO BBl MOXKeTe IIOCTPOUTh CPaBHUTEJIBLHO CJI0KHYIO MepapXuio 00beKTOB
VM, KoTOpast HeCKOJIBKO 3aMe/iyIdeT 06paboTKy CUTYallui OTCYTCTBU CTPAHHUILL IaMATH, ¥ K TOMY
JKe TpaTUTCAd IIaMATh Ha yIIpaBJeHHe CTPYKTypaMHU 00beKTOoB VM. IIpHéMBI ONTUMH3AILUH,
IpuMeHsieMble BO FreeBSD, I03BOJIAIOT CHU3UTh 3HAYMMOCTh 3THX IIPO0JIeM 10 CTeIleHH, KoIja
HUX MOJKHO 6€e3 0COOBIX II0TePbh UTHOPUPOBATD.

3. VpoBHH 00/1aCTH MOIKAYKHA

CTpaHUIIBI C COOCTBEHHBIMU JTaHHBIMU IIepBOHAYaJIbHO SBJIIIOTCI CTPaHUIIAMU, KOITUPYyeMbIMU-
IIPU-3aIIMCU WIN 3aII0JIHSAeMBIMU HyJIIMU. Korza BBIIIOIHSAETCS U3MeHeHUe, U, COOTBETCTBEHHO,
KOIIUpOBaHMWe, HavaJIbHOe XpaHWIMIle o0beKTa (06bIYHO ¢aiy) He MOXeT O00JIbIile
HUCII0JIb30BAThCA /I XpaHeHUs KOIIMK CTPaHHUIIB], Korxa VM-cucTeMe HY)KHO HCIIOJIB30BaTh €@
IIOBTOPHO /I APYIUX IieJlell. B 3TOT MOMEHT Ha IIOMOIIb IIPUXOAUT 00JIacTh II0JKaYKU. 06/1acTh
II0JIKaYKH BBIJeJIeTcs [JI1 OpraHu3aliuy XpaHWINIa IIaMsITH, KoTopas MHaue He MOXKeT ObITh
noctyiHa. FreeBSD co3maeT CTPYKTypy yIpaBJIeHUS MOAKAYKOU 19 00 beKTa VM, TOJIBKO Korga
9TO JEMCTBUTEJBHO HY)XHO. OJHaAKO CTPYKTypa YIIPaBJIeHUA IOJAKAYKOM HCTOPHUYECKH HMeJIa
HEeKOTOpPBIe IIPO0JIeMBI:

* Bo FreeBSD 3.X B CTPYKType yIIpaBJieHUs 00JIaCThI0 II0JKAYKU IIpeBapUTeIbHO BbIJE/ISIeTCs
MacCCUB, KOTOPBIN IIpe/iCTaBJIsAeT LieJIbI 00beKT, TPeOYIOIUMI XpaHeH!Us B 06J1aCTH II0JKauYKH
— Jake eCJIM TOJIbKO HeCKOJIbKO CTPaHHI] 3TOI0 00beKTa XPaHATCI B 00JIaCTH IIOAKAUYKH. ITO
cosfaer IpobsieMy ¢parMeHTallUM IIaMATH sipa B coydae, KOIZla B IIaMATh 0TOOpa’karoTCsa
6oJbIlIe 00'BbEKTHI MJIM KOIZIa BETBSITCS IIPOIeCChl, 3aHMMAaloIhe O0JIbIION 00BEM IIaMATH
pu paborte (RSS).

» Taxoke 11 OTCIEKHMBAHUA ITaMATH IIOJKAYKU B IIaMSITH s1Ipa IIOAAeP>KHUBAeTCs "CIIHCOK JBIp”,
U OH TakXke HeCKOJIbKO ¢parMeHTHpoBaH. Tak KakK "CIIMCOK [ABIp"  gBJIAETCA
IIoCae0BaTeJIbHBIM  CIIMCKOM, TO IIPOM3BOJUTE/NLHOCTHL IIPM  pacIlpefeleHHH U
BBICBOOOJK/IEHUH IIaMATH B 00JIaCTH IOJKAaYKK HEOIITUMaJbHa, U eé CJI0KHOCTb 3aBUCUT OT
KOJIMYeCTBa CTpaHUIL Kak O(n).

» Taxke B IIpollecce BBICBOOOXK/IEHUS IaMSTH K3 00JIaCTH MOAKAUYKU TpebyeTcs BhIeJIEHHE
IIaMSITH B SI[pe, ¥ 3TO IPUBOAUT K ITpobieMaM GJIOKUPOBKU IPU HeIOCTaTKe MaMSITH.

* IIpoGsiema eIré 6osiee 060CTPSIETCS M3-3a BIP, CO3[JaBaeMBIX I10 UepeyIIeMycsl alTOPUTMY.

* Kpome TOro, CIIMCOK pacIpefieieHus1 GJI0KOB B 06JIaCTH IIOIKAYKHU JIETKO OKa3bIBaeTCs
dparMeHTHPOBAHHBIM, UTO IIPUBOJIUT K paclpeieIeHUI0 HEIT0C/IeJ0BaTeIbHEBIX 06J1acTewH.

e [TaMATH dgapa TaKyKe [JO/DKHa BBIIEJIATHCA Ha JIETY [JId OOIIOJHUTEJIBbHBIX CTPYKTYP
YIIpaBJIEHUA HO,I[K&‘IKOIZ IIPH BBIT'PY3KE CTPaHUIL B 00J1aCTh IIOAKA4YKH.



OueBUIHO, UTO MECT /I YCOBEPIIIEHCTBOBAHUU IIperocraTouHo. Bo FreeBSD 4.X mopacucrema
yIIpaBjIeHUd 00J1aCThI0 II0IKAYKHU OblIa IIOJTHOCTHIO IIeperrcaHa MHOO:

* CTPyKTypHl yIIpaBIeHUa 06/1aCThI0 IIOJKAYKH PacIIpee/III0TCA IIPU IIOMOIIY X3II-TabIUITEL, a
He 4yepes JIMHEeNMHBIM MacCHUB, YTO JAaéT UM (QUKCHUPOBAHHBIM pasMep IIPU paclpefiesleHUd U
paboTy ¢ ropas/io MEHBIIIUMHU CTPYKTYPaMH.

* BMecTO TOTr0, YTOOBI HUCIIOIH30BaTh OAHOHAIIPABIEHHBIN CBSI3HBIMN CIIMCOK JJIST OTCIeKUBAHUS
BBIJ[eJIEHUs IIPOCTPAaHCTBA B 0OO6JIACTHU IIOJKAYKH, Tellepb HCII0JIb3yeTCsl MOOHTOBAas KapTa
6JI0KOB 00JIaCTH IIOJKAa4YKH, BHIIIOJTHEHHAsI B OCHOBHOM B BH/le PEBOBUJHOM CTPYKTYPHI C
nHpopMaIreir 0 CBOOOJHOM IIPOCTPAHCTBE, HAXOASIIIENC s B y3/IaX CTPYKTYP. ITO IIPUBOIUT K
TOMY, YTO BBIJleJIEHHME U BBICBOOOIKIEHHE NaMATH B 00JIaCTH IIOAKAYKH CTAaHOBUTCS
orepanuei caoxHoctu O(1).

* Bcé nepeBO TaxkyKe paclpejesseTcs 3apaHee U1 TOro, YTOOBI HU306eKaTh paclpefiesleHus
IIaMsATU sg7ipa BO BpeMs ollepaliiii ¢ 06J1aCThI0 IIOAKAaYKU IIPU KPUTHUYECKU MaJoM 00béMe
CBOOOMHOM IIaMATHU. B KOHIle KOHIIOB, CHCTeMa obpalaercsd K 00JIaCTH IIOJKa4YKU IIpU
HexXBaTKe IIaMdTH, TaK YTO MbI JOJ/DKHBI M30e)KaTh paclipefiejieHUs IIaMATU s/ijpa B TaKue
MOMEHTHI 11 U30eKaHus II0TeHITHaIbHbBIX 6JI0KUPOBOK.

o JI71s1 yMeHbIIIeHUs GparMeHTaIluH IepeBO MOYKET PacIpeiessiTh 60JIBIIOHN IT0C/IeJ0BaTeIbHBIN
KYCOK 3a pas, IIpoITycKasi MeHbIIIre GparMeHTUPOBaHHbIe 00JIaCTH.

Sl He cpesias IIOCIeNHUWM Iar K 3aBeleHUIO0 "yKa3aTeJssl Ha paclpefiejieHue", KOTOPBIK OyneT
IepeABUTaThCA II0 YYacTKy 06JIaCTH IIOJAKAUYKU IIPU BBIZleJIEHUU ITaMATU I oOeclieueHUs B
OyayleM paclpefesleHUs II0CJAeOBaTeJbHBIX Yy4yacTKOB, WM II0 KpaWHed Mepe
MeCTOII0JIO’KEeHUS CChIIIKH, HO g YOerKIeH, YTO 3TO MOKeT OBITH CZeJIaHo.

4. Korma ocBO00OXKIaTh CTPaAHUILY

Tak kak cuctemMa VM HCII0/Ib3yeT BCHO JOCTYIIHYIO IIaMAThH I KIIIIUPOBAaHUA IUCKa, TO OOBIYHO
eCTBUTEJIbHO He3aHATHIX CTPAaHUI] 04eHb Masio. CucreMa VM 3aBUCHUT OT TOr0, KAK OHa TOYHO
BBIOMpaeT He3aHAThIEe CTPAHMUILI I IIOBTOPHOIO MCII0JIb30BaHUS 11 HOBBIX pacIipe/ie/leHUM.
OnTUMaJIbHBIA BBIOOP CTPAHUL] I BBICBOOOXKIEHUS, BO3MOXKHO, SIBJIIETCI CaMOM BajKHOU
¢yHKIIMer Jr060M VM-CcHUCTeMBI, M3 TeX, YTO OHA MOJKeT BBIIIOJHATH, II0OTOMY YTO IIpU
HellpaBWJILHOM BbIOOpe cucTemMa VM BBIHYKJeHa OyAeT 3alpallnBaTh CTPAaHUIILI C [UCKa,
3HAYUTEJbHO CHM)Kas IIPOU3BOAUTEILHOCTb BCEM CUCTEMBL.

Kaxy1o [OIIOJIHUTEJbHY HAarpy3Ky Mbl MOJKET BBIIEJIUTH B KPUTUUYECKOM IIYTH A1 U30eKaHUsA
BBICBOOOJK/IEHUS He TOM CTpaHUIbI? Kajkablil HellpaBUIbHBINM BBIOOpP OyAeT CTOUTh HaM COTHU
TBICSIY TAaKTOB pPabOTHI IIeHTPaIbHOrO IIpolleccopa U 3aMeTHOe 3aMe/jleHre paboThl 3aTPOHYTHIX
IIPOIeCCOB, TaK YTO MBI JJOJDKHBI CMUPUTBLCI CO 3HAUUTEIbHBIMHU U3JePKKaMHU /I TOI0, YTOOBI
OblyIa BbIOpaHa IIpaBUJIbHAsA CTpaHUIlA. BoT moueMy FreeBSD mIpeBOCXOAUT ApPYyTHe CUCTEMBI B
IIPOU3BOAUTEIEHOCTH IIPU HEXBATKe PeCcypCcoB IIaMITH.

AJII‘OpI/ITM orpeaeseHud CBO6OHHOIL/'I CTpaHHUIIbBI HAITMCAaH Ha OCHOBE€ HCTOPHH HCIIOJIb30OBaAHHSA
CTpaHHUILI ITaMsATH. ,Z[JIH I10JIy4eHUuA aTOU HUCTOpHUHU CHCTEeMa HMCIIOJIB3yeT BO3MOKHOCTH oura
HCIIOJIb30BaHUA IIaMATH, KOTOPbIe MMEIOTCA B OOJILIITHCTBE aIlllapaTHBIX Ta6JII/IL{aX CTPaHHI]
IIaMsATH.



B r060M ciydae, OUT UCHOJIB30BAaHUS CTPAHUIILI OUUINAETCSI, © B HEKOTOPBIM 6oJiee MO3THUU
MoMeHT VM-cucTeMa obpaliaeTcs K CTpaHHIle CHOBA ¥ 00Hapy>KUBaeT, UTO 3TOT OUT yCTaHOBJIEH.
JTO yKa3bIBaeT Ha TO, YTO CTPAHUIIA aKTUBHO HUCIOJIL3yeTcs. IlepruoiuuecKy IIpoBepsisi 3ITOT GUT,
HaKaIJIMBaeTCcs MCTOPHUS HCIOJIb30BaHUA (B BHUAEe CUeTUYHMKA) QU3NUYECKOM cTpaHHIILL. Korma
moske VM-cucTteme TpebyeTcsl BBICBOOOAUTH HEKOTOpPhle CTPaHUIIB], IIpOBepKa UCTOPUH
BBICTyIIaeT yKasaTeJsleM IIpU OIpefesleHNH Hanbosiee BEPOSITHON KaHIUIATyphl IJIs1 IIOBTOPHOIO
HCII0JIb30BaHUSL.

JUis TexX IUIaTGOPM, YTO HE HMMEIT 3TOH BO3MO>KHOCTH, CHCTEMAa 3MYJIHUPYeT 3TOT OHT. OHA
CHUMaeT 0TOOpaXkeHHUe I 3all[UITlaeT CTPAHHUITY, YTO IPUBOJUT K OITHOKe JTOCTYIIa K CTPaHUILE,
eCIM K CTpaHUIle BBHINIOJHSAETCS IOBTOPHOe obpaiieHue. IIp¥ BO3HUKHOBEHUHM 3TOU ONITMOKHU
CHCTEMa IIPOCTO TIOMeYaeT CTPAHUITYy KaK HCITOIb3YEMYI0 U CHHMAET 3all[UTy CO CTPAHHUITHI, TaK
YTO OHA MO>KET HCII0JIb30BaThCs. XOTS HUCIIOIb30BaHHUE TAKOTO IIPHUeMa TOJIBKO IS OIIpe/ie/IeHUs
HCII0JIb30BaHUSI CTPAaHUIIBI BeCchMa HAKJIA[HO, 3TO BBITOJHee, YeM IIOBTOPHO MCIIOJIb30BaTh
CTPaHUILY JI IPYTUX Ilesielt 1 060Hapy>KUTh, YTO OHA CHOBA Hy>KHa IIPOIlecCy U IIOATPYy>KaTh eé C
ITHCKa.

FreeBSD wucmosb3yeT HeCKOJIBKO Odepezeil CTpaHUI] Ui OOHOBJIEHWS BBIOOpa CTpPaHUI] [JId
IIOBTOPHOI'0 UCIIOJIb30BaHUSA, a TaKyKe I OIIpe/ieleHUs TOrO0, KOTJa >Ke IpsA3Hble CTPaHUIIbI
IOJDKHBI OBITH COpOIIeHbI B XpaHWIMINe. Tak Kak TabJuHIlkl cTpaHUIl] Bo FreeBSD sgBigroTcs
OTUHaMHUYeCKUMU 00beKTaMHU, IIPaKTUYeCK HUYEero He CTOUT BbIpe3aTh CTPAHUILY U3 aJPeCHOro
IIPOCTPAHCTBA JIFO0r0 UCIIOIL3YIOIero eé mporecca. Ilocsie Toro, Kak MoAXOAdAIas CTpaHUIla, Ha
OCHOBE CYeTUYHKa HCIO0Jb30BaHMS, BhIOpaHa, UMEHHO 3TO U BBINOJHSETCI. CHUcTeMa OJDKHA
pasjnyaTh YHCThlEe CTPAHUIIbl, KOTOPblEe TEOPEeTHUYECKU MOIYT OBITh BBICBOOOXKIEHBI B JIHOOOE
BpeMs, U Ipg3Hble CTPaHUIIbl, KOTOPhIe CHavaJsIa JOJHKHBI OBIThH IIepellrcaHbl B XpaHUJIUILE TIepest
TeM, KaK UX MOKHO 0y/leT UCII0JIb30BaTh IIOBTOPHO. [Tocie HaX0oXAeHUs II0AXOAIeN CTPaHUIIbI
OHa IlepeMelllaeTCd B HeaKTUBHYI0 OUepe/b, eCJIU OHa SIBJISIETCS TPSI3HOM, WIHU B OUepelb KIllla,
ecyid oHa yncTasd. OToeJIbHBIA aJTOPUTM, OCHOBBIBAIOIITUNUCA Ha OTHOIIIEHUU KOJIMYeCTBa IPSA3HBIX
CTpPaHUI] K YKCTBHIM, OIIpefesisdeT, KOIZla Ips3Hble CTPaHUIILI B HEAKTUBHOU O4Yepenu [OJKHBI
OBITHL COpOIlIeHBI Ha AWCK. Korma 3TO BBIIIOJIHUTCS, COPOIlIEHHbIe CTPAHUIIBI IIepeMellalTcsa U3
HeaKTUBHOM ouepely B oUepeb Kallla. B aTOT MOMEHT CTPaHHUIIbl B OUepear Kallla MOTyT OBITH
IIOBTOPHO aKTHUBU3UPOBaHBI VM CO CpaBHUTEJHbHO MaJIbIMU HAKJIAAHBIMHU pacxozamMu. OmHaKo
CTPAaHUIIBI B OUepenu Kallla IIpeAllojiaraeTcd "BBICBOOOXKAATh HEMeJIEHHO" U IIOBTOPHO
UCIob30BaTh B LRU-mopszike (MeHBIle BCero MCIOJIb3yeMBIM), KOIZa CHUCTeMe IIoTpebyeTcs
BbIJIeJIeHUE JIOTIOJTHUTEILHON TaMATH.

CTOUT OTMETHuTh, 4TO BO FreeBSD VM-cucreMa IIBITAeTCA pPasfeUTh YUCThIe U TI'PA3HbIE
CTpaHUIIBI BO U30e)kaHue CPOUYHOM HEeOOXOUMOCTH B HEHY)KHBIX COpocax I'pg3HBIX CTPaHHUIL (UTO
OTpa’kaeTcsd Ha IIPOIIYCKHOM CIIOCOOHOCTH BBOJA/BBIBOJIA) U He IlepeMelllaeT OeCIPUYMHHO
CTPAaHUIBI MeXXAy PpasHbBIMH oOdYepensMM, KOIZa IIOJCHCTeMa yIIpaBJIeHWs IIaMATBI He
UCIILITBIBAET HEXBATKy pPecypcoB. BoT moueMy BBl MO)KeTe BHJEThb, UTO IIPU BBIIIOJHEHUU
KOMaH/BI systat -vm B HEKOTOPBIX CHCTEMaX 3HaUeHHe CUYeTUHMKa Ouepeau Kallla MaJIo, a CUeTUHUK
aKTUBHOM odyepenu OOJIbINOMN. IIpM IOBBIIIEHWM HArpyskd Ha VM-cUCTeMy OHa IIpHJIaraer
OoJIbIlIe YCUIMUS Ha MOMAJMEp>KKY pasjIMUHbIX ouepesield CTpaHUI] B COOTHOLIEHUSIX, KOTOPBIe
SIBJIAIOTCA Hanbosiee 3G PeKTUBHBIMU.

FomaMu XOOUIW COBpPeMeHHBIe JieTreH/bl, 4YTO Linux BBIIOJIHSAET paboTy II0 IIpe0TBPall[eHUI0
BBITPY3KHM Ha JUCK Jiyulle, yeM FreeBSD, Ho sTo He Tak. Ha camom pnese FreeBSD crapaercsa
COPOCUTHL Ha JUCK HEUCIIOJIb3yeMble CTPAHUIIBI JJI1 0CBOOOKIeHUs MecCTa II0f, AUCKOBBIM KIII,



Korja Kak Linux XpaHUT HeUCIIOJb3yeMble CTPAaHUITBI B IaMSITH M OCTaBJsIeT IIOf K3II U
CTPaHUIIBI IIPOIleCCOB MeHbIlle MaMsTH. Sl He 3HAl0, OCTA€TCs JIM 3TO IIPABJON Ha CETOMHSIITHUMN
TeHb.

5. OnTUMMH3aIus OIMNOO0OK A0CTyIIA K
CTPAaHHUI[AM M MX OOHYJIEHUSI

IToslaras, 4To OIIMOKa JOCTyIla K CTpaHUIle IIaMATH B VM He gBJIsIeTCA ollepaljieil ¢ 60/IbIIUMHU
HaKJIaJHBIMU pacXofaMHy, eCcjlM CTPaHHIlA y>Ke HaXOJUTCd B OCHOBHOM ITaMATH U MOYKeT OBITH
IIPOCTO OTOOpa’keHa B a/ipeCHOe IIPOCTPAHCTBO IIPOIlecca, MOXKET OKas3aTbCs, YTO 3TO CTaHeT
BeCbMa HakKJIaJHO, eCcId UX Oy[eT OKasblBaTbCAd Pery/sipHO MHOIO. XOPOIIUM IIPHUMEpPOM 3TOH
CUTYaIAH SBJIIETCA 3aIlyCK TaKUX IIporpaMm, Kax Is(1) uau ps(1), cHoBa u cHoBa. Ecoi GMHapHBIN
a1 mporpaMMBI 0TOOpa’keH B IIaMATh, HO He 0TOOpa’keH B TaOJIUIly CTPAHMUII, TO BCe CTPaHMUIILI,
K KOTOpPBIM oOfpalliasach IIporpaMMa, OKa’KyTCsd HeJOCTYIIHBIMHU IIpH Ka)K[JOM 3aIlyCcKe
IIpOrpaMMBI. ITO He TaK y>K He0OXOJHMO, eCJIM 3TH CTPaHMIIB] Y>Ke IIPUCYTCTBYIOT B Kalle VM, Tak
uT0 FreeBSD 6y/ieT IbITaThCAd BOCCTAHABIUBATh TaOJIUIILI CTPAHUI] IIpoIlecca U3 TeX CTPaHUIL, 4To
yoKe pacrosararorcs B VM-kaire. OgHako Bo FreeBSD moka He BBIIOJIHAETCS IIpeABapUTeIbHOE
KOIIMPOBaHHe IIPU 3aIlMCH OIIpeJe/IEHHBIX CTPAaHUIL IIPU BBLIIIOJIHEHUH BBI30Ba exec. Hampuwmep,
eCcJId BBl 3allycKaeTe IIporpaMmy Is(1) ogHOBpeMeHHO ¢ paboTaroleii vmstat 1, To 3aMeTHTe, YTO
OHa BCerJa BbIJaeT HeKOTOpOe KOJMYeCTBO OIIMOOK [JOCTyIla K CTpaHUIlaM, Jake KOIZa BBI
3allycKaeTe eé CHOBA M CHOBA. ITH OIIIMOKH OTHOCATCS K TUITY zero-fill 1 He cBsI3aHBI C JOCTYIIOM K
KOJy IIporpaMMbl (KOTOPBIM Yy>Ke ObLI IIpefBapUTeNbHO OTOOpakéH). IIperBapuTesbHOE
KOIIMPOBaHHWe CTPaHMI] IIPH BBIIOJHEHHUM BBISOBOB exec MM fork Haxopdrcd B 00J1acTH,
TpeOyroleit 601ee TIIATETLHOIO U3YUeHUS.

BoJIbIIIO# IIPOIIEHT OIMMOOK [J0CTyIa K CTpPaHUIlaM, OTHOCHUTCA K OINMOKaM IIpU 3all0JIHEHUU
HyJsIMU. Bl MOKeTe OOBIYHO BUJETH 3TO, IIPOCMATpPUBas BBIBOJ KOMaHABI vmstat -s. ITO
IIPOUCXOIUT, KOTAA IIpollecCc obpalaeTrcd K CTpaHHIlaM B CcBoed ob6sactu BSS. O6siacth BSS
IIpejIosaraeTcsa U3HavyaJlbHO 3all0JTHEHHON HYJISIMU, HO VM-crcTeMa He 3a60TUTCH O BbIZ[eJIEHUN
IaMsiTH [0 TeX II0p, II0Ka IIPOIlecC peaslbHO K Hel He 06paTUTCA. IIpy¥ BOSHUKHOBEHUU OIIUOKUA
VM-cucTeMa [I0JDKHA He TOJILKO BBIZIEJIUTH HOBYIO CTPaHUILY, HO U 3aII0OJIHUTHL €€ HYyJIAMU. /Ijig
ONITUMMU3AIIMM Olepaliiyd II0 3alloJIHEeHUI0 HYJsIMHM B cucTeMe VM HMeeTcsd BO3MOXKHOCTh
IIpeJBapUTEIbHO OOHYJ/IATH CTPaHUIIBl U IIOMeyaThb KX, U 3allpallluBaTh y>Ke OOHYJIeHHBIe
CTpPaHUIILI IIPY BOSHUKHOBEHUU OINMOOK 3aIlI0JIHEHUS HYJIIMU. IIpeaBapuTebHOE 3alloTHEHUE
HYJAMHU IIPOUCXOAUT, Korma CPU mpocTanBaeT, OJfHAKO KOJIMYEeCTBO CTPAaHMUI], KOTOpPbIe CHUCTEMA
3apaHee 3al0JIHAET HYJISIMU, OTPaHUYEHO, [JI1 TOT0, YTOObI He IePeIoJHUTh KIIIU NaMIATH. ITO
IIpeKpacHbIN IIpUMep A00aBJIeHUs CJI0KHOCTH B VM-CHUCTeMY pagyd OIITUMU3AN KPUTHUYECKOTO
IyTH.

6. OnTHMHU3aIUA TaO/IHITHI CTPAHHAI]

OnTuMHsanyg TabIUIBI CTPAHUIL COCTAB/IAET CaMYI0 COJlepyKaTeJIbHYI0 YacTh apXUTeKTypsl VM
Bo FreeBSD U oHa IIpOsABJIgeTCA IIPHU IOSBJIEHUU HAarpysKH IIPH 3HAUYUTEJILHOM HCIIOJIb30BaHUU
mmap (). 5 gymaro, 4TO 3TO HA CaMOM Jiejie 0COOeHHOCTh paboThl 60IbIIMHCTBA BSD-crucTeM, X0TS S
He yBepeH, KOIfa 3TO IIPOSBHJIOCH BIIEpBBIE. ECTH JBa OCHOBHBIX IIOAXOJa K OIITHMH3AaIlHH.
[IepBBIA 3aKJIIOYaeTCd B TOM, YTO allllapaTHBIe TAaOJIMILI CTPaHHUI[ He COJeprKaT IIOCTOSHHOTIO


https://man.freebsd.org/cgi/man.cgi?query=ls&sektion=1&format=html
https://man.freebsd.org/cgi/man.cgi?query=ps&sektion=1&format=html
https://man.freebsd.org/cgi/man.cgi?query=ls&sektion=1&format=html

COCTOSIHHUSI, & BMECTO 3TOT0 MOTYT OBITH COPOIIIEHHI B JIIO60M MOMEHT C MaJIbIMU HaKJIaJHBIMU
pacxomaMu. BTOpoi IIOAX0M, COCTOUT B TOM, YTO KaK[as aKTHBHas Tab/IUIla CTPaHUIL] B CUCTeMe
HMeeT YIIPaBJILIOIIYI0 CTPYKTYPY pv_entry, KoTopas CBA3aHa B CTPYKTYpPy vm_page. FreeBSD mozkeT
IIPOCTO IIPOCMATPHUBAThL 3TU OTOOpa’keHUs, KOTOPBIE CYIIECTBYIOT, KOIia KakK B Linux JO/DKHBI
IIPOBePSATHCI BCe TaOJUIBI CTPAHUILL, KOTOPhle MO2ym Cofiep>KaTh HYKHOe O0ToOpa’keHUe, UTO B
HeKOTOPBIX CUTyallud JaéT yBeJnueHUue CJI0KHOCTH O(nA2). M3-3a Toro, uto FreeBSD cTpeMuTcd
BBIOpaTh HauboJiee IIOAXOAAINYI0 K IIOBTOPHOMY HCIIOJIb30BAaHHUI0O MU CcOpocy B 06/1aCThb
IIOJAKAYKK CTPaHWUIly, KOIZla OIIyIjaeTcs HexXBaTKa NaMdATH, CHCTeMa [JaéT JIYYIIYIo
IIPOU3BOUTEILHOCTD IIPU Harpyske. OgHako Bo FreeBSD TpebGyeTcsl TOHKas HaCTpOMKa siipa IJIst
COOTBETCTBUSA CUTyaIlUAM C OOJIBIIIMM COBMECTHO MCIIOJIBb3yEMBIM aJpecHBIM IIPOCTPaHCTBOM,
KOTOpbIe MOTYT CIIYYUTHCS B CUCTeMe, 00CIy,KUBAKIEN cepBep TeleKOHQepeHIIU, II0TOMY YTO
CTPYKTYPHI pv_entry MOIYT OKasaThbCd UCUepPIIaHHBIMU.

N B Linux, u Bo FreeBSD TpebyroTcd mopaboTKu B 3TOM o6JsiacTd. FreeBSD 1ibITaeTcs
MaKCHUMH3HUPOBAThH IIPEHUMYINECTBA OT IIOTEHIIMAJIBHO PefKOo IIPUMEeHIeMOM MOJe/JId aKTUBHOIO
oTobpakeHus (K IIpuMepy, He BCEM IIpolieccaM HYXHO OToOpakaTb BCe CTpPaHUIIbI
OUHAMHUYeCKOM OMOIMOTeKH), KOorja Kak Linux mbITaeTcsd YIIPOCTUTL CBOU aJITOPUTMEL. FreeBSD
UuMeeT 3ech O0O0Ilee IIPeMMYIIeCTBO B IIPOU3BOJUTEJHLHOCTH 3a CYeT UCII0JIb30BaHUS
IOOIIOJTHUTEJbHOU IIaMATH, HO FreeBSD BBIVIAAUT XyKe B Cjydae, Korja O0JIbIION aria
COBMECTHO MCIIOJIB3yeTCsd COTHIMH IIPOIleccoB. LinuX, ¢ APYyroil CTOPOHBI, BBIVIALUT Xy>Ke B
cy4ae, KOIZla MHOTO IIPOIIECCOB YacCTUYHO HCIIOJB3YT OJHY MU Ty JKe JUHAMHUYeCKYIo
616JIM0TEKY, a TaKKe paboTaeT HEONITUMAJILHO IIPU IIOIIBITKE OIIPeeUTh, MOXKET JIU CTPaHUL[a
IIOBTOPHO HCII0JIB30BaThCH, UJIH HeT.

7. SAKJII0OUEeHHue

BupryasbHasa IIaMATh B COBPEMEHHBIX OIIEPAllMOHHBIX CHUCTeMaxX [LOJDKHA pellaTb HeCKOJIbKO
Pa3IMUHBIX 3aMa4 3QPEeKTUBHO U HIPU PA3HBIX YCIOBUAX. MOAYJIBHBIA U aJTrOPUTMUYECKUU
II0IX0[, KOTOPOMY UCTOPUYECKHU ciienyeT BSD, m03BojigeT HaM U3YUUTh U IIOHATH CYIeCTBYIOIIYIO
peasusaliiio, a TakKe CPaBHUTEJILHO JIETKO M3MEHUTH O0JbllMe OJIOKKA KoZa. 3a HeCKOJIbKO
nociaefHUx JieT B VM-cucteMe FreeBSD OBIIO  CHeslaHO  HEKOTOpOe  KOJIMYECTBO
yCOBEPIIIeHCTBOBAHUM, U paboTa HaJi HUMU IIPOJI0J>KAEeTCH.

8. lOIIOJIHUTEJILHBIN CeaHC BOIIPOCOB U
OTBeTOB OT AJsieHa bpurrca (Allen Briggs)

8.1. UTo 3TO0 3a a/IrOPUTM UYepeaOoBaHUSA, KOTOPHIA BbI
YIIOMHHAJIU B CIIHCKE HEeJOCTAaTKOB IIOJICUCTEMBI
yIIpaBJIeHHUs pa3Zie/ioM nNogKadku Bo FreeBSD 3.X?

FreeBSD HCITO/Ib3yeT B 06JIaCTH MOJKAUYKKU MeXaHHU3M YepeloBaHUs, C MHIEKCOM II0 YMOJIUYaHHUIO,
pPaBHBIM YeThIpeM. IJTO O3HauaeT, uTo FreeBSD pesepBUpyeT HIPOCTPAHCTBO [IJI1 YETHIPEX
o6JIacTel MOAKAYKH, /Ia’Ke €CJIH Y BaC IMEETCS BCETO JIUIIb O/THA, [Be WM TPH 06J1acTH. Tak Kak B
o6acTH  IIOJKAYKM HMeeTCs 4YepeJ0OBaHHe, TO JIMHeHHOe aJipecHOe IIPOCTPAHCTBO,
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IIpeJcTaBJIsAtoIee "deTbIpe 06J1aCTH IIOAKAauyKU"', OymeT ¢parMeHTUPOBATHLCS, €CIU y Bac HeT Ha
caMOM [iejle 4eThIpéX obJiacTel Ilogxkadyky. Hampumep, eciu y Bac ABe o6slacTu A U B, TO
IIpeJCcTaBJIeHUe aJpecHOr0 IIPOCTPaHCTBA /I 3TOM obJsiacTh moAkKadyku BO FreeBSD Oygmer
OpPraHU30BaHO C YyepegoBaHUueM OJIOKOB U3 16 CTpaHUILTL:

ABCDABCDABCDABCD

FreeBSD 3.X wucrosb3yeT "HOC/Ie0BATeJIbHBIM CIIMCOK CBOOOAHBIX O6JIacTei" I yIIpaBJIeHUS
CBOOOAHBIMM 00JIACTAMH B pasfesie IOAKAYKU. Med COCTOUT B TOM, YTO OOJbIIHe
rocjeoBaTeJ bHble 6JI0KU CBOOOJHOIO IIPOCTPAHCTBA MOTYT OBITH IIpefCTaBJIeHbl IIPU IIOMOIITHU
y371a ofHOCBga3HOro cmucka (kern/subr_rlist.c). Ho u3-3a ¢parmMeHTaliiu II0C/IeL0BaTeIbHBIA
CIIMCOK CaM CTaHOBUTCSI QpparMeHTHPOBAaHHBIM. B IIprMepe BEIIIe IIOJTHOCTHI0 HEUCIIOJIb3yeMoe
IPOCTPAHCTBO B A U B OyzeT mokasaHo Kak "cBobogHoe", a C © D KaK "IIOJIHOCTBHIO 3aHSATOe".
Ka>kzoii 1ocie[oBaTeIbHOCTH A-B TpebyeTcs 1 y4éTa y3eJl CIIUCKa, T0ToMYy uTo C ¥ D gBiIsAr0TCa
IObIpaMH, TaK 4TO y3eJI CIIMCKa He MOKeT OBITh CBSI3aH CO CJIeAYIOIEeN I10CIe[0BaTeIbHOCTLIO A-B.

HO‘IEMY MBI OpraHM3yeM 4YepeaoBaHHE B ob6J1acTu IIOAKAa4YKH BMECTO TOTIO, YTOOBI IIPOCTO
06'Be,ZLI/IHI/ITB obsacTu IIOIKAYKHU B OJIHO ITeJjioe U IIPpUAYyMAaTh YTO-TO 6osee YMHOG? HOTOMY 4qTo
Topa3go Jierde BBIAEC/ATH IIOCenoBaTe/IbHBIE IIOJIOCHI aApPeCHOI'0 IIPOCTPaHCTBA MW IIOJIYyY4dThb B
pe3ysabTaTe aBTOMATH4YECKOe YepeaoBaHKWE MEXAY HECKOJbKHMH [OJHCKaMHK, YeéM IIBITaThCA
BBEIAYMBIBATH CJIO’KHOCTH B IPYTOM MeCTe.

dparMeHTaIVs BbI3bIBAeT JpyTHe IIP06JIeMbl. SIBJISSACH II0CIe[0BaTeIbHBIM CIIMCKOM B 3.X U UMes
TaKoe OTPOMHYI0 ¢pparMeHTalltIo, BbIJjeJIeHHe U 0CBOOOKIeHHe B 00JIaCTH II0JKaYKHU CTAaHOBUTCSA
asropuTMoM caokHOCTH O(N), a He O(1). BMecTe ¢ apyrumMu pakTopaMu (4acToe obpaljeHHe K
006J1aCTH II0JKAaYKH) BBl II0JIy4YaeTe CJI0XKHOCTh ypoBHer O(NA2) u O(NA3), uto 110x0. B cucreme
3.X TaxyKe MOKeT I10TpeboBaThCs BhliesieHre KVM Bo BpeMs paboThl ¢ 06J1aCThbI0 IOAKAYKU IS
CO3[JaHUs HOBOTO y3JIa CIIMCKA, YTO B YCJIOBUU HeXBaTKU ITaMATH MOKeT IIPUBECTH K OJIOKUPOBKE,
eCJIM CUCTeMa IIOIBITaeTCsa COPOCUTh CTPAHUIILI B 06/1aCTh IIOJKAYKHU.

B 4.X MBI He HCIOJIb3yeM II0CJIe0BAaTeJIbHBIN CIUCOK. BMeCTO 3TOr0 MBI MCIIOJIb3yeM Oa3uCHOe
ZlepeBO U OUTOBBIe KapThl 6JIOKOB 06/1aCTH IIOAKAa4YKH, a He OTPaHUYEHHBIN CIIMCOK Y3JI0B. MBI
IIpUHUMAaeM IIpeiBapUTeJbHOE BbIfleJIeHHe BCeX OMTOBBIX KapT, TpebyeMbIX I Bcel 06J1acTHU
IIO/IKa4YKH, HO IIPU 9TOM TPATUTCI MeHBbIIIe IIaMATH, II0TOMY UTO MBI HUCII0JIb3yeM OUTOBbIE KapThI
(omyH 6UT Ha 6JI0K), @ He CBSI3aHHBIM CIIMCOK Y3JIOB. McIoib30BaHUe 6a3UCHOTO JiepeBa BMeCTO
I10CJIelOBaTeJIbHOIO CIIMCKa [JaéT HaM I[IPOU3BOAUTEJbLHOCTHL O(1) BHe 3aBHCHUMOCTH OT
dparmeHTaIUU lepeBa.
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8.2. Kak pa3zesieHHe YHCTHIX U I'PSA3HBIX
(HeaKTHMBHBIX) CTPAHHUII CBA3aHO C CUTyallheH, Koraa
BbI BUIUTE MaJIeCHbKHH CUETUYUK OUepeaH K3lia ’
00JIBIIION CUEeTUNK aKTUBHOM oUuepeau B BeIaue
KOMAaHJEI systat -vin? Pa3Be cUCTeMHasi CTaTHCTHKA He
CUHUTaeT aKTUBHBIE U I'PA3HbIE CTPAaHUIIBI BMeCTe 3a
CYeTUYUK aKTUBHOU ouepeau?

Ja, aTo samyThiBaeT. CBsI3b 3aKJ/II0UAeTCd B '"KejlaeMOM' U "MeUCTBUTENIbHOM'. MBI JKejlaeM
pasfeuTh CTPaHUIlbl, HO peaJlbHOCTh TaKOBAa, UTO II0KA y HaC HeT IIpobJieM C IIaMAThI0, HAM 3TO
Ha caMOM [iejie He HY>KHO.

JT0 03HayaeT, 4yTo FreeBSD He O6y/ieT 0UeHb CHUJIBHO CTapaThbCs HaZ, OTAe/IeHHeM I'PSI3HBIX CTPaHHUI]
(HeaKTHMBHAas o4epe/b) OT YUCTBIX CTpPAHUI] (0Uepelb K3llla), KOIJA CHCTeMa He HAXOMUTCS IIOf,
Harpy3KoM, U He Oy/leT leaKTUBUPOBATh CTPAHUIILI (AKTUBHAs odepeib —~ HeaKTHUBHas ouepenb),
KOI7Ia CHCTeMa He Harpy’KeHa, ja>ke eC/IM OHHU He HUCII0JIb3YITCH.

8.3. B mpumepe ¢ man:1Is(1) u vmstat 1 BBIIIE MOryT JIH
HEKOTOpbIe OIIHUOKHU JOCTYIIAa K CTPaHUILe ObITH
onruoKamMu crpaHull aHHbIX (COW u3 BBIIIOJTHUMOIO
¢aityia B mnpuBaTHbIE CTPpaHUIBI)? TO eCcTh s IoJiararo,
YTO OIIMOKHU JOCTyIIa K CTPAaHUL[aM SABJIAIOTCS
YaCTHUYHO OINMOKaMM IIPH 3alI0JIHEHUU HYJ/JISIMH, a
YaCTUYHO JaHHBIX IporpaMMsbl. IH BEI
rapanrupyere, 4To FreeBSD BEIIToTHSIET
npeaBapurejabHo COW 1jid faHHBIX IPOrpaMMBI?

Ommbka COW MoKeT OBITH OIIMOKOM IIPH 3allOJIHEHWM HYJIAMHU WM [JaHHBIX IIPOIPaMMBIL.
MexaHH3M B JIFOO0M CJIy4ae OJUH U TOT >Ke, IIOTOMY UTO XpaHUJIHUILE JaHHBIX IIPOrPaMMBI yKe B
Kalre. I Ha caMOM [iejie He pajJi HU TOMY, HUA ApyromMy. FreeBSD He BEIIIOJIHAET IIpeABapUTEIbHOE
COW pmaHHBIX IIpOTpaMMBI KM 3allOJIHEHHE HYJIIMH, HO OHA 6blnoJiHgem IIpefBapuTeIbHO
oTOoOpa’keHue CTPaHHUILL, KOTOpble UMEITCA B eé Kallle.
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8.4. B BanieM pasjesie 00 OITUMHU3AIIUU TaO/IHIIbI
CTpaHull, He MOIJIU ObI BBI 00JIee IIOAPOOHO
pacckasaThb 0 pv_entry 1 vin_page (ix vin_page
AOJDKHA OBITH VIN_pmap-Kaxk B 4.4, cf. pp. 180-181 of
McKusick, Bostic, Karel, Quarterman)? A UMeHHO
KaKoe e¥iCTBHEe/peaKIHI0 10/DKHO IIOTPed0BaThCA
/11 CKAHUPOBAHUS 0TOOpaKeHu?

vm_page mpejcTaBJsieT co60u 1apy (object,index#). pv_entry sIBJIsIeTCS 3allMChI0 U3 amlllapaTHOM
TabuIel cTpaHul] (pte). Ecoiv y Bac UMeeTcs II9Th IIPOIeCCOB, COBMECTHO HCIIO/Ib3YIOIIUX ONHY U
Ty ’Ke QU3UUeCKyl CTPaHUIly, U B TPEX TabyMIlaxXx CTpPaHUI] 3TUX IIPOIECCOB Ha CaMOM [iejie
oTobOpa’kaeTcd CTpaHMIA, TO CTpaHUIla OyAeT IIPeACTAaBJATLCI OLHOU CTPYKTYpOM vm_page U
TpeMsi CTPYKTypaMU pv_entry.

CTpPYKTYpHI pv_entry IIpefCTaBAIOT CTPaHUIILI, oTo6pakaemble MMU (omHa CTpyKTypa pv_entry
COOTBETCTBYET OJTHOM pte). ITO 0O3HAUAET, UTO, KOIZia HaM HY>KHO ybpaTh BCe alllapaTHbIe CCHIIKHA
Ha vm_page (11 TOT0, YTOOBI IIOBTOPHO UCIIOJIL30BaTh CTPAHUILY /I UEeT0-TO eIllé, BHITPY3UTH €&,
OYHCTUTH, IIOMETUTh KaK TPSI3HYI0 U TaK jjajee), MbI MO>XeM IIPOCTO IIPOCMOTPETH CBI3HBIM
CIIMCOK CTPYKTYp pv_entry, CBI3aHHBIX C 3TOU vm_page, [JIs TOTO, YTOOBI YAAIUTh I U3MEHUTH
pte U3 UX TabJIUL] CTPaHULL.

B Linux HeT Takoro CBSI3HOI'O CIUCKA. /[JI1 TOro, 4YTOOBI yAAJIUTh BCe 0TOOpa’keHUs alllapaTHOM!
TabIUIIBl CTPaHUL [UIg vm_page, linux AoOJDKeH IIPOMTH II0 HHJAEKCY KakKgoro obwekra VM,
KOTOPBIU Modcem oToOpa’kaTh CTpaHUIly. K IIpuMepy, ecyid y Bac UMeeTcs 50 IIpOIieccoB, KOTOPbIe
BCe 0TOOpa’karoT Ty ’Ke CaMyI0 TUHaMUYeCKYH0 6MOJIMO0TEeKY U XOTUTe U30aBUTHCA OT CTPAHUILIBI X
B 9TOU OMOJIMOTEKe, TO BaM HY>KHO IIPOUTHUCH 110 UHIEKCY BCer TabIUIBI CTPAHUL] IS Ka>KI0Tro
U3 3TUX 50 IIPOIIECCOB, Jake ecIu TOJbKO 10 M3 HUX Ha caMOM Jiejie 0ToOpaskaroT cTpaHully. Tak
4T0 Linux KUCII0/1b3yeT IIPOCTOTY II0AX0/a 3a CUeT IIPOU3BOAUTEILHOCTA. MHOTHe alropuTMbl VM,
KOTOpBIe UMeIT CI0KHOCTh O(1) mu (N masoe) Bo FreeBSD, B Linux mpruo6peTarT CI0KHOCTH
O(N), O(NA2) mnu xy»ke. Tak Kak pte, IIpe/ICTaBISIOIUNA KOHKPETHYIO CTPaHUIy B 00 beKTe, CKopee
BCero, OyZIeT ¢ TeM >Ke CMellleHHeM BO BCceX TabJIHIlax CTPaHUIl, B KOTOPBIX OHU 0TOOpa’karoTcs, TO
yMeHBbIIIeHHe KOJIMYecTBa OOpallleHUil B TaGJIUIlbl CTPAHUI[ II0 TOMY >Ke CaMOMYy CMeIleHUI0
4acTo II03BOJISIET M30ekaTh paspacTaHus Kalma L1 Ui 3TOro CMelleHHs, 4YTO IIPUBOIUT K
YIIYUIIeHUI0 IIPOU3BOAUTEIbHOCTH.

Bo FreeBSD BBemeHBI [OIIOJIHUTeJbHBIE CJIOKHOCTU (cxeMa C pv_entry) I yBeJIUYeHUS
IIPOU3BOIUTEILHOCTH (YMeHBbIIass KOJIMYeCTBO 0OpalljeHUuM mo./1ibKo K TeM pte, KOTOpble HY>KHO
MOAUGUIIPOBATH).

Ho Bo FreeBSD mMmeetcsa Iipo6sieMa MacIITabHMpOBaHUA, KOTOPOM HeT B LinuxX, IIOTOMy 4YTO
HMeeTCs1 OTPaHUYeHHOe YHCJIO CTPYKTYpP pv_entry, ¥ 3TO IIPUBOJAUT K BOSHUKHOBEHUIO IIPOOJIEM
IIpu OOJIBIIIOM OO0BEMe COBMECTHO MCIIOJIb3YeMBIX [MAaHHBIX. B 3TOM ciaydae y Bac MOXKeT
BO3HUKHYTb HeXBaTKa CTPYKTyp pv_entry, Ja>ke ecJid CBOOOJHOM IIaMATHU XBaTaeT. ITO MOKET
OBITH [OCTATOYHO JIETKO MCIIPaBJIEHO YyBeJIHMYEeHHEeM KOJIHWYecTBa CTPYKTyp pv_entry IIpU
HaCTPOMKe, HO Ha CaMOM JleJIe HaM HY>KHO HalTH JIYUIIHH CI10c00 /ies1aTh 3TO.
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UTo KacaeTcsl UCIO0JIb30BaHUSI IIaMATHU [0 TabJIUIly CTPAHUIL IIPOTHUB CXeMBbI € pv_entry: Linux
HUCIIOJIb3yeT "MOCTOSHHBbIE" Tab/IUIBI CTPAaHUIl, KOTOPble He COpachlBalTCd, HO eMy He HYKHBI
pv_entry IuIg Ka)KA0To IMOTeHIMaIbHO 0TOOpa)kaeMoro pte. FreeBSD ucrosib3yet "cOpacbiBaeMbie”
TaOJIUIIBl CTPaAHUI, HO /I KaKAOr0 peaJbHO OTOOpakaeMoro pte mobaBisgeTcs CTPYKTypa
pv_entry. I TyMaro, 4TO HUCII0JIb30BaHUe IIaMATH OyZeT IIPUMEepHO OJUHAaKOBa, TeM 6oJiee UTO Y
FreeBSD ecTh aJropuTMHUECKOe IIPeMMYIeCTBO, 3aKJHvaroleecs B CIIOCOOHOCTH cOpachiBaTh
TabJIMIIBI CTPAHUI] C OUeHb MaJILIMU HaKJIaJHBIMU PacXoJaMHu.
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