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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 CZeJlaJlJd MHOIHMe [pyrve COBpeMeHHBIe OllepaljHOHHBIe CHUCTeMBlL. CaMbBIM SIPKH
IIpuMepoM 31ech saBigercs Windows NT®, U I1ocaeCTBUA y>KacHBIL. Linux Taxkke B HEKOTOPOM
CTeIleHU COBEepIIMJI 3Ty OLIMOKY-0CTaTOYHO, YTOOBI MBI, JI04X BSD, 110 KpaliHeil 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,
KOIZJa KakK [aHHble IIporpaMMbl pasMeIlarTcsa B peXuMe KOIIMPOBaHUG-IIPU-3alluCcH. 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
nob6aBJisieT IIepeBOAUT IIpo6sieMy yrpaBiaeHHs VM IIOJTHOCTHIO B HOBYIO ILZIOCKOCTh, BJ0O6ABOK K
yoKe UMERIIUMCA CI0KHOCTIM.

WJUTIOCTPUPYET CJIOKHOCTH CTPaHUIlA JaHHBIX JABOUYHON IIPOrpaMMbl (KOTOpast SIBJISIETCS
CTpaHUIlel  KONUPYyeMOH-IPHU-3allMCH).  /IBOMYHAss  [porpaMMa  COJEPKUT  CEKIIHI0
IIpe/lBapUTeJIbHO HHHUITUAIU3UPOBAHHBIX [TaHHBIX, KOTOpas IIepBOHAUYaJIbHO OTOOpakaeTcs
HeTIOCPe/ICTBeHHO W3 ¢aia mporpaMmbl. Korjga IporpamMMa 3arpyskaeTcsi B Vm-IIpOCTPaHCTBO
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 CHauvaja OBLIO IIPOCTHIM OTOOpakeHHEM ¢aiila B MaMSTh,
CTAHOBHUTCS TOpa3mo 6ojiee CIOXKHBIM IIpeAMeTOM. /laHHBIE MOTYT MOTUPHUITHPOBATHCS
IIOCTPAaHUYHO, KOITla KaK OToOpajkeHWe ¢aiyia BBINIOJHSAETCS I MHOTHX CTPAaHHI[ 3a pas.
CI0>KHOCTBL eIlé GoJsiee yBeJIHMUYHBAETCs, KOTIA ITpoIllecC BBIMOIHSET BBI3oB fork. Ilpu aTom
IIOPOYKJAIOTCSI /Ba TPOIecca-KaKAbIM €O C COOCTBEHHBIM aJIpeCHBIM IIPOCTPAHCTBOM,
BKJIIOUAKOIIIMM BCe HM3MEHEHHS, BBIIIOJTHEHHBIE HCXOIHBIM IIPOIIECCOM [0 BBI30OBAa (GYHKITHU
fork(). BeL10 6B TIYIIO /7151 VM-CHUCTEMBI JIeJIaTh ITOJTHYI0 KOO TaHHBIX BO BpeMsi BbI3oBa fork(),
TaK KaK BeCbMa BepPOSITHO, UTO OHMH U3 JIBYX IIPOITECCOB OYIET HY>KEH TOJILKO JIJIT YTeHUS U3 TOHU
CTPaHUIIB, UTO TI03BOJISIET HCIOJH30BaHME HCXOTHOM cTpaHUIlbl. To, UTO GBLIO CTpPaHHUIIEH,
MIPUHA/IIeXKAIeH TOJIBKO MPOIIeccy, ceaaeTcs CHOBA CTPAHUIEH, KOITUPYEeMOH IIPU 3aITHCH, TaK
KaK Ka’K/[bIX U3 IIPOIIecCcoB (M POAUTEJh, U TIOTOMOK) II0JIaral0T, YTO UX CO6GCTBEHHBIE U3MEeHEHUS
IT0CJIe Pa3BeTBJIEHUS OYIyT MPUHAIEKATh TOJIHLKO UM, B He 3aTPOHYT PO/ICTBEHHBIH ITpoIiecc.

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 HEKOTOPBIH YPOBeHb 06'beKTOB, 0603HAYMM €T0 A:

A coOTBeTCTBYeT ¢aiyly-TI0 HeOOXOJMMOCTH CTPAHHIIBI IIAMSTH MOTYT BBICBOGOXKIATHCSI U
MIOAITPY>KaThCs ¢ HocuTests daiia. [IoArpyska ¢ JrUcKa MO>KeT II0Tpe60BaThCs IIporpaMMe, OJTHAKO
Ha CaMOM JieJie MBI He XOTHUM, YTOOBI OHa 3allHChIBaJIach 06paTHO B ¢ait1. IToaromy VM-cucTema
co3/laeT BTOPOM YpOBeHb, B, KOTOPBIM QU3MUECKU MOJlep>KUBaeTcs AUCKOBBIM IIPOCTPAHCTBOM
TTO/TKAYKH:

[Ipy mepBOM 3aIlMCHM B CTPAHHUILy II0CJIe BBIIIOJHEHHS 3TOH OIlepaliviy, B B co3maeTcsa HOBasg
CTpaHHUIla, COJlep’KUMOe KOTOpOM Oepercsi u3 A. Bce crpaHuIlbl B B mMoryT cbpaceklBaTbCsI U
CUMUTBIBATHCA M3 YCTPOMCTBA IOAKauKH. Korma ImporpamMMa BeTBHTCH, VM-cHcCTeMa cO3/aeT [Ba
HOBBIX YPOBHSA 00BeKTOB-C1 g IIOpoXKAarolero Iiportecca W C2 I IIOPOXKAEHHOIO-OHHU
pacriojiararoTcs Iosepx B:

C1 c2

B sToM ciydae, JOIIyCTHUM, YTO CTpaHHUIla B B 6blla M3MeHeHa HayaJbHBIM POJUTEsHCKUM
IIpoleccoM. B IIpoliecce BO3HUMKHET CHTyallMsd KOIIMPOBAaHWA IIPH 3allMCH M CTPaHHIA
ckonupyetcsa B Cl, IpH 3TOM HCXOJHAsA CTPaHUIA OCTAHETCA B B HeTpoHyTOH. Tellepb OIIYCTHUM,
YTO Ta JKe caMas CTpaHUIla B B M3MeHseTCs IIOPOXKAeHHBIM IIPOIlecCoOM. B mporiecce BOSHUKHET
CHUTyallys KOIIMPOBAHUA IIPU 3allMCU U CTpaHUIla ckolmpyerca B C2. McxomHasd cTpaHuIla B B
Telepb IMOJIHOCTHIO CKPBITA, TaK KakK U Cl, u C2 UMEeIT KOIIUH, a B TeopeTUYeCKHU MOKeT OBITH
YVHUUTO’KEHa, eCJId OHa He IpeJcTaBjsieT cobod "peanbHOro" ¢aiisa). OZHAKO TaKyro
OIITUMM3AIINI0 He TaK y>K IIPOCTO OCYIeCTBUTH, IIOTOMY UTO OHAa [eJIaeTcsd Ha YPOBHE MEJIKUX



enuHUIl. Bo FreeBSD Takasg omTUMM3aliusl He BBINOJHAeTCHI. Termeph MOJIOKHUM (a4 9TO 4acTO
CIIy4aeTcsl), YTO IIOPO’KAEHHBIM IIPOIlecC BBIIIOJHSIET BBI3OB exec(). Ero Tekyiee aapecHoe
IIPOCTPAHCTBO OOBIYHO 3aMeHSAEeTCs HOBBIM a/IpeCHBIM IIPOCTPAHCTBOM, IIPEeCTaBIISIOIIUM HOBBIA
¢aiir. B aToM cirydae ypoBeHb C2 YHUUTOXKAETCA:

C1

B aToM cilydyae KOJIMYeCTBO IIOTOMKOB B CTaHOBUTCA paBHBIM OJZHOMY U Bce oOpallleHus K B
Telepb BBINOJIHAITCA 4epe3 Cl. ITo o3HayaeT, yTo B u C1 MOryT OBITH 0O0BeAUHEHBI. Bce
CTpaHUIIBI B B, KOTOpBIe Takke CyliecTBYIOT U B Cl, BO BpeMsd 00befuHeHUd U3 B ymangrorcs.
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
CTpaHHIly, OHH 06a IIOJIy4arT COOGCTBeHHBle KOIIMM CTPAaHHUIIBl, a MCXOJHAs CTpaHHIla B B
CTaHOBHUTCS HUKOMY He JOCTYITHOM. TaKasl CTPaHHIIa B B MoKeT GBITH BBICBOOOK/IEHA.

FreeBSD pemaer 1po6sieMy C IJIyOMHOM BJIOKEHHOCTH C IIOMOIBI0 IIpHUeMa OITHMHU3AIUH,
KoTOpBIY Ha3beiBaeTcs "All Shadowed Case". ITOT ciiydali BO3HUKaeT, ecyid B C1 1160 C2 BO3HUKAeT
CTOJILKO CJIyyaeB KOIIMPOBAHUSA CTPAHUIL IIPU 3alIUCH, YTO OHU IIOJIHOCTBIO 3aKPBLIBAIOT BCe
cTpaHuUILEl B B. JlomycTuM, 4To Takoe 1Ipousonwio B C1. C1 MoskeT Tellephb II0JIHOCTHIO 3aMEeHUTE B,
Tak uTo BMecTO Iertoyek C1 B~ A u C2 - B -~ A MBI Teltepb uMeeM Itertouku C1-Au C2-B—A. Ho
IIOCMOTPUTE, YTO II0JIy4YaeTcsa-Tellepb B MMeeT TOJIBKO OJHY CChUIKY (C2), TaK UTO MBI MOYKEM
06bequHUTH B 1 C2. B KOHEUHOM UTOTe B Oy/IeT OJIHOCTHIO yAaJleH U Mbl UMeeM Ienouku C1 - A
U C2-A. YacTto B 6yzeT comeprkaTh OO0JIbIIIOE KOJIMYECTBO CTpaHUIl], U HU Cl, HU C2 He CMOTYT
IIOJIHOCTBHI0 UX 3aMeHUTh. ECJIM MBI CHOBa IIOPOAUM IIPOIlecC U CO3[aAuM Habop ypoBHel D, mpu
9TOM, OJHaKO, 6ojiee BepOATHO, YTO OJWH U3 YpPOBHeH D IIOCTEIIEHHO CMO>KeT IIOJIHOCTHIO
3aMeCTUThb TIOopa3f0 MeHbIIUWW Habop [MaHHBIX, IipefcTaBieHHBIM Cl1 m C2. Ta Xe camas
OIITUMMU3aIUA OyieT paboTaTh B JII000M TOYKe Ipada U IJIaBHBIM pe3yIbTaTOM 3TOTO SABJISETCS TO,
YTO Ja’ke Ha CHUJIbHO 3arpy’KeHHOM MallliHe C MHO>KeCTBOM IIOPOKIaeMBIX IIPOIIeCCOB CTeKH
00beKTOB VM He 4acTo 6BIBAIOT IVIyO7Ke YeThIPEX YPOBHEM. ITO TaK KakK JJIs1 IIOPOKIAI0Iero, Tak
U Ui TIOPOXKIEHHOTO IIPOIeCCOB, M OCTAéTCA B CHJIe KaK B Ciydae, KOIZla BeTBJIEHHE [ejlaeT
poAUTeNIb, TAK U B C/Iydae, KOIZia BeTBJIEHHe BBIIIOJIHAET IIOTOMOK.



[Ipo6seMa ¢ MepTBOH CTpaHUIlEH Bce ellé umeeT MmecTo, Korma Cl wmiau C2 He IIOJTHOCTHIO
IepeKphIBalOT B. M3-3a [APyrux IpUMeHseMBIX HaMH METO/I0B ONTHMH3AaIlUU 3TOT CAydald He
IIpe/icTaBJIsIeT GOJIBIION MIPO6IEeMBI M MBI IIPOCTO II03BOJISIEM TaKUM CTPaHHUIIAM CYyIIeCTBOBATb.
Ecu cucTeMa UCIBITHIBAeT HEXBAaTKy OIlePaTHUBHOM ITaMATH, OHA BBINIOJIHSET HUX BBITPY3KY B
06J1aCTh MMOJKAYKH, UTO 3aHUMAaeT HEKOTOPOe IIPOCTPAHCTBO B 06JIaCTH MOJKAaUKHU, HO 3TO BCe.

[IpenmyIriecTBO Mojes I VM-00bE€KTOB 3aKJII0UYaeTCd B OUYeHb OBICTPOM BBIIIOJTHEHUUN QYHKIITUU
fork(), Tak Kak IIpy 3TOM He BBIIIOJIHSIETCA peaJbHOT0 KOIUPOBaHUSA JAHHBIX. MUHYCOM 3TOTO
II0/IX0/a ABJISIETCS TO, UYTO Bbl MOJKETE IIOCTPOUTH CPaBHUTEJILHO CI0KHYI0 HepapXuil0 00 beKTOB
VM, KoTopas HEeCKOJILKO 3aMeJIgeT 00pab0oTKy CUTyaI[ui OTCYTCTBUSL CTPAHUILL IIaMATH, U K TOMY
’Ke TpaTUTCd IIaMATh Ha YIIpaBJIeHHWEe CTPYKTypaMu 00beKTOB VM. IlpueMbl ONTHUMU3AIIUH,
npuMeHseMble BO FreeBSD, II03BOJISIOT CHU3UTH 3HAUMMOCTH 3THUX IIPO6JIeM /10 CTelleHH, Korja
HUX MO’KHO 6€e3 0COOBIX II0Tepb UTHOPHUPOBATE.

3. VpoBHH 00/1aCTH MOAKAYKH

CTpaHUIBI C COOCTBEHHBIMHM JaHHBIMH II€PBOHAYaJIbHO ABJIAIOTCA CTPAaHUIIAMU, KOIIUPYyEeMBbIMUA
IIPY 3aIlMCHU WU 3all0JHAeMBIMU HyJIAMU. Korma BBHIIIOIHSAETCI U3MeHeHMe, U, COOTBETCTBEHHO,
KOIIMpOBaHMWe, HayaJbHOe XpaHWIHIle o60beKTa (06bIYHO Qaiy) He MOXeT 00JIbIile
HUCII0JIb30BAThCA IS XpaHeHUs KOIIMU CTPaHHUIIbI, Korna VM-cucTeMe HY)KHO HUCII0JIb30BaTh eé
IIOBTOPHO I JPYTUX Iieled. B 3TOT MOMEHT Ha IIOMOIIb IIPUXOAUT 06/1aCTh MogKauKu. 061acTh
IIOJJKaYKU BBIJleJIeTCs [JI1 OpraHu3aliuyi XpaHWINIA IIaMdaTH, KOTopasd MHave He MOXKeT OBITh
noctyrHa. FreeBSD cospaeT CTPYKTypy yIIpaBjeHUs IIOAKa4yKOM Iyt 06beKTa VM, TOJIBKO KOIZa
9TO EeMCTBUTEJBHO HY)XHO. OfHaKO CTPYKTypa yIpaBJeHUs II0JKAaYKON HCTOPHYECKH HMeJia
HeKOTOpHIe IIPO6IeMBI:

* Bo FreeBSD 3.X B CTPYKType yIIpaBJIeHUs 00J1aCThI0 II0JKAYKH IIpeBapUTEeIbHO BbBIJe/IsIeTC
MacCCUB, KOTOPBIX IIpe/iCTaBIsAeT LieJIbIi 00beKT, TPeOYIOIUI XpaHeH!s B 00/1aCTH II0JKauYKU-
Jake eCjIM TOJIBKO HeCKOJIbKO CTPaHUI] 3TOI0 00beKTa XpaHATCA B 00JIaCTH ITOAKAYKH. ITO
cosmaeT mpobaeMy ¢parMeHTallM ITaMATH d7pa B cjIy4dae, KOIZa B IIaMATh O0TOOpa’karoTCs
60JIbIlINe 00BEeKThl WM KOITa BETBITCS IIPOIIECCHI, 3aHUMaAloIye 60J/IbIION 06BEM IIaMATH
pu pabore (RSS).

» Taxoke I OTCIEKUBAHUA [TaMATH II0JKAYKU B IIaMATH A/1pa IO Aep KUBaeTcs "CIIUCOK AbIp”,
U OH TakKKe HeCKOJbKO ¢QparMeHTHpoBaH. Tak KakK '"CIIMCOK [JbIp"  SBJISIETCS
ocjefoBaTeJIbHBIM  CIIMCKOM, TO IIPOM3BOAUTENBLHOCTHL IIPU  paclpefeeHUU U
BBICBOOOJK/IEHUM IIaMATU B 00J1aCTU IIOAKAUYKUA HEOITHMAaJIbHO U e€ CJI0KHOCTh 3aBUCHUT OT
KOJIMUeCTBa CTpaHHUIL Kak O(n).

* Taxkke B IIpornecce BLICBO60>K,IL€HI/IH naMsITH B 06JIacTH IIOAKaYKH Tpe6yeTc;1 BBIJIEJIEHHE
IIaMsATH B d1p€, 1 3TO IIPUBOJUT K HpOGJIEMaM 6JIOKI/IpOBKI/I IIPHN HEOJOCTAaTKe IIaMATH.

« [Ipo6seMa eIé 60s1ee 060CTpsIeTCsT U3-3a IBIP, CO3TaBaeMBbIX 10 UepeIyIoIeMyCsl aJITOPUTMY.

° KpOMe TOTO0, CIIMCOK pacIipeaejaeHud 6JIOKOB B 00J1aCTU IIOAKAYKH JIETKO OKa3bIBaeTCAa
(bpaFMeHTI/IPOBaHHLIM, YTO IIPUBOAUT K pacCIipeeJIeHUIO HEII0CJie10oBaTe/JIbHBIX 0o0JTacTen.

o [TaMITh S7Ipa TakoKe [AOJDKHA pacIpefessiTbCs II0 XOAYy PaboThl IJI OIIOJTHUTEJIbHBIX
CTPYKTYyp II0 YIIpaBJeHUI0 06JaCThI0 IMOAKAUYKU IIPU BBITPy3Ke CTPAaHUI] MMaMSITH B 3Ty
00J1aCTE.



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).

* Bce [epeBO Tak)Ke pacIpejiesiseTcs 3apaHee JJIsi TOTO, UTOOBI M30eXKaTh pacIipe/iesleHUs
IMaMSTH sipa BO BpPeMsl Omeparuil ¢ 06JIaCTbI0 MOJKAYKH ITPH KPUTHUYECKH MaJIoOM 00BLEéMe
CBOOOTHOM ITaMATH. B KOHIle KOHIIOB, CHCTeMa o6paliaeTcsd K 06JacTH IIOJKAUYKH IIPHU
HeXBaTKe ITaMSTH, TaK YTO MBI JOJDKHBI M30e)KaTh pacIIpeie/IeHusT MaMsITH sfipa B TaKHe
MOMEHTHI /I U36€KaHUS ITOTEHITHATbHBIX 6JIOKUPOBOK.

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 3aBelOMO BhIOpaHa IpaBUJIbHAasA CTpaHuIla. BoT 1mmoyemy FreeBSD mpeBOCXOAUT Apyrue
CUCTEeMBI B IIPOMU3BOAUTEILHOCTH IIPU HEXBATKe PeCypCoB IIaMATHU.

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
OTJIMYATh MEXy YUCTHIMU CTPaHUIIaMU, KOTOPbIe TEOPeTUYECKU MOT'YT ObITh BHICBOOOKIEHBI B
Jr000e BpeMs, U TI'PA3HBIMU CTPaHUIlAMH, KOTOpble CHavasa [JO0JDKHBI ObITh IlepellliCaHbl B
XpaHWIUILE Ilepel TeM, KaK MX MOKHO OyZeT HCI0Jb30BaTh IIOBTOPHO. [locie HaxXxoXXaeHUS
TIOAXOIAINel CTPAHUIILI OHA TlepeMellaeTcsd B HEaKTUBHYI0 0Uepe/lb, eCJIN OHa SBJIIeTCS TPSA3HOM,
WIU B OUepehb Kallla, eCIX 0Ha ynucTas. OToeIbHBIU aJrOPUTM, 0CHOBBIBAIOIIIUICA Ha OTHOIIIEHUN
KOJIMYeCTBa IPA3HBIX CTPAHUI] K UHUCTBIM, OIIpefiesisieT, KOIja IpsA3Hble CTPaHUIlLI B HEaKTUBHOMU
ouepeu MOJDKHBI OBITH COPOIIeHBI Ha AUCK. Korga 9TO BBIIOJTHUTCS, COPOIIEHHbIE CTPaHUIIBI
IIepeMeIlarnTcsd U3 HeaKTUBHOM Oueper B ouepeb Kallla. B 3TOT MOMEHT CTPAaHUIILI B OUepeau
K3llla MOIYT ObITh IIOBTOPHO AKTHUBHU3UPOBaHbBI VM CO CpaBHUTEJHbHO MaJbIMH HaKJIaJHBIMU
pacxogaMu. OJHAKO CTPaHUIILI B OUepeay Kallla IIpe/IioiaraeTcs "BbICBOO0XKaTh HeMelJIeHHO" 1
IIOBTOPHO MHCIIOJB30BaTh B LRU-TIopsgzaKe (MeHBIIle BCEro MCIOJIL3YeMBIM), KOIZlAa CHCTeMe
oTpebyeTCs Bbl/leJIeHHE TOIOJTHUTEILHOU IIaMSTH.

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
3allyCcKaeTe eé CHOBAa M CHOBA. JTO OIIWOKHU 3all0JHEeHUd HYJIIMHU, a He OLIMOKHU Ko/ia IIPOrpaMMBbl
(xoTOpnIe yxe 6blIM 060paboTaHsbl). [IpegBapUTeIbHOE KOIIMPOBaHKe CTPaHUI] IIPU BBHIIIOJITHEHUHU
BBI3OBOB exec UiH fork HaxogaTcd B 06/1aCTH, TpeOyrolleit 60s1ee TIATEeIbHOTO U3YYeHHUS.

BoJIbIIIOM IIPOIIEHT OIMMOOK [J0CTyIla K CTpPaHUIlaM, OTHOCHUTCI K OINMOKaM IIPU 3allOJIHEHUU
HyJIIMHU. Bel Mo)KeTe OOBIYHO BHIeThH 3TO, IIpOCMaTpyBasg BBIBOJ, KOMaHZAbLI vmstat -s. ITO
IIPOMCXOIUT, KOIZa IIpoljecc obpalllaeTcsi K CTpaHHUIaM B cBoell o6isiactu BSS. O6uiacte BSS
pejrnosiaraeTcsd U3HavYaJIbHO 3aIll0JTHEHHOU HYJISIMH, HO VM-crcTeMa He 3a00TUTCI O BhIZ[eJIEHUU
IaMsiTH [0 TeX II0p, II0Ka IIPOIlecC pealbHO K Hel He 00paTUTCA. IIpy BOSHUKHOBEHUU OIIIUOKU
VM-cucTeMa [OJ/DKHA He TOJBKO BBIIEJIUTH HOBYIO CTPAHUILY, HO U 3aII0OJIHUTHL €€ HyJIaMU. /s
OIITUMHU3AIlMU OIlepallly II0 3allOJIHEHWI0 HYJIMU B cucTeMe VM mHMeeTcs BO3MOXKHOCTH
peaBapUTEIbHO OOHYJ/SATH CTPaHUIIBl U IIOMeYyaTh HX, U 3allpallluBaTh y>Ke OOHYJIEHHBIE
CTpPaHULIBI IIPY BOSHUKHOBEHUU OINMOOK 3aII0JIHEHUS HYJIIMU. IIpegBapuTebHOE 3alloJTHEHUE
HYJIIMU IIPOUCXOAUT, Korga CPU IipocTanBaeT, OJLHAKO KOJIMYECTBO CTPaHUII, KOTOpPhIe CHUCTeMa
3apaHee 3allOJIHAeT HYJIIMHU, OTPaHUYEHO, [JI1 TOI0, YTOOBI He IePeIloJTHUTE KU IIaMIATH. ITO
IIpeKpacHbIA IIpuMep A06aBJIeHUs CJI0KHOCTHA B VM-CHUCTeMY pagyd ONTUMUA3AIUN KPUTHUYECKOTO
OyTH.

6. OnTUMHU3aIUA TaO/IHUIBI CTPAHUIL

OnTuMHU3aIys TabIUITBl CTPAHUIL COCTABJISIET CaMyI0 CO/lep KaTeIbHYI0 YacTh apXUTeKTyphl VM
BO FreeBSD 1 oHa IposiBJIgeTCS IIPHU IOSIBJA€HUU HAarpy3KU IIPH 3HAUUTEJIHbHOM HCII0JIb30BaHUU
mmap(). 51 ;ymMaro, 4TO 3TO Ha CaMOM Jlejie 0COOeHHOCTDh PaboThl 60JIbIITUHCTBA BSD-cucTeM, X0TH 4
He yBepeH, KOIZla 3TO IPOSIBUJIOCH BIepBble. ECTh Ba OCHOBHBIX IIOAXO[a K OIITHUMHU3AIlUU.
[IepBBIM 3aKJIFOUaeTCsI B TOM, UTO amllapaTHBIe TaGJMITBI CTPAHUIT He cofepsKaT II0CTOSHHOIO
COCTOSTHHSI, @ BMECTO 3TOTO MOTYT OBITH COPOIIIEHHBI B JIFO60M MOMEHT C MaJILIMH HaKJIaJHBIMHU


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

pacxojamMy. BTopoil IIOAXO0[ COCTOUT B TOM, YTO KayK[as aKTHUBHas TabJMIla CTPaHHUIL B CUCTeMe
HMeeT YIIPaBJIAIOINYI0 CTPYKTYPY pv_entry, KoTopas cBs3aHa B CTPYKTYpPY vm_page. FreeBSD MosxeT
IIPOCTO IIPOCMAaTpPUBATh 3TU OTOOpa’keHUs, KOTOpPBIE CYIEeCTBYIOT, KOIZla KakK B Linux JO/DKHBI
IIPOBEPATHLCS BCe TaOJMIILI CTPAHUII, KOTOPBEIe MO2ym Cofiep KaTh HY)KHOe OTOoOpa’keHHe, UTO B
HEKOTOPBIX CHUTyallusd AaéT yBejiMueHue cJI0KHOoCcTH O(n”2). M3-3a Toro, yro FreeBSD cTpeMuTcsa
BBIOpaTh HaubOosiee IIOAXOAAINYI0 K IIOBTOPHOMY MCIIOJIb30BaHHUIO MJIM COpoCy B 00JaCTh
IIOJAKAYKKU CTPaHWUIly, KOIZla OIIyIjaeTcs HexXBaTKa NaMATH, CHCTeMa [JaéT JIYYIIYIo
IIPOU3BOAUTEILHOCTD IIPU Harpyske. OgHako Bo FreeBSD TpeOyeTcs TOHKas HaCTpPOMKa sAxpa I
COOTBETCTBUSA CUTYyalUsIM C OOJIBIIMM COBMECTHO MCIIOJIb3YeMBIM aJpPeCHBIM IIPOCTPAHCTBOM,
KOTOpBbIe MOTYT CIyYUTHCA B CUCTeMe, 00CIyKUBAIOIIel cepBep TeJeKOH(epeHIUi, IIOTOMY YTO
CTPYKTYPHI pv_entry MOTyT OKa3aThCs MCUePIIaHHBIMH.

N B Linux, U BO FreeBSD TpeOyroTca mopabOTKH B 3TOM o6sacTh. FreeBSD 1bITaeTcs
MaKCUMU3UPOBATh IIPEUMYIIeCTBA OT IIOTEHIIUAJIbHO PelKO IIpUMeHsIeMOM MOJeJId aKTUBHOTO
oTobpakeHUs (K IIpuMepy, He BCeM IIpolleccaM HY)XHO OTOoOpa)kaTb BCe CTpPaHUIIbI
OTUHaMH4YeCKOM 6U6/IM0TeKH), KOTa KaK Linux IIbITaeTcs YIPOCTUTH CBOU aJrOPUTMEL. FreeBSD
HUMeeT 3[eChb O0OIlee IIPEeMMYIECTBO B IIPOM3BOAUTEJBLHOCTH 3a CYeT MCIIOJIb30BaHUA
IOOIIOJTHUTEJbHOU IIaMATH, HO FreeBSD BBIVIIAUT XyKe B Cjydae, Korja O0JIbIION aiia
COBMECTHO MCIIOJIb3yeTCsd COTHIMH IIPOIleccoB. LinuX, ¢ APYyrodl CTOPOHBI, BBIVIALUT XyKe B
cy4ae, KOIZla MHOTO IIPOIIECCOB YacTUYHO HCIIONB3YHOT OJHY U Ty >Ke IUHAMHUYeCKYIo
O6MOJIMOTEKY, a Tak)Ke paboTaeT HEOIITUMAJILHO IIPH IIOIIBITKE OIIPEee/IUTh, MOXKET JIM CTPaHUIIA
IIOBTOPHO HCII0JIb30BaThCs, UJIU HET.

7. SaKJIIOUEHH e

BupTyasbHasa maMATh B COBPEMEHHBIX OIIEPAIlMOHHBIX CHUCTeMaxX TOJDKHA pellaTh HeCKOJIbKO
pasIUUHBIX 3a1a4 3QPEeKTHUBHO U IIPU Pa3HBIX YCIOBUAX. MOAYJIBHBIM U aJIrOPUTMUYECKUU
II0/IXO0M, KOTOPOMY UCTOPHUYeCcKH ciefyeT BSD, 1103BoJIsieT HaM M3YYUTh U IIOHATH CYIIeCTBYIOIIYIO
peanusaliioo, a TakKe CpPaBHUTEJIBbHO JIETKO U3MEHUTH OO0JblliMe GJI0OKW KoZa. 3a HeCKOJIbKO
nociaegHUx JieT B VM-cucrteMe FreeBSD 6ObUIO  COeslaHO  HEKOTOpPOe  KOJIMYECTBO
YCOBePIIIeHCTBOBAHUM, U pab0oTa HaJl HUMHU IIPOJ0JKAeTCs.

8. 00/ THUTE/ILHBIN CeaHC BOIIPOCOB U
OTBeTOB OT AJsieHa bpurrca (Allen Briggs)

8.1. YTo 3TO0 3a a/IrOPpUTM UYepegOoBaHUSA, KOTOPHIA BbI
YIIOMHHAJIU B CIIHCKE HEJOCTATKOB IIOJICUCTEMbI
yIIpaBJIeHUs pa3zie/ioM nNogKadYku Bo FreeBSD 3.X?

FreeBSD ucrosib3dyeT B 00J1aCTH II0JKaYKU MeXaHU3M Uepe0BaHUs, C MHIEKCOM 110 YMOJYaHUIO,
PaBHBIM 4YeThBIpeM. JTO O3HadaeT, 4yTo FreeBSD pesepBUpyeT IIPOCTPAHCTBO /I YeTBHIPEX
o6JiacTel IIOJJKaYKH, [Ja’Ke €CJIU Y BaC UMeeTCs BCero JIUIIb OfHa, IBe WU TPU 06s1acTU. Tak Kak B
obslacTU IIOJKAUKKA HMeeTCs uepeloBaHHUEe, TO JIMHEMHOe aJpeCcHOe IIPOCTPaHCTBO,
IIpeJCcTaBJIAIIee "yeThIpe 00JIaCTH IIOAKAYKU', Oy/leT ¢pparMeHTHPOBaThCS, eCJIM y Bac HeT Ha
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caMOM Jiejle 4eTBHIpEX obsracTed IofKauky. Hampumep, eciaud y Bac Ase obsacTéd A U B, To
IIpe/icTaBJeHUe aJpeCcHOro IIPOCTpPaHCTBA [JJIA 3TOM 00J1aCTH IIOAKauyku BO FreeBSD OypeT
OpraHM30BaHO C YepesoBaHUeM 6JI0KOB U3 16 cTpaHMUII;:

ABCDABCDABCDABCD

Al

FreeBSD 3.X HCIIOJIb3yeT "IIOC/IeH0BATeJbHBIM CIIMCOK CBOOOAHBIX O6JacTeil” I yIIpaBJIEeHUSA
CBOOOJHBIMU 00JIaCTAMH B pasfesie IIOAKa4yKW. Mpaesd COCTOUT B TOM, 4YTO OOJIbIIHe
IocaeoBaTeJbHbIe 6JI0KH CBOOOJHOIO IIPOCTPAHCTBA MOIYT OBITH IIpe/CTaBJIeHbl IIPHU IIOMOIIIHA
y3sa opHocBsA3HOro crucka (Kern/subr rlist.c). Ho wu3-3a ¢parmMeHTaniu II0CJe0BaTeJIbHBIN
CIIMCOK CaM CTaHOBUTCSI QparMeHTHPOBaHHBIM. B IIprMepe BHIIIE II0JTHOCTHI HEUCIIOJIb3yeMoe
IIPOCTPAaHCTBO B A u B OyzeT IloKa3aHO KaK "cBo6ogHoe", a C u D Kak "IIOJTHOCTBIO 3aHATOe".
Kaskzol 1ocire;oBaTe/IbHOCTH A-B TpebyeTcs /i1 yuéTa y3eJI CIIUCKa, II0ToMy uTo C U D aBiigroTcsa
IbIpaMHM, TaK UTO y3eJI CIIMCKa He MOJKeT OBITh CBSI3aH CO CIe[yIollel I10C/Ie0BaTeIbHOCTHI0 A-B.

[ToueMy MBI OpraHH3yeM uepefoBaHHe B 00JIaCTH IIOAKAYKU BMECTO TOTrO, YTOOBI IIPOCTO
06beIMHUTH 00JIaCTH IIOAKAYKH B OJHO IejIoe U IIPUAyMaTh 4TO-TO 6osiee yMHOe? I[IoTOMy 4TO
ropasfio Jierde BBIJIeJIATH II0CJIe0BaTeJbHbIe II0JIOCHI afpeCHOTr0 IIPOCTPaHCTBA U II0JIydaTh B
pesyJibTaTe aBTOMaTHUYeCKOe dYepeJOBaHHE MeXKJy HEeCKOJbKHUMM [WUCKaMH{, 4YeM IbITaTbCd
BBIZIYMBIBATh CJIO>KHOCTH B [PYTOM MeCTe.

dparMeHTaIVs BbI3bIBAET JpyTHe IIP06JIeMbl. SIBJISSACH II0CIe[0BaTeIbHBIM CIIMCKOM B 3.X U UMest
TaKoe OTPOMHYI0 ¢pparMeHTaIllIo, BblJjeJleHHe U 0CBOOOKIeHHe B 00JIacTH II0JKaYKU CTAHOBUTCS
asroputMoM cioxkHocTH O(N), a He O(1). Bmecrte ¢ apyruMu ¢pakTopaMu (dacTtoe obpallleHue K
00JIaCTH II0JKAaYKH) BRI IT0JIy4YaeTe CIO0KHOCTL ypoBHelr O(NA2) u O(NA3), uTo II0X0. B crucTeme
3.X TaxyKe M0OKeT 10TpeboBaThCs BhliesieHHe KVM Bo BpeMs paboThl ¢ 06J1aCThI0 IIOAKAYUKU I
CO3[JaHUs HOBOTO y3JIa CIIMCKA, YTO B YCJIOBUU HeXBAaTKU ITaMITH MOKeT IIPUBECTU K OJIOKUPOBKE,
eCJIM CUCTeMa IIOIIbITaeTCsa COPOCUTh CTPAHUIIBLI B 06/1aCTh IIOJKAYKHU.

B 4.X MBI He HCIIOJIb3yeM IIOCJIelOBAaTe/JIbHBIN CIIMCOK. BMeCTO 3TOr0 MBI MCIIOJIb3yeM 6asuCcHOe
IepeBo U OUTOBBIE KapThl 6JI0KOB 00JIaCTH ITOJKAYKH, a He OITpaHUYEHHBIN CIIHCOK Y3JI0B. MBI
IIPUHKUMaeM IIpe/iBapUTebHOE BBbIJleJIeHHe BCeX OMTOBBIX KapT, TpeOyeMBIX /JId BCeH 06J1aCTH
II0JKa4YKH, HO IIPU 3TOM TPaTUTCA MeHBbIIle IIaMATH, II0TOMY YTO MbI UCII0JIb3yeM OUTOBBIe KapThl
(oguH 6UT Ha OJIOK), @ He CBI3aHHBIM CIIMCOK y3JI0B. McIiosib30BaHMe 6a3uCHOIO JlepeBa BMECTO
II0CJIeIOBAaTEeJILHOIO CIIMCKa JaéT HaM IIPOM3BOAUTEJBLHOCTE O(1) BHe 3aBHCHMOCTH OT
¢parMeHTalU JepeBa.
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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 mpumMepe ¢ / vimstat 1 MOI'yT JIi HEKOTOPBIE
OLIIMOKH JOCTyIIa K CTPaHUlle OBITH OIINOKaMM
cTpaHul faHHBIX (COW 13 BBIIIOJIHUMOTO ¢aiia B
IIpHUBaTHbIE CTPpaHUIbI)? TO eCcTh A ImoJiararo, 4To
OLIIMOKHM JOCTyla K CTPaHUI[aM SABJIAIOTCA YaCTUYHO
OLIMOKaMH IIPHU 3all0/THEHUH HY/IAMH, a YaCTUYHO
OAaHHBIX NporpaMmsl. jix BBl rapaHTHpyeTe, 4yTOo
FreeBSD BrInmostHseT npeaBapureabHo COW 11a
JaHHBIX IPOrpaMMBEI?

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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