JJIEMEHTHI apXUTEKTYPbI CHCTEeMBEI
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JTOT JOKYMeHT ycTapes, X HeKOTOphble pasfiebl 6oJIbIlle He COOTBETCTBYIOT
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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


mailto:dillon@apollo.backplane.com

Ba)XHBIMHU, 4YeM KOJl, U UMEHHO H3-3a aKaJleMU4yeCKUX KOopHedl BSD u3HaudaJbHO O60JIBbIIIOE
BHUMaHUE VAeJasIoch IIpopaboTKe  aJropuTMOB. bojlee  TijaresbHOe BHUMaHHUE K
IIPOEKTUPOBAHUIO B I1€JI0M IIPUBOAUT K CO3JaHUI0 UMCTOM U TUOKOM KOZO0BOM 6asbl, KOTOPYIO CO
BpeMeHeM MOJKHO [OCTaTOYHO JIeTKO MOAUQUIIMPOBATH, PACIIUPATh HWJIA 3aMeHATh. XOTSA
HEKOTOphle cuuTarT BSD "cTapoi" omepalfiOHHOM CHUCTEMOM, Te UX HacC, KTO paboTaeT HaJ HewH,
BUJIIAT eé CKopee CUCTeMOM CO "3pesIbIM" KOJOM C pPasjIMUYHBIMU KOMIIOHEHTaMHU, KOTOpPble OBLIU
3aMeHeHbl, pacIIupeHbl WIN H3MEeHEHBI COBpeMeHHBIM KoaoM. OH pasBuBaetrcd, u FreeBSD
0CTaéTcsd I1epeloBOM CUCTEMOM, BHE 3aBUCHMMOCTH OT TOT'0, HACKOJIBKO CTapOil MOXKeT OBITH 4acCThb
KO/la. ITO BaKHOe OTJIMYMe, KOTOpPOe, K COXKaJIeHUI0, He BCeMU IIOHUMaeTcs. CaMOM OO0JIbIION
OIIIMOKOM, KOTOPYI0 MOJKET NOIIYCTUTH IIPOTPaMMMCT, SABJII€TCI UTHOPUPOBAHUE WCTOPUH, U 3TO
HMEHHO Ta OIIMOKa, KOTOPYIO CAesiaJld MHOTHUe IpyrHe COBpeMeHHble OllepalliOHHbIE CUCTEMBI.
CaMBIM SIpKUM IIPUMepPOM 37iech saBJisieTca Windows NT®, U 1mociecTBUS y>KaCHBL Linux Takyke B
HEKOTOPOM CTelleH! COBEpPIIUJI 3Ty OIIMOKY — OCTaTOYHO, UTOOBI MBI, Jirogu BSD, 110 KpaliHel
Mepe II0 pasy OTIYCTHJIX II0 3TOMY IIOBOAY INyTKYy. IIpo6sema Linux 3akirodaeTcs IIPOCTO B
OTCYTCTBHHU ONBITA W UCTOPUM [JI9 CpaBHEHUs HeH, IpobisieMa, KOoTopas JIEeTKO U OBICTPO
peltaeTcsa coobmiecTBOM Linux TOYHO Tak ’Ke, KaK OHa pelaeTcd B coobmiectBe BSD —
IIOCTOSTHHOM paboToi Haf KomoM. Paspaborunku Windows NT®, ¢ Ipyroil CTOPOHBI, IIOCTOSHHO
COBEpIIAT Te >Ke caMmble OIIMOKH, YyTO ObLIX peleHbl B UNIX® necaTKH JieT Hasal, a 3aTeM
TpaT4aT oAbl Ha UX ycTpaHeHUe. CHOBA U CHOBA. Y HUX TsDKEJBIN CIydaill CUHApOMaA ,He HaMU
paspaboTaHO“ U ,,MBI BCerza IIpaBhl, IOTOMY UTO TaK TOBOPUT HaIll OTAe MapKeTHUHra“. 5 miIoxo
IIepeHOIITy TeX, KOro He YUUT UCTOPUS.

BOJIBIIIMHCTBO OYEBU/HOM CJI0KHOCTU apXUTeKTyphl FreeBSD, oco6eHHO B mopcucreme VM/Swap,
ABJIAeTC IPSAMBIM  CJAeACTBMEM TOTO, YTO OHa pellaeT Cepbe3Hble IIPOOJIEMBI C
IIPOU3BOIUTEJLHOCTHI, KOTOpPBle IIPOSIBJIAKOTCS IIPU PAasIUYHBIX YCIOBUAX. ITU IIPOOIEMBI
BBI3BaHbl He IUIOXOM IIPOpabOTKOM aJrOPUTMOB, a BO3HUKAKT U3 OKpyKarwIlux ¢(akTopos. B
JI060M IIpIMOM CpaBHEHUM MeXAy IulaTGopMaMy 3TH IIpo6JeMbl IIPOSBIIAIOTCH, KOIza
CUCTeMHbIe pecypChl HauMHAKT UCTOLIATHCA. TaK Kak g OIMChIBarK IlofgcucreMy VM/Swap BO
FreeBSD, To uuTaTesb [OJKEH BCerna UMeTh B BUAY [iBa 00CTOATeIbCTBA:

1. CaMBIM Ba)KHBIM acIIeKTOM IIPH IIPOEKTHPOBAHUU IIPOM3BOJUTEIbHOCTH SBJISETCS TO, YTO
HaspIBaeTCd "ONTUMHU3AIlHel KPUTHYECKOro MapIpyTa”. YacTo caydaeTcs, YTO OIITHMU3AIIHI
IIPOU3BOAUTEILHOCTH JAET IIPUPOCT 00bEMa Ko/ia pagy TOro, YTOOBI KPUTHUYECKUN MapIIpyT
paborail 6rIcTpee.

2. YeTKOCTb 0OIIeM apXUTeKTyphl OKasbIBaeTCs JIy4llle CHJIbHO OITHUMHU3UPOBAaHHOM
apxXUTEKTYpHl C TeueHHeM BpeMeHH. Korja kak 0600IeHHass apXUTeKTypa MOXKET OBITh
MejJIeHHee, YeM OITHMU3UPOBAHHAS apXUTEKTypa, NpPH II€PBOH peajH3ariud, IIpU
060011IeHHOM apXUTEKTYype Jierde I0/[CTPAUBaThCS I10/T NU3MEHSIOIHEeCs YCIOBUS U Upe3MepHO
OIITUMM3UPOBaHHAas apXUTEKTypa 0Ka3blBaeTCsl HEIIPUTOHOMH.

JIr060# KOJi, KOTOPHIY IOJDKEeH BBDKUTDH U IIO/IIaBaThCS MOJIepsKKe TO/BI, T0/DKEH II09TOMY OBITh
TIIATEeJTLHO ITPOIyMaH C CaMOT0 Hayasia, JJake eCJIU 3TO CTOUT IIOTEPH IIPOU3BOAUTETHHOCTH.
/lBafiaTh JIeT Ha3aj ObLIM Te, KTO OTCTAaWBaJ IIPEHMYIIECTBO IPOTPAMMHPOBAHUS Ha SI3BIKE
acceMbJsiepa Iiepe[l MPOrpaMMHpPOBAaHUEM Ha SI3bIKe BBICOKOTO YPOBHS, IIOTOMY YTO II€pPBBIH
reHepUpoOBaJ B JIecsITh pa3 6oJiee OGBICTPHIM KOJ. B HaIM JHU ONMIMG0YHOCTH 3TOTO apryMeHTa
OYeBH/IHA - MO>KHO IIPOBECTHU MapaJljIesiu ¢ IIOCTPOeHUEM aJITOPUTMOB B 0006IIIeHUeM Ko/1a.



2. 00beKTsI VM

Jlyuiiie Bcero HauaTh omvicaHve VM-cucteMbl FreeBSD ¢ IONBITKH B3IJISHYTHL Ha HeE C TOYKHU
3peHHd II0JIb30BAaTeJIbCKOro Ipoliecca. KaKAbpIM I10JIb30BaTEJIbCKHM IIPOIlECC MMeeT eIuHOe,
IIpUHajJIe’kalllee TOJIBKO eMy M HepaspbIBHOe aJpecHOe IIPOoCTpaHCTBO VM, cofeprkallee
HEeCKOJIbKO THUIIOB 00bEKTOB IIaMATH. ITU O00BbEKThl UMEKT pasMyHble XapaKTepUCTUKU. Kopx
IIporpaMMbl U eé faHHble SBJAIOTCA eIUHBIM ¢aiioM, oToOpa’kaeMbIM B IIaMATH (3TO
BBIIIOJIHAIOIUNUCA IBOUYHBIA ¢aiiy), OJHAKO KOJ IIPOrpaMMbl IOCTYIIeH TOJIbKO [JI1 YTeHUd,
TOIZa KakK [JaHHBble IIPOTPaMMBI pPasMeIlalnTCd B pPeXuMe KOIIMPOBaHUA-IIPU-3alluCH. BSS
IIporpaMMBbl IIpeJicTaBjsieT COO0M BCero JIMIIL BbIIeJIEHHYH 00JIacTh ITaMATH, 3all0JIHEeHHYIO,
eCJIM 3TO TPeb0oBaIoCh, HYJIIMHU, YTO Ha3bIBaeTCsI 00HyJIeHHMeM CTPaHMUI] IIaMATH 110 Tpe60BaHUIO.
OtnmenbHBle QaWabl MOIYT TakyKe O0TOOpa’kaTbCsl B aJpecHOe IIPOCTPAHCTBO, UMEHHO TakK
paboTrarT AUHaAMU4YecKHe OHOMOTeKU. Takue oToOpakeHUs TpeOYIOT H3MeHEeHUM, 4YTOOBI
oCTaBaThbCsd IPHUHAJJIeKAIllUMU IIPOLIeCCY, KOTOPBIM MX BBIIIOJHUI. CHUCTEeMHBINM BbI30B fork
IIepeBOAUT IIpobJsieMy yIIpaBjeHUs VM IIOJTHOCTBI0 B HOBYIO ILJIOCKOCTBH, BI00OABOK K YyiKe
HUMERIIUMCS CI0KHOCTIM.

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 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
MIOPOYKJAIOTCSI [ABa TIIpoIfecca, M KaXKAbIA C COOGCTBEHHBIM aJ[peCHBIM 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/IeXKAIed TOJBKO IIPOIlecCy, CHOBA CTAHOBUTCS CTPAHUIIEH, KOTUPYeMOH IIPH 3allHCH,
IIOCKOJIbKY Ka’KIbIM M3 IIPOIeccOB (POIUTETHCKUM U JOUEePHUM) PacCUUTHIBAeT HA TO, UTO €ro
coOGCTBEHHBIe M3MeHeHHs1 mocjie BbI3oBa fork() ocTaHyTcsS IPHBAaTHBIMH K He IIOBJIUSIOT Ha

IPyrou Ipoiiecc.

FreeBSD y1mpaBJiisgeT BceM 3TUM IIPU IIOMOIII MHOTOYPOBHEBOU Mofiesi VM-00beKTOB. MICXOIHBIN
daiiyi ¢ OBOMYHOM IIPpOrpaMMOM IIepeHOCUTCI Ha CaMblii HIDKHUU ypOBeHb 00BEKTOB VM.
VpoBeHb CTpPaHHIl, KONUPYEMBIX IIPU 3aIlMCH, HAXOJUTCSA BBIIIe HET0, H XPaHUT Te CTPaHHIIGL,
KOTOpBble OBLIM CKOIIMPOBAaHBI M3 HMCXOAHOro ¢aiya. Ecau IporpaMMa H3MeHseT CTPaHHUILY
DAaHHBIX, IIPUHAJJIe)KAllyI0 UCXOJHOMY daiiily, o CUCTeMa BUPTyaJbHOU IIaMATH oOpabaTeIBaeT
CTpaHUYHOe HapylleHHe (page fault) ¥ co37aéT KONIMIO 3TOM CTPAHUIIBI Ha BBIIIese)XKalleM



ypoBHe. Korza 1poiiecc pasBeTBJIAeTCs, L00aBIAITCI HOBble YPOBHU VM-00beKTOB. [IOHATH 3TO
IIOMOJKeT JOCTAaTOYHO IIPOCTOM ITpuMep. PyHKIUA fork() gBJgeTcd 061eH omeparyel I Bcex
cucteM *BSD, Tak 4YTO B 3TOM IIpUMepe OyZeT paccMaTpUBaThCA IIporpaMMa, KOTopas
3allyCKaeTcs, a 3aTeM pasBeTBjsdeTcsd. Korma Iiporjecc 3amyckaercs, VM-cucreMa CO3Jaér
HEeKOTOPBIY YPOBEHb 00 bEKTOB, 0003HAUUM €ro A:

Ha pucyHke A cooTBeTCTByeT Gaily — [0 HeOOXOJUMOCTH CTPaHUIBl IIAMATH MOIYT
BBICBOOOJKIATHCA U IIOAIPYKaThCA C HOCUTesA paitia. IToArpysKa ¢ [ucKa MOXKeT II0Tpe6oBaThCs
IIporpamMme, OJHAaKO Ha CaMOM Jiejie Mbl He XOTUM, YTOObl OHA 3aIlKchiBajach 06paTHO B daii.
[TosTomy VM-cucTemMa CO3/aéT BTOPOM YpOBeHb, B, KOTOpBI QM3UUYECKHU IIOAJEep>KUBAETCA
IWCKOBBIM IIPOCTPAHCTBOM IIOJKaYKU:

IIpu mepBO¥M 3allMCU B CTPAHHUILY IIOCJIe BBIIIOJIHEHHS 3TOM oIllepaniid B B co3maércss HoBasg
CTpPaHHUIlA, COMep)KUMOe KOTOpOM Oepércs U3 A. Bce cTpaHHIlBI B B MOryT cOpaceIlBaTbCI U
CUMTHIBATECA M3 YCTPOMCTBA IOAKAYKK. Korgma mporpamMma BeTBUTCHA, VM-CHUCTeMa CO3JaET ABa
HOBBIX YPOBHA 00beKT0B — C1 /I ITOpoKzAaroIero Ipomecca U C2 g IIOPOKAEHHOIO — OHU
pacrrosiararTcs I1osepx B:

C1 c2

B sToM ciydae, HOIIYCTUM, YTO CTpaHHUIla B B Oblla M3MeHeHa HadaJIbHBIM POJUTEJIbCKUM
mporeccoM. IIporiecc BBISOBET CTPAaHHYHOE HapyllleHHe KONMPOBAHUA-IIPU-3allUCH U
npoay6aupyer crpaHully B C1, IIpy 9TOM MCXO/IHas CTPaHHUIA 0CTaHeTCsI B B HeTpoHyTOH. Tertepb
IOOIyCTHM, YTO Ta >Ke caMmasl CTpaHWIla B B HM3MeHseTCs [JOYEpHHM IIpoIrjeccoM. B mporiecce
BO3HUKHET CHUTyaIldsl KOIIMPOBaHWs IIPM 3allMCH M CTpaHUIla ckonupyercs B C2. McxomHas
CTpaHHIla B B Temepb IOJHOCTBIO CKPBITA, TaK Kak M Cl, ¥ C2 MMeIT KOIIMH, a YPOBEeHL B



TeOpeTUYeCcK! MOKeT ObITh YHUUTO’KEH, eCJIM OH He IIpeJCcTaBjsieT cob60u "peasbHOro" ¢aia).
OfHAaKO TaKyH OIITUMH3AIIUI0 He TaK Y2K IIPOCTO OCYIIeCTBUTEH, IIOTOMY YUTO 3TO HAJO AejaTh Ha
YPOBHE CJIHUIIIKOM MeJIKUX efuHUIl. Bo FreeBSD Takasg oIITUMU3alius He BBIIIOJHSETCA. Tellepb
IIOJIOKUM (a 3TO 4YacTO CJaydaeTcs), UYTO JOYEePHUU IHpOoIlecc BHIIOJIHSET BbI30B exec(). Ero
TeKylllee aJjpeCHOe IIPOCTPAHCTBO OOBIYHO 3aMeHseTCsl HOBBIM aJipeCHBIM IIPOCTPAHCTBOM,
IIpeCTaBJIAIINM HOBBIN paiiyl. B 3TOM ciiydae ypoBeHb C2 YHUUTOXKAETCH:

C1

B 3TOM ciyyae KOJIMYECTBO IIOTOMKOB B CTaHOBHUTCS paBHBIM OJHOMY U BCe obpaleHHs K B
Tellepb BBHIMOMHAIOTCS yepe3 Cl. 3To o3HaudaeT, uTo B 1 C1 MoOryT ObITb 00HeAUHEHEHL Bce
CTpaHUITEI B B, KOTOpHIe TakKe CyIleCcTBYIOT U B C1, Bo BpeMsl 06beJUHEHUsSI U3 B ymassgioTcs.
TakuM 06pa3oM, XOTS ONTHMM3AIlUsd Ha IIpeJbIAyIleM IIare MOJKET He [[eJaThCd, Mbl MOXKEM
BOCCTaHOBUTDH MEPTBbIE CTPAHUIIBI IIPU OKOHUYaHUHU Pab0THI IIPOIECCOB WJIU IIPU BBI30Be exec ().

Takass MOJeJIb CO3[]aéT HEKOTOPOe KOJIMYECTBO IIOTEHITHMAJbHBIX ITP06JIeM. Bo-IepBhIX, MOYKHO
IIOJIyYUTh OTHOCHUTENBHO ITTYOOKUH CTeK HACJIOEHHBIX 00BbEKTOB BHUPTYaJIbHOM IIaMATH, YTO
MOJKeT YBEeJIUYUTH BpeMs CKaHHUPOBaHUS U PacxXoj] MaMITH IIpU 06paboTKe CTPaHUUHOTO
HUCKJIIOUeHUs. BoJbIlloe KOJIWYEeCTBO YPOBHEM MOJKeT BO3HHMKHYTb, KOIZa IIPOIECCHI
Pa3BeTBJIIOTCS, a 3aTeM Pa3BeTBJIIOTCS eIé pa3 (KaK MOPOXKAEHHBIE, TAK U IOPOXKIAIOIIHE).
Bropasti mpo6JsieMa 3aKJIHUYaeTcsi B TOM, UYTO BBl MOXKeTe CTOJIKHYThCI C MEPTBHIMY,
He/IOCTYITHBIMU CTPaHUIIaMU IJTy60KO B HepapXuu 06beKToB VM. B HalleM nocjefgHeM IIpUMepe,
eCIM U PpOJUTEeNb, W IIOTOMOK HM3MEHSIOT OJHY U Ty >Ke CTpaHUIly, OHHM o06a II0Jy4aroT
COOCTBEHHBIE KOITMM, a HCXO[MHAsi CTPaHHUIlA Ha yYpoOBHe B CTaHOBUTCA HEMOCTYITHONM HH IS
0JHOTO U3 HUX. Takas cTpaHUIa B B MoyKeT 6BITH BHICBOOOXK/[€HA.

FreeBSD perraer 1po6isieMy C IJIyOMHOM BJIOJKEHHOCTH C IIOMOIIBI IIpHUEMa OIITHMM3AIIUU,
KOTOpBIX HaseiBaeTca "All Shadowed Case". JToT ciaydaidl Bo3HHKaeT, ecad B C1 jymbo C2
IIPOUCXOAUT CTOJILKO CJIydaeB KOIIMPOBAHWSA CTPAHUI] IIPU 3allCH, YTO OHU IIOJTHOCTHIO
IIepeKphIBaIT Bce cTpaHUIlLl B B. [lomrycTuM, yTo Takoe Irpousonuio B Cl. YpoBens Cl moxkeT
Tellephb II0JIHOCTHIO IIPOIIYCKAaTh YPOBeHb B, Tak uTo BMecTO Ieriouek C1 - B - AuC2 - B - A
MBI Terepb BMeeM I1eltoyku C1 - A u C2 -~ B —~ A. Ho IocMOTpHUTe, YTO II0JIy4aeTcss — Telepb B
UMeeT TOJILKO OFHY CCBUIKY (C2), TaK 4TO MBI MOXKeM 00befUHUTHL B 1 C2. B KoHeuHOM utore B
OyZleT OJIHOCTBIO YIaJIEH, U MBI ITOJIy4uuM Itertouku C1 - A u C2 - A. Yacrto B 6yzeT comepKaThb
60JIbIII0e KOJIMYEeCTBO CTpaHuI], U HU C1, HU C2 He CMOIYT IIOJTHOCTBIO €T0 3aMeHUTh. ECii MBI
CHOBA IIOPOLUM IIpOIiecC ¥ CO3LafUM Habop ypoBHeU D, IIpH 3TOM, OJHAKO, 60JIee BEPOSITHO, YTO
OIMH W3 ypOBHel D IIOCTeIeHHO CMO’KET IIOJIHOCTBKH 3aMeCTHUTh IOpas3fio MeHbIIUN Habop
IAaHHBIX, IIpeacTaBaeHHbIN C1 1 C2. Ta ke caMmas OIITUMU3aIMg paboTaeT B JII0O0M TOUKe rpada u
e€é IJIaBHBIM pPe3yJbTaTOM SABJIAETCI TO, YTO [a’ke Ha CHJIBHO 3arpy’KeHHOM MallliHe C



MHOKECTBOM IIOPOKIaeMBbIX IIPOIIECCOB CTEKH 00beKTOB VM He yacTo OBhIBAIOT I‘JIY6>K€‘ t'IETpréX
ypOBHef/’I. JTO BE€PHO KakK Uik IIOPOKAAIoIiero, Tak U s HOpO)K,ILéHHOI‘O IIpO11eCCoB, U ocTaércsd
CIIpaBeJINBBIM KaK B CJIy4dae, KOrga BETBJIEHKE BLIIIOJIHSAET POAUTE/b, TaK M B Cjly4dae, Korga
BeTBJIEHHE BBIIIOJIHAET €TI0 IIOTOMOK.

[Ipo6sieMa ¢ MEPTBOM CTpaHUIEW Bce eIé mMeeT MecTo, Korma Cl wam C2 He IIOJTHOCTHIO
IepeKphIBalOT B. M3-3a APyrUx IpUMeHsIEMBIX HaMH METO/I0OB ONTHUMH3AIlUM 3TOT CAydald He
IIpe/icTaBJIsIeT GOJIBLIION TPO6JIEMBI, U MBI IIPOCTO II03BOJIIEM TaKUM CTPAHUIIAM CYyIIeCTBOBATb.
Ecu cucTeMa UCIBIThIBAeT HEeXBAaTKy OIlePaTHUBHOM ITaMATH, OHA BBINIOJIHSET HUX BBITPY3KY B
06J1aCTh MMOJKAYKH, UTO 3aHUMAaeT HEKOTOPOe IIPOCTPAHCTBO B 06JIaCTH MOJKAUKHU, HO 3TO BCE.

[IpenmyIiiecTBO MojiesId VM-00bE€KTOB 3aKJII0UYaeTCd B OUeHb OBICTPOM BBIIIOJTHEHUUN QYHKITUU
fork(), Tak Kak IIpy 3TOM He BBIIIOJIHSIETCA peaJbHOT0 KOIUPOBAaHUSA JAaHHBIX. MHUHYCOM 3TOIO
II0/IX0/a ABJISIETCS TO, UYTO Bbl MOJKETE IIOCTPOUTH CPaBHUTEJILHO CI0KHYI0 MepapXuil0 00 beKTOB
VM, KoTopast HECKOJIbKO 3aMeJjigeT 06paboTKy CTpaHUYHBIX HapyIIIeHUM, U K TOMY >Ke TPaTUTCI
HaMsdTh Ha yIIpaBJIeHHe CTPYKTypaMHu 00beKTOB VM. [IpuéMbl OIITUMU3AIUY, IPUMEHsIeMble BO
FreeBSD, IO3BOJIIIOT CHU3UTh 3HAUYMMOCTHb 9THUX IIPOOJIEM [0 CTeIleHH, KOIZla HX MOKHO 0e3
0COOBIX IIOTEPb UTHOPHUPOBATE.

3. VpoBHH 00/1aCTH MOAKAYKH

CTpaHHUIIBI C COOCTBEHHBIMU JAHHBIMU II€PBOHAYAJIBHO SBJIAIOTCA CTPAHUIIAMHU, KOIIUPYEeMBbIMHU-
IIPU-3aIIMCH WU 3aII0JIHAeMBIMU HYJIIMHU. Korza BBIIIOJIHAETCS U3MeHeHUe, U, COOTBETCTBEHHO,
KOIIMpOBaHMWe, HayaJbHOe XpaHWIHIle o60beKTa (06bIYHO @Qaiy) He MOXeT 00JIbIile
HUCII0/Ib30BAThCA IS XpaHeHUs KOIIMU CTPaHHUIIbI, Korna VM-cucTeMe HY)KHO HUCII0JIb30BaTh eé
IIOBTOPHO I JPYTUX Iieled. B 3TOT MOMEHT Ha IIOMOIIL IIPUXOAUT 06/1acTh MogKauKu. 061acTh
IIOJJKaYKU BBIJleJIeTCs [JI1 OpraHu3aliuyi XpaHWINIa IIaMdaTH, KOTopasd MHaue He MOXKeT OBITh
noctyrHa. FreeBSD co3faéT CTPYKTYpy yIIpaBjeHUs IIOAKa4YKoM s 06beKTa VM, TOJIBKO KOIZa
9TO JEeMCTBUTEJBHO HY)XHO. OfHaKO CTPYKTypa yIpaBJIeHUs II0JAKAYKON HCTOPHYECKH HMeJa
HeKOTOpHIe IIPO6IeMBI:

* B FreeBSD 3.X B CTpPyKType yIIpaBjeHHs 00JIaCTbI0 ITOAKAUYKHU IIpelBapUTEIbLHO BBIJE/ISIeTC
MacCCUB, KOTOPBIM IIpeJCTaBJsieT COO0M Ilesbli 00beKT, TpeOyIIIUNM XpaHeHUs B 00J1acTH
IIOAKAaUYKH — Jake eCJH TOJbKO HECKOJIBKO CTPaHHUIL 3TOro 06beKTa XpaHATCAd B 06J1acTH
IIOAKAaYKH. ITO CO3MaéT IIpobsieMy ¢parMeHTAllMHd NaMATH fA4pa B cilydae, KOIJa B IaMATh
0TOOpa’karTcd 60JIbIlINe 00BEeKThl MU KOTJA BeTBATCS IIPOIleCChl, 3aHUMaloIe O0JIbIION
00BbEM ImamsTHU IIpu pabdore (RSS).

* Taxoke I OTCIEKUBAHUA [TaMATH II0JKAYKU B IIaMATH A/1pa MO Aep KUBaeTcs "CIIUCOK AbIp”,
U OH TakKKe HeCKOJbKO ¢QparMeHTHpoBaH. Tak KakK '"CIIMCOK [JbIp"  SBJIIETCSA
ocjefoBaTeIbHBIM  CIIMCKOM, TO IIPOM3BOAUTENBLHOCTHL IIPU  paclpefeeHUU U
BBICBOOOJK/IEHUM IIaMATHU B 006JIaCTU IIOAKAYKU HEOIITUMaJIbHA, U €€ CJI0KHOCTb 3aBUCHUT OT
KOJIMUeCTBa CTpaHHUIL Kak O(n).

* Takxe B IIpo1iecce BLICBOGO)K,I[GHI/IH naMsITH U3 00J1acTh IIOAKaYKH Tpe6yeTc;1 BBIJIEJIEHHE
IIaMsATH B d1p€, 1 3TO IIPUBOJUT K HpOGJ’IEMaM 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



Cl)paI‘MeHTI/IpOBaHHLIM, YTO IIPUBOJHT K pacCIIipeaeJIeHHUIO HEIIOCieg0BaTe/JIbHBIX ob6J1acTeln.

» [lTaMaTh s7pa TakKe [OJDKHA BBIEJATHCI Ha JIeTy [JIs [JOIOJHHUTEJIBHBIX CTPYKTYP
yIIpaBJIeHUs II0JKauYKOH IIPU BBITPY3Ke CTPAHUI] B 06J1aCTh IIOJKAYKH.

O4eBHHO, UTO MeCT [JIg YCOBEPIIEeHCTBOBAHUM IIpemocTaTouHo. Bo FreeBSD 4.X mopcucreMa
yIIpaBJyieHus 00J1aCThI0 II0IKaYKHY O6blyIa II0JIHOCTBIO IlepellcaHa MHOIO:

* CTPYKTYpHI yIIpaBIeHUs 00J1aCThIO IIOAKAYKH PaCIIpe/ie/IS0TCs IIPYU IIOMOIIH X3II-TabIUIIb], a
He 4yepes JIMHENMHBIM MacCUB, YTO AT UM QUKCUPOBAHHBIM pasMep IIPU paclipefieleHUU U
paboTy c ropasso MeHBIIUMU CTPYKTYPaMH.

* BMmecTO TOro, 4T0OBI HUCII0JIb30BAaTh OJHOHAIIPABJIEHHbIN CBA3HBIN CIIUCOK JJI1 OTCIeKUBAHUS
BBIJleJIeHUs IIPOCTPAaHCTBAa B 0OJIACTHU IIOAKAaYKH, Tellepb HCII0JIb3yeTCs II0OMTOBas KapTa
6JI0KOB 00J1aCTH IIOJKAaYKH, BBIIIOJTHEHHAs B OCHOBHOM B BHJle JPEBOBUJHON CTPYKTYPHI C
“uHbopMaIei o CBO60JHOM IIPOCTPAHCTBE, HAXOAIeCd B y3JIaX CTPYKTYP. TO IIPUBOAUT K
TOMY, YTO BBIleJIeHWe U BBICBOOOXKIEHHEe IIaMiITH B 00J1aCTH II0JKAaYKU CTaHOBUTCS
omeparre caoxHocta O(1).

* Bcé mepeBo Takke pacmpefiesisieTcsl 3apaHee I TOTO, UTOOBI M36e)KaThb pacIipefiesieHUs
IMaMsITH siipa BO BpeMsi omeparuii ¢ 06JIacThbI0 MOJKAYKU IIPU KPUTHUECKH MajIoM 00bhEéMe
CBOOOIHOM TaMsITH. B KOHIle KOHIIOB, CHCTeMa obpaliaercs K 06JIaCTH IIOAKAYKU IIPU
HexXBaTKe IIaMATH, TaK YTO MBI JOJDKHBI M30e)KaTh paclipefie/ieHUsI MaMITU sfipa B TaKue
MOMEHTHI /IS 136e>KaHUsI ITI0TeHITHATbHBIX 6JIOKUPOBOK.

o /7151 yMeHbIIIeHUs GparMeHTaIliH [lepeBo MOYKeT pacIipefiessiTh 60JIBbII0N IT0CIe[0BaTeIbHBIN
KYCOK 3a pas, IIpoITycKasi MeHbIIIHe dparMeHTUPOBaHHbIE 00JIaCTH.

S1 He cmesas HOCAeTHUHM IIAar K 3aBeJleHUI0 "yKa3aTeJsd Ha paclpefiesieHHe", KOTOPHIH OyneT
IepeBUTaThCs 10 y4aCTKy 06JIaCTH IOJKAUKU IIPU BBIJIeJIEHUU IIaMATH I obecliedyeHUs B
OymymeM  pacipefieJieHHsI IIOC/Ie/loBaTe/NbHBIX y4aCTKOB, MWJIM II0 KpaiiHel Mepe
MEeCTOIIOJIO>KEHHUSI CCHLIIKH, HO 51 YOeXK/IeH, UTO 3TO MOKeT OBITh C/leJIaHO.

4. Korma oCBO00KAAaTh CTPAHUILY

Tak xak cuctema VM HUCIIOJIB3yeT BCIO AOCTYIIHYIO IaMATh AJIs KIIIMPOBAHUS [HCKA, TO 0OBIYHO
IelCTBUTEILHO He3aHATHIX CTPAHUI] 0UeHb Masio. CucteMa VM 3aBHUCHUT OT TOTO, KaK OHa TOYHO
BBIOMpaeT He3aHSThle CTPAaHHUIIBI I IIOBTOPHOTO MCIIOJIB30BAaHUS JI HOBBIX paclipeie/IeHUM.
OnTuManbHBIA BBIOOP CTPaHUI] [/ BBICBOOOJK[EHHS, BO3MOJXKHO, SIBJISIETCS CaMOM BaKHOH
¢yHKIIMel 0608 VM-cHCTEMBI, W3 TeX, UTO OHa MOYKeT BBIIIOJHATH, II0OTOMY YTO IIpHU
HeIlpaBWJILHOM BBIOGOpe cucTeMa VM BBIHY)KZeHa Oy/leT 3allpallliBaTh CTPAaHMIIBI C AHCKa,
3HAYUTEeJIbHO CHIDKas IIPOU3BOJUTEBHOCTh BCEM CUCTEMBI.

Kakyo IOIIOJITHUTeJIbHYI0 Harpy3Ky MBI MOJKeT BBIJeJIUTh B KPUTHUYECKOM IIYTH I U30eKaHUsA
BBICBOOOJK/IeHUsI HEBEPHO BbIOpPAaHHOM CTpaHUIIbI? Ka)k bl HellpaBUJIbHBIA BBIOOP OY/[eT CTOUTH
HaM COTeH ThICAY TAKTOB paboThl I[IeHTPaJbHOTIO IIpoljeccopa M 3aMeTHOIO 3aMe/JIeHHsI PaboThl
3aTPOHYTHIX IIPOIIECCOB, TaK YTO MBI JO/DKHBI CMUPUTHCS CO 3HAUYUTEIbHBIMU U3Jep>KKaMU pasu
TOI0, YTOOBI ObLiIa BeIOpaHa IpaBUJIbHAsg CTPaHUIlA. BoT mmouemy FreeBSD mpeBOCXOAUT ApyrHe
CHUCTEMBI B IIPOU3BOUTEILHOCTH IIPU HeXBaTKe PeCypCcoB IIaMATH.

AJII‘OpI/ITM OIIpere/IeHus CBO60,Z[HOI>1 CTPAaHUIIBI HAIIMCaH Ha OCHOB€ HCTOPHH HCIIOJIB30BaHUA



CTpaHHUIL ITaMsATH. [t II0JIy4eHHA 3TOM HCTOpHHU CHCTeMa HMCIIOJIB3YyeET BO3MOKHOCTH ouTa
HCIIOJIb30BaHU IIaMATH, KOTOPbIe MMEIOTCA B OOJIBLIITHCTBE aIlllapaTHBIX TaﬁﬂHHaX CTpaHHUI]
IIaMsATH.

B sr060M ciydae, 6UT HCII0JIb30BaHUS CTPAHUIILI OUYUINAETCS, U B HEKOTOPBIN OoJiee IIO3LHUMI
MoMeHT VM-cucTeMa obpailriaeTcs K CTpaHHUIle CHOBa U 0O0HapPy>KUBAET, UYTO 3TOT OUT YCTAaHOBJIEH.
JTO yKasblBaeT Ha TO, YTO CTPAHUIA aKTUBHO HCIOJIb3yeTcs. [leproguyecKu IpoBepsis 3TOT OUT,
HaKalUIMBaeTCd MHCTOPHS HCIIOJb30BaHUA (B BUJEe CUeTUHWKa) QU3NUeCKOM CcTpaHUIBL Korga
mo3xe VM-cucteMe TpebyeTcs BBICBOOOAUTH HEKOTOPhle CTPaHUIILI, I[IpOBepKa HCTOPUU
BBICTYIIaeT yKa3aTesleM IIPH OIlpejleJIeHUHU HarboJjiee BePOSITHON KaHAUAATYPHI JI1 IOBTOPHOTO
UCII0JIb30BaHUSA.

JUts Tex IUIaTGOPM, YTO HE HUMEIOT 3TOH BO3MOKHOCTH, CHCTEMAa 3MYJIHUPYeT 3TOT OHT. OHa
CHUMaeT O0TOOpaskeHHe WJIH 3all[UITaeT CTPAHUITY, YTO IPUBOJUT K CTPAHUYHOMY HapPYIIEHHIO,
€CJTH K CTPaHUIIEe BHITIOJTHIETCS IIOBTOPHOE obpalreHue. [[py BOSHUKHOBEHUHU 3TOTO CTPAHUYHOTO
HapyllIeHUs CHUCTeMa IIPOCTO IIoMedaeT CTPAHMIly KaK UCIOJb3yeMyI0 U CHUMAaeT 3all[UTy CO
CTPAHUIIBI, TAK YTO OHA MOXKET HCIIOJIH30BaThCS. XOTSI HCIIOJIL30BAaHHME TAKOTO ITPHeMa TOJIBKO
IJIST OTIpeZiesIeHHsT MUCITOIb30BaHUS CTPAHUITHI BeChbMa HAKJIAMHO, 3TO BHITOIHEE, UeM ITOBTOPHO
HCII0JIb30BaTh CTPAHUILY JJIS IPYTUX Ilejiell U 00Hapy>KUTh, YTO OHA CHOBA HY>KHA IIPOIECCY U
IIOATPY>KaTh eé C AUCKa.

FreeBSD wucmosb3yeT HECKOJILKO odepezell CTpaHUI] Ui OOHOBJIEHHS BBIOOpa CTpPaHUIL [AJIS
IIOBTOPHOI'O0 HCIIOJIb30BaHUA, a TaKKe I OIIpefiesileHUs TOrO, KOIJa >Ke I'pPsA3Hble CTPaHUIIbI
IOJDKHBI OBITH COPOIIEHBI B XpaHWIUIe. Tak Kak Tabiuipl cTpaHUI] Bo FreeBSD saBisiroTCs
OUHaAMUYeCKUMU 00 beKTaMU, IIPaKTUYeCKU HUUYero He CTOUT BbIpe3aTh CTPAHUILY U3 aZpeCcHOro
IIPOCTPAHCTBA JII0O0T0 HCIIOJIb3YIOIero eé mporecca. ITocie TOro Kak IoAXoAdIas CTpaHUIla Ha
OCHOBe CUETYMKAa HCIIOJIb30BaHUS BbhIOpaHa, UMEHHO 3TO U BBINIOJIHAeTCA. CucTeMa [0JDKHA
pasjuyaTh UMCThle CTPAaHUIILI, KOTOPble TEOPETHUYECKU MOTYT OBITH BBICBOOOXK/EHBI B JIHO60€
BpeMs, U TpsA3Hble CTPaHUIIbI, KOTOpble CHavasla JOJ/DKHBI OBIThH IIepellicaHbl B XpaHUJIUILe IIepes
TeM, KaK UX MOKHO Oy/leT HUCII0JIb30BaTh IIOBTOPHO. [Toce HaX0XAeHUS II0AXOAAINEN CTPaHUIIbI
OHa IlepeMellaeTcsd B HeaKTUBHYIO OUepeab, eC/JIM OHa SIBJIAETCA I'PSA3HOM, UK B OUepenb KIIlla,
ecyi oHa yucTasd. OTAe/JIbHBIN aJITOPUTM, OCHOBBIBAIOIIIUICS HAa OTHOIIIEHUH KOJIMYeCTBa IPA3HBIX
CTPaHUI] K YMCTHIM, OIIpejiessieT, KOoIja Ipsa3Hble CTPAHUILI B HEAaKTHBHOM ouepeny [OJDKHBI
OBITH COpOIlIEHBI Ha AWCK. Korma 3TO BBIIIOJIHUTCS, COPOIIIEHHBIe CTPAHUIIBI IIepeMelaloTCa U3
HeaKTHUBHOM Ouepely B ouepelb K3llla. B 3TOT MOMEHT CTPaHUIIbl B OUepesr Kallla MOTYT OBITH
IIOBTOPHO AaKTHUBU3HWPOBAHBl CTPAHUYHLIMHU HapylleHUaMu VM CO CpaBHUTEJBHO MaJIbIMU
HaKJIaJHBIMU pacxogaMu. OZHAKO CTPaHUIIBl B OUepeiu Kallla IIpejriojaraeTcs "BbICBOOOXKIATh
HeMeJJIeHHO" W IIOBTOPHO MCIO0Jb30BaTh B LRU-mmopsgake (HauMeHee TaBHO HCIIOJIb3yeMBbIN),
KOIZla cucTeMe II0TpebyeTcs Bbl/lesIeHHe TOII0JTHUTEIbHOU ITaMATH.

CTouT OTMETUTH, UTO BO FreeBSD VM-cucremMa IbITaeTCad pPaslesidTh UYUCTble U TI'PA3HBIE
CTpaHUIIBI BO U30e)kaHre CPOUHOU HEOOXOIUMOCTH B HEHY)KHBIX COpOCax I'psa3HbIX CTPaHUILL (UTO
OTpa’kaeTcsd Ha IIPOIIYCKHOM CIIOCOOHOCTH BBOJA/BBIBOJIA) U He IlepeMelllaeT OeCIPUYMHHO
CTPAHUIILI MeXKIy PasHBIMH oudepensaMH, KOIZa IIOACHCTeMa VIIpaBJeHHs IIaMITbI0 He
HCIBITEIBAET HEXBATKy pecypcoB. BoT 1oyemMy BBl MOJXKeTe BHEThb, UTO IIPU BBIIIOJIHEHUU
KOMaH[BI systat -vm B HEKOTOPBIX CHCTEMax 3HaUeHHe CUeTUYHKa ouepesy Kalla MaJjlo, a CUeTUUK
aKTUBHOM odyepenu O6oJbIIOM. IIpM IIOBBIIIEHWMW HArpy3kd Ha VM-CHCTeMy OHa IIpHUaraer
O0JIbINIMEe YCHJIMS Ha IOAJEpP KKy pPasINuuYHBIX Odepefed CTPAaHUI] B COOTHOIIEHUIX, KOTOpPBIE
SIBJISIIOTCSA Haubosee 3G GeKTUBHBIMMU.



FomaMu XOQUIU COBpPeMeHHBIe JiereH/bl, YTO Linux BBIIOJIHSET paboTy II0 IIpeoTBpPAaIl[eHUI0
BBITPY3KU Ha AUCK Jjydlle, yeM FreeBSD, HO 3aTo He Tak. Ha camom fese FreeBSD crapaercsa
COpPOCUTH HA AVCK HEHCIOJIb3yeMble CTPaHUIIbl IS OCBOOOKAEHUsI MecTa II0J AVMCKOBBIN KIlII,
KOIZJa KakK Linux XpaHUT HEWCIIOJIb3yeMble CTPaHUIBl B IaMITH M OCTaBJsIeT II0[ KIII U
CTPaHMUIILI IIPOIIeCCOB MeHBbIIle ITaMITH. Sl He 3Hal0, OCTAaETCd JIM 9TO IIPaB/Joi Ha CeroHAIITHUMN
[leHb.

S. YIIpexkaaromiasi OnTHMHU3aITus
CTPAHUYHBIX HAPYIIEHUH U 00OHY/IeHUA

[ToJslarasi, UTO CTpaHUYHOe HapyllleHHe B VM He SBJISeTCs ollepalieil ¢ 60JbIIUMU HaKJIaJHbIMU
pacxofaMy, ecad CTpaHHUIlAa yyKe HaXOAUTCI B OCHOBHOM IIaMITH M MOXKET OBITH IIPOCTO
oToOpa’keHa B aJipecHOe IIPOCTPAHCTBO IIpOIlecca, MOXKeT OKas3aThCd, YTO 3TO CTaHET BeChbMa
HaKJIaJHO, eCJIU UX OyZeT 0KasblBaThCs Pery/sipHO MHOI0. XOPOIIUM IIPUMepOM 3TOM CUTyaIluu
SIBJISETCS 3aIlyCK TaKUX IporpaMM, Kak Is(1) mim ps(1), cHoBa U cHoBa. Eciii OMHApHBIN ¢aiiil
IIporpaMMBbl OTOOpa’kéH B IIaMATh, HO He 0TOOpa’kéH B TaOJ/IUIly CTPaHUIL, TO BCe CTPAaHMUIIBI, K
KOTOPBIM OOpaliiazack IIporpamMma, OKa kyTcs HeJJOCTYIIHBIMU IIPU Ka’K0M 3aIlyCKe IIPOrpaMMEL.
JTO He TaK YK He0OXOJUMO, eCJIU 3TU CTPAHUIIBI yrKe IIPUCYTCTBYIOT B Kalle VM, Tak uto FreeBSD
OyZeT NIBITaTbCAd BOCCTaHABJIMBATh TaOJMIBI CTPAHUI] IIpoliecca U3 TeX CTPaHUIl, UYTO yxKe
pacrosararorcs B VM-kamre. OgHako BO FreeBSD IIoka He BBIIIOJHAETCA IIPeABapPUTEILHOE
KOIIMpOBaHUe IIPU 3aIIMCH OIIpefe/IEHHBIX CTPaHUIL IIPU BBHIIIOJIHEHUM BBI30Ba exec. Hampumep,
eCJIM BBl 3allycKaeTe IporpamMmy Is(1) omfHOBpeMeHHO ¢ paboTaroleii vmstat 1, To 3aMeTuUTe, 4TO
OHa BCerJa BBIJAET HEeKOTOpOe KOJMYeCTBO OIIMOOK JOCTyIlla K CTpaHUIlaM, Jake KOIZA BbI
3alycKaeTe eé CHOBa ¥ CHOBA. ITH OIIIMOKH OTHOCATCI K TUITy zero-fill ¥ He cBg3aHBI C JOCTYIIOM K
KOy IIporpaMMbl (KOTOpBIM Yy>Ke OBLI IIpefBapUTeNbHO O0ToOpaXkéH). IIpemBapuTesbHOE
KOIIMpOBaHMWe CTPaHUI] IIPU BBHIIOJHEHUU BBI30BOB exec wiau fork Haxoparcs B 06J1acTH,
Tpebyrolet 60JIee TIaTeJIbHOIO U3yUYeHU .

BoJIBIIION TIPOIlEHT CTPAaHUYHBIX HapYIIeHWU OTHOCUTCI K CTPAaHUYHBIM HapyIIeHUAM IIPU
3aIl0JIHeHUU HYJIIMU. BBl MO>KeTe 00BIYHO BUZIETH 3TO, IIPOCMaTpPUBasi BEIBOJ KOMaHbI vmstat -s.
JTO IPOUCXOAUT, KoIja IIpollecc obpalaeTcs K CTpaHUIlAaM B cBoel ob6sactu BSS. O6sacts BSS
IpernosiaraeTcsd U3HavYaJIbHO 3aIll0JTHEHHOU HYJISIMH, HO VM-crcTeMa He 3a00TUTCI O BhIZ[eJIEHUN
IaMsiTH [0 TeX II0p, II0Ka IIPOIlecC peajbHO K Hell He o6paTuTcsd. [Ipy cTpaHUYHOM HapyllleHUNU
VM-cucTeMa [OJ/DKHA He TOJBKO BBIIEJIUTH HOBYIO CTPAHUILY, HO U 3aII0OJIHUTHL €€ HyJIaMU. /s
OIITUMHU3AIIMU OIlepallly II0 3allOJIHEHWI0 HYJIMU B cucreMe VM mHMeeTcs BO3MOXKHOCTH
peIBapUTEIbHO OOHYJSATH CTPaHUIIBl U IIOMeYyaTh HX, U 3allpallluBaTh y>Ke OOHYJIEHHBIE
CTpaHUIBI TPHM  BO3HUKHOBEHUM  CTPAaHUYHBIX  HapyIIeHWU  3alloJHeHUs  HYJSIMH.
[IpexBapuTesibHOE 3aIllOJIHEHWEe HY/JIAMU IIpoUCXomuT, Korma CPU 1pocTranBaeT, OLHAKO
KOJIMYEeCTBO CTPAHMUI], KOTOpble CHUCTeMa 3apaHee 3allOJIHAeT HYJSIMH, OIpaHU4YeHo, IJIg TOTO,
4TOOBI He IEPEIIOJTHUTh KU HaMATH. ITO IpeKpacHBIN HpuMep A06aBJIEHUS CI0KHOCTU B VM-
CUCTeMY pagy OIITUMH3AITUH KPUTHUECKOTO ITyTH.

6. OnTUMHU3aIUA TaO/IHUIBI CTPAHUIL

OHTI/IMI/ISHLII/IH Ta6JII/I]'_UaI CTpaHHII COCTaBJ/IIET CaMVYIO COZEePrKaTeJIbHYIO HaCTh apPXUTEKTYPEI VM
BO FreeBSD u oHa IIPOABJIAETCA IIPH IIOABJIEHWH HATPY3KHU IIPpH 3HAYHUTE/JbHOM HCIIOJIb30BaAHHUH


https://man.freebsd.org/cgi/man.cgi?query=ls&sektion=1&format=html
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mmap(). 51 m;ymMaro, YTO 3TO HA CAMOM JleJie 0COOeHHOCTDh PaboThI O60JIBLIITUHCTBA BSD-cUcTeM, XOTH 5
He yBepeH, KOIZla 3TO IIPOSIBUJIOCH BIIEpBble. ECTh Ba OCHOBHBIX IIOAXOJAa K OIITUMU3AIlUU.
[lepBBIi 3aKJ/IIOYAETCd B TOM, UTO allllapaTHbIe TaOJIMIIbl CTPAHUIL] He COoAep>KaT II0OCTOSIHHOIO
COCTOSIHUS, & BMeCTO 3TOT0 MOTYT OBITH COPOILIEHBI B JIIOO0OM MOMEHT C MaJIbIMH HaKJIaJHbIMU
pacxomaMu. BTOPOM ITOX0M COCTOUT B TOM, UTO KaK[asi aKTUBHAas TabJIHIla CTPaHUI] B CHCTEeMe
HUMeeT YIIPaBJIIIoIIYI0 CTPYKTYPY pv_entry, KOTOpas CBsi3aHa B CTPYKTYpPy vm_page. FreeBSD moykeT
IIPOCTO IIPOCMAaTpPUBaTh 3THU OTOOpa’keHUs, KOTOpble CYIeCTBYIOT, KOIZla KakK B Linux [OJDKHBI
IIPOBEPATHCSI BCe TAOJMIBI CTPAHUL, KOTOPBIe M02ym cofep>KaTh HY)KHOe 0TOOpakeHHe, YTO B
HEKOTOPBIX CUTyaIllusd JAAET yBeJIMUeHHUe CJI0KHOCTH O(n”2). M3-3a Toro, uTto FreeBSD cTpeMuTcs
BbIOpaTh HauboOJIee IIOAXOMAINYI0 K IIOBTOPHOMY MCIIOJIb30BAaHUIO HJIM COpocy B 00J1aCThb
IIOIKAYKKU CTpPaHUIly, KOIZla OIIyIjaeTcd HexBaTKa [aMdITH, CHUCTeMa [TaéT JIYUIIyIo
IIPOU3BOAUTEILHOCTD IIPU Harpyske. OgHako Bo FreeBSD TpebGyeTcs TOHKas HaCTpPOMKa sAxpa I
COOTBETCTBHUS CUTyaIlUIM C OOJIBIIIMM COBMECTHO HCII0JIb3YeMBbIM aJpeCHBIM IIPOCTPAHCTBOM,
KOTOpbIE MOTYT CJIIYYUTHCS B CUCTEME, 00CTyKABAKOIIlEN cepBep TeleKOHQEepeHIIU, II0TOMY UTO
CTPYKTYPHI pv_entry MOTYT OKa3aThCd UCUePIIaHHBIMHU.

N B Linux, U BO FreeBSD TpeOyroTca mopabOoTKH B 3TOM o6sacTh. FreeBSD 1bITaeTcs
MaKCUMU3UPOBATh IIPEUMYIIeCTBA OT IIOTEHI[UAJIbHO PelKO IIPpUMeHsIeMOM MOJieJId aKTUBHOTO
oTobpakeHUs (K IIpuMepy, He BCeM IIpolleccaM HY)XHO OTOOpa)kaTb BCe CTpPaHUIIbI
OTUHaMH4YeCKOM 6UO/IM0TEeKH), KOTAa KaK Linux IIbITaeTcsd YIPOCTUTH CBOU aJrOPUTMEL. FreeBSD
UMeeT 3[eCb O0OIlee IIPEUMYIECTBO B IIPOM3BOAUTEJBHOCTH 3a CYeT MCIIOJIb30BaHUA
IOOIIOJTHUTEJbHOU IIaMATH, HO FreeBSD BBIVIIAUT XyKe B Cjydae, Korja O0JIbIION aiia
COBMECTHO MCIIOJIL3yeTCsd COTHIMH IIPOIleccoB. LinuX, ¢ APYyrodl CTOPOHBI, BBIVIALUT XyKe B
cy4ae, KOIZla MHOTO IIPOIIECCOB YacCTUYHO HCIIONB3YOT OJHY U Ty >Ke IUHAMUYeCKYIO
O6MOJIMOTEKY, a TakyKe paboTaeT HEOIITUMAJILHO IIPH IIOIIBITKE OIIPEee/IUTh, MOXKET JIM CTPaHUIIA
IIOBTOPHO HCII0JIb30BaThCs, MU HET.

7. SaKJIIOUEHH e

BupryasbHasa maMATh B COBPEMEHHBIX OIIEPAIlMOHHBIX CHUCTeMaxX TOJDKHA pellaTh HeCKOJIbKO
pasUUHBIX 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  HEKOTOpOe  KOJIMYECTBO
YCOBePIIIeHCTBOBAHUM, U paboTa HaJl HUMHU IIPOJ0JKAeTCs.

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

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

FreeBSD ucrosib3dyeT B 006J1aCTH II0JKaYKU MeXaHU3M Uepel0BaHUs, C MHIEKCOM I10 YMOJTYaHUIO,
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pPaBHBIM YeThbIpeM. JTO O3HadaeT, 4To FreeBSD pesepBUpyeT NIPOCTPAHCTBO [JIS1 UYETBIPEX
o6JiacTeli IIOJKaYKH, [Ja’Ke €CJIU y BaC UMeeTCs BCero JIUIIb OfHa, IBe WU TPU 06s1acTy. Tak Kak B
ob6JylacTH IIOAKAaYKKW MMeeTCd YepefoBaHUe, TO JIMHeEHHOe ajpecHOe IIPOCTPAHCTBO,
IIpeJCcTaBJIA0Iee "yeThIpe 00JIaCTH IOAKAYKU', Oy/leT ¢pparMeHTHPOBaThLCS, eCJIM y Bac HeT Ha
caMOM [lejle 4eThIpéX obJiacTed IlogkKayky. Harmpumep, eciu y Bac ABe o6sacTd A U B, TO
IIpeficTaBJeHNe aApecHOro IIPOCTpPaHCTBA [JId 3TOM 06s1acTH IogKauyku Bo FreeBSD OGyzer
OpraHM30BaHO C YepefoBaHUeM 6JI0KOB U3 16 cTpaHMUII;:

ABCDABCDABCDABCD

Al

FreeBSD 3.X HCIIOJIB3yeT "IIOC/IeH0BATeJIbHBIM CIIMCOK CBOOOAHBIX O6JacTeil” I yIIpaBJIeHUSA
CBOOOJHBIMU 00JIaCTAMH B pasfesie IIOAKa4yKW. Mpaesd COCTOUT B TOM, 4YTO OOJIbIIHe
IocaeoBaTeJbHbIe 6JI0KH CBOOOJHOIO IIPOCTPAHCTBA MOIYT OBITH IIpe/CTaBJIeHbl IIPHU ITOMOIIIA
y3sa opHocBsA3HOro crucka (Kern/subr rlist.c). Ho m3-3a ¢parmMeHTaniiu II0CJe[0BaTeJIbHBIN
CIIMCOK CaM CTaHOBUTCSI QparMeHTHPOBAaHHBIM. B IIprMepe BBIIIE II0JTHOCTHI HEUCIIOJIb3yeMoe
IIPOCTPAaHCTBO B A u B OyzeT IloKa3aHO KaK "cBo6ogHoe", a C © D Kak "IIOJTHOCTBIO 3aHATOe".
Karkzol 1ocirefoBaTe/IbHOCTH A-B TpebyeTcs 1 yuéTa y3eJI CIIUCKa, II0ToMy uTo C U D aBigroTcsa
IbIpaMHM, TaK UTO y3eJI CIIMCKa He MOJKeT OBITh CBSI3aH CO CIe[yIollel I10C/Ie0BaTeIbHOCTLI0 A-B.

[ToueMy MBI OpraHH3yeM uepefoBaHHEe B 00JIaCTH IIOAKAYKU BMECTO TOrO, YTOOBI IIPOCTO
06'beIMHUTH 00JIaCTH IIOAKAYKH B OJHO IejIoe U IIPUAyMaTh 4TO-TO 6osiee yMHOe? I[IoToMy 4TO
ropasfio Jierde BBIJIeJIATH II0CIe0BaTeJbHbIe II0JIOCHI afpeCHOr0 IIPOCTPaHCTBA U II0JIydaTh B
pesyJbTaTe aBTOMaTHUeCKOe dYepeJOBaHHE MeEXKJy HEeCKOJbKHUMM [WUCKaMH{, 4YeM IbITaThbCd
BBIZIYMBIBATh CJIO>KHOCTH B [PYTOM MeCTe.

dparMeHTaIVs BbI3bIBAET JpyTHe IIP06JIeMbl. SIBJISSACH II0CIe[0BaTeIbHBIM CIIMCKOM B 3.X U UMes
TaKoe OTPOMHYI0 ¢pparMeHTallNIo, BblJleJIleHHe U 0CBOO0KIeHHe B 00JIacTH II0JKaYKU CTAaHOBUTCS
asroputMoM cioxkHocTH O(N), a He O(1). BMmecrte ¢ apyruMu ¢pakTopaMu (dacTtoe obpallleHue K
00J1aCTH IIOJKAaYKH) BRI ITOJIy4YaeTe CI0KHOCTL ypoBHelr O(NA2) u O(NA3), uTo II0X0. B crucTeme
3.X TaxyKe M0OKeT 10TpeboBaThCs BhliesieHre KVM Bo BpeMs paboThl ¢ 06J1aCThI0 IIOAKAUKU JIJIs
CO3[JaHUs HOBOTO y3JIa CIIHMCKA, YTO B YCJIOBUU HeXBAaTKU ITaMITH MOKeT IIPUBECTU K OJIOKUPOBKE,
eCJIM CUCTeMa IIOIIbITaeTCsa COPOCUTh CTPAHUIIBLI B 06/1aCTh IIOJKAYKHU.

B 4.X MBI He HCIIOJIb3yeM IIOCJIel0BaTeJIbHBIN CIIMCOK. BMeCTO 3TOr0 MBI MCIIOJIbL3yeM Oa3uCcHOe
IepeBo U OUTOBBIE KapThl 6JI0KOB 00JIaCTH IIOJKAYKH, a He OTPaHUYEHHBIN CIIKCOK Y3JI0B. MBI
IIPUHHUMaeM IIpe/iBapuUTeJbHOE BbIJleJIeHHe BCeX OMTOBBIX KapT, TpeOyeMBIX /JId BCeH 06J1aCTH
II0JKa4YKH, HO IIPU 3TOM TPaTUTCA MeHBbIIIle IIaMATH, II0TOMY YTO MBI HUCII0JIb3yeM OUTOBBIe KapThI
(oguH 6UT Ha OJIOK), @ He CBI3aHHBIM CIIMCOK y3JI0B. McIiosib30BaHMe 6a3UCHOIO JlepeBa BMECTO
II0CJIeIOBATEeJILHOIO CIIMCKa JaéT HaM I[IPOM3BOAUTEJBLHOCTE 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 mpumepe ¢ man:1Is(1) u vmstat 1 BBIIIE MOryT JIH
HEKOTOpbIe CTpaHUYHbIE HapyllIeHUsI ObITh
CTPaHUYHBIMHU HapyUIeHUIMH JaHHBIX (COW u3
BBIIIOJIHUMOTO ¢pailjia B IpUBaTHbIE CTPAHUIIBI)?
HWHBIMH CJIOBaAMHU, 51 05)KU/JA0, YTO YaCTh CTPAaHUYHBIX
HapyllleHuH OyZeT CBsA3aHa C 3all0JIHeHUeM HYJ/IAMH, a
4acTh — C IPOrpaMMHBIMHU JaHHBEIMU. /1N BbI
rapanrupyere, 4To FreeBSD BEIIToTHSIET
npeaBapurejabHo COW 1jid faHHBIX IPOrpaMMBI?

CrpaHuuyHoe HapyuieHHe COW MoO)XeT OBITH CBSI3aHO HJIM C 3allOJIHEHUEM HYJISIMH, WIHA C
OAHHBIMU IIpOrpaMMbl. MexaHU3M B JIHOOOM Cjydyae OJUH U TOT >Ke, IIOTOMY YTO XpaHUJIUIIE
IaHHBIX IIPOTPaMMEBI y>Ke B Kallle. SI Ha caMOM [lejie He paj HU ToOMY, HU apyromMmy. FreeBSD He
BBIIIOJIHAET IIpeaBapuTesbHOoe COW pmaHHBIX IIporpaMMBl M 3alloJIHeHHWe HYJIIMM, HO OHa
8blN0/IHAem IIpeiBapUTeIbHO 0TOOpaskeHue CTPaHUIl, KOTOPbIe UMEIOTCA 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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