JJIEMEHTHI apXUTEKTYPhbI CHCTEeMBEI
BUPTYaJIbLHOM MaMATH BO FreeBSD

AHHOTAITUA

HasBaHue CTaTbU TOBOPHUT JIMIIL O TOM, YTO § IIOIIBITAXOCH OIIKCAaTh B IlejiIoM VM-CHCTEMY
IIOHATHBIM $3BIKOM. IIoCiIeHUII TOA 1 COCPefOTOYMJI YCHWIMS B paboTe HaJ HeCKOJbKUMU
OCHOBHBIMHU IToficucTeMaMH szpa FreeBSD, cpefu KOTOPBIX ITOACHUCTEMBI VM UM IIOAKAYKU OBLIU
caMbIMHU HHTepecHbIMH, a NFS okasasach "He0O6XoquMOU PyTHUHOH". S Ieperricasl JIUIIb MaJjyio
4JacThb Koja. Uto Kacaercsa VM, TO g9 eJUHCTBEHHBIM O0JILIIINM OOHOBJIEHHEM, KOTOpPOe s ceJiall,
ABJIIeTCA IIepejiesiKa IIOJCUCTeMBl II0JKayKU. OCHOBHasg 4acThb MoOeM paboThl 3akJroyaszach B
3a4UCTKe U MOJJIepKKe KO0/ia, C eJUHCTBEHHOU 3aMeTHOH Ilepe/le/IKOM Koza U 6e3 sSHaUUTeJIbHOM!
rnepeieyiKd aJropuTMoB B VM-TiogcucreMe. B 0OCHOBHOM TeopeTHdeckas 6asa paboTrel VM-
IIOJICUCTEMBl OCTaJlaCb HeW3MeHHOMN, a OOJIbIIMHCTBO 06JlarofapHOCTeM 3a COBPEMEHHBIX
HOBOBBeJ[eHUd 3a II0C/IeJHUEe HECKOJbKO JIeT IIpuHazJieskaT John Dyson u David Greenman. He
SIBJIASICh UCTOPUKOM, KaK Kepk, 1 He 6y/y IILITATHCS CBSI3aTh pa3/IMUHble BO3MOKHOCTH CUCTEMEI C
HUMeHaMH, II0TOMY 4YTO 00513aTeIbHO OIIHUOYCh.
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1. BBemeHue

[Tepex, TeM, KaK IIepeHTH HEIIOCPeACTBEHHO K CYII[eCTBYIOIeH apXUTEeKType, II0OTPaTUM HEMHOIO
BpeMeHH Ha pacCMOTpeHHe BOIIpoca O HeOOXOJUMOCTH IIOAJEPKKHM U MOJEepPHHU3aIlUU JIH60I0
IJINTeJIbHO JKUBYIEIO0 KoJa. B Mupe IIporpaMMUpOBAaHUA aJTOPUTMBI CTaHOBATCI Oosiee
BaXHBIMH, 4YeM KOJ, YU HMMEHHO WH3-3a aKaJeMHUueCKUX KopHell BSD wu3HauyalbHO 60JIbIIIOE
BHMMaHHe yJeJIsI0Ch IIPopaboTKe aJrOpUTMOB. BHUMaHUe, yejleHHOe apXUTeKType, B 00IeM
OTpa’kaeTcd Ha SICHOCTH M TMOKOCTH KOJa, KOTOPBIA MOXKeT OBITH JOCTATOYHO JIETKO H3MEHEH,
paciivpeH MM C TedyeHHeM BpeMeHH 3aMeHeH. XOTsd HeKOTOopele cuurarT BSD "crapom"
OIlepallMOHHOM CHUCTEMOM, Te MUX Hac, KTO paboTaeT HaJ HeM, BUIAT ee CKOpee CHUCTEMOM CO
"3pesIbIM" KOJJOM C pas/IMYHBIMU KOMIIOHEHTaMM, KOTOpPble OBLIM 3aMeHeHBI, paclIupeHbl WIx



U3MeHeHbI COBpeMeHHBIM KoloM. OH pasBuBaeTcs, ¥ FreeBSD ocTaeTcs Iepe/loBOM CUCTEMOMH, BHe
3aBUCHMOCTH OT TOTO, HACKOJIbKO CTapod MOKeT OBITh YacTh KOZa. ITO BaKHOe OTJIMYHe,
KOTOpOe, K COKaJIeHUI0, He BCeMM IIOHMUMaeTcsad. CaMOM OOJIBIIION OLIWOKOM, KOTOPYH MOXKEeT
OOIIYCTUTHL IIPOTPAMMIUCT, SIBJISIeTCd UTHOPHUpPOBaHWe HCTOPUH, M 3TO HMMEHHO Ta OIIMOKa,
KOTOPYIO0 CcIesiajld MHOTHE [pyrue COBpeMeHHbIe OIllepaljoOHHbIe CcHCTeMbl. CaMBIM SpPKU
npuMepoMm 3zech gBigeTcd Windows NT®, ¥ mocieCcTBUS yKacHBI. Linux Takyke B HEKOTOPOU
CTeIleH!U COBEPIIWJI 3Ty OLIUOKY-L0CTaTOYHO, YTOOBI MBI, JIFOAM BSD, 110 KpaiiHell Mepe II0 pasy
OTIIYCTHUJIU II0 3TOMY II0BOAY IIYTKY. IIpobsieMa LinuxX 3aK/ro4yaeTcs IIPOCTO B OTCYTCTBUU OIIBITA
U UCTOPUU [JI1 CpaBHEHUS Hjiel, IpobyieMa, KOTopas JIeTKO U OBICTPO pellaeTcs CO06IeCTBOM
Linux TOYHO TakK >Ke, KaK OHa pelllaeTcd B coobiecTBe BSD-1IocTOAHHOM paboTOM HaJ KOLOM.
Paspaboruuku Windows NT®, ¢ Ipyroil CTOPOHBI, IIOCTOSHHO COBEPIIAIOT Te >Ke caMble OIIUOKY,
4uT0 6bLIM pelieHbl B UNIX® necaTKH JieT Hasaj, a 3aTeM TpaTsT roJbl Ha UX ycTpaHeHHe. CHOBa U
CHOBa. ECTh HECKOJIBKO CIy4aeB "IPopaboTKa apXUTEKTYpPhbl OTCYTCTBYeT" M "MbI BCEITa IIPaBhl,
IIOTOMY YTO TaK FTOBOPUT HAaIIl OTAeJI IIPOAaK". S IJIOX0 IIePEeHOIIly TeX, KOI0 He YUUT UCTOPHI.

BOJIBIIIMHCTBO OYEBUAHOM CI0KHOCTHU apXUTeKTyphl FreeBSD, ocob6eHHO B mogcucreme VM/Swap,
BJIIeTCd IIpAIMBIM  CJIe[CTBHEeM TOr0o, UYTO OHa pellaeT Ccepbe3Hble IIpO0JIEMBl C
IIPOU3BOAUTEIBHOCTBI0, KOTOPBIEe IIPOSBJ/IOTCA IIPHM PAas/JHUYHBIX YCJIOBHUAX. ITH IIPOOJIEMBI
BBI3BAHBI He IIOXOM IIPOPAb0TKOM aJTOPUTMOB, & BOSHHKAIT M3 OKPY)KaroIUX (paKTOpoB. B
JII0O0M IIPIMOM CpaBHEHHUM MeXAy IulaTGopMaMH 3TH IIPO6JeMBl IIPOSBIIAIOTCH, KOIZa
CHUCTEeMHBIE pecypchl HAaUYMHAKT KMCTOIAThbCA. Tak Kak s OIUCBHIBaK IojgcucreMy VM/Swap Bo
FreeBSD, To yuTaTes]b JOJDKEH BCeIZja UMeTh B BU/LY [iBa 00CTOSATE/ILCTBA:

1. CaMBIM Ba’KHBIM acIIeKTOM IIPH IIPOEKTHPOBAHHH IIPOM3BOJUTEIHLHOCTH SIBJISIETCSI TO, UTO
HasbIBaeTcd "ONITUMH3AIMer KPUTHYEeCKOro MapIpyTa”. YacTo ciy4aeTcs, YTO OIITHMHU3AIIUA
IIPOU3BOAUTEILHOCTH JaeT IIPUPOCT 06 beMa KoJa pajy TOro, YTOObl KPUTHUYECKUN MapIIpyT
paboTaJ 6sICcTpEe.

2. YeTKOCTh O0OIell apXUTEKTyphl OKasblBaeTCd JIydllle CHJIbHO OITHUMH3UPOBAHHOM
apXUTeKTyphl C TedyeHHWeM BpeMeHHU. Korma kKak 06001jeHHass apXUTeKTypa MOXKeT OBITh
MeJJleHHee, YeM ONTHUMU3UPOBAHHAsl apxXUTEeKTypa, IIpU IIepBOM peasysalii, IpU
0006111eHHOM apXUTeKTYype Jierye II0ACTPauBaThCA 10/ U3MEHSIOIUeCs YCI0BUS U Upe3MepHO
OIITUMU3UPOBAHHAsA apXUTEKTypa OKa3bIlBaeTCs HEIIPUTOJHOM.

JIr060¥ KOf, KOTOPBIM J0JDKEH BRDKUTH U MO/IaBaThCS MOJiep>KKe TO/IbI, I0JDKEH II09TOMY OBITh
TIIATEeJbHO IIPO[yMaH C CaMOT0 Hadasia, Jlake eCJIU 3TO CTOUT IIOTePH IIPOU3BOJAUTETHLHOCTH.
/IBagniaTh JieT Hasaj OBLIM Te, KTO OTCTaWBaJI IIPEeUMYIIeCTBO IIPOrpaMMHUPOBAHUS Ha SI3bIKe
acceMb6iiepa Iepes IIPOrpaMMHUpPOBaHUEM Ha $3bIKe BBICOKOTO YPOBHS, IIOTOMY UYTO IIePBBIM
reHepHpoBaJl B JIeCsITh pa3 6osiee OGBICTPBIM KOJ. B HaIllM THU OIIMO0YHOCTH 3TOTO apTyMeHTa
OYeBU/IHA - MO>KHO IIPOBECTHU ITapaJyIesid ¢ IOCTPOeHUEeM aJITOPUTMOB B 0000IIleHreM Ko/ia.

2. 00beKTsI VM

Jlyuiite Bcero HauaTh omricaHue VM-cucTeMbl FreeBSD ¢ IOIBITKH B3IVISHYTHL Ha Hee C TOYKH
3peHud II0JIb30BAaTeJILCKOro Ipoliecca. KaKAbpIM I10JIb30BaTEeJIbCKHH IIPOIleCC HMMeeT eIuHOe,
IpHHaIeskalllee TOJAbKO eMy M HepaspbIBHOe aJpecHoe IIpocTpaHCTBO VM, comeprkaliee
HeCKOJIbKO THUIIOB O0BEKTOB IaMATH. ITH 00BeKTHl UMeIT pasdYHble XapaKTepHUCTUKH. Kof
IIporpaMMbl U ee [aHHbBle SABJAIOTCA eIUHBIM ¢aiioM, OoToOpa’kaeMbIM B IIaMATH (3TO



BBITIOJTHSIOITUMCS ABOMYHBIN Qaiil), oJHAKO KOJ IIPOTpaMMBbI [TOCTYIE€H TOJIBKO [JI UTEHUS,
KOIZla KaK JaHHble IIPOrpaMMBbl pasMeIaliTCsI B peKUMe KOIIMPOBAHUSA-IIPHU-3allMCH. BSS
IIporpaMMBbl IIpeJCTaBjsieT COO0M BCEro JIMIIL BbIIeJIEHHYK 00JIaCTh ITaMSTH, 3all0JHEHHYIO,
eCJId 9TO TPebOoBaJIOCh, HYJIIMH, UYTO Ha3bIBaeTcsd 0OHYJIEHHEM CTPaHUIL HaMsITH 10 TpeGOBaHHUIO.
OtTmenbHble Qaiuibl MOTYT TakkKe OToOpa)kaTbCd B aJipeCHOe IIPOCTPAHCTBO, MMEHHO TakK
paboTaroT AUHaMH4YecKHe OuOIHOoTeKH. Takue oToOpakeHUS TpPeOyT H3MEHEeHWM, YTO0ObI
0CTaBaThCAd NPHUHAJJIEKAIIUMHU IIPOIIECCY, KOTOPBIM HX BBIIIOJHUI. CHUCTEMHBIM BbI30B fork
no6aBiigeT IMepeBOUT IIPo6seMy yIipaBjeHus VM IOJHOCTHI0 B HOBYIO ILIOCKOCTh, BJ06ABOK K
yoKe UMEIOIITIMCS CII0’KHOCTSIM.

WUTIoCTpUpYyeT CJI0KHOCTH CTpaHUIA [aHHBIX ABOMYHOM IIpPOrpaMMbl (KOTOpas SIBJISIETCS
CTpaHUIlEH  KOIMMPYeMOH-TIpH-3allkicH).  /IBOMYHAsi  IIporpaMMa  COZEPIKUT  CEKITHIO
IpeBapUTeIbHO WHUITHATU3UPOBAHHBIX AaHHBIX, KOTOpasi II€pBOHAYAJILHO OTOOpakaeTcs
HeIloCpe/ICTBeHHO U3 ¢aiia mporpaMMsbl. Korja mmporpamMMma sarpyskaeTcsi B VMm-IIpOCTPaHCTBO
IIpoIlecca, 3Ta 06J1aCTh CHavasa 0To6pakaeTcsl B IaMsITh U IO/lep>KUBaeTcsl 6MHapHBIM QaiyioM
IIpOTrpaMMBI, I103B0JIsIA VM-CHCTEMe 0CBOGO0KIATh/IIOBTOPHO HCIIOJIH30BATh CTPAHUITY, & IIOTOM
3arpy’kaTh ee CHOBa M3 OHMHaApHOro ¢aiisa. OJHAKO B MOMEHT, KOTJIa ITPOIECC HU3MEHSIeT 3TH
naHHble, VM-cucTeMa JO0JDKHA C/leJlaThb KOIHIO CTPAaHUITHI, IPUHAJJIEXKAIYI0 TOJIBKO 3TOMY
nporteccy. Tak Kak aTa KOIus 6blla U3MeHeHa, To VM-crcTeMa He MOJKeT 60JIbIIle 0CBOOOK/IATh
9Ty CTPaHMUILY, TaK KaK BIIOCJIEZICTBUH €€ HEBO3MOKHO 6y/[eT BOCCTAHOBUTb.

BBl TYT >Ke 3aMeTHTe, YTO TO, UTO CHayaJla GbLIO IIPOCTHIM OTOGpakeHHeM ¢ailjia B IaMSTh,
CTAaHOBUTCA Topasfo 06ojlee CJIOXKHBIM ITpeAMeTOM. /laHHBbIE MOTYT MOTUPHUITHPOBATHCSI
IIOCTPAaHUYHO, KOTZla KaK OToOpakeHHWe ¢aiisa BBIIOJIHSETCS AJI1 MHOTUX CTPaHUI[ 3a pas.
CI0>KHOCThL ellle 6GoJjiee yBeJMUMBAeTCs, KOTZa ITpollecc BhIMOHseT BBI3oB fork. Ilpu aTtom
IIOPO’KIAIOTCS [IBa IIPOIlecCa-KaXKABIE €O C COOCTBEHHBIM aJPECHBIM IIPOCTPAHCTBOM,
BKJIIOUAIOIIIIM BCe KM3MEHEHUs, BBITIOJTHEHHBIE HMCXOMHBIM IIPOITECCOM /0 BbI30Ba QYHKITHH
fork(). BeL10 6BI TIyIIO /11 VM-CHCTEMEI /iesIaTh IT0JTHYI0 KOIIHIO TaHHBIX BO BpeMs BhisoBa fork(),
TaK KaK BeCbMa BEPOSTHO, UTO OJUH U3 IBYX IIPOIIECCOB OYIET HY>KEH TOJIBKO JIJISI UTEHUS U3 TOU
CTPAHUIIBL, YTO II03BOJISIET HCIIOJIH30BaHHUE HCXOMHOW CTpaHUIlBL. To, YTO OBLIO CTPAHHIIEH,
IIpUHAJJIeXKaleHd TOJIbKO IIPOIleccy, CeIaeTcs CHOBA CTPAHUIleH, KOITMPYeMOH IIPH 3aIlUCH, TaK
KaK Ka)KIbIM M3 IIPOIleccoB (M pOAUTENDb, ¥ IIOTOMOK) IT0JIaraloT, YTO UX COOCTBeHHbIEe M3MeHeHHUs
II0CJIe pa3BeTBJIEHHS OYIyT MPUHA/JIEXKATh TOJIFKO UM, U He 3aTPOHYT POJICTBEHHBIH ITPOIIECC.

FreeBSD y1paBisieT BCeM 9TUM IIpU IIOMOIIIM MHOTOYPOBHEBOM Mojiesid VM-06beKTOB. MCXOAHBIHN
dalis1 ¢ JBOMYHOM IIPOTPaMMOM IIEPEHOCHTCS Ha CaMbld HIDKHUNA YpPOBeHb 00BbeKTOB VM.
VpoBeHE CTpPaHUIL], KOIIHPYEMBIX IIPH 3aIlMCH, HAXOAUTCA BBIIIe HEro, U XpaHUT Te CTPAHUIIE],
KOTOpPBIe OBIM CKOIIMPOBAHBI U3 UCXOAHOI0 ¢aitna. Ecaiu mporpaMmMa MOAUGUITUPYeT CTPaHUIIBI
NAaHHBIX, OTHOCAIMeCcs K HUCXOAHOMY ¢aiay, To cucreMa VM o6Hapy>KUBaeT 3TO U IIEPEHOCUT
KOIIMIO 3TOM CTpaHUIIbI Ha 60Jiee BHICOKUU YpoBeHb. Korzia IIporiecc pasBeTBIsIETCs, 400aBIA0TCSI
HOBble YpPOBHU VM-00BEKTOB. ITO MOXKHO II0KasaTb Ha IIpocToM IpuMepe. dyHknus fork()
ABJIdeTcsl O00Ilell ollepaned I BceX cUcTeM *BSD, Tak uUTO B 3TOM IIpuMepe OyzeT
paccMaTpuBaThCA IIporpaMMa, KoTopas 3allycKaeTcsd, a 3aTeM pasBeTBJseTcd. Korma mporiecc
3amyckaetcs, VM-cucTeMa co3/iaeT HEKOTOPBIN YPOBEeHb 00bEKTOB, 0003HAaUUM eTo A:



A cooTBeTCTByeT GaiyIy-II0 HeOOXOAMMOCTH CTPAHUITBI HaMSATH MOTYT BBICBOOOXKAATHCSI U
MIOATPY>KaThCs ¢ HOCUTeJIs dpatita. [IoArpy3Ka ¢ JUCKa MOXKeT ITOTpe6oBaThCs IIporpaMme, 0THaKO
Ha caMOM JieJle MBI He XOTHUM, YTOOBI OHa 3aIlMChIBaJach 06paTHO B ¢aiti. IToaToMy VM-cucTtema
co3faeT BTOPOM ypPOBeHb, B, KOTOPBIM QU3UUECKU IIOJIepP>KUBaeTCs JUCKOBBIM IIPOCTPAHCTBOM
IIOJKaUYKU:

[Ipu IIepBO¥ 3aIMCHU B CTPAHUILy II0CJ€e BBINOJHEHHS 3TOM Omepariy, B B co3gaeTcs HOBast
CTpaHMIIa, COJlePKUMOe KOTOpPOoH Gepercs m3 A. Bce cTpaHUIIBI B B MoryT c6packiBaTbCS U
CUUTHIBATHCSI M3 yCTPOMCTBA ITOAKAauKu. Korma mporpamMMa BeTBUTCS, VM-cHUCTeEMa CO3faeT /[Ba
HOBBIX YPOBHS 06BeKTOB-C1l I ITOPO’KAArOIIero Irporiecca M C2 I IOPOKIEHHOTO-OHU
pacriosiararTcs IToBepx B:

C1 c2

B sToM ciydae, JOIIYCTHUM, YTO CTpaHHUIla B B 6blta M3MeHeHa HadyaJbHBIM POAUTEJLCKUM
ImporteccoM. B 1porjecce BO3HUKHET CHUTyalldsd KONHPOBAHUA IIPH 3alllCU U CTpPaHUIIA
ckonupyeTcsa B C1, IpH 9TOM HCXOJHAsA CTPaHHIIA OCTaHeTCA B B HeTpoHyTOH. Tellepb LOIIYCTUM,
YTO Ta ’Ke caMas CTpaHuIla B B M3MeHseTCs IIOPOXKIEeHHBIM IIPOIlecCoM. B mporiecce BOSHUKHET
CUTyallus KOIIMPOBAHUA IIPHU 3allMCHU ¥ CTpaHHIla ckomupyercsa B C2. McxomHad cTpaHuIia B B
Telepb IIOJIHOCTBIO CKPBITA, TaK KakK U Cl, u C2 UMeKT KOIIUH, a B TeopeTUyeCKHU MOKeT OBITH
YVHUUTO’KeHa, eCJId OHa He IpefcTaBsdeT cobod "peanbHOro" ¢aisa). OmHAKO TaKyro
OIITUMM3AIIHUI0 He TaK y»K IIPOCTO OCYIIeCTBUTH, IIOTOMY UTO OHAa [eJIaeTcsd Ha YPOBHE MEJIKUX
enmHUIl. Bo FreeBSD Takasg omTUMM3aliusl He BBINOJIHAeTCd. Telleph MOJIOKHUM (a 9TO 4acTO
CIy4aeTcs), YTO IIOPO’KAEHHBIN IIPOIecC BBIIIOJHSAET BBI3OB exec(). Ero Tekyllee aapecHoe
IIPOCTPAHCTBO OOBIYHO 3aMeHsAeTCsI HOBBIM a/IpeCHBIM IIPOCTPAHCTBOM, IIPe/CTaBIISIOIUM HOBBIA
¢dari1. B aToM ciydae ypoBeHb C2 YHUUTOKaeTC:



C1

B aToM cilydyae KOJIMYeCTBO IIOTOMKOB B CTaHOBUTCA paBHBIM OJHOMY U Bce oOpallleHus K B
Telepb BBINOJIHAITCA 4epe3 Cl. ITo o3HauvaeT, yTo B u C1 MOryT OBITH OOBeAUHEHBI. Bce
CTpaHUIIBI B B, KOTOpBIe Takke CyllecTBYIOT U B Cl, BO BpeMd 00befuHeHUd U3 B ynandrorcs.
TakuMm 06pasoM, XOTSd OITHUMM3AIUA Ha IIpe[bIAyIlleM IIare MOXKET He [ejIaThCs, Mbl MOXKEM
BOCCTaHOBUTH MepTBhIe CTPaHUIIbI IIPU OKOHUYaHUU PaboThl IIPOIleCcCOB MU IIPU BBI30Be exec().

Takast MOJieJIb CO3/laeT HEKOTOPOe KOJIMYeCTBO II0TeHIIMaJIbHBIX IIpobJieM. [lepBas, ¢ KOTOPOU BBl
MO>KeTe CTOJIKHYTBHCS, 3aK/IH04aeTcsd B CPaBHUTEJIBLHO OOJIBIIOHN II0C/Ie[0BaTEIbHOCTH YPOBHEM
06beKTOB VM, Ha CKaHHMpPOBaHHE KOTOPBIX TPATHUTCSI BpeMs M IaMiIThb. BosbIloe KOJIMYeCTBO
YPOBHEH MO’KeT BO3SHUKHYTH, KOI/Zla IIPOIleCChl Pa3BeTBJIAIOTCS, a 3aTeM Pa3BeTBJIIOTCS ellle pa3
(kax IIOpPOK[eHHBbIE, TaK M IIOPOKJarolnue). Bropas mpob6seMa 3akirdaeTcs B TOM, YTO BBI
MOJKeTe CTOJIKHYTHCS C MEPTBBIMH, HEJJOCTYIIHBIMU CTPaHUIIAMU IJTy60KO B MepapXuu 06 beKTOB
VM. B Hamem IocsiefiHeM IIpHMepe ecIy KaK POJUTeNb, TaK U IIOTOMOK U3MEHSIIOT OJJHY U TY Ke
CTpaHHIly, OHH 06a IIOJIy4arT COOCTBeHHBble KOIIMM CTPAaHHUIIBI, a MCXOJHAs CTpaHHIla B B
CTaHOBHUTCS HUKOMY He JOCTYITHOM. TaKasl CTPaHHIIa B B MoKeT GBITH BBICBOOOK/IEHA.

FreeBSD pemaeTr 1po6JsieMy C IJIyOMHOM BJIOKEHHOCTH C IIOMOIBI0 IIpUeMa OITUMHU3AIUH,
KOoTOpBIY Ha3beiBaeTcs "All Shadowed Case". 3TOT ciiydyall BO3HUKaeT, ecyid B C1 1160 C2 BO3HUKaeT
CTOJILKO CJIyyaeB KOIIMPOBAHUSA CTPAHUIL IIPU 3alIUCH, YTO OHU IIOJIHOCTBIO 3aKPBLIBAIOT BCe
cTpaHuUIEL B B. JlomycTtuM, 4To Takoe rpousonwio B C1. C1 MozkeT Tellephb IIOJTHOCTHIO 3aMEeHUTE B,
Tak uTo BMecTO Iertioyek C1 B~ A u C2 - B -~ A MBI Teltepb uMeeM Itertouku C1-Au C2-B—A. Ho
IIOCMOTPUTE, YTO II0Jy4YaeTcsa-Tellepb B MMeeT TOJIBKO OJHY CChUIKY (C2), TaK UTO MBI MOKEM
06bequHUTh B 1 C2. B KOHeUHOM UTOTe B 6y/IeT OJIHOCTHIO yAaJleH U Mbl UMeeM Ienouku C1 - A
u C2-A. Yacto B 6yzeT comeprkaTh 00JIbIIIOE KOJIMYECTBO CTpaHUI], U HU Cl, HU C2 He CMOTYT
IIOJIHOCTBHI0 UX 3aMeHUTh. EC/IM MBI CHOBA IIOPOAUM IIPOIlecC U CO3[4aAuM Habop ypoBHel D, ipu
9TOM, OJHaKO, 6ojiee BepOATHO, YTO OJWH U3 YpPOBHeH D IIOCTEIIEHHO CMOKeT II0JIHOCTHIO
3aMeCTUTh TIOopas3f0 MeHbIIUNA 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 MalllHHe C MHO>KeCTBOM IIOPOKIaeMBIX IIPOIIeCCOB CTeKH
00beKTOB VM He 4acTo 6BIBAIOT IVIyO>Ke YeThIpeX YPOBHEH. ITO TaK Kak JJIs1 IIOPOKIAI0Iero, Tak
U Ui TIOPO’K/IeHHOTO IIPOIeCCOB, M OCTAaeTCsd B CHJIe KaK B Ciydae, KOIZla BeTBJIEHUE [ejlaeT
poAUTeNIb, TAK U B C/Iydae, KOIZia BeTBJIEHHe BBIIIOJIHAET II0TOMOK.

[IpobysieMa ¢ MepTBOM CTpaHUIEN Bce ellle uMeeT MecTo, Korma Cl wmm C2 He IIOJIHOCTBIO
IepeKprIBalOT B. M3-3a Apyrux IpUMeHseMbIX HaMU MeTO[0B OIITHUMM3AIlUU 3TOT CAydall He
IpefcTaBisieT 60JIBIION IPO6IeMbl ¥ MbI IIPOCTO I1I03BOJIsIEM TaKUM CTpaHHUIlaM CYIleCTBOBATh.
Ecou crcTeMa HCIBITBIBaeT HeXBAaTKy OIIepPAaTUBHOM ITaMSITH, OHA BBIIOJIHSIET UX BBITPY3KY B



006J1aCTh IIOIKAYKH, YTO 3aHHUMAET HEKOTOPOE ITPOCTPaHCTBO B obJs1acTu IIOAKAa4YKH, HO 3TO BCeE.

[IpenmyiriecTBO Mojes VM-00bEKTOB 3aKJII0UYaeTCd B OUeHb OBICTPOM BBIIIOJTHEHUUN QYHKIIUU
fork(), Tak Kak IIpy 3TOM He BBIIIOJIHSIETCS peaJbHOT0 KOIUPOBaHUS JAaHHBIX. MUHYCOM 3TOIO
II0/IX0/Ia SIBJISIETCSI TO, UTO BBl MOYKeTe IIOCTPOUTH CPaBHUTEJIbHO CJI0KHYI0 HepapXUil 00 beKTOB
VM, KoTopas HEeCKOJILKO 3aMeJjIgeT 06pab0oTKy CUTyaIui OTCYTCTBUSL CTPAHUL]L IIaMATH, U K TOMY
’Ke TpaTUTCd IIaMATh Ha YIIpaBJIeHHWe CTPYKTypaMu 00beKTOB VM. IlpueMbl ONTUMU3AIIUU,
npuMeHseMble BO FreeBSD, II03BOJISIOT CHU3UTH 3HAUMMOCTh 3THUX IIPO6JIeM /10 CTelleHH, Korja
HUX MO’KHO 6€e3 0COOBIX I0TepPh UTHOPUPOBATh.

3. VpoBHH 00/1aCTH MOAKAYUKH

CTpaHHIBI C COOCTBEHHBIMU JaHHBIMU II€PBOHAYAIbHO SBJIIIOTCS CTPAHHUIIAMU, KOITUPYyEMBIMU
IIPY 3aIlMCHU WJIM 3all0JIHSIeMBIMU HYJIIMH. Koria BBIIIOIHSAETCS U3MeHeHHe, U, COOTBETCTBEHHO,
KOIIMpOBaHWe, HadaJIbHOe XpaHWIHIle o0bekTa (00bIYHO Qaiy) He MOXKeT 6oJIblile
HCII0JIb30BaThCS 11 XpaHeHUsI KOIIMM CTPaHUIL], Kora VM-cucTeMe HY)KHO HCIIOJIb30BaTh ee
IIOBTOPHO JJIS1 IPYTHX Iiejied. B 9TOT MOMEHT Ha IIOMOIIb IIPUXOAUT 06s1aCTh ogKauku. 06s1acTh
IIOJKauYKU BBIZleJIsIeTCs i1 OpTaHU3alliy XpaHWIMINA ITaMITH, KOTOopasl HHaue He MOYKeT OBbITh
noctynHa. FreeBSD cosfjaeT CTPyKTypy yIIpaBJIeHUs IIOAKAYKOM 1711 06bekTa VM, TOJIBKO KOTZa
9TO [IeMCTBUTEJBbHO HYKHO. OfHAaKO CTPYKTypa YIIpaBJeHHUs IIOAKAa4YKOM HCTOPUYECKH HMeJsa
HEeKOTOpBIe IIPO0JIeMBl:

* Bo FreeBSD 3.X B CTPYKType yIIpaBJIeHUs 00J1aCThI0 II0JKAYKHU IIpeBapUTEIbHO BBIJIe/ISIeTCs
MaCCUB, KOTOPBIH IIpeJiCTaBJIsIeT 1eJIblil 00 beKT, TPeOYIOIIUM XpaHeHUs B 06J1aCTH II0JKaYKU-
Ila’ke eCJIU TOJIBKO HeCKOJIbKO CTPaHHUIL 3TOr0 00beKTa XpaHATCI B 00JIaCTU IIOAKAYKU. ITO
coszaeT IpobsieMy ¢parMeHTallMy IIaMATH sgpa B Cjaydae, KOIZla B IIaMATh OTOOpa’karoTcs
6oJIbIlIe 00BEeKThl MM KOITa BETBITCS IIPOIIECCHI, 3aHUMalolye 60JIbIION 06beM IIaMATH
apu paborte (RSS).

» Taxoke 11 OTCI€KHMBAHUSA ITaMATH IIOJKAYKHU B IIaMSTH s1ipa IIOAep>KHUBaeTCs "CIIHCOK JBIp”,
U OH TakXke HeCKOJIbKO ¢parMeHTHpoBaH. Tak KakK "CIIMCOK [bIp"  gBJIAETCA
ImocjefoBaTe/IbHLEIM  CIHCKOM, TO  IIPOM3BOJUTENLHOCTHL IIPH  paclIpefeeHUUd U
BBICBOOOJK/IEHUH ITaMATH B 00/1aCTH IIOJKaYKK HEOIITUMAaJbHO U ee CJI0KHOCTH 3aBHCHUT OT
KOJIMYeCTBa CTpaHHUIL Kak O(n).

» Taxke B IIpollecce BBICBOOOXKIEHHS ITaMSITH B 00JIaCTH IIOJKAYKH TpebOyeTcs BhIeJIEHHE
IIaMSTHU B sI7[pe, ¥ 9TO IPUBOJIUT K IIpobemMaM 6JI0KUPOBKHU IIPU He0CTAaTKe TaMSITH.

* IIpoGsiema elrfe 60siee 060CTPSIETCS M3-3a BIP, CO3/[JaBa€MBIX 110 UepPeYIIIeMyCsl aJlTOPUTMY.

* Kpome TOro, CIIMCOK pacIpefieieHus1 GJI0KOB B 06JIaCTH IIOIKAYKHU JIETKO OKAa3bIBaeTCs
$parMeHTHPOBAHHBIM, UTO IIPUBOJIUT K paclpeieIeHUI0 HEIT0C/Ie[0BaTeIbHBIX 06J1acTeH.

o [TaMATh sIpa TakyKe [AOJDKHA paclpefessiTbCs II0 XOAy PaboThl I OIIOJTHUTEJIbHBIX
CTPYKTYpP II0O yIpaBJeHUI0 06/1acThbi0 IIOJKAYKHU IIPHU BBHITPY3Ke CTPAaHUI] HaMITH B 3Ty
00J1aCTBb.

OueBUHO, UTO MeCT [JI1 YCOBEePIIIEHCTBOBAaHUU IIperocraTouHo. Bo FreeBSD 4.X mopcucreMa
yIIpaBjeHUd 00JIaCThIO0 II0IKAUYKHU OblIa IIOJTHOCTHIO IlepenrcalHa MHOO:

» CTPYKTYpHI yIIpaBJIeHUs 06/IaCThI0 IIOJKAUKU pacIIpeleITIOTCS IIPYU IIOMOIIIH X3III-TabJIUIThI, a



He yepe3 JIMHEHHBIN MacCCHUB, YTO /laeT UM QUKCUPOBAHHBIN pasMep MPU paclipefieIeHUU U
paboTy ¢ ropaszi0 MEHbIITUMU CTPYKTYPaMHU.

* BMmecTO TOr0, 4TOOBI UCII0/IL30BATh OJHOHAIIPABJIEHHBIN CBA3HBIN CIIUCOK /I OTCIeKUBAaHUA
BBIJleJIeHUs IIPOCTPaHCTBa B 00JIACTH IIOJKA4YKM, Tellepb MCIIOJIb3yeTcsl II0O0MTOBas KapTa
6JI0KOB 00JIaCTH IIOJKaYKH, BBIIIOJIHEHHAsd B OCHOBHOM B BHJle [PEBOBUJHOMU CTPYKTYPHI C
“HopMaIeil 0 CBO60JHOM IIPOCTPAHCTBE, HAXOAAIIEHCA B y3JIaX CTPYKTYP. ITO IIPHUBOJUT K
TOMY, YTO BBIleJIeHHe U BBICBOOOXKIEHHE IIaMiITH B 00/IaCTH IIOJKAaYKH CTaHOBUTCA
olepariyei caoxHoctu O(1).

* Bce IepeBO TaxkKe pacHpefiesseTcs 3apaHee [UIsI TOro, YTOObl M30eKaTh paclpefesieHUs
IaMdaTH g/pa BO BpeMs OIlepaliiui ¢ 06/1aCThI0 IOAKAYKU IIPU KPUTUUYECKU MAJIOM 06beMe
CBOOOJHOU IIaMITH. B KOHIle KOHIIOB, CHCTeMa oOOpaliiaeTca K 0061aCTH NOAKAaYKH IIPU
HexBaTKe IIaMSTH, TaK YTO MBI JOJDKHBI M30eKaThb paclipefiejleHUs IIaMSTU sfpa B TaKue
MOMEHTHI 151 U30€eKaHU II0TeHITUAJIbHBIX 6JIOKUPOBOK.

* Jl1d yMeHBIIIeHUsI parMeHTalllH [epeBO MOXKeT paclpezesaTh 60JIbII0N I10CIe[0BaTeIbHBIA
KYCOK 3a pas, IIPoIlyCKas MeHbIIIHe ¢parMeHTUPOBaHHEbIE 00JIaCTH.

S He chesnaj IOC/IeJHUI IIar K 3aBefleHUI0 "yKasaTessl Ha paclipefiesieHUe", KOTOPBIHA 6GyzeT
IepeABUTATHCI II0 YYaCTKy O6JIACTH IIOKAUKU IIPU BBIJIeJIEHUN NaMATH I obecliedeHUs B
OyayllleM paclpejie/leHHs II0C/Ie[0BaTeJbHBIX y4acTKOB, MJIM 10 KpailiHel Mepe
MeCTOTIOJIO>KEHUS CCHLIIKH, HO S YOeXK/IeH, UTO 3TO MOYKET GBITH C/ieIaHO.

4. Korma oCBO00KAAaTh CTPAHUILY

Tak Kak cucteMa VM HCHOJIB3YeT BCIO TOCTYIIHYIO ITaMSTh /I KIIIMPOBAHUS JHUCKA, TO OOBIUHO
IeNCTBUTEILHO He3aHSATHIX CTPAaHUI] 0UeHb Masio. CucteMa VM 3aBUCHUT OT TOTO, KaK OHa TOYHO
BBIOMpaeT He3aHSIThle CTPAaHUITHI IJIs IIOBTOPHOTO HCIIOJIB30BAaHUS JIS HOBBIX paclipejie/IeHUM.
OnTUMAaNbHBIM BBIGOP CTPaHUI] /11 BBHICBOOOJKIEHHS, BO3MOJXKHO, SIBJSIETCS CaMOM BaKHOM
¢yHKIMelt sr060M VM-CHUCTeMBI, U3 TeX, UTO OHa MO’KeT BBIINOJHITH, IIOTOMY YTO IIPHU
HeIIpaBWJILHOM BBIGOpe cucTemMa VM BBIHY)K/eHa Oy/eT 3allpallliBaTh CTPAHUIIBI C AUCKa,
3HAUUTEJIbHO CHIDKas IIPOU3BOUTETLHOCTE BCEH CUCTEMBL.

Kakyr /IOIIOJTHUTENbHYI0 Harpy3Ky MBI MOJKeT BBIIEIUTh B KPUTHUUYECKOM ITyTH /I U36€KaHUs
BBICBOGOK/IEHUSI He TOM CTpaHUITLI? Ka)kablii HellpaBHJILHBIN BBIGOP Oy/IeT CTOUTH HaM COTHU
THICSTY TAKTOB PabOTHI IIEHTPATHLHOTO IIPOIeccopa U 3aMeTHOe 3aMe/[JIeHHe PaGoThl 3aTPOHYTHIX
IIPOITECCOB, TAK YTO MBI JIOJKHBI CMUPHUTHCS CO 3HAUUTETLHBIMH H3[IEPKKAMHU [JIST TOTO, UTOOBI
ObLIa 3aBeIOMO BBHIOpaHa IIpaBHJIbHAs CTpaHUIA. BoT mouemy FreeBSD IIpeBOCXOAUT [pyrue
CUCTEMBI B IIPOHU3BOJUTETLHOCTH IPU HEXBATKe PeCypCoB IaMsITH.

AJITOPUTM OIIpefiesieHUsI CBOOOZHOM CTPaHUIIBI HAIlMCaH Ha OCHOBE HCTOPHUHM HCIIOJIH30BaHUS
CTpaHUI] IIaMATHU. /Ul IIOJIydeHHs 3TOM HCTOPUH CHCTeMa MCII0JIb3yeT BO3MOYKHOCTH 6uTa
HCII0JIb30BaHUSI IIaMITH, KOTOpPble MMeEITCS B OOJIBIIMHCTBE alllapaTHBIX TabJIHIlaX CTPaHMUII
MIaMsTH.

B yr060M ciydyae, OUT HCII0JIb30BaHUSA CTPAHUIILI OUYUINAETCS, U B HEKOTOPBIM OoJiee IIO3LHUMI
MOMeHT VM-cucTeMa obpalriaeTcs K CTpaHHUIle CHOBA U 00Hapy’KUBAET, UTO 3TOT OUT yCTaHOBJIEH.
JTO yKasbIBaeT Ha TO, YTO CTPaHUIIA aKTUBHO UCII0JIb3yeTcs. [lepruoiuuecKy IIpoBepsisd 3TOT OUT,
HaKaIlUIMBaeTCsl HCTOPHS MCIIOJb30BaHUA (B BHe CYeTUYMKa) ¢usanueckod crpaHulpl. Korma



mo3xe VM-cucteMe TpeOyeTcsl BHICBOOOAUTH HEKOTOphlEe CTPAaHUIIBI, IIPOBEpKa MCTOPUU
BBICTYIIaeT yKa3aTesleM IIpU OIIpefieleHUN HanuboJiee BePOITHOM KaHAUAATYPHI I IIOBTOPHOTO
KCIT0JTh30BaHUSI.

JUis TexX IUIaTGOPM, YTO HE HMMEIT 3TOH BO3MOXKHOCTH, CHCTEMAa 3MYJIHUPYyeT 3TOT OUT. OHA
CHUMaeT 0TOOpaXkeHUe I 3all[UIllaeT CTPAHHUITY, YTO IPUBOJUT K OIITHOKe JTOCTYIIa K CTPaHUILE,
eCIM K CTpaHUIle BBINIOJHSAETCS IOBTOPHOe obpaieHue. IIp¥ BO3HUKHOBEHUHM 3TOM OITMOKHU
cHCTeMa IIPOCTO ITIoMeYaeT CTPAHUITY KaK HCIIOIb3yeMYI0 U CHUMAaeT 3allfUTy CO CTPAaHUIIBI, TaK
YTO OHA MO>KeT HCII0JIb30BaThCs. XOTS HUCIIOIb30BaHUE TaKOTO IIPHeMa TOJIBKO JIJIs OIIpe/iesIeHUs
HCIIOJIb30BaHUS CTPAaHUIILI BechMa HAKJIA[HO, 3TO BBITOJHee, YeM IIOBTOPHO MCIIOJI30BaTh
CTpPaHUILy AJI IPYTUX Ilesiell U 00Hapy>KUTh, YTO OHA CHOBA Hy>KHa IIPOIlecCy U IIOATPy>KaTh ee C
ITHUCKA.

FreeBSD wucIiosib3yeT HECKOJIBKO Ouepefiell CTpaHUL] [ji1 OOHOBJIEHUSI BBIOOpA CTpPaHUL] IS
IIOBTOPHOI'0 UCIIOJIb30BAaHUS, a TaKyKe I OIlIpe/e/leHUs TOrO0, KOTJa >Ke Ipsi3Hble CTPaHUIIbI
IOJ/DKHBI OBITH COpOIIeHbl B XpaHWIMINe. Tak Kak TabuuIilkl cTpaHUl], Bo FreeBSD gBigroTcsa
OTUHaMHU4YeCKUMU 00beKTaMHU, IIPaKTUYeCK HUYero He CTOUT BbIpe3aTh CTPAHUILY U3 aPeCHOro
IIPOCTPaHCTBA JIFDO0r0 UCIOIb3YIOIIEero ee mmporecca. Ilocie Toro, Kak IIOAX0s1as CTpaHuIla, Ha
OCHOBE CYeTUYHKa MCI0Jb30BaHMS, BbIOpaHa, UMEHHO 3TO K BBINOJHSETCI. CHUcTeMa [OJDKHA
OT/IMYATh MeXXIy YUCThIMU CTPaHUIIaMU, KOTOPbIe TEOPeTUYECKU MOT'YT ObITh BBHICBOOOK/IEHBI B
Jr000e BpeMs, U TIPSASHBIMU CTpPaHUIlAMM, KOTOpPble CHavasa [JO0JDKHBI OBITH IlepellliCaHbl B
XpaHWIHIE Ilepel TeM, KaK MX MOXKHO OyZeT HCII0JIb30BaTh IIOBTOPHO. [lociae HaxoXaeHUsS
TIIOAXOIAINel CTPAHUIILI OHA IlepeMellaeTcsd B HeaKTUBHYI0 OUepe/lb, eCIN OHa ABJIAeTCS TPSA3HOM,
WIU B OUepeqhb Kallla, eCIx 0Ha yucTasd. OToeIbHBIU aJrOPUTM, 0CHOBBIBAIOIIIUNICA Ha OTHOIIIEHUH
KOJIMYeCTBa IPA3HBIX CTPAHUI] K UHCTBIM, OIIpefiesisieT, KOIzia IpsisHble CTPaHUIILI B HEaKTUBHOMU
oyepenu IOJDKHBI OBITH COpOIlleHbI Ha AUCK. Korma sTO BBIIIOJIHUTCS, COPOIIEHHBIE CTPAaHUIIbI
IIepeMeIarnTcsd U3 HeaKTUBHOM Ouepequ B ouepeb Kallla. B 3TOT MOMEHT CTPAaHUIILI B OUepeau
K3llla MOIYT ObITh IIOBTOPHO AKTHUBU3UPOBAaHBI VM CO CpaBHUTEJbHO MaJbIMH HaKJIaJHBIMU
pacxogaMu. OJHAKO CTPaHUIILI B OUepeay Kallla IIpe/IioaraeTcs "BbICBOO0XKaTh HeMe/lJIeHHO" 1
IIOBTOPHO MHCHONAb30BaTh B LRU-miopsgke (MeHbIlle BCer0 UCIIOJIb3yeMBIM), KOIZla CHCTeMe
HoTpebyeTCs Bbl/IeJIeHHE TOIIOJTHUTEILHOM ITaMSTH.

CrouT OTMeTUTh, 4TO BO FreeBSD VM-cucremMa IIbITaeTCad pasfesldTh YUCTble U TI'PA3HBIE
CTPaHUIIBI BO U30e)kaHre CPOUYHOM HEOOXOUMOCTH B HEHY)KHBIX COpocax I'Pg3HBIX CTPaHHUIL (UTO
OTpa’kaeTcsd Ha IIPOIIyCKHOM CIIOCOOHOCTH BBOJA/BBIBOJA) U He IlepeMelllaeT OeCIPUYUHHO
CTPAaHUIIBI MeXXAYy PpasHbBIMH oOdYepeisMM, KOIZa IIOJCHCTeMa yIIpaBJeHWsa IIaMATBI He
HUCIILITBIBAET HEXBATKy pPecypcoB. BoT moueMy BBl MO)KeTe BHJEThb, UTO IIPH BBIIIOJHEHUU
KOMaH/bI systat -vm B HEKOTOPBIX CUCTeMaxX 3HaUeHUe CUeTUrKa ouyepesu Kallla Majlo, a CYeTUUK
aKTUBHOM ouyepenu OoJibIION. IIpM MOBBIINIEHUHW HArpy3kd Ha VM-cUCcTeMy OHa NpUjIaraer
OoJIbIlIMe YCUIUS Ha MOAJLEp)KKY pasjIMUHbIX Oodepesiel CTpaHUI] B COOTHOIIEHUSIX, KOTOPBIe
SABJIAIOTCA Hanbosiee 3G PeKTUBHBIMU.

FomaMu XOLUIU COBpPeMeHHBIe JiereH/bl, YTO LinuxX BBIIOJIHSAET paboTy II0 IIpe0TBPAaIlleHUI0
BBEITPY3KM Ha AUCK Jyulie, yeM FreeBSD, HO aTo He Tak. Ha camom pesie FreeBSD crapaercs
COPOCUTH Ha JUCK HEUCIIOJIb3yeMble CTPAHHIIBLI JJI1 0CBOOOKeHUs MecCTa IIOf, AMCKOBBIM KIII,
Korja Kak Linux XpaHUT HEHCIIOJIb3yeMble CTPAHHIBI B IIAMATH H OCTaBJseT IIOJ KOIII M
CTPaHHUIILI IIPOIECCOB MEeHBIIle IIaMATH. Sl He 3HAI0, OCTAaeTCd JIM 3TO IIPaBJOH Ha CEerOAHAIIHUMN
JeHb.



5. OnTUMM3aIUs OIMNOO0OK A0CTyIIA K
CTpaHHUIIAM M MX OOHYJJIEHUS

[Tosiarasi, 4yToO OIIMOKA AOCTyIIa K CTpaHUIle ITaMiITH B VM He SIBJIsIeTCd ollepaliyiel C 60JIbIINMU
HaKJIaJHBIMU PacxofaMH, ec/Id CTPaHHUIA y>Ke HaxXOAUTCA B OCHOBHOM IIaMSATH U MOXKeT OBITh
IIPOCTO OTOOpa’keHa B a/ipeCHOe IIPOCTPAHCTBO IIPOIlecca, MOXKeT OKas3aTbCd, YTO 3TO CTaHeT
BeCbMa HaKJIaJHO, eCId UX Oy[eT OKas3blBaTbCA PerysApHO MHOro. XOpOIINM IIPUMEpPOM 3TOM
CUTyaIAU SBJIIETCA 3aIlyCK TaKUX IIporpaMm, Kax Is(1) uau ps(1), cHoBa ¥ cHoBa. Ecoi GMHapHBIN
¢aiin mporpaMMBbl 0TO6pakeH B IaMATh, HO He 0TOOpakeH B TaOJIUIly CTPaHUII, TO BCe CTPaHHUIIBI,
K KOTOpPBIM oO6palllaack IIporpaMMa, OKa’KyTCd HeJOCTYIIHBIMHU IIpH Ka)K[JOM 3aIlyCcKe
IIporpaMMBI. ITO He TaK y>K He06X0AMMO, eCJIM 9TH CTPAHUIIBI y>Ke IIPUCYTCTBYIOT B Kallle VM, Tak
uT0 FreeBSD 6yzeT IbITaThCAd BOCCTAHABIUBAThL TAaOIUIILI CTPAHMUI] IIpOIlecca U3 TeX CTPaHUI], UTOo
yoKe pacrosararorcs B VM-kaire. OgHako Bo FreeBSD moka He BEIIOJIHSAETCS IIpefBapUTeIbHOE
KOITMPOBaHHe IIPH 3allMCH OIIpeJieIEeHHBIX CTPAaHMIY IIPY BBIIIOJIHEHHH BEI30Ba exec. Harmpumep,
eCcJIM BBl 3allycKaeTe IIporpaMmy Is(1) omHOBpeMeHHO ¢ paboTaroleii vmstat 1, To 3aMeTuTe, 4TO
OHa BCerJa BbIJaeT HEeKOTOpOe KOJMYeCTBO OIIMOOK [JO0CTyIlla K CTpaHHUIlaM, Jake KOIZA BBI
3allyCKaeTe ee CHOBA ¥ CHOBA. ITO OLIMOKHU 3all0JIHEHUS HYJISIMH, & He OIIMOKU KOoJja IIPOTPpaMMBbI
(xoTOpBIe y>Ke ObLIM 06paboTaHsbl). [IpegBapUTeIbHOE KOIIMPOBaHUe CTPAHUI] IIPY BBIITOJTHEHUH
BBI30BOB exec uiu fork HaxondaTca B 06s1aCTH, Tpebyrollleli 60J1ee TIaTeJIbHOTO U3YUYeHHs.

BoJIbIIIO# IIPOIIEHT OIMMOOK [J0CTyIa K CTpaHUIlaM, OTHOCHUTCI K OINMOKaM IIpU 3all0JIHEeHUU
HyJsIMU. Bl MOKeTe OOBIYHO BUJETH 3TO, IIPOCMATpPUBas BBIBOJ KOMaHABI vmstat -s. ITO
IIPOUCXOIUT, KOTAA IIpoIlecCc obpalaeTrcd K CTpaHHIlaM B cBoed ob6sactu BSS. O6siacth BSS
IIpejosaraeTcsa U3HavyaJIbHO 3all0JTHEHHON HYJISIMH, HO VM-crcTeMa He 3a60TUTCH O BbIZ[eJIEHUN
IaMsiTH [0 TeX II0p, II0Ka IIPOIlecC peajlbHO K Hel He 06paTUTCA. IIpy¥ BOSHUKHOBEHUU OIIUOKUA
VM-cucTeMa [0JDKHA He TOJILKO BBIZIEJIUTH HOBYIO CTPaHUILY, HO U 3aII0OJIHUTHL ee HYJIAMU. /ljg
ONITUMHU3AIIMK Olepaliiy II0 3alloJIHEeHUI0 HYJsIMHU B cucTeMe VM HMeeTcsd BO3MOXKHOCTh
IIpeBapUTEIbHO OOHYJATH CTPaHUIIBlI U IIOMeyaThb HX, U 3allpallliBaTh y>Ke OOHYJIEHHBIe
CTpPaHUIILI IIPY BOSHUKHOBEHUU OINMOOK 3aII0JIHEHUS HYJIIMU. IIpeaBapuTebHOE 3alloTHEHUE
HYJAMHU IIPOUCXOAUT, Korma CPU mpocTanBaeT, O[fHAKO KOJIMYEeCTBO CTPAaHMUI], KOTOpPbIe CHUCTEMA
3apaHee 3al0JIHAET HYJIIMU, OTPaHUYEHO, [JI1 TOT0, YTOObI He IePeIloJHUTh KIIIU HaMIATH. ITO
IIpeKpacHbIN IIpUMep A00aBJIeHUs CJI0KHOCTH B VM-CHUCTeMY pagyd OIITUMU3AN KPUTHUYECKOTO
IyTH.

6. OnTHMHU3auA TaO/IHITHI CTPAHMI]

OnTuMmusanys Tab/IUIlbl CTPAHULL COCTaBJIAeT CaMyI0 COoZlep KaTeJIbHYI0 YacTh apXUTeKTypsl VM
Bo FreeBSD U oHa IIpOsABJIgeTCA IIPHU IOSBJIEHUU HAarpysKH IIPH 3HAUYUTEJIHLHOM HCIIOJIb30BaHUU
mmap(). 5 gymaro, 4TO 3TO HA CaMOM Jiejie 0COOeHHOCTh paboThl 60JIbIIMHCTBA BSD-crcTeM, X0TS S
He yBepeH, KOIZa 3TO IIPOABUJIOCH BIIepBbIe. ECTH Ba OCHOBHBIX IIOAXO4a K OIITUMHU3AIlHMU.
[IepBBIM 3aKJIIOYaeTCd B TOM, UTO alllapaTHble TaOJUIBI CTPAHUI[ He COZepsKaT II0CTOSHHOIO
COCTOSIHUS, & BMeCTO 9TOT0 MOTYT OBITH COPOIIIEHBI B JIFOOOM MOMEHT C MaJsIbIMH HaKJIaJHbIMU
pacxomaMy. BTOpoi IIOAXOM, COCTOUT B TOM, YTO KaK[as aKTHBHas Tab/IHIla CTPAHUI] B CUCTeMe
HMeeT YIIPaBJIAIoIIYI0 CTPYKTYPY pv_entry, KOTopas CBsI3aHa B CTPYKTYpy vm_page. FreeBSD moxkeT
IIPOCTO IIPOCMAaTpPUBAThL 3THU OTOOpa’keHUs, KOTOpPBIE CYIEeCTBYIOT, KOI/a KakK B Linux IOJDKHBI
IIPOBePATHCS BCe TaOJMIILI CTPAHUILI, KOTOPBIe MO2ym Cofiep>KaTh HY)KHOe OToOpa’keHHe, UTO B
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HeKOTOPBIX CUTyaIlud JaeT yBeJnueHUue CJI0KHOCTH O(nA2). M3-3a Toro, uto FreeBSD cTpeMUTCH
BBIOpaTh HauboJiee IIOAXOMAINYI0 K IIOBTOPHOMY HCIIOJIb30BAaHUI0O MU COpocy B 06/1aCTh
IIOAKAUKU CTpaHUIly, KOILa OIIyIlaeTcd HexXBaTKa IIaMATH, CHCTeMa JTaeT JIYUIIYI0
IIPOU3BOUTEILHOCTD IIPU Harpyske. OgHako Bo FreeBSD TpebGyeTcsl TOHKast HACTpPOMKa siipa IJIst
COOTBETCTBUS CUTyaIlUsAM C OOJIBIIMM COBMECTHO MCIIOJIB3yEMBIM aJpeCcHBIM IIPOCTPAaHCTBOM,
KOTOpPBIe MOTYT CJIYUUTHCSI B CUCTeMe, 00CIy,KUBAIOIel cepBep TeJleKOHQepeHIIUH, II0TOMY UTO
CTPYKTYPBHI pv_entry MOTYT OKasaThbCd UCUePIIaHHBIMU.

N B Linux, u Bo FreeBSD TpebyroTcsa mopaboTku B 3TOM o6sacth. FreeBSD 1bITaeTcs
MaKCHMHU3UPOBATh IIPeUMYII[ecTBa OT IIOTeHIIHAIbHO PeJKO IIPUMeHsIeMON MOJe/Id aKTUBHOIO
oToOpakeHUs (K IIpEMepy, He BCeM IIporjeccaM HY)XHO O0TOOpa’kaTb BCe CTPaHHIIBI
OUHAMHUYeCKOM OMOIMOTeKH), Korja Kak Linux mbITaeTcsd YIIPOCTUTL CBOHU aJITOPUTMEIL. FreeBSD
HMeeT 3[eChb o00llee IIPeUMYIeCTBO B IIPOM3BOJUTENBHOCTH 3a C4YeT HCII0JIb30BaHUI
IOIIOJIHUTEJILHOM IIaMATH, HO FreeBSD BBINIAZUT Xy)Ke B Cjy4dae, KOIrjga OOJBIION Qania
COBMECTHO HCIIOJIb3yeTCsI COTHAMH IIPOLecCoB. Linux, ¢ ApPyroél CTOPOHBI, BBIIVIAAUT Xy’Ke B
cy4ae, KOIZla MHOTO IIPOIIECCOB YacTUYHO HCIIONB3YT OJHY MU Ty >Ke IUHAMHUYeCKYIo
6u6/IM0TeKY, a TakKe paboTaeT HEOIITUMAJILHO IIPU IIOIIBITKe OIIpe/ie/IMTh, MOXKET JIM CTPaHHUIla
IIOBTOPHO HCII0JIb30BaThCs, UJIU HeT.

7. IloATOHKA CTPaHHIL

MBI 3aKOHYUM pacCMOTPeHHEeM MeTo/ia OIITUMHU3AaIlUU IIOATOHKOM cTpaHul,. IIogroHKa gBjseTcs
METO/IOM OIITUMH3alluH, paspaboTaHHBIM [JI1 TOTO, 4YTOOBI [OCTYII B IIOCJIe[OBaTe/bHbIe
CTPaHUIIBl BUPTYaJbHOM IIaMATH MaKCHUMaJbHO MCIIOJB30BaJ KIII IIpolieccopa. B ngasmexom
npouuioM (To ecTb 6Gosibite 10 JyieT Has3ajx) IIPOIleCCOPHBbIE KIIIW IIPeAIlOUUTaIN 0TOOpakaThb
BUPTYaJILHYIO IIaMATh, & He QU3HUYECKYH. ITO IIPUBOAMIIO K OTPOMHOMY KOJIMYECTBY IIPOO6JIEM,
BKJ/IIOUasl HeOOXOJUMOCTh OYUCTKM KIIla B HEKOTOPBIX CIydasX IIPU KaKOM IlepeKIHYeHUU
KOHTeKCTa U IIPo6JIeMBl C 3aMellleHHWeM [JaHHBIX B K3llle. B coBpeMeHHBIX IIpoIjeccopax K3IIHU
0TOOpa’karT GU3UUECKYI0 ITaMATh UMEHHO JJIA PellleHUs 3TUX IIpobJieM. TO 03HadaeT, 4To [[Be
coceflHHe CTPaHUIILI B aJpeCHOM IIPOCTPAHCTBE IIPOIIECCOB MOIYT HE COOTBETCTBOBATH [ABYX
COCeJHUM CTpaHHUIlaM B Kalle. PaKTHUUeCKH, eCId BBl 00 3TOM He I103a60THJIMCBH, TO COCeJHUe
CTPaHUIIBl B BUPTYaJbHOM ITaMATH MOTYT MCIIOJIb30BaTh Ty >Ke CaMyl CTPaHUIly B Kallle
IIpPoIleccopa-3aTo IPUBOAUT K COPOCY KIIIUPYeMbIX JaHHBIX U CHHJKEHHUIO IIPOMU3BOAUTEIHLHOCTHA
CPU. 310 TakK [fa)ke C MHOXKECTBEHHBIMH AaCCOIIMaTUBHBIMHU K3IlIaMHU (XO0THd 37eCh 3QQeKT
HeCKOJIBKO CIJIaKeH).

Kox BpimesieHusa 1mmaMsaTH BO FreeBSD BBIIIOJIHAET OIITUMU3AIIHIO C IIPUMEHEHUEM IIOATOHKU
CTpPaHUI], 03HAYAIOIIYI0 TO, YTO KO, BBIZleJIEHUSI HaMATHU OyZeT IbITaTbCd HAUTU CBOOOAHBIE
CTpPaHUIILIl, KOTOPhIe SIBJISIOTCS IIOC/JIeLOBaTeJbHBIMU C TOUKU 3peHus Kalna. Hampumep, eciu
cTpaHUIa 16 pusnUecKoM IaMaTH HasHayaeTcs cTpaHulle 0 BUPTyaJIbHOM IIaMATH IIpoliecca, a B
K3IIl TIOMeIllaeTcs 4 CTPaHUIbl, TO KOJ IIOATOHKU CTPaHUI] He OyAeT HazHayvaTh CTpaHUIly 20
¢Hn3sMyecKoM IIaMATH CTpaHWIle 1 BUPTyaJIbHOM IIaMATH IIpollecca. BmecTo 3Toro 6yzer
HasHaueHa cTpaHuIla 21 ¢usnyeckor nmaMsaTy. Ko IIOATOHKU CTPaHWUI] IIOIBITaeTcsa M30eXaThb
HasHaueHHWe CTpaHUIlbl 20, IOTOMY UTO TaKoe OTOOparkeHHe IlepeKphIBaeTCsI B TOM >Ke CaMOM
IaMsTH K3Illa KaK CTpaHuIla 16, ¥ IpuBeeT K HEOIITUMAJIbHOMY K3IITHPOBaHUI0. Kak BBl MOXKeTe
IIPEeIIIOJIOKUTh, TaKOM KOJ 3HAUUTEJILHO 00aBJisieT CI0KHOCTHU B IIOJICUCTEMY BBIZeJIeHUSA
naMATu VM, HO pesysbTaT CTOUT TOoro. IloAroHKa CcTpaHuIy fesgaeT naMATh VM IIpefcKasyeMord,

10



KaK ¥ 00bIYHast (1)I/IBI/ILI€‘CKa$I IIaMATh, OTHOCHUTEJIBHO ITPOHU3BOJUTEILHOCTH K3IIld.

8. 3aK/JIroueHue

BupTtyajibHas IIaMATh B COBpPeMEHHBIX OIlepallMOHHBIX CHCTeMaX [OJDKHA pellaTh HeCKOJIBKO
pasIUUHBIX 3a4a4 3QPEeKTHBHO U IIPU Pa3HBIX YCIOBUAX. MOAYJIBHBIM U aJIrOPUTMUYECKUN
M0 X0/, KOTOPOMY MCTOPHYECKH ciieayeT BSD, I103BoJIsIeT HaM M3YYUTh U IIOHATE CYI[eCTBYIOIIYIO
peanu3aliioo, a TakKe CPaBHUTEJIBbHO JIETKO U3MEHUTH OoJbllMe OJI0OKW KOZa. 3a HeCKOJIbKO
nocjaegHUxX JieT B VM-cucteMe FreeBSD  ObIO  CoeslaHO  HEKOTOpOe  KOJIMYECTBO
YCOBePIIIeHCTBOBAHUM, U paboTa HaJl HUMHU IIPOJ0JKAeTCs.

9. lOIOJIHUTEJIBHBIN CeaHC BOIIPOCOB U
OTBeTOB OT AJsieHa bpurrca (Allen Briggs)

9.1. YTo 3TO 32 a/ITOPUTM UYepeJOBaHUA, KOTOPHIA BbI
YIIOMHHAJIU B CIIHCKE HEJOCTATKOB IIOJICUCTEMBI
yIIpaBJIeHHUs pa3zejioM nNoaKadvku Bo FreeBSD 3.X?

FreeBSD ucrioyib3yeT B 06JIaCTH IIOJKaYKU MeXaHU3M UepeZj0BaHUs, C HHIEKCOM I10 YMOJIYaHUIO,
PaBHBIM YeThIpeM. IJTO oO3HauaeT, 4yTo FreeBSD pesepBUpyeT IIPOCTPAHCTBO [JI1 YeThIpeX
obJiacTel IIOJKaYKH, [ja>Ke €CJIM Y BaC UMeeTCs BCero JIUIIb OfHa, IBe WU TPU 06s1acTU. Tak Kak B
ob6JylaCcTH IIOAKAaYKKW HMeeTCd YepefoBaHUe, TO JIMHEHMHOe aJpecHOe IIPOCTPAHCTBO,
IIpeJCTaBJIsItoIee "deThIpe 06J1aCTH IIOAKAa4yKU"', OyleT ¢parMeHTUPOBATHCS, €CIU y Bac HeT Ha
caMOM [lejle 4yeThIpex ob6JiacTel Ilogxkayky. Harmpumep, eciu y Bac ABe o6slacTu A U B, TO
IIpefCcTaBjeHNe aApecHOro IIPOCTpPaHCTBA [JId 3TOM 06/1acTH IIogKayku Bo FreeBSD OGyzer
OpPraHU30BaHO C YyepenoBaHUeM OJIOKOB U3 16 CTpaHUILT:

ABCDABCDABCDABCD

Al

FreeBSD 3.X HCIIOJIB3yeT "IIOC/IeH0BATEJIbHBIM CIIMCOK CBOOOAHBIX O6JacTei” I yIIpaBJIEHUSA
CBOOOJHBIMM 00JIACTSMH B pasfesie I[OAKAYKU. Mesd COCTOUT B TOM, YTO OOJbIIHe
rocJiefioBaTe/IbHble 6JI0KHM CBOOOJHOTO IIPOCTPAHCTBA MOTYT OBITH IIpeJCTaBJIeHbl IIPU IIOMOIIHU
y3sa opHocBs3HOro cmucka (kern/subr rlist.c). Ho wu3-3a ¢parmMeHTaniu II0Cjef0BaTeJIbHBIA
CIIMCOK CaM CTaHOBUTCSI QparMeHTHPOBAHHBIM. B IIprMepe BHIIIE II0JTHOCTHI HEUCIIOJIb3yeMoe
IPOCTPAHCTBO B A M B OyzeT 1mokaszaHo Kak "cBob6ogHoe", a C u D KakK "IIOJIHOCTBIO 3aHSTOe".
Ka’xzoii 1ocsieioBaTeIbHOCTH A-B TpebyeTcs i1 ydyeTa y3eJI CIIUCKa, T0ToMYy uTo C ¥ D gBiIsAr0TCA
IbIpaMHM, TaK UTO y3eJI CIIMCKa He MOJKET OBITh CBSI3aH CO CJIe[yIollel I10C/Ie0BaTeIbHOCTELI0 A-B.

[ToueMy MBI OpraHu3yeM uepefoBaHHe B 00JIaCTH IIOAKAYKU BMeCTO TOrO, YTOOBI IIPOCTO
06'beIMHUTH 00JIaCTH IOAKAYKH B OJHO Ilesoe U IPHAyMaTh 4TO-TO 6osiee yMHOe? I[IoToMy 4TO
ropasfio Jierde BBIJIeJIATH II0CIe0BaTeJbHBIE II0JIOCHI afpeCHOr0 IIPOCTPAaHCTBA M IIOJIydaTh B
pesyJbTaTe aBTOMaTH4YeCKOe 4YepeJOBaHHE MeXKJy HECKOJbKHMM [HUCKaMH, 4YeM IIbITaTbCd
BBIZIyMBIBATh CJIOKHOCTH B [PYTOM MecCTe.
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dparMeHTaIVs BbI3bIBAET JpyTHe IIP06JIeMbl. SIBJISSACH II0CIe[0BaTeIbHBIM CIIMCKOM B 3.X U UMest
TaKoe OTPOMHYI0 ¢pparMeHTaIllIo, BblJjeJleHHe U 0CBOO0KIeH e B 00JIaCTH II0JKaYKU CTAaHOBUTCS
asroputMoM cioxkHocTu O(N), a He O(1). BMmecrte ¢ apyruMu ¢pakTopaMu (4acTtoe obpallleHue K
006J1aCTH II0ZKAaYKH) BRI IT0JIydaeTe CI0KHOCTL ypoBHelr O(NA2) u O(NA3), uTo ILI0X0. B crucTeme
3.X TaxyKe MOKeT 10TpeboBaThCs BhliesseHre KVM Bo BpeMs paboThl ¢ 06J1aCThbI0 IIOAKAYUKU /IS
CO3[JaHUs HOBOTO y3JIa CIIMCKA, YTO B YCJIOBUU HeXBaTKU ITaMATH MOKeT IIPUBECTH K OJIOKUPOBKE,
€CJIM CUCTeMa IIOIIbITaeTCsA COPOCUTH CTPAHUIIBI B 00J1aCTh ITOAKAYKU.

B 4.X MBI He HCIIOJIb3yeM IIOCJIel0BaTeJIbHBIN CIIMCOK. BMECTO 3TOr0 MBI HCIIOJIBL3yeM Oa3uCcHOe
IepeBo U OUTOBBIE KapThl 6JI0KOB 00JIaCTH IIOJIKAYKH, a He OTPaHUYEHHBIN CIIMCOK Y3JI0B. MBI
IIPUHHUMaeM IIpe/iBapuUTeJbHOE BbIJleJIeHHe BCeX OMTOBBIX KapT, TpeOyeMBIX /IS BCeH 006J1aCTH
IIOJKa4YKH, HO IIPU 3TOM TPaTUTCA MeHBbIIIle IIaMATH, II0TOMY YTO MBI HUCII0JIb3yeM OUTOBbIe KapThI
(oguH 6UT Ha OJIOK), @ He CBI3aHHBIM CIIMCOK y3JI0B. Mcriosib3oBaHMe 6a3UCHOIO JlepeBa BMECTO
II0CJIeIOBAaTEeJILHOIO CIIMCKa [JaeT HaM IIPOM3BOAUTEJBLHOCTH O(1) BHe 3aBUCUMOCTH OT
¢parMeHTalU epeBa.

9.2. Kak pasesieHHe YHCTHIX U I'PA3HBIX
(HeaKTUBHBIX) CTPaHMIL CBSI3aHO C CUTyaIlueN, Koraa
BbI BUJUTE MaJICHbKHUH CYEeTUUK oUyepeau K3lia U
00JIBIIION CUETUNK aKTUBHOM OUyepeaM B BhIaue
KOMaH/bI systat -vm? Pa3sBe cucTeMHasi CTaTUCTUKA He
CUHUTaeT aKTUBHBIE U I'PA3HbIE CTPAaHUIIBI BMeCTe 3a
CUeTYHK aKTUBHOU ouepeau?

Ja, aTo samyTeiBaeT. CBfA3h 3aKJ/II0UaeTCd B '"KejaeMOM' U "MeMCTBUTEILHOM'. MBI JKejlaeM
pasgesivTh CTPaHUIlbl, HO peaJlbHOCTh TaK0Ba, UTO II0Ka y Hac HeT IIpobJieM C IIaMAThbI0, HaM 3TO
Ha CaMOM [iejie He HY>KHO.

JTO0 03HayaeT, uTo FreeBSD He Oy/ieT 04eHb CHJILHO CTapaThCd HaJ| OTAeIeHHeM I'PI3HBIX CTPaHUI],
(HeakTHUBHAas ouepezb) OT YUMCTBIX CTPaHUI] (0Uepefb Kallla), KOIZA CHUCTeMa He HaXOAUTCI II0[
HarpysKoM, U He Oy/ieT eaKTUBUPOBATh CTPAHUIIBI (AKTUBHAA OUepeb — HeaKTHBHAasA Ouepelsb),
KOI7Ia CHCTeMa He Harpy>KeHa, Jja>ke eCId OHU He HUCII0JIb3YHTCH.

12



9.3. B mpumepe c / vimstat 1 MOI'yT JIi HEKOTOPBIE
OLIIMOKH JOCTyIla K CTPaHUlle OBITH OIINOKaMM
cTpaHul; 1aHHbIX (COW u3 BBIIIOJIHUMOTrO ¢ailjia B
IIpHUBaTHbBIE CTPpaHUIbI)? TO eCcTh A ImoJiararo, 4To
OLIIMOKH JOCTylla K CTPaHUI[aM SABJISAIOTCA YaCTUYHO
OLIIMOKaMHU IIPHU 3all0/THEHUH HY/IAMH, @ YaCTUYHO
OAaHHBIX NporpaMmsl. i1 BEI rapaHTHpyeTe, 4To
FreeBSD BrimmostHsieT npeaBapureabHo COW s
JaHHBIX IPOrpPaMMBI?

Omub6ka COW MoKeT OBITH OLIMOKOM IIPU 3aIlOJIHEHUH HYJIAMU WM JaHHBIX IIPOIPaMMBL
MexaHH3M B JIF000M CJIy4ae OJHUH U TOT >Ke, IIOTOMY UTO XPaHUJIUILE JaHHBIX IIPOTPaMMBI yKe B
Koa1rre. S Ha caMOM JeJjie He paJ HU TOMY, HA Apyromy. FreeBSD He BBIIOJIHAET IIpeABapUTeILHOE
COW pmaHHBIX IIpOrpaMMBI M 3alloJIHEHHe HYJIIMH, HO OHa 6blno/iHsem IIpeBapHUTeJIbLHO
OoTOOpakeHUe CTPaHMUILL, KOTOPbIe UMEITCA B ee Kallle.

9.4. B BalieM pasaesie 00 OITUMHU3AIUU TaOIHIIbI
CTpaHUlL], He MOIJIH ObI BbI 00JIee MOAPOOHO
pacckasaTts 0 pv_entry u vin_page (m1a vin_page
AO0JDKHA OBITH VIN_pmap-Kaxk B 4.4, cf. pp. 180-181 of
McKusick, Bostic, Karel, Quarterman)? A UMeHHO
KaKoe Je¥iCTBHUEe/peaKIHI0 10/DKHO IIOTPed0BaThHCA
IJI1 CKAHUPOBAHUS 0TOOpa KeHuu?

vm_page mpejcTaBJsieT co60U 1apy (object,index#). pv_entry sIBjIsieTCS 3alMChl0 U3 alllapaTHOM!
TabJMIIbl cTpaHUIl (pte). EC/id y Bac UMeeTcs IISTh IIPOIleCCOB, COBMECTHO UCIIOJIb3YIOIUX OJHY U
Ty >Ke QU3UUYECKyH CTpPaHHIy, U B TpeX TabJHUIaX CTPAHUI] 3TUX IIPOIIECCOB HAa CaMOM JeJie
oTob6pakaeTcsl CTpaHMIIA, TO CTpPaHUIA OyleT IIPe/CTAaBJISITHCI ONHOM CTPYKTYpOM vm_page H
TpeMs CTPYKTypaMH pv_entry.

CTPYyKTYypHI pv_entry IIpeAcTaBIsIOT CTpaHUIlBL, oToOpakaemble MMU (ogHa CTpPyKTypa pv_entry
COOTBETCTBYET OFHOM pte). ITO 03HAYaeT, YTO, KOIJa HaM HY>KHO yOpaTh Bce allapaTHbIe CChIIKU
Ha vm_page (11 TOro, YTO6BI IIOBTOPHO UCII0JIb30BaTh CTPAHUILY /I UeTo-TO ellle, BHITPY3UTH ee,
OYMCTUTH, IIOMETUTh KaK IPA3HYI0 M TakK jajee), Mbl MO)XeM IIPOCTO IIPOCMOTPETH CBSI3HBIMN
CIIMCOK CTPYKTYP pv_entry, CBI3aHHBIX C 3TOM vm_page, [JI TOTO, YTOOBI yAaIUTh UIU U3SMEHUTH
pte U3 UX TabIUL] CTPaHHULL,

B Linux HeT TaKOTO CBSI3HOrO CHHCKa. /[JIs TOro, YTOOB! yIaIUTh BCe 0TOOpakeHUs amllapaTHOMN
TabJIUIIBl CTPaHUL [UId vm_page, linuxX AO/DKeH IIPOMTH II0 HHJEKCY Kakgoro obwekra VM,
KOTOPBIN Modcem oToOparkaTh cTpaHully. K mpumMepy, ecaau y Bac uMeeTcs 50 IIpoIieccoB, KOTOPHIe
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BCe 0TOOpa’karoT Ty Ke caMyl0 JTUHAaMUYeCKYI0 O0U6IMO0TEKY U XOTUTe U30aBUTHCSA OT CTPaHUIIBL X
B 9TOM 6MOJIMOTEKe, TO BaM HY>KHO IIPONUTHUCH I10 MH/EKCY BCel TabJIUIbI CTPaHULL I KaXK[oro
U3 9TUX 50 IIPOIIeCCoB, Jake ecIy TOJBKO 10 M3 HUX Ha caMOM Jiesie 0ToOpaskaroT CTpaHUIly. Tak
4TO0 Linux KCII0JIb3yeT IIPOCTOTY II0X0/ia 3a CUeT IIPOU3BOAUTEILHOCTH. MHOIMe aJlTOpUTMEI VM,
KOTOpbIe UMeIT CI05KHOCTH O(1) mmu (N masoe) Bo FreeBSD, B Linux mpuo6peTarT CJI0KHOCTH
O(N), O(NA2) mnu xy»ke. Tak Kak pte, IIpeICTaBISIONIUN KOHKPETHYIO CTPaHUIy B 00 bEKTe, CKOpee
BCero, OyZIeT ¢ TeM ’Ke CMellleHHeM BO BCeX TabJ/IMIlaX CTPaHHUIl, B KOTOPHIX OHU 0TOOpa’karoTcs, TO
yMeHBbIIIeHHe KOJIMUecTBa OOpallleHUi B TaOJIUIIbl CTPAHUIL II0 TOMY >Ke CaMOMYy CMeIleHUI0
4acTo II03BOJIZeT M36erKaTh paspacTaHusd Kama L1 [id aToro CMellleHUs, YTO IIPUBOAUT K
YIIYUIIIEeHUIO IIPOU3BOAUTEIbHOCTH.

Bo FreeBSD BBefieHBl [IOIIOJTHUTEJILHBIE CJI0KHOCTH (cXeMa C pv_entry) [ yBeJIHU4YeHUSA
IIPOU3BOUTEJIHLHOCTH (YMeHBbIIasi KOJIUYeCTBO 0OpalljeHUu mo/bKo K TeM pte, KOTOpbIe HYKHO
MOAUGUITUPOBATH).

Ho Bo FreeBSD mmMmeeTca mpob6seMa MacIITabMpoOBaHUS, KOTOPOM HeT B Linux, II0OTOMy 4YTO
UMeeTCsd OTPaHUYeHHOe YUCJIO CTPYKTYP pv_entry, ¥ 3TO IPUBOAUT K BOSHUKHOBEHUIO IIP0O0JIEM
npa 60JyIbIIIOM 00beMe COBMECTHO HCIIOJIb3yeMbIX [JAaHHBIX. B 3TOM ciaydae y Bac MOKeT
BO3HUKHYThH HexXBaTKa CTPYKTyp pv_entry, fake ecJid CBOOOZHOM IIaMATH XBaTaeT. ITO MOXKET
OBITH [OCTATOYHO JIETKO MCIIPaBJIeHO YyBeJIWYeHHeM KOJIWYecTBa CTPYKTyp pv_entry IIpU
HaCcTpPOIiKe, HO Ha CaMOM Jiejle HaM HY>KHO HalTH JIYYIIINM CII0C00 /1es1aTh 3TO.

UYTo KacaeTcsl UCIOJIb30BaHUS IaMATHU IO TabJIUIly CTPAHUIL IIPOTHUB CXeMBbI € pv_entry: Linux
UCII0JIb3YeT "HOCTOSHHBIE" TabJIUIlBI CTPAHUI], KOTOPhle He COpachIBAIOTCId, HO eMy He HY>KHbI
pv_entry g Ka>KA0To IMOTeHIIMaJIbHO 0ToOpakaeMoro pte. FreeBSD ucrosib3yeT "cOpacbiBaeMbie”
TabJIMIIBl CTPAHUI], HO I Ka)XJOI0 pealbHO OTOOpa’kaeMoro pte mobaBiseTcs CTPyKTypa
pv_entry. S mymaro, 4TO UCII0JIb30BaHUeE IIaMATH OyAeT IIPUMEPHO OAWHAKOBa, TeM 06oJiee 4YTO Y
FreeBSD ecTh ajJrOpuUTMHUYECKOe IIPEUMYIIECTBO, 3aKJII0Uarliieecs B CIIOCOOHOCTH cOpachiBaTh
TabJIMIIBI CTPAHUI] C OUeHb MaJILIMU HaKJIAJHBIMU PacX0JaMHU.

9.5. HakoHeq, B pa3zeJie 0 IOATOHKEe CTPaHHUIL XOPOIIIo
ObI OBL/IO MMeETh KpaTKoOe OIMcaHue TOro, 4YTo 3TO
3HaUUuT. 1 He coBCeM 3TO IIOHSJIL.

3HaeTe JI4 BBI, KaK paboTaeT ammapaTHBIN Kl maMiaTu L1? O6bsaAcHAI0: IIpeicTaBbTe MallUHY C
16MbB 0CHOBHOM ITaMSTH U TOJIBKO co 128K mamsatu kamia L1. B 061eM, 3TOT K3l paboTaeT Tak,
4TO KaXKAbIA OJIOK 110 128K OCHOBHOM ITaMSTH HCHOJb3yeT me e camvle 128K karmra. Ecim Bbl
obpailraeTech K OCHOBHOM IIaMATH I10 cMellleHUIo 0, a 3aTeM K OCHOBHOM ITaMATH II0 CMeIl[eHUI0
128K, BEI IIepesalrrchiBaeTe JaHHbBIE KI3Illa, IPOYTEeHHEIe 110 CMelreHMo 0!

S oYeHbL CHJIBHO BCe YIIPOIITaro. To, UTO s TOJIPKO UYTO OIIMCaJ, HasbIBaeTCsa "Hal'[pF{MYIO
0T06pa>KaeMBIM" aIlllapaTHBIM K3III€EM IIaMSATH. BoJILIITUHCTBO COBPEMEHHBIX Kalllel SIBJISIOTCS
TaK Ha3bIBA€MBbIMHN 2-CTOpOHHI/IMI/I MHO>KECTBEHHBIMHU dCCOITMAaTHUBHBIMHU HJIX 4—CTOpOHHI/IMI/I
MHO>KeCTBEHHBIMH aCCOITMAaTUBHBIMHU KalllaMH. MHOKeCTBeHHasd aCCOI[MAaTUBHOCTL IT03BOJISET
BaM 06pamaTLcs{ K BILIOTH 10 N Pa3/IMYHBIM 06J1aCTsIM IIaMsATH, KOTOPbI€ HUCIIOJB3YIOT OHY U TY
’Ke ITaMSTh KaIlla 6e3 YHUUYTOKEHHUSA paHee IIOMEITEHHBIX B K9III /TaHHBIX. Ho Tosibko N.
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Tak 4TO eciv y MeHd UMeeTCd 4-CTOPOHHHM acCOITMaTUBHBIN KIIIIL, 1 MOTY 00PaTUTHCA K ITaMSITHU
1o cMmeneHuo 0, cmenteHuto 128K, 256K u cmereHuro 384K, 3aTeM CHOBa 00pPaTUTHCI K ITaMATH
110 cMmeleHuro 0 U I1oyy4dy ee U3 kama L1. OgHaKo, eciy IIocje 3TOro s 06palnych K IIaMATH 110
cMelreHUI0 512K, olUH U3 paHee IIOMEII[eHHBIX B K3III 00beKTOB JaHHBIX Oy/IeT U3 K3llla yaJleH.

ITO Upe3BBIYAMHO BaKHO... 11 G0JBIITUHCTBA 0OpaIlieHuH K ITaMsSITH Ipolleccopa Upe3sblHaiiHo
Ba)KHO, UTOOBI JaHHBIe HaXOAWJIHNCh B Kallle L1, Tak Kak K3l L1 pa6oTaeT Ha TaKTOBOM UaCTOTe
paboTsI Iporeccopa. B ciydae, ecid TaHHBIX B Kalle L1 He o6Hapy KUBaeTCs, U OHU HIIYTCI B
KaIe L2 Wik B OCHOBHOM IIaMSITH, IIpolieccop OYyZeT IpocTauBaTh, WU, CKOpee, CUIETh, CJI0KUB
PYYKH, B O’KUIAHUH OKOHUYAHUS UTE€HUS U3 OCHOBHOM ITaMSITH, XOTS 3a 9TO BpeMs MOKHO OBLIO
BBIIIOJTHUTL COMHU omneparuii. OCHOBHAs nNaMaTh (MuHamMuueckoe O3V, KOTOpPOe YCTaHOBJIEHO B
KOMIIbIOTEpe) paboTaeT II0 CPaBHEHHUI0 CO CKOPOCTHIO pabOTHI sif[pa COBPeMEHHBIX ITPOIleCCOPOB
Me0/1eHHO.

XOpOI_T_IO, a Tellepb PaCCMOTPHUM IIOATOHKY CTPAaHHUII: Bce COBPEMEHHEBIE K3IITXU ITaMATH ABJISIOTCA
TaK Ha3blBd€MBIMHU ¢u3u’-leCKuMu KamraMu. OHHU K3IIIHUPYIOT agpeca (PHSH‘-IGCKOI‘;I IIaMATH, a He
BHpTy&JILHOIZ. 9TO I103BOJISIET Koy He IIPMHHMAaThb BO BHHMaHHE IIEPEK/TII0OYEHKHE KOHTEKCTOB
IIPOITECCOB, YTO OYE€HDb Ba’KHO.

Ho B mupe UNIX® BbI paboTaeTe C BHUPTYaJIbHBIMU aJpPeCHBIMU IIPOCTPAHCTBAMH, a He C
¢usmyeckuMu. Jrobas IporpaMma, BaMU HallMCaHHas, UMeeT JieJI0 C BUPTYaJIbHBIM a/ipeCcHbIM
IIPOCTPAHCTBOM, el IIpe[oCTaBJIeHHBIM. PeasbHBle (pusuuecKue CTPaHUIIBI, COOTBETCTBYIOIIIHE
BUPTYaJbHOMY aJpecHOMY IIPOCTPAHCTBY, He 00g3aTeJIbHO PacIoIoKeHbl (QU3NYeCKHU
rociaeroBaTeslbHO! Ha camMoM fesie y Bac MOI'YT OKa3aThCsd [Be CTPAaHUIIBL, KOTOpPBIE B aJpeCHOM
IIPOCTPAHCTBE IIPOIIEeCCOB SABJIAITCA I'PaHUYAIIMMU, HO PacloarallliuMUCS II0 CMellleHUuio 0 1
110 cMetneHur0 128K B husuveckoil IaMsTH.

O6pIyHO IIporpaMMa IIoJlaraeT, YTO [Be TpaHHU4Yalllde CTPaHUIBI OyAyT KIIIMPOBATHCA
onTuUMaabHO. To ecThb BBl MOXKeTe oOpalaTbCad K 060beKTaM [JaHHBIX B 00eHX CTpaHUIaxX 6e3
3aMellleHWI B K3llle JAaHHBIX APYyr Apyra. HO 3TO HMeeT MeCTO, eC/JIM TOJbKO (QHU3HYecKHe
CTPaHUIIBI, COOTBETCTBYIOIME BUPTYyaJbHOMY aZpeCHOMY IIPOCTPAHCTBY, PaCIIOIaraloTCs PsagoM
(B TaKOM Mepe, UTO IIOIIAZAl0T B KIIII).

3TO KMEHHO TO, YTO BBIIIOJIHSET IIO/ITOHKA. BMmecTo Toro, 4To6bl HasHA4aTb CAydalliHble
¢u3myecKue CTpPaHUIIBI BUPTYaTIbHBIM a/ipecaM, UTo MOKeT IIPUBECTH K HEOIITUMaJIbHOM paboTe
K3IIIa, TIPU IIO/ITOHKE CTPAaHUI] BUPTYaJbHBIM aJpecaM Ha3HAYaITCSI NPUMEPHO Nooxodsujue no
nopsadky ¢usuMueckue CTpaHUIBL. TakuM 06pa3oM, IIporpaMMBI MOTYT IIHMCAaTbCS B
IIpeAIIoI0KeHUH, UTO XapaKTEePUCTUKH HU3JIe)Kalllero allapaTHOro Kallla I BUPTYaJIbHOTO
aZipeCHOTO0 IIPOCTPaHCTBAa OYyAyT TaKUMH SKe, KaK ecad Obl IIporpaMma paboTasa
HeTIOCPe/ICTBEHHO B M3UUECKOM aIpeCHOM IIPOCTPAHCTBE.

3aMeThbTe, YTO A CKasaJ "IPUMEPHO" IIOLXOLAIINe, a He IIPOCTo "IocaemoBaTe bHble". C TOUKU
3peHUd HalpsIMyI0 0ToOparkaeMoro Kaira B 128K, ¢usuyeckuid agpec 0 0IMHAKOB ¢ GU3UIECKUM
agpecom 128K. Tax 4YTO [aBe rpaHHUYallie CTPaHUIIBI B BallleM BUPTYaJIbHOM aJpecHOM
IIPOCTPAHCTBE MOTYT pacrosiaratbes 1o cMelneHu0 128K u 132K ¢prsmuyecKoi mmaMsaTU, HO MOI'YT
JIETKO HaXOAUThCA 110 cMeleHU0 128K u 1o cMmenteHnio 4K pusmuyecKor naMsaTH, U UMETH Te JKe
caMble XapaKTepPUCTUKH paboTel Kama. Tak 4YTO IIpU IIOATOHKe He HYJ)HCHO Ha3HaudaTb B
IeMCTBUTEJbHOCTH IIOCJIe/loBaTeJbHble CTPaHUIBl (U3UUYEeCKOM IIaMITH II0CIe0BaTelbHbIM
CTpaHUIIAM BUPTYaJIbHOU IaMATH, JOCTATOYHO IIPOCTO AOOUTHCSA PACIIOJIOKEHUS CTPaHUI] II0
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COCEJICTBY JIPYT C APYTOM C TOUKH 3peHHUs paboThI Kallla.
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