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FreeBSD sT0 3aperucrprpoBaHHas Toprosas Mapka FreeBSD
Foundation.

Linux aTo 3aperucTprpoBaHHast ToproBast Mapka Linus Torvalds.

Microsoft, FrontPage, IntelliMouse, MS-DOS, Outlook, Windows,
Windows Media u Windows NT aT0 W 3apernucTpupoBaHHble TOp-
roBble MAPKU WJIX TOPTOBble Mapku Microsoft Corporation B Coezu-
HeHHbIX [ITaTax v/WiK Opyrux CTpaHax.

Motif, OSF/1 1 UNIX 3T0 3aperucTprupoBaHHbIe TOProBble MAPKHU, a
IT DialTone u The Open Group ato ToproBeie Mapku Open Group B
CoepuHeHHbIX llITaTax v ApYrUX CTpaHax.

MHorue 13 0603HauYeHMUIA, UCII0/Ib3yEMbIe TPOU3BOSUTESIMU U TIPO-
LaBLiaMU i1t 0603HaYEeHHU s CBOUX IIPOAYKTOB, 3asBJISAIOTCS B Kaye-
CTBe TOProBbIX Mapok. Korja Takue 0603HaYeHNs [TOSIBIISIOTCS B
3TOM OKYMeHTe, U [IpoekTy FreeBSD M3BeCTHO O TOProBo Mapke, K
0603HaYEHUIO [OOABIIAETCS 3HAK «™» UM «®».

IlepBOHAYaIBbHO 3Ta CTAThs OblIa OIy6/IMKOBaHA B HOMepe
DaemonNews 3a sstHBapb 2000 rofa. 3ta BepCUs CTaTbl MOXKET BKJIIO-
4aTh JoOaBIEHN, Kacaoliyecss USMEeHEHUH B peanusanny VM Bo
FreeBSD ot MarTa 1 Apyrux aBTOPOB.

2013-11-24 taras.

AHHOTauuA

HasBaHue cTaTby TOBOPUT JIMIIBL O TOM, YTO S ITOIBITal0Ch ONMCaTh

B 1esioM VM-crcTeMy MOHATHBIM A3BIKOM. [TocefHUI rog, st cocpe-
JOTOYMIT yCUITHS B paboTe HaJi HECKOBKUMU OCHOBHBIMU TO/|CHCTE-
Mamu sanpa FreeBSD, cpeji KOTOPBIX MOLCUCTEMBI VM U OAKAYKU
OBLIV CAMBIMU MHTEPeCHBIMHY, a NFS okxasanach « HeO6XO4UMOI py-
TUHOW». S mepenycas JMIIb MaJjylo 4acTb Kofa. YTo kacaercs VM, To
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BBeneHve

sl e [UHCTBEHHBIM OOJIBLINM OOHOBJIEHUEM, KOTOPOE 51 CAAEAI, SIBJIsA-
eTCs NepefesKa MoACACTEeMBI ToAKauKM. OCHOBHAs 4aCTh MOel pa-
0O0THI 3aKJ/II0YAJIACh B 3aUMCTKE U MOAAEPIKKE KOJa, C €AUHCTBEHHOM
3aMeTHOI IepeesIKol Kofa v 6e3 3HAYNTe IbHOM MepeiesIKU airo-
PUTMOB B VM-TIoAcHCTeMe. B OCHOBHOM TeopeTnyeckKas 6asa pabo-
Tl VM-TIO/ICUCTEMBI 0CTaIaCh HEM3MEHHOI, a 6OBLIMHCTBO 6J1aro-
JlapHOCTel 38 COBPEMEHHBIX HOBOBBEIeHU 3a II0C/IeJHIE HECKOJIb-
Ko JieT puHagexar John Dyson u David Greenman. He sIBJIsisich mc-
TOPUKOM, Kak Kepk, 1 He OyZly BITaThCs CBA3ATh Pas/IMYHbIe BO3-
MOYHOCTY CUCTEMBI C UMEHAMU, TIOTOMY YTO 00513aTeJIbHO OIIUOYCh.
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1. BBegeHue

I[lepen TeM, KaK epeTh HEMOCPECTBEHHO K CYIeCTBYIOIeH apXUTEKType, IOTPaTUM
HEMHOTO BpeMeHU Ha pacCMOTPeHNe BOIIPOca 0 HeOOXOJUMOCTH MOALEPIKKHI U MOZep-
HU3aIMH JII60T0 AJIMTEIBHO KUBYILEro Kofa. B Mupe mporpaMMHUpoBaHuUs alrOPUTMEI
CTaHOBATCS 6oJiee BaXKHBIMU, YeM KOJ, U MMEHHO K3-3a aKaJeMUYeCKUX KopHel BSD
M3HaYaIbHO O0JIbIIIOe BHUMAHYE YA/ s/I0Ch TpopaboTKe alropuTMoB. BHUMaHMe, yie-
JIEHHOE apXUTEKTYPE, B 0011jeM OTpakaeTcst Ha SCHOCTU 1 TMOKOCTH KOZa, KOTOPBIH MO-
)KeT OBITh JOCTATOYHO JIETKO U3MEHEH, pacllipeH WU C TeYeHHeM BpeMeH! 3aMeHeH.
XO0Ts1 HEKOTOpBle CUUTAIOT BSD «cTapoii» onepalnioHHON CUCTEMOM, Te UX Hac, KTO pa-
OoraeT Haf Hell, BUIAT ee CKOpee CUCTEMOI CO «3PeIBIM» KOZOM C Pa3IMYHbIMU KOM-
IIOHEHTaMM, KOTOpPbIe ObIIM 3aMeHEHbI, PacIIMPEHb! U N3MEHEHbI COBPEMEHHBIM KO-
Jom. OH pasBuBaeTcs, U FreeBSD ocTaeTcs epeZjoBoi CUCTEMOM, BHe 3aBUCUMOCTH OT
TOT'0, HACKOJIBKO CTApO¥ MOJKET OBITH YaCTh KOZa. ITO BaXKHOE OT/INYKE, KOTOPOE, K COXKa-
JIEHVI0, He BCeMU TOHMMaeTcst. CaMoii 60JIbIIol OMMOKOI, KOTOPYIO MOXET JOMYCTUTh
IIPOTPaMMIMCT, BJISI€TCS UTHOPUPOBAHKE UCTOPUH, U TO IMEHHO Ta OLINOKa, KOTOPYIO
cZieJlaJii MHOTHe ApyTrie COBpeMEeHHEBIe OllepaliOHHbIe CUCTeMBI. CaMbIM SIPKU IIPUMe-
pom 3zech siBisiercs Windows NT®, 1 moceicTBUs yKacHBL. Linux Taxoke B HEKOTOPOI
CTeIeHU COBEPIINJI 3TY OIINOKY—OCTaTOYHO, YTOOBI MBI, T0Au BSD, 10 KpaiiHeit Mmepe
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SJIEMEHTHI apXUTEKTYPbI CUCTEMBI BUPTY-
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110 pasy OTIyCTHJIM 10 3TOMY MOBOAY LIyTKy. [Ipobsiema Linux 3akio4yaeTcs mpocTo B
OTCYTCTBUHU OIIbITA ¥ KCTOPUH [JIs1 CpaBHEHUS Uzel, mpobieMa, KOTopast JIETKO U ObICT-
PO pelaercsi coobIecTBOM Linux TOYHO Tak e, Kak OHa pemraeTcs B coobmectse BSD
—TIIOCTOSTHHOM paboToit Hag KojoM. Paspaborumku Windows NT®, ¢ Lpyroit CTOpOHS,
[TOCTOSIHHO COBEPILIAIOT T€ K€ CaMble OMMOKH, 4TO 6b11M pelreHbl B UNIX® mecstku jiet
Hasaf, a 3aTeM TPaTAT I'ofbl Ha X ycTpaHeHre. CHOBa M CHOBa. ECTh HECKOJIBKO Cily4daeB
«IpOpaboTKa apXUTEKTYPBI OTCYTCTBYET» U «MBI BCErZa MPaBbl, IOTOMY YTO TaK 'OBO-
PUT Halll OTAEJI IPOJaXK». S IJIOXO IePeHOIly TeX, KOro He YYUT UCTOPUSL.

BOJIBIIMHCTBO OYE€BUHON CIOXKHOCTH apXUTEKTYpbI FreeBSD, 0COGEHHO B IIOACUCTEME
VM/Swap, SIBJISIeTCS IPSIMBIM CIIEACTBIIEM TOTO, YTO OHA pelllaeT Cepbe3Hble IIPOBIeMsL
C IPOUBBOAMTE/IBHOCTHIO, KOTOPbIE MPOSBJIAIOTCA IIPU Pas3/IMYHBIX YCIOBUAX. ITU IIPO-
671eMBI BBI3BaHBI He TIJIOXOM MPOPabOTKOI aITOPUTMOB, a BOSHUKAIOT U3 OKPYXKAIOIINIX
dakTOpOB. B M06OM NPAMOM CPaBHEHUH MeXAY IIaTPOpMaMHU STU MPObIeMbI MPOSIB-
JISIIOTCS, KOTZJa CUCTEMHBIE PECYPChl HAYMHAIOT MCTOWAThLCA. TaK KakK s OIMCHIBAIO MO
cucteMy VM/Swap Bo FreeBSD, To unTaresb JO/DKEH BCeria IMeTh B BUAY ABa 06CTOSI-
TeJIbCTBA:

1. CaMbIM Ba)XHBIM aCIIEKTOM IPY IPOEKTUPOBAHUHU MPOU3BOSUTENBHOCTH SIBIISETCS
TO, YTO HasbIBAETCs “ONTHUMHUBALMEN KPUTHYeCKOro MapupyTa”. Yacto ciydaercs,
YTO ONTHUMMU3ALYS IPOU3BOAUTENBHOCTH €T IIPUPOCT 06'beMa Kofia paji TOro, 4To-
OBl KPUTUYECKUIT MapLipyT paboTa 6eicTpee.

2. YeTKOCTb OOLIIEl apXUTEKTYPbI OKAa3bIBAETCS JIy4llle CUIBHO ONITHMU3HMPOBAHHOI ap-
XUTEKTYPHI C TeYeHreM BpeMeHU. Korga kak 06001ieHHas apXUTEKTYpa MOXKeET OBITh
Me/i/IeHHee, YeM ONTHMU3MPOBAaHHAsA apXUTEKTYpa, IIpY MEPBOI peann3alyy, Ipu
06001IIeHHON apXUTEKTYpe JIerde IOACTPanBaThC MO N3MEHSIOLINECS YCIOBUS U
Ype3MepHO ONTHMHU3NPOBAHHAS APXUTEKTYPa OKa3bIBAETCST HEIPUTOZHOM.

JT0601 KOJj, KOTOPBII JOJHKEH BBDKUTH U TIOaBATECS TIOAEPIKKE TOfIbI, IOIDKEH TI0TO-
My GBITh THIATEJIBHO MPOAYMaH C CAMOTO HavaJa, fJaXke eCJI 9TO CTOUT TOTEPU TPOU3BO-
[IUTEJIbHOCTH. JIBaILIaTh JIET Ha3a ] ObIIM Te, KTO OTCTAUBAJI TPEUMYILECTBO IIPOrPaMMU-
POBaHUs Ha sI3bIKe acceMbiiepa repes MporpaMMUPOBAHMEM Ha SI3bIKE BBICOKOTO YPOB-
Hs1, TIOTOMY 4TO IIEPBbIV reHepupoBas B AECATh pa3 Oosiee OBICTpPHIN KOA. B HamM AHU
OIKMB6OYHOCTH STOTO APrYMEHTA OYEBHUIHA — MOXKHO IIPOBECTHU MAPaJUIENH C IOCTPOEHM-
€M aJIrOPUTMOB U 00001IeHEM KO,

2. 06beKkTbl VM

Jlyuiie Bcero HavyaTh onvcaHuve VM-cucreMsl FreeBSD ¢ IONBITKY B3IVIAHYTH Ha Hee C
TOYKH 3peHUS I101b30BaTeIbCKOr0 IIpoliecca. KaXbiii 10/1630BaTeIbCKUM Ipoliecc MMe-
eT eiuHoe, IpUHaJIexallee TOJIbKO eMy U HepaspbIBHOE aJjpeCHOe IIPOCTPaHCTBO VM,
cozieprKaliee HECKOJIBKO TUITOB 0O BEKTOB MAMSTU. ITU 0OBEKTHI UMEIOT Pa3INYHbIE Xa-
pakTepucTrUky. Ko porpaMmel U ee JaHHbIE SBJISIOTCS eAUHBIM daitiioM, 0Tobpaxae-
MBIM B ITaMATh (3TO BBITIOHAOMMNACS JBOMYHBIHA baiis), 0JHAKO KOJ| TPOrPaMMBbl ZI0CTY-
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TI€H TOJIBKO IS YTEHUsI, KOTjA KaK JaHHBIE IPOrPaMMbl Pa3MEIIA0TCS B PEXKIME KO-
POBaHUA-IIPU-3aUCH. BSS mporpaMMel IpefcTaBiisieT co60ii BCETO JINIIb BbILEIEHHYIO
06/1aCTh MaMATH, 3aMOJHEHHY0, €CJIM 3TO TPeOOBaIOCh, HYJIIMH, YTO Ha3bIBAETCS 00-
HyJIEHUEM CTPaHUL] TaMATH 110 TpeboBaHMo. OTAebHbIe Gaiiibl MOTYT Takke 0TObpa-
JaThCS B afpeCHOE MTPOCTPAHCTBO, UMEHHO TaK paboTaloT AUHaMUYeCKre OUOIOTEKH.
Takue 0TOOpaXeHUs TPeOYIOT U3MEHEHNH, YTOObI OCTaBATHCS IPUHAAJIEKAIIUMHU IPO-
LeCCY, KOTOPBIM MX BBITOTHIIL. CUCTeMHBII BbI30B fork mo6aBisier mepeBoguT mpobiemy
yrpasiaeHus: VM IMOJHOCTHIO B HOBYIO [IJIOCKOCTB, BAOOABOK K YK€ MMEIOIMMCS CJI0XK-
HOCTSIM.

WIIOCTPUPYET CIOKHOCTD CTPaHMLA AAHHBIX ABOMYHON MpOrpaMMbl (KOTopast sBJisi-
eTCsl CTPaHULeN KOTMPYeMOi-Ipu-3amucy). JBOMYHAs POrpaMMa COAEPIKUT CEKLIHIO
Ipe/iBapUTEIbHO MHULMAIN3UPOBAHHBIX JAHHBIX, KOTOpas [IepBOHAYaIbHO 0TOOpaxa-
eTCsI HeTIOCPeICTBEHHO 13 daliia mporpamMsl. Korza mporpamMma sarpyaercs B Vim-
IIPOCTPAHCTBO ITPOLeCca, 3Ta 00/1aCTh CHava a 0TOOpaXKaeTCs B MaMATh U OAAEPIKIBa-
ercst 6rHapHbIM $aliIoM MPOrpaMMBbl, TI03BOJIsist VM-CrCTEMe 0CBOBOKAaTh/ TIOBTOPHO
HCII0JIb30BATh CTPAHMUILY, a IOTOM 3arpy)KaTh ee CHOBa M3 brHapHOro ¢paiiia. OfHaKO B
MOMEHT, KOT/Ia IIPOIlecC U3MeHsIeT 3TH JaHHble, VM-crcTeMa [O/DKHA CLesIaTh KO0
CTpaHULIbI, TPHHA/JIEXKALIYI0 TOJBKO 3TOMY ITpoLeccy. Tak Kak aTa Konus 6bia usme-
HeHa, To VM-crcreMa He MoeT 60Jiblie 0CBOOOXJATh 3Ty CTPaHULY, TaK KaK BIIOCJIE]-
CTBUU €e HEBO3MOXKHO OyieT BOCCTaHOBHUTb.

BBI TYT e 3aMeTHTe, YTO TO, YTO CHaYasa 610 IIPOCTHIM 0TOOpaXKeHHeM ¢aiisa B Ma-
MSTh, CTAHOBUTCSI TOPa3zio 60Jiee CI0XKHBIM IpefMEeTOM. JlaHHbIe MOT'YT MOAUPULIKIPO-
BaThCs IIOCTPAHUYHO, KOTa KaKk 0ToOpaskeHue daiiia BBIOIHAETCS AT MHOTUX CTpa-
HUILL 3a pas. CJI0KHOCTD ellje 6osiee YBEIMYMBAETCS, KOTAa MPOLIECC BBIIOIHAET BBI30B
fork. Mpu aTOM MOPOXKIAIOTCS ABA MPOLECCA—KANABIA CO C COBCTBEHHBIM aIpeCHBIM
MIPOCTPaHCTBOM, BKJIIOYAIOLIM BCe U3MeHeHMs, BBIIOJTHEHHbIe NCXOAHBIM IIPOLIecCCoOM
10 BeizoBa ¢yHkimu fork() . Bewio 6s1 ritymo fyis VM-CUCTEMBI [ie1aTh MOTHY0 KOIMIO
JIaHHBIX BO BpeMs BbI3oBa fork() , Tak Kak BeCbMa BEpOATHO, YTO OFJUH M3 JBYX IIPOLiec-
CoB byieT Hy KeH TOJIBKO AJIS YTEHHS U3 TOV CTPAHULIbL, YTO IIO3BOJIAET UCIIONB30BaHNE
HICXOZHOM CTpaHuULpL To, 4TO 6BII0 CTpaHULeH, TpUHAa/JIeXKalllel TOIbKO IIpoLeccy, CAe-
JIAETCsl CHOBA CTPaHMULEN, KOMMPYeMOU [TPY 3allUCH, TAK KaK KaXAbI 13 TpoLeccos (u
POIMTEIB, ¥ TIOTOMOK) ITOJIATAIOT, YTO MX COBCTBEHHBIE N3MEHEHWS ITOCJIe PAa3BETBIIEHUS
OyAyT IpUHAa/JIeXKaTh TOJIBKO UM, 1 HE 3aTPOHYT POACTBEHHBII TPOLieCC.

FreeBSD ymnpaBiisieT BCeM 3THUM IIPH ITOMOIY MHOTOYPOBHEBOI Mogiesi VM-06BeKTOB.
VcxonmHeiil Gaityl ¢ [BOMYHON MPOrpaMMOU ITEPEeHOCUTCS Ha CaMBbIfl HIDKHUN YPOBEHb
06bekTOoB VM. YPOBEHB CTPAHUL], KOIIUPYEMBIX [IPU 3aMKCH, HAXOAUTCS BBILIE HETO, U
XPaHUT Te CTPAHUIbl, KOTOpPble OBLIM CKOIMPOBAHbI U3 MCxogHOro darina. Ecau mpo-
rpaMMa MoAUGUIIMPYeT CTPaHUIbI JaHHBIX, OTHOCAIIMECS K UCXOAHOMY aiiity, To CH-
creMa VM 06Hapy)KUBAET 3TO U IEPEHOCUT KOIMIO STOM CTPaHUILIbI Ha 60Jiee BHICOKME
ypoBeHb. Korza mporiecc pasBeTBIIAeTCs, BOOABIAIOTCA HOBblE YPOBHU VM-00BEKTOB.
ITO MOXKHO IIOKa3aTh Ha MPOCTOM npumepe. Gyrkuus fork() sBseTcs obieit onepa-
L1el 1715 BceX cucteM *BSD, Tak 4To B 9TOM MpUMepe 6yeT pacCMaTpUBAThCS TPOrpam-
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Ma, KOTOpas 3aIlyCKaeTcs, a 3aTeM pasBeTBistercs. Korza mpouecc 3amyckaercs, VM-cu-
cTeMa Co3[aeT HEKOTOPBIN YpOBEHb 00bEKTOB, 06003HAYKM €ro A:

A

A cooTBeTCTBYeT dailly—I10 HeOOXOAUMOCTY CTPAaHULIbI TAMATH MOTYT BHICBOOOXKAATh-
sl ¥ IOATPYKaThCs ¢ HocuTesd daiina. [loArpysKa ¢ AUCKa MOXeT oTpeboBaThCsA [Ipo-
rpaMMe, OJHAKO Ha CaMOM JfeJie Mbl He XOTHM, YTOOBI OHa 3allKChIBaIach 0OpaTHO B
¢aiis. ITosToMy VM-crcTeMa Co3/jaeT BTOPOIt YpOBEHb, B, KOTOPbIT GU3MIECKU OALEP-
YKUBAETCS AVCKOBBIM ITPOCTPAHCTBOM ITOJKAYKH:
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A

IIpu nepBoi 3aNKCy B CTPaHULy I10C/Ie BBIIIOJIHEHNS TOM ollepaluy, B B cosfaercs Ho-
Basl CTPAHMLA, COLEPIKUMOe KOTOpoit bepercst ua A. Bce crpanuisl B B MoryT cOpacel-
BaThCS M CYMTBIBAThCS U3 YCTPOWCTBa NoAkadyku. Korga nporpaMma BeTBUTCS, VM-CH-
cTeMa CO3/IaeT [jBa HOBBIX yPOBHS 06beKTOB—C1 [/ OpOoXKAatolero npouecca v C2 ais
TIOPOXKJEHHOI0O—OHM PaCIIoJIararTcs rosepx B:
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C1 c2

B aTOM ciiyyae, JOIMYyCTHM, YTO CTpaHULa B B 6blyia MISMeHeHa HavyalbHbIM POAUTEb-
CKMM IIPOLIeCCOM. B mporjecce BOSHUKHET CUTyalysl KONMMPOBAaHUs IPU 3alMCH U CTpa-
HuUlla ckonupyeTcs B C1, Ipy 9TOM MCXOAHAas CTPaHULIA OCTaHeTCs B B HeTpoHyTOM. Te-
Tepb JOIYyCTUM, UTO Ta XKe camasi CTpaHMLla B B M3MeHIeTCs MOPOKJEHHBIM ITPOLIECCOM.
B npouecce BOSHUKHET CUTyalWsA KONIMPOBaHMs IIPY 3aIlMCH U CTPaHMLIA CKOIUPYETCA B
C2.HcxopnHas cTpaHuIa B B Terneps IOJTHOCTBIO CKPBITA, TaK Kak U C1, 1 C2 UMEIOT KoKy,
a B TeopeTruecKy MOXKeT OBITh YHUYTOXKEHA, ECIIV OHA He MPe/CTaB/IseT CoO0i «peastb-
Horoy» daiina). OZHAKO TaKylo ONTUMUSALMIO HE TaK YK IPOCTO OCYILECTBUTD, IOTOMY
YTO OHA JleJIaeTCs Ha YPOBHE MeJIKMX eAuHuULL. Bo FreeBSD Takast onTMU3anyist He BbI-
nosiHseTCs1. Tereph MOM0XKUM (a 9TO 4aCcTO CIIYYaeTCst), YTO OPOXKAEHHbIN [POLIECC BbI-
IIOJTHSIET BBI3OB exec () . Ero Tekyliee afpecHoe MPOCTPaHCTBO OOBIYHO 3aMEHAETCS HO-
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BBIM a/JpeCHBIM IIPOCTPAHCTBOM, MPe/CTaB/IAKIINM HOBBIN Qaii. B aToM ciydae ypo-
BeHb C2 yHUYTO)XKAETCS:

B 3TOM CiTyyae KOJIM4EeCTBO IIOTOMKOB B CTaHOBUTCS paBHBIM OJHOMY U BCe 0bpalleHrs
K B Teneps BhIIOMHAITCS Yepe3 C1. ITo 03Ha4aeT, 4To B 11 C1 MOryT 6bITh 06'beJUHEHBI.
Bce cTpaHuLBI B B, KOTOpBIE Takske CYLIeCTBYIOT U B C1, BO BpeMst 00bejuHeHus U3 B yza-
JIA0TCA. TakuM 06pasoM, XOTs ONTHMU3aLYs Ha IPEAbIAYLIEM IIare MOXET He [ieslaTh-
CsI, MBI MOKE€M BOCCTAaHOBHUTb MEPTBBIe CTPAHULIBI [TPY OKOHYAaHUK PaboThI IMPOLeCCOB
WJIV TIPY BBI3OBE exec() .

Takas MoziesIb CO3jaeT HEKOTOPOE KOJIMYECTBO MTOTEHLMA/JIbHBIX HpO6JI€M. l'[epBaﬂ, C KO-
TOpOﬁ BBl MOXXETE CTOJIKHYTbLCS, 3aK/II0YA€TCs B CPABHUTEJ/IBHO 60JIBIION nocisief0oBa-
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TEJIBHOCTH ypOBHel 00beKTOB VM, Ha CKaHMPOBAHME KOTOPBIX TPATUTCS BPeMs U Ia-
MSATh. BOJIbIIIOE KOIMYECTBO YPOBHEN MOXET BO3HUKHYTh, KOTZa ITPOLIECChI PasBETBIIsA-
0TCSI, @ 3aTeM pasBeTBIISIIOTCA ellje pas (KaK MOopOXAeHHbIE, TaK U Mopokaaiye). Bro-
past mpobiieMa 3aKJIF0YaeTCst B TOM, 4TO BBl MOJKETE CTOJIKHYTHCS C MEPTBBIMU, HEJOCTYII-
HBIMU CTPaHULIAMU I71y6OKO B MepapXxru 06bexToB VM. B HalreM mociiejHeM puMepe
€CJIM KaK POZUTeIb, TaK U IIOTOMOK M3MEHSIOT OFHY U Ty K€ CTPaHMUL]y, OHU 06a MoJty-
YarT COOCTBEHHbIE KOITMM CTPAHUIIBL, @ NCXOAHAs CTPAHNL|A B B CTAHOBUTCS HUKOMY He
LOCTYITHOL. TaKask CTpaHULa B B MoeT GbITh BEICBOOOXKAEHA.

FreeBSD pelunaet npo6siemMy ¢ riy6UHOM BIOXKEHHOCTU C IOMOIIBIO TIpHeMa OTITHMH3a-
1w, KoTopsbiii HasbiBaercs “All Shadowed Case”. dror ciyvait Bosuukaer, eciu B C1 160
C2 BO3HMKAET CTOJIBKO CJIy4aeB KOIMUPOBAHMSA CTPAaHULI ITPY 3aII1CH, YTO OHU ITOJTHOCTBIO
3aKPBIBAIOT BCe CTPaHULIBI B B. JIoNycTHM, 4TO Takoe rpounsouuio B C1. C1 MOXeT Telepb
TIOJTHOCTBIO 3aMEHUTB B, Tak 4TO BMeCTO Lienodek C1->B->A u C2->B->A MBI Teliepb UMe-
eM ernoyku C1->A u C2->B->A. Ho MOCMOTpPUTE, 4TO OJIy4aeTCI—Telnepb B uMeeT TOJIb-
KO OZIHY CCBIJIKY (C2), Tak 4TO MBI MOXKEM 06BeguHUTE B 11 C2. B KoHeYHOM uTOore B 6y-
[IeT MTOJTHOCTHIO y/iaJieH U MbI MeeM Ienouku C1->A u C2->A. YacTo B 6yzer comepxarh
60JIBIIOE KOJIMYECTBO CTPAHULL, ¥ HU C1, Hrt C2 He CMOTYT ITOJTHOCTBIO MX 3aMEHUTD. EC/in
MBI CHOBA [TOPOJMM TIPOLIECC U CO3AaANM Habop ypoBHeil D, mpu aToM, OfiHaKo, 6osee
BEpPOSITHO, YTO OFMH U3 YPOBHEN D OCTeTIeHHO CMOXET MOTHOCTBIO 3aMEeCTUTh Iopaszio
MEHBIINI HabOp [JaHHbIX, TpeAcTaBiaeHHbIi C1 u C2. Ta e caMasi OnTUMU3anus 6yer
paboraTs B 06011 TOUKe rpada v rJIaBHBIM Pe3ysIbTaTOM 3TOTO SIBJISIETCS TO, YTO [aXe
Ha CUJIBHO 3aTPY)KEeHHOI MalllHe ¢ MHOXECTBOM ITOPOXKIaeMBIX IIPOLIECCOB CTEKU 00B-
eKTOB VM He 4acTo OBIBAIOT ITy6ike YeTHIPEX YPOBHEMN. ITO TaK KaK [JIs IOPOIKAAIOLIETO,
TaK U [J1s TIOPOXKAEHHOTO IIPOLIECCOB, Y OCTAeTCA B CUJIE KaK B CJly4ae, KOT/ja BeTBJIEHNe
JleJIaeT pOJUTENIb, TAK U B CJIy4ae, Korfla BeTBJI€HVE BBITIOJIHAET IIOTOMOK.

[Ipo6sieMa ¢ MEPTBOU CTPaHULIEN BCe elle MMeeT MeCTo, Korga C1 vitn C2 He MOTHOCTHIO
TIePEeKPBIBAIOT B. 13-3a APYTUX IPUMEHSIEMbIX HaMU METOZ0B OIITUMMN3aLN 3TOT CJIy-
Yaii He Mpe/CTaBIsAeT HOBIION MPOBIEMBI I MBI TPOCTO MO3BOJIIEM TAKMM CTPAHULIAM
CyLiecTBOBaTh. Ecu cucTemMa UCTIBITBIBAET HEXBAaTKy OHepaTHBHOfI IIaMATH, OHA BBITIOJI-
HSIET VX BBIIPY3KY B 06/1aCTh [TOAKAYKY, YTO 3aHMMAET HEKOTOPOE MPOCTPAHCTBO B 06-
JIaCTU IIOJKAa4YKH, HO 3TO BCE.

[IpenuMy1ecTBO Mogean VM-06beKTOB 3aKII0YAETCsI B OUEHb OBICTPOM BBIMIOJIHEHUN
¢byukium fork() , Tak Kak Py 9TOM He BBIIIOJHAETCS peaybHOTO KOMMPOBAHUS JAHHBIX.
MMHYCOM 3TOro NMOoAXOoza SABJAETCS TO, YTO BBl MOXETE ITIOCTPOUTH CPABHUTEJIBHO CJIOMK-
HYIO HepapXurio 00beKTOB VM, KOTOpast HECKOJIBKO 3aMeiyisieT 06paboTKy CUTyaLuii OT-
CYTCTBUS CTPaHUI] [TaMATH, U K TOMY e TPaTUTCA [TaMATh Ha YIIpaBJieHUe CTPYKTypaMU
006eKTOB VM. [MpreMbl onITUMM3ALMY, IPUMeHsieMble BO FreeBSD, 1o3Bo/IAI0T CHUSUTH
3HAYMMOCTh 9TUX MTPO6JIEM [I0 CTETIEHH, KOTja X MOXHO 6e3 0COOBIX MOTEPh UTHOPU-
poBaThb.



YpPOBHU 06/1aCTU TIOSKAYKU

3. YpoBHM 0651aCTN NogKauKun

CTpaHuLIbI C COGCTBEHHBIMY JAaHHBIMU [TEPBOHAYAIBHO ABJIAIOTCS CTPAHUL[AMU, KOTIHPY-
€MBIMU IIPU 3aMMCH WIN 3alI0JIHAEMBIMU HYJIAMU. Korza BEIIOIHAETCS U3MEHEHNe, U,
COOTBETCTBEHHO, KOTUPOBaHKe, HAYaIbHOE XpaHuIuile 06bexTa (06b14Ho (aii) He Mo-
KeT BOJIbIIIe UCIIONB30BATHCS VI XPaHEHN S KOITMU CTPaHULbL, Korga VM-crcTeMe Hyx-
HO MCII0JIB30BaTh €€ MOBTOPHO JJIA LPYIUX LieJiel. B 9TOT MOMEHT Ha MOMOLIb IIPUXO-
LUT 0071aCTh oAKavKy. 06J1acTh MTOAKAYKY BBIAEIAETCS VI OpraHU3aLuu XPaHUINIA
[aMsATH, KOTOpas MHaye He MOXET ObITh JoCTyIHa. FreeBSD co3faeT CTPyKTypy yIpas-
JIEHUs TIOAKAYKOM A1t 06beKTa VM, TOJIBKO KOTZja 9TO AEHCTBUTEIBHO HYXHO. OHaKO
CTPYKTypa yIpaB/ieHus OLKaUYKON NCTOPUYECKH MeJIa HEKOTOPBIE TPOBHIEMBIL:

¢ Bo FreeBSD 3.X B CTPYyKType yIpaB/eHuUs 061acThio MOAKAYKY [TPeABAPUTENBHO BbI-
[ieJIIeTCsl MacCUB, KOTOPBIH TIPeCTaBIIseT Leliblii 00beKT, Tpebyoluil XpaHeHns B
06J1aCTH MTOAKAYKU—/aXKe €CJTU TOJIBKO HECKOJIBKO CTPAHMUL] 3TOr0 00'beKTa XPaHATCS
B 06J1aCTH MIOZKAYKH. ITO CO3aeT MpobaeMy pparMeHTaLMK IAMATH spa B CIydae,
KOT'/ja B TAaMATh OTOOPaXKaroTCst 60JIblive 06bEKThI MK KOTZja BETBATCS MPOLIECCHI, 3a-
HUMaromye 60IbIoN 06beM maMsATH rpu paboTe (RSS).

+ TaKKe i OTCJIeXKUBAHNS TAMSTH MIOAKAYKY B TAMATH ALpPA MOLePKUBAETCS «CIIU-
COK [IbIp», U OH TaK)Ke HECKOJIbKO GpparMeHTUpOoBaH, TaK KaK «CIIMCOK JbIp» ABJISET-
€51 TI0CJIeI0BATE bHBIM CIIUCKOM, TO TIPOUSBOAUTENLHOCTD IIPU PACTIPE/e/IEHUN U BbI-
CBOBOXIEHNY TAMATU B 06/1aCTH MOAKAaUYKY HEONITUMAJIBHO U €€ CJI0KHOCTb 3aBUCUT
OT KOJIMYEeCTBa CTpaHuL, Kak O(n).

* Taxxe B Imporecce BBICBOGO)KI[eHI/IH MaMsTH B 061acTH IIOAKAYKN Tpe6yeTc;1 BbLACIJIC-
HHe IIaMATU B A[pe, 1 9TO IPUBOAUT K npo6neMaM 6JIOKI/IpOBKI/I IIpY HeJoCTaTKe Ila-
MATU.

. Hpo6neMa elie 6ostee O6OCTpHeTCH n3-3a AbIp, CO3[JaBaA€MBIX I10 YePEAYIOIEMYCH al-
TOpUTMY.

¢ Kpome Toro, CIIMCOK pacrpe/jesieHus 6710K0B B 06J1aCTH IOJKAaYKY JIETKO OKA3bIBAETCS
bparMeHTHPOBaHHBIM, YTO TPUBOAUT K pacIpe/je/IeHII0 HETTOC/IE0BATEbHBIX 06J1a-
CTel.

+ TlaMsTh siipa TAKKe JODKHA PaCIIpeiesISIThCS TI0 XO4Y PabOoThI ISl JOTIOTHUTETBHBIX
CTPYKTYP MO YIPaBJIEHUIO 06JIaCTHIO TOAKAYKY IPY BBITPY3KE CTPAHUL] TAMSITU B 9Ty
06J1aCTh.

OueBUIHO, UTO MECT [iJIl yCOBEPLIEHCTBOBAHUM MTpefocTaToYHO. Bo FreeBSD 4.X nmozcu-
CTeMa ynpaByieHUs 06/1aCThIO [TOAKAYKY ObLIA TOTHOCTHIO MIEPENMCcaHa MHOO:

¢« CTPYKTYypHI yIpaBIeHUs 06/1acThio MOAKAYKY PACTIPESEISIOTCS MPYU MOMOLIM X3II-
TabJIUIIBL, @ He Yepe3 JIMHENHbIM MacCUB, YTO AaeT UM GUKCUPOBAHHbIN pasMep mpu
pacnpefesieHnu 1 paboTy ¢ ropasfo MEHBIIMMU CTPYKTYPaMU.

10



SJIEMEHTHI apXUTEKTYPbI CUCTEMBI BUPTY-
aNIbHOU ITaMsITH Bo FreeBSD

+ BMecTo TOro, 4YT065I MCII0IB30BaTh OAHOHAIPABJIEHHBIN CBS3HBIN CITUCOK IJIS OTCIIe-
YKUBAHUS BBIEIEHNS IPOCTPAHCTBA B 06/IACTY [TOAKAYKY, TENEPD UCIIOIb3YeTCs M0-
6uToBas kapTa 6JI0KOB 00IACTH MIOAKAYKY, BBIIIOJHEHHAS B OCHOBHOM B BUJIE [PEBO-
BUZIHOM CTPYKTYpbI ¢ MHPOpMaLreit o CBOO0AHOM ITPOCTPAHCTBE, HAXOASALIENCS B y3-
JIaX CTPYKTYP. ITO MPUBOSUT K TOMY, UTO BBIZEIEHUE U BBICBOOOXAEHME TAMSTH B
06/1aCTV TIOZIKAYKY CTAHOBUTCS Onepanueii cioxuocTr O(1).

+ Bce [iepeBo TakKe pacrpeesisieTcst 3apaHee [Jist TOTo, YTO6bI U36eKaTh pacrpeerie-
HUS TAMSTH sIpa BO BpeMsI OTlepaluii ¢ 06J1aCThIO MOAKAYKY [TPY KPUTUYECKU MAJIOM
obbeMe CBOOOZHOM MaMsATH. B KOHIIE KOHIOB, crcTeMa obpaigaeTcsi K 06/1acTu mof-
Ka4KU [PU HEXBATKE TTAMSTH, TAK YTO MBI [[O/DKHBI U30€KATh pacIpe/je/IeH st TaMsITh
spa B TaKvie MOMEHTHI /IS U36€3KaHUs OTEHI[UATbHBIX GIOKUPOBOK.

« [l yMeHblIeHUs GparMeHTalY AePeBO MOXKET pacIpesieaTh O0JIbIION T0C/Iej0Ba-
TeJIBHBIH KYCOK 3a pas, IpOoIycKast MeHblire pparMeHTHpOBaHHbIe 06/IaCcTH.

A He caenan HOCJ'IE,E[HI/II;I Iar K 3aBeICHNIO «yKa3aTeJ/Is Ha paclipeie/IeH1e», KOTOpBIfI 6y-
AeT IIePeBUTaThCA I10 YIaCTKY obmactu TMOAKAaYKM ITPY BbIAEJICHNU ITaMSATU AJI51 obecrie-
YEHUA B 6y,uymeM pacnpenesieHns oc/jieoBaTe/IbHbIX Y4aCTKOB, WJIN I10 KpaleefI Mmepe
MECTOITOJIOXKEHMA CChIVIKY, HO A y6e)K,qu, YTO 3TO MOXKET OBITH CaeJiaHo.

4. Korga ocBo60XXaaTb cTpaHULy

Tak kak cucTeMa VM MCIOoJb3yeT BCIo JOCTYIHYI0 MaMATh AJIA KIUPOBaHU AUCKa, TO
OOBIYHO [JeVICTBUTE/IBHO HE3aHATHIX CTPAHUL] OYeHb MajIo. CucTeMa VM 3aBUCUT OT TO-
r'0, KaK OHa TOYHO BBIOMPAET HE3aHAThIE CTPAHULbI AJIsE IOBTOPHOTO UCIIOIb30BAHUS AJIS
HOBBIX pacIlpefiesieHri1. ONTHMaJIbHBIIA BEIOOP CTPaHULL I BBICBOOOXKJEHN A, BO3MOXK-
HO, SIBJIIETCSI CaMOU BaskHOUM PyHKIMelt F060i VM-CUCTEMBI, U3 TeX, YTO OHA MOJXET
BBINOJIHATH, IOTOMY YTO IIPY HeNpaBU/IBHOM BbIGOpe cucTeMa VM BBIHYXIeHa OyneT
3aITpalllMBaTh CTPaHUIIbI C AUCKa, 3HAUMTE/IBHO CHIDKas TPOM3BOAUTEIBHOCTD BCeli Ch-
CTEMBL

Kakyro JOIIOTHUTEIbHYIO Harpy3Ky Mbl MOKET BBIAEIUTH B KPUTUYECKOM IyTH [JIs U3-
GexxaHNst BRICBOOOXKIEHUSA He TOM cTpaHuLpl? Kaplii HenmpaBUIbHbIN BeIOOp Oyaer
CTOWTH HaM COTHU THICAY TaKTOB pabOThl LIEHTPAIBHOIO MIPOLIECCOpa U 3aMETHOE 3a-
MeJjieHre paboThl 3aTPOHYTHIX [TPOLIECCOB, TAK YTO MBI JOMIKHBI CMUPUTHCS CO 3HAYM-
TeJIbHBIMU U3[EPHKKAMU [JIST TOTO, YTOOBI OblyIa 3aBeJOMO BbIOpaHa MpaBUJIbHAS CTpa-
HULa. BoT moyeMy FreeBSD mpeBOoCXOAUT Apyryie CUCTEMBI B POM3BOAUTEIEHOCTH TP
HEXBATKe PeCypcoB MaMSATH.

AJITOPUTM OTIpefiesIeHUs CBOOOAHON CTPAHUIIbI HAIIMCAH Ha OCHOBE CTOPUH MCIIOMB30-
BaHUA CTPAHUL] aMATH. [IJIfl TTOJIyYeHUsT 9TOM UCTOPUN CUCTeMa HCIIO0/Ib3yeT BO3MOXK-
HOCTH 6UTa MCIIONb30BaHUs MTaMATH, KOTOPbIe UMEITCS B GOJIBIIMHCTBE alNapaTHBIX
Tab/IULAX CTPaHNL] TAMATH.
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Korza ocBO60MXaTh CTPaHULY

B mo6oM ciydae, GUT MCIIO/IB30BAHMS CTPAHUIIBI OYMILAETCS, U B HEKOTOPBIN Gostee
MO3JHNI MOMeHT VM-cucTeMa obpaliaeTcsi K CTpaHuLje CHOBA U OOHAPYIKUBAET, YTO
3TOT GUT yCTaHOBJIEH. ITO yKas3bIBaeT Ha TO, YTO CTPAHUL|A aKTUBHO KUCIIOJIb3yeTcs. [le-
PYIOZIMIECKY TPOBEPSS 3TOT OUT, HaKAIJIMBAETCS NCTOPHS UCTIOB30BaHu (B BUfE CUeT-
4uika) pusudeckol crpanuisl Korga mosxe VM-crcreme Tpe6yeTcs BEICBOGOANUTE HEKO-
TOpBIE CTPaHML|BL, IPOBEPKA NCTOPHUU BBICTYIIAET yKa3aTeIeM IIPU OIIpefieIeHMUK Hanubo-
Jiee BEPOATHOM KaHAMAATYPbI [/Is TIOBTOPHOT'O UCIIOIb30BAHUS.

YTto, ecniv annapaTypa He MeeT 6MTa NCNO/Ib30BaHUsA CTPAHULLbI?

I Tex maaTGopM, YTO He MMEIOT 3TO BO3MOXHOCTU, CHMCTeMa SMyJIMpyeT
9TOT 6UT. OHa CHUMAeT 0TOOpakeHIe MK 3allMIaeT CTPAHHUILY, YTO IIPUBOJUT K
ommMbKe JOCTyIa K CTpaHHUIje, €CIU K CTPaHHIe BEITIOTHAETCS OBTOPHOE o6 parte-
Hue. [Ip1 BOSHUKHOBEHWY 3TO OIMOKY CUCTEMA ITPOCTO IIOMeYaeT CTPaHHUILy KaK
WCIIO/IB3YeMYyI0 U CHUMAeT 3alUTy CO CTPAHMIIBI, TaK YTO OHA MOXKET UCIIO/Ib30-
BaThCsA. XOTs UCIO/b30BaHKe TaKOTO IpreMa TOJIBKO IS ONpe/ie/IeHN s UCTIOIb-
30BaHMSA CTPaHMIIBI BeCbMa HaKJ/a/fHoO, 3TO BHIrOJHee, YeM IOBTOPHO UCIIO/b30-
BaTh CTPaHUILY [JIS APYTUX [ieJIel M 06HApy KUTh, YTO OHAa CHOBA HY’KHA ITPOIIECCY
Y OATPYXKATh ee C JUCKa.

FreeBSD ncrosib3yeT HECKOJIBKO O4epeell CTpaHuLy, A oOHOBIEHUS BbIOOpa CTpa-
HMULI /I IIOBTOPHOI'O MCIIOJIB30BaHUA, a TaKkXke [JIs OlpeLie/IeHrs TOro, KOrfa JKe I'psas-
HbIE CTPAHULIBI JOJDKHBI OBITH COPOIIEHB! B XpaHUIUIIe. TaKk Kak TabJIMIbl CTPAHUIL] BO
FreeBSD SIB/SIOTCSA JUHAMUYECKUMU 00BEKTaMU, ITPAKTUIECKU HAYErO He CTOUT BhIpe-
3aTh CTPaHUIly U3 afjpeCHOro MPOCTPAHCTBA JI0HOr0 UCIIOMB3YIOLIEro ee mpowecca. Ilo-
CJle TOro, KaK MOAXOsIasi CTPaHULA, Ha OCHOBE CYETYMKA MCIIOJIb30BaHUs, BbIOpaHa,
VIMEHHO 3TO U BhINTOJIHAETCS. CCTeMa [O/IKHA OT/INYATh MeXAY YMCTEIMU CTpaHULIaMU,
KOTOpbIE TEOPETUIECKU MOTYT OBITH BRICBOOOIKAEHBI B JI060€ BpeMS, U IPSA3HBIMU CTpa-
HULAMU, KOTOPBIE CHAYaJIa [JOJDKHEI OBITH MIEPENMCAHbI B XPaHUIIUIIE TIePe]] TEM, KaK UX
MOYKHO OYZEeT UCII0JIb30BATh TOBTOPHO. [T0C/Ie HAXOXKAEHUS TOAXOALIEN CTPAHUL[BI OHA
IepeMellaeTcs B HeaKTUBHYIO O4Yepe/ib, €C/IM OHa ABJIAETCA TPA3HON, UM B 09epeb K3-
1I1a, €C/I OHa YrcTasi. OTAebHBIN aJlTOPUTM, OCHOBBIBAIOIUIICA Ha OTHOIIEHUM KOJINYe-
CTBa rPSA3HBIX CTPAHML] K YUCTHIM, ONIpefiesisieT, KOra rpsidHble CTPaHMLbl B HEaKTUBHOM
oYepenu LOJDKHBI OBITh COPOLIEHBI Ha AUCK, KOTIa 3TO BBITOIHUTCS, COPOIIEHHBIE CTPa-
HMIIBI IepeMelaloTCsl U3 HeaKTMBHOW ouepeay B ouepeb Kalla. B 9TOT MOMEHT cTpa-
HULIBI B 0YepeAr Kallla MOTYT GbITh MTOBTOPHO aKTUBMU3UPOBAaHbI VM CO CpaBHUTEIBHO
MaJIbIMU HaKJIaJHBIMU pacxofamMu. OJHaKO CTPaHULIb B OYepeLy Kallla IIpeIoJiaraeTcs
«BBICBOBOXIaTh HEMEJIEHHO» U TOBTOPHO MCIIO/Ib30BaTh B LRU-opsiaxe (MeHbIIe Bee-
'O UCIIOJIb3YEMBblii), KOTZia CUCTEME MOTPeOyeTcsl BhleIeHUE SOTIOMHUTEIBHOMN aMSATH.

CTOUT OTMETUTB, YTO BO FreeBSD VM-cucrema NbITaeTCs pasfe/IuTh YMCThle U IPSA3HbIe
CTPaHULBI BO U30EKaHUE CPOYHOM HEOOXOSUMOCTH B HEHYIKHBIX COPOCAX IPSIBHBIX CTPa-
Hu (4TO OTpakaeTcsi Ha TPOIIYCKHOM CIIOCOGHOCTY BBO/Ia/BBIBO/IA) U He TIepeMelaeT
GeCIPUYMHHO CTPAHULIBI MEXKY PAa3HBIMU OUepesiMH, KOTa [IOCHCTEMA YIIPABIIEHUS
MaMATHIO He MCIIBITHIBAET HEXBATKY PECYPCOB. BOT II0YEMY BBl MOKETe BUAETH, YTO IPU
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BBINOJIHEHWY KOMaH/bl systat -vm B HEKOTOPBIX CUCTeMax 3HaueHUe CYeTYrKa oue-
penu Kallla Majlo, a CYeTYNK aKTUBHOUN ouepesy 60JbLIoi. [Ipy MOBBIIEHUN HArPYy3KU
Ha VM-cucTeMy OHa mpusiaraet 6oJibliive YCUINS Ha TOALEPIKKY PasInIHbIX oyepeseit
CTpaHUL} B COOTHOLIEHUSX, KOTOPbIE ABJIAIOTCA Hanbosiee apHeKTUBHBIMHU.

ToflaMu XOAW/IN COBPEeMeHHEIE JIereH bl, YTO Linux BEINOJIHsET paboTy [0 IpefOTBpa-
I[€HMIO BBITPY3KU Ha JUCK Jy4ile, yeM FreeBSD, Ho 310 He Tak. Ha camom fesie FreeBSD
cTapaeTcs COPOCUTh Ha AVICK HEHCIIO/Ib3yeMble CTPaHHLIbI 715 0OCBOOOKJEHH MECTA TIO7,
JIVICKOBBIM K31lI, KOTla Kak Linux XpaHUT HeMCIIo/Ib3yeMble CTPaHULBL B TAMATU U OCTaB-
JIFET MO K31 M CTPAaHMIIBI TPOLIECCOB MEHBIIE aMATH. 51 He 3Hal0, 0CTaeTCs JIM 3TO IIpaB-
Jloli Ha CerofHSAIMIHUN [eHb.

5. OnTMuMsaymsa oIM60K A0CTyNa K CTpaHMULaM n
UX 06HyneHus

INosarast, 4To ourbKa JOCTyIa K CTpaHuLe IaMATYU B VM He ABJIeTCS oneparuei ¢ 60J1b-
LMY HaK/IaHBIMU PacXOfilaMH, eCJIM CTPaHUIA yxKe HaXOAUTCS B OCHOBHOM ITaMATH U
MOJXeT OBITh TPOCTO OTOOpakeHa B afpeCHOe IPOCTPAHCTBO IPOLiecca, MOXKET OKa3aTh-
CsI, 9TO 3TO CTaHET BeCbMa HaKJIafHO, eCJIM UX Oy/ieT OKa3bIBaThCSA PEryJIAPHO MHOTO.
XOpOLIM IIPUMEPOM 3TOM CUTYALMK SBJSIETCS 3aIlyCK TaKMX porpam, kak Is(1) v
ps(1), cHoBa u cHoBa. Ecv GuHapHBIM $aiiyl IporpaMmel 0TOOpaeH B MaMsTh, HO He
0TO6paXKeH B TabIUILY CTPAHMUL], TO BCe CTPAHULIBL, K KOTOPBIM 06pallaiach MporpaMma,
OKa)XyTCsI HeJOCTYITHBIMU IIPY KaXOM 3aIlyCKe IPOrpaMMel. ITO He TaK Y HeOOXOAU-
MO, €CJIV 9TH CTPAHULIBI yIKe IPUCYTCTBYIOT B kalle VM, Tak 4To FreeBSD 6yzeT MbITaThCs
BOCCTaHAB/IMBATh TAO/IULIbI CTPAHMUL] TPOLECCa U3 TeX CTPaHMUL], YTO yIKE PacIIoIaralnTcs
B VM-kaure. OfHako Bo FreeBSD moka He BBIIIOJIHAETCS IIpeiBApUTE/IbHOE KOITMPOBaHKe
IIPY 3alMCU OIpefie/IEHHBIX CTPAHUL] IIPY BHIIIOJIHEHUY BbI30Ba exec. Hanpumep, eciu
BBI 3amyckaere rporpammy s(1) ogHoBpeMeHHO ¢ paboTaromeit vmstat 1, To 3ameTuTe,
YTO OHa BCer/ja BbIaeT HEKOTOPOe KOJIMYECTBO OMIMOOK AOCTYIIa K CTPaHHULIaM, faxe KO-
IZia BB 3allyCKaeTe ee CHOBA M CHOBA. JTO OLIMOKY 3aIlOJHEHUS HyJ/IIMHU, a He OLINOKY
Kozja mporpaMmsl (KoTopsle yixe 6s1u 06paboratsl). [IpeBapUTeNbHOE KOTMPOBAHUE
CTpaHWL IpY BBITIOJHEHUM BBI30BOB exec miu fork Haxopnsitcst B o6mactu, Tpebyromeit
foJIee TIIATEIBHOTO U3YYEHNS.

BOJIBIIION ITPOLIEHT OMIMOOK JOCTYIIA K CTPAHMUIIAM, OTHOCUTCS K OIIMOKAM ITPU 3aI10JIHE-
HUY HYJIIMU. BBl MOXX€Te 0OBIYHO BUJETH 9TO, IPOCMaTPHUBas BHIBOJ, KOMaHAbI vmstat -

S. TO MPOUCKOLUT, KOTAA MPOLeCC 0OpalaeTcsi K CTpaHUL[aM B CBoel obsactu BSS. 06-
JlacTh BSS npepnosiaraeTcs U3HavyaabHO 3all0JIHEHHOM HYJIAMU, HO VM-cucTeMa He 3a-
6OTHUTCS O BbIZIEJIEHUH TAMATH [0 TeX MOp, MOKa IPOLIeCC peabHo K Hell He 06paTUTC.
[Ipu BO3HUKHOBeHUH OWMOKK VM-CcUcTeMa JO/KHA He TOJBKO BBILETUTh HOBYIO CTpa-
HUILY, HO U 3aIl0JIHUTE €€ HyJIAMU. [lJIs ONTMMU3aL1Y OIlepaLiuy 10 3aII0THEHMIO HYJIsA-
MU B crcTeMe VM MMeeTCst BOSMOXHOCTb NPeABapUTEIbHO OOHYJIATE CTPaHULBI U T10-
MeuaTh X, U 3alpallrBaTh y)Ke 0OHyIeHHbIe CTPaHULbI TPY BOSHUKHOBEHUU OILIMOOK
3aIIOJIHEHUS HYIAMU. [IpeBapUTeIbHOE 3all0JIHEHUE HYJIIMU IPOUCXOAUT, korga CPU

13


http://www.FreeBSD.org/cgi/man.cgi?query=ls&amp;sektion=1
http://www.FreeBSD.org/cgi/man.cgi?query=ps&amp;sektion=1
http://www.FreeBSD.org/cgi/man.cgi?query=ls&amp;sektion=1

OnTMMU3aLys TabULbI CTPAHUL]

IIpocTauBaeT, OAHaKO KOJIMYECTBO CTPAaHMULI, KOTOPble CCTeMa 3apaHee 3aIlo/HAEeT Hy-
JIIMH, OTPaHUY€EHO, AJI TOTO, YTOObI He MePEOHUTh KK MaMATH. ITO MPEKPaCHbIN
prMep Ao6aBIeHuUs CI0KHOCTH B VM-CHCTEMY Pafy ONTUMU3ALMY KPUTUYECKOTO Iy-
TH.

6. ONTMMM3ayuusa Tabanubl CTpaHUL,

OnTrMM3aLUs TabIUIbl CTPAHUL] COCTABIAET CAMYIO COAEPIKATENBHYIO YaCTh apPXUTEK-
Typel VM Bo FreeBSD 11 0Ha IposAB/AeTCs IPY MOSBJACHUM HarpysKy IIPU 3HaYNUTEIbHOM
WICII0JIB30BaHMM mmap () . 51 ymaro, 4To 3TO Ha CAMOM fiejie 0COOeHHOCTh paboThl H0JIb-
muHCTBa BSD-cricTeM, XOTS 51 He yBepeH, KOTja 9TO IMPOsBUJIOCH BIiepBrle. ECTh fBa oc-
HOBHBIX [TOAX0/a K ONTUMU3ALMH. [IepBbIi 3aKII0UAETCS B TOM, YTO arllapaTHble Tabiu-
LBl CTPAHMUL], He COZePIKaT MOCTOSHHOTO COCTOSHUS, 8 BMECTO 3TOTO MOTYT OBITH COpO-
IIEHBI B JIFOOOM MOMEHT C MabIMU HaK/JIaJHBIMU PacxofaMu. BTopoii ogX0f COCTOUT
B TOM, 4YTO KaXXJast aKTUBHAs Tab/IMIIA CTPAHUL] B CUCTEME NMEET YIPABJIAIOIYIO0 CTPYK-
Typy pv_entry, KoTopas CBsi3aHa B CTPYKTypy vm_page . FreeBSD moxeT mpocTo mpo-
CMaTpyBaTh 3TH 0TOOpaXKeHst, KOTOPbIE CYLIECTBYIOT, KOTZa Kak B Linux JOMKHEI ITpo-
BEPATHCS BCe TAOIMLBI CTPaHMUL], KOTOPbIE MO2Zym COAEPIKATH HYIKHOE OTOOparKeHNE, YTO
B HEKOTOPBIX CUTYaLUst aeT yBenndeHue cioxHoctr O(n"2). Us-3a Toro, yro FreeBSD
CTPEeMUTCS BBIOPATh HanboJiee MOAXOASIILYIO K IOBTOPHOMY KCIIOJIb30BAHUIO UK COPO-
Cy B 06/1aCTh TIOAKAYKY CTPAHMUL]Y, KOT/I OIIYIIAeTCsl HEXBATKa MaMsATH, CUCTEMA [JaeT
JIYHLIYI0 TPOU3BOAUTEILHOCT [TPU Harpyske. OfHaKko Bo FreeBSD Tpebyercst TOHKast Ha-
CTpo¥iKa sfpa [Jisi COOTBETCTBHUS CUTYALUSAM C 60IBIINM COBMECTHO UCIIO/IB3YEMBIM afi-
PECHBIM TIPOCTPAHCTBOM, KOTOPBIE MOTYT CJIYYUTHCS B CUCTEME, OOCTYIKUBAIOILIEH Cep-
Bep TesleKoHbEePEHINI, TOTOMY 4TO CTPYKTYPBI pV_entry MOTYT oKa3aTbCs HCUepIIaH-
HBIMU.

U B Linux, u Bo FreeBSD TpebytoTcst fopaboTku B 3T0M 061acTh. FreeBSD mbITaeTcst Mak-
CUMU3MPOBaTh IPEeUMYILeCTBa OT MOTEHLMAIBbHO PeKO IPUMeHAeMOU MOZle/IN aKTUB-
HOTo oTOGpaXeHus (K IpUMepy, He BCEM MPOLLECCaM HYIKHO OTOBPaKaTh BCE CTPAHULIbI
[OMHAMUYECKON 6UBIMOTEKN), KOra KaK Linux meITaeTcsi yIpoCTUTh CBOM aJITOPUTMBL
FreeBSD uMeer 37eCh obliee MPeNMYILeCTBO B TPOU3BOLUTEIBHOCTH 33 CUET HUCIIOJIb30-
BaHMUS JOTIOJTHUTE/IEHOM TaMATH, HO FreeBSD BBITJIALUT Xy’Ke B CIydae, Korga 60IbIIoi
¢aiis COBMECTHO HCIIO/IB3YeTCsI COTHSIMM ITPOLeCCOB. Linux, ¢ Apyroit CTOPOHBI, BBIIVISA-
JAT XYKe B CJly4yae, KOTJja MHOTO IIPOL|eCCOB YaCTUYHO UCIIOJIB3YIOT OLHY U TY XKe AUHa-
MUYECKYI0 6UOINOTEKY, a TaK)Ke paboTaeT HEONTUMAJBHO IIPH TOIIBITKE ONPEAEINTh,
MOXET JIV CTpaHulLla IIOBTOPHO KCII0/Ib30BaThCs, UIU HeT.

7. MoAaroHkKa crpaHuy,

MBI 3aKOHYMM PacCMOTpeHHEM MeTOoa ONITUMU3ALUY ITOATOHKON cTpaHuLl. IloAroHka
ABJISAETCS METOOM ONTUMMU3ALIMH, PaspabOTaHHBIM /IS TOTO, YTOOBI OCTYII B [TOCIIES0-
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BaTeJIbHbIE CTPAHUIIB BUPTYaTbHON MaMATH MaKCUMaJIbHO UCTIONb30BaJI KT MPOILiec-
copa. B gasexom mponwoM (To ecTs 60s1bIe 10 JIeT Hasas) TpoLeCCOPHbIE KNI ITPe/rIo-
YUTAIM OTOGPAKATE BUPTYAIBHYIO TAMSITh, a He PUSMIECKY0. ITO TPUBOAUIIO K OTPOM-
HOMY KOJIMYECTBY TTPO6JIeM, BKITIOYasi HeOOXOMMOCTh OYMCTKY K3IIA B HEKOTOPBIX CITy-
YasX MPY KaXKJ0M MepeKTIoYeHNH KOHTEKCTa U MPOo6JIeMBbI C 3aMellleHMeM NaHHbIX B K3-
e, B COBpeMEeHHBIX MPOT[ecCopax K3IIM 0TOOPAKAIT PUSUIECKYIO TTAMATE UMEHHO ISt
pelleHns 3TUX MpobsieM. DTO 03HAYAET, YTO ABE COCe[IHUE CTPAHMIIBI B afpecHOM Ipo-
CTPaHCTBe TIPOLECCOB MOTYT HE COOTBETCTBOBATh [BYX COCEJHUM CTPaHWIAM B KIIIIE,
daKTMIECKU, eCJU BB 06 3TOM He M03a60TUITNCH, TO COCETHUE CTPAHUIIBI B BUPTYaTbHOM
MaMsITH MOTYT MCIIOJIB30BaTh Ty M€ CaMyk0 CTPaHHUILy B K3IIe MPoLeccopa—aTo TPUBO-
[T K COPOCY KSMMPYEMBIX JAaHHBIX Y CHYDKEHUIO TTPOM3BOAUTeNbHOCTH CPU, ITO Tak
Jlake C MHOYKECTBEHHBIMMU acCOLMAaTUBHBIMU KalIaMu (XOTA 37eCh 3GPEKT HeCKOBKO
CTJIaXEH).

Kop BeifesieHrst maMsATH BO FreeBSD BeINOJIHAET ONTUMMU3ALMIO C IIPUMEHEHKEM 10/~
TOHKH CTPaHUL, 03HAYAOLIYIO TO, YTO KO, BBIAEIEHUS TAaMSTU OYeT MbITaThCs HAUTH
CBOGOHBIE CTPAHULIBI, KOTOPBIE SBJISIIOTCS TIOCIIEL0BATENBHBIMU C TOUKHU 3PEHMUS KIIIA.
Hanprmep, ecau cTpaHuLa 16 GuanyecKoli maMaTH HadHayaeTcs CTpaHuLe 0 BUPTyasib-
HOM MaMATU Ipoliecca, a B K3l IoMelllaeTcs 4 CTpaHULbL, TO KO MOATOHKUA CTpaHUL
He OyZieT HasHayaTh CTpaHUIly 20 QU3UYECKOV TaMATH CTpaHULe 1 BUPTyaabHOM MaMs-
TH TIpoLiecca. BMecTo aToro OyzeT HasHaueHa cTpaHuia 21 ¢pusnudeckoit namsaTu. Kog
TMIO/JTOHKY CTPaHMUL] TIOTIBITAETCST M30€)KaTh Ha3HaAUYEHVEe CTPAHULIBI 20, TOTOMY YTO TAKOE
oTOOpaXkeHe TIEPeKPhIBAETCS B TOM e CaMOy MTaMsATH Kallla KaK CTpaHuLa 16, U mpu-
BeJleT K HeONITUMaJIbHOMY K3IIMPOBaHMIO. Kak BBl MOXeTe IIPeJI0/I0KUTh, TaKOW KOJ,
3HAYUTEJIBHO [I00aBIIAET CIOXKHOCTH B IIOCUCTEMY BBIAETIEHNA TaMATH VM, HO pesyJib-
TaT CTOUT TOro. [TI0JIrOHKA CTPAHUL] eTaeT MaMsiTh VM MpescKasyeMolt, Kak ¥ 06bIdHast
¢dusnyeckas maMsATh, OTHOCUTEBHO IPOU3BOAUTENBHOCTH KIIIa,

8. 3ak/iroueHmne

BupTyasbHad naMATb B COBPEMEHHBIX OIEPALMOHHBIX CUCTEMaxX MOJ/DKHA pellaThb
HECKOJIBKO Pa3/IMYHBIX 3a7a4 3PpPeKTUBHO U IIPU pas3HbIX yCAOBUIX. MOAYBHBIN U ajl-
TOPUTMMYECKUI I0JXO0/, KOTOPOMY UCTOPUYECKHU cieflyeT BSD, 103BoJIsAeT HaM U3YIUTh
Yl TIOHATB CYI[ECTBYIOIYIO PeaIn3anuo, a TAKKe CPAaBHUTEIBHO JIETKO U3MEHUTD 60JIb-
mue 670K Kofia. 3a HECKOJIBKO TOC/IENHUX JieT B VM-cucteMe FreeBSD 65110 cesiaHo
HEKOTOPOe KOJIMYECTBO YCOBEPLIEHCTBOBAHUIM, U paboTa HaJ HUMU IIPOZLOIKAETCS.

9. loNONHUTENbHbBIN CEaHC BOMPOCOB N OTBETOB
oT AnneHa bpurrca (Allen Briggs) <vriggseninthwonder.com >

Bo- Yro aT0 3a “aMropuT™M 4YepefoBaHUs , KOTOPBIN BBl yIIOMUHAIM B CITHCKE HeJo-
IIPOC: CTATKOB IIO/ICKCTEMBI YIIPaBIeHUs pasfiesioM MoAkayky Bo FreeBSD 3.X7
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JIOTIO/THUTEIBHBII CEaHC BOIIPOCOB U OT-
BeToB OT Asiena Bpurrca (Allen Briggs)
<briggs@ninthwonder.com >
oV € d MHICKCOM

eeBSD mcriosb3veT B 001aCTH MONKAYKU MeXa
10 YMOJIYaHUIO, PaBHBIM YeThIpeM. ITO 03HauaeT, uTo FreeBSD pesepBUpyeT Impo-
CTPaHCTBO [/ YeThIpeX 0bsacTell MOAKAYKY, Jake eC/IM Y BaC MMEETCS BCEro
JIIIb OJIHA, [iBE WJIU TPU obactu. Tak Kak B 00/IaCTU MOLAKAYKUA UMEETCsI qyepeno-
BaHUe, TO JIMHENHOE aipeCHOE MPOCTPAHCTBO, IPECTABIISIONIEe KIETHIPE 06IaCTH
MOZAAKAYKMY, OyAeT GparMeHTUPOBATHCS, €CIN Y BaC HET Ha CAMOM JjeJie YeThIPEX
obacreii mograyky. HarpriMep, ey y Bac Be obs1acTul A U B, To nipeficTaBieHre
aZjpecHOro MPOCTPaHCTBA AJIs 3TO obiacTu rogKadky Bo FreeBSD 6yzeT opranu-
30BaHO C YepefoBaHueM OJIOKOB U3 16 CTpaHwMIL:

oz

ABCDABCDABCDABCD

FreeBSD 3.X MCIO/IB3YET «I10C/Ie[0BATEIBHbIN CIIMCOK CBOOOAHBIX 06/1aCTEN» AJI
yIpaBJieHus CBOOOSHBIMU 00IaCTAMU B pasfiesie MOAKAYKY. Vziest COCTOUT B TOM,
41O 6OJIBLINE TTOC/IE0BATEbHbIE GJIOKM CBOOOSHOTO IIPOCTPAHCTBA MOTYT OBITH
Npe/CTaBJIeHbl TIPY MOMOLLIY Y371 OFHOCBA3HOrO criucka (kern/subr_rlist.c ).
Ho u3-3a ¢pparmMeHTanuu MocIefoBaTe bHBIN CIIMUCOK CaM CTAHOBUTCS (pparMeH-
THUPOBAHHBIM. B IIprMepe BBILIIE [I0JTHOCTHI0 HEUCIIOIB3YEMOE TPOCTPAHCTBO B A 1
B 6yzeT mokasaHo Kak «CBobogHOe», a C 1 D Kak «IIOJHOCTBIO 3aHATOe». Kaxjou
IIOCTIe0BATE/IBHOCTH A-B TpebyeTcs AJ ydeTa y3es CIUCKa, moToMy 4to C 1 D
SBJIIFOTCS ABIPAMU, TaK YTO Y3€JI CIMCKA HE MOXET ObITh CBS3aH CO C/eAyIoLeit
MOCJIef0BAaTEbHOCTHIO A-B.

Hoqemy MBI OpTraHN3yeEM YepeoBaHNE B obstacTn mogKa4YKu BMeCTO TOro, YTO6BI
IIpocTo OG’Be,Z[I/IHI/ITB obstacTn IIOAKaYKN B OAHO LieJIo€ U IMIPUAYyMaTh YTO-TO 60-
Jiee yMHoe? HOTOMy YTO ropasno jierde BbIAE/ISATh [TI0C/I€40BATE/IbHBIE ITIOJIOCHI afi-
PECHOTO IMPOCTPAHCTBA U ITIOJIy4aTh B PE3yJ/IbTaTE aBTOMAaTN4Y€CKOE YepeloBaHle
MeX Ay HECKOJIBKMMU AVCKaMU, YEM IIbITAThCA BbIAYMBIBATL CJIOXKHOCTU B IPYT'OM
MecTe.

dparmMeHTaLs BBI3BIBAET APYTHe MPOOIEMBI. SBISACH IIOCIEA0BATENbHBIM CITHC-
KOM B 3.X U Mesi TaKOoe OrPpOMHY0 $parMeHTalnIo, BblesIeHre U 0CBOO0XjeHIe
B 06JIaCTH MOJKAYKK CTAHOBUTCS alroputMoM cioxHoctr O(N), a me O(1). Bme-
cre ¢ apyrumu dpakropamu (4acToe obparieHre K 061aCTH MOLKAYKY) BbI TI0JTyYa-
ere CIIOKHOCTB ypoBHel O(NA2) u O(NA3), uro moxo. B cricteme 3.X TaKKe MOXKET
noTpeboBathcs BoiAeneHre KVM Bo BpeMst paboThl ¢ 06/1aCThIO0 TIOAKAYKY /IS CO-
3[/aHUS HOBOTO y3J/1a CIIKCKa, YTO B yCIOBHUY HEXBATKU MaMATHU MOJKET IIPHUBECTH K
6I0KMPOBKE, €CJIV CUCTEMA TIOTIBITAETCS COPOCHUTH CTPAHULIBI B 00/1aCT TOAKAYKHI.

B 4.X MBI He HCII0JIb3yEM I'IOCJIe,[[OBATeJ'IbHBIf/i CIIMCOK. BMeCTO 3TOro MbI UCIIOJIb-
3yem 6asucHoe AEPEBO 1 OUTOBEIE KapThI 6J10K0B 06J1aCTH IoAKavYKY, a He OTpaHN-
YeHHBIN CTIMCOK y3J10B. Msl IIpYHUMaeM IpeiBaprUTE/IbHOE BbIE/IEHNE BCEX 6uTo-
BBIX KapT, Tpe6yeMbIX AJIA BCel obstacTu TIoAKa4YKY, HO IIPU 3TOM TPAaTUTCA MEHb-
11e rnaMsiTy, II0TOMY 4TO MBI MICITOJIb3yEM 6UTOBBIE KapThbI (O,Z[I/IH 6UT Ha 6.1'[01(), aHe
CBSI3aHHBIM CITVICOK Yy3J10B. Vcnonb3oBaHye 6a3ricHOro AepeBa BMECTO I10C/Iej0Ba-
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Or-
BET:

Bo-
poc:

or-
BET:

Bo-
poc:

TeJILHOTO CIIUCKA AAeT HaM MPOU3BOAUTENbHOCTE O(1) BHE 3aBUCUMOCTH OT (par-
MeHTaluu fiepeBa.

Kak pasjesieHre YMCThIX U IPpsA3HbIX (HEAKTUBHBIX) CTPAHMUL] CBSIBAHO C CUTYyaLlMel,
KOTZIa BbI BUUTE MAJIEHBKUI CUETYUK OYePein Kolla 1 OOJIBIION CUETIMK aKTHB-
HOUI OYepeny B BbIjauye KOMaHAbI systat -vm? PasBe cucTeMHAsi CTAaTUCTHKA He
CYNTAeT aKTUBHBIE U IPSI3HBIE CTPAHUIIBI BMECTE 33 CUETYMK aKTUBHOM Ouepesu’?

S He moHsA criemyomee:

CToUT OTMEeTHUTh, YTO BO FreeBSD VM-cucTema mbITaeTcs pas-
LleJIUTD YVCThIE U TPA3HbIE CTPAaHULBI BO U30eKaHKe CPOYHOM
HeoOXOAMMOCTH B HEHYIKHBIX COpOCax IPSI3HBIX CTpaHuL (410
OTPa)KaeTCst Ha POILYCKHOM CIIOCOGHOCTH BBOAA/BBIBOAA) U He
nepeMelraeT OeCIPUYMHHO CTPaHULIBI MEXAY Pa3HBIMU O4epe-
JsAMU, KOTZa IOACUCTEMa YIIPaB/IeHUs NaMATbI0 He KCIIBITHI-
BaeT HEXBaTKy PeCypcoB. BOT 11o4eMy BBl MOXETE BUJETH, YTO
TIPY BBIIIOJIHEHMU KOMaH/bI systat -vm B HEKOTOPBIX CHCTe-
Max 3Ha4YeHMe CYETYNKA OUepeIv Kallla MaJlo, 8 CYeTYMK aKTHB-
HOU o4Yepesy HOJBLION.

[a, aTo 3amyThIBaeT. CBS3b 3aKJ/II0UAETCS B “XKelaeMoM” U “ZeiCTBUTEIBHOM . MBI
JKeJlaeM PasfesUTh CTPAHULBI, HO PeasbHOCTh TaKOBa, YTO MOKa y HaC HET Mpo-
6J1eM C IaMSATHIO, HAM 3TO Ha CAMOM [ieJie He HYIKHO.

310 03HavaeT, uTo FreeBSD He OyLeT OueHb CUJIBHO CTapaThCsl Hall OTHe/IEHUEM
IPSI3HBIX CTpaHuI] (HeaKTUBHAS OYepeib) OT YMCTHIX CTpaHuIL (Ouepeb Kaliia), KO-
I7ia CUCTeMa He HaXOAUTCSI 10 HAarpysKoii, v He 6yIeT [eaKTUBUPOBATh CTPAHULIbL
(axTMBHas Ouepesb -> HEAKTUBHAsS OUePefib), KOTa CUCTEMA He Harpy)KeHa, Jaxe
€CJIV OHU He UCTIOJB3YIOTCS.

B mpumepe c Is(1) / vmstat 1 MoryT am HEKOTOpbIe OLIMOKH AOCTYIIA K CTPAHULE
ObITh OLIMOKAMU CTpaHUL, faHHBIX (COW 13 BBIMOSHUMOrO ¢aiia B MpUBaTHbIE
crpanuypl)? To eCTs s osiararo, YTo oWKMGKY JOCTYa K CTPAaHULAM SIBJISTIOTCS a-
CTMYHO OMMOKaMU [T 3arl0JIHEHUU HYJ/ISMU, a YaCTUYHO JaHHbIX MPOTrpaMMBL
Wiy BeI rapaHTUpyeTe, 4YTo FreeBSD BhinosiHsAeT npefBapuTesssHo COW mis faH-
HBIX IIPOTPaMMBbl?

Ourri6xa COW MOXKeT 6bITh OLIMOKOI [TPY 3aTI0JHEHNH HYJIAMU WJIH JAHHbIX [1PO-
rpaMMbl. MexaHU3M B JII060M CIIyyae OLUH U TOT e, IOTOMY YTO XpaHUJINILE faH-
HBIX IIPOrPaMMBI yKe B Kalle. Sl Ha camoM Jfieie He paj, HU TOMY, HU JPYroMy.
FreeBSD He BhIno/IHAET NpeaBapuTe/ibHoe COW JaHHBIX ITPOTrpaMMBbl U 3aII0JIHe-
HMe HYJISIMU, HO OHa 6blN0/Hsem MpefiBapUTeIbHO OTOOpakeHe CTPaHULL, KOTO-
PBIe IMEKOTCS B ee Kalle.

B BaureM paszesie 06 ONTUMU3ALUY TabIULIbI CTPAHULL, He MOTJIH 6Bl BBI 60J1ee Imo-
Ipo6HO pacckasaTh 0 pv_entry uvm page (um vm_page fosmkHa 66T V_pmap —
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BeToB OT Asiena Bpurrca (Allen Briggs)

<br sn'g hwonder.com >
K ! Qu A IMEHHO K S

neficTBre/ peaKIyIo OJKHO MOTPe60BaThCS VISl CKAHMPOBAHMS OTOOPaXKEHMIA?

dK B PP, 18 ol Or M 510,

1\ K 1\

Yro fesaeT Linux B TeX ciy4asx, korga FreeBSD pa60TaeT 10x0 (COBMecCTHOe Hc-
MOJIb30BaHUE 0TOOpaxkeHuUs daiiaa Mew Ay MHOTUMU npoueccaMM)?

Or- vm_page mpejcrasisier coboit mapy (object,index#). pv_entry sBisieTCst 3aIUCHI0

BeT: W3 anmnaparHoi Tabuumupl crpanuy, (pte). ECiiv y Bac MMeeTcs ISTh MPOLECCOB, COB-
MECTHO WCIIOJIB3YIMX OLHY U Ty JKe GU3MUYECKYI0 CTPaHULYy, U B Tpex Tab/u-
JaX CTpaHMUL] 9THX IIPOLeCCOB Ha CaMoM JfieJle 0TObpaXkaeTcsl CTpaHULa, TO CTpa-
HUIA byZeT MpeCTaBIATHCA OLHONM CTPYKTYPOM Vin_page U TpeMs CTPYKTypaMu
pv_entry.

CTPYKTYpBL pv_entry MpeACTaB/sOT CTPaHULBI, oTobpaxaemble MMU (opHa
CTPYKTYpa pv_entry COOTBETCTBYeT OAHOU pte). ITO O3HAYAET, YTO, KOTAa HaM
HY)XHO y6paTh BCe alliapaTHble CCHUIKY Ha vim_page (zJ1s1 Toro, YTo6bl HOBTOPHO
VICII0JTb30BaTh CTPaHULLY JiJIsI YETO-TO ellle, BBIIPY3UTh €€, OYMCTUTD, TOMETHUTb KaK
I'PsBHYIO U TaK aJiee), Mbl MOJKEM MPOCTO IIPOCMOTPETh CBSZHBIN CIIUCOK CTPYK-
Typ pv_entry, CBA3aHHBIX C 9TOM vm_page , AJIs TOTO, YTOOBI YAAIUTE UK U3Me-
HUTH pte U3 UX Tab/NL CTPaHHUIL

B Linux HeT TaKOro CBSIZHOTO CIKCKa. JIJIsl TOro, YTOOBI YAATUTE BCE OTOOPAKEHNS
anmapaTHON TabJIMIBl CTPAHUL, AJIs Vin_page , linux JomkeH mpodTH TI0 MHLEKCY
KaXzoro o6bexTa VM, KOTOPBIH Moxcem oToOpaxaTh cTpanuly. K mpumepy, eciu
y Bac MMeeTcst 50 MPOLIECCOB, KOTOPBIE BCE OTOBPAKAIOT Ty e CAMYIO AUHAMUYE-
CKYI0 BUBINOTEKY M XOTUTE U36ABUTHCS OT CTPaHULBI X B 9TOM OUOIMOTEKE, TO
BaM HY’KHO TIPOMTHUCH MO UHIEKCY BCEM TaOMILBI CTPpaHMUL] AJIS KAjKOTO U3 STHX 50
IPOLIECCOB, AAKe eCJIU TOJIBKO 10 U3 HUX HA CAMOM JIeJie OTOBPaXKaloT CTpaHuULLy.
Tak 9To Linux UCIOB3yeT MPOCTOTY MOAXOAA 3 CYET MPOU3BOAUTENBHOCTH. MHO-
Ve aropuTMbl VM, KOTOpBIe UMERT CIoXHOCTh O(1) nim (N Masoe) Bo FreeBSD,
B Linux npuo6peTtarot cioxuocts O(N), O(NA2) vm xyske. Tak Kax pte, IpeAcTas-
JISTIOLIVIY KOHKPETHYIO CTPaHUILy B 06BEKTE, CKOpee BCEro, 6YET C TEM e CMele-
HUEM BO BCeX Tab/INIIaX CTPAHULI, B KOTOPBIX OHU OTOBPAKAIOTCS, TO YMEHbIIEHVE
KOJIMYECTBA 06pallleHN it B TABIUL{BI CTPAHUL] IO TOMY YKE CAMOMY CMEIIEHUI0 Ya-
CTO TI03BOJISIET U36EXAaTh paspacTaHus Kaiua L1 fi7ist 9TOro CMeLjeHust, 9T PUBO-
[T K YIYYIIEHNIO TIPOU3BOLUTENBHOCTH.

Bo FreeBSD BBefIeHHI LOMOIHNATEIBHEIE CIOXKHOCTH (CXema ¢ pv_entry ) s yBe-
JIMYEHUS TIPOUSBOAUTEILHOCTH (YMEHbILIAs KOMNYECTBO OBPALLEHUI MOALKO K TEM
pte, KOTopbIe HYKHO MOAUPULUPOBATS).

Ho Bo FreeBSD umeercs mpobsieMa MaciTabrupoBaHus, KOTOPOI HeT B Linux, mo-
TOMY 4YTO MMEeTCsl OrPaHUYEeHHOE YMCJIO CTPYKTYP pv_entry, M 9TO MPUBOAUT K
BO3HHKHOBEHHIO IIP06/IeM TPy O0JIBIIOM 06beMe COBMECTHO MCIIOIb3YEMBIX fJaH-
HBIX. B 3TOM CJly4yae y BaC MOXET BO3HMKHYTh HeXBaTKa CTPYKTYp pv_entry , maxe
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Bo-
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BET:

ecyIv CBOGOAHOM TaMATH XBaTaeT. ITO MOXKeT OBITh JOCTATOYHO JIETKO HCITpaBJie-
HO yBEeJIMYEHMEM KOJIMYECTBA CTPYKTYpP pV_entry Ipu HacTPOMKe, HO Ha CAaMOM
JieJle HaM HY)KHO HaWTH JIyYLINi CII0CO6 AesaTh 3To.

YTo KacaeTcs UCIIOJMB30BAaHUA MaMATU IOZ TabJMIy CTPaHUL] IPOTUB CXEMBI C
pv_entry : Linux UCIO/B3YET «IIOCTOSTHHbIE» TAGIMILBI CTPAHMUL], KOTOpPBIE He cOpa-
CHIBAIOTCSI, HO €My He HY)XHBI pv_entry s KaJoro MOTeHLUaIbHO 0TOo6pa-
skaemMoro pte. FreeBSD ucrosnbayeT «cOpacbiBaeMble» TabIULBI CTPAHMUL], HO AJIST
KaXK[JOTrO peasbHO 0ToOpaxaeMoro pte fobaBiIseTcss CTPyKTypa pv_entry . 51 gy-
Malo, 4YTO WCII0/Ib30BaHMeE MaMATH OYAET IPUMEPHO OAMHAKOBA, TEM HoJiee 4To y
FreeBSD eCTb aIrOpUTMUYECKOE IIPEUMYIIECTBO, 3AK/II0YAIOLIeeCs B CIIOCOOHOCTH
cbpaceIBaTh TAGIMULBI CTPAHUL] C OYeHb MAJIBIMU HAKJIAJHBIMU PACXOJAMI.

HaxoHer, B paszesie 0 IOATOHKE CTPaHMUL, XOPOLIO Obl OBII0 UMETH KPaTKO€e OIK-
CaHMe TOr0, YTO 3TO 3HAUMT. 51 He COBCEM 3TO MOHSII.

3HaeTe /U BBI, Kak paboTaeT alnapaTHbI kall mamaty L17 O6bscHsto: [IpecTaBb-
Te MalIMHY ¢ 16MB 0CHOBHO AMATH U TOJIBKO €0 128K mamsTH kaura L1. B obmem,
3TOT K3l paboTaEeT TaK, YTO KAXKABIH 6J10K 110 128K OCHOBHOI TaMATH UCIIOIb3yeT
me yce camble 128K katua. Eciv Bl 06paljaeTech K OCHOBHOM MaMSITH 110 CMELeHUI0
0, a 3aTeM K OCHOBHOY IaMATH 110 cMelljeHnIo 128K, BBl Ilepe3anyceiBaeTe JaHHble
K3llla, TIPOYTEHHBIE M0 CMeleHuo 0!

51 oyeHb CUJIBHO BCe ympolaw. To, YTO S TOJIBKO YTO OIMCaJl, Ha3blBaeTCsA «Ha-
MPAMY0 0TOOpaXkaeMbIM» arlapaTHBIM K3LIEeM TaMsATH. BOJIBIIMHCTBO COBpeMeEH-
HBIX K3IIEeU ABJIAITCA TaK Ha3blBaéMbIMU 2-CTOPOHHUMU MHOXX€CTBEHHBIMU ac-
COLIMaTUBHBIMU MJIY 4-CTOPOHHMMU MHO)XeCTBEHHBIMU aCCOLIMAaTUBHBIMU K3lla-
MU, MHOXeCTBEHHas aCCOLMAaTHBHOCTD IIO3BOJISIET BaM 00PaIaThCs K BILIOTH Z10 N
Pas3nIuYHBIM 00/1aCTAM MaMATH, KOTOPBIE UCIIONB3YIOT OAHY U TY XK€ MaMATh Kalia
6e3 yHUYTOXEHUS paHee IOMeIeHHBIX B Kol faHHBIX. Ho TobKO N.

TaK 4YTO eC/IU Y MeHsI UMeeTCst 4-CTOPOHHMUI aCCOLMATUBHbIN K3, s1 MOTY 06pa-
TUTHCA K ITaMATU 110 cMeleHuto 0, cMeweHno 128K, 256K u cmewenuro 384K, 3a-
TEM CHOBa 0OPATUTHCS K MAMSITU 110 CMEIEHUIO 0 1 [OJTy4y ee 13 kaura L1. OfHa-
KO, €CJIU [TOCJIE ITOTO 51 06pallyCh K IAMSITH 110 CMeleHno 512K, ofuH 13 paHee
MIOMEIeHHBIX B K3LI 06BEKTOB AaHHbIX 6YAET 13 Kalia yAaseH.

3TO YPEe3BBIYANHO BAXKHO... /151 OOBIIMHCTBA OOpaIleHNIT K ITaMSITH IIPOL[eccopa
Ype3sblUaliHO BAYKHO, YTOOBI JaHHbIe HAXOAUIUCE B Kamre L1, Tak kak ko L1 pabo-
TaeT Ha TAKTOBOM 4acTOTe paboTsl IpoLjeccopa. B ciyyae, eciv faHHbIX B kaiue L1
He 06GHAPYIKMBAETCS, ¥ OHU MLIYTCS B K3LIe L2 MM B OCHOBHOM MaMSTH, TIPOLIeC-
cop 6yieT MpoCTanBaTh, WU, CKOPEE, CUAETD, CJIOKUB PYUKH, B OIKUAHUN OKOH-
YaHUS YTEHUS U3 OCHOBHO MaMSITH, XOTSI 3@ 9TO BPeMst MOIKHO 6BIJIO BBITIOJTHUTE
comHu orepauuii. OCHOBHAast MaMsATh (ZrHaMudeckoe O3Y, KOTOPOe YCTAaHOBJIEHO B
KOMITbIOTEpE) paboTaeT 10 CPABHEHUIO CO CKOPOCThIO pabOoThI Si/Ipa COBPEMEHHBIX
[IPOLIECCOPOB MeO/IeHHO.
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JIOTIO/THUTEIBHBII CEaHC BOIIPOCOB U OT-
BeToB OT Asiena Bpurrca (Allen Briggs)

<priggs@ninthwonder.com >
AODPO O, d CIIEPb Dd MOTDHWM ITOIT'OHK DAHUIIL: bCE OBpPEME c A I11d-

MATU ABJIAOTCA TaK Ha3bIBA€MBIMU 95u3uqecnumu KawamMu. OHU K3MMPYIOT afpeca
(bHBquCKOﬁ maMsATH, a HeE BHpTyaJ’IBHOfI. JTO MO3BOJISIET K3y HE TPUHUMATh BO
BHMMaHUE NEPEK/II0YEHNE€ KOHTEKCTOB ITPOLIECCOB, YTO OYE€Hb BaXKHO.

HHD K

Ho B Mupe UNIX® BbI paboTaeTe ¢ BUPTYaabHBIMU apECHBIMU IPOCTPAHCTBAMH,
a He ¢ $usnveckuMH. Jlrobast mporpamMma, BaMu HalVCaHHas, UMEeET LeJio C BUp-
TyaJIbHBEIM afjpeCHBIM IIPOCTPAHCTBOM, i1 ITpefjoCTaBIeHHBIM. PeaslbHbIe Pu3ute-
CKUe CTpaHMILBI, COOTBETCTBYIOIYIE BUPTYaJLHOMY apeCHOMY IIPOCTPAHCTBY, He
006513aTe/IbHO PacIoyIoeHb! Gpr3NYecKy mocieoBaresnsHo! Ha camoM fiesie y Bac
MOTI'YT OKa3aTbCsA [jBe CTPaHMLbI, KOTOPBIE B aJpECHOM IIPOCTPAHCTBE IIPOLECCOB
ABJIAIOTCS IPpaHNYalIMM, HO PacIiosIararliMMUCA 10 CMelLleHuIo 0 U 110 cMelle-
Huo 128K B $usuueckoll TaMATH.

O6BIYHO MporpaMma TI0JIAraeT, YTo JBe TpaHUYale CTPAHUIBI OyIyT KIWUpPo-
BaThCs ONTUMABHO. TO eCTh BBl MOXeTe 0OpaIaThCsi K 00bEKTaM JAHHBIX B 00erX
cTpaHuIlax 6e3 3aMeleHUit B Kallle JaHHbIX APYyT Apyra. Ho aT0 MMeeT MeCTo, ec-
JIV TOJIBKO PpU3BUYECKIE CTPAHULIBI, COOTBETCTBYIOLIVE BUPTYAIBHOMY apECHOMY
MIPOCTPaHCTBY, PAcIOJIaTaTCs PALOM (B TaKOM Mepe, YTO MOMaaoT B KII).

JTO MMEHHO TO, YTO BBIIOJIHAET MOATOHKA. BMecTo TOro, YTo0sI Ha3HAYaTh CAy-
uatiHble pUBMUECKIe CTPAHUIIBI BUPTYaAbHBIM afjpecaM, YTO MOXeT IIPUBECTH K
HEONTHMMAabHOM paboTe Kallla, MPY MOATOHKe CTPAaHUL, BUPTYaJbHBIM afpecam
Ha3HaYaloTCs NPUMepPHO nooxodaujue no nopsaoky Gusrdeckre CTpaHULbL TakuM 06-
paszoMm, MporpaMMbl MOTYT IIHCAaThCS B MPEANOJIONKEHUH, YTO XapaKTePUCTUKU
HU3JIe)Kalllero alapaTHOro Kalla A/ BUPTYaJbHOTO aJpeCHOTO MPOCTPAaHCTBA
OYAYT TaKMMHU Ke, KaK ec/iv 66l TporpaMMa paboTaa HEITOCPeACTBEHHO B Guau-
YeCKOM aJjpeCHOM IIPOCTPaHCTBE.

3aMeTbTe, YTO 5 CKa3aJsl «IIPUMEPHO» IIOAXOsINYE, a He IIPOCTO «II0C/Ie0BaTe Ib-
Hble». C TOYKM 3peHUsT HApsIMy0 0ToOpaxaemoro kaura B 128K, dusndeckuii a-
pec 0 opmHakoB ¢ pusndeckum agpecom 128K. Tak 4To ABe rpaHUYALIVE CTPAHULBI
B BallleM BUPTYaJbHOM aZipeCHOM IIPOCTPAHCTBE MOTYT PaclojiaraThCs 1o cCMelle-
Huto 128K 1 132K pusmyeckoit IaMATH, HO MOT'YT JIETKO HaXOLUTHCA MO CMellle-
Hut 128K u 1o cMmemeHuo 4K clmanecrcoﬁ naMsATU, U UMETh Te )Ke CaMble XapaK-
TEPUCTUKYU paboTHI KalIa. TaK YTO IPU MOATOHKE He HY#HO Ha3Ha4aTh B JEHCTBU-
TEJIBHOCTH TI0C/IE[OBATEIbHbIE CTPAaHULIBI PUUIECKOI MaMATH MOC/IEL0BATENb-
HBIM CTpPaHMILaM BUPTYaJbHOM MaMATH, JOCTATOYHO MPOCTO JOOUTHCA PacIoo-
YKEHUST CTPAHHUI] IT0 COCEACTBY APYT C APYTOM C TOUKH 3peHHUst paboThI KallIa.
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