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O6Lwan apxuteKkTtypa cuctembl

1.1 Ba3a cmaHOapmos Linux

(Linux Standards Base, www.linuxbase.org) mpejacraBiisser coOOH IPOEKT,
CTaBSIIMIA IEJIBIO CTAaHIAPTU3AIMIO CAMOM OIEPaIMOHHON crcTeMbl LinuX myst toro,
9TOOBI TPHWJIOKCHHS, HAMCAaHHBIC JJII OJHOTO JUCTPUOYTHBA, COOTBETCTBYIOIIETO
ctaaaapty LSB, TouHO Takke KOMIUIMPOBAIUCH U BBIMIOJHSINCH B JIIOOOM JPYroM
LSB-coBmecTumom nuctpuOyTuUBe.

baza cranmaptoB LinNUX coaepkuT oOmMe CTaHAapThl KOMIIOHCHTOB
OTEPallUOHHON  CHCTeMBI, BKIIO4as Oubmmoreku, ¢opmarbl TAKETOB U
TUCTPUOYTUBOB, KOMAH M YTUJIHT.

Hanpumep, crannapt LSB omnpenenser cranmapTHyr CTPYKTYpy ¢aiaoBoi
cucteMbl. ba3za cranmaproB LINUX Tarkke BKIIIOYACT apXHUTCKTYPHO-3aBUCHMBIC
CTaHJapThl, HEOOXOAUMBIE JJIs cepTuduKanuu Ha cooTBeTcTBHE LSB.

XKenatomue mporecTUpoBaTh W CepTUPHUIMPOBATH  TUCTPUOYTHUB  HA

cooTBeTCTBUE 0a3e craHmapToB LinuX moryT mpuoOpect HEOOXOAUMBIE IS 3TOTO
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YTUJIUTBI U IPOUTH CePTUPHUKAINIO, 00paTUBIIKCH K oprann3auuu LSB (omare-Takwy,
-3a OINPEIEIICHHYIO ILJIaTy).

Jlo mocieHero BpeMeHH! 3aa4a COOTBETCTBUS CTaHapTaM UMeJa JOCTAaTOYHO
HU3KHUI TPUOPUTET A pa3pabOTUMKOB siipa, TMOCKOJIBKY B MEPBYIO OYEpEb OHH
CTPEMIIIUCh PACHIUPHUTH (PYHKIIMOHAIbHBIE BO3MOXXHOCTH W HAJEKHOCTh PabOTHI
Linux. BenenctBue 3Toro, O0JIBIIMHCTBO BEPCHiL siipa HE COTTIACYIOTCS HU C OJTHUM U3

Ha0OpOB CTaHAAPTOB.

1.2 Apxumekmypa cucmembl

Xors sapo Linux siBisieTcss MOHOJNMTHBIM IO CBOCH TPHUpOJE, TOCIEIHUC
YCOBEPIICHCTBOBAHUS, BHECEHHbIE MJIi OOECIEYeHMs] MaclTabupyeMOCTH siipa,
BKJIIIOYAIOT B c€01 BO3MOYKHOCTM MOJAYJIBHOCTH, TMOAOOHBIE TEM, KOTOpPHIE
HOJIICPKUBAIOTCS.  ONIEPAIIMOHHBIMUA CHUCTEMaMH C MHUKposipoM. Linux w[acto
Ha3bpiBalOT UNIX-110106H0#1 onepaninoHHON CUCTEMOM, MOCKOJIbKY B HEM CYIIIECTBYIOT
MHOTHE cIykObI, xapakTepHbie s Takux UNIX-cucrem, kak UNIX System V ot
komrannu AT&T unu BSD, pazpaborannoii B bepkiu.

Snpo LiNUX COCTOUT M3 MIECTH OCHOBHBIX MOJICHCTEM:

. yIpaBJIeHUs] IPOLECCAMH,

. B3aMMO/eiCTBUA MEKIY NPOLeCCaMH,

. ylpaBJ/ieHUsl NAMSATHIO,

. ynpasJieHus1 (paiijioBoil CUCTEMOH,

. ylpaBJieHUs ONepalusiMi BBOa/BbIBOIA U
. ceTeBOM MOJACUCTEMBI.

Bce mects nmospcucTeM KOHTPOJIMPYIOT JOCTYN K CUCTEMHBIM PECYPCAM.

[Mporieccbi B LINUX MOTYT BBINOJHATBCS B PEXKUME sApa  JTHOO
II0JIb30BATEIBCKOM PEKHUME.

[Tonb3oBaTENbCKUE MPOLIECCHl BBIMTOJHSIOTCS B IOJB30BATEIBLCKOM PEXKUME,
MO3TOMY JIOCTYN K CIIy’)X0aMm siipa OHHM MOJYy4yaroT yepe3 MHTephenc CUCTEMHBIX
BbI30BOB. Korzma oT 1oJb30BaTeNbCKOro IMpolecca MNPUXOIUT pa3pelieHHbIN

CUCTEMHBIN BBI30B (B MOJIb30BATEIBCKOM PEKUME), PO 00padaThiBa€T CUCTEMHBIN
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BBI30B B PEXXHMME Spa OT UMEHH npouecca. Eciii 3anpoc HEKOPPEKTEH (HarpuMmep,
MPOLIECC TBITACTCS OCYIIECTBUTH 3alKCh B (haiijl, KOTOPBIM HE ObUI OTKPBHIT), SAPO

BO3BPATUT OIIHUOKY.

1.3 OcHoeHbIe nodcucmembl sidpa

Jucnerdep mpoueccoB (Process manager) siBisieTcsl IIaBHOW IMOACHCTEMOM
Linux, oTBedaromiei 3a co3IaHue MPOIECCOB, OOECIICYCHHE JTOCTYIA K MPOIECCOpY
(mporieccopaM) CHCTEMBI U YIAJIECHUIO MPOLECCOB U3 CUCTEMBI 1O 3aBEPILIEHUIO0 MX
paboTHI.

IMoxcucrema B3ammoaeilicTBusi mpoueccoB (interprocess communication,
IPC) smpa mo3BonsieT mporeccaM B3aUMOJACHCTBOBATH JAPYr C JIPYroMm. OTa
nojcucreMa pabOTaeT COBMECTHO C JMCIETYEPOM IMPOLECCOB, oOecreynBas
COBMECTHBII JOCTYIl K MHQOpPMAIMK U Nepefady COOOUIEHHH C MOMOIIBI0 CaMbIX
pPa3HOOOpa3HBIX METOOB.

Ioacucrema ynpapJjieHHsI MaMATBI0O O0ECIEUMBAET MpoLieccaM JOCTYI K
namsaTd. LiNUX BBIIENSET KaXKI0MY MPOIECCy BUPTYAbHOE aJIpeCHOE MPOCTPAHCTBO,
KOTOpPOE JIETUTCS Ha MOJIb30BATEIbCKOE aIPECHOE MPOCTPAHCTBO M MPOCTPAHCTBO
anpa.

BxiroueHne mpocTpaHCTBa spa B KOHTEKCT Ka)KJOro MpOLEecca YMEHBIIAET
3aTpaThl Ha MEPEKITIOYEHUE MEXKITY PEKUMAMH AIpa U MOJIb30BATENS, TOCKOJIBKY SIAPO
MOKET MOJIYYHUTh TOCTYI K CBOMM JaHHBIM U3 BUPTYaJIbHOT'O aAPECHOIO POCTPAHCTBA
mo0oro mporiecca.

[Tonp30BaTenM MOMYYarOT JOCTYI K (haiiiaM U mankam, nepeMeasch 1o 1epeBy
karasoros. KopeHs gepeBa kaTanoroB Ha3pIBa€TCsl KOPHEBBIM (FOO0t) KaTanorom.

W3 KopHEBOIro Karajiora Mnojb30BaTeld MOTYT MEPEeUTH K 000N JOCTYMHOMN
(haioBoii cucTeme.

[Tonb3oBaTENBCKHE MPOLECCHI 3aMPAIINBAIOT TaHHbIE (PailIOBOM CHUCTEMBI Yepe3
UHTEP(PENC CUCTEMHBIX BBI30BOB.

Korma cucreme HyxeH aocTyn K (ailly WM mamnke JepeBa KaTajaoros,

B3aMMOJICHCTBUE OCYIIECTBIsIETCS dYepe3 wuHTepdelic BUPTyalnbHOU (aitioBoit
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cuctembl (virtual file system, VFS), obecnieunBaromuii euHbIN ciocod qocTymna Ko
BceM (hailmax M KaTajoraM, pa3MelleHHbIM B HEOJHOPOAHBIX (DalIOBBIX CHCTEMax
(mammpumep, ext2 u NFS). BupryanpHas ¢aiiioBas cucrteMa mepeaacT 3ampochl
KOHKPETHOH (haiiJIoBOM CHCTEME, KOTOpasi OTBEYAET 3a CXEMY pPa3MEIICHHUS] U MECTO
XpaHEHUs TaHHBIX.

OcuoBeiBasicb Ha Mmozenu UNIX, onepanmonnas cucrema  Linux
B3aUMOJICHCTBYET C YCTPOMCTBAMH, Kak C (aillamMu, TO €CTh HCIOJb3YET TE K€
MEXaHMU3MbI JOCTYIA K JaHHBIM, 4TO U NpHU padbote ¢ dailnamu.

Korzma nonp3oBarenbckue npoueccbl 0OMEHUBAIOTCA TAaHHBIMU C YCTPOMCTBOM,
AIpO TEPENAET 3anpoCchl MHTEPPENCY BUPTyabHON (DalIOBOW CUCTEMBI, KOTOPAs
NepeHarpanisieT uxX uarepdeiicy BBoaa/seioga. IHTepdeiic BBoga/BbIBOIA TIEpEIAET
3ampockl Jajee, ApaiBepaM yCTPOUCTB, BBITOJHSIONIUM ONepaliii BBOJA/BBIBOIA JJISI
CUCTEMHOTO 000PYIOBaHUS.

B Linux cymectByer ceTreBasi MOACHCTEMA, [O3BOJISIONIAS MpPOIECCaM
0OMEHMBAThCS JTAHHBIMU C KOMIIBIOTEPAMU 1O CeTH. [|JIs1 OTOpaBKU U MprUeMa NaKeTOB
ceTeBas M0/ICHCTEMA UCIIOJIb3YET CETEBOE 000PYOBAaHUE CUCTEMBI, MTOJTy4das JOCTYII K
HeMy uepe3 uHrepgeric BBOJ1a/BbIBOJA.

Ora mnojacucTeMa MO3BOJIIET MPUIOKEHUSM H APy HHCIEKTUPOBATh H
MOAU(ULIMPOBATH MAKETHI, TPOXOSAIINE 110 CETEBBIM YPOBHIM CUCTEMBI C TOMOIIBIO
uHTepdeiica GUIbTpalK MaKeToB.

JlanHb1il nHTEpdElc TO3BOISIET peaTn30BaTh OpaHIMay3phl, MAPIIPYTU3ATOPHI

U IpyTUE CETEBBIE CPEICTBA.

2 YnpaBneHue npoueccamMu U NoTokamm

[Toxcuctema ympaBiieHHus TIpolieccaMu BaxkHa JijIsi ooecrieueHust 3¢ HEeKTUBHOMN
pealM3alii MHOT03aa4qHoro pexuma B Linux.

XOoTs B TEPBYI OYEpenb OHAa OTBEUYAET 3a BBIJICICHHUE IPOIECCOPOB IS
o0CITyKMBaHUS TPOIIECCOB, MOJICUCTEMA YIIPABIICHHUS MPOLIECCAMU TAK)KE 3aHUMAETCS

repeaayeli CUTHAJIOB, 3arPy3K0UM MOAYJIEN sIApa U IIPUEMOM MPEPHIBAHUNA.
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2.1 OpeaHu3ayusi NPoyeccoe U romoKoe

B cucteme Linux u mporiecchl, U MOTOKK Ha3bIBAKOT 3a1a4aMu (task).

N3HyTpH OHU MPECTABISIIOT CO00M €AMHYIO CTPYKTYPY JIaHHBIX.

[pu 3arpy3ke sapa 0OBIUHO 3amycKaeTcs Impoiecc iNit, KOTOPBIA UCIONB3YyeT
SIPO JJIS CO3JaHUs BCEX OCTaJIbHBIX 3aj1ay.

3amaun CO3AI0TCS IMyTeM BhI30Ba CUCTeMHOM (hyHKImH Clone.

JIroOsle obOpamenus k fork mwim vfork mpeoOpa3syroTcst B cucTeMHBIE BBI3OBBI
clone Bo BpeMsi KOMITWIISIINH.

®ynkius fork cozmaeT g04YepHIO0 3a1a4y, BUPTyallbHAs MaMATh IS KOTOPOit
BBIJICJISICTCS 110 TIPUHIIUITY KOTTHPOBAHUS MPH 3armucH (COpYy-0n-write).

Korna nouepHunii uinm e poAUTEIbCKUAN MPOLIECC MBITAETCS BHIMOJIHUTD 3aIIUCh
B CTpaHUIly MaMsTH, 3alUCBIBAIONIAs MpOrpamMma CO3/aeT COOCTBEHHYIO KOIIUIO
CTpaHUIIbI B TAMSITH.

KonupoBanue mpu 3anucu MOXKET MPUBECTU K CHIKEHUIO OBICTPOJICUCTBUS B
TOM CiIy4yae, KOrja IMpOLECC HCHOJIb3YET MPOLEAYypY EXECVe sl 3arpy3KH HOBOU
nporpaMMel cpasy nociie fork. Hampumep, ecim poiuTenbCKHil MPOIIECC HAYHET CBOE
BBITIOJIHEHHUE [I0 3aIllyCKa JOYEpPHEro IMpollecca, KOMUPOBAHUE MPHU 3aMHUCH OyAeT
OCYILECTBIISITECA TIPU MOJIU(DUKAIIMKU POJAUTEIHCKUM TPOIECCOM JIF0OON CTPAHUIIBI
MaMsITH.

[TockonbKy AOYEpPHUI TTPOLIECC HE UCTIONB3YET POJAUTEILCKUE CTPAHUIIBI (€CITU
B Hayase paboThl UM OblUIa cpa3y BbI3BaHa (YHKIMS €XECVE), JaHHas Oomeparus
a0CoMIOTHO Oecronie3Ha M TOJIBKO MPUBOAWT K YBEJIMUCHHUIO HAKJIAIHBIX PAacXOOB.
[Tostomy B Linux moaepsxkuBaetcs BeI30B GyHkimu VIOrk, mossossorei moBsICUTh
OBICTPOJICHCTBHE MIPU BHI30BE IOYCPHUMU MTPOIIECCAMHU MPOILIECTYPhl EXECVE.

[Mpornenypa vfork mprocranaBauBaeT pabOTy POAUTEILCKOTO MPOIECCca B TOM
cllydae, KOIjia JIOYEPHUH MPOIECC BBHI3bIBACT (YHKIMM EXecVe wmiau eXit, uToObI
o0OecrneyuTh 3arpy3Ky JJAOYEPHUM IMPOLIECCOM HOBBIX CTpPAHHUIl JIO0 TOrO, Kak
POUTETHCKUIM TPOIECC HAYHET BBITIOJHATH OECIIOJIE3HBIE OTEepPAlMd KOTTHMPOBAHUS

ITpH 3aIIUCH.
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[Mponienypa vfork mozBomsier emie Gosbie MOBBICUTH MPOM3BOIUTEIEHOCTh
Omarozaps TOMy, 4TO MPHU €€ BHI30BE TAOJHUIIBI CTPAHUI] POJUTENHCKOTO Mpoliecca He
KOIUPYIOTCSI B JAOYEPHUH, MOCKOJIbKY HOBBbIE TAOJIMLBI CTPAHUI] CO3JAIOTCS TOTAA,

KOTJla JOYEPHUI TPOIIECC BBI3BIBAET (PYHKIUIO EXECVE.

2.2 lMomoku Linux u cucmemMHbIe 8bi308bI clone

[Momnepskka moToKoB B LINUX oprann3oBaHa Mpy MOMOIIM CUCTEMHOTO BBI30Ba
nporeaypsl clone, mo3Bosstonieli BhI3bIBAIOIIEMY POLIECCY 33/1aBaTh OOIIHIA JOCTYI
K BUPTYyaJIbHOW NAMATH JUIsI IOTOKA, HHPOPMALIHIO O (haiiJIOBBIX CUCTEMAX, (DailsIOBbIE
JECKPUTITOPHI W/WIH 00paOOTYUKU CUTHAJIOB.

Peructpsl nmpoueccopa, cTeKk U APYrux JaHHBIX, MHAUBUIYaJIbHbl U JIOKATbHbI
no oTHomeHuto K motokam (TSD), Torma kak agpecHOe MPOCTPAHCTBO U OTKPHITHIC
JECKPUIITOPHI (PaillIoB MO OTHOIICHUIO K MOTOKaM MPEACTABIISIOTCA INI00ATBHBIMU B
uX Tpolecce.

Xotsa clone u MoxeT co3daBaTh IMOTOK;, 3Ta MpOIEAypa HE MOJHOCTHIO
cootBeTcTBYeT crienmpuraiusm POSIX no nmotokam.

Hanpumep, HECKOIBKO IMOTOKOB, KOTOpbIE OBUIM CO3/aHbl IIyTEM BBI30BA
CHCTEMHOM nporeaypbl Clone ¢ HacTpoiikaMu MaKCHMATBHOTO Pa3/ielieHHs PECypPCOB,
B TO JX€ BpEMsI MOTYT TOJJCPKUBATh PAI CTPYKTYp MAHHBIX, HE SBISIOLIXCS
pa3zenseMbIMi MEXIy BCEMH IOTOKaMH TpoIlecca, TaKuX Kak CTPYKTYphl TpaB
JOCTYyTIA.

[lpu BBBOBe mnpomenypsl clone w3 mpomecca sapa (T.e. Tporiecca,
BBIMOJTHSIONIETO MPOrPaMMHBIA KOJ spa), cozmaercs motok sapa (kernel thread),
OTJMYAIOIIMNCA OT OCTalbHBIX IOTOKOB TEM, YTO OH MOXET oOpamarbcs
HETMOCPEACTBEHHO K aIpECHOMY MPOCTPAHCTBY SIpa.

B sape B BHIEe NOTOKOB peaJM30BaHbI HECKOJIBKO JEMOHOB. [lemonamu
HA3BIBAIOTCS CIYXObI, TPEOBIBAIOT B CIISIIIEM PEXHUME 0 T€X TOp, MOKa SAPO He
pa3OyAMT WX JJI1 BBINOJHEHHUS TaKUX 3a/lady, KaK COXPAaHEHHE CTpaHul] JIHOo
IUTAHUPOBAHKWE TMPOTPAMMHBIX MpEpbIBaHUI. OTH 3a7auu OOBIUHO CBSI3aHBI C

O6CJIy}KI/IBaHI/ICM H IIOTOMY BLBIIIOJHAIOTCA PETYIIAPHO.
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Crnioco6 peanu3anuu NOTOKOB B LINUX XapakTepusyeTcs psiioM MPEUMYIIECTB.
e Hanpumep, motoku LiNUX TIO3BOJISAIOT YIIPOCTUTH KO SIIpa U YMEHBIITUTh
HaKJIaJHbIE PAcXOibl, TMOCKOJIbKY WM XBaTaeT EIUHCTBCHHOW KOIIHH
CTPYKTYPBI JAaHHBIX JIJIS YIIPABJICHUS 3aJa4aMH.
e bomee Toro, xord moTOKH LINUX He o00mamaroT TakoW K€
MEePEeHOCUMOCThIO, Kak moToku POSIX, oHH TIpeaoCTaBISIOT
IPOrpaMMHUCTaM BO3MOXXHOCTh 0Oojiee THOKO W TOHKO YIPaBJIAThH

pas3aeneHreM PeCypcoB MEXITy 3a/la4aMHu.

2.3 Peanu3auyusi nomokose Linux

OmnepanonHas cucteMa LINUX mojaaep)kuBaeT MOTOKH B SAPE JOBOJIBHO
HHTEPECHBIM CrocoOoM. B ocHOBe peanmusaiuu cucteMbl LiNUX nexar uaew w3
cuctemsl 4.4BSD

Cepauem peanu3alvy MOTOKOB B cucTeMe LiNUX sIBJIseTCs HOBBIA CHCTEMHBIH
BbI30B ClONE, OTCYTCTBYIOMIMIA BO BCEX OCTaIbHBIX Bepcusx cucteMbl UNIX.

®dopmat oOpalieHus: K HeMy BBITJISIUT CIETYIOIIMM 00pa3oM:

pid = clone(function, stack_ptr. sharing_flags. arg);

CucrteMHBII BBI30B ClONE co31aeT HOBBII MOTOK JIN00 B TEKYIIEM MpoIiecce,
Ju60 B HOBOM Ipolecce, B 3apucuMoctH ot puiara sharing_flags.

Ecnv HOBBIM MOTOK HAXOAUTCS B TEKYIIIEM MPOLIECCE, OH COBMECTHO UCIIOIb3YET
C OCTaJbHBIMHM MOTOKAMHU aJPECHOE MPOCTPAHCTBO M JIOO0E M3MEHEHUE KaXJA0ro
OaiiTa B aipeCHOM MTPOCTPAHCTBE JIFOOBIM ITOTOKOM TYT K€ CTAHOBUTCS BUIUMBIM BCEM
OCTaJIbHBIM MIOTOKaM MPOIECCa.

C npyro# CTOpOHBI, ECIH aPECHOE MPOCTPAHCTBO HE UCIIONIB3YETCS COBMECTHO,
TOT/ZIa HOBBIM MOTOK IOJY4YaeT TOYHYIO KOIHMIO aJPECHOr0 MPOCTPAHCTBA, HO
MOCJeAYIOIIME W3MEHEHHUSI B MaMATH YK€ HE BHUJIHBI OCTaJbHBIM MOTOKaM. Takum
00pa3oM, 371eCh HCIOJIB3YETCS Ta KE CEMAHTHKA, YTO U Y CUCTEMHOTO Bbi3oBa fork.

B 00oux ciyyasix HOBBI MOTOK HauWHAeT BhINMOJHeHHME (QyHkimu function c

apryMeHToOM arg B KauyecTBe MapameTpa. Takke B OOOUX CllydasX HOBBIM MOTOK
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MOJIy4yaeT CBOM COOCTBEHHBIN CTEK, MPU 3TOM yKa3aTelb CT€Ka WHUIHMAIN3UPYETCS
napametpoM Stack_ptr.

[Tapamerp  sharing_flags mpeacraBmser coOoii  OWUTOBBI  MaccuB,
o0OecreunBalOIUKA  CYIIECTBEHHO 0ojiee TOHKYI0 HACTPOMKY COBMECTHOTO
UCIIOJIb30BAHUS, HEXKEIIU UCTIONB3YeTCs B TpaaulMOHHBIX cucteMax UNIX.

VY aroro ¢uara onpeneneHsl NATh OUTOB, MEpeUUCIICHHbIC B Ta0nuile. Kaxpiii
OWT yIpaBIIsIeT OJJHUM U3 aCTIEKTOB COBMECTHOT'O MCIIOJIb30BAHMS, U KXKIBINA U3 OUTOB

MOJKET OBIThH YCTAHOBJICH HC3aBUCUMO OT OCTAJIBHBIX OUTOB.

Dnar 3HavyeHue s 1 3SHavyeHne s 0

CLONE_VM Co3paTh HOBLIY NQTOK Cospath HOBRIM NpoLece

CLONE_FS O6uve pabovynii katanor, xaranor He ncnonb3osarts UX COBMECTHO
root 1 umask

CLONE FILES O6wue neckpunTops! harnos KonupoeaTth geckpuntopst dainos

CLONE_SIGHAND O6uwas tabnuua obpaborymka curHanos Konuposats Tabnuuy
CLONE _PID Hoewlit noTok nonyyaeT crapstii PID HoBwiit noTok nonyyaeT Hoebin PID

butel maccusa sharing_flags

bur CLONE_VM omnpenensier, Oyner AU BUpTyaidbHas IMaMsiTh (TO €CTh
aJpecHOE TMPOCTPAHCTBO) HCIIOJIH30BATHCA COBMECTHO CO CTapbIMU MOTOKAMU HIIU
OyneT KonmupoBaThCsl. ECii 3TOT OUT yCTaHOBJICH, HOBBIN MOTOK MPOCTO TIOMEIIACTCSI
BMECTE CO CTAphIMHU ITOTOKAMH, TaK YTO CUCTEMHBIH BBI30B ClONE cO3/1aeT HOBBI MOTOK
B CYIIECTBYIOIIEM Tpoiiecce. Ecnmu OuT cOpoIleH, HOBBIA IMOTOK MOJIy4aeT CBOE
COOCTBEHHOE aJIpECHOEC MPOCTPAHCTBO. ITO O3HAYACT, YTO PE3YJbTaT KOMAaHJIbI
nporieccopa STORE He BHUIEH OCTadbHBIM ITOTOKaM. Takoe IMOBEACHHE IOJA00HO
MOBEJICHNI0 crucTeMHOro Bbi3oBa fork. Cosmanue HOBOTrO aJpecHOro MPOCTPAHCTBA
PaBHO3HAYHO OTPEACIICHUIO HOBOTO IpoIiecca.

bur CLONE_FS ynpasinsier CoBMECTHBIM UCIIOJIb30BAaHUEM pabOUero Karajaora
W KaTtajora root, a takxe ¢uiara umask. /laske eciim y HOBOTO ITOTOKa CBO€ COOCTBEHHOE
azgpecHoe mpocTpaHcTBO, npu ycraHnoBieHHOM O6ute CLONE_FS crapwiii u HOBBIi
NOTOKH OYIyT COBMECTHO HCIOJIb30BaTh padouue KaTajiord. DTO O3HA4YaeT, YTo
oOpallieHne K CHCTEMHOMY BbI30BY Chdir OJHMM W3 TIOTOKOB HM3MEHHUT pPabOuMii

KaTajor JApyroro I10TOKa, HCCMOTpsA IIa TO YTO Yy APYroro ImnoTroka €CTb CBOC
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coOcTBeHHOE aapecHoe mpocTpancTBo. B cucteme UNIX obpaimenne k cucteMHOMY
BbI30BY Chdir moTokom Bcerna n3mensier pabodunii KaTajior BCeX OCTAIBHBIX TOTOKOB
ATOrO MpoIllecca, HO HUKOTJAa HE MEHseT pabo4yMX KaTajoroB JAPYTHX MPOIECCOB.
Takum o6pasom, d3TOT OWUT oOecmeuynBaeT Pa3sHOBUIHOCTb COBMECTHOTO
UCIIoIb30BaHus, HenocTynmHyo B UNIX.

butr CLONE_FILES ananornuen 6uty CLONE_FS. Eciu oH ycTaHoBJEH, TO
HOBBIN MOTOK TMOJIB3YETCS TEMH K€ JIECKPUIITOpaMH (PailyioB, 4TO U CTapble MOTOKH.
Takum oOpa3om, oOpalieHHEe K CHUCTEMHOMY BbI3oBY | Seek omHuM moTokom
CTAaHOBUTCS BUAMMBIM JUJISl IPYTHX TMOTOKOB, YTO TAaKKe€ OOBIYHO CIPABEIJIMBO MAJIS
MOTOKOB OJTHOTO TPOIIecca, HO HE /7Sl TOTOKOB PA3IUYHBIX MPOIECCOB.

Ananoruuno 6ut CLONE_SIGHAND pa3zpermiaet niam 3anpeiiaeT COBMECTHOE
MCIIOJIb30BaHUE Ta0IHIIBI 00paOOTYMKOB CUTHAIOB CTAPHIM U HOBBIM MoToKamu. Ecin
tTabinua o0Ias Aake y MOTOKOB B PA3NUYHBIX aJPECHBIX MPOCTPAHCTBAX, TOI/A
U3MeHeHue 00paboTUMKa B OIHOM MOTOKE MOBIUSET U HA APYTOM MOTOK.

Hakonen;, 6ur CLONE_PID yka3piBaeT, MOJy4UT JM HOBBI MOTOK CBOU
cooctBennbidd PID unu 6ynet ucnons3oBatsh PID cBoero poautenbckoro motoka. 3to
CBOMCTBO HY)KHO TIpH 3arpy3ke cucteMsbl. [Iporieccam mombp3oBaTelns He pa3penraeTcs
MCIIOJIB30BATh ATOT OUT.

Takast neranu3anus B BOIIPOCE COBMECTHOTO HCIIOJIb30BAHUS CTalla BO3MOYKHA
Onmaromapsi ToMy, 4To B cucteme LINUX asist pa3inyHbIX BOIPOCOB, IEPEYHCICHHBIX B
Hauane paznena «Peanmmzanmst mpoueccoB B UNIX» nmanHoil rnaBel (mapamerpsl
TUTAHUPOBAHMSI, 00pa3 MaMsITH U T. 11.), UCTIOJIB3YIOTCS Pa3IMYHbIC CTPYKTYPHI TaHHBIX.

Tabnuma mporeccoB U CTPYKTypa MOJIb30BaTEeNs MPOCTO COJEPKAT yKa3aTeu
Ha 3TU CTPYKTYPHI JIAaHHBIX, TIO9TOMY JIETKO CO3/1aTh HOBBIM AJIEMEHT TaOJUIIBI IS
Ka)XIOr0 KJIOHMPOBAHHOTO TIOTOKa M CIeNaTh TaK, YTOOBI OH yKa3bIBad JHOO Ha
CTapyl0 CTPYKTYpPY, YIPAaBISIOLIYIO IJIAHUPOBAHUEM IOTOKOB, MAMSITHIO WM €IIe
4yeM-nu00, 1100 Ha KOMHUIO Takol cTpyKTypbl. CaMm (akT HaJIW4Hs TaKOH BBICOKOU
CTENEHU JIeTajJu3allid COBMECTHOTO HCIIOJIb30BaHUS €IIE€ HE O3HAYaeT, YTO OHA

noJie3Ha, oco0eHHo yuutsiBasi, 4To B cucteme UNIX 310 He monnepxkuBaercs. Eciu
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Kakas-Tm0o mporpaMma B cucteme LINUX mosib3yercs 3TUM MPEUMYIIECTBOM, 3TO

O3HayYaeT, UTO OHA HE MOXKET Oe3 mepeaenok padorars B cucteme UNIX.

2.4 [lMnaHupoeaHue NOMoOKos8

2.4.1 Oyepeau nnaHUpPOBLUMKA

B coctaB mojcucTteMbl YIpaBi€HUs NPOLECCAMH BXOJHUT NJIAHMPOBIUMK
npoueccos (process scheduler), obecrneunBarouii JOCTYII MPOIIECCOB K IPOIECCOPY
B TEUCHHE HYKHBIX TPOMEKYTKOB BPEMEHH.

Jlucneryep MpOILIECCOB XPaHUT CHHCOK BCEX 3a7ad B BUJAE JBYX CTPYKTYp
JAHHBIX.

IlepBasi cTpykTypa npeacraBisieT cOOOM KONBIEBOM CIHMCOK, KaXaasl 3alUCh
KOTOPOI'O COJEPKUT yKa3aTeJId Ha MPEAbIIYIIYI0 U MOCIEAYIONIYIO 3a1ayy (ouepeab
BBINIOJHEHMS (run queue), . OOpalieHue K 3To CTPYKType IPOUCXOAUT B TOM CiIydae,
KOrjia sipy HEoOXOAMMO MPOAaHAIM3MPOBATH BCE 3a/ayud, KOTOPBIE JTOJKHBI OBITH
BBITIOJTHEHBI B CUCTEME.

Bropoii crpykrypoil sBisiercsa xami-tabnuua. Ilpu co3ganuum 3amaun et
MPUCBAaMBAETCS YHUKaNbHBIA HIeHTU(]UKaTOp mporecca (process identifier, PID).
Nnentudukatopsl TPOLECCOB MepenaroTcs XdM-QYHKIUH Ui ONPEeTICHHUS
MECTOMNOJIOKEHHSI Tpoliecca B TaOMULE MPOLECCOB. XOAII-METOJ 00ecreyrBaeT
OBICTPBIIA TOCTYM K CIEIU(PUIECKUM CTPYKTYpaM JaHHBIX 3a/a4d, €CIU 1Py U3BECTCH
ee PID.

Kaxnas 3agauya TaOmuubl IPOLIECCOB MPEICTABISETCS B BHJIIE CTPYKTYPbI
task_struct, cmyxarieir B poim JaecKpumTopa mpoiiecca (T.e. OJoKa yHpaBiaeHHUS
nporieccopom (PCB).

B crpykType task struct xpaHaTcs mepeMeHHbIE U BJIOKEHHBIE CTPYKTYDHI,
ONMCBIBAKOIIUE MPOLECC.

Hanpumep, B nepemMeHHel state copepkarcsi CBECHUS O TEKYIIEM COCTOSHUHN
3anayu. [IlepBoHayanbHO AapO Mucanoch Ha A3bIke C, MO3TOMY JJIsl IPEICTABICHHUS

MPOrPAMMHBIX CYIITHOCTEN B HEM HMIMPOKO MPUMEHSIOTCS CTPYKTYPHI. |
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Jlpyrue BaxHBbIC TEpEeMEHHBIC, Crenu(PpUIecKue g ONpENeICHHOW 3a7adu,
MO3BOJISIIOT TUIAHUPOBINHUKY BBIYMCIISATH BPEMs BBIIOJHEHHS Ha TpOIeccope. OTH
NIEPEMEHHBIC OMPEIEISIIOT TPUOPUTETHI 3aJad, HEOOXOIMMOCTH BBITIONHEHHS B
peXKUME peaJbHOTO BPEMEHH, W TO, KaKOW aJIrOpUTM IUIAHUPOBAHMS PEaTbHOTO
BPEMEHH JIOJDKCH HCIIOJIb30BATHCS B ATOM CIIydae.

CTpyKTyphl, SBISIOMIAECS BJIOKEHHBIMH IO OTHONIEHUIO K CTPYKTYpe
task struct, MOTYT coziep:kaTh AOMOJHUTEIbHBIC CBEICHNUS O 3a/1a4e.

OpHa 13 MoAOOHBIX CTPYKTYP, Mm_struct, ONMCHIBAET BBIJICISEMYIO JIJIS 3a]ja4H
aMsTh. (HallpuMep, MECTOIIOJIOKEHNE TaOIHIIBI CTPAHUI] B IMAMSITH M YHCIIO 3a]1ad,
COBMECTHO HCTIOIB3YIOIIUX aIPECHOE TPOCTPAHCTBO).

JloTOTHUTENbHBIE CTPYKTYPBI, SBISIONINECS BJIOKEHHBIMHU MO OTHOIIEHHUIO K
CTpykType task struct, comepkaT Takyro WH(OpMaIMIO, KaK 3HAYEHUSI PETUCTPOB,
XpaHsIIUe KOHTEKCT BBITIOJIHEHHS 3a7a4u, 0OpabOTYMKKU CUTHAJIOB U TpaBa JIOCTYIIa
JUTSI 3a/1a4H.

OOpaieHrne K 3TUM CTPYKTypaM OCYIIECTBIICTCS C TOMOIIBIO HECKOIBKUX

IMOACUCTCEM sApa IIOMUMO AUCIICTUCPA IIPOLICCCOB.

2.4.2 pad cocToasAHUN noToKa

3ajaya MepexoIuT B COCTOSIHKE running (BLINOJHEHHS) MOCIIE €€ NepeIadn B
IIPOLIECCOP

[Tpu GroxupoBKe 3a7a4a MEPEXOAUT B COCTOsiHHE sleeping (cmsiuku), a mpu
MIPHOCTAaHOBKE pabOThI B cOCTOsIHUE ocTaHOoB (Stopped).

CocrossHue zombie (30M0M) TOKa3bIBa€T, 4YTO BBHIIMOJHCHHE 3aJadyud
MPEKPaTUIIOCh, OJIHAKO OHA €Ille He OblIa y/1aJieHa U3 CUCTEMBI.

Hampumep, eciu mporecc COCTOUT M3 HECKOJbKMX IOTOKOB, OH OyIeT
npeObIBaTh B COCTOSIHUM 30MOM, TMOKa BCE TMOTOKM HE TMOJIy4YaT YBEIOMJICHHE O
3aBepILIEHUH pabOThl OCHOBHOTIO Ipoliecca.

3amaga B coctossHuu dead (cmepTH) MOXET OBITh CHOKOWHO ynajeHa U3

CHUCTCMEI.
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Cocrosinus active (akTUBHBIN) U expired (HeaKTUBHBIN) UCHOJIB3YIOTCS TTPU
IJIAHUPOBAHUM BBITIOJHEHUs TIpollecca, W MOITOMY OHHU HE COXPAHSIOTCS B

IIEpEMEHHOMU state.

2.4.3 OucneTt4yepunsauusa noToKkoB

OCHOBHOU TIETBIO IIAHUPOBIIUKA MPOIECCOB LINUX SBIISIETCS BBIACICHHUE IS
BBITIOJIHEHUS KaXJOW 3a7aue MOAXOISIIMX BPEMEHHBIX IPOMEKYTKOB, Y4ETOM
IIPUOPUTETA TOTO WJIM MHOTO MPOLECCA, MBITAACh JOCTUYb IPU 3TOM MAKCUMAJIbHOU
3((PEKTUBHOCTU HCIOIB30BAHUS PECYPCOB, BBICOKOIO OBICTPOJEHUCTBHS U CHU3UTH
HAKJIaJ{HbIE PACXO/Ibl, CBSI3aHHBIE C ONEPALUIMH IJIAHUPOBAHMUS.

[TockonbKy MJIaHUPOBUIMK JOMYCKA€T MNPUOPUTETHOE BBITECHEHUE, Kaxzaas
3a/1aya BBINOJIHAETCS 10 TEX 0P, ITI0KAa HE NCTEUYET BBIICICHHBIA €1 KBAHT BPEMEHH,
ylpaBjeHHe He OyJeT MepeaaHo mpoieccy ¢ 0ojiee BBICOKMM IMPUOPUTETOM, JIMOO
rpoIiecc He OyAeT 3a0JI0KUPOBaH.

KBaHT BpeMeHH 1151 KaXK10M 3a/1a41 paCCUYUTBIBAETCS UCXOS U3 €€ IPUOPUTETA
(32 HCKITIOYCHUEM 33124 PEAIbHOTO BPEMEHH ).

YroObl 3ampeTuTh BBIIEIEHUE YEpecuyp MaJbIX KBAHTOB BpPEMEHH,
YMEHBIIAIOUX HPOU3BOAUTEILHOCTD 33/1ayH, JIMOO CIUIIKOM OOJIBIIMX KBaHTOB
BPEMEHHU, NPUBOJAIIMX K YBEJIMYEHUIO BPEMEHU PEAKIUU CUCTEMBI, TUIAHHUPOBLIUK
BBIJICJISIET KBaHTHl BpeMeHu B auamnazoHe oT 10 go 200 mHTEepBasioB NpephIBaHHMA
Taiimepa, uto coorBeTcTBYeT 10-200 MuiTMceKyH1aM Ha OOJIBIIMHCTBE CUCTEM (KaK U
MHOTHE Jpyrue mapaMerpbl IUIAaHUPOBUIMKA, OTH 3HAYEHUS MOAOUPAIHCH
AMITUPUYECKH ).

Korna BbionHeHWe 3a7aud MPUOCTAHABIMBAETCS COTJIACHO MPUHIUITY
IIPUOPUTETHOTO BBITECHEHMS], IUIAHUPOBILUMK COXPAHSIET COCTOSIHUE 3aJadyd B
crpykrype task struct. ITo wcreyeHMH KBaHTa BPEMEHH, BBIACICHHOIO MpOIECCY,
MJIAHUPOBILMK BBITIOJHSET MEPECUYEeT MPUOPUTETA MPOLECCca, ONpPenessis BETUYUHY
CJIEIYIOLIEro KBaHTAa BPEMEHHU JUIS 33Ja4y, M MEpeNacT YIPABICHHUE CIEAYIOLIEMY

nporeccy.
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2.4.4 Ovyepeab BbINOSIHEHUA

[Tocnme co3manmsi 3aadd ¢ MOMOINBIO ClONE, oHa moMeniaeTcs B OYepenb
BbIMmotHeHHs1 (run QuUeue) mporeccopa, COACPIKAIIYI0 CCHUIKM Ha BCE 3aJladM,
COCTs3aroIIMecs 3a IMpoieccopHoe Bpems. Odepeny BHITIOTHEHHS, HAIIOMHUHAIOT
MHOTOYPOBHEBBIC OUYEpEId C OOPAaTHOM CBSI3bIO, MO3BOJIIOT NMPUCBAUBAThH 3ajadaM
pa3IMYHbIC IPUOPUTETHI.

MaccuB npuoputeToB (Priority array) coIepXUT yKas3aTeld Ha OTACIbHBIC
YPOBHU OYEPETU BBITOJTHCHUS.

Kaxxmast 3anmich MaccuBa MPUOPUTETOB CChIJIACTCSI HA CITUCOK 3ajad: 3ajada
NPHOPUTETOM | TIOMEHAaeTCs B I-10 sSYCHKY MaccHBa IPUOPUTETOB OYCPEIH
BBITIOJTHEHMSL.

[TTaHUpOBIIMK IMOMENIAET 33/]a4y B HAYAJIO CIIMCKA HA CaMOM BBICOKOM YPOBHE
MaccuBa MPHOPHUTETOB. ECIIM Ha 3TOM ypOBHE MacCHUBa MPHOPHUTETOB CYMIECCTBYET
HECKOJIBKO 3aJ1a4, OHH IIUKJIMYECKHU YITOPSTOYCHBI.

Korna 3agaua mnepexoIuT B COCTOSIHUE OJIOKUPOBKM JIMOO CHsiYKU (T.€.
OKUJIaHMSI ), WIH )K€ €¢ BBIOJIHCHHUE MPEKPAIIASTCS M0 KaKOW-TH00 MHOW MPHUYUHE,
3a/1ava yAauseTcsl U3 OUepeIv BHIIOTHCHUS.

OnmHoll W3 1enedl IUIaHUPOBLIMKA SBIAETCS IPENOTBPAIICHUE CUTYallUH
OECKOHEYHOT0 OTKJIAIBIBAHUS ITyTEM 3aJaHHs BPEMCHHBIX HHTEPBAJIOB, Ha3bIBAEMbIX
nepuoIaMu JTUCKpeTH3amuu (ePoch), B TeueHUE KOTOPBIX KaXKaas 3a/1a4a U3 O4epeu
BBITIOJTHCHHMSI JTOJKHA OBITh 3amyIlieHa X0Ts ObI pas.

UYT0oOB! OTIIMYUTH MPOIIECCHI, 00JIaAar0IIHNe TIPABOM Ha MTPOIIECCOPHOE BPEMSI, OT
IIPOIIECCOB, KOTOPHIC BBIHYKJICHBI OXKUAATh 0 HACTYIUICHHUS CJCAYIOIICTO IepHoaa
JMCKPETH3AIMH, B TUTAHUPOBIIMKE OMPEICICHBI 1B COCTOSHMS: AKTHBHBIN (active)
u  HeakTuBHbIH  (expired). Ilpm 5TOM  IUTAHUPOBIIMK  OCYIIECTBISACT
JUCIICTYCPU3AIIMIO TOJIBKO TEX IIPOIECCOB, KOTOpPbIE HAXOMIATCA B aKTHBHOM
COCTOSTHHH.

[TpoaomKUTETPHOCTh TIEpUOAa AWCKPETU3AIMUA OTMPEACIASTCS HCXONIsi U3
BpeMeHH OKHAaHWs 3aBHcIIero mpomecca (starvation limit) — BreiOupaemoro

OMIIMPUYICCKU 3HAYCHHUSA, KOTOPOC ITO3BOJIACT 3aaadaM C BBICOKHMM IIPUOPUTCTOM
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n00MBaThCs OBICTPON peakivu, a 3aJadyaM C HU3KUM MPHOPUTETOM — MOJIy4aTh
JOCTaTOYHO BPEMEHH JUIS BBITIOJIHEHHS TMPOAYKTHBHON paboOThl 3a pa3yMHbIC
BPEMCHHBIE TIPOMEKYTKH.

[To ymom4anuio, BpeMsi OXKHUJAaHUS 3aBHCIIETO Mpoiiecca paBHO 10*N cexkyH,
r7ic N — 3TO KOJUYECTBO MPOIECCOB B OUEPEIN BHITOTHEHUS.

Ecau Tekymuid Teproa AMCKPETU3AlMH OOJIbIIe, YeM BpEMs OXKHIAHHS
3aBHUCIIETO MPOIECCa, TUIAHMPOBIIUK MEPEBOUT BCE aKTUBHBIC 3aJa4d U3 OYCPEIH
BBIMOJIHEHUST B cocTosiHMe expired (mepexoji OCYIIECTBISCTCS IOCIEe TOro, Kak
UCTEKYT KBAaHTHI BPEMCHH, BBICIICHHBIC IS BBIMOJIHEHHUS Ka)KI0H aKTHBHOM 3a1a4n).

B pe3ysbraTe BBIMOJHEHHUE BHICOKONPUOPHUTETHBIX 3a1ad OyIeT BPEMEHHO
OTJIOXKEHO (32 UCKITFOUEHHEM 33j1au C IPUOPUTETOM PEaIbHOTO BPEMEHH ), YTOOBI 1aTh
BO3MOYKHOCTh MOPa00TATh MPOIECCaM ¢ HU3KUM ITPUOPUTETOM.

[Tocie Toro Kak Bce 3a/a4 B OYEPEIN BITOJIHEHHS Oy IyT 3aMylICHbI XOTS ObI
pa3, Bce OHHM TMepelayT B HeakTHBHOe cocrtosHue (expired). Ha stom srame
IUTAHUPOBIIMK TMEPEBEICT BCE 3a7a4yd W3 OYCPENU BBINOJIHEHHS HA3ajJ B aKTHBHOEC
COCTOSTHHE, ITOCIIC YeTO HAYHETCSl HOBBIN MEPUO]] TUCKPETH3AIINY.

Jlyis ynpomieHus nepexojia u3 coctossaus expired B coctosiHue active B KOHIIE
Neproia JUCKPETU3AIMH, TTAHUPOBIIMK LINUX XpaHUT AJI KaXKIO0Tro MpoIieccopa o
JBa MaCCHBa MPHOPUTETOB.

MaccuB TPUOPHUTETOB, B KOTOPOM XPAHSTCS aKTHUBHBIC 3a/1a4d, HA3bIBACTCS
AaKTHBHBIM cniuckoM (active list).

MacCcuB pHOPHUTETOB, COAEPIKAIIHIA MPOCPOUCHHBIC MM HEAKTHBHBIC 3aa4uH
(T.e. 3a/1a4H, BBITOJHEHNUE KOTOPBIX OTJIOKEHO JI0 HACTYIJICHUS CIICAYIOIIETO epro/Ia
JMCKPETH3AIMH) Ha3bIBACTCSI HEAKTUBHBIM ciuckoM (expired list).

Korma 3amaga mepexoguT W3 aKTUBHOIO B HEAKTHBHOE COCTOSHHE, OHA
MOMEIIAEeTCS B HEAKTHUBHBIN CITMCOK HA TOM K€ YPOBHE MacCHBa MPHOPHUTETOB, Ha
KOTOPOM 33j1aya HaXOIUJIACh B AKTUBHOM CITHCKE.

B KOHIle KaXJ0ro Mepuoja AMCKPETU3AIMH, BCE 3aJa4d OKa3bIBAIOTCS B

HECAKTHBHOM COCTOsSHHH, ITOCJIC Y€TO OHHU AOJI?KHBI HepeﬁTH B aKTUBHOC COCTOSHUC.
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[11aHUpOBIIMK BBIMOJHAET 3Ty 3a/ayy OYEHb OBICTPO, MEHSSI MEXIy CcOoOOM
yYKa3aTely Ha CIIMCOK aKTUBHBIX U HEAKTUBHBIX 3a/1a4.

brmaromapss HMCHOJB30BaHUIO JABYX MAacCCHUBOB IPHOPUTETOB I KaXKIOTO
IIPOLECCA, TUIAHUPOBIIUK MOXET MEPEBOJMUTH BCE 3aJa4d U3 OJHOIO COCTOSHUS B
IPYroe ¢ MOMOIIBIO IIPOCTOM OIlepalii CMEHBI YKa3aTEIEH.

[TomyyaeMblii 3a CcYeT JTOrO0 MPUPOCT HPOUZBOAUTEIBHOCTH OOBIYHO
KOMIIEHCHUPYET PACXObl, CBA3aHHBIE C BBIACICHUEM JOIIOJHUTEIBHON ITAMSTH.

[Ipu paboTe B MHOTOIPOIIECCOPHOM CHCTEME IIaHUPOBINUK LINUX co3maer mo
OIHOW O4YEepEeNH BBINOJHEHU [ KaxXaoro npoueccopa. OOHON U3 NIPUYMH,
ONPABABIBAIOIICH CO3JAaHUE OYEPENEH BBINOJHEHUSA JUISI KaXXIOro Ipoueccopa
ABJISIETCA  BO3MOXKHOCTb CTPYKTYPHOM IPUBSA3KHA IIpoLiecCa K OIPEIEICHHOMY
nporeccopy (processor affinity).

B HEKOTOpPBIX MHOTOITPOLIECCOPHBIX apXUTEKTypax, Takux kak NUMA, Beicokoe
OBICTpOACHCTBHE MPOLIECCOB 00ECTIEUNBAETCS 3a CUET pa3MELICHHs JaHHbIX 3a/1a4 B
JOKAJIBHOW MaMATH Tpoleccopa M B ero kime. [lodTomMy MakcuMaiabHOTO
OBICTPOACHCTBUS MOXKET JOCTUYD 3a/1a4ya, BHIMOJIHEHNE KOTOPOI MOCTOSIHHO CBSA3aHO
C OJIHUM U TeM ke mpoueccopoM (miu y3inom). C Apyroil CTOpPOHBI, UCIIOIb30BAHUE
OTACJIBHBIX  O4Yepeled  BBIIOJHEHUSA Ul KaXIOro  Ipolieccopa  4peBaTo
HEPAaBHOMEPHOCTBIO 3arpy3Ku IPOLIECCOPOB, YTO MOYKET IIPUBECTH K CHUKEHHUIO

IMPOU3BOAUTCIBHOCTH CUCTCMbI B LICJIOM.

2.4.5 MpuoputeT Npu NnaHUpoBaHUN

B muranuposiirke LiNUX IprOpUTET 3a1a4u BIMSET HAa pa3Mep KBaHTa BPEMEHHU
Y TIOPSIOK BBITIOTHEHHUS 3a71a4 MPOLIECCOPOM.

Bo Bpewmsi co3maHus KaXa0W 3aaye NPUCBAUMBAECTCA CTATUYECKUN MPUOPUTET
(static priority), Ha3pIBaeMbIi Tak)Ke MpaBUIIbHBIM 3HaYeHHEM (Nice value).

[TnanupoBuk paznuuaet 40 pa3auyHbIX ypoBHEN npuopureTa: oT -20 1o 19.

B cootBerctBuu ¢ koHBeHumedn UNIX HauMeHblllee 3Hau€HHE O3HAYAET
HauOOJBIINI IPUOPUTET B AJITOPUTME IIIaHUPOBaHUS (T.€. -20 — 3TO camblii BEICOKHI

IPUOPUTET. KOTOPBIA MOXKET UMETH TPOILIECC).
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OnmHolt W3 menei tuianupoBmuka LiNuX sBisieTcs oOecriedyeHWe BBICOKOU
CTETIEHN UHTEPAKTUBHOCTH CUCTEMBI.

[TockonbKy OOBIYHO HWHTEpPAKTUBHBIC 3a/lauyd OJOKUPYIOT BBIIOJIHEHHUE
omepanuii BBOJIa/BBIBOJIA JIMOO TEPEXOMAT B CIBIIIUNA PEXUM (0XKHUAAS PEAKIUU OT
M0JIb30BATElNIsl), IUJIAHUPOBIIUK MOXET JUHAMUYECKH YBEIUYMBATh 3HAUYCHHE
npuopuTeTa (MOHWXkasi YPOBEHb MPUOPUTETA) 3aJaud, 3aHUMAIONICH MPOIIECCOPHOE
BpeMsl, 10 TOTO, KaK UCTEUET BbIJICTICHHBIN €/ KBAHT BPEMEHHU.

Takoil MOAXOI BIOJIHE NPHUEMIEM, IOCKOJBKY MPOLECCHl, CBA3aHHBIE C
BBOJIOM/BBIBOZIOM, OOBIYHO MAJIO MCHOJIB3YIOT IPOLECCOP, 38 HCKIIOYEHUEM MOMEHTA
reHEepUpPOBAHUS 3apoca BBOJA/BbIBOAA.

[TosTOMy mpenoCTaBIEHHE BBICOKOTO IMPUOPUTETA 3ajladyaM, CBA3AHHBIM C
BBOJIOB/BBIBOJIOM HH(OpMAaIMK, HE TOBIUAECT HA BBIMOJHEHHE 3a7a4, WHTEHCHUBHO
AKCIUTYaTUPYIOMIUX MPOIIECCOP, KOTOPBIE MOTYT UCIIOJIB30BaTh €r0 B TEUEHHE MHOTHUX
4acoB, MPHU YCIOBUHU JOCTYITHOCTH JlaXke 0€3 TPUOPUTETHOTO BHITECHECHUS.

N3MeHeHHBI ypOBEHb MPUOPHUTETA HA3bIBAIOT 3(PHEKTUBHBIM MPUOPUTETOM
(effective priority) 3aga4u, BEIYUCISIEMBIM BO BpeMs MPEObIBAHUS 3a/1a4H B CIISIIEM
COCTOSIHUM JTUOO B paMKaX BBIJCJICHHOTO €/ KBAaHTa BPEMEHHU.

O} dexTuBHBIN TPUOPUTET OMPEEIIET YPOBEHh B MAaCCUBE MPUOPHUTETOB, HA
KOTOpBIN OyZeT moMenieHa JanHas 3aaada. [loatoMmy 3agada, BenuynmHa MpUOPUTETA
KOTOpOM yBEIMYWIAaCh, IIOMEIIAaeTcd Ha Oojiee HU3KUI ypOBEHb MAacCUBa
MIPUOPUTETOB, TO €CTh OHA OYJET BHIMOJHEHA PAHBIIE 33/1a4l C OOJBITUM 3HAYCHUEM
3¢ (pEeKTUBHOTO MPUOPHUTETA.

Panu manpHEHIIEro NOBBIMICHUS UHTEPAKTUBHOCTH, TJIAHUPOBIIUK MITpadyeT
3a/1a4M, CHJIBHO 3arpy’arollfe MpoILeccCop, YBEINUYMBAs CTATUYECKOE 3HAYEHUE UX
npuoputera. B pesynbrare, 3aauM, BBIIOJIHEHHE KOTOPBIX CHJIBHO 3arpyxaer
MPOLIECCOp, MOMEIIAI0TCS Ha 00JIee BHICOKHI YpOBEHb MacCHBa MPUOPUTETOB, 3a CUET
4ero 3aJaydl ¢ MEHBITUM 3HaueHHeM 3(()EKTUBHOTO MPHOPUTETA BBIMOTHSIIOTCS
paHblIIe.

Onarb-Taku, JaHHAsE MEpa Majo BJIMSET Ha 3a/a4d, BBINOJHEHHE KOTOPBIX

CHJIBHO 3arpykacT IIpoHecCop, IMOTOMY UYTO HHTCPAKTHBHBLIC 3aJladild C BBICOKHMM
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MIPHOPHUTETOM BBITOJIHAIOTCS B TEUCHHE KOPOTKHX IPOMEXKYTKOB BPEMCHH IEpe]l
OJIOKMPOBAHUEM.

YroObl 00CCIIEeYNTh BBITIOJIHCHUE 331aui C OJU3KUM K 33JJaHHOMY HauyaJIbHOMY
3HAYCHUIO MPHOPHUTETOM, IUIAHUPOBIIMK 3aJad  3allpellacT YyCTaHABJIMBATh
3 GEKTUBHBIA MPUOPUTET 3a]au, OTIMYAIOIIMICA OT CTATHMYECKOro OoJjiee YeM Ha
ISTh CWHUII.

TakuM 00pa30oM ITAHUPOBIIKK MPOSBIIIECT YBAKEHUE K YPOBHIM MPHOPUTETA,

Ha3HAYCHHLIM 3aaa4aM BO BPCM: UX CO3JaHUA.

2.4.6 Onepauuun nnaHUpoBaHUA

[InaHUpOBIIMK yHaNseT 3aJadyd W3 TMpoleccopa B TOM cliydae, KOrjaa
BBIIOJIHEHUE 3aJaud IPEPHIBACTCS, MPOUCXOIUT €€ MPHOPUTETHOE BBITCCHCHHE
(HarmpuMep, 1Mo OKOHYAHUH BBIJCIICHHOTO KBaHTa BPEMEHH) JINOO TIpU OJIOKUPOBAHHUU
3a1a4u.

Kaxxnplii pa3 npu yaaJeHUH 3aa4d U3 Ipolieccopa, MJIaHUPOBATh BBIUMCIISIET
JUIS1 HEE CIEAYIOIINN KBAaHT BPEMEHU.

B cityuae 0;10kupoBaHuUs 337249k JTHOO HEBO3MOXKHOCTH €€ BBITIOJIHECHHSI IT0 HHOM
npu4yrHe, OHa JeakTHUBUpyeTcs (deactivate), To ecThb yaamseTcss W3 OuYEpeIH
BBIMOJIHEHHS IO TEX 0P, IMMOKA. He OyIeT CHOBA TOTOBA K BBITOJHECHHIO.

Bo Bcex oCTalbHBIX CydasX, ONpee/ieHHEeM CITUCKa, B KOTOPBIN TOJIKHA OBITh
noMeleHa 3aa4ya (aKTHBHBIA WIIM HEAKTHBHBIHN ) 3aHUMAETCs TNIAHUPOBIIHUK.

Vcronp3yeMplii Il 9TOTO0 ajirOpuT™M OBLI MOJ0OpaH OIMBITHBIM IyTEM JIJIs
o0ecreyeHHsT BBICOKOTO OBICTPOICHCTBHS.

OCHOBHBIMH TIapaMETpaMH JAHHOTO aJTOPHUTMa SBJISIOTCS CTATHYECKUE M
3¢ peKTUBHBIE TPUOPUTETHI.

B o6mieM ciydae 3amava C BBICOKMM H/MIM CO 3HAYUTEIbHBIM MPHPOCTOM
NPUOPHUTETA MOJICKHUT MEPEIUIaHUPOBAHKMIO. JTO MO3BOJISIET 3aIlyCKaTh 3ajavu,
CBSI3aHHBIC C BBOJOM/BBIBOJIOM, a TAaK)K€ BBICOKONPHOPHUTETHBIC M HHTEPAKTHBHBIC

3aJlavuiy 110 HECKOJIBKY pa3 TCUCHUC IICPHUOoaAa JUCKPETU3AllUM.
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3ama4yn ¢ HU3KUM IPUOPUTETOM 100 omTpadoBaHHBIE 334, TOMAAAI0IINE B
HE3aIITPUXOBAHHYIO 00J1aCTh, IOMENIAIOTCS B HEAKTUBHBII CIHCOK.

[Ipu “CHoONBP30BaHHUH TTOJIE30BATEIBCKAM MPOIIECCOM CHCTEMHOTO BhI30Ba clone
Ka)KeTcs ONpaBJAaHHBIM BbIJICJIIEHUE JUISl KAXKIO0T0 I0YEPHEro Mpoliecca COOCTBEHHOTO
KBAHTa BPEMEHH.

Opnako eciy 3aj1a4a IOPOJIUT MHOT'O HOBBIX JOYEPHUX IPOLIECCOB, U KAXKIOMY
J0YEpHEMY Tpolieccy OyAeT BbIIEICH OTACIbHBIM KBAaHT BPEMEHH, APYTUe 33Ja4M B
CUCTEME MOTYT MOCTpaZaTh OT YXYALICHHWS BPEMEHH PEAaKLUU B TEKYLIEM IEPUOJIE
JTUCKPETU3ALIHH.

Jlns oOecrieueHus paBHONpPaBUs IUIAHUPOBIIMK TpeOyeT, 4ToObl M3HAYAIBHO
KK POAUTEIICKUI NIPOLECC HCIONb30Bal OJUH M TOT XK€ KBAaHT BPEMEHHU
COBMECTHO C JOYEPHUM IPOIIECCOM, CO3IaHHBIM Ipu oMoty clone. C stoii menpto
IUIAHUPOBIIMK OTJAET IOJIOBUHY KBAHTA BPEMEHU DPOIUTENBCKOMY IPOLECCY, a
IIOJIOBHHY - CO3/IaHHOMY MM JI0YEPHEMY IIPOLIECCY.

YtoObl MOpenoTBpaTUTh HU3KUI YpPOBEHb OOCITYXUBAaHUS JIETUTUMHOTO
Ipolecca U3-3a MOPOXKACHUS MHOKECTBA JIOYEPHUX ITPOLIECCOB, BBILIEYIIOMSHYTOE
OrpaHUYEeHHE JIEUCTBYET TOJBKO B TEUEHHWE OCTaBUICHCS YacTH MEpUoja

JTUCKPETU3AINH, BO BpEMS KOTOPOTO OBbLIT CO3/[aH IOYSPHUIA MPOIIECC.

2.4.7 MHoronpoueccopHoe nnaHmpoBaHue

[TockONMBKY TIUTAHMPOBUIMK MPOLECCOB YIPABISAECT 3aJadyaMH C TOMOUIBIO
OTAEIBHBIX JJISI KAXKJIOT0 MPOoLieccopa OUepeaed BHIMOJHEHU, 3aauH, KaK PaBUIoO,
SBJISIFOTCSI CTPYKTYPHO CBSI3aHHBIMH C OIIPEAEIEHHBIM IIPOLIECCOPOM.

OTO 03HayaeT BBICOKYIO BEPOATHOCTH OTIIPABKM NPOLECCa B MOCIEAYOLIUX
MEepUOIaxX JHUCKPETH3alMM HAa TOT JKE€ CaMblii MPOLIECCOP, YTO MOBBIIACT
OBICTPOJICHCTBHE TPOIECCA, €CIM €ro JIAHHBIE U WHCTPYKIIUU BCE €IIIe HAXOMISITCS B
MTPOLECCOPHOM KDIIIE.

Opnako Takas cXe€Ma MOKET MPUBECTH K MPOCTOK OJHOTO WJIM HECKOJIbKUX
IIPOLIECCOPOB B MHOTOIIPOLIECCOPHOM CHUCTEME AK€ B TO BpEMs, KOIJa CHUCTEMA

UCIIBITHIBAET CEPbE3HYI0 Harpy3ky. Bo u30exaHue momoOHOW cUTyallud B ciydae
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OOHapy>KEHHsI TIPOCTOSI TPOIECCa, IUIAHUPOBIIUK OCYIIECTBISCT 0aJaHCHPOBKY
3arpy3ku (load balancing) mis nepeHoca 3aa4 ¢ oJHOro Iporeccopa Ha JPYTrou ¢
1EJIbI0 TOBBIIIEHUS 3(PPEKTUBHOCTU UCTIOIB30BAHA PECYPCOB.

Ecnu cuctema cocTOUT U3 OTHOTO €MHCTBEHHOTO MPOIIECCOPa, MOAIPOTPaMMBI
OaJIaHCUPOBKH 3arpy3KH HE BKIIOYAIOTCS B SIAPO BO BPEMsI €70 KOMITUJISIUU.

[[naHUpOBIIMK  OMpenesieT HEeOOXOAUMOCTh  BBITIOJIHEHHUS]  MPOLEIYpPbl
OaIaHCHPOBKH 3arpy3Kd KaXAbl pa3 IOCJIE€ MPUXOJa MPEPhIBAHUS CHUCTEMHOTO
TaliMepa, TeHepUPYEMOro ¢ MEPHOJIOM OJIHa MUJUTMCEKYH/1a Ha cucteMax |A-32.

Ecmm mporeccop, mopoauBIImiA MpephIBaHUE TaliMepa MpOocTanBaeT (T.€. €ro
ouepenb BBHITIOJHEHUS ITyCTa), TUIAHUPOBIIUK TIOMBITACTCS BBHITIOJHATH MHTPAITUIO
3aJjaud ¢ Ipoueccopa ¢ HauOousblued 3arpy3koi (T.e. ¢ Impoleccopa, B Oouepenu
BBITIOJTHEHHUSI KOTOPOTO COJIEP)KUTCS HAMOOJbIIee KOJIMYECTBO MPOILIECCOB) HA
MPOCTANBAIOIINAM ITPOLIECCOP.

UTtoObl CHM3UTH HAKIAJHBIE PAcXOJbl B TOM Ciy4yae, KOTJa Ipoleccop,
MOPOJUBIIUI TpEepPhIBAaHUE, HE SBISICTCS MPOCTAWBAIOIINM, ILIAHUPOBIIMK OyAeT
NBITaThCSA TIEPEHECTH BBIMOJHEHUE 3aJlaud Ha 3TOT Iporeccop uepe3 kaxasie 200
CHUCTEMHBIX TTPEPHIBAHUH.

Omnpenenenue 3arpy3Ku Mpoiieccopa BHIMOTHSAETCS TUTAHUPOBITUKOM Ha OCHOBE
JAHHBIX O CpPeIHEH IJIMHE KaKJIOW OYepeld BBITIOJHEHUS B TEUEHHUE HECKOJIbKUX
MOCJIETHUX MpEephIBaHUN TailmMepa, YTOObl MUHUMU3UPOBATH 3P (HEKT HEMOCTOSHCTBA
MPOIIECCOPHOM 3arpy3KH B AJITOPUTME OATTAHCUPOBKH.

[TockonbKy 3arpy3ka mporeccopa MMeeT TCHICHITUIO K PE3KUM U3MEHECHHSIM, TO
1IeIbI0 OaTaHCHPOBKHU 3arpy3KH SIBIIICTCS HE TOJIHOC BBIPABHUBAHHWE JJIMHBI JBYX
ouepesieil BBHITIOJHEHUS, a YMEHBIICHHE Pa3IHUUid MEXIy KOJUYECTBOM 3aJad B
Ka)KIOW o4Yepeau BBIMONHEHUs. B pe3ynpraTe 3a1aun yaanstorcs u3 6omnee AITUHHON
ouepeau BBIIOJHEHHS 10 T€X TOp, MOKa pa3sHUIAa MEXIY IJIMHOM JBYX Oodepenei He
COKpaTHUTCs BABOE. /{151 yMEHBIIICHHS HAKIAHBIX PACXO0JIOB aJTOPUTM OaTaHCUPOBKU
3arpy3Kku 3alycKaeTcsi TOJIbKO TOr/a, KOorja camasi JJIMHHAs O4epellb BbIITOJIHEHUS
coaepxkut Ha 25% Oosblne 3agay, YeM Ouepelb MPOLIECCOpPa, BBHIMOIHSIONIETO

OaJIaHCUPOBKY 3arpy3KHu.
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Korga miaHUpOBIIMK BBIOMpAaeT 3afayd JUIs BbIpAaBHUBAHHS 3arpy3Kd, OH
cTapaeTcs BBIOpaTh TaKHWe IPOIECCH, OBICTPOACHCTBHE KOTOPHIX MEHBIIE BCErO
MOCTPaJacT OT MEepeHOca Ha JPYroi mpoiieccop. BhicOka BEpOSITHOCTH TOTO, YTO
JaHHbIE W MHCTPYKIIMM 3aJaud, KOTOpas BBINOJHSIACH Ha IPOILECCOPE PaHbIIE
APYTHX, YCIEIH TIOABEPTHYThCS YAAJICHUIO M3 IPOLECCOpPHOro Kimia (caado-
K3IIMpoBaHHasn 3aa4a (cache-cold process)), Toraa kak y CHiIbHO-KIITHPOBAHHOM
3agaum (cache-hot process) B mporeccopHOM K3IIIe HaXOAATCS Bce (MIIM MOYTH BCE)
nanHbie. [103TOMY IJIAaHMPOBIIMK BBHIOMpACT IS MEpeHoca Te 3aJadyd, KOTOPhIC

JOJIBIIIC BCET'O HE BBIIIOJIHAJIMCH.

2.4.8 MnaHnpoBaHue peanbHOro BpeMeHu

[InaHUpOBIIMK TMOACPKUBACT JKECTKOE IUIAHUPOBAHUE PEaIbHOTO BPEMEHH,
MBITAsCh MUHUMH3UPOBATh BPEMs, 3aTpauyrdBacMoe 3ajadeil peaJlbHOro BPEMEHH Ha
OKHJIaHWE OTMPABKH B TIporieccop. B oTinudme oT 00BIYHOM 3a/1a4, KOTOpasi, B KOHIIC
KOHIIOB, TIOMEIIACTCS B CIHUCOK HEAKTHBHBIX (UTOOBI MPEIOTBPATUTH OECKOHEUHOE
OTKJIaIBIBAHNUE BBITIOJHEHUS TIPOIIECCOB C HU3KUM MPHOPUTETOM), 3a7a4a PEATbHOTO
BPEMEHHU BCET/Ia MOMENIAETCS B aKTUBHBIA CITMCOK O MCTCUYCHHUIO BBIJCICHHOTO €i
KBaHTa BPEMEHU.

Kpome Toro, 3amaum peasibHOTO BPEMEHHM BCET/Ia BBIMOJHSIOTCS C Oojiee
BBICOKMM IPUOPUTETOM, YyeM OOBIYHBIC 3ajaud. [10CKOIBKY TUIAaHUPOBIIMK BCETraa
OTHPABJISET HA IIPOIECCOpP 3aJa4yd M3 OYEepPEId C CaMbIM BBICOKHM IPHOPHUTETOM
aKTHUBHOTO CIUCKa (a 3aJa4yd peaJbHOrO0 BPEMEHHW BCET/Ia HAXOAATCS B aKTHBHOM
CIIUCKE), 00BIYHAS 3a/1a4a HUKOT/]a HE CMOXKET BHITECHUTH 33/1a4y PEaIbHOTO BPEMEHH.

[InanupoBmMk cornacyercs co crnenupurkanusmu POSIX nns mporeccoB
peaTbHOI0 BPEeMEHH, ONIPEACIIsis pacIiMCaHue BBITIOJIHCHUS 3a/1a4 PeaJbHOI0 BpEeMEHHU
C TOMOIIBIO BBIIMICONMMCAHHOTO CTaHAAPTHOTO aJrOpHTMa INIAHHpPOBaHA JIMOO
LHUKJIAYECKUX aIropuTMoB U anroputMoB FIFO.

Ecnu x onpeneneHHol 3aaue MPUMEHSIETCS MUKINYECKOE TUIAHUPOBAHUE, TO

IO OKOHYAaHHIO BBIACICHHOI'O €Ml KBaHTa BpCMCHH, 3ajJada II0JIyda€T B CBOC
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pacnopspKeHHe HOBBIN KBaHT BPEMEHH, ITOCIIE YEro OHA MOMEIIAETCs B KOHEIl MacCHBa
MPUOPUTETOB AKTUBHOTO CIIHCKA.

B amroputme FIFO 3agade He BbIACISICTCS KBAHT BpEeMEHa. MOATOMY OHa
BBITIOJHSETCS Ha Mpolieccope A0 TeX IMop, Moka He OyJeT BBIMOIHEH BBIXOJ M3 Hee,
3a/ja4ya He TIEPEeUIeT B CIIAIIUI PEXUM JIMO0 e BBINMOJIHEHA He OyIeT IpepBaHo.

O4eBHIHO, YTO 0€3rPaMOTHO HANIMCAHHBbIE MPOLECCHI PeaJbHOI0 BpeMeHH!
MOIYT BbI3BAaTh 0€CKOHEYHOE OTKJIAbIBaHNE BbINOJHEHHS OJHHUX MPOIECCOB U
MeIJICHHYI0 PeaKIHIO IPYTHX.

YtoOBl IPeAOTBPATUTH CIyYaHHOE JINOO 31I0HAMEPEHHOE MCIOIb30BAHNE 3a/1a4
pEaIbHOTO BpPEMEHH, MPAaBO HAa WX CO3JaHHE HWMEIOT TOJBKO TMOJH30BATENU C

npuBWIEruAMu root.

3 YnpaBneHue namATbIO B Linux

Kaxnpiii mporecc cucteMbl LiNUX Ha 32-pa3psaHoil MaliuHe TMojydaeT 3
['GaiiTa BUPTYyaIbHOTO aJIPECHOI0 MPOCTPaHCTBA AJisl ceOsi, ¢ ocTtaBmmmcs 1 ['Gaiitom
MaMsTH JJIs1 CTPAHUYHBIX TAOJIUI] U APYTUX JTaHHBIX SIpa.

OpuH rurabaiT siapa HE BUIEH B MOJIB30BATEIBCKOM PEKHUME, HO CTAHOBHUTCS
JOCTYTIHBIM, KOT/Ia IMPOLECC MEPEKITI0YAETCA B PEXKUM SAPA.

AnpecHOE  TPOCTPAHCTBO  CO3AAETCS IPU  CO3JAaHUM  Ipolecca |
Mepe3arnrchbiBaeTCs CUCTEMHBIM BBI30BOM EXEC.

BuptyanbHOe aipecHOE MPOCTPAHCTBO AEIUTCSA HA OJHOPOIHBIE HENIPEPHIBHBIE
00J1acTH, BRIPOBHEHHBIE TI0 TPAHUIIAM CTPAHHUII.

Takum 00pa3oM, Kaxaas 00J1aCTb COCTOMT U3 HAOOpPA COCEJHMX CTPAHMIL C
OJIMHAKOBBIM PEKMMOM 3AIIUTHI U 0OJIMHAKOBbIMHU CBOMCTBAMHM MOJAKAYKH.

[Ipumepamu  oOjacTeil  SBASIOTCS TEKCTOBbIA cerMeHT W (ailbl,
OTOOpa)KEHHbIE Ha NaMATb. Mexay o0JacTsIMU B BHUPTYaJIbHOM aJpPECHOM
IIPOCTPAHCTBE MOTYT OBITh CBOOO/IHBIE YYACTKH.

JIro6oe oOpaiiieHre mpoliecca K MaMsTH B 3TUX CBOOOAHBIX YYaCTKaX MPUBOJIUT

K (paTasibHOMYy CTpaHUYHOMY MPEPHIBAHUIO.
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Pasmep crpanmusl ¢uxcupoBad, Hanpumep 4 KoOaiit mis mpoueccopa
Pentium u 8 K6aiit a1 mpoueccopa Alpha.

Kaxxnas o65acth onuchIBaeTCs B sipe 3aMuChio VM_area_struct.

Bce crpykrypsl VM_area_struct ogHoro npounecca CBsi3aHbl BMECTE B CIIHCOK,
OTCOPTUPOBAHHBIN 1O BUPTYAJIBHBIM aJpecam, YTO MO3BOJISET ObICTPO HAXOAUTH BCE
CTPAHMUIIBI.

Korna criucok cTaHOBUTCS CIMIIKOM JJIMHHBIM (OoJiee 32 3amuceii), co3gaeTcs
JEPEBO JUIsl YCKOPEHUS MTOUCKA.

3anuck VM_area_struct nepeunciisieT cBOMCTBa 00JIaCTH.

K Hum otHOCSTCA

® DPEKUM 3alIUTHI (HAIpUMEp, TOJIbKO YTEHUE UM YTEHUE/3aINCh),

e gBIIIETCS JM  JaHHas  o0jacTb  (DUKCUPOBAHHOW B MaMSTH
(HeBBIrpy>kaeMoi),

® U HallpaBJICHHE, B KOTOPOM 00JacTh MOKET pacTH (BBEpX JJIsl CETMEHTOB
JaHHBIX, BHU3 JIJISl CETMEHTA CTEKA).

CrpykTypa Vm_area_struct takxe COAEPKHUT JaHHBIE O TOM, SIBIISIETCA JIU
naHHass o0JacTb NMPHUBATHOM OOJIACTBIO MpOIEcCa WM €€ COBMECTHO HCIOJIb3YIOT
HECKOJIBKO IIPOLIECCOB.

ITocne cucremuoro Be3oBa fork cucrema LiNUX co3maer KOmHIO CIMCKA
oOjacTel Al TOUYEpPHEro IMpolecca, HO Y JIOUYEPHET0 U POAMTEIHCKOTO MPOLIECCOB
OKa3bIBAIOTCS YKA3aTEIW Ha OJTHU M T€ ke Tabauupl crpaHull. O01acTy nmoMevaroTcs
KaK JOCTYIHBIC ISl YT€HMsI/3allUCHU, HO CTPAHUIBI JOCTYMHBI TOJBKO ISl YTECHHUS.
Eciu m000#f M3 mIpoIeccoB MbITaeTCA 3alucaTh JaHHbIE B TakKylo CTpaHUILY,
MIPOUCXOUT MPEPHIBAHUE, PO BUAUT, UTO 00JIACTh JIOTUUECKH JOCTYITHA JJIS 3alKCH,
a CTpaHMIa HEJOCTYIIHA, IO3TOMY OHO JA€T MPOLECCY KOMUIO CTPAHUIBI, KOTOPYIO
MOMEYaeT Kak JOCTYNHYI IJsi 4YTeHusi/3anucu. Takum o0pa3oMm peann3oBaH
MEXaHU3M KONMUPOBAHMS NPH 3ANKUCH.

Kpome Toro, B cTpykType Vm_area_struct 3amucano, ecTb Jid y 3TOH o0nacTu

naMsaT MECTO XPaHCHUS Ha JUCKE, U €CJIU Ad, TO I'’I€ OHO PaCIIOJI0KCHO.
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TekcTOBBIE CErMEHTHI B KAUECTBE PE3EPBHOIO XPaHEHUSI UCIIOJIb3YIOT ABOMYHbIE
¢aiinbl, a oToOpakaeMble Ha aipeCHOE MPOCTPAHCTBO MaMATH (Pailiibl BBHITPYKAIOTCSA
Ha JIUCK B COOTBETCTBYIOIIME UM (ailnbl. BceM ocTalbHBIM 00JIaCTSAM, TaKUM Kak
00JacTh cTeKa, He Ha3HAYaroTCs 00JaCTH Pe3ePBHOTO XpaHEHUs, TOKa He MOTpedyeTcs
UX BBIIPY3Ka Ha JUCK,

B cucreme Linux ucmonb3yercst TpeXypoBHEBasi CXeMa CTPAHHYHOM MMOIKAYKH.
Xots 3Ta cxema Oblla peanu3oBaHa B cucteMe Juis mporeccopa Alpha, ona takke
UCIOJIB3YETCs (B YIPOIIEHHOM BHUJIE) JIsl BCEX apXUTEKTYP.

Kax11p1i1 BUpTYyanbHBIN aipec pa30UBAETCs HA YETHIPE MOJIS.

Karajioropoe moJsie uCIosib3yercss Kak HHAEKC B IIO0AJIbHOM KaTajiore, B
KOTOpPOM €CTh JIMYHBIM Kartajor Juisi Kaxaoro mnpouecca. Colaep:kaHue 3JIEMEHTa
KaTajiora SBJISIETCSl YKa3aTeJleM Ha OJIHY M3 CPEAHMX CTPaHUYHbIX TaOJUILl, KOTOpBIE
TOK€E POMHACKCUPOBAaHBI [T0JIEM BUPTYaJIbHOTO aJipeca.

DJieMeHT cpeaHeil TA0JMUbI YyKa3blBaeT Ha TaOJMIy CTpaHMI], TaKXKe
MIPOMHJIEKCUPOBAHHYIO MOJIEM CTPAaHULIBI BUPTYaJIbHOTO ajpeca.

DJIEeMEeHT B NOCJIeIHell TadMue COACPKUT yKa3aTeab Ha HYy’KHYIO CTPaHULLY.

Ha xommnbloTepax ¢ mpomeccopom Pentium wucnmoab3yercsi TOJBKO
ABYXYPOBHEBasi OpraHmsauus crpaHuu. B 3Tom ciydae Kaxabld CpeIHMH
CTPAHUYHBIA KATAJ0r COJEPKUT TOJBKO OAHY 3amucb. TakuMm o0pasom,
rJ100aJIbHBINA KAaTAJ0I GAKTHYECKH YKAa3bIBACT HA TA0JHMIy CTPAHULI.

duznueckast naMATh UCHOJIB3YETCS IS pa3IuyHbIX Henaeld. Camo sIpo KECTKO
¢ukcupoBano. Hu o/iHa ero 4yacTh He BhITpy>KaeTcsa Ha Juck. OcTaibHAas YacTh MaMsITH
JOCTYITHA JJIsI CTPAHUI] TTOJIb30BaTelel, OydhepHOro KaIa, UCIoib3yeMoro (GpaiaoBoit
CUCTEMOM, CTPAHUYHOTO K3I11a U APYrUX 3a4ad.

Bydepnblii K311 copepKuT 0J10Kku (HaiIoB, KOTOpbIE ObLIM HEJABHO CUUTAHbI
WK OBbUIM CUMTaHBI 3apaHee B HAJEXKJIe Ha TO, YTO OHU CKOPO MOTYT IMOHAJA00UTHCS.
Ero pasmep aunamuuecku mensieTcs. bydepHsiii ka1 cocTs3aeTcs 3a MECTO B TaAMSITH
CO CTPaHULIAMH IT0JIb30BATENCH.

CTpaHu4HBIH K3 B JEHCTBUTEIBHOCTH HE SIBISIETCS HACTOSIIMM OTIEIbHBIM

K3LIEM, a MPEACTaBIsET OO0 MPOCTO HAOOP CTPAHMIL MOJIB30BATENS, KOTOphIE OoJiee
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HE HYXHbl U OXHUJAIOT BBITPY3KM Ha JUCK. EciM cTpaHuila, HaxoAsuiascs B
CTPAaHHYHOM KDIIIe, MOTPEOyeTCs CHOBA, PEXK/IE YeM OHa OyAeT ynajaeHa U3 MaMsTH,
€€ MOKHO OBICTPO OOBSIBUTH HAXOISAIICHCS B TAMSTH.

Kpome srtoro, omepammonHas cuctema LiNUX momaepxuBaeT IMHAMHYCCKH
3arpy’kaeMbleé MOJyJM, B OCHOBHOM JpaiiBepbl ycTpoicTB. OHU MOTyT OBITH
POU3BOJIBHOTO pa3Mepa M KaxJAOMYy M3 HUX JIOJKEH OBITh BBIJCIICH HEMPEPBhIBHBIN
YYacTOK B MaMATH siapa. [ BBITIOJIHEHUS BCEX ITHX TpeOOBaHMM cuctema Linux
YIPaBIIAET MaMAThIO TAKUM 00pa30M, UTO OHA MOKET MOJIYUYUTh I10 JKEJAHUIO yU4aCTOK
MaMsTH OPOU3BOIBLHOTO pazMepa. JlJist 3TOro UCIoiab3yeTcs aJroOpuTM, U3BECTHBINA KaK

«IPYKECTBEHHBIN» aJITOPUTM.

OcHoBHas HUACA YIIPaABJICHUA OJoKaMM TTaMATH 3aKJIF0YaeTCs B CICOYIOIICM.

HM3HayanbHO MaMsATh COCTOUT U3 CAWHOI'O HCIIPCPBIBHOT'O YUACTKaA.
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Puc. DTansl padoThl APYKECTBEHHOT0 AJTOPUTMA

B nmanmHOM mnpumepe pasmep 3TOro ywactka paBeH 64 crpanunam. Korpa
IIOCTYIIAET 3alpOC HA BBIAEICHUE MAMITH, OH CHA4YaJla OKPYIJISIETCS 10 CTENEHH JIBYX,
HarmpuMmep 0 8 CTpaHuIl. 3aTeM Bech OJIOK MaMsTH AeuTcs nomosam (puc. 6). Tak
KaK TMOJYYUBIIUECS B PE3YJIbTATE 3TOrO JIEJICHUS HA/IBOE YYACTKU MaMSITH BCE €Il
CITUIIIKOM BEJIMKH, HWXKHSIS TIOJIOBUHA JISJIUTCS MOTO0JIaM etie (puc. B) U eiie (PUc. r).
Tenepb MBI MONYYWIM YYacTOK TNAMATH HYKHOTO pa3mepa. ITOT y4acTOK
MPEOCTABISIETCSl O0OpaTUBIIEMYCS ITpoIeccy (3aTeHeHHbIi Ha PHC. T).

Tenepp npeanonoxuM, 4To MPUXOAUT BTOPOH 3anpoc Ha 8 cTpaHull. OH MOXKET

OBITH YJOBJIETBOPEH HEMEIJICHHO (PHC. 1).
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Cnegom mnoctynaer 3ampoc Ha 4 crpanuubl. Ilpu 3TOM nenutcs HagBoe
HAUMEHBIIINN yJacTOK (PHC. €) ¥ BBIJICISICTCS ITOJIOBUHA OT TIOJIOBUHBI (PHC., XK).

3areM 0CcBOOOKIAETCS BTOPOM 8-CTpaHUUYHBIN y4acToK (puc. 3).

Haxkomner, ocB0O0X1a€TCs1 OCTaBIINICS §-CTPAaHUYHBIN YIaCTOK.

[TockonbKy J1Ba y4acTKa ObLIU «IPUATEISIMU», TO €CTh OHU BBIIUIM U3 OJIHOTO
16-cTpaHryHOro 0J10Ka, OHM CHOBA OOBEIUHSAIOTCS B 16-CTpaHUYHBIN OJIOK (PHC. H).

OmnepanmonHast cucrema Linux ympapiseT mamMsThio MpH HMOMOIIU JAHHOTO
anropuT™Ma.

K Hemy no0aBisieTcss MaccuB, B KOTOPOM

NepPBbIi JIeMEeHT MpEeACTaBIseT co00i Hayalo cnucka 0JIOKOB pa3MepoMm B 1
eIMHHUILY, BTOPO# 3JIeMEHT SBJIIETCS Ha4aJoM OJIOKOB pa3MEPOM B 2 €AMHMUIIBI,

TPeTHii 3JIeMEeHT — HayaJoM CIIMCKa OJIOKOB pa3MepoM B 4 eAMHULBI U T. 1.

Takum 00pazom, MOKHO OBICTPO HAWTH JIK000I 0JIOK, pa3MepOM KPATHBIM
CTeNeHHu 2.

DTOT aNropuTM MPUBOAMUT K CYIIECTBEHHOW BHYTPEHHEW (pparMeHTaluu, TaKk
KaK. €CJIM BaM HY>E€H 65-CTpaHUYHbBIN y4aCTOK, BbI MOdyunTe 128-CcTpaHuuHbIi OJIOK.

YToObI KaK-TO PEIIUTH ATy IPOOIIEMY, B cucTeMe LinUX ecTh BTOPOIi aJiIropuTm
BBIJICJICHUSI TTaMSITH, BBIOUPAIONIUN OJIOKM MaMSTH TPU TOMOIIHM «IIPHUATEIHCKOTO»
aIropuTMa, a 3aTeM Hape3arolIuii U3 ITHX OJIOKOB Oosiee Menkue (pparMeHTHl U
YOPABJISIIOUIUN 3TUMHU (PparMeHTaMu OTAEIIBHO.

Kpome TOro, cymectByer TpeTHil aJrOPUTM  BBIICICHUS NaMSATH,
MCIIOJIb3YIOIIMIICS, KOT/Ia BhlIEsieMasl aMATh JIOJKHA ObITh HEMpPEpbIBHA TOJIBKO B
BUPTYaJIbHOM aJJpECHOM MPOCTPAHCTBE, HO HE B (PU3MUECKON MaMSTH.

Bce 3Tu ajroputMbl BbljieJIeHUs TAMATH ObLJIM B3AITHI U3 CHCTeMBbI System
V.

Omnepanmonnass cuctemMa LINUX sBisieTcss CHUCTEMOM, IPEIOCTAaBIISIOIICH
CTpaHWIIBI TIO TpeOOBaHWIO, O3 TPEeNBApUTEITHLHON 3arpy3Kd CTpaHui U 0e3
KOHIEMIMK pabdouero Habopa (XOTS B HEMl €CTh CHCTEMHBINM BBI3OB NJIsi yKa3aHUs

IMOJIB30BATCJIEM CTPAHUIIBI, KOTOpAsaA €My MOKET CKOPO HOH&I[O6I/ITLC$I).
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TekcToBBIE CETMEHTHI U OTOOpa)kaeMble Ha aJPECHOE MPOCTPAHCTBO MAMSITU
(aiiipl TOArpYy>KalTCA U3 COOTBETCTBYIOMIMX UM (hailioB Ha TUCKE.

Bce ocranpHOe BhITpykaercss JuOO B 00JIacTh MMOJKAYKH, €CJIM OHa
MPUCYTCTBYET, TNOO B (Hailyibl MOAKAYKKA (DUKCHUPOBAHHOMN JJTMHBI, KOTOPHIX MOYKET
OBITH OT OJTHOTO JI0 BOCHMH.

®ailsibl NOJKAYKU MOTYT JUHAMUYECKU JO0ABISATHCS U YIIATSATHCA, U Y KaXK0ro
€CTh CBOU IPUOPUTET.

Boirpy3ka cTpaHul] B OTHENBHBIA pa3fen [ucKa, JOCTYNl K KOTOpPOMY
OCYUIECTBJISIETCS KaK K OTIEIbHOMY YCTPOMCTBY, HE cojepkaiieMy QaiiaoBon
cucTteMsl, 0oiiee 3(pPexkTUBHA, YeEM BBITpYy3Ka B (haiiyl, M0 HECKOJIbKUM MpuYruHaM. Bo-
MepBBIX, HE TpebyeTcs: mpeoOpazoBanue 0710KOB (aitna B O0ku Aucka. Bo-BTOpBIX,
(buznyeckas 3anuch MOXKET OBITh JIFOOOTO pa3Mepa, a He TOJIBKO pa3zmepa 01oka ¢aiina.
B-TpeTpux, cTpaHuna Bcerja MUIIETCS NPSIMO Ha YCTPONCTBO B BHJIE €IMHOTO
HETPEPHIBHOTO yYacTKa, a PU 3aMKCH B (Daiisl TOJIKAYKH 3TO MOXKET ObITh M HE BCETAa
TaK.

CrpaHuIibl Ha yCTPOMCTBE MOJKAYKU WA JUCKOBOM pasjielie TOJKAYKH He
BBIJICJISIFOTCS, IOKA OHHU HE MOTPEOYIOTCA.

Kaxxmoe ycTpoiicTBo mwin (pailyi moJKayKkyd HAaYMHAETCs] ¢ OUTOBOTO MaccuBa, B
KOTOPOM COO0O0IIaeTcs, Kakue CTpaHuilsl cBoOoHbI. Korma crpanuiia, y KOTopoi HeT
MeCTa XpaHEeHHs Ha JUCKe, JOJDKHA ObITh ynajeHa U3 naMat, u3 (QaitnoB (uwim
pa3ielioB) MOJKAaYKH, B KOTOPBIX €Ie €CTh CBOOOJHOE MECTO, BhIOMpaeTcs (aiin ¢
HAWBBICIITUM TIPHOPUTETOM, U B HEM BBIJICISACTCS MECTO JIJIsl CTpaHMIbl. Kak mpaBuio,
y paszfena MoJKauku (eclii TaKOBOM HMeeTcsi) 0ojiee BBICOKMM MPUOPUTET, YEM Yy
moboro ¢aiina nogkauku. KoopanHara cTpaHUIBI HA TUCKE 3aITUCHIBACTCS B TAOIUILY
CTpAHMII.

AJNTOPUTM 3aMEIIeHUS CTPAHUIL PAOOTAET CICTYIOIIMM 00pa3oM.

Cuctema Linux meiTaetcs moaep:KuBaTh HEKOTOPHIE CTPAHUIIBI CBOOOTHBIMH,
4TOOBI MX MOXHO OBUIO MPENOCTaBUTh IpU HeoOxoaumocTH. KoHeuHo, 3TOT Myl
CTPaHULl JOJDKEH IIOCTOSHHO IIONOJIHATHCA, II03TOMY pEANbHBIA  aJTOPUTM

CTpaHI/I‘{HOﬁ IMOAKAYKH 3aKIHOYACTCs B TOM, KaK 3TO IIPOUCXOOMT.
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Bo Bpems 3arpy3ku mporecc init 3amyckaer crpanmuHbli gaemoH Kswapd,
KOTOpBIH paboTaeT pa3 B ceKyHaAy. OH MPOBEPSIET, €CTh JIU JOCTATOYHOE KOJIUIECTBO
CBOOOJHBIX cTpaHull. Ecniu f1a, OH OTHpaBIIsieTcs craTh €IIe CEKYHY, XOTS OH MOXKET
OBITH pa30y>KEH U paHbIIle, €CIIM BHE3AMHO TTOHAI00STCS TOMIOJTHUTEILHBIE CTPAHUIIBI.

CtpaHU4HBINA JEMOH COCTOUT U3 LMK, KOTOPBINA BBITIOJIHAETCS 10 IIECTU pa3 C
BO3pacTaroleil cpoyHocThio. [louemy mects? BeposTHo, aBTOp mporpamMmsbl Tymail,
YTO YEThIpeX OyAET HEeJOCTAaTOYHO, & BOCEMb OYJET CIMIIKOM MHOTO. B OTHENbHBIX
MECTax omnepalonHas cuctema LiNuX peaan3zoBaHa UMEHHO Tak.

Temo nuKyIa BBITIOHIET OOpaIeHus K TPeM MpoIeaypam, Kakaas U3 KOTOPBIX
MBITACTCS TIOJMYYNUTh Pa3IUYHBIC TUITBI CTPAHUIl. 3HAYCHUE CPOYHOCTH TEPEIaeTCs B
BUJICE T[apaMeTpa, COOOMIAIONIEr0 MpOIeaype, CKOJIbKO YCHIUNA Tpedyercs
MIPEANPUHATD, YTOOBI MTOTYYUTh HEKOTOPHIE cTpaHuIlbl. Kak mpaBuio, 3To 03HAYaeT,
CKOJIbKO CTPaHUII HY>KHO TIPOBEPUTH, IPEXK/IE UeEM ONyCTUTh PYyKHU. B pe3ynbrare 3ToT
QITOPUTM CHauaja BRIOUPAET JIETKO JOCTYITHBIE CTPAHUIIBI KAXKIOW KaTeropuu, mociie
4ero MepexoauT K TPYAHO AOCTYMHBIM. Korma mojiydeHo JTOCTaTOYHOE KOJUYECTBO
CTpaHMII, CTPAHUYHBIN JJEMOH CHOBA OTIPABJISIETCS CIATh.

IlepBasi mpoueaypa MbITACTCS TOTYYUTh T€ CTPAHUIIBI U3 CTPAHUYHOTO KAIIIa U
OydepHoro koma (ailIoBOM CHCTEMBbI, K KOTOPBIM B IOCIEIHEE BpeMs HE OBLIO
oOparieHuil. Il 4ero UCTIOIb3YETCs aJrOPUTM YacoB.

Bropasi mpoueaypa WIIET COBMECTHO HCIIOIB3YEMbIE CTPAHUIIBI, KOTOPBIMU
HUKTO U3 MOJIh30BaTENCH, TOX0KE, HE TIOJIB3YETCsl aKTHBHO.

Tperbsi mpoueaypa, NBITAIOMIASCA TOJYYUTh CTPAHUIIBI, HCIIOJIb3YEMBIC
OJIMHOYHBIMH  TTOJIb30BATEIISIMHU,  SIBJIISICTCS  HAWMOOJEe HMHTEPECHOH, IOATOMY
paccMOTpUM €€ ToApoOHEe.

CHauaja BBITIOJIHSETCS ITUKJI [0 BCEM IIpoIieccaM, B KOTOPOM ONPEICIsSeTCs, Y
KaKOTO TpoIiecca OOJbIIe BCEro CTPAHUI] HA JTAHHBI MOMEHT HaXOJIUTCS B MaMSITH.
Kak Tonpko Tako# npouecc HaiJeH, CKAHUPYIOTCS BCE €r0 CTPYKTYphI VM_area_struct
M U3y4YaroTCs BCE CTPAHULIBI B MOPSAKE BUPTYAJIbHBIX aJpEeCcOB, HAUMHAS C TOTO MECTa,
Ha KOTOPOM OTOT TPOIECC ObUI OTIOXKEH B Mpouuieii pa3. Eciam crpanuma

HCﬂCﬁCTBHT@HBHa, OTCYTCTBYCT B IIaMATH, HCIIOJIBb3YCTCA COBMCCTHO, (l)I/IKCI/IPOBaHa B
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naMaTu win ucnoisdyercs mii DMA, Tto ona mpomyckaerca. Ecin y crpaHuusl
YCTaHOBJICH OUT oOpalieHus K Hel, 3TOT OUT cOpachIBaeTCs U CTPAHUIA OTIPABIISAETCS
B pe3epB. Ecin ke 6uT cOpollieH, 3Ta CTpaHulla OTHUMAETCs y mpolecca. B pesynbrare
JaHHBIA aNTOPUTM MOJ00EH aIroOpUTMy YacoB (C TOW pa3HHUIEH, YTO CTPAHUIBI HE
ckanupytorcs B mopsake FIFO).

Ecnu crpanuna, BeiOpaHHast Juisl y1aJeHus U3 NaMsATH, YMCTasl, OHA yIAIseTCs
HEeMe/AJICHHO.

Ecnu crpanuia «rpsi3Hasi» U y Hee €CTb MECTO PE3€PBHOIO XpaHEHUS Ha JIUCKE,
OHA YCTAHABJIMBACTCH B 0Uepelb 3allUCH HA TUCK.

HakoHelw, ecnu y «rps3HOI» CTpaHMIBI HET MECTa PE3EPBHOIO XpPaHEHHUS Ha
JHCKE, OHAa OTIPABJISIETCSI B CTPAHUYKHU K31, U3 KOTOPOTO OHA MOXET OBITh CHOBA
MoJlyueHa MOo37Hee, €ciM OoOpalleHHe K HEeW MOCTyNnuT Mpexzae, yeM oHa Oyner
(akTUYECKHU BBITPYKEHA Ha JHCK.

B ocHOBe maenm ckaHUpPOBaHUS CTPAHULl B MOPSAJIKE BUPTYaJbHBIX aJlpECcOB
JEKUT HAJeXAa Ha TO, YTO CTPAHMIIbI, PACIIONIOXKEHHBbIE OJM3KO NIPYr K JIpYyry B
BHUPTYaJIbHOM aJIpECHOM MPOCTPAHCTBE, CKOPEE BCEro OYIyT UCIOIb30BAThCS WM HE
HCIIOJIb30BaThCA BMECTE, KaK €QuHas Irpymma, H03TOMYy UX CIeAYyeT 3allChiBaTh Ha
JHCK KaK rpyImiy, a 3aTeM BMECTE CUMTHIBATh B MAMSITh.

B ynpaBieHnu mamsThio MPUHUMAET ydactue eire oauH aemoH, bdflush. Ou
MEPUOANYECKA TIPOCHINIAeTCs (@ B HEKOTOPBIX CIIy4yasXx €ro sBHO OYJIST), YTOOBI
MIPOBEPUTH, HE MPEBBICUIIO JIM KOJIMYECTBO «TPS3HBIX» CTPAHUI] OIPEAEICHHOTO

MMpeaACIbHOI0 YPOBHH. Ecmu IMPEBBICUJIO, JICMOH HAYMHACT COXPAHATH UX Ha AUCKC.



