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1 YnpaBneHue npoueccamMym 1 NOTOKaMM

[Toncucrema ynpaBieHus polieccaMu BaxkHa JJisi ooecniedeHus 3¢ PpexTuBHOM

peali3ali MHOT03aa4qHoro pexuma B Linux.

XoTs B IICPBYIO OUYCPCIAb OHA OTBCYACT 3a BbLIACJICHUC IIPOLCCCOPOB IJIA

O6CJ'IY)KI/IBaHI/ISI IMpoueCCOB, MOACUCTEMA YIIPABJICHUA IMTPOUCCCAMU TAKIKC 3aHNMACTCA

[epeIavyei CUTHAJIOB, 3arpy3K0M MOJYJIEH A1pa U IPUEMOM NPEPHIBAHUM.

1.1 OpeaHu3ayusi npoyeccoe u NomokKoe

B cucreme Linux u mporiecchl, U MOTOKK Ha3bIBAIOT 3a1aduamMu (task).

N3HyTpH OHM NMPECTABIISIIOT CO00M €AMHYIO CTPYKTYPY JIaHHBIX.

[pu 3arpy3ke sjapa 3amyckaercs mpoiece INit, KOTOpbIi UCTONB3YET AAPO IS

CO3aHHs BCEX OCTAJIbHBIX 3aaa4.

3aaun CO3Ma0TCs MyTEM BbI30Ba cHCTeMHOM (pyHkiuu clone.

JIro6bie oOpamenns k pynkmusm fork umm vfork npeodpasyrorcest B cucreMHbie

BEI30BEI Clone Bo BpEMs KOMITWJIATIHUH.

®dynknus fork co3maer mouepHIow 3amady, BUPTyaabHas MaMATh JIT KOTOPOH

BBIJICIISIETCS TI0 TIPUHITUITY KOITMPOBAHUS IIPH 3arucu (COpy-on-write).
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KonupoBaHue Mpyu 3alUCH MOXKET MPUBECTH K CHHKCHHIO OBICTPOJCHCTBUSA B
TOM CJIy4ae, KOrja IPOIECC HCIOJB3YeT MPOIEAYPY E€XeCVe s 3arpy3Kd HOBOM
nporpaMmel cpa3y nocie fork. Hanpumep, eciiu pouTensCkuii mporecc Ha4HeT CBOE
BBITIOJTHEHHUE JI0 3aIlyCKa JOYEpHEro IMpoliecca, KOMHUPOBAHUE IMPHU 3allich Oyjaer
OCYIIECTBIIATHCSA TPU MOJU(PUKAIUU POJUTEIBCKAM IPOIECCOM JIF000M CTPaHHUIIBI
HaMsITH.

[TockoJIbKY AOUYEpHUI MPOLIECC HE UCTOJIBb3YET POJAUTEIILCKUE CTPAHUIIBI (€CIU
B Hayaye paboThl MM ObLIa Cpa3y BbI3BaHa (DYHKIIUS E€XECVE), JaHHas OIeparfus
a0COTIFOTHO OeCIojie3Ha M TOJBKO MPUBOJUT K YBEIMUYCHHUIO HAKJIATHBIX PaCXOJIOB.
[Toatomy B Linux momaepxuBaercs Bb30B ¢yHKIUU VIOrk, mo3possiomnieii MOBBICUTE
OBICTPOJICHCTBHE TIPH BBI30BE JIOUSPHUMH TPOIIECCAMH MPOIIEAYPhI EXECVE.

[Mporieaypa vfork mpruocranaBimBaeT pabOTy POIUTEIILCKOTO MpoIecca B TOM
cllyyae, KOIJIa JOYCPHHUH TMpOIEeCC BbI3bIBACT (YHKIMH EXEeCVe win eXit, 4ToOb
o0ecnieunTh 3arpy3Ky JJAOYEPHHM MPOIECCOM HOBBIX CTPAHHUI[ IO TOTrO, Kak
POIUTEIIBCKUI MPOIIECC HAYHET BBIMOJHATH OCCIOJIC3HBIC OINEpali KOIMHPOBAHHMS
IIPY 3aITUCH.

[Tpouenypa vfork mo3Bosiser eimie OoJble MOBBICHUTH MPOU3BOIUTEIBHOCTD
Onaromapsi TOMy, YTO MIPH €€ BBI30BE TaOJMIIBI CTPAHUIL POJUTEIBCKOTO MpoIiecca He
KOIMPYIOTCS B JOYEPHHIA, TIOCKOJIbKY HOBBbIC TAOJHIIBI CTPAHHUI[ CO3JAIOTCS TOT/A,

KOI'/Ia IOYEPHUI MPOLIECC BBI3BIBACT (PYHKIMIO EXECVE.

1.2 MNMomoku LinuxXx u cucmemMHbIe 8bi308bI Clone

[Moanepskka moTokoB B LINUX opranu3oBaHa Mpy MOMOIIK CHCTEMHOTO BBI30Ba
nporieaypsl Clone, mo3Boistoleit BrI3bIBAIOIIEMY MTPOIIECCY 3a1aBaTh OOIIUI TOCTYII
K BUPTYQJIBHOW TTaMSTH JUTSI IOTOKA, HHPOPMAIHIO O (haliJIOBBIX CUCTEMAaX, (DaiyioBbIC
JTECKPHUNITOPHI W/UIU 00pabOTYMKHA CUTHAJIOB.

Peructpsl mporieccopa, CTeK W IPYTrUX NaHHBIX, WHIUBUIYIbHBI U JIOKAJTHHBI
1o oTHomIeHHto K motokaMm (TSD), Torma kak agpecHoe MPOCTPAHCTBO U OTKPHITHIC
JECKPUTITOPHI (haiiIOB MO OTHOIIECHUIO K MOTOKAM TMPEACTABIISIIOTCS TJIOOATBHBIMU B

ux nporiecce. Peamu3zaius motokos B LINUX TpeOyeT Oosiee AeTaibHOrO 00CYKIACHHS
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U3-3a: 0COOCHHOCTEH OTpeIeIeHNs MOTOKa. X0Ts Clone u MoxkeT co31aBath MOTOK; ATa
MpoIIeTypa HE MOJTHOCTHI0 COOTBETCTBYET crerudukanusm POSIX mo moTokam.

Hanpumep, HECKOJIBKO IOTOKOB, KOTOpPbIE OBUIM CO3/1aHbl IIyTEM BbI30Ba
CHCTEMHOU Tporieypsl Clone ¢ HacTpoiikaMu MaKCHUMalbHO: pa3JIelieHHs PECYPCOB, B
TO JK€ BpEMs MOTYT MOJJEpPXKHUBaTh psAJ CTPYKTYp [aHHBIX, HE SBISIOLIUXCA
pa3fensaeMbIMH MEXIy BCEMH IOTOKaMHM IIpollecca, TaKuX KakK CTPYKTYphl IpaB
JOCTYyTIA.

[lpu BBI3OBe mpoueaypsl clone wu3 mpomecca sapa (T.e. mporiecca,
BBITOJTHSIONIETO TPOTPAMMHBIA KOJ s1pa), cozmaercs motok siapa (kernel thread),
OTIMYAIOIMIMNCA OT OCTaJIbHBIX IOTOKOB TEM, YTO OH MOXET oOpamarbes
HEINOCPEACTBEHHO K aIpECHOMY MPOCTPAHCTBY AJIpa.

B sape B BHAEe MTOTOKOB pealM30BaHbI HECKOJIBKO JEMOHOB. [lemonamu
Ha3bIBAIOTCS CIYXObI, MPEOBIBAIOT B CIIIEM PEXHUME 10 T€X IOp, MOKa SApO HE
pa30yauT UX IS BBIIOJIHEHUS TAaKUX 3a]ad, KaK COXpaHEHHE CTPaHULl JIHOO
IUTAHUPOBAHKWE TMPOTPAMMHBIX TpPEphIBaHUN. OTH 3adauyud OOBIYHO CBSI3aHBI C
00CITy’KMBaHUEM U ITOTOMY BBITIOJIHAIOTCS PETYIISIPHO.

Crioco0 peanu3aiuu NOTOKOB B LINUX XapakTepu3yeTcs psiioM MPEUMYIIECTB.

e [lotoku LINUX MO3BOJISIOT YIIPOCTUTH KO SIpa M YMCHBIIUTh HAKJIAIHbIC
pacxozpbl, MOCKOJIbKY MM XBaTaeT €IMHCTBEHHOM KOMHUU CTPYKTYpbI
TAHHBIX JIJIS] YIIPABJICHUS 3aJa4aMH.

e Xotra motoku LIiNUX He 00MagaroT TakoH e MePEHOCHMMOCTBIO, KaK
notokun POSIX, oHM TpenocTaBiIsOT MPOTPAMMUCTAM BO3MOXKHOCTh
Oonee THOKO W TOHKO YIPABIATH PAa3ACIICHUEM PECYPCOB MEXKIY

3aja4aMU.

1.3 Peanu3ayusi nomokose Linux

B ocHOBe peanuzanuu cucteMsl LiNUX iexat uaen u3 cuctemsl 4.4BSD
Cepanem peau3aiy MOTOKOB B cucteMe LINUX sSBIsSETCSI CUCTEMHBIN BBI3OB
clone, oTcyTCTBYIOIIHIT BO BceX OCTaBbHBIX Bepcusx cuctembl UNIX,

dopmar obpalieHus K HeMY BBITJIIUT CIEAYIOIUM 00pa3oM:
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pid = clone(function, stack_ptr. sharing_flags. arg);

CucrteMHbIH BBI30B ClONE co31aeT HOBBI MOTOK JIN00 B TeKYIEM MpoIliecce,
Ju00 B HOBOM mpoiiecce, B 3apucumMocTu ot ¢uiara sharing_flags.

Ecnv HOBBIN OTOK HAXOAUTCS B TEKYIIIEM MPOLIECCE, OH COBMECTHO UCIIOIB3YET
C OCTAJbHBIMH TIOTOKaMHU aJIPECHOE MPOCTPAHCTBO M JI000E M3MEHEHHE Ka)KI0TO
OaiiTa B aJpeCHOM MPOCTPAHCTBE JTFOOBIM IIOTOKOM TYT YK€ CTAHOBHUTCS BUANMBIM BCEM
OCTaJbHBIM MTOTOKaM IIpoIiecca.

C npyro# CTOpPOHBI, €CIH aJJPECHOE MPOCTPAHCTBO HE UCIIONIBH3YETCSI COBMECTHO,
TOT/Ia HOBBIH IIOTOK IIOJy4aeT TOYHYIO KOMHIO aJpeCHOTO IPOCTPAHCTBA, HO
MOCJICTYIONTNE U3MCHEHHUS B MaMITH Y)K€ HE BHUJIHBI OCTAIBHBIM IMOTOKaM. Takum
00pa3oMm, 3/1eCh MCIIOJIb3YETCS Ta K€ CEMaHTHKA, YTO M Y CUCTEMHOTo Bhi3oBa fork.

B o0omx ciydyasx HOBBIM IMOTOK HAaYMHAET BBIMOJIHEHWE ¢yHKImu function c
apryMEHTOM arg B KadecTBe MapaMeTrpa. Takke B 000MX CiIydasX HOBBIA TIOTOK
MOJIy4aeT CBOM COOCTBEHHBIN CTEK, MPU ITOM yKa3aTellb CTEKa WHUIUATU3UPYETCS
napametpom Stack_ptr.

[Mapametp  sharing_flags mpencraBnser  coboit  OWTOBBI  MaccuB,
00€eCreynBaOMMi  CYIIECTBEHHO 00Jiee TOHKYH0 HACTPOWKY COBMECTHOIO
WCIIOJIb30BAHUS, HEXKEIIU UCTIONB3YeTCs B TpaaulnoHHbIX cucteMax UNIX.

VY artoro (uara onpeneneHsl mITh OMTOB, MepeUnciicHHbIe B Ta0. 1. Kaabrit
OWT ympaBIIIeT OJTHUM U3 aCTIEKTOB COBMECTHOT'O UCIIOJIB30BAHUS, U KaXKIbI U3 OUTOB

MOJKET OBIThH YCTAHOBJICH HC3aBUCUMO OT OCTAJIbHBIX OHMTOB.

®nar 3HavyeHuer 1 3SHavyeHune s 0

CLONE_VM Co3paTh HOBLIY NQTOK Cospath HOBRIM NpoLece

CLONE_FS O6uwune pabouuit katanor, xaranor He ncnonb3osarts UX COBMECTHO
root 1 umask

CLONE FILES OGuwue peckpunTops! hanos KonuposaTtk aeckpunTtopst painos

CLONE_SIGHAND O6uwas tabnvua obpaborymka curianos Konuposats Tabnuuy
CLONE _PID Hoeblit noTok nonyyaeT crapstii PID HoBwiit noTok nonyyaeT Hoebiv PID

Tabn. 1 Butel maccuBa sharing_flags
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bur CLONE_VM onpenensier, Oyaer jau BHUpTyajdbHas HamsITh (TO €CTb
aJipeCcHOE TPOCTPAHCTBO) HCIIOJIb30BATHCS COBMECTHO CO CTAaphIMU MOTOKaMH WU
Oyzaet kormupoBatbces. Ecim 3TOT OUT yCcTaHOBIICH, HOBBIN TTOTOK MIPOCTO MOMEIIAETCS
BMECTE CO CTaphIMHU ITOTOKAMH, TaK YTO CUCTEMHBII BBI30B ClONe co3aaet HOBBII OTOK
B CYIIECTBYyIOIIEM mporecce. Ecin OUT cOpOIeH, HOBBIM MOTOK TOJIY4YaeT CBOE
COOCTBEHHOE aJ[peCHOE MPOCTPAHCTBO. DTO O3HAYAET, YTO PE3yNbTaT KOMAaHbI
nporeccopa STORE He BUAeH OoCTadbHBIM MOTOKaM. Takoe MOBEIEeHHE IMOJI00HO
noBezieHUIo cucteMHoro BbizoBa fork. Coszmanue HOBOTO alpecHOro MpOCTPaHCTBA
PaBHO3HAYHO OIPEICTICHUIO HOBOTO MpoIiecca.

butr CLONE_FS ympasisier coBMECTHBIM UCTIOTB30BaHUEM Pab0Overo KaTauiora
W KaTajora root, a raxke daara umask. J{axxe eciu y HOBOTo IOTOKa CBOE COOCTBEHHOE
aZpecHoe MpocTpaHCTBO, mpu ycraHoBieHHOM Oute CLONE_FS crapeiii u HOBBIi
NOTOKA OyAyT COBMECTHO HCIOJIb30BaTh paboyue KaTaJoru. DTO O3HAYaeT, UTo
oOpallieHHe K CHCTEMHOMY BbI30BY Chdir OogHMM M3 TOTOKOB H3MEHHUT pabodMii
KaTajor APYyroro MOTOKa, HECMOTPS Ma TO YTO Yy JPYroro IMOTOKa €CTh CBOE
cobcTBeHHOE aapecHoe nmpoctpaHcTBo. B cucreme UNIX obpaiienne Kk CHCTEMHOMY
BbI30BY Chdir moTokom Bcerna u3meHsier pabounii KaTajior BCeX OCTALHBIX TTOTOKOB
ATOro Mpolecca, HO HUKOTJa HE MEHsSET padouyuX KaTajoroB JAPYTUX IMPOLIECCOB.
Takum  oOpaszom, OTOT OUT oOecneyrBaeT Pa3HOBUIAHOCTH COBMECTHOTO
UCIoNb30BaHus, HeaocTynHyo B UNIX.

bur CLONE_FILES ananoruuen 6uty CLONE_FS. Ecnu on ycTaHoBieH, TO
HOBBIN TIOTOK TOJIL3YETCS TEMH K€ JIECKPUIITOpaMH (PailyioB, UTO U CTapble MOTOKH.
Takum oOpa3oMm, oOpalieHHEe K CHCTEMHOMY BBI30BY | SEeK OIHUM MOTOKOM
CTAaHOBUTCS BUIAUMBIM JUIsI IPYTHUX MOTOKOB, YTO TakKe OOBIYHO CIPABEIJIMBO IS
MOTOKOB OJTHOTO MpoIIecca, HO HE JIJIsl TOTOKOB Pa3IUYHBIX MPOIIECCOB.

Ananornuno 6ut CLONE_SIGHAND pa3zpemiaeT niam 3anpemiaeT COBMECTHOE
HCITOJIh30BaHUE TAOIUITEI 00paOOTYNKOB CUTHAJIOB CTAPHIM M HOBBIM TOTOKaMu. Eciu
Tabimia obIias Aake Y MOTOKOB B PAa3IMYHBIX aJPECHBIX MPOCTPAHCTBAX, TOTA

M3MEeHEeHUe 00paboTYrKa B OJTHOM MTOTOKE TIOBJIMSIET U HA JPYTOU MOTOK.
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Hakonen;, our CLONE_PID yka3piBaeT, mOJy4UT JM HOBBI MOTOK CBOMU
cooctBennsiii PID wnu 6ynet ucnonb3oBath PID cBoero poaurensckoro noroka. 3to
CBOMCTBO HY>KHO IIpH 3arpy3ke cucteMsl. [Ipolieccam mosib3oBartenis He pa3peniaeTcs
UCIIOJIB30BaTh ATOT OUT.

Takast netanu3zanys B BOIPOCE COBMECTHOTO MCMOJIB30BAHMS CTajla BO3MOKHA
Onaromapsi TOMy, 4To B cucteme LINUX a1 pa3indHbIX BOIPOCOB, NMEPEYMCICHHBIX B
Hauane paznena «Peammzanust mporeccoB B UNIX» nanHoi riaBbl (mapameTpbl
MJIaHUPOBAHMSI, 00pa3 MaMsITH U T. J1.), UCTIONB3YIOTCS Pa3JIMYHbIE CTPYKTYPHI JaHHBIX.

Tabnuia nporeccoB U CTPYKTypa MOJIB30BATENS MIPOCTO COAEPKAT yKazaTeau
HA 3TH CTPYKTYPHI JAHHBIX, TIOATOMY JIETKO CO3JaTh HOBBIN AJIEMEHT TAaOIHIbI IS
Ka)KJ0ro KJIOHMPOBAHHOI'O TIOTOKAa M CHENaTh TaK, YTOObl OH yKa3bIBajd JMOO Ha
CTapyro CTPYKTYpPY, YNPABISIONIYIO IIAHUPOBAHHEM IIOTOKOB, MAMSTBHIO WIH €lIe
4eM-11u00, TM00 Ha KOMHIO Takol cTpyKTypbl. CaMm (akT HaJIW4Ms TaKOH BBICOKOU
CTENEHU JeTajlu3alil COBMECTHOIO MCIIOJIb30BaHMsI €Ile HEe O3HA4aeT, YyTO OHa
nose3Ha, ocooeHHo yuuthiBas, 4to B cucteme UNIX sto He mognepxkuBaercs. Ecnu
Kakas-mu0o mporpamMma B cucteme LiNUX moib3yercst 3TUM MPEHMYIIECTBOM, 3TO

03HauaeT, YTO OHA HE MOXKeT 0e3 nepenesiok padortatsk B cucteme UNIX.
1.4 lMnaHupoeaHue NMOMoKoe

1.4.1 Oyepeau nnaHUpOBLUMKA

B cocraB moacucremsl YNpaBiICHHS MPOLECCAMUA BXOJIWT IIAHUPOBUIUK
npoueccoB (process scheduler), odecrieynBaroIHil JOCTYIT IPOIIECCOB K MPOIECCOPY
B TEUEHUE HYKHBIX IPOMEKYTKOB BPEMEHU.

JlucneTuep MpoLECCOB XPaHUT CIMCOK BCEX 3aJa4 B BHUAEC JIBYX CTPYKTYP
JAHHBIX.

[lepBas cTpykTypa TpencTaBisieT cO0OM KOJBIIEBOW CIUCOK, KaXKIas 3alucCh
KOTOPOTO COJEPKUT yKa3zaTedu Ha MPEeAbIIYIIYIO U MOCIeAYIONIYIO 3a1auy (ouepeib
BBITIOJIHEHMsI(run queue), . OOpaiieHne K 3TOH CTPYKType MPOUCXOAUT B TOM CIIydae,
KOrJia siApy HEOOXOAMMO MpOaHAIM3UPOBATh BCE 3aJlayd, KOTOPBIE JOJIKHBI OBITH

BBITIOJTHCHBI B CUCTCMCE.
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Bropoit cTpykTypoil sBusercs xsmi-tabnuua. I[lpu co3manum 3amaum e
MpPUCBAMBACTCS YHUKaJIbHBIA uaeHTH(HUKaTOp mporecca (process identifier, PID).
Nnentudukatopsl MOpoOLECCOB MepenaroTcs Xd-QYHKIUU IS ONpEeICHHUS
MECTOIOJIOKEHHUS TIpoliecca B TaOMUIEe MPOILEeccoB. XdII-METOJ o0OecreynBaeT
OBICTPBII TOCTYM K CIEIM(PUIECKUM CTPYKTYpaM JaHHBIX 3a/1a4H, €CIU SJIpy U3BECTECH
ee PID.

Kaxmas 3amaga TabMUIBI TPOIECCOB MPEACTABISIETCS B BHUAE CTPYKTypa
task struct, cmyxamieil B poiau JecKkpumnropa mpouecca (T.e. OJI0Ka YIpaBiIeHHUs
nporeccopom (PCB).

B ctpyktype task struct XpaHsTcs NnepeMEeHHbIE U BIIOKEHHBIE CTPYKTYpHI,
OIIMCBIBAIOIIME IIPOLIECC.

Hanpumep, B nepeMenHen state coziepkarcsi CBEACHUS O TEKYILEM COCTOSIHUU
3anaun. [IlepBoHayanbHO AApO NMucanoch Ha A3bIke C, MO3TOMY IS IPENCTABICHHUS
IIPOTrPaMMHBIX CYIIIHOCTEH B HEM HIMPOKO IPUMEHSIOTCS CTPYKTYPHI. |

Hpyrue BaxHbIE TEpeMEHHbIE, CreluPpUUYEcKre i OINpeeTIeHHON 3a1auu,
IIO3BOJISIFOT IJIAHUPOBILMKY BBIYMCIATH BpPEMs BBIIIOJIHEHMS Ha MpoLeccope. OTH
MEPEMEHHBIE OMPEACISIIOT MPUOPUTETHI 3a]ad, HEOOXOJMMOCTH BBIIIOJIHEHHUS B
pPEXKMME pPEaJbHOr0 BPEMEHH, M TO, KAKOW AJITOPUTM IUIAHMPOBAHUSA PEAIbHOIO
BPEMEHHU JOJDKEH HCIIOIb30BaThCA B 3TOM ClIydac.

CTpyKTyphl, SBISIOIIMECS BJIOKECHHBIMU [0 OTHOLIEHUIO K CTPYKTYype
task struct, MOTYyT coziepkaTh AOMOJHUTENbHbBIE CBEICHUS O 3a/1a4e.

Opna 13 MoAOOHBIX CTPYKTYpP, Mm_struct, OMMCHIBAET BBIICISEMYIO JJIs 3aa4H
naMATh. (HallpuMep, MECTOIOJIOKEHNE TaOIHIIbl CTPAHUI] B MAMITH M YKMCIIO 3a]1ay,
COBMECTHO HMCIOJB3YIOLIUX aJIPECHOE MPOCTPAHCTBO).

JIonoJHUTENBHBIE CTPYKTYPHI, SIBISIOIIMECS BIIOKEHHBIMU 10 OTHOLIEHUIO K
CTpyKType task struct, comepkar Takyr WHGOpPMAIHIO, KaK 3HAYEHUS PETUCTPOB,
XpaHsIIe KOHTEKCT BBIMOJIHEHUA 3a]a4i, 00paOOTUMKHA CUTHAJIOB U MpaBa JOCTYIa
IUTS 33/1a4U.

OOpaimieHue K 3TUM CTPYKTYpaM OCYIIECTBISIETCS C MOMOIIbI) HECKOJbKUX

IMMOACHUCTEM s/Ipa IOMUMO JUCIICTUCPA IIPOLCCCOB.
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1.4.2 pad cocToaHUM noToKa

3aiaya mepexoAuT B COCTOSTHHE FUNNING (BHITIOJIHEHHUsT) TIOCTIE €€ Tepeau B
poLEeCccop

[Ipu GyI0KMpOBKE 3a/1adya MEPEXOJUT B cocTosiHuE sleeping (cnsiukm), a TIpu
IIPHOCTAaHOBKE pabOTHI B COCTOsIHUE ocTaHoB (Stopped).

CoctossHue zombie (30MOM) TIOKa3bIBAa€T, YTO BBINOJHEHUE 3aJa4M
IPEKPaTUIIOCh, OJTHAKO OHA €IIle He ObljIa yaaJieHa U3 CUCTEMBI.

Hampumep, eciu nponecc COCTOUT M3 HECKOJbKHX IOTOKOB, OH OyIeT
npeObIBaTh B COCTOSIHUM 30MOH, TMOKa BCE IMOTOKM HE MOJy4yaT YBEJOMJICHHE O
3aBEpIIEHUU PaOOTHl OCHOBHOIO MpOIecca.

3amaua B coctosiHuu dead (cMepTM) MOXKET OBITH CIOKOMHO ynajieHa H3
CUCTEMBL.

CocrosiHus active (akTUBHBIN) 1 expired (HeaKTUBHBIN) HCIOJIB3YIOTCS IIPU
IJJAHMPOBAHUM BBIMIOJHEHUs TIpollecca, M MO3TOMY OHHU HE COXPAHSIOTCS B

IIEPEMEHHOM state.

1.4.3 OucneTyepusaumsa NOoTOKOB

OCHOBHOM 11€JIbI0 MJIAHUPOBIIMKA MPOIecCOB LINUX SIBJIIeTCS BBIACICHHUE IS
BBITIOJIHEHUST KaXJO0W 3a7au€ TMOIXOJAIMX BPEMEHHBIX MPOMEXKYTKOB, YYETOM
MIPUOPUTETA TOTO WJIM WHOTO TPOIECCa, MBITAICh TOCTUYh MPU ITOM MaKCUMaJIbLHOM
3¢ ()EKTUBHOCTH HCIIONB30BAHUS PECYPCOB, BBICOKOTO OBICTPOJEHCTBUSI M CHU3HTH
HaKJIaJHBIC PACXO/Ibl, CBA3aHHBIC C ONEPaIlUsIMHU INITAHUPOBAHMS.

[TockoNbKy TUIAHMPOBIIUK JOMYCKACT MPHUOPUTETHOE BBITCCHEHUE, KaxKias
3a/iaua BBIMOJIHSIETCS JI0 TE€X IMOp, TOKa HE UCTEUET BBIJCICHHBIA €l KBAHT BPEMEHH,
yrmpasiieHHe He OyJeT mepeaaHo mpoieccy ¢ 0ojiee BHICOKMM MPUOPUTETOM, JIUOO
npoiiecc He OyeT 3a0J0KUPOBaH.

KBanT BpeMeHu 7151 KK 10 3a/1a41 paCCUYUTHIBACTCS UCXO/IS U3 €€ PUOPUTETA
(32 UCKJTFOYECHHEM 3aJ]a4 PEaIbHOTO BPEMEHH, pedb O KOTOPBIX MONAET HUKE).

YtoObl 3ampeTuTh BBIICIECHUE Yepecdyp MalbIX KBAaHTOB BpPEMECHH,

YMCHBIIAIOINUX IIPOU3BOJAHUTCIILHOCTL 3aJayi, ar00 CIWUIIKOM OOJIBIIMX KBAHTOB
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BPEMEHHU, NPUBOJAIIMX K YBEJIMYEHUIO BPEMEHU PEAKLUUU CUCTEMBI, IUIAHHUPOBLIUK
BBIJICJISIET KBAaHThl BpeMeHU B Auana3zoHe oT 10 mo ;200 uHTEpBAIIOB NpepbIBaHUN
Taiimepa, uto cooTBeTcTBYyeT 10-200 MmuMceKyH1aM Ha OOJIBITUHCTBE CUCTEM (KakK U
MHOTHE Jpyrue TapaMeTpbl IUIaHUPOBIIMKA, O3TH 3HAYCHHUA TMOJOMPATHCH
smnupuyeckn). Korja BbINOIHEHNE 331a4U TPUOCTAaHABIMBAETCS COIVIACHO MPUHIUITY
IPUOPUTETHOTO BBITECHEHHMs], IUIAHUPOBIIMK COXPAHSET COCTOSIHME 3aJadd B
crpykrype task struct. ITo ucredeHnn KBaHTa BPEMEHH, BBIICICHHOIO IPOIECCY,
IUJIAHUPOBILIMK BBIIIOJIHSET IEPECUET MPUOPUTETA MPOLECCA, ONPENEISAs BEIUUUHY
CIEAYIOIIETO KBAHTA BPEMEHM JUIA 3aJayd, U IEpPENacT YIPABICHHUE CIEAYIOIIEMY

poIeccy.

1.4.4 O4yepenb BbINOJNIHEHUS

[Tocme co3manus 3agadnd ¢ MOMOINBIO ClOne, oHa moMelaercs B Oo4epedb
BbINMotHeHHs1 (ruUN QUeUe) mporeccopa, COACPIKAIIYIO CCHUIKM Ha BCE 3aJlauM,
cocTs3aromuecs 3a IporeccopHoe Bpems. Ouepeu BBITOJIHCHHS, HAITOMUHAIOT
MHOTOYPOBHEBBIC OYepear ¢ OOpaTHOW CBS3bIO, MO3BOJISIOT MPHUCBAWBATH 3aJadaM
pa3IMYHbIC TPUOPUTETHI.

MaccuB mpuoputeToB (Priority array) coaepXHUT yKa3aTeld Ha OTACIbHBIC
YPOBHHU OYEPEIU BBIMOJTHCHUS.

Kaxxast 3amuch MaccuBa IMPUOPUTETOB CChIIACTCS HA CIIMCOK 3aJad: 3ajada C
NPUOPUTETOM | TOMEINAeTCss B I-10 SYCHKY MaccHBa MPHOPUTETOB OUYEPEIH
BBINOJIHEHUS.

[TTaHUPOBIIMK IMOMEIIAET 33a]a9y B HA4aJIO CIIMCKAa Ha CAaMOM BBICOKOM YPOBHE
MaccHuBa TPHOPUTETOB. ECIM Ha 3TOM ypOBHE MacCHBa NMPUOPUTETOB CYIIECTBYET
HECKOJIBKO 3aJ1a4, OHH IUKJIMYECKHU YITOPSTOYCHBI.

Korma 3amaya mepexoauT B COCTOSHUE OJIOKMPOBKH JIHOO CISYKHA (T.€.
OKUJIaHHMSI ), WIH )K€ €¢ BBIMOJHCHHE MPEKPAIaeTCs M0 KaKOW-T1M00 WHOW MPHUYHHE,
3a/1avua yJaiaseTcss U3 04epeId BhITIOTHEHUS.

OpHoli W3 T1eNed IUIAHUPOBIIMKA SBISETCS MPEAOTBpAICHUE CHUTYaIlHH

OECKOHEYHOTO OTKJIaAbIBaHUS ITYTEM 3alaHUsI BPCMCHHLIX MHTCPBAJI0B, HA3bIBACMbIX
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nepuoaaMu JucKpeTu3anuu (€poch), B TeueHne KOTOPHIX KaXk1ast 3a/1a4a U3 oUepen
BBIMTOJTHCHUS TOJDKHA OBITh 3aIyliieHa XOTs Obl pas3.

YT0oObI OTIIMYUTH HPOIECCHI, 00JIATA0IINE TIPABOM Ha IPOIIECCOPHOE BPEMSI, OT
IPOIIECCOB, KOTOPBIE BBIHYXKICHBI 0XHIATh 10 HACTYIUICHUS CICIYIOIIEro Mepruo/ia
JUCKPETH3AIMH, B IJIAHUPOBIIMKE OMPE/CICHBI IBa COCTOSHUS: aKTHBHBII (active)
u  HeakTHBHbIH (expired). Ilpm 5TOM  IUIAHUPOBIIMK  OCYIICCTBIISCT
JUCICTYCPU3AIMIO TOJBKO TEX MPOIECCOB, KOTOPbIE HAXOMATCS B aAKTHBHOM
COCTOSTHHHU.

[IpoIO/DKUTETBHOCTD MEPHOJAa JUCKPETU3AIMH ONPEACSICTCS HCXOId W3
BpeMeHH OXKWJIaHHsl 3aBHcIIero mpounecca (Starvation limit) — BeiOupaemoro
IMIIUPUYECKUA 3HAYCHUS, KOTOPOE MO3BOJISCT 3aJa4yaM C BBICOKUM TPHUOPHTETOM
n00UBaThCs OBICTPON peakiiu, a 3aJadyaM C HU3KUM MPHOPUTETOM — MOJy4aTh
JOCTaTOYHO BPEMEHH JUIS BBITIOJHEHHS TPOAYKTHBHON pabOThl 3a pa3yMHbIC
BPEMCHHBIC TPOMEKYTKH.

[To ymom4anuio, BpeMsi OKUJAaHUS 3aBHCIIETO Mpoiiecca paBHO 10*N cexyHn,
rJic N — 3TO KOJUYECTBO MPOIECCOB B OUSPE/IN BHITOTHECHUS.

Ecnu Tekymmii TepHoOa AMCKPETU3AIMU OOJIbIIE, YeM BpEMs OXHIAHHS
3aBUCILETO TPOIECcca, TUIAHMPOBIIUK TIEPEBOAUT BCE AKTUBHBIC 33/1a4d M3 OYEPEIH
BBIIIOJTHEHUST B cocTosiHUue exXpired (mepexoi OCyMIECTBISIETCS IMOCIE TOTro, Kak
UCTEKYT KBAaHThI BPEMEHH, BBIJICIICHHBIC JIJIs BBIMTOJHEHHUS KAXKI0H aKTHBHOM 3a71auH).

B pe3ysibraTe BBIMOJHEHHUE BBICOKOMPUOPHUTETHBIX 3a1ad OyJIeT BPEMEHHO
OTJIO’KEHO (32 UCKITIOUEHUEM 3a/1a4 C IIPHOPUTETOM PEaTbHOTO BPEMEHH ), YTOOBI 1aTh
BO3MOYKHOCTB TOPa00TATh MPOIECCaM ¢ HU3KUM ITPUOPUTETOM.

[Tocie TOro Kak BCe 33Ja4d B OUEPE/IH BBIMOJHEHHUS OYIyT 3aMyIICHbI XOTS ObI
pa3, Bce OHHU MEpelayT B HeakTuBHOe coctosiHue (expired). Ha »tom srtame
IUIAHUPOBIIMK IMEPEBEIET BCE 3ajJ[aull U3 OYepPE/M BBIOJHEHUS HAa3ajJ B aKTUBHOC
COCTOSIHHE, TTOCJIC YeT0 HAYHETCSl HOBBIN MEPUO]] TUCKPETH3AIINY.

JInst ympolieHus rnepexoja u3 coctosiHus expired B cocrosinue active B koHIe
Hepuojia TUCKPETH3ALUH, ITAHUPOBINUK LINUX XpaHHT U1 KaXI0r0 mpolieccopa Imo

JIBA MaCCUBA MPUOPUTETOB.
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MaccuB IpHOPUTETOB, B KOTOPOM XPAHSTCS aKTHUBHBIE 3a/layd, Ha3bIBAECTCS
aKTHBHBIM crckoM (active list).

MaccuB mpUOPUTETOB, COAEPKAIIUN MTPOCPOUCHHBIC WM HEAKTUBHBIC 3a/a4d
(T.€. 337241, BBINOJHEHUE KOTOPBIX OTIOKEHO JO HACTYIIEHUS CJIECIYIOLIET0 epruoia
JUCKPETHU3AllMK) Ha3bIBAacTCI HeAKTHBHBIM crckoMm (expired list).

Korma 3agada mepexoguT W3 AaKTUBHOTO B HEAKTUBHOE COCTOSIHUE, OHa
IIOMEIIAETCSI B HEAKTUBHBIN CIMCOK HAa TOM K€ YPOBHE MAacCHMBa IPUOPUTETOB, HA
KOTOPOM 33J1aya HaXOJWJIACh B AKTUBHOM CITHCKE.

B koHIe Kaxgoro mnepuoja AMCKPETH3allMU, BCE 3aJaud OKAa3bIBAIOTCA B
HEAKTHBHOM COCTOSIHUH, TIOCJIE€ YEr0 OHU JIOJKHBI IEPEUTH B AaKTUBHOE COCTOSTHUE.

[Tn1aHUpOBIIKK BBINOJIHAET 3Ty 3a/ayy OYEHb OBICTPO, MEHSISI MEXIy coOoM
yKa3aTelld Ha CIIMCOK aKTUBHBIX U HEAKTUBHBIX 3a]1a4.

bnarogapss HMCHOJB30BaHUIO JIBYX MAaCCHBOB MPUOPUTETOB Ul KaXKIOTO
npolecca, IUIAHUPOBILIMK MOXET NEPEBOJINUTH BCE 3aJla4d U3 OJHOTO COCTOSIHUS B
IPYro€ ¢ MOMOIIBIO MPOCTOM ONEPALIMM CMEHBI YKa3aTeJEH.

[TomryyaeMblif 3a cyeT 3TOrO0 MPUPOCT MHPOUZBOAUTENLHOCTH OOBIYHO
KOMIIEHCHPYET PacXo0/ibl, CBI3aHHBIE C BbIICJICHUEM JOTIOJHUTEIHHOU MaMSITH.

[Ipu paboTe B MHOTOIPOIIECCOPHOM CHCTEME IIaHUPOBINUK LINUX co3maer mo
OIHOM OdYepenr BBINOJHEHUS MU Kaxzaoro mnpoueccopa. OIHONM W3 INPUYMH,
OMpaBIbIBAIOIICH CO3JJaHUE OuYepeAe BBIMOIHEHUS I KaXIOTo MpoLeccopa
ABJISIETCS BO3MOYKHOCTb CTPYKTYPHOH TMPUBS3KH TIpoLEcca K OINPEACIIEHHOMY
nporeccopy (processor affinity).

B HEKOTOpBIX MHOTOMPOECCOPHBIX apXuTeKTypax, Takux kak NUMA, Beicokoe
OBICTPOACHCTBHE MPOLIECCOB 00ECTIEUNBACTCS 3a CUET pa3MEIEHHS JAHHBIX 33/1a4U B
JOKaJIbHOM maMsATH Tmpoueccopa W B ero kdme. [loaToMy MakcMMaibHOTO
OBICTPOACHCTBUS MOXKET JOCTUYD 3a/1adya, BHIMOJIHEHUE KOTOPOI MOCTOSIHHO CBSA3aHO
C OJIHUM U T€M e npoueccopom (win y3ioM). C Apyroil CTOPOHBI, UCIOIb30BAHUE
OTIENBHBIX OYepenel  BBINOJHEHUS i1 KaxIoro Ipoleccopa  4peBaTo
HEPaBHOMEPHOCTBIO 3arpy3kH IPOLIECCOPOB, YTO MOYKET NPHUBECTH K CHUKEHUIO

IMPOU3BOAUTCIBHOCTH CUCTEMBI B LICJIOM.
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1.4.5 MpuopuTteT Npu NaHUPOBaHNMN

B maaupoBmuke LiNUX mpropuTeT 3a1a9u BIHMSIECT HA pa3Mep KBaHTa BPEMCHH
Y TIOPSJIOK BBITIOTHEHUS 3a7]a4 MPOLIECCOPOM.

Bo BpeMs cozmaHusi KaxkaoM 3ajiaue MPHCBAUBAETCS CTATUUECKUH MPUOPUTET
(static priority), Ha3pIBaeMBIH TaK)ke NMPaBWIIBHBIM 3HaueHHEM (Nice value).

[TnanupoBuk paznudaeT 40 pa3auyHbIX ypoBHEW npuoputeta: ot -20 g0 19.

B coorBercTtBun ¢ koHBeHmuedr UNIX HamMeHbIllee 3HauYe€HHE O3HAYaeT
HanOOJBIITUI MPUOPHUTET B AITOPUTME ITTAHUPOBAHHUS (T.€. -20 — 3TO cambIif BEICOKHI
MIPUOPHUTET. KOTOPBIM MOXKET UMETH TPOIIECC).

OnHoM W3 mened mmanupoBmMka LiNUX sBiasieTcss oOecreyeHHe BBICOKOU
CTEIIEHN HHTEPAKTUBHOCTU CUCTEMBI.

[TockonbKy OOBIYHO HWHTEpPAKTUBHBIC 3a/auyd OJOKUPYIOT BBIOJTHEHHUE
oriepaluii BBOJIa/BbIBOAA JIMOO MEPEXOMAST B CIHAIIUNA PEXUM (0XKHUIas PEaKIUU OT
M0JIb30BATENsI), IUIAHUPOBIIMK MOXET JUHAMHYECKA YBEJIMYMBATH 3HAUYCHHE
npuopuTeTa (MOHWXasi YPOBEHb NMPUOPUTETA) 3aJaud, 3aHUMAIOIIEH MPOIIECCOPHOE
BpeMsl, 10 TOTO, KaK UCTEUET BbIJICJICHHBIN €l KBAHT BPEMEHHU.

Takoil mMOAXOH BIOJHE MPHUEMIIEM, IOCKOJbKY MPOLECCHl, CBA3aHHBIE C
BBOJIOM/BBIBOZIOM, OOBIYHO MaJIO UCTOJB3YIOT MPOIECCOP, 32 UCKIIFOYEHUEM MOMEHTA
reHEepUPOBAHUS 3apoca BBOJa/BBHIBOIA.

[TosTOoMy TmpenocTaBlI€eHHE BBICOKOTO IMPUOPUTETA 3ajladyaM, CBA3AHHBIM C
BBOJIOB/BBIBOJIOM HH(OpMAIlMK, HE TOBJUAECT HA BBIMOJHEHHE 3a7a4, WHTEHCHUBHO
AKCIUTYaTUPYIOIIHUX MPOIECCOP, KOTOPBIE MOTYT UCIIOIb30BaTh €r0 B TCUEHHE MHOTHUX
4acoB, IIPU YCIIOBUH JIOCTYITHOCTH JlaXke O€3 MPUOPUTETHOTO BHITCCHEHUSI.

V3MeHeHHBI ypOBEHb MPUOPUTETA HA3BIBAIOT 3(P(HEKTHUBHBIM MPUOPUTETOM
(effective priority) 3agaun, BEIYHCIIIEMBIM BO BpeMsI IIPEOBIBAHUS 3a1a4YM B CIISIIEM
COCTOSIHUU JTMOO B paMKax BBIJICJICHHOTO €l KBaHTa BPEMEHHU.

D¢} dexTuBHBIN TPUOPUTET OMPEEIIET YPOBEHh B MAaCCUBE MPUOPHUTETOB, HA
KOTOPBIM OyjAeT momMelieHa JaHHas 3aaada. [loaTomy 3amada, BeIMYMHA TPUOPUTETA

KOTOpOI>’I YBCIINMYWJIACh, IIOMCIIACTCA Ha Oonee HUBKHU YPOB€Hb MacCCHUBaA
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MPUOPUTETOB, TO €CTh OHA Oy/ET BBHIMOJHEHA PAaHbIIE 337a4i C OONBIINM 3HAYEHHUEM
3¢ (HEeKTUBHOTO IPUOPUTETA.

Panu nanpHeiero noBbIIEHUS MHTEPAKTUBHOCTH, TUTAHUPOBUIUK IITpadyeT
3a/layy, CWJIBHO 3arpyarollye MpOoLEecCcOp, YBEIUUNBAs CTaTUYECKOE 3HAYEHUE HX
npuoputeta. B pesynbraTe, 3amaud, BBINOJHEHHE KOTOPBIX CHJIBHO 3arpykaer
polieccop, MOMENIatTCsl Ha 00Jee BRICOKHI YPOBEHb MAaCCHBa MIPUOPUTETOB, 3a CUET
4Yero 3aJayd ¢ MEHBIIMM 3HadeHHeM H(P(GEKTUBHOTO MPUOPUTETA BBIMOIHSIIOTCS
paHbIIIE.

OnsATe-Taku, JaHHAs Mepa Majlo BIMSET Ha 3a7ayd, BBIIOJHEHHE KOTOPBIX
CWJIBHO 3arpy’aeT MpoLEeccop, MOTOMY YTO WHTEPAKTUBHBIE 33Ja4l C BBICOKUM
IIPUOPUTETOM BBINOJHAIOTCS B TEYEHHE KOPOTKHX IPOMEKYTKOB BPEMEHHU IEpeEn
OJIOKUPOBAHUEM.

UtoO0b1 00ecreuuTh BBIOJHEHHUE 33]]a4l ¢ OJIM3KUM K 33JJaHHOMY HayaJbHOMY
3HAQYEHUIO MPUOPUTETOM, IUJIAHUPOBIIMK 3aJad 3alpeliaeT yCTaHaBIMBaTh
3 PEeKTUBHBIA TPUOPUTET 3aJauM, OTIIMYAIOIIUNCS OT CTaTUYECKOro 0oyiee ueM Ha
[ATh €AUHUIL.

Takum 00pa3oM MJIAHUPOBILUK MPOSIBISET YBAXKEHUE K YPOBHSM MPUOPUTETA,

Ha3HAYCHHBIM 3aaa4aM BO BPCM: UX CO3JaHUA.

1.4.6 Onepauuu nnaHMpoBaHUA

[InaHupoBIIMK yAanseT 3aJa4d W3 IMpoleccopa B TOM ciydae, Korua
BBIIOJIHEHUE 3aJ]aud TPEPBIBACTCS, MPOUCXOIUT €€ IMPHOPUTETHOE BBITCCHEHHE
(HammpuMep, 1Mo OKOHYAaHUM BBIJCIIEHHOTO KBaHTa BPEMEHH) MO0 TIpU OJIOKUPOBAHHUU
3a1a4H.

Kaxnplii pa3 npu ygaqeHUH 3aa4d U3 TpoIeccopa, MIAaHUPOBATh BBIYUCIISET
IJIs1 Hee CIIeTYIONINI KBaHT BPEMEHHU.

B ciryuae 6:10kupoBaHus 3a1a4u THO0 HEBO3MOKHOCTH €€ BBITIOTHEHHS IT0 HHOM
npuyrHe, OHa JeakTuBUpyercs (deactivate), To ecth ygmamsercs W3 oOuepenH

BBIIIOJIHCHHA 00 TEX 110D, ITOKA. HE 6y,[[€T CHOBA IroToBa K BBIIIOJIHCHHIO.
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Bo Bcex ocTanmbHBIX clydasx, OMPESICHHEM CIICKa, B KOTOPHIN JOKHA OBITh
MOMEIIeHA 3a7a9a (AKTUBHBIA WM HEAKTUBHBIN) 3aHUMACTCS TUIAHUPOBIITHK.

Hcnonb3yeMblid 1T 3TOTO ajirOpUTM OBUT MOAOOpaH OIBITHBIM ITYyTEM st
oOecrieueHns BEICOKOTO OBICTPOICHCTBHSI.

OCHOBHBIMHM TIapaMETpaMH JAHHOTO QJITOPUTMA SIBISIOTCA CTAaTHYECKUE U
3¢ PeKTUBHBIC TPUOPUTETHI.

Ocsb Y ompezenser 3HaU€HUE CTATHYECKOTO MPUOPHUTETA Mpoliecca, a ocb X —
KOPPEKTUPOBKY TEKYIIIETO MPUOPUTETA (B CTOPOHY YBEIUUCHUS JINOO YMEHbIIICHUS).

3amTpuxoBaHHas 00JIACTh COOTBETCTBYET TaKMM COUYETAHUSM CTAaTHYCCKOTO
MIPUOPUTETa W 3HAYCHUHW KOPPEKTHPOBKH, KOTOpPHIE TPEOYIOT MepeIIaHupPOBAHUS
3a/layu, T.€. €€ MOMEIIEHUs B KOHEI[ COOTBETCTBYIOIIETO MPUOPUTETOB aKTUBHOIO
CIIHCKA.

B o6mem cnydae 3amada ¢ BBICOKMM H/WJIM CO 3HAYUTEIBHBIM MPUPOCTOM
MPUOPUTETA TOJICKUT TMEPEINIAHUPOBAHUIO. DTO TMO3BOJISIET 3allyCKaTh 3aJlayM,
CBSI3aHHBIC C BBOJOM/BBIBOJIOM, a TaK)K€ BBICOKOTIPHOPUTETHBIC WU WHTCPAKTHBHBIC
3aJlauy 10 HECKOJIbKY pa3 TeUeHHUe NMePHo/ia JUCKPETU3AIIUN.

3amaun ¢ HU3KUM MIPUOPUTETOM JINOO0 omTpadoBaHHBIC 3a]1a4H, TOTAJAIOIITIE B
HE3aIITPUXOBAHHYIO 00J1aCTh, TOMENIAIOTCS B HEAKTUBHBIHN CIHCOK.

[Tpu KCTOIb30BaHUH TTOJIb30BATEIBLCKUM MPOIIECCOM CHCTEMHOTO BhI30Ba clone
Ka)KeTCsl OTIPaBAaHHBIM BBIJICIICHNE I KaKIOTO JOUYEPHETO Mpoliecca COOCTBEHHOTO
KBaHTAa BPEMEHHU.

OpHako ecliv 3aj1a4a MOPOIUT MHOTO HOBBIX JIOUEPHHUX MPOIECCOB, U KAKIOMY
J0YepHEMY TIPOIIeCCy OyIeT BBIACICH OTACIbHBIN KBAHT BPEMEHH, APYTHE 3a71a9d B
CUCTEME MOTYT MOCTpaZaTh OT YXYAIICHHS BPEMEHU PEAKIIUU B TEKYIIEM IEPUOJIC
JTUCKPETU3AIIHH.

Jlnst oOecrieueHus paBHOMPABUS IUIAHUPOBIIHUK TPeOyeT, 4TOOhl M3HAYAIBHO
KKJIBI POAUTEIILCKUI TIPOIECC HWCIONB30BAT OJWH M TOT K€ KBAHT BPEMEHH
COBMECTHO C JIOYEPHHUM IPOIIECCOM, CO3IaHHBIM MpH momoiiu clone. C 31oil 1enbro
IJIAHUPOBIIMK OTJAET TOJIOBUHY KBAaHTAa BPEMEHHU DPOIUTEIHCKOMY MPOIECCY, a

MOJIOBUHY — CO3JaHHOMY UM JOYEpPHEMY IpOIIecCy.
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YroObl TpeaoTBpAaTUTh HHU3KUNA YpOBEHb OOCTYXUBAaHUS JIETUTUMHOTO
IIPOLECCa M3-3a MOPOXKACHUS MHOXKECTBA JOUYEPHUX IPOLECCOB, BBILICYIIOMIHYTOE
OTPaHUYEHHUE JICMCTBYET TOJBKO B TEYEHUE OCTaBIIECWCSA 4YacTUd Iepuoja

JAUCKPETH3al11, BO BpeMsI KOTOPOTro ObUI CO3/1aH I0UE€pHUN TpoLiecc.

1.4.7 MHoronpoueccopHoe nraHupoBaHue

[TockonbKy TUTAHUPOBIIMK TIPOIECCOB VYIPABISIET 3aJadyaMd C IOMOIIbIO
OTIEJBHBIX I KaXKIOro Ipolieccopa o4epeiell BBIIOIHEHUS, 3aa4l, KaK [IPaBuIlo,
ABJISIFOTCSL CTPYKTYPHO CBSI3AHHBIMU C ONPEJEICHHBIM MTPOLIECCOPOM.

OTO 03HA4YaeT BBICOKYIO BEPOSTHOCTH OTIPABKHA NIPOLECCA B IMOCIEAYIOLIUX
MepuoJiax JHUCKPEeTU3alMd Ha TOT K€ CaMblil MpOLECCOp, 4YTO IMOBBIIIAET
OBICTpOACHCTBUE MPOLIECCA, €CIIU €r0 JIAHHBIE U MHCTPYKLIMU BCE €Ille HAXOSATCS B
IIPOLIECCOPHOM KDIIIE.

OpHako Takas cxema MOKET MPHUBECTH K MPOCTOK OJHOTIO WM HECKOJIbKUX
IIPOLIECCOPOB B MHOT'ONPOLIECCOPHOM CHUCTEME JaXXe B TO BpeMs, KOrJa CHCTeMa
UCIIBITBIBAET CEPbE3HYIO0 HArpy3ky. Bo u3bexxaHue momoOHON cUTyalluu B ciydae
OOHapy>XeHHsI TPOCTOSl MPOLECCa, IJIAHUPOBIIMK OCYIIECTBIAECT O0aJaHCHPOBKY
3arpy3ku (load balancing) ams mepenoca 3amad ¢ 0HOTO mpoIecCcopa Ha APYrou ¢
LEJIbIO MOBBIIEHHS 3P (HEKTUBHOCTH UCTIOIB30BaHA PECYPCOB.

Ecnu cucteMa cocTOUT U3 OTHOTO €IMHCTBEHHOTO ITpoLieccopa, MOANPOrpaMMbl
OaaHCUPOBKHU 3arpy3Kd HE BKJIIOYAIOTCS B PO BO BPEMs €r0 KOMIMIISLINU.

[[1aHUpOBIIMK  OMNpenensieT HEeOOXOAUMOCTh  BBIMIOJHEHHUS  MPOLEIYpPbI
OaaHCUPOBKM 3arpy3Kd KaXKIblil pa3 mociie MpUXoja MpepbIBaHUS CHUCTEMHOIO
TaiiMepa, TeHepUPyEMOTO ¢ MEPHUO0M OJIHa MIJUIUCEKYHa Ha cuctemax |A-32.

Ecau mpoueccop, nmopoauBIINi IpepbIBaHUE TaliMepa MPOCTauBaeT (T.€. €ro
odepe/lb BBIMOJHEHUS IYyCTa), MJIAHUPOBIIMK MONBITAETCS BBIMNOJHUTH MUTPAIUIO
3a/layd ¢ Tpolieccopa ¢ HaumOOoJbIIel 3arpy3koil (T.e. ¢ mpoleccopa, B ouepeau
BBITIOJTHEHHUSI KOTOPOTO COJIEP)KUTCS HAMOOJbIlIee KOJIMYECTBO IMPOLIECCOB) HA

IPOCTaMBAIOIINI MPOLECCOP.
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YroObl CHHM3UTH HaKIagHBIE PACXOJbl B TOM cCllydae, KOIJa IPOIECCOp,
MOPOJUBINNN TPEPhIBAHNE, HE SIBISCTCS MPOCTAMBAIOIINM, IUIAHUPOBIIMK OYICT
IBITAThCS TIEPEHECTH BBITIOJIHEHUE 3a/Ja4ll Ha 3TOT Tmporeccop uepe3 kaxasie 200
CHCTEMHBIX MTPEPHIBAHUIA.

OmnpeencHue 3arpy3Ku MPoIeccopa BBIOIHICTCS TNIAHUPOBIIUKOM Ha OCHOBE
JAHHBIX O CPEIHEW UIMHE KaXKJIOH OuYepe BBIMOJIHEHHS B TEUYCHHUE HECKOJIBKUX
MOCICIHUX TPEPhIBaHUM TaiiMepa, YTOOBI MUHUMHU3UPOBATh 3()(HEKT HEMOCTOSHCTBA
MIPOIIECCOPHOM 3arpy3KH B aJITOPUTME OaTaHCUPOBKH.

[TockobKy 3arpy3Ka Mmporeccopa UMeeT TEHACHIINIO K PE3KMM U3MEHCHHSIM, TO
IC/IbI0 OATaHCHUPOBKHU 3arpy3Kd SBISCTCS HE IMOJHOE BBIPABHUBAHHE JIMHBI JIBYX
ouepesicl BBITIOJIHEHUSA, a YMCHBIICHUE Pa3IMuUil MEKIY KOJIMYECTBOM 3a1ad B
KaI0i ouepeau BhIMONIHEHU. B pe3ynbraTe 3amaun ymaaasioTcs u3 Oosee JIMHHOM
OYepeaM BBIMOJHEHHS JI0 T€X IOp, MMOKa pa3HUIla MEXIy JJIUHON JBYX odepeaeh He
COKpaTHTCs BABOE. J[yisl yMEHBIIICHHSI HAKIAIHBIX PACXO/I0B AJITOPUTM OaJTaHCHPOBKH
3arpy3Kd 3aIyCKaeTcsl TOJNBKO TOr[a, KOrja camas JIMHHAs OYepeab BBITOJHCHHS
colepkuT Ha 25% Oosblle 3amady, YeM oOuepeib MPOILECCopa, BBIMOJHSIOIICTO
0alaHCUPOBKY 3arpy3KH.

Korna miaHMpOBIIMK BBIOMpaeT 3a7ayd JUIs BbIpAaBHUBAHHS 3arpy3Kd, OH
cTapaeTcs BBIOpaTh TaKWe MPOILECCH, OBICTPOACHCTBHE KOTOPHIX MEHBIIE BCErO
OCTPagacT OT MEpPeHoca Ha APYrol mporeccop. BeIicoka BEPOSATHOCTH TOTO, YTO
JIAHHBIE W MHCTPYKIIMM 3a]aud, KOTOpas BBINOJHSIACH Ha IMPOILECCOPE PaHbIIe
APYTuX, YCIEIH TMOABEPrHYThCS YyOAIEHUI0 W3 IPOLECCOPHOro kimia (caado-
KIIMpoBanHasn 3agaa4a (cache-cold process)), Torna kak y CHiIbHO-KIITHPOBAHHOK
3agaum (cache-hot process) B mpoueccopHOM Kd3Ille HaXOASTCS BCe (MIIM IOYTH BCE)
nanneie. [103TOMY IIAaHMPOBIIMK BBHIOMpAET IS IEpeHoca Te 3aJadyH, KOTOphIE

JOJIBIIIC BCCT'O HE BBIIIOJIHAJIMCH.

1.4.8 NMnaHnpoBaHue peanbHOro BpeMeHu

HHaHI/IPOBHII/IK NOAACPKUBACT JKECTKOC IINIAHUPOBAHUC PCAIIBHOI'O BPCMCHH,

IIbITassCb MUHUMU3UPOBATH BPCM:, 3aTPaduBaACMOC BaI[a‘IGI‘/’I p€ajlbHOr0 BpCMCHH Ha
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OKHJIaHWE OTMPABKH B TIporieccop. B otnuyme ot 00bIYHOM 3a/1a4u, KOTOpasi, B KOHIIE
KOHIIOB, TTIOMEIIAETCS] B CIUCOK HEAKTHBHBIX (UTOOBI MPEJOTBPATUTH OECKOHEYHOE
OTKJIaJIbIBAaHUE BBITTOJIHCHHUS TPOIIECCOB C HU3KUM MPHOPHUTETOM), 3a7a4a pPEasbHOTO
BPEMEHHU BCETJIa MOMEMNIAETCS B aKTUBHBIA CIIMCOK MO MCTCUYCHUIO BBIJCICHHOTO €i
KBaHTa BPEMCHH.

Kpome Toro, 3amaum peasibHOTO BPEMEHH BCETJa BBIMOJHSIOTCS C Oonee
BBICOKMM TMPUOPHUTETOM, YeM OOBIUHBIC 3a/1a4ui. [I0CKONbKY TUTAaHMPOBIIUMK BCETAa
OTMPABIIACT HA TPOIECCOpP 3alayd M3 OuYepelr C CaMbIM BBICOKUM MPHOPUTETOM
aKTUBHOTO CIUCKA (a 3aJa4yd peajbHOTO BPEMEHHU BCET/a HAXOAATCS B aKTHBHOM
CITUCKE), 0OBIYHAS 3a/1a4a HUKOT]a HE CMOXKET BEITECHUTD 33/1a4y PEaIbHOTO BPEMEHH.

[TnanupoBmuk cormacyercss co crnenupuxamusmu POSIX mns nponeccon
peaTbHOTO BPEMEHH, OTIPEICIISSl paCIIMCAaHNUE BBHITOTHEHHS 3a71a4 PeaIbHOTO BPEMEHHU
C TOMOIIBIO BBIIICOMUCAHHOTO CTAaHAAPTHOTO AaJFOpPUTMAa IUIAHUPOBAHA JUOO
[UKJINYECKHUX aIropuTMoB u anroputMoB FIFO.

Ecnu x onpeneneHHoOM 3a1aye NPUMEHSETCS [IUKIMYECKOE TIaHUPOBAHUE, TO
M0 OKOHYAHWMIO BBIJICJICHHOTO €M KBaHTa BpPEMEHHU, 3ajada IOJIy4aeT B CBOE
pacnopspKeHUE HOBBIM KBAaHT BPEMEHH, TIOCIIC Y€TO OHA MIOMEIIASTCS B KOHEI] MacCHBa
MIPUOPUTETOB AaKTUBHOTO CIIHCKA.

B amroputme FIFO 3amade He BbiAenseTcss KBaHT BpeMEHA. MOATOMY OHa
BBITIOJTHSIETCSI Ha TIPOIECCOPE JI0 TE€X IMOp, MOKa He Oy/eT BHIITOJHEH BBIXOJ W3 HEE,
3a/1aua He TIEPeHIeT B CIAIIUN PEKUM JTUOO €€ BBITIOJIHEHA He Oy/IeT TPEepBaHo.

Od4eBUHO, YTO OE3rpaMOTHO HAIMCAHHBIC IPOIECCHI PEATHLHOTO BPEMEHU
MOTYT BBI3BaTh OCCKOHCYHOE OTKJIAJbIBAHUEC BBIMOJTHCHUS OIHHX IIPOIECCOB H
MEJJICHHYIO PEaKITHIO APYTHX.

YrtoOb!l Mpe0TBPaTUTh CIy4aitHOe 100 3II0HAMEPEHHOE UCIIOJIb30BaHNE 3a1a4
peabHOTO BpPEMEHH, MPAaBO HAa HMX CO3JaHWE HWMEIOT TOJIBKO TIOJh30BATENN C

npusuierusamu root.
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2 YnpaBneHue namaTbIO B Linux

Kaxapiii mpomecc cucteMbl LINUX Ha 32-pa3psaHoil MalllMHE IMOJy4aeT 3
['GaiiTa BUpTYyabHOTO aIPECHOTO MPOCTPAHCTBA I cedsi, ¢ octaBmumes 1 ['6aiitom
MaMSTH JJIs1 CTPAHUYHBIX TAOIUI] U APYTUX JTAHHBIX Spa.

Opun rurabailT siapa HEe BUJEH B MOJIb30BATEIBCKOM PEKUME, HO CTAHOBUTCS
JIOCTYTHBIM, KOT]1a MPOIECC MEPEKITIOYAETCS B PEKUM SApA.

AJlpecHOE€  TPOCTPAHCTBO  CO3Jae€TCsl MPU  CO3JaHUM  Tpolecca U
MepEe3anuChIBACTCS] CACTEMHBIM BBI30BOM EXEC.

BuptyanbHoe agpecHoe MpOCTPAHCTBO ACIUTCS Ha OJHOPOIHBIE HEMPEPHIBHBIE
00J1aCTH, BRIPOBHEHHBIE 110 TPAHUIIAM CTPAHHUII.

Takum 00pazoM, Kaxaas 00J1aCTh COCTOMT U3 HAOOpPA COCEHMX CTPAHMUIL C
OJIMHAKOBBIM PeKMMOM 3aIIUTHI U OJIMHAKOBBIMYU CBOMCTBAMM MOAKAYKH.

[Ipumepamu  oOnacTeil  SBISIOTCS TEKCTOBbIA cerMeHT W (ailibl,
oTOOpak€HHbIe Ha maMaTh. Mexay o0JacTIMu B BUPTyaJIbHOM  aJpPECHOM
MPOCTPAHCTBE MOTYT OBITh CBOOO/IHBIE YUACTKH.

JIro6oe oOpaiiieHre mpoliecca K MaMsTH B 3TUX CBOOOIHBIX YYaCTKAX MPUBOJIUAT
K (paTaJTbHOMY CTPAaHUYHOMY MPEPHIBAHUIO.

Pa3smep crpanunbl ¢uxkcupoBan, Hanpumep 4 KoOait nias mpomeccopa
Pentium u 8 K6aiit a1 mpoueccopa Alpha.

Kaxxmas obnacTh onuchIBaeTCs B s/Ipe 3alMChio VM_area_struct.

Bce crpykrypsl Vm_area_struct ogHoro npouecca cBsi3aHbl BMECTE B CIIHUCOK,
OTCOPTUPOBAHHBIN MO BUPTYAJIbHBIM aJpecaM, 4TO MO3BOJISICT OBICTPO HAXOJUTh BCE
CTpaHUIIBI.

Korna cnmucok ¢cTaHOBUTCS CIMIIKOM JUTMHHBIM (OoJiee 32 3amuceii), co3maeTcs
J€PEBO I YCKOPEHUS TTOMCKA.

3anmce VM_area_Struct mepeuunciusieT cBOCTBa 00JacTH.

K HumM otHOCSTCS
® PEXKUM 3aLUTHI (HATPUMED, TOJIBKO YTEHUE WM YTEHHE/3aIUCh),
e sBISICTCS JM  JaHHas  o0JacTh  (DUKCHPOBAHHOW B  MAMSTH

(HeBBIrpykaeMoi),
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® U HalpaBJIeHHE, B KOTOPOM 00JacTh MOXKET pacTH (BBEpX IJIsl CETMEHTOB
JAHHBIX, BHU3 JIJISl CETMEHTA CTEKA).

CrpykTypa vm_area_struct taxxe cCOIEpXKHUT AAHHBIE O TOM, SBISETCSA JIU
JnaHHas 00JacTh MPUBATHOM 00JacThIO MpOIEcca WM €€ COBMECTHO HCHOJB3YIOT
HECKOJIBKO ITPOLIECCOB.

[Tocne cucremunoro BbizoBa fOrk cumcrema Linux co3gaer komwio Crucka
oOyacTedl sl JOYEPHEro IMpolecca, HO Y JOYEPHETO M POJIUTEIBCKOIO MPOLIECCOB
OKa3bIBAIOTCS YKA3aTEeIW Ha OJIHU M T€ k€ Tabyuuubl crpanuil. O0JacTi MOMEUYaroTCs
KaK JIOCTYIIHBIE JUIl YTEHMsI/3alIUCH, HO CTPAHUIIbl JOCTYIHBI TOJBKO JUISI YTCHHUS.
Ecau mo0oit M3 mpoliecCOB TBITAETCSA 3amucaTh JaHHBIE B TaKyl CTpaHUILY,
MPOUCXOIUT NPEPBIBAHUE, PO BUJUT, YTO 00JACTH JIOTMUECKU TOCTYITHA IS 3aIIUCH,
a CTpaHMIa HEJAOCTYITHA, TOATOMY OHO JA€T MPOLECCY KOMHUIO CTPAHHUILIBI, KOTOPYIO
[IOMEYaeT Kak JOCTYNHYI0 [Jis 4YTeHus/3anucu. TakuMm o00pa3oM peann3oBaH
MEXaHU3M KONMHMPOBAHUS NPH 3alIUCH.

Kpome Toro, B cTpykType Vm_area_struct 3anucano, ectb J1 y 3TOH 00JacTu
IIaMATH MECTO XPaHEHHUs Ha JUCKE, U €CIIH J1a, TO T OHO PACIIOIO0KEHO.

TekcToBbIE CErMEHTBI B KAaueCTBE pE3EPBHOIO XPAHEHUS HCIOJb3YIOT
NBOWYHBIE (hailsibl, a oToOpakaeMble Ha aJpPECHOE MPOCTPAHCTBO MaMSITH (halIbI
BBITPY’KAIOTCS Ha JUCK B COOTBETCTBYIOIINE UM (ailibl. Bcem octanbHbIM 007aCTsIM,
TaKMM Kak 00JIaCTh CTE€Ka, HE Ha3HAYal0TCs 00JIACTU PE3EPBHOTO XPAHEHHUsI, TOKA HE
noTpedyeTcst uX BhITPy3Ka Ha JIUCK,

B cucreme Linux ucmosnb3yercst TpeXypoBHEBasi CXeMa CTPAHUYHOM MMOIKAYKH.
Xots 9Ta cxema ObLia peajan3oBaHa B cucTeMme s mporeccopa Alpha, ona Takxke
UCIIONIb3YyETCs (B YIPOILIEHHOM BUJE) JUJISl BCEX apXUTEKTYD.

Kaxx1ip1il BUpTyanbHBIN aipec pa30UBaEeTCs Ha YETHIPE MOJIS.

Karajioropoe moJsie ucCrosib3yercss Kak HHACKC B I00AIbHOM KaTajiore, B
KOTOpPOM €CTh JIMYHBIM Kartajor Juisl Kaxaoro mnpouecca. ColepKaHHe 3JIEMEHTA
KaTajora sIBJII€TCS yKa3aTeJIeM Ha OJHY M3 CPEIHUX CTPAHMYHBIX TaOJIHI], KOTOPbIE

TOKC ITPOMHACKCUPOBAHLI ITIOJICM BUPTYaJIbHOT'O aapeca.
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DJieMeHT cpeaHeil TA0JMUbI YyKa3blBaeT Ha TaOJHMIly CTpaHHI], TaKXke
MIPOMHIEKCUPOBAHHYIO MOJIEM CTPAaHULIBI BUPTYaJbHOTO ajpeca.

DJieMeHT B MocJie/Hell Tadamuue CoACPKUT yKa3zaTedb Ha HY>KHYIO CTPaHUILY.

Ha xommnbloTepax ¢ mpomeccopom Pentium wucmoab3yercsi TOJBKO
ABYXYPOBHEBasl OpPraHM3aunus cTpaHul. B 3TOM ciydyae KaKabll CpeIHUU
CTPAHUYHBIA KATaJ0r COAEPKUT TOJBKO OAHY 3amuchb. TakuMm oOpa3om,
rJ100aJILHbINA KATAJ0T (AKTHYECKH YKA3bIBAET HA TA0JMIy CTPAHUII.

@uznueckas NaMsITh UCIIOIB3YETCS JUIsl pa3InyHbIX 1eneid. CaMo a1po KECTKO
¢duxcupoBano. Hu oHa ero yacTh He BRITpYKaeTcs Ha IucK. OcTalibHas 4acTh MaMsITH
JOCTYIIHA JJIsI CTPAHUI] MOJIb30BaTeliel, OydhepHOro Ka1a, UCIoIb3yeMoro (paiaoBoit
CUCTEMOM, CTPAHUYHOTIO K31Ia ¥ IPYTUX 3a4ad.

Bydepuslii kK31 coepkuT 0JI0KH (aitoB, KOTOpbIE OBLUIM HEJABHO CUMTAHBI
WM OBUTM CUMTAHBI 3apaHee B HAJIEK/E HA TO, YTO OHU CKOPO MOTYT IMOHA00UTHCS.
Ero pazmep nunamudecku meHsiercs. bydepHsiil K311 cocTs3aeTcs 3a MECTO B MTaMSTH
CO CTpaHUIIAMHU MOJIb30BATEIEH.

CTpaHM4YHBIH K31 B ICIICTBUTEIIBHOCTH HE SIBJISIETCS HACTOSIIIMM OTAEIIbHBIM
KDIIIEM, a MPEJICTABISIET COO0M MPOCTO HAOOP CTPaHUIL MOJIH30BATENsI, KOTOpPHIE OoJiee
HE HYXXHBI M OXXMJAIOT BBITPY3KHM Ha JUCK. Ecim cTpaHuIila, Haxondmascs B
CTPaHUYHOM K3IIIe, MOTPeOyeTCs CHOBA, MPEXK/Ie YeM OHa OyJAeT y/najaeHa U3 MaMsaTH,
€€ MOXHO OBICTPO OOBSABUTH HAXOASIIEHCS B TAMSITH.

Kpome srtoro, omepammonHas cuctema LiNUX momaep:kuBaeT AUHAMHYECKH
3arpykaeMbleé MOJIyJIM, B OCHOBHOM JpailBepbl YyCTpoWCTB. OHHM MOTYT OBIThH
MIPOU3BOJIBHOTO pa3Mepa M KKJIOMY W3 HUX JOJDKEH ObITh BBIJICIICH HEMPEPHIBHBIM
Y4acCTOK B MaMATH siapa. J[st BBIMOJIHEHUS BCEX STHUX TpeOoBaHMi cuctema Linux
YOPABJISIET MAMSTBHIO TAKUM 00pa30M, YTO OHA MOKET MOJYYHUTh M0 KEJIAHUI0 Y4aCTOK
MaMsITU OPOU3BOIBHOTO pazMepa. JlJist 3TOro UCnoiab3yeTcs aqropuTM, U3BECTHBINA KaK

«IPYKECTBEHHBbIIN aJIrOPUTM.

OcHoBHas HNACA YyIpaBJIICHUSA OnokaMu TTaMSATU 3aKJIFOYaeTCsS B CICAYIOIICM.

HM3HayaibHO MaMsATh COCTOUT U3 CANHOI'O HCIIPCPBIBHOTO YUACTKaA.
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Puc.2 dranbl padoThl APYyKECTBEHHOI'0 AJITOPUTMA

B namem npumepe pasmep 3TOoro ydacrka paseH 64 crpanunmam. Korpa
MOCTYIAET 3aMpOC HA BBIJEICHUE MaMITH, OH CHa4YaJla OKPYIJISIETCS 10 CTENEHH JIBYX,
HarpuMep 10 8 CTpaHuIl. 3aTeM BeCh OJIOK aMSITH JACTUTCS oroiaM (puc. 2, 6). Tak
KaK IMOJYYUBIIUECS B PE3YJIBTATE 3TOrO JEJICHUS HA/BOE YYACTKU MaMSTH BCE €I
CJIMIIIKOM BEJIMKH, HUXHSISI TIOJIOBUHA JICJIMTCS TomoJiaM eine (puc. 2, B) U emie (puc.
2, 1). Tenepp MBI MOJYYMJIM YYaCTOK TMAMATH HYKHOTO pasMepa. ITOT y4acTOK
MIPEOCTABIISIETCS] OOpATUBIIEMYCS MTPOIecCy (3aTeHeHHbIii Ha puc. 2, T).

Teneps NpeanosoKumM, 4To MPUXOAUT BTOPOH 3anpoc Ha 8 cTpaHul]. OH MOXKET
OBITH YJIOBJICTBOPEH HEMEIJICHHO (PHC. 2, 1).

Cnenom mnocrynaer 3ampoc Ha 4 crpanuusl. IIpm 3TOM nenutcs HanaBoe
HAMMEHBIIMH y4acTOK (PHUC. 2, €) ¥ BBIICSICTCS TOJ0BHUHA OT IMOJIOBUHBI (PHC. 2, K).

3aremM 0cBOOOKIAETCSI BTOPOM 8-CTpaHUUYHBINA y4acTOK(pHC. 2, 3).

Hakonetr, ocB0O0X)1aeTcsi OCTaBIINKACS §-CTPaHUYHBIN Y4aCTOK.

[TockonbKy JBa y4acTKa ObLIN «IPUSTEISIMI», TO €CTh OHU BBILUIM U3 OJIHOTO
16-cTpanuy-Horo 0Ji0ka, OHU CHOBA OOBEIUHSIOTCS B 16-CTpaHUYHBIN 010K (pHC. 2,
n).

OmnepanonHast cucrema Linux ympapiiseT mamMsThio MPH HOMOIIU JAHHOTO
aNropuT™Ma.

K Hemy no0aBisiercs MaccuB, B KOTOPOM

NepBbIil JIeMEeHT MPEeACTaBIsIeT cO00i HaYalo cnucka 0JI0KOB pazMepoM B 1

eIMHUILY, BTOPOH JIEMEHT SBISICTCS HA4aJIoM OJIOKOB pa3MepOM B 2 €IMHUIIBI,
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TPeTHii 3JIeMeHT — HAayajaoM CIHUCKa OJIOKOB pa3MepoM B 4 eTMHUIIBI U T. 1.

TakuMm 00pa3omM, MOKHO OBICTPO HAWTH JIF000i1 0JIOK : pa3MepoM KPaTHbIM
CTeINeHHu 2.

OTOT aNropuT™M MPUBOAMT K CYLIECTBEHHOM BHYTpPEHHEH (parMeHTaluu, TaK
KaK. €CJId BaM HYX€H 65-CTpaHUYHBIN Y4acTOK, BbI MOTy4YUTE 128-CTpaHUYHBIN OJIOK.

YToObI KaK-TO PEIINTH ATY MPOOIIeMy, B cucTeMe LINUX ecTh BTOPOii aropuTm
BBIJICJICHHSI MIAMSITH, BBIOMPAIOIIMN OJIOKM MaMSTH HPH IMOMOIIM «IIPUATEIBCKOTO»
aIrOpuTMa, a 3aTeM Hape3arolUid U3 ATHX OJOKOB Ooyiee MeNKhe (pparMeHThl U
YOPABJISIIOUIUN 3TUMHU (PparMeHTaMu OTAEIIBHO.

Kpome TOro, cymecrByer TpeTHil aJrOPUTM  BBIICICHUS NaMATH,
MCIIOJIB3YIOMINIICS, KOT/Ia BhIJEsieMasi IaMATh JI0OJDKHA OBITh HEMpPEphIBHA TOJIHKO B
BUPTYaJIbHOM aJJpECHOM MPOCTPAHCTBE, HO HE B (PU3MUECKOU MMaMSTH.

Bce 3Tu ajropuT™Mbl BblieJeHUs TAMATH ObLJIM B3ITHI U3 CHCTeMBbI System
V.

OmnepanonHas cuctemMa LinUX sBisieTcs CUCTEMOM, MPEIOCTaBIISIOIICH
CTpaHMIIBI TIO TpeOOoBaHUIO, 0€3 TpenBapUTEIBLHON 3arpy3Kd CTpaHuil U 0e3
KOHIIENIMKU pabodyero Habopa (XOTs B HEW €CTh CUCTEMHBIN BBI3OB JJISl YKa3aHUS
M0JIb30BATEJIEM CTPAHMIIBI, KOTOPasi EMy MOXET CKOPO OHAJOOUTHCH ).

TekcToBbIE CETMEHTHI U OTOOpaXkaeMble Ha aJPECHOE MPOCTPAHCTBO MAMSITU
(aiipl MOATPYKAOTCS U3 COOTBETCTBYIOIINX UM (DaillioB Ha JAUCKE.

Bce ocranpHOe BBITpykaercs JuOO B 00JIacTh MOJKAYKH, €CIM OHA
MPUCYTCTBYET, MO0 B (hailsibl MOAKAYKKA (PMKCHUPOBAHHOM JIJTMHBI, KOTOPBIX MOXET
OBITH OT OJTHOT'O JI0 BOCHMH.

®ailyibl MOJKAYKN MOTYT JUHAMUYECKU JO0ABISATHCS U YIATSATHCA, U Y KaXK0TO
€CTh CBOU IIPUOPHUTET.

BeIrpy3ka cTpaHdll B OTAEJIBHBIA pa3len JAHCKA, JOCTYIl K KOTOPOMY
OCYIIECTBIISIETCS KaK K OTIEIbHOMY YCTPOWCTBY, HE cojepxaiieMy (aiinoBoii
cucTemsbl, 6oJiee 3pheKTUBHA, UeM BBITPY3Ka B (paiiy, Mo HECKOJIBKUM MpuurHaM. Bo-
MepBbIX, HEe TpeOyeTcs: mpeoOpa3zoBanue OJIOKOB (aitna B O6J0kK aucka. Bo-BTOPHIX,

(huznyeckas 3anuch MOXKET OBITh JIFOOOTO pa3Mepa, a He TOJIBKO pa3zMmepa Os10ka ¢aiina.
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B-TpeTpux, cTpaHuia Bcerja MUINETCS TPSIMO HAa YCTPOWCTBO B BHJIE €IUHOTO
HEIPEPHIBHOTO yUaCTKa, a TIPH 3aMKCH B (DAl TOJIKAYKH 3TO MOXKET OBITh M HE BCET/Aa
Tax.

CrpaHuIlbl Ha yCTPOMCTBE MOJKAYKH WA JUCKOBOM pasjeiie TMOJIKAYKH HE
BBIJICTISIIOTCS, TIOKA OHU HE TTOTPEOYIOTCH.

Kaxxgoe ycTpolicTBO Ui (paiiyl moJKauKyd HAYMHAETCS ¢ OMTOBOTO MaccHBa, B
KOTOPOM COO0O0IIaeTcs, Kakue cTpaHuiibl cBoOoAHbI. Korma cTpanuna, y KOTopoi HeT
MecTa XpaHEHHUsS Ha JUCKE, JOJDKHA ObITh ylajeHa U3 maMatu, u3 (QaitnoB (wim
pa3ziesioB) MOAKAYKH, B KOTOPBIX €IIe €CTh CBOOOJHOE MECTO, BhiOUpaeTcs (aiin ¢
HAWBBICIITUM TIPHOPUTETOM, U B HEM BBIJICIISACTCS MECTO JIJIs CTpaHUIbl. Kak mpaBuio,
y pazjena Mojkayku (€clid TaKoBOW MMeeTcsl) Oosiee BBICOKMI MPUOPUTET, YEM Y
mo0oro ¢aiina noakauku. KoopauHara cTpaHUIlbl HA TUCKE 3aUCHIBAETCS B TAOJIUILY
CTpaHHMII.

AJITOPUTM 3aMEIICHUS CTPAHUIl pabOTaeT CICAYIOIIMM 00pa3oMm.

Cucrema Linux meiTaercs mojjiep>KMBaTh HEKOTOPbIE CTPAHHIIBI CBOOOIHBIMH,
9TOOBl WX MOXHO OBLIO MPENOCTaBUTHh NpH HeoOxoaumoctu. KoHeuHo, 3TOT myn
CTpPAaHMI] JOJDKEH TIOCTOSHHO TIOMOJHSATHCS, TIOATOMY PpPEabHBIH  alfOPUTM
CTPAaHUYHOM MOJIKAYKH 3aKJIFOYAETCS B TOM, KaK 3TO MPOUCXOIUT.

Bo Bpems 3arpy3ku mporecc init 3amyckaer crpaHuuHblii gemMoH Kkswapd,
KOTOpBI paboTaeT pa3 B cekyHay. OH mpoBepsieT, €CTh JU JO0CTATOYHOE KOJTUYECTBO
CBOOOJHBIX cTpaHUIl. Ecniu 1a, OH OTIpaBIIsieTCs CHaTh €IIe CEKYHY, XOTS OH MOXKET
OBITH Pa30yKEH U paHbIIIe, €CIIM BHE3AIMHO TTOHAI00SATCS TIOTIOJIHUTEIILHBIC CTPAHUIIBI.

CTpaHWYHBINA JEMOH COCTOMT M3 IMKJIa, KOTOPBIH BBITIOJHSIETCS /10 IIECTH pa3 C
BO3pacTaroied cpouHocThio. [ToueMy mects? BeposiTHO, aBTOp MporpaMmsbl 1ymal,
YTO YEThIpeX OyJeT HEeJOCTaTOYHO, a BOCEMb OYJET CIMIIKOM MHOTO. B OTHENbHBIX
MECTax omnepalMonHas cuctema LiNnux peaan3oBana HMEHHO Tak.

Teno nuKia BRITIOJHIET OOpaIeHus K TPEM MPoIleaypam, Kakaas U3 KOTOPBIX
MBITAETCS TIOJTYYUTh PA3UYHbIC THUITBI CTPAHUIl. 3HAUYEHUE CPOYHOCTH IEpenaeTcs B
BUJE TapaMerpa, COOOMIAIOIIEr0o MpOoLEeaype, CKOJIbKO ycuilud Tpebyercs

MMPCAIIPUHATD, YTOOBI IMOJIYYUTb HCKOTOPLIC CTpaHUIIbI. Kak IIpaBUI0, 9TO O3HAYACT,
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CKOJIBKO CTPaHMI] HY’KHO IIPOBEPUTH, IPEXKIE YEM OIIYCTUTh PYKHU. B pe3ynprare 3ToT
ITOPUTM CHauaja BRIOUPAET JIETKO JOCTYIHbIE CTPAHULIbI KAXKI0M KaTErOpUHu, ociie
YEero NepeXouT K TPYAHO AOCTYyNHBIM. Korjga mosrydeHo JOCTaTOYHOE KOJIMYECTBO
CTpPaHUL, CTPAHUYHBIN JEMOH CHOBA OTIPABIAETCS CIATh.

IlepBasi npoueaypa npITacTCA MOJTYYUTh T€ CTPAHULIBI U3 CTPAHUYHOTO K31Ia U
OydepHoro xsma ¢aiioBol CUCTEMBbI, K KOTOPHIM B IOCJEIHEE BpeMs HE ObLIO
oOpanieHuil. JIs 4ero UCHoJb3yeTCs aJrOPUTM YacoB.

Bropass mpoueaypa MIIeT COBMECTHO MCIOJIB3YEMBIE CTPAHULBI, KOTOPBIMU
HUKTO U3 ITOJIb30BATENEN, IOX0XKE, HE TIOJIB3YETCSA AKTUBHO.

Tperbss npoueaypa, NHITAIOMIAACS IOJYYUTh CTPAHMIIBL, HCIOJIb3yEMbIE
OJIMHOYHBIMM  TOJIb30BATEISIMM, SIBJSIETCSI HAamOOJee HHTEPECHOM, IO3TOMY
paccMOTpUM €€ oApOoOHEE.

CHauaza BBIIOJIHAETCS UK I10 BCEM IIpolieccaM, B KOTOPOM ONPENEIAETCS, Y
KaKoro mpotecca OoJbliie BCETO CTPAaHUI] HA JaHHBIH MOMEHT HaXOAUTCS B MaMSTH.
Kak Tonpko Takoi nporecc HailieH, CKAHUPYIOTCS BCE €T0 CTPYKTYphI VM_area_struct
Y U3YYarOTCs BCE CTPAHULBI B IOPSIKE BUPTYaAJIbHBIX apECOB, HAYMHAsA C TOTO MECTA,
Ha KOTOPOM JTOT mpouecc ObUl OTJIOXKEH B mpouuislii pa3. Eciau crpanuia
HeJeMCTBUTENbHA, OTCYTCTBYET B MAMSITH, UCIIOJIb3YETCSI COBMECTHO, (PMKCUPOBAHA B
naMaTu win ucnoisdyercs migs DMA, Tto ona mpomyckaerca. Eciu y crpaHuiis
YCTaHOBJIEH OMT 0OpaleHus K Heil, 7TOT OUT cOpachIBA€TCS U CTPAHULIA OTIIPABIISETCS
B pe3epB. Ecnu jxe OuT cOpoliieH, 3Ta CTpaHulla OTHUMaeTcs y rpoiiecca. B pesynbrare
JAHHBIA aIrOPUTM MOAOOEH aNrOpUTMY YacoB (C TOM pa3HMIIEH, YTO CTPaHHULbI HE
ckanupyootes B opsiike FIFO).

Ecnu crpanuna, BeiOpaHHast Juisl y1ajJeHHs U3 aMsTH, YMCTasl, OHA yaJIsieTCs
HEeMe/IJICHHO.

Ecnu crpannna «rps3Has» Uy Hee €CTh MECTO PE3EPBHOIO XpPaHEHUS Ha JIUCKE,
OHA YCTAHABJIMBAETCHd B 0Yepeab 3allUCH HA JUCK.

Hakonen, ecnu y «rpsi3HOID» CTpaHUIBI HET MECTA PE3EPBHOTO XPaHEHUS Ha

AUCKEC, OHA OTIIPABJIACTCA B CTPAHUYKH KOMI, U3 KOTOPOIO OHA MOIKET OBITH CHOBA
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noJilyueHa MO37Hee, eciau oOpallleHue K HeW MOCTYNMUT Ipexkie, ueM oHa Oyjaer
(bakTUYECKHU BBITPYKEHA Ha JHCK.

B ocHoBe uaenm CkaHMpPOBaHUS CTPAHUI] B TMOPSAKE BUPTYaJIbHBIX aJ[PECOB
JEKUT HAJeXJa Ha TO, YTO CTPAHMIIBI, PACIIOJNIOKEHHBIE OJM3KO JAPYr K JIPYry B
BUPTYaJIbHOM aJIpECHOM IPOCTPAHCTBE, CKOPEE BCETO OYIyT UCIOJIb30BaThCS WU HE
UCIIOJIb30BAThCS BMECTE, KaK €MHAasl TPYIIa, MO3TOMY MX CJIEIYeT 3aluchiBaTh Ha
JUCK KaK IpyINIy, a 3aT€M BMECTE CUUTHIBAThH B TAMSATh.

B ynpaBieHnu nmamsThio MPUHUMAET ydactue eie oauH aemoH, bdflush. On
MEPUOJIMYECKH MPOCHINAeTCsl (4 B HEKOTOPBIX CIy4asix €ro sIBHO OYJIAT), YTOOBI
MPOBEPUTh, HE MPEBBICUIIO JU KOJUYECTBO «IPA3ZHBIX» CTPAHUI OIPEIECICHHOIO

IIpCaACIbHOro YPOBH:I. Ecan IMPCBLICUJIO, ACMOH HAYMHACT COXPAHATh UX HAa AUCKC.



