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1 ®aunosble cuctembl OC Linux

W3HavanbHO B omepanroHHOW cucteme LINUX wucmonb3oBanack (haiiioBas
cucrema onepanronHoit cuctembl MINIX.

Opnako B cucreMe MINIX ngnuna wumen ¢aiinoB orpaHuuuBaiach 14
cumBostamu (111 coBmectumoctu ¢ UNIX Version 7), a MakcuMalbHBIN pa3mep daiiia
Obu1 paBeH 64 Moaiit. [losToMy y pa3pabOTYHMKOB OINEpariMOHHON cUCTeMBbI Linux
MPAKTUYECKU CPa3y MOSIBUJICS MHTEPEC K YCOBEPIIICHCTBOBAHUIO CUCTEMBI.

[lepBpiM 11arom Briepen ctana ¢ainoBas cuctema €xt B KOTOpOW JJTMHA UMEH
(haitsioB ObLIa yBeJIMUEHA 10 255 CUMBOJIOB, a pa3mep (¢aiinoB - no 2 ['6ait. OnHako
sTa cuctema Obla meayiennee (aitnoBoit cuctemsr MINIX. mosaTomy uccnenoBanus
HEKOTOPOE BPEMSI TIPOI0IIKATIHICH.

Hakomnert, Obuta pa3padoTana ¢ainoBasi cucTeMa exT2. ¢ IJTUHHBIMU UMEHAMU
¢dainoB, MIMHHBIMEA (DaillaMi U BBICOKOW MPOM3BOAUTEIBHOCTHIO. DTa (paitioBas
crcTeMa M CTalla OCHOBHOM (haiiiioBoii cuctemoit Linux.

OpHako omepaluoHHas cucreMa LINUX Takke Mommep:KuBaeT emie Oosee
JecsiTKa (PaillIoBbIX CUCTEM, UCTIONB3Ys AJis AToro ¢ainosyto cucremy NFS .

[lpy KOMIIOHOBKE OIEpaMOHHON cucTeMbl LINUX MOXXHO caenaTh BbIOOP
¢aiinoBoil cucteMsbl, KOTopasi OyJeT BCTPOeHa B S/APO.

Jpyrue ¢aiisioBble cMcTeMbl NP HEOOXOAMMOCTH MOIYT JUHAMHYECKHU

HNOArpyKaThCA BO BPEMHA UCIIOJIHCHHUS B BUAC MOI[yJIGﬁ.
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daiinoBas cucrema ext2 odens moxoxa Ha (aioByro cucremy Berkeley Fast
File system ¢ HeOOIBIIMMU N3MEHEHUSMHU.

BmecTo TOro 4toObl KCIHONB30BaTh TPYIIbI HUJIMHAPOB, YTO MPAKTHYECKU
HUYETO HE 3HAYUT MPU COBPEMEHHBIX JUCKAX C BUPTYaJIbHOW r€OMETPUEH, OHA JICIIUT
JIUCK Ha TPYIIIbI 0JOKOB, HE3aBUCUMO OT TOTO, II€ PACIOJIAratOTCs TPAHULIBI MEXKITY
UINHIPAMU.

Kaxxnmas rpymnma OJOKOB HauMHAETCS C CymepOJioKa, B KOTOPOM XpaHUTCS
uHpOpMAIIHSI O TOM, CKOJBKO OJOKOB M I-y3JI0B HAaXOIATCS B JAHHOW IpyIIe, O
pasmepe rpynibl OJIOKOB U T. 1.

3aTeM clenyeT omnmcareab TPYyNNbl, coAepXamui uHOOpMALHMIO O
PAacIOJIOKEHUM OMTOBBIX MACCHBOB, KOJUYECTBE CBOOOIHBIX OJOKOB M I-y3JIOB B
IpYyIINe, a TAKKE KOJIMUYECTBE KAaTaJoroB B rpynmne. Jta uHdopmaiys BakHa, Tak KaK
¢aiinoBas cuctema eXt2 meITaeTcsl pacCIpOCTPAaHUThH KaTaJIOTH PABHOMEPHO 1O BCEMY
TTCKY.

B a1ByX OMTOBBIX MacCHMBAaX BEJCTCS YUET CBOOOJHBIX 0JIOKOB 1 CBOOOIHBIX
I-y3J10B. PazMep kax0ro OMTOBOrO MacCHBa paBeH OJHOMY OJIOKY.

[Ipu pasmepe OmokoB B 1 KOallT Takas cxema OorpaHM4YMBAET pa3Mep TPYIIIbI
omokoB 8192 Gnokamu u 8192 i-y3namu. (Ha mpakTrke orpaHWYeHHE YMCIa I-y3J10B
HUKOT/Ia HE BCTPEUYALTCs, TaK KaK OJIOKM 3aKaHYMBAIOTCS PaHBbIIIE. )

3areM pacrojararTcs camu I-y3Jbl. Pasmep kaxaoro i-y3iaa — 128 6aiiT, uyto
B JIBa pa3a 0oJiblile pa3Mepa cTaHaapTHBIX I-y3710B B UNIX.

JloroTHUTE IbHBIC OAWTHI B I-y3JI€ HCITOJIb3YIOTCS CIICIYIOIIMM 00pa3oM:

e Bwmecto 10 nmpsiMbIX 1 3 KOCBEHHBIX TUCKOBBIX aJpecoB (aiioBas cucrema
Linux mo3BossieT 12 mpsiMbIX M 3 KOCBEHHBIX THCKOBBIX ajpeca.

e Kpome Toro, qnmna agpecoB yBeiaudeHa ¢ 3 10 4 0alT, U 3TO MO3BOJISET
MOJJICP>KUBATh JUCKOBBIC pazfenbl pasmepoMm Oosiee 224 GiokoB (16
['GaiiT), uto yx)e ctano npobdaemont anss UNIX,

PaGora ¢aiinoBoil cucteMbl Moxoxka Ha (YHKIMOHMPOBAHHE OBICTPOU

daiinoBoii cucremnl Berkeley.
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Onnako B otiuuue ot BSD, B cucreme LINUX HCHONB3YIOTCS TUCKOBBIE OJIOKH
TOJBKO OAHOTO pa3mepa, 1 Koawur.

breictpast daitnoBast cucrema Berkeley ucmonbsyer 8-kuimoOaiiTHbIe OJIOKH,
KOTOPBIE 3aTeM Pa30MBAIOTCS IPH HEOOXOIUMOCTH Ha KUJIOOAUTHBIE (PparMeHThI.

daitnoBas cuctema €xt2 nemaet MPUMEPHO TO KE caMoe, HO Oosiee POCThIM
cnocobom. Kak u cucrema Berkeley, xorma ¢aiin yBenmuumBaercs B pasMepax,
daiinoBas cucrema e€xt2 meITaeTcs MOMECTUTHh HOBBIM OJIOK (paiiyia B Ty ke TpyMILy
OJIOKOB, YTO M OCTaJIbHBIE OJIOKH, YEJNATEIbHO Cpa3y MOCie MPeIbIIyluX OJIOKOB.
Kpome Toro, mpu co3ganuu HOBOro (aitna B katamore (aiioBas cucrema eXt2
CTapaeTcs BbIACIUTh eMy OJIOKHM B TOM K€ rpyIe 0J0KOB, B KOTOPOW pacioyaraercs
karajor. HoBele kaTanoru, Ha000pOT, paBHOMEPHO PACHPEIEIISIFOTCS [10 BCEMY JUCKY.

Hpyroii (ainoBoii cucremoit Linux seusiercs ¢aiinoBas cucrema /proc
(process).

Wnes Toit daiioBoii cucTeMbl H3HAYAIBHO ObLTa peaau3oBaHa B 8- peakiuu
oneparonnoit cuctemsl UNIX, co3nannoii nabopatopueit Bell Labs, a mo3anee
ckonupoBanHoii B 4.4BSD u System V.

OnHako B omnepalmoHHOM cuctemMe LiNUX naHHas uzies mojyduia dajibHEHIIee
pa3BUTHE.

OcHOBHasl KOHILEMIIUA 3TOW (PaliIoBOM CHCTEMBI 3aKJIFOYAETCS B TOM, YTO JJIsl
KA’J/10T0 Mpolecca CUCTeMbI C03/1aeTcsl MOAKATAJIOI B KaTaJjore /proc.

HNmsa noakaranora popmupyercs uz PID npouecca B necatuanom gopmare.

Hamnpumep, /proc619 — sro xarasnor, coorBercTBytomuii npoieccy ¢ PID 619.
B aToM karanore pacrnonaratorcs paiibl, KOTOpbIE XpaHAT HH(pOpMAIUIO O ITpoLiecce
- €ro KOMAaHJAHYKH CTPOKY, CTPOKHM OKPY:KEHMsI M MACKM CHIHaJoB. B
JNEHUCTBUTEIBLHOCTH ATHX (pailioB Ha Aucke HeT. Korja oHu CUMTHIBAIOTCA, CHCTEMa
noJiyyaeT HHPOPMAIHMIO OT (aKTUYECKOro Ipolecca U BO3BpAIaeT €€ B CTaHAapTHOM
dbopmare.

MHorue pacHMpeHus, pealn30BaHHbIE B ONEpalMOHHON cucteme Linux,
OTHOCSTCS K (haiijlaM 1 KaTaJloraM, pacioJio>KeHHBIM B KaTasiore /proc. OHu coaepxkar

I/IH(bOpMaLII/II-O 0 OCHTpaJbHOM IIpOHECCOpPC, MHUCKOBBIX pa3aciiax, BCKTOpax
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MpephIBaHMs, CUETUYUKAX Aapa, (aiIoBbIX CHCTEMax, MOATPYKAEMBIX MOIYIAX U O
MHOTOM JApyroM. HenpuBuiernpoBaHHbIE MPOTrpamMMBbl MOJIb30BATENS] MOTYT YHMTATh
00JIBIIIYIO YaCTh 3TOM MH(OPMALIMH, YTO ITO3BOJISET UM y3HATh O MOBEJEHUH CUCTEMBI
6e3omacHbIM criocoOoM. HexoTopbie u3 3THX (PailyioB MOTYT 3alMCHIBATHCS B KaTaIOT

/pFOC, YTOOBI U3MCHHTH ImapamMeCTpbl CUCTCMBEI.

2. ®awunosBble cucTembl ext

ITocne coero nosBiaenus B 1993 roxy daiinosas cuctema eXt2 (second extended
file system, ext2fs) crana camoii pacnpocrpanenHoii (aiinosoii cucremoit s OC
Linux.

Lenpto cosmanust ¢aiaoBON CHCTEMBI ext2 smissioch obecriedeHue BBICOKOR
NPOU3BOJIUTEIIBHOCTA M YCTOWYMBOCTH (DalJIOBOM CHCTEMBI, a TAKXKE MOAJIEPIKKA
JOTIOJTHUTEIBbHBIX BO3MOKHOCTEM.

Kak u B mr060i#i daiinosoii cucreme UNIX, B eXt2 MO>KHO BBIIETUTH CIETYIOIINE
AJIEMEHTHI:

o buoku;
e I'pynnbi 0,10K0B;
o MHMHIekcHbIe 1eCKPUIITOPSI;

o Cynepouok;

2.1 bnoku

Bcé mpoctpancTBO pazdena aucka pazOuBaeTcs Ha OJIOKHM (DUKCHPOBAHHOTO
pasMepa, KpaTHbie paszmepy cexropa: 1024, 2048, 4096 nau 8192 Gaiir.

Pa3zmep 6moka ykas3piBaeTCs py CO3/1aHUU (HAHIOBOM CHUCTEMBI B pa3JieNe TUCKA.
Bce 010k1 UMEIOT MOPSIIKOBBIE HOMEpA.

[lo ymomuanuto, Bo Bpemsi (opmarupoBaHus, 5% OJIOKOB pe3epPBUPYIOTCS
VICKIIFOUHUTEIIBHO JUISl HYKJ IPUBUIIETUPOBAHHBIX ITOJIb30BaTeNne root. Takon moaxon
UCMOJIb3YETCs B 1eJIsIX 0€30MaCHOCTH, YTOOBI MPOLIECCHI, 3aTYIICHHbIE C TPUBIIIETUIMU
MOJIB30BATENST 00, MOIJIM BBINOJHATHCA JAXKE B CIIy4ae, €CIM BPEIOHOCHBIN

TM10JIb30BATEILCKUI IIponccce 100 IMponecce € OIIMOKAaMH 3aMET BCE OCTaIbHEIC OJIOKH B
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cucreme. Ocrasumecs 95% OJI0KOB MOTYT HCIIOJIb30BaThCSl APYTHMMHU MOIb30BATEISIMU
JUISL XpaHEHUS TaHHBIX.

C nenbio yMeHbLIEHUs (parMEHTAalMM M KOJUYECTBA MEPEMELICHUI T'OJIOBOK
XKECTKOTO NMCKA TPU YTEHUU OOJBLIMX MACCHBOB JAHHBIX OJIOKHM OOBEIUHSAIOTCS B

0J1I0YHbIE TPYNIIbL.

2.2 bnoyHbie 2pynnbi
Bce Onokm pasnena ext2 pa3OuBaroTCs Ha TpYMIbl OJIOKOB, HAa3bIBAEMbIC

os0unbivMu rpynnamu (block group).
JI1s1 KK 101 TpyIIIbI CO3AaETCS OT/IENbHAS 3aIUCh B II100ATBHON 1€CKPUIITOPHOM
TabJIMIIe, B KOTOPOU XPaHATCSI OCHOBHBIE TAPAMETPHI:
e Homep 0J10Ka B OMTOBOI KapTe 0JI0KOB,
e HoMep 0J10Ka B OMTOBOIi KapTe inode,
e HOMep 0J10Ka B Tabume inode,
® YHCJIO0 CBOOOJHBIX OJIOKOB B IpyIIIe,
® YHCJIO HHAECKCHBIX JeCKPUIITOPOB, COAEPKAIIMX KATAJIOTH.
butoBasi kapTa 0JI0KOB - 3TO CTPYKTypa, KaXJblii OMT KOTOPOM MOKa3bIBaET,
OTBEJEH JIM COOTBETCTBYIOIIMI eMy OJIOK Kakomy-mOo ¢ainy. Eciu 6ut pasen 1, To
OJIOK 3aHSIT.
AHaNOrMYHyI0 (PYHKIIMIO BBIMOJHAET OUTOBasI KapTa MHAEKCHBIX JIECKPUITOPOB,
KOTOpast MOKa3bIBAET, KAKME UMEHHO MHIEKCHBIE JECKPUIITOPBI 3aHATHI,  KaKUE HET.
Slnpo LinuX, wWCMoOnB3ys YHCIIO WHICKCHBIX JICCKPHUIITOPOB, COACPMKAIINX
KaTaJIOTH, MBITAETCSl PABHOMEPHO paclpeienuTh inode KaTtaioroB mo rpymnmnam, a inode
(aiinoB cTapaercs 1Mo BO3MOKHOCTH IIEPEMECTUTH B FPYIIITY C POJAUTEIBCKUM KaTaJIOTOM.
Bce ocraBieecs mecTo, 0003HaYEHHOE B TAOJIUIIE KaK JaHHBIE, OTBOAUTCS [l XPAHEHHUSI
(aiinos.
Bce ponctBenHble maHHbBIE (ailioBasi CUCTEMa IBITACTCS COXPAHUTH B OJHOU
ONoyHOW Tpymme. OTO TMO3BOJIIET YMEHBIIUTh BpeMs TOMCKAa OOJNBIIUX TPYIII

POACTBCHHBLIX JaHHBIX (HaanMep, HMHACKCHBIX Y3JIOB KaTaJOI'OB, (l)aﬁHOB n CaMHuX
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JIAHHBIX ), TIOCKOJIbKY OJIOKM BHYTPH OJIOUHOW TPYMIIBI XPAHITCS B CMEXKHBIX 00JacTIX
JIICKA.

[lepBbIM OJI0KOM B CTPYKTYpE OJOYHOM TPYIIIBI SBJISETCS CyNneposIoK.

Cynep0J10K COACPKUT BAXKHYIO HH(POPMAITHIO HE TOIBKO 00 OTACITEHON OJ0YHON
rpymne, Ho U 000 Bcelt (aiinoBoii cucreme. Crofja OTHOCSTCS CBeJeHUS 00 oO0IemM
KOJIMYECTBE OJIOKOB M MHICKCHBIX y3JI0B IN0de (hailyioBoii CHCTEMBI, pa3Mepe JTaHHOM
OJOYHOM TpymNIbl, BPEMEHH MOHTHPOBAaHUS (alIOBOM CHCTEMBI M Jpyras
JOTNIOJTHUTEIIbHASI UHPOpMAaLHSL.

[TockomeKy comep)uMoe cymepOiaoka HrpaeT HEMATIOBAXKHYIO pPOJb IS
LEJIOCTHOCTA (PaiiJIOBOM CHUCTEMBI, B HEKOTOPHIX OJOYHBIX TPYIMIAX XpPaHUTCA
JIOTIOJIHUTEIIbHASL KOTus cyrnepOiioka. biaronaps 3ToMy B citydae Hopuu 0JTHOM U3 KOIH
(aittoBast cucTemMa MOKET ObITh BOCCTAHOBJIEHA ITPHU MOMOIIM PE3EPBHON KOIIHH.

brounas rpynma coOepXHUT HECKOJBKO CTPYKTYp JaHHBIX, OOECIIEUMBAIOIINX
daitioBpie omepanuu Haj 3ToM rpynmnod. B kauecTBe OHONM M3 TakUX CTPYKTYpP
BBICTYIIACT TA0JIMIIAa MHAEKCHBIX y3i0B (inode table), kotopast comepkut 3amucu s
Ka)X1oro inode B 6JI0YHOM rpyIiIie.

[Tpu dopmaTupoBanmm (HaHIOBOM CHUCTEMBI KaKIOW OJIOUHOW Tpyrme B ext?2
Ha3HayaeTcss (PMKCHPOBAHHOEC KOJIMYECTBO MHICKCHBIX y3ioB. OOmiee uucio inode B
CHCTEME 3aBUCHT OT COOTHOIIEHHUS KOJIWYeCTBa OAlTOB Ha OJWH HMHACKCHBIA Y3€l,
3a/1aBaeMOro BO BpeMsi (popMaTHpOBaHUs pa3iena.

[TockonmpKy pa3mep TaOMMIIBI WHAEKCHBIX Y3JIOB SBISETCS (PUKCHUPOBAHHBIM,
eIMHCTBEHHBIH CIIOCO0 YBENMYECHHUS KOJIMIECTBA MHICKCHBIX Y3JI0B B (PalijIOBOM CUCTEME
ext2 saxirouaeTcss B yBeNMUYCHUH pasMmepa (aitmoBoii cucrtembl. OObekThl iN0de B
TaOJMLIEe WHAEKCHBIX Y3JIOB Ka)KJIOW IpyIIlbl OOBIYHO CCHUIAIOTCS Ha (haill U JTaHHbIE
KaTajora, XpaHUMbIE BHYTPH OSTOW TPYNIBI, YTO TO3BOJSET YMEHBIIUTH BpEMS,
HEOO0XOMMOE TS 3arpy3Ku (hailyioB ¢ AUCKa, O1aroapst CMEXKHOCTH UX PACIIONIOKEHHUSL.

B Ono4HBIX rpynmax Takke HUMEIOTCS OJOKH, COAep)Kallie OUTOBBIE KAPThI
pacnpenejiennsi mHAeKCHbIX y3i0B (inode allocation bitmap), xoropsie mo3BosstOT
OTCIIeKUBATh UX UCIIOJIb30BaHKE BHYTpHU Os10uHOM rpynbl. Kaskapiit 6uT OUTOBOM KapThl

COOTBCTCTBYCT OHpCI[CJICHHOﬁ 3alliCH B T3.6J'II/IH€ HHICKCHBIX Y3JIOB I'PYIIIIBI.
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[Tpu BbIAETEHUU JUCKOBOTO MPOCTPAHCTBA MOA (aiii, A ero MmpeacTaBICHUs
BBIOMpAETCs JOCTYMHBIA INOde u3 TaOnuIbl WHIEKCHBIX Yy370B. B OMTOBOM KapTe
pacrpenesieHus YCTaHAaBIMBAETCs OUT, COOTBETCTBYIONMI HMHAEKCY inode B Tabmuiie
WHJICKCHBIX y3JIOB, KOTOPBIN CBUICTEIBCTBYET O 3aHATOCTH JaHHOTO iN0de.

Hanpumep, eciiu 3anmuch 45 B Ta0JIMIe MHIECKCHBIX Y3J10B CBsi3aHa ¢ (aiijiom,
B OMTOBOIi KapTe pacnpeneyaenns inode 45-it ouT Gyaer ycraHoBJieH B 1.

Korga HeoOXOomuMOCTh B HWHIEKCHOM Y3Jie OTNAgaeT, B OHTOBOM KapTe
pacrpe/esieHusT WHISKCHBIX Y3JIOB OYMINACTCS COOTBETCTBYIOLIMN OWT, nemas inode
JOCTYITHBIM JIS IOBTOPHOT'O UCMOJIb30BaHus. Ta jke camasi cTpaTrerusi IpUMEHSETCS U B
ouToBBIX KapTax pacnpeneienusi 6;okoB (block allocation bitmap), ¢ momomisio
KOTOPBIX OTCJIEKUBAETCS NCIOIb30BaHKUE OJIOKOB B IpyIax.

Elie onvH 3reMeHT MeTaaHHbIX, IPUCYTCTBYIOIIMN B KOKIOW OJIOUHOM rpymiie,
Ha3bIBACTCsI AECKPUNTOPOM rpymsI (group descriptor). JleckpHITop rpyIisl COIEPKUT
HOMepa OJIOKOB, COOTBETCTBYIOIINE MECTOMOJIOKEHUIO OUTOBOM KapThl pacIipeeseHus
OJIOKOB M TaOJIMIBI HHJIEKCHBIX y3710B. KpoMe Toro, IECKpUITOp IPYMIbl MOYKET XPAaHUTh
UHPOpPMaIMI0 00 YYETHBIX 3alMCAX TPYMIbL, TaKyl0 KakK, HampuMmep, KOJIWYECTBO
CBOOOJIHBIX OJIOKOB M MHJEKCHBIX y3710B B rpymnme. Kaxnas O1o4Has rpynmna Coaep Ut
U30BITOUHYIO KOTHIO JIECKPUIITOPA IPYIIIBL, MPeTHA3HAYCHHYO 11 BOCCTaHOBJICHUSI.

OcraBivecst ONOKM KakIOW OJOYHOM IpyIIbl UCIONB3YIOTCS Ui XpaHEHUs

(haltIoBbIX JaHHBIX U KATaJIOTOB.

2.3 MUHOekcHbIe deckpunmopbli
WunexcHeiii aeckpunrop, win inode (information node) - 31o crnenuaisHas

CTPYKTypa, KOTOpasi coaepXuT uHopMmaiuioo 00 arpubyrax u  (U3HUECKOM
pacroyio)keHnu JTaHHbIX (haima. HAeKCHbIe NeCKpUnTopbl OO0BEIWHEHBI B TAOJMILY,
KOTOpasi COJICP’KUTCS B HadajIe KaXKI0H rPyIb OJIOKOB.

Kaxpiit nHAEeKCHBIN aeckpuntop B €xt2 (ext2 inode) xpaHuT uHpoOpMaImoo 00
0JTHOM (paitsie OO KaTajore.

Kaxxplii MHIAEKCHBIM JECKPUNTOP COACPKUT 15 ykazaTenel Ha OJOKH JaHHBIX

(xaxmeprii BemuumHOM B 32 Owra). llepBblie nBeHaANaTh yKaszaTeliel CChLIAIOTCS
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HETMOCPEJICTBEHHO Ha TiepBble 12 OIOKOB MaHHBIX. YKazarenw ¢ 13-ro mo 15-Teri
NpeHa3HaAuYeHbI 17151 KOCBEHHOU a/ipecaliiy OJJOKOB JaHHBIX.

e 13-ifi KocBeHHBIi yka3areab (indirect pointer)  ompezaenser
MECTOMOJIOKEHHE OJIOKA, COJIEPIKAIIETO YKa3aTeau Ha OJIOKH JaHHBIX.

e 14-i1 ykazaTtenp NpencTaBiseT cOOOM yKa3aTejb ABOMHON KOCBEHHOW
aapecanun (doubly indirect pointer). Vka3zarens IBOHHOW KOCBEHHOM
aJipecalii cchbulaeTcs Ha OJI0K MPOCTBIX KOCBEHHBIX YKa3aTelleH.

e 15-i1 ykazaTtenp npencTaBisgeT cOOOM yka3aTejb TPOWHON KOCBEHHOW
aapecanuu (triply indirect pointer) - on yka3siBaeT MeCTOIOJIOKEHHE OJI0Ka

yKaszaTeJiel JBOMHON KOCBEHHOM aJpECallMH.

2.4 Cynepbnok

Cynep6J10K - OCHOBHOM A5ieMeHT (haitioBoit cucteMbl €Xt2. OH CoAepKUT OOIILYIO
uHbopMaIMio o GailyioBoi cucTeme:
o o0mee YMCJI0 0JI0KOB M MHAEKCHBIX JIECKPUNITOPOB B (aiijioBoii cucreme,
e  YMCJIO CBOOOJHBIX 0JIOKOB M MHAEKCHBIX IECKPUIITOPOB B (ailiI0OBOI cUcTEMe,
o pa3Mep 0/10ka (paJIOBON CHCTEMBI,
e KOJUYECTBO 0JI0OKOB M MHIEKCHBIX JIECKPUIITOPOB B IpyIie 0JI0KOB,
¢ Ppa3Mep MHAEKCHOIO IeCKPHUIITOPA,
o uaeHTH(UKaTOp PailI0BOH CUCTEMBI.

Cynep6nok Haxonutcsi B 1024 Oaifrax oT Haudaiga pasaena. OT 1eIOCTHOCTH
cymepOioKa HampsSMyr0  3aBUCHT  pabOTOCHOCOOHOCTh  (hailIOBOW  CHUCTEMBI.
OneparionHasi cucTeMa co31aéT HECKOJIBKO PE3EPBHBIX KOIMUH CymepOioka Ha CiTydan
MIOBPEKICHUS pasjiena.

B cnemyromem Onoke mocne cymepOsioka  pacronaraercss  TriioOanbHas
JECKPUNTOpHAs TaOJIMIla - OMMCAHKUE TPYII OJIOKOB, MPEJCTABIISIIONICe COOOM MAacCHB,

cojieprKaIumii oo1ryro nHpopMarmio 000 BceX rpymmax 0JI0KOB pas/iena.

2.5 @aunoeasi cucmema ext3
SBnsiercst (aiiyioBoli CHUCTEMOW MO YMOJYaHUIO BO MHOTHX JUCTPUOYTHBAX.

OcuoBana Ha OC ext?2.
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OCHOBHOE OTJINYKE OT €Xt2 COCTOUT B TOM, UTO €Xt3 — KypHaJupyemasi (paiiioBas

CHCTCMaA

CranznapToM NpeaycMOTPEHO TPU PEKUMA KypPHAITMPOBAHUS:
writeback: B sxypHai 3anmchIBarOTCS TOHKO MeTaaHHbIe (paii10Boli CHCTEMBI, TO
ecTh nHpopmMaLus o e€ n3MeHeHnu. He MokeT rapaHTHpOBaTh IIETIOCTHOCTH JAHHBIX,
HO y’K€ 3aMETHO COKpAIAeT BpeMsl TPOBEPKH 110 CPAaBHEHHUIO C ext2;
ordered: To ke, yto u writeback, HO 3anuch JaHHBIX B (ailyl MPOU3BOAUTCS
rapaHTHPOBAHHO 00 3alICH HH(OPMALMHU 0 U3MEeHeHnH 3Toro (aiisia. Hemuoro
CHWKAET INPOMU3BOJAUTEIBHOCTb, TAKXKE HE MOXET TIapaHTHPOBATH LEIOCTHOCTH
JAHHBIX (XOTS M YBEJIMYUBAET BEPOSATHOCTh UX COXPAHHOCTH IMPH JIONUCHIBAHUH B
KOHEII CYIIECTBYIOIIETO (haiina);
journal: mosHOe XypHaIMpoBaHUEe Kak MeTagaHHbIX PC, Tak M MOJIb30BATEIIBCKUX
naHHbIX. CaMblil MEMJICHHBIM, HO U CcaMblii O€30MAaCHBI PEKUM; MOXKET
rapaHTUPOBATh LEIOCTHOCTh JAHHBIX MPH XPAaHEHHWU KypHajla Ha OTIECIILHOM
pazzerne (a JTydlie - Ha OTISITBHOM JKECTKOM JIHCKE).

PexxrM KypHaJIMpOBaHUS YKa3bIBAa€TCA B CTPOKE MApaMETPOB Ui MPOrpamMmbl

mount, Hanpumep:

mount /dev/hda6 /mnt/disc -t ext3 -0 data=<pexunm>
Ju0o B aiise /etc/fstab.
daiinoBas cuctema ext3 MoXKeT Mo IepKuBaTh (haiibl pazmepom 1o 1 Tepabaiita.

C Linux-sapom 2.4 00béM (aliioBOM CHUCTEMBI OTPAaHUYEH MAaKCHUMAaJIbHBIM

pa3mMepoM OJI0YHOT0 YCTPOMCTBA, YTO COCTABIISAET 2 TepabaiiTa.

B Linux 2.6 (mms1 32-pa3psiiHbIX IPOIIECCOPOB) MAKCUMATBHBIN pa3Mep OJI0YHBIX

YCTPOMCTB cocTaBisieT 16 TepabaiiT, ofHaKko ext3 moaAepKUBAET TOJIBKO 110 4 TepabailT.

Ta6u. Orpanuyenusi pasmepoB ¢aiijioB U KaTAI0roB eXt3

Pazmep Gsioka Makc. pa3mep daitna Makc. pa3mep daitnoBoi
CHCTEMBI

1 Ko 16 GB no2TB

2 Ko 256 GB no4TB
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4 Ko 2TB no 8 TB
8 Ko 2TB 1016 TB

2.6 <daunoeass cucmema ext4
B CX'[4 ITIOABHUIIOCHE HCCKOJIBKO HOBBIX yJIyLII]IeHI/If/'I HpOI/IBBOI[I/ITeJIBHOCTI/I nu

HAJIOKHOCTU. ext4 mojyiepkuBaeT (hailyloBbie CHCTEMBI A0 OAHOro Jk3adaiita (1000
neTabair).

Xots 310 U Oosbinas nugpa, NOTpedIeHHEe MecTa Ha YCTPOWCTBAX XpaHEHUS
YBEJIMUMBAETCS, TaK 4TO ext4 Obla pazpaboTaHa ¢ pacyeToM Ha OyayIiee.

®aiinbl B ext4 MoryT pocturath pazmepa 16 Th (mpu 6mokax pazmepom 4 Kb), uto
B BOCEMb pa3 00JIbILIE, YEM B ext3.

['my6una nmommupekropuii B ext4 Obuia yBenuyena ¢ 32 Kb go dakrtuuecku
OECKOHEUHOM. DTO MOXKET IMOKa3aThCsl M30BITOUYHBIM, HO TYT HAJ0 NPUHUMATH BO
BHUMAaHKE BO3MOKHYIO HEPAPXHUIO (DAHIIOBOM CUCTEMBI pa3MEPOM B IK3a0ailT.

Bb10  ONTUMU3UPOBAHO HMHIEKCHUPOBAHUE TUPEKTOPHH, KOTOpOE Tenepb
UCHOJb3YET XAIIUPYIOUIYI0 CTPYKTYpY, oJ00HYyI0 B-nepeBy. [loatomy, HecMoTpst Ha

ropaszo OOJIBIIHIA pa3Mep, TOUCK B ext4 paboTaeT 04eHb OBICTPO.

2.6.1 OKCTeHTbI

OnHUM W3 TJIaBHBIX HEJOCTATKOB CHCTEMBI €Xxt3 ObLJI €e METO/I BBIICTICHUS MECTa
Ha Juckax. J[MCKOBbIE pecypchl AJisi (paillioB BBIAEISUTUCH C TIOMOIIBIO OUTOBBIX KapT
CBOOOJHOrO MecTa - cmoco0a, HE BBLACSIOIIETOCS HHU  CKOPOCTBIO, HHU
Maciuradbupyemocteio. dopmat, mnpuMeHsiemMbld B ext3, ouyeHb AIPQPEKTUBEH IS
MaJIeHBKUX (DaiisioB, HO OYeHb HEAIPPEKTUBEH ST OOBIINX.

[losToMy nist  yaydineHWs BBIOCNICHHS PECYpcOB W TMOANCPKKH — Ooee
3 GEKTUBHON CTPYKTYPBI XPAaHECHUS JAHHBIX B €Xt4 BMECTO OMTOBBIX KapT IPUMECHSIFOTCS
OKCTEHTHI.

DKCTEHT - 3TO CHoco0 NpeACTaBICHUS HEMPEPHIBHOW TOCIEN0BATEIBHOCTU
OmokoB mamsATH. [lpu HWCMONB30BaHMKM HKCTEHTOB COKPAILAETCs  KOJIUYECTBO

MCTaJaHHBbIX, TAK KaK BMCCTO I/IH(I)OpMaHI/II/I O TOM, I'I€ HAXOOUTCsA K&)KI[BIﬁ OJI0K ImaMsITH,
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OKCTEHTHI COAEpKaT HH(POpPMAIUIO O TOM, T/I€ HAXOAUTCS OONBIIONW CHHCOK
HETPEPHIBHBIX OJIOKOB MTAMSITH.

B ext4 mns 3¢d¢dexkTUBHOrO MpeicTaBleHUs] MaJIEHBKUX (aiijloB B 3KCTEHTaX
MIPUMEHSETCSI YPOBHEBBIM TOMX0A, a A1 A(H(HEKTUBHOTO TPEACTABICHHS OOIBIINX
(bailyioB MPUMEHSIOTCS AEPEBbS SKCTEHTOB.

Hanpumep, onvH HHACKCHBIN AECKPUIITOP B €Xt4 UMEET I0CTATOYHO MECTa, YTOOBI
CCBUIATBCS HAa YEThIPe HSKCTEHTA (KXKIBIM M3 KOTOPBIX NPEACTABISET MHOMKECTBO
nocye1oBaTeIbHbIX OJI0KOB). J{71st 60bIINX (B TOM YKCie PparMeHTUPOBAHHBIX ) (paiiioB
JECKPHUTITOP MOXKET COJCPkKATh CCHUIKM HA JPYTHE WHACKCHBIC JECKPUIITOPHI, KaXK b
13 KOTOPBIX MOXET YKa3bIBaTh Ha KOHIIEBOW Y31 (YKa3bIBAIOIIMNA HA DKCTEHTHI). Takoe
JIEPEBO  OKCTEHTOB TOCTOSIHHOW TJYyOMHBI TMPEAOCTABISET MOIIHBIM MEXaHU3M
NPEJCTABICHHS OONBIINX, MOTEHIUAILHO (ParMEeHTUPOBAaHHBIX (haiiynoB. Takke y3ibl
UMEIOT MEXaHU3MbI CAMOIPOBEPKH IS 3AIIUTHI OT MOBPEkKICHUHN (PaiiIOBON CUCTEMBI.
2.6.2 NMNponsBoauTernibHOCTb

ext4, BMECTE C TOBBIIICHUEM MacCIITaOUPYEeMOCTH W HAJCKHOCTH, UMEET PSIIT
YIIYUIICeHUH, CBSI3aHHBIX C MPOU3BOUTETHLHOCTHIO.

e IlpenBapuresibHoe Bbige/ieHUe HA (ailJIOBOM YPOBHE

Hexotopeie mnpuioxkeHus, HampuMmep, 0a3bl JaHHBIX, PACCUUTHIBAIOT, YTO HX
daiisibl OyIyT XpaHUTHCS B HETIPEPHIBHBIX OJI0KaX (YTOOBI UCTIOIH30BATH ONITUMU3AIUIO
NPHU  TIOCNICIOBATEIbHOM YTEHWH JaHHBIX C JIUCKOB, a TakKe MHUHUMH3UPOBATH
KoJIM4ecTBO KoMaH T Read B pacdere Ha 010K TaHHBIX). XOTS CETMEHTBI HETTPEPHIBHBIX
OJIOKOB MO>KHO TOJTyYUTh C TIOMOIIIbIO 9KCTEHTOB, €CTh U IPYTOM, OoJiee rpyOblil METOI:
NPEBAPUTEIIGHO  BBIICIATh OYCHb OOJBIINE CETMEHTHI HENPEPBIBHBIX OJIOKOB
YKEJIAeMOT0 pasMepa. ext4 neaeT 3To C TOMOIIBbIO HOBOTO CHCTEMHOTO BBI30Ba, KOTOPBIA
OCYIIECTBIISIET TPEIBAPUTENFHOE BBIICICHUE M WHHUIMAIM3AIMIO (aiiia 3aJaHHOTO
pa3mepa. Jlaiee MOYKHO 3aIMChIBAaTh HEOOXOIMMBIC TaHHBIC M YMTATh UX MOCPEICTBOM
omnepanuii Read .

e OTi10:KeHHOE Bble/IeHre 0JIOKOB MAMATH
CyTb ONTUMHU3ALMU B TOM, YTO OTKJIAJbIBAHUE BBIJACICHUS (PU3NUECKUX OJIOKOB

nmaMsTh a0 TOro, InoxKka OHH I[GﬁCTBHTCJ'IBHO 6YI[YT 3allMCaHbl, IIO3BOJIACT BBIACIIATH
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OoJIbIIIE MOCTIEIOBATENILHBIX OJIOKOB. JTO MOXO0KE HA MPEIBAPUTEIBHOE BBIZICTICHUE, 32
UCKJIFOYEHUEM TOTO, YTO 3Ty 3aJadyy CUCTEMa BBINOJHSET aBromartndyecku. Ho ecnm
pa3mep ¢aiia U3BECTEH 3apaHee, Jyyllle TPUMEHSTh ITPEeIBAPUTEIBHOE BbIICIICHHE.

e Beiesienue 0J10K0B MAMATH TPyNIIAMH

W1 nocneqHss onTUMH3ALNSA, TAKKE CBA3aHHAS C MOCIIEI0BAaTEIbHBIMU OJIOKAMH, -
ATO TPYIIIOBOE BbIeTeHHE OJIOKOB B ext4. B ext3 kaxaplii OJIOK BBIIENSETCS IO
otaenbHocTU. [lo3TOMy MHOrAa MOMy4alloch, YTO JJISl MOCIEAO0BATENbHBIX JAHHBIX
BBIJIEJICHHBIE OJIOKU pacrnojiarajimch He ocienoBareiabHo. B ext4 3ta npobnema pemena
3a CYeT TOro, YTO BBIAEICHUE TPYINbl OJIOKOB MPOMCXOAUT 3a OAUH pa3, MOITOMY
(dparmMeHTHpPOBaHIE MaJIOBEpOSTHO. CBSI3aHHBIE JaHHBIC XPAHSTCS HA AUCKE BMECTE, YTO
B CBOIO OY€pE/Ib M03BOJISIET ONITUMU3UPOBATh X YTCHHUE.

JlpyruMm acrekToM TpymnroBOro BbIIETIEHHUS OJIOKOB SIBISiETCS 00BbEM PalOTHI,
HEOOXOAMMOM /17151 BblJIENeHus1 0JIOKOB. B ext3 BblieneHrne oCyleCTBISIETCS IO OJHOMY
070Ky 3a pa3. Boienenue On0KoB rpynmnamMu TpeOyeT ropasio MEHbBILIEro KOJIMYecTBa
BBI30BOB, YTO YCKOPSIET BbIJIEIIEHUE OJIOKOB.

e Hape:xnocrtn

[Tpu yBenmueHnn pa3mMepoB (ailsIoBBIX CUCTEM JI0 YPOBHEHU, MOIEPKUBACMBIX
ext4, Hem30eKHO BCTaeT MpobsieMa MOBBIIIEHUST HaJle)KHOCTH. J{Jisl ee pelieHus B ext4
IPEIYCMOTPEHO MHOXKECTBO MEXAHU3MOB CaMO3aLUTHl 1 CAMOBOCCTaHOBIICHUS.

e KouTpoabHas cymma :xypHaJia ¢GailjioBOH CHCTEMbI

Kak wu ext3, ext4 sBugerca KypHaaupyemon (ailjloBOM  CHUCTEMOIA.
KypHanupoBaHue MO3BOJIIET MPOU3BOJIUTH U3MEHEHUS! OoJiee HalIeKHBIM 00pa3oM U
rapaHTUPOBATH IIEJIOCTHOCTD JIaHHBIX JaXKE B CIIydae Kpaxa CUCTEMbI WM cOOs MUTaHUs
BO BpeMs BBITIOJIHEHUSI oniepaliuy. B pe3ysbrare CHUX)aeTcs: BEPOSTHOCTh MOBPEXKACHUS
(baitIoBO CHCTEMBI.

Ho naxe ¢ npuMeHeHneM KypHAIMPOBAHUS MOBPEKICHUS CUCTEMbl BOBMOXKHBI,
€CIIM B JKypHaJI nonaayT omnbounsle 3anucu. s 6opbObl ¢ 3TUM B ext4 peann3oBaHa
NpOBEpKa KOHTPOJBHBIX CYMM 3alliCed JKypHajla, 4TOObl TapaHTHPOBaTh, 4YTO B

HIDKETIeKaIIyto (aiioByo cucteMy OyayT BHECEHBI IPABUIIbHBIE H3MEHEHUSI.
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B 3aBucHMOCTH OT HY’K]I [TOJIb30BaTeNs ext4 MOXKET paboTaTh B pa3HbIX PEKUMAX
KypHanupoBaHus. Hampumep, ext4 momaepxuBaeT pexxuM 00paTHOMN 3amucH (B KypHaT
3aHOCSITCS TOJBKO METaJIaHHBIC), PEXKUM YIOPSJA0UYMBaHUS (METalaHHbIe 3aHOCATCS B
KypHaJ, HO TOJIbKO IOCJIE€ 3alKMCH CaMHUX JIaHHBIX), a TAKKE CaMmblid HAJEKHBIA -
KYPHAITLHBINA PEKUM (B JKypHaJ 3aHOCSTCS KaK JaHHbIE, TaK U METaJlaHHbIE). 3aMEThTE,
YTO XOTS JKYPHAIBHBIA PEXKUM - ATO JIyUIIMH CHOCOO TrapaHTUpOBaTh IEIOCTHOCTD
(aitIoBOM CHUCTEMBI, B TO K€ BPEMS 3TO M CaMblid MEIJICHHBIN PEXHM, TaK Kak B HEM
4epe3 KypHal IPOXOST BCE TaHHBIE.

e Jlepparmenrauus '"Ha jgery"

Xot4 ext4 BKIItoYaeT B ce0s1 BOBMOKHOCTH YMEHBILIEHUS (PparMeHTaIli BHYTPH
(aiiioBoi cucTEMBI (3KCTEHTHI /171 BBIICIICHHS IOCIIEI0BATENbHBIX OJIOKOB), BCE JKE MPU
JUIUTEILHOW >KU3HM (halIoBOM CUCTEMBbI HEKOTOpas (parMeHTalus HEeU30eKHa.
[ToaToMy asist yimydIieHHs POU3BOAUTENBHOCTH CYILIECTBYET HMHCTPYMEHT, KOTOPBIA Ha
aery nedparMeHTHpyeT Kak (aioByl0 CHCTeMy, TaK W OTHCNbHBbIC (Daiiibl.
Hepparmentatop -  3TO  NPOCTOM  HHCTPYMEHT,  KOTOPBIM  KOMUPYET
(bparmenTupoBaHHbie) (alibl B HOBBIM Jeckpurntop ext4, yka3plBaloIuil Ha
HENPEPBIBHBIE IKCTEHTHI.

Jpyrum pe3ynbraToM AepparMeHTalH Ha JIETY SBJISIETCSl YMEHbILIEHUE BPEMEHH
npoBepkH (aiinoBoii cuctemsl. (fsck). Ext4 momeyaer Heucnons3yemble rpymibl OJJOKOB
B TaOJMIIe MHACKCHBIX JECKPUIITOPOB, YTO MO3BOIsIET npoueccy (fsck) momHocThio X
NpONMyCKaTh W YCKOpSET TEM caMbiM Tnpouenypy npoBepku. IlosTomy, korma
OIEpallMOHHAasl CHCTEMa PEIIUT MPOBEPUTH (PANUIOBYIO CHCTEMY IOCIE€ BHYTPEHHETO
MOBPEXJIEHUS (KOTOPbIE HEM30EXKHO OYAYT MPOUCXOIUTH 110 MEPE YBEIMUYEHHSI pazMepa
(aiilIoBOI CUCTEMBI U €€ paclpeIeIeHHOCTH), O1aroapst apXuTeKType ext4 3T0 MOKHO
OyzAeT caenath OBICTPO U HAJIEKHO

o B ext4 mpencraBieH mexaHu3Mm "mpocTpaHCTBeHHOM" (extent) 3amucu (haiiiios.

HoBass undopmarnmst nobapnsiercss Ha JUCK IO OMNPEAEIEHHOMY aITOPUTMY,

KOTOPbI  CHENUaIbHO ~ YMEHbIIAeT  (parMeHTalMi0 W TOBBIIAET

MPOM3BOJUTENBHOCTb. A TakXke MPEAroiaraeTcs MeXaHH3M Je(parMeHTaIuH,

4ero He ObUIO B peAbIAyIIHX ext2 u ext3.
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. Jnst Gonee TOUYHOM pabOTHI C BPEMEHHBIMU aTprOyTamu (pailioB - Bpems
CO3[aHusA, MOAU(DUKAIMK - WCIONB3YIOTCS HAHOCEKYH/IHbIE BPEMEHHBIE OTMETKU
(timestamps). MakcuMaabHO BO3MOXKHOE BpeMs yBelanueHo A0 25 ampens 2514 rona,

npotuB 18 suBapsa 2038 rona y Ext3.



