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Cratbs b6bina onybnukosaHa B XypHane "CuctemHblin agmmHucTpatop”, Ne 4 (anpenb) 2006 r.

ApxuTeKTypa u peanusauus reiser4

MHorum nonb3oBatensam OC Linux HpaBMTCS He 3a ee OTKPbITOCTb, CTAOUNIBHOCTb U
npoyme HemanoBaXHble XapakTepuUCTUKM, a npexne Bcero 3a rmbkoctb. B Linux,
HaBepHOe, HeT HW OJHOro KOMMOHEHTa, KOTOPOMY Henb3s Obino 6bl nomobpatb
anbTepHatTusy. He aBna0TCA UCKIIOYEHNEM U (DANTIOBbIE CUCTEMBI.

Nx HacumTbiBaeTcs bonee OByx OecsiTkoB. Mexay coboit OHM pa3HATCS He TONbKO Mo
OVICKOBOW CTPYKType W anroputmam 06paboTky HaHHbIX, HO M MO MPenoCTaB/SEMON
OYHKUMOHANbHOCTW. Bonbluyio YaCcTb COCTABNSAKT Tak Ha3blBaeMble CTOPOHHME hainnosble
CUCTEMbI, peann3oBaHHble AN COBMECTUMOCTU, Hanpumep, viat, ntfs, UFS, n 1.4.. “PoaHbix”
xe ons atoit OC painosbix cucteMm, obecneumBaiowmx Bce Heobxoaumble OyHKUUKU, OO
HelaBHero BpeMeHu bbino NsTh: ext2, ext3, reiserfs, XFS, n JFS.

CerogHa Bbl MO3HAaKOMUTECb C HOBMHKOW B 3TOW rpynne — painnoBoil CUCTEMOMN
reiser4, cnpoekTnpoBaHHoh ["aHcom Pelizepom n ero komnaHuernn NameSys. HecmoTpsa Ha
HasBaHue, ata ®C HanucaHa C Hyns, XOTS M yHacnenoBana HEKOTOPble OCOBEHHOCTU
CBOEro “naeonornyeckoro” npewecTBeHHKa — reiserfs.

NomnMo  TpaauumoHHbix gna  Linux-®C  dyHkumin, reiserd npepoctaensiert
nonb3oBaTensMm psn  OOMONHUTENbHbIX  BO3MOXHOCTEW: MPO3payHoe cxatne u
wngopoBaHne ¢annos, NOMHOE XypHanMpoBaHue AaHHbIX (peann3oBaHo TONbKO B ext3), a
TakXe NpakTU4yecKn HeorpaHUYEHHYIo (3a cYeT nnarnHHOW apxXmMTEeKTypbl) pacluMpPsSeMoCTb,
T.e. cnocobHOCTb npucrnocabnuBaTbCst K CKOMb YrOAHO CNOXHbLIM 3anpocam notpebutenei.
OpHako Ha cerofHsWHWA OeHb oTcyTcTBYyeT nopnepxka direct-IO (Hayata paborta Hapn
peanusauwneit), keot n POSIX ACL.

Hagnetocb, Bbl 06nafaete HaBblikamMu NPOrpamMMMpoBaHuns Ha s3bike C 1 1 3HaKOMbI €
6a30BbIMX NMPUHLUMNAMK OpPraHn3aunm COBPEMEHHbIX oainnoBbix CMCTEM — 63 3TOro NOHSATb
matepuan byneT TpyLHo.



[NpumeyaHune: Bce nyTM OTCUYUTbIBAOTCSA OT Kkartanora fs/reiserd/ B pepese
ncxogHukoB aapa Linux.

MnarnHbl

Kak roBopunocb Bbille, reiser4 oCHoBaHa Ha nnaruHax — BHYTPEHHUX MPOrpamMMHO-
060Cc0o6M1EHHBIX MOLYNSIX, NMPeAOCTaBSIOWNX NOMb30BaTENsM BO3MOXHOCTb MakCcUManbHO
afanTupoBaTtb oarioBy0 CUCTEMY K CBOUM HyXAaM.

XecTko B gpariBep reiser4 3awmnT TONbKO KOA, 3aHMMaloWMincs paboTol C OMCKOM,
NoOAOEPXKOM pasnmyHbix abcTpakumuin u 6anaHCMpPOBKOA OepeBa , onepauun Xe novtu Hag
BCceMn obbekTamy (parinoBoi CUCTEMbl — KaK BHYTPEHHUMM, TaK U 3KCMOPTMPYEMbBIMU, Kak
LMCKOBbIMW, TaK W in-memory — peann3oBaHbl B BUAE MNaruHOB U MOryT ObiTb paclMpeHbl
JOMONHUTENbHBbIMA TUMAMU WM BOBCE 3aMeHeHbl. B HacTtoswee Bpemsa reiserd He
nogaepXxXuBaeTt OMHAMUYECKYlo 3arpysky/Bbirpy3ky nnarvHos (T.e. AN NOAKIOYEHUS
HOBOro MOAyNs MPUAETCS NepPEeKOMNUINPOBaTb BECb ApaliBep) 0AHAKO B ByLylMX BEPCUSIX
dhainoBoi CUCTEMbI 3Ta BO3MOXHOCTb ByaeT peanvm3oBaHa.

Ctporo roBsops, reiser4 He WMEET XECTKO OnpeneneHHOW HU ONCKOBOW, HU
anropuMTMMYECKO CTPYKTYpbl, NpakTnyeckn nobas ee yacTb MOXET ObiTb NErko n3MeHeHa
NNn OononHeHa. B aTom OokyMeHTe s onuvwy TO, 4TO paspaboTynky HasbiBatoT “format40” --
CEMENCTBO CBOWCTB (paiinoBoOW CUCTEMbI, ONPEAENEHHbIX CTaHAAPTHBIM HABOPOM MnaruHoB
ot NameSys.

Letann peanusaumm nnarnHHOM NHPPACTPYKTYpPbl OyayT pacCMOTPEHbI HUXE.

Bnoku

Pasnen reiserd npepnctaBnset coboit Habop 6NOKOB COMKCMPOBAHHOrO pasMepa,
NPOHYMEpPOBaHHbIX MOCNenoBaTeNbHO, Ha4YMHas C Hynesoro. MakcumanbHOe KONMM4YecTBO

610KOB Ha pasnene — 2"64.

Pasnen HaunHaeTtcsi ¢ 64 kmnobanT HeUCnonb3yeMoro NPOCTPaHCTBa, OCTaB/IEHHOMO
nof 3arpy34nkiu, OMCKOBbIE METKU U NpoYne cnyxebHble HagobHOCTH.

Danee cnenyetr 2 cynepbnoka — rnaeHbii U popmaTHblil, obpabaTbiBaeMblii



disk_format-nnaruHom. 3a HUMK pacnonoxeH nepsbii bitmap-6nok, conepxawmin 6GUToOBYIO
KapTy cBobonHoro mecta. OauH BMT Takoi KapTbl COOTBETCTBYET 0A4HOMY 610Ky ¢haiinoBol
CUCTEeMbI, ecnu BT ycTaHoBneH — 6nok 3aHaT, ecnu cbpoweH — ceoboaeH. OouH bitmap-
6nok copepxut kapTty ons 8*(BLOCK_SIZE-4) 6nokoB dainoBoin cuctembl. Agpeca
ocTanbHbIX bitmap-6nokos cumTatoTcs no oopmyne:

bmap_block = 8 * (BLOCK_SIZE-4) * N

rae N — nopsakoBbIi HOMEP KapThl, T.e. OBUTOBAs KapTa pacnooXeHa B Havasne ToWn
obnacTu OUCKOBOro MPOCTPaHCTBA, KOTOPYO OHA onucbiBaeT. ATo caenaHo ans ynobcrea
nporpammsbl resizefs.reiser4.

Cpasy 3a 6uToBOi kapToi pacrnonoxeHbl journal header u journal footer 6noku,
MCNONb3yeMble  anropuTMOM  XypHanupoBaHus  reiser4d, a  3aBepwaer 3Ty
nocnepoBatenbHOCTb 6N0K cTatyca (annoBoil CUCTEMbI, COAEPXaWWid pasnnyHble
napameTpbl €e COCTOSHUS.

64 kb master format 1-st bitmap journal journal | FS status data blocks
unused superblock = superblock block header block  footer block
space block

B namaTtu nobon 6nok npencrtaeBnsietcs o6bekToMm jnode, onucaHHbIM B jnode.[ch].
Kaxabim jnode uMeeT ykasaTeNlb Ha OeCKpUNTOp CTpaHuubl namaTtu (struct page* pg),
KOTOpas COLEPXMWT [OaHHble COOTBETCTBYIOWEro OMCKOBOro 610ka, ykasaTefb Ha camu
HaHHble (void *data), pas3nuyHble 610KNMPOBKUN, CYETUYMKN CCbINOK U BUTbI COCTOSHUSI.

Cynep6noku

CtpykTypa rnasHoro cynepbnoka o6bssneHa B dformat.h u Boirnaaont tak:

typedef struct reiser4_master_sb {

char magic[16]; /* Ctpokxa "RelsEr4" */
__lel6 disk_plugin_id; /* ID dopMaTHOro mnnarvHa */
__1lel6 blocksize; /* Pasmep 6noka ®C, B HaACTOdllee BpeMd

* MOXeT OBITh PaBeH TOJIbKO pPasMepy CTPAaHUIL
* (4Kb Ha PC) */

char uuid[16]; /* YHUKanbHbE uneHtudukatop $C */

char label[16]; /* MeTtka ®C */



__le64 diskmap; /* 3aroToBka Ha TOT Cciyuad, eciu norpedyercd
* M3MEHHTDb MOJOXEHHEe OAaHHBIX, KOTOPBIE IO
* YMOIIUAQHHUIO BCEr'a HaAXONYAdTCd B OIPENElEeHHOM
* MecTe */
} reiser4_master_sb;

LnckoBas cTpykTypa chopMaTHoro cynepbnoka obpabaTbiaetcs nnarmHom format40
n onucaHa B goawnne plugin/disk_format/disk_format40.h:

/* IOuckoBweiM cynepbnok nng dopmaTta 40, 512 6auT B OIUHY */
typedef struct format40_disk_super_block {

/* KonuuectBo 6n0okxoB B &C */

d64 block_count;

/* KonuuecTBO CBOOOIOHLBIX OIOKOB */
d64 free_blocks;

/* HoMep xoHeBOro 6tnoka mepeBa @C */
d64 root_block;

/* HauMeHbIIMHE CBOOOIHLIM objectid */
d64 oid;

/* KonuuecTtBO dannor B $C */
d64 file_count;

/* CKOonbKO pas3 Onlll CcOpomeH Cyrnepblok; NMPUIOOUTCH, €CIU B
* oynymeM format40 OyIneT MMEThb HECKONbKO CYyNepblIOoKOB. */
d64 flushes;

/* YHuKanbHbE uneutudukatop $C */
d32 mkfs_id;

/* Ctpokxa ReIsEr40FoRmAt”*/
char magic[16];

/* Texymad BrICOTa mepera ®C */
d16 tree_height;

d16 formatting_policy;
d64 flags;

char not_used[432];
} format40_disk_super_block;

Crartyc-6nok

CDopmaT CTaTyC-6J'IOKa M BO3MOXXHbl€ KOObl COCTOAHNA onpeneneHbl B status_flags.h:



struct reiser4_status {

char magic[16];

d64 status; /* Texymee cocTodHue &C */

d64 extended_status; /* Hexad OONONHUTENbHAd HHPOPMALIUL O
* craryce $C, HanpuMep HOMeEp CeKTopa, Ha
* KOTOPOM Mpowu3omia omubka BBOOaA-BbEIBOIA -
* @CIIM CTAaTyC OIPemneNeH Kak
* "jo error encountered" */

d64 stacktrace[10]; /* 10 mocnemHUX BEI3BOBOB (ampeca) */

char texterror[REISER4_TEXTERROR_LEN]; /* TexcT coobumeHudg o6 omudxe

* (ecnu eCcTb) HWIU HyIUu */

};

HdepesBo cannoson cuctemsl

Bce 06bekTbl haiinoBoil CMCTEMbI, 32 UCK/IIOYEHNEM cynepbnoka n BuToBbIX KapT,
NpeacTaBneHbl NUCTbSIMM  eAMHCTBEHHOro Ha Bcto PC cbanaHcMpoBaHHOrO Aepesa
BHeWwHero noucka — B+ pepesa. Takas opraHusaums oTnuyaeT pannosBble CUCTEMbI
cemelictea reiserfs ot aHanoros (Hanpumep, XFS n JFS), umetowmx 6onee TpannLMOHHYIO
CTPYKTYpPY, NpeLyCcMaTpmBaloLyo OTAeNbHOEe AEPEBO (A TO U HE OOHO — ecnu TpebyeTcs
MHOeKcaumnss Nno HEeCKONIbKMM napameTpamM) LONs  KaX[ol COBOKYMHOCTM OOBHEeKkToB
(Hanpumep, oepeso inodes, 9KCTEHTOB, 1 ap.).

Level 4
Foot node

Level 3
Branch nodes

Twig nodes
Llevel 1 ]

Leaf nodes Extent Extent Extent

LlepeBo COCTOUT W3 BHYTPEHHUX W JIMCTOBbIX Yy3N10B. BHyTpeHHue y3nbl, B
COOTBETCTBMU C 3aBeTaMy KNACCUKOB, COLepXaT K/YM W ykasaTenm Ha MNOTOMKOB
(ykasaTenei Bcergna Ha oauH 6onblie, YeM KYel), MMCTbS Xe, PACNONOXEHHbIE HA CaMOM
HWXHEM YPOBHE OepeBa, — KNOYN 1 faHHbIe, OPraHW30BaHHbIE B UTEMbI.

B cBsa3u ¢ TeMm, 4To B+ OepeBo pacteT BBEPX, NEPBbIM YPOBHEM B AepeEBE CUMTaAETCS
nncToBon. Hag HUM pacnonoxeH twig-ypoBeHb (twig — TOHEHbKas BETOYKA), XapakTepHbIn
TEM, YTO TOJIbKO Ha HEM CyLleCcTBYIOT extent-ntembl (CM. HUXe), nanee nayt branch-yposHu



(branch — Tonctas BeTBb) N caMblil BEPXHUA — KOPHEBOM YpOBEHb. MUHUManbHO BO3MOXHas
BbiCOTA AepeBa = 2, TO eCTb KOPHEBOW y3en Bcerga aBnsetca BHYTPEHHUM. Takoe peleHne
CWNbHO  YNpPOCTMNO KOA, a noTepM [OMCKOBOrO MNPOCTpaHCTBA Obl  COYTEHDI
He3HauYNTeNbHbIMU.

Y3nbl 1 nUCTbS AepeBa NpeacTasneHbl B NamMsaTn obbektamu znode (cM. znode.[ch]),
opraHusylowmMMmnca B OPeBOBUOHYIO CTPYKTYpy. Znode cOLepXWUT ykasatefnb Ha jnode,
cogepXawunin OaHHble y3na, ykasatenum Ha poauTens y3na U ero cocenen B Oepese,
ykasaTenb Ha nnarvH, obpabaTtbiBalowmii AaHHbIA TUN y3na, 6NoKMpoBkK, BUTbI COCTOAHMS
N CYETHYUKW CCbIOK.

AbcTpakumsa znode HeobxoaouMa He TONbKO ANS NOAAEPXKU 3PEEKTMBHOrO Kawa
Yy310B — C €€ MOMOWbi0 peanusyetcs MpoTokon 61okMpoBaHnsi 06bekToB aiinoBoi
CUCTEMbI, YNyywWwamwnin Npon3BoAUTENbHOCTb Onepaunin Hag nepeBoM. BaxXHoOCTb 3Toro
PELWeHNS MOXHO OLEHMUTb Ha npumepe reiserfs, He umelowein mMexaHmama 6nOKMPOBaAHUS
9NneMeHTOB gepeBa. [ns cuMHXpoHM3auum B Hel KCNonb3yetcs cuyeTynk fs_generetion,
NMO3BONSAIOWMIA TONMbKO YCTAHOBUTb CaM (pakT M3MEHeHUs gepesa. VIHorpa aTo npMBOAMUT K
neyanbHblM MOCNEACTBMSM: €Cnv  MOTOK, rOTOBSWMiA 6GanaHCUpPOBKY, He ycnesaet
3aoMKCMpoBaTh M3MEHEHMS 00 TOroO, Kak AepeBO ObiN0 MOANPULMPOBAHO APYrUM NOTOKOM
— BCS NOArOTOBKA BbINOMHAETCS 3aHOBO.

Bo Bpems BbiNnONHEHUS 6anaHCMPOBKU OEPEBO MOAMGULNPYETCS MO OLHOMY YPOBHIO
3a war. Bo Bpems mMoamcpukaumm HEKOTOPOro YPOBHS paiinoBasi cMCTeMa HakaniueBaet
N3MEHEHUS, KOTOpPblE AONXHbl ObITb pacnpocTpaHeHbl Ha cnenyownii yposeHb. K npumepy,
BCTaBka MTeMa (9neMeHTa [AaHHblX, UMEIOWEro YHWKanbHbIA KOY) WMHOrha Bbi3blBaeT
NnepeMelleHe UTEMOB MeXy y3namun n TpebyeT oOHOBNEHMS K/OYa MO MEHblUen mMepe B
oblweM poanTtene MoaNULMPOBaAHHbIX Y3/10B, a B OTAENbHbIX ClyYasx MOXeT noTpeboBaTb
pasMelleHnss HOBOrO y3na, ykasaTeNb Ha KOTOpblA OONXeH OblTb BCTaABNEH B Y3en
poOnNTENbCKOro ypoBHSA. [locne TOro, kak BCe onepauuMy Ha OaHHOM YpOBHE Aepesa
BbINONIHEHbI (T.€. WUTEM BCTaB/IEH, Y3/bl MepeynakoBaHbl), MPOLLEeCC MOBTOPSeTCS Ans
HaKOMNEHHbIX Onepauuini Ha Ccnegylowem YpoBHE: OOHOBNSETCA CyWEeCTBYIOWMA UK
BCTABNSAETCA HOBbIA KJIOY, YTO TAKXEe MOXET Bbi3BaTb MEpPeynakoBKY UMM pasMelleHue
HoBOro yana. lMpu aToM MoryT 610KMPOBaATbCS M BOBNEKATbCA HOBblE Y3/bl, @ TakXe
BbICTABNATLCSA ONepauun Ang nepeHoca Ha Cnenyowmin ypoBeHb.

OfnHO n3 rnasHbIX npenMmyuecTte HO-ypOBHeBOVI 6aﬂaHCI/IpOBKI/I aepesa COCTOUT B
BO3MOXHOCTW rpynnmnpoBatb W3MEHEHUA Ha poaunTenbCKOM YypOBHE W BHOCUTb WX, B



pesynbtate, 6bonee agpgekTnBHo. C getanamu peanusaumn koga 6anaHCMPOBKU MOXHO
03HakoOMUTbCA B (hpannax carry.[ch].

Knouun

Kax ool 060cobneHHOM 4acTu AaHHbIX UM MeTadaHHblX B reiserd conoctaBnsieTcs
KMOY, SBNSIOWWACSA €€ YHUKaNbHbIM unaeHTudukatopom. Knwounm wucnonbayoTcs [ns
yrnopsagnoumBaHusa u noucka gaHHolx B gepese ®C. Vcxoaa ua Ttoro, yto nnarvH “alloc40”,
oTBevawwnii 3a pacnpeneneHne csobooHOro Mecta, crtapaeTtcs cobnogatb Nopsook
JepeBa, Henb3s He 3aMeTUTb, 4YTO MOMNTMKA HA3HAYEeHUS KIK4Yelh NPSMO BMSeT Ha
npon3BOAMTENBHOCTb PanoBON CUCTEMDI.

CTpykTypa kntoya reiser4 onpeneneHa B key.h

union reiser4_key {
__le64 el[KEY_LAST_INDEX];
int pad;

b

Knioy npepnctaBnsetr coboit maccme n3 KEY_LAST_INDEX 64-6uTHbIX u4ucen,
NorMyeckn packnagbiBaembii Ha nong. JJOCcTyn K KOHKPETHOMY MOS0 OCYLECTBASETCS No
[BYM napameTtpam: nHaekcy anemeHTa B knoye (reiserd_key_field_index) n cmeweHnio nons
B anemeHTe (reiserd_key_field_shift). Cm. key.h:

/* 3HaUYeHHEe KAaXIOOI'O BIEMEeHTa SBTOrO NepedHUClIeHUd €CThb HHOEKC B
* MaccuHuBe reiser4_key->el */
typedef enum {

/* dirid -objectid pPOZDMTENBCKOI'O KaTalol'g PACIONOXEH B [IEPBOM
* DIeMeHTe, T.H. major "locale" */
KEY_LOCALITY_INDEX = O,

/* Tun uTeMa, PaclIOlOXeH B IIEePBOM 3JEeMeHTe, T.H. minor "locale", */
KEY_TYPE_INDEX = O,

/* CymecTBYyeT TONbKO B OIMHHBIX KNIOUax. */
ON_LARGE_KEY (KEY_ORDERING_INDEX, )

/* "OBbbexTHad CBI3b", BTOPOU DIEMEHT */
KEY_BAND_INDEX,

/* objectid, BTOpOH mNeMeHT */
KEY_OBJECTID_INDEX = KEY_BAND_INDEX,



/* llonub objectid, BTOpPOM ZmMeMeHT */
KEY_FULLOID_INDEX = KEY_BAND_INDEX,

/* CMemeHue, TPETUH DIEMeHT */
KEY_OFFSET_INDEX,

/* X5l UMEHU, B TPEThEM 3JIEeMeHTe */
KEY_HASH_INDEX = KEY_OFFSET_INDEX,

KEY_CACHELINE_END = KEY_OFFSET_INDEX,
KEY_LAST_INDEX
} reiser4_key_field_index;

/¥ Ha cxonbxo OUT BIEBO OONXEH OBITb COBUHYT DIEMEHT Kioua 04
* TIONIyUEeHHd 3HAaUeHHd KOHKPETHOIO mond */
typedef enum {

KEY_LOCALITY_SHIFT = 4,

KEY_TYPE_SHIFT = O,

KEY_BAND_SHIFT = 60,

KEY_OBJECTID_SHIFT = O,

KEY_FULLOID_SHIFT = O,

KEY_OFFSET_SHIFT = O,

KEY_ORDERING_SHIFT =
} reiser4_key_field_shift;

0,

N3 onpeneneHns reiserd_key field_index BUOHO, 4TO K/tOY B reiser4d MOXeT COCTOATb
N3 Tpex (KOpPOTKME KMKYM) UMM YeTbipex (ONVHHble Koun) 64-6uTHbIX yncen. Pasmep
knoya onpegensiet makpoc REISER4_LARGE_KEY (cm. reiserd4.h). Ecnu oH paseH
eouHnue, B nepedncneHne, mexgy TunoMm u objectid, nobaBnsetca anemeHT ordering.
JparBep MOXeT MOHTUPOBATb TONbKO (PANIOBbIE CUCTEMbI C PA3MEPOM KJHOYEN, KOTOPbIN
6bin yCTAHOBNEH BO BPeEMS KoMnunsiumn. B HacTosiwee BpemMsi Mo yMONYaHWNO NPUMEHSIIOTCA
ONVHHbBIE KNOYMN.

OyeBnpgHoO, 4TO KN4 B reiser4 npencrtaBnset coboil HeYTo Bonbliee, YeM MPOCTO
NOeHTUPUKATOP — OH COAEPXMT Maccy [OOMONHUTENbHON WHopMauum o Tune wu
nonoxeHun obbekTa, KoTopas HUrae He ayonupyetcs. ns pasHbiX TUMOB NTEMOB K/HOYM
NHTEPNPEeTUPYTCsa Mo pasHoMy. Knouynm BO BHYTPEHHMX y3nax ayonupyoT KAouu
HEKOTOPbIX MUTEMOB twig- U NNCTOBOr0 YPOBHEW, OHWM MCMOMb3YOTCS TONbKO Mpu obxonax
LepeBa 1 He MHTEPNPETUPYIOTCS.

CMbicn HanmeHoBaHuin “major” (ID poamtenbckoro karanora) n “minor” (Tun o6bekTa)
localities 3akno4aeTcsi B TOM, YTO B gepeBe 00 bekTbl PuU3nyeckn rpynnmpytoTcs cHavyana
no dirid (370 NonyyaeTca YiCTo apudmeTmyecku, T.K. dirid pacnonoxeH B cambix CTaplumx
6uTax knioya), a B npefenax aTon rpynnbl — no Tuny. TO eCTb 91IEMEHTbI OAHOM0 Karanora u



OJHOro TMna B AepeBe (a CKopee BCEro u Ha AMUCKE) OKaXyTCHd COCeasMU.

Tekywunii anroputM HasHayeHus KJoYen, peannusyembll OBYMS MnarmHamm —
“key_large” (anuHHble knoun) n “key_short” (kopoTkme knoum), — HasbiBaetcs “Plan A” (cm.
kassign.[ch]).

KopoTtkue knouun

N3HauanbHo key short 6bin OCHOBHbIM anrOpMTMOM Ha3HaAYeHWS KNoYeln, 04HAaKO
Nno3gHee SKOHOMUKO  AWCKOBOrO  MPOCTPAHCTBA, [LOCTUraemMyid C €ro Mnomolbio,
paspaboTymkm COYnM He3HaumTenbHoW. bBbin coenaH war B CTOPOHY YBENUYEHUS
NPOVM3BOAMTENBHOCTY — C anropuTMoM key_large.

Directory items

60 4 7 1 56 64

dirid 0 FH prefix-1 prefix-2/hash

8 bytes 8 bytes 8 bytes

dirid object id katanora, B KOTOPOM PaCroOfIOXEH ONUCbIBaEMbIA chann,
+ 4 buta TMna

F “BONOKHO” (cM. plugin/fibration.c)

H 1, ecnn nocnegHne 8 6aT cogepxart Xal
0, ecnu nocnenHve 8 6aiT cogepxart TPeTUin Npedmrke

prefix-1 nepsble 7 CUMBOJIOB MMeHU doainna

prefix-2 cnenyrowmne 8 CMMBOOB UMEHU hanna

hash X3l OCTaBLWeNCcs YacTn nMeHu, He nonaswen B prefix-1 u prefix-2

NmeHa cpannos kopoye 15-Tv cumBONOB (7+8) MOMHOCTbIO MOMEWAOTCA B KHOY U
NMEHYOTCS KOPOTKMMU. OTNMYMTENbHBIM MPU3HAKOM Takux doainnoe sensetcs 6ut H=0.
Nmena ppyrux doainnoB HasbliBalOTCS AONUHHbIMK, 6UT H=1, nepBble 7 CUMBOJIOB VIMEHM
COCTaBNSOT MepBbili Npednkc, a BTopble 8 HaiT 3aHMMAEeT X3l OCTAaBLWMWXCS CUMBOOB.
Bnaronaps Takoi CTpyKType KNto4ya afeMeHTbl kKatanora copTUpytoTcs NpubnmnanTtensHo B
nekcukorpaduyeckom rnopsgke, a TakXe CyWeCTBEeHHO cokKpalaeTcsa KOnnMyecTtBo
KONNM3nin (CoBNageHUin XalWen y pasHbiX MMEeH), 04HaKo, NPUHUMNNANbHO HeyCTpaHMMbIX
npu NOCTOSAHHOW ONNHE KNkoya.



Stat-data

60 4 4 64 64
locality id 10 objectid 0
8 bytes 8 bytes 8 bytes

locality id ~ object id poamMtenbckoro katanora, 4 6uta Ha TuM
objectid object id gaHHoro ob6bekTa

Extent u tail items

60 4 4 64 64
locality id 40 objectid offset
8 bytes 8 bytes 8 bytes

locality id  object id pooutenbckoro katanora + Tun
objectid object id paHHoro ob6bekTa
offset NOrnyeckoe cMelleHne oT Havana goanna

I NMHHbIE KO YN.

B HacToswee BpeMs NCMOoNb3yeTCAa Mo yMON4aHWUIO; NMO3BONIAET HECKOJIbKO YyNy4lWnTb
npon3BoanTENIbHOCTb NMOUCKA Mo AepeBy B CpaBHEHUN C key_short.

Directory items
60 4 7 1 56 64 64
dirid 0 FH prefix-1 prefix-2 prefix-3/hash
8 bytes 8 bytes 8 bytes 8 bytes
dirid object id kaTanora, B KOTOPOM PacnonoXeH OnUCbiBaeMblii 06 bEKT,
+ 4 6uta Ha Tun (0 - KEY_FILE_NAME_MINOR, anemeHT kaTanora)
F “BONOKHO” (cM. plugin/fibration.c)
H 1, ecnn nocnegHune 8 6aT cogepxart Xal

0, ecnun nocnegHune 8 6aiiT cogepxart TpeTuii Nnpedukc
prefix-1 nepsble 7 CAMBOJIOB MMeHU doainna



prefix-2 cnepywowme 8 cCMMBOJSIOB MeHW dharna
prefix-3 cnenywouwme 8 CUMBOIOB MeHN dhanna
hash X3l OCTaBLWeNCcs YacTn nMeHu, He nonaswen B prefix-1 u prefix-2

KOpOTKVIMI/I, B JaHHOM Cliy4ae, CHMTaTCAd MMeHa HE O/MMHHEE 23 CMMBO/IOB.

Stat-data items

60 4 64 4 60 64
locality id 1 ordering 0 objectid 0
8 bytes 8 bytes 8 bytes 8 bytes

locality id  object id poantenbckoro katanora, + 4 6uta Tuna
(1 —KEY_SD_MINOR, stat-data)

ordering KOMWsi BTOPbIX BOCbMU BaiT KNo4a poaMTENbCKOro Katanora :
{
fibration 7
h 1
prefix-1 :56
}
(CcM. Bblwe)
objectid object id paHHoro o6bekTa

Takas cTpykTypa kntoya bbina BBegeHa ang 1oro, 4to 6bl stat-data ntemol xpaHunucb
B KaTtanore B TOM Xe€ rnopsgke, 4To M cooTBeTcTBylowme wmm directory entries. Takum
06pas3om ynyyleHa NporM3BOAMTENBHOCTb Bbi30BOB readdir() u stat().

Extent u tail items

60 4 64 4 60 64
locality id 4 ordering 0 objectid offset
8 bytes 8 bytes 8 bytes 8 bytes

locality id  object id poamTenbckoro katanora, + 4 6uta tmna
(4 — KEY_BODY_MINOR, teno cpaina)

ordering CM. Bbllle

object id CM. Bbllle



offset NIOrMYeckoe cMelleHne oT Havyana dpaina B bantax

MNepeuncneHme TnnoB o6bekToB (minor localities) onpeneneHo B key.h:

typedef enum {

/* Umga dbanna (sneMeHT xartanora) */
KEY_FILE_NAME_MINOR = O,

/* stat-data */
KEY_SD_MINOR = 1,

/* Umg aTtpubyTa danna */
KEY_ATTR_NAME_MINOR = 2,

/* 3Hauenue atpubyra dauna */
KEY_ATTR_BODY_MINOR = 3,

/* Teno danna (tail, ctail unu skcrTenrt) */
KEY_BODY_MINOR = 4,
} key_minor_locality;

Y3noBble 6/10KHu

Kaxnblii ouckoBblii 610K, cogepXalunii BHYyTPEHHUA UM NACTOBON y3en OepeBa,
HayMHaeTCcsa C 3arofioBka Yyana, COCTOSAWEro u3 He3aBUCUMOM M (POPMATHOM YacTen.
HesaBnCuMbII  3arofioBOK  COLEPXUT TOMbKO WMAEHTUGUKATOP nNnarvHa, KOTOpbli
obpabaTbiBaeT y3en gaHHoro tmna (ctaHgapTHO — node40-nnarvH). dopmaTHbI 3arofoBoOK
BKNtOYAEeT CnyXebHyl WHopmaumio, KoTopass WHTEPNPeTUMpyeTCcsi COOTBETCTBYHOWMUM
nnarmHOM (KONM4yecTBO MTEMOB U CBOOOLHbIX 6ANT, pasnunyHble conaru).

Cwm. plugin/node/node.h

/* He3aBUCHUMBEIM 3aroloBOK y3ila */
typedef struct common_node_header {
__lel6 plugin_id; /* UneHTudrKkaToOp hode-nnarvHa, DONXEH
* pacrnonarathbcd B CaMOM Haudane ysna */
} common_node_header;

CM. plugin/node/node40.h

/* Node header nng ys3noB popmMaTa 40. */



typedef struct node40_header {
common_node_header common_header;

/* KonuuecTBO UTEMOB. JONXeH OBITh MEPBLIM 3JIEMEHTOM B 3arollOoBKE
* yBHa 7':/
d16 nr_items;

/* CBoBomHBEIX BauT B y3ine */
d16 free_space;

/* CMeleHHe Hauala CcBOOOIHOIO MecTa */
d16 free_space_start;

/* Ucnonbayiorca fsck. */
d32 magic;

d32 mkfs_id;

d64 flush_id;

/* Pnaru. Ucnonesyiorcda fsck ¥ nmepeynakormukoMm (repacker) */
dl6 flags;

/* YPOBEHb y3la B IepeBe. */
d8 level;

/* IononHeHue */
d8 pad;
} PACKED node40_header;

BHyTpeHHuMe y3nbl (idefl)

Bnok BHyTpeHHero ysna pepesa reiser4 COCTOMT W3 3arofioBka y3na, Maccuea
BHYTPEHHWX UTEMOB U MaccrBa 3arofl0OBKOB UTEMOB, KaX bl N3 KOTOPbIX COOEPXUT KoY,
pluginid n cMeweHne ntema. Oba MaccmBa pacTyT K cepeaunHe.

Node Item heads [0,n] Free Interna
header space @ items [n,0]

key pluginid item offset

dopmat BHyTpeHHero ntema onucaH B plugin/item/internal.h

/* INucxoBei dopmMaT internal item */

typedef struct internal_item_layout {
reiser4_dblock_nr pointer;

} internal_item_layout;

[MOHATHO, YTO 3TO NPOCTO yKasaTe/b Ha y3en-NoTOMOK.



Nnctbs

JlncToBble y3nbl pacronioXeHbl Ha CaMOM HUXHEM (nepBoM) ypoBHe B+ nepesa;
noadepXmnBaeTca HECKOSIbKO pas/iMyHbiX dpOpMaToB NIMCTbEB, ONTUMAlbHbLIX ON8 TEX Un
WHBIX CUTYauui.

1. CraHpapTHbIN doopmaT NUCTOBbIX Y3508 (leaf1)

Node Item heads [0,n] Free | Iltem bodies

header key pluginid item offset  SP3¢® [n.0]

B coctas nucta Bxoamt node header, 06s3aTenbHblil NS BCEX y3N0B AepeBa, Maccus
3aro/sioBKOB UTEMOB U MaccuB cammx UtemoB (oba pacTyT Kk cepeauHe). 3aronoBok ntema
BMewaeT B cebs KNy (hopmat KOTOPOro onpenenseTcs NOANTUKOM Ha3HAYeHUs (4VHHbIE
UNN KOPOTKME KNHYW) U TUMOM MTema, KOTOPOMY COOTBETCTBYyeT Koud), pluginid n 16-
6uTHOE cCMeleHne Havana Ttena wutema. [nuMHa wnTema BbIYUCNSETCS Kak pPasHOCTb
CMEeLeHUn 0aHHOro 1 cnepytowero nTemMos. He TpyOHO NOHATL, YTO ANIMHA HYNEBOro NTema,
pacrofioXXeHHOro B KOHLE y3na, paBHa:

len[0] = node_end -offset[0] +1

2. Iluctbs ¢ nepeMeHHON ANIHOM UTEeMOB U Kitoyen (lvar)

Node Item heads [0,n] Free Key  Iltem bodies

header key offset | pluginid triplet = item offset space | bodies [n.0]

3. lluctbsa co cxarbiMu Kntovyamu (lcomp)

Node Item heads [0,n] Free Item bodies
header space [n,0]

key offset key inherit item offset pair

Key inherit, onHobaliTHOE 4ncno, nokasbiBaeT, Kakas 4acTb npedoukca coBnagaert y
JaHHoro n npegblgywero knoden. COOTBETCTBEHHO, B AAHHOM KJK4Ye 3Ta 4acTb He
NMOBTOPSIETCS ANS 9KOHOMUM MecTa. Takum obpa3om peannm3oBaHO cBoeobpasHoe cxartue



KNo4Yen.

NTembl

Wrem — 310 060COONEHHAA YacTb AaHHbIX WM MeTanaHHbiX (PannoBOW CUCTEMBI,
MMeKoLWas COMOCTAaBJMIEHHbIA el YHUKanbHbI Kntod. Reiserd nopoepXuBaeT MHOXECTBO
TUNOB MTEMOB, UX Habop nerko MoxeT ObiTb paCWWUPEH HanNUCaHWEM AOMONHUTENbHbIX
nnarnmHos.

1. Stat data item

Stat data item copepXxuT MeTanaHHble Ons ganos n katanoros. B yem-1o nonobeH
CTPyKType inode gpyrux pannoBbix CUCTEM, OOHAKO, B OTANYME OT Knaccuyeckoro inode,
stat-data He comepXWUT HUKAKON WHGOPMaUMM O pPasMeleHUM Ha [UCKE AaHHbIX
onucbiBaemMoro obbvekTa u akcnoptupyet B VFS Tonbko atpubyThl doaiina, Bo3BpalaemMble
BbI30BOM stat(2).

B reiser4 cTpykTypa kaxgmoro stat-data HabvupaeTcs M3 HECKONbKMX PaBHOMPAaBHbIX
KOMMOHEHTOB, Ha3blBaeMblx pacwmpeHusmu. CneunanbHas 6utoBas kapTa, MMetoWascs B
Kax oM stat-data, nokasbiBaeT HanM4me Unm OTCYTCTBUE KOHKPETHOMO pacluMpeHus.

B cooTBETCTBMM C MMEIOWENCS CTPYKTypoil Koda, 00paboTymkm paclmvpeHuii
peanu3oBaHbl B Buae nnarnHoB Tuna REISER4_SD_EXT PLUGIN_TYPE (o Ttwunax
nnarvHOB CM. HUXe). B HacTosiwee BpeMsa nognepXuBarTCca crnegyllme paclwmpeHus
(plugin/item/static_stat.h):

/* [lepeuncienre BO3MOXHBIX pPacmUpeHud stat-data. */
typedef enum {

/* lloopmepxka "nerxoBecHbX" GaunoB, aTPUOYTE KOTOPLIX HTHUOO
* HACIeIOyITCd OT POOHUTENbCKOIO kKaTanora, nIHb60

* UHULHUAIHU3UPYIOTCYId HEKOTOPBIMU Pa3yMHBIMM 3HAUYEHUIMHU */
LIGHT_WEIGHT_STAT,

/* IauHble, TpebyeMble O peanulallu¥ BeIZOBa stat(2). $opmat --
* reiser4_unix_stat. Ecnu He npencrtaBieH - Galn NerKoBeCHHH */
UNIX_STAT,

/* COmepXuUT OOMNONHUTENbHLIHE HAabop 32-6UTHHIX [amc]time momew mng
* peanlu3allu¥d HAHOCEKYHOHOM TOYHOCTH. PopMaT - B

* reiser4_large_time_stat. HCOONb30BaHMUE 5TOI'O PaACUIUPEHUI

* ynmpaBndeTcd mount-onuued 32bittimes */



LARGE_TIMES_STAT,

/* PacmupeHue OiIgd CHUMBOJIIHMUECKUX CCHUIOK */
SYMLINK_STAT,

/* Ecnu nmpenctaBieHo - Gaun yrnpaBldeTCd HECTAHIAPTHBIM MIIaTCHUHOM
* (T.e. MIaruHoM, KOTOPLIM HE MOXEeT ObBIThb BEIUMCIIEH I10
* mode-6uTam) */

PLUGIN_STAT,

/* DTO pacCUlUpeHUE COODEPXUT INOCTOJHHEIE (persistent) inode-dpnaru.
* dopMaT B reiserd_flags_stat. */
FLAGS_STAT,

/* [losBongeT nobaBUThL B stat-data cTykTypy capabilities. Ce¥ruac He
* UCHONb3yeTcd. */
CAPABILITIES_STAT,

/* ComepXuT pas3Mep U public id cexpeTHOro xmnwoua. PopMaT B
* reiser4_crypto_stat */
CRYPTOQ_STAT,

LAST_SD_EXTENSION,
LAST_TIMPORTANT_SD_EXTENSION = PLUGIN_STAT,

} sd_ext_bits;

B TOM Xe dhbaiine onpeneneHbl CTPYKTYpbl COOTBETCTBYIOLWMX PACLUMPEHWIA.

MuHumanbHbI stat-data (Ta camas kapTta paclwmpeHuii), N03BONSET NoaaepXxmeaTb

fierkoBecHble goainbl, MeeTcs B Ntobom stat-data nreme:

typedef struct reiser4_stat_data_base {
__lel6 extmask;
} PACKED reiser4_stat_data_base;

PacwupeHue ons nerkoBeCHbIX ¢oainnos:

typedef struct reiser4_light_weight_stat {
__1el6 mode;
__1e32 nlink;
__le64 size;

} PACKED reiser4_light_weight_stat;

CrtaHpapTHblin ~ UNIX-stat, nopgepxwuBatowuini  nonHbln  Habop  aTpubyTos,



BO3BpallaeMmblX BbI30BOM stat(2):

typedef struct reiser4_unix_stat {

/* owner id */
__1e32 uid;

/* group id */
_le32 gid;

/¥ BpeMd IMNOCIenHero mocTyna */
__le32 atime;

/* BpeMd nocrnenHeu mMonuduxaluu */
__1e32 mtime;

/* BpeMd IIOCIeOHEerO U3MeHeHUud */
__1e32 ctime;

union {
/* mapa [minor,major] mng GamnoB YyCTPOUCTB */
__le64 rdev;

/* pasMep B BaHTax IONd PEeryndpHbxX GaninoB */
__le64 bytes;
}ou;
} PACKED reiser4_unix_stat;

PacwupeHne ons cMMBONMYECKMX CCbINOK, coaepXallee UMs, Ha KOTopoe ykasbliBaeT
symlink:

typedef struct reiser4_symlink_stat {
char body[0];
} PACKED reiser4_symlink_stat;

KoHTelHep 0N XxpaHeHus napameTpoB COCTOSHUSA MnarvHa, CaMOCTOSATE/bHbIM
paclnMpeHneEM He SBNsieTcs 1 BXxoauT B reiserd plugin_stat:

typedef struct reiser4_plugin_slot {
__lel6 pset_memb;
__lel6 id;

} PACKED reiser4_plugin_slot;

Pacwupenne ons aiinoB ¢ HecTaHAAPTHbIMU MaarvHamu, CRyXUT ONs XpaHeHus



napaMeTpoB COCTOSHMSA TPpebyeMoro KonmyecTsa nnarvHoB.:

typedef struct reiser4_plugin_stat {
__lel6 plugins_no; /* KOIHMUeCcTBO OOIIONHUTENbHBIX
* MIIaTUMHOB, ACCOLMUPOBAHHBIX C
* obbexToM */

reiser4_plugin_slot slot[O0];
} PACKED reiser4_plugin_stat;

Pacwupenune nnga inode-conaros. B HacToswee Bpems 310 npocto 32-6utHas macka,
KoTopas, Npy HeO6X0AUMOCTU, MOXET ObITb 3aMEHEHA HA MACKy NePEMEHHOW ANNHbI:

typedef struct reiser4_flags_stat {
_ le32 flags;
} PACKED reiser4_flags_stat;

PacwwupeHne ong capabilities (ceryac He ncnonbayercs):

typedef struct reiser4_capabilities_stat {
__le32 effective;
_ le32 permitted;

} PACKED reiser4_capabilities_stat;

PacwnpeHne pnns xpaHeHWss pasMepa JIOrM4eckoro knacrtepa (atpubyT
cryptcompress-o6bekToB). Ha camom nene, xpaHUTCs He caM pasMep, a ero ABOWYHbIiA
norapndmM, Tak 4To pasmep Haxoautcs Kak cluster_size = 1 << cluster_shift.

typedef struct reiser4_cluster_stat {
d8 cluster_shift;
} PACKED reiser4_cluster_stat;

PacwupeHune ans atpubyToB 3awmdpoBaHHbIX 06 bEKTOB:

typedef struct reiser4_crypto_stat {
dli6 keysize; /* pasMep CeXpeTHOro Xiwodya B burtax */
ds8 keyid[O0]; /* ID CcexpeTHOro kmuwoua */

} PACKED reiser4_crypto_stat;



PaCLLII/IpeHVIe TOYHOr o BpeMeHun:

typedef struct reiser4_large_times_stat {
d32 atime;
d32 mtime;
d32 ctime;

} PACKED reiser4_large_times_stat;

PacwwupeHne ona nnaruvHa single directory entry (ceinyac He UCnonb3yeTcs):

typedef struct sd_stat {
int dirs;
int files;
int others;

} sd_stat;

Tail item

Tail-utembl cogepxart cbipble AaHHble Goainnos (3To MO0 Lenble ManeHbkue goannbi,
b0 “XBOCTbI” BONBLINX) U HE UMEIOT POPMATHON CTPYKTYPbI.

Extent items

OKCTEHTbI, B TEPMUHAX reiser4, — HENpPepbIBHbIE Y4aCTKM AMCKOBOro NPOCTPaHCTBA,
IecKpunTopbl KOTOPbLIX, COCTaBnsAWMNeE extent-uTeMbl, cogepxaTt HoMep cTapToBoro 6noka
yyactka v ero anvHy. CTpykTypa aKcTeHTa onpeneneHa B plugin/item/extent.h:

typedef struct {
reiser4_dblock_nr start;
reiser4_dblock_nr width;
} reiser4_extent;

B reiser4 3KCTEHTbl MCMOMb3YOTCS [ONSi OTCNAEXWBAHUS TONbKO BblAENEHHOr0
OVCKOBOro npocTpaHctBa (B oTnuume ot gpyrux PC, roe MaccvMBbl WAN  OepeBbs
IeckpunTopoB CBOOOIHbLIX YYaCTKOB 3aMEHSIOT OMTOBble KapTbl 3aHATOCTM OOKOB) K
CCbINAalTCs Ha Yy4acTku, cojepxawue [OaHHble darinoB. B knoyax 9KCTEHTOB,



npuHagnexawymx oA4HOMY doarny, paBHbl BCe MNONs, 3a WCKIYeHuem offset (cMmelweHune

“Kycka”, onncbIBaeMOro AaHHbIM 9KCTEHTOM, OT Ha4vana panna).

OKCTEHT MOXeT

(plugin/item/extent.h):

typedef enum {
HOLE_EXTENT,

Haxo4anTbCHA B O4QHOM n3 cnenyrouwmnx COCTOSAHUI

UNALLOCATED_EXTENT,

ALLOCATED_EXTENT

} extent_state;

HOLE_EXTENT

OKCTEHT nNpeacTtasnsiet coboi “Obipy” B paine. “Obipa” MoxeT
obpasoBaTbCs, HaNpUMep, NOCNe BbI3OBOB:

creat();

truncate(4096);
B pe3dynbTtarte yero pann gnuHon 4 kb okaxertcsa 3anonHeH
HEeVHMUMANM3NPOBAHHbIMWA OAHHbIMUW, BbIAENATb N0 KOTOPbIE
LMCKOBOE NMPOCTpaHCTBO beccmbicneHHo (xoTsa XFS, k npumepy,
He TONIbKO BblOeNseT, HO 1 nepesanncbiBaeTt ero Hynsmu). MNpwu
nonbITKe YTEeHNs OaHHbIX hole-akcTeHTa hannoeas cuctema
OMHaMNYecKkn “creHepupyeT” HeobxoOMMoe KOMYECTBO HYNEBbIX
6aiT 1 nepepact nx nonb3osaTento. [Jeckpuntop Takoro
9KCTEHTAa COAEPXUT TONbKO ero ANMHY N HUKYAa He yKa3blBaerT.

UNALLOCATED EXTENT

~ )

“‘BupTyanbHbIA” 3KCTEHT, SBNSOWMACS NNOLOM NONMNTUKN
OTNOXEHHOro paamelleHus. Nossngerca B pesynbrarte
nob6aBneHns OaHHbIX B ¢paiin unm npu 3anonHeHus “gpip”.
CywecTByeT TONIbKO B NamMaTu n npu cbpoce, nonyyme ot flush-
anropuTma peanbHbli AUCKOBBIA agpec, npespalaeTcs B
HOPMalbHbIA 9KCTEHT.

ALLOCATED EXTEN

Ctail item

OO6bIKHOBEHHbI 3KCTEHT.



[ToMMMO Knaccuyeckon peanusaunmm perynsapHoix doannos (unix-file nnarvH), reiser4
npegnaraeT v Takylo, NPu KOTOPOW AaHHble doanna XpaHATCs Ha OMUCKe B CXartoM u (1unw)
3awundpoBaHHoM Buae (transparent compression/encryption). OTBETCTBEHHbIM 3a 3Ty
peannsaumnio sBnsetcs cryptcompress-nnarnH. OCHOBHas €ero nges CoCToMT B TOM, Y4TOObI
BbINONHATL CXaTue n WKUPPOBaHNE HENOCPEACTBEHHO nepen COPOCOM K3WMPOBAHHbBIX
JaHHbIX Ha OWNCK, SKOHOMS MpY 3TOM MPOLLECCOPHbIE PeCypChbl B TOM Ciyyae, Koraa O4Hu U
Te Xe [daHHble, Haxogswumecs B MNamsATW, MHOrOKPaTtHO MOAMMUUUPYIOTCS OOHUM WU
HeckonbkMMK noTokamu. Kpome TOro, Ha COBPEMEHHbIX MalWWHaX, OCHAWEHHbIX ObICTPbIMU
CPU un 6onbwuMn obbemMamnm onepaTvMBHOW NaMsATW, CXaTue LaHHbIX caMo no cebe He
yXygwaeTt, a HaobopoT — yBenMuMBaeT NPOW3BOAMTENbHOCTb (PaNIOBOA CUCTEMbI, T.K.
npeobpasoBaHne [aHHbIX BbIMNOMHAETCS CPaBHUTENbHO ObICTPO, a 06beM JAMCKOBOro
Tpadgovka CylweCcTBEHHO cokpaliaeTcs.

Kaxnpoe npeobpasoBaHve AaHHbIX (CxXartve, WWEPOBaHNE U T.4.) OCYLECTBNSETCS
HEKOTOPbIM anropuTMOM, KOTOPbIA MPUCYTCTBYET B reiser4 B BUAE COOTBETCTBYHOLWErO
nnaruHa (T.H. transform-nnaruH). Henb3s He OTMETUTb NONb3y NNArvMHHOM apXUTEKTYpbI,
npy KOTOPOW nonmepxka noboro Xenaemoro anroputma KOMMAPeccun Unn WndpoBaHNS
CBOOMTCS BCEro /Wb K HanucaHuio W CcTaHOapTHOMY [noOaBneHu  nnarvHa
cooTBeTCTBYyOWero tTuna. B HacToswee Bpems gocTynHbl transform-nnarvHbl gns cxartus
anroputmamm gzipl u Izo1, wwndpoBaTtb MO noee MoXHO NoObIM GNOYHBIM aNrOPUTMOM,
nogaepxwunsaembiM crypto-API Linux-aapa, a Takxe aes_ecb, ogHako noggepxka KpunTo-
nnarvHoB [0 yMa elle He foBefeHa.

Cryptocompress-nnarnH pasbvBaeT KaxAbli aitn Ha norvyeckme KnacTtepbl
onpeneneHHoro pasmepa. AT0T pasMep sBnseTcs aTpubyTom gaHHOro dpana u LONXeH
OblTb Ha3Ha4yeH nepen ero cos3gaHveM. Kaxnblid normyeckuii knactep otobpaxaeTcs B
namaTb Ha COOTBETCTBYIOWWUMA CTPaHWUYHbIA KnacTep, KOTOPbIA, B CBOK O4yepenb,
npencTtaeBneH B cbanaHCMpoBaHHOM AepeBe T.H. OWCKOBbIM kKnacTepoM. CxaTtble AaHHble
TaKkoro (pamna xpaHATCa Ha OMCKe B BMAE “QoparMeHTOB”, peann3oBaHHbIX B reiserd kak
UTeMbl creumanbHoro Tuna (cobcTBeHHO ctail-MTembl), 4YTO CYLWECTBEHHO ynpolwaeT
NPOW3BONbHbLIA JOCTYN K AaHHbIM. KaXablii NOrnyeckui Knactep CXuMaeTcs He3aBMCUMO
oT gOpyrux. Pasymeetcs, knactepbl He [HOMXHbl OblTb CAMWKOM 6ofblne, 4ToObl He
3aHUMaTb CAMIWLKOM MHOrO NaMaTW MpW MonbiTke 4TOo-nMbo mpouynTatb MAM  3anmucatb Mo
MPOMN3BONIbHOMY  CMELWEHWKD:  MakCUManbHblA  pasMep  NIOFMYECcKoro  Knacrepa,
nonoepxuBaemblii reiserd — 64K. 310 06CTOSATENLCTBO HECKONbKO CHUXAaeT CTerneHb
cXaTusi OaHHbIX WK3-3a HEeBO3MOXHOCTM co34aTb OOWWMPHBIA CrnoBapb B npouecce
KoMnpeccuu.



Norunyeckunic knactep nHaoekca | — aTo MHoXecTBO 6aiT OaHHOro doaina, CMeleHns
KoTopbix nexart B oTtpeske [I*S, (I+1)*S-1], roe S — pa3mep noruyeckoro knactepa. B
HacToswee Bpems Reserd nognepxusaet knactepbl ¢ paamepamm 4K, 8K, 16K, 32K n 64K,
HO He MmeHbwe PAGE_SIZE). Jlornyecknin knactep HasblBAeTCS YaCTUYHbIM, €CNIN B HEM
3a[eincTBOBAHO MeHblle S banT.

CTpaHnyHbIn Knactep nHaekca | — ato nocnenoBaTeNbHOCTb CTPAHWL, CoaepXalumnx
cblpble (HecxaTtble W He3awngpoBaHHbIE) OaHHble COOTBETCTBYIOWErO JIOrMYeckoro
knactepa. CTpaHWYHbIA KnacTep MNPUCYTCTBYET B MaMsATU BO BPEMS YTEHUS WM 3anucu
goanna.

JckoBbIl knacTep nHaekca | — aTo nocnenoBaTtebHblii HABOP MTEMOB Kakoro-nmbo
TUNa, NepBbii N3 KOTOPbIX UMEET K04 CO CMELLEHMEM, KOTOPOE BblYNCNIAETCH KaK qPyHKLNSA
ot | (aTum 3aBepyeT crneumanbHbIn MeTOoL UTeM-nnaruHa). Pasmep OMCKOBOro knacrtepa
onpepnensetca kak S*N, roe N - KOadpPUUNEHT pacTsaXeHNs KpUnTo-anropuTMa, KOTopbiM
3awundoposaH gaHHbI dpann (N = 1 ons Bcex CUMMeTPUYHbIX anropuTMOoB).

B HacToswee Bpems “knactepmnsoBaHHbIMU” SABNAIOTCS TONMbKO ctail-utembl, CTPyKTYpa
KOTOpbIX onpefeneHa B plugin/item/ctail.h:

typedef struct ctail_item_format {

d8 cluster_shift; /* IBOUUHBIM NorapudM pasMepa OTUCKOBOIO
* xnacrepa */
d8 body[O0]; /* Teno urtema */

} __attribute__ ((packed)) ctail_item_format;

Kaxablii AUCKOBbIN kKnactep npencraenset coboi pasbutole Ha ctail-utembl cxatbie
N 3aWwndpoBaHHble OaHHble NIOrMYyeckoro kKnactepa B OrnpelesieHHoM dpopmarte, KOTOpbIA
He NpeacTaBfieH Kakon-nmbo CTPYKTYPOI AaHHbIX U UMEEeT Cnenyowmnii BUA:

maHuble {IOMONHEeHUEe KOHTPOINbHBIM_0AaUT KOHTPONbHAY_CyMMa}l

JlononHeHne cnyXuT Ons BblpaBHUBAHMSA CXaTblX OaHHbIX nepen wupoBaHUEM,
4yTOObI NTOrOBLI pa3mep Obin KpaTeH pasmepy 610ka KpMNTo-anropmtma. B KOHTPONbHOM
barite XxpaHUTCS pasMep [LOMONHEHUS, yBENMYEHHbI Ha 1 (dhakTuyeckm 3TO pasmep
yyacTka, KoTopbii noTpebyeTcsa oTceyb nepen aekomnpeccueinn). KOHTponbHas cymma — aTo



adler32 oT BbIPOBHEHHbIX 1 3aWNPOBAHHbBIX AAHHbIX.

KoHTponbHasi cymma ctpaxyeT npariBep OT MOMbITKM MPUMEHUTb LEKOMMPECCUo K
HEKOPPEKTHbIM AaHHbIM (MOCNedHWUiA cnyyain ypeBaT doaTalbHbIMM MOCNeACTBUSMU, T. K.
LoNyckaeTcs ncnonb3oBaHne HebesonacHbIX anropuTMOB CXaTust (KoTopble, Kak NpaBuno,
aBnaoTca Hanbonee BbicTpbiMu). KOHTponbHas cymma nobasBnsieTcst TONbKO B TOM Clyyae,
Korga komnpeccus Bbina npuHsiTa (B 9TOM C/llyyae WTOroOBbli pasMep LaHHbIX C YYETOM
KOHTPONbHOW CyMMbl OONIXEH OblTb CTPOro MeHblue YeM pas3Mep AMCKOBOro KnacTepa).
Ecnn Xxe [aHHble NOrM4yeckoro knactepa Mnoxo CXWMaeMbl, TO pe3ynbTaT KOMMpeccum
OTBEPraeTcs, U K BbIPOBHEHHOMY 1 3aWMPPOBAHHOMY NIOrMYECKOMY KNacTePy KOHTPO/bHAs
cymMma He pobaensetcs. [Mpu TakoM MOOXOAE CMEXHble OUCKOBble KfacTepbl He
“HaknagblBaldTCA” OPYr Ha jgpyra no CMeweHusiM B WX knoyax. J[pyroe BaxHoe
NPEnMyLLeCTBO COCTOMT B TOM, YTO MO KaXIOOMy OUCKOBOMY KNnacTepy MOXHO cpasy
onpenenntb, 6bina N NponaseaeHa KOMNPECCUs, UK HeT.

Mpw 4TeHun chaiina no Kakomy-nmbo CMELLEHUIO B MaMSATU pasMeLlanTcs CTpaHnYHble
Knactepbl COOTBETCTBYIOWMX MHAOEKCOB. [Npyn 3anpoce Ha 4YTeHWe Kakou-nmbo cTpaHuupl
goanoBas cuctema pasmelaet B NamMsaATU LEMKOM BeCb CTpaHWyHblA knactep (no
CMELLEHUNIO KOHCTPYUpYeTCS KoY, NocnefoBaTelbHO HaXoOsaTCs U KOMNaHyloTcs Bce ctail-
NTEeMbl COOTBETCTBYIOWEro AMCKOBOro Knacrtepa, nocfie 4Yero npoMCXOAuT paclingpoBka,
[eKOMNpeccns N 3anofiHeHMe CTPaHuL, CbipbiMU AaHHbIMK). [1py 3TOM nonbiTKa nNpoYMTaTtb
HEMHOro 6onble MNONOXEHHOro (MeHeaXxep BUPTYanbHOW NaMATW HWYEro He 3HaeT o0
Knactepax) He HaHocuT yuepba U BNMCHIBAETCS B OOLWYI0 KOHLEMNUMIO ynpeXIatowero
4YTEHUS.

MoapobHee 06 aTOM NnarnHe MOXHO noynTatb B [4].
Compound directory item

CocTaBHOM UTeM kartanora cocTout (B oTnnyme ot single directory item, koTopbii B
HacTosllee BPEMS He MCNOMb3yeTCs U OnNucaH 30ecb He ByneT) U3 HECKONbKMX 3/1EMEHTOB
katanora. bbin BBeOeH C Uenblo NOBbIWeHNE 3PAEKTUBHOCT UCMONb30BAHUSA OUCKOBOrO
npocTpaHcTtea. [leno B TOM, 4TO BCE 9NEMEHTbl OOHOM AMPEKTOPUN UMEKOT B CBOMX KIKOHax
oavHakoBbll pparmMeHT — ObjectID poautenbckoro kartanora. KOMMOHOBKa COCTaBHOrO
nTemMa n3 HeCcKONbKUX 3N1EeMEHTOB OLHON OUPEKTOPUM MO3BOJMSIET COXPaHATb YyKas3aHHbIRA
doparMeHT KJoya TONbKO €AUHOXObl U, TEM CaMbiM, COKOHOMUTb AUCKOBOE MPOCTPAaHCTBO.
970 peleHne sSBnseTcs 0coboit hopMOi cxxaTust KNoYen, T.K. X NOMHOLEHHoe cxXaTue B



Bepcun 4.0 He peanu3oBaHO. 3aMeTbTe TakXe, YTO Ha AMCKE KIKYU XPaHATCS He
BbIPOBHEHHbIMW, YTO, MO KparHen Mepe Ha HEeKOTOPbIX apXUTekTypax, NoBblllaeT Harpysky
Ha CPU npu nx obpaboTke, HO, ONATb Xe, 3KOHOMUT MECTO.

Hwnckosas ctpyktypa CDE-ntema takosa:

Iltem header Entry headers Entry bodies

count of entries | hash offset key = name

dopmaTtbl ero KOMNOHEHTOB onpeaeneHbl B plugin/item/cde.h:

typedef struct cde_unit_header {
de_id hash; /* JacThk xmnoua (2 nNocnemHUux BlIeMeHTa) */

d16 offset; /* CMelleHud Tella 3IeMeHTa xaTtalora */
} cde_unit_header;

typedef struct cde_item_format {
d16 num_of_entries; /* KonuuecTBO BIEMEeHTOB KaTalnore */

cde_unit_header entry[0]; /* MaccuB 3arolOBKOB 2IEMEHTOB */
} cde_item_format;

/* ®opMaT mneMeHTa kaTtamnora (directory entry) */
typedef struct directory_entry_format {

/* Kniou stat-data ¥TeMa ONMCHIBAEMOIO O6BexTa. HeT HYXIbl XPaHUTH
* ero 1jenuxoM, T.K. DTO BCcerma kKmnwou stat-data ¥, cnemoBaTeNbHO,
* Tun U offset MoryT OwITh omnymeHbl. OOHAKO H3-3a BO3MOXHOCTH
* NPUMEHEeHUd OPYTIUX CXEeM HalHaueHUd KIIUeH 30ech
* 3ape3epPBUPOBAHO MECTO N4 LIeIoro kinwoua */

obj_key_id id;

/* UMg obbexTa - cTpoka cNULL- 6a¥TOM B KOHIE*/
d8 name[O0];
} directory_entry_format;

BbiBoAbl

O6o6bwas W3NOXEHHbI Bbllle MaTepman, MOXHO cKasaTb, 4YTO PerynsipHblii
chawin/kaTtanor B reiser4 COCTOUT N3 06 HEKTOB TPEX TUMOB:

. 3NIEMEHT KaTanora; cooepXuT nmst obbekTta 1 kKnoy ero stat-data nrema
- stat-data ntem; atpubyThbi
- OOMH WM HEeCKONbKO MTEMOB, COAepXawux Teno obbekTa: ONs perynsipHoro



Goanna ato extent/tail/ctail utembl, ona katanora — CDE-utembl; cneumanbHble
goannsl (yctpownctea, FIFO, n 1.4.) Tena He umelor.

Bce ntembl, npuHagnexauwme ogHOMy doanny, UMEKOT B CBOUX KNKOYax OOAUHAaKOBble
dirid n objectid.

XypHanuposaHue

Reiser4 nogoep>XuBaeTt PeXuM MoHOro XypHanmpoBaHusa OAHHbIX N MeTadaHHbIX,
obecneuynBas Takxe HEKOTOpble pacwnpeHHble BO3MOXHOCTHN.

Leno B ToM, 4TO 6ONbWMHCTBO (QANNOBbLIX CUCTEM OCYWECTBASIOT K3WMPOBaHME
3annucu — MoAUMUMPOBAHHbIE [HaHHble He cbpacblBaldTCs HEeMedoneHHO Ha Auck, a
HakannmeatoTCs B kawe. 10 nossonsgetr ®C He TONbKO Nyyle KOHTPONMpoBaTb ANCKOBOE
nnaHuposaHne, HO u opmupoBatb ANMHHbIE |/O 3anpocbl, KOTOPble COBPEMEHHbLIMU
XEeCTKMMM auckamm obpabaTbiBalOTCS CyWECTBEHHO BbicTpee, HeXenu rpynna KopoTkmx. B
cnyyae cbosi cucTeMbl M3-3a 3TOro OynyT He MPOCTO MOTEPSiHbl HEAABHUE U3MEHEHUS —
MEeXaHW3M K3LWNPOBaHUS MOXET NOMEHATb MecTamm 3anpochbl Ha 3anucb, B pe3ynbTate Yyero
b6onee HOBble OaHHble OKaXyTCs 3anMcaHHbIMK, a cTapble — NOTEPsiHbl. DTO MOXET cTaTb
cepbe3Hoir  npobnemo  ONsS  MNPUNOXEHW,  Oenawwmnx  HECKONbKO  3aBMCUMbIX
MoAMdoMKaumniA, YacTb M3 KOTOPbIX OyaeT yTepsiHa, a 4YacTb — HeT. Takume MPUNoXeHUs
TpebytoT o1 PC rapaHTUpoBaTb, 4TO NMb6O BCE NMMOO HWM OOHO M3MEHEHME HE NMepeXuBeT
cbor.

3aBucumble MO,D,I/IqDI/IKaLI,I/II/I TakXxXe MOryt BO3HWMKATb KOrga npunoxeHume 4Yutaet
MO,D,VI(I)VILI,VIpOBaHHbIe OaHHblEe N 3aTeM Npon3BoONT BbiBOL, HANPUMEP:

1. Mpouecc 1 nuweT B pann A
2. NMpouecc 2 yutaet 13 gpanna A
3. MNpouecc 2 nuweTt B dpann B

OueBngHo, 4tO dpain B MoxeT 3aBuceTb OT dhamna A, N, ecnum cTparterus
KSWMPOBaHUS MOMEHSIeT MNOPSOOK dovMkcaumm W3MeHeHuid B 3TuX doaiinax, nocne cbos
NPUIOXEHNA MOTYT OKa3aTbCs B HEKOPPEKTHOM COCTOSAHUMN.

ATOM — Habop 610KOB, MOAMMMKALUN KOTOPbIX AONXHbI ObiTb aTOMAapHO 3anucaHb
Ha omck. Kaxpoe HesagukcMpoBaHHOE Ha AncKke MaMeHeHne obbekta PC ecTb aToMm.



Hanpumep, ecnu npunoxeHne nobaensieT OaHHble B KOHEL, oaina, B aToM 6yneT BK/OYEH
610k, cooepxalwumii camm HoBble AaHHble, 6nok co stat-data utemom, copepxawuin LNuHy
daiina n 6nok, xpaHawwui tail/ctail/extent ntem. Ecnu pasmelweH HoBblii 610K — B aToM
nobaBuTcs Takxe cynepbnok, xpaHsiwmii cyeTymk cBobomHOro Mmecta, n 610k 6GUTOBOWA
KapTbl (B LEACTBMTENbHOCTM anropuTM XypHanMpoBaHus cynepbnoka m OGUTOBbIX KapT
HecKonbko 60fiee CNoXeH, CM. HUXE).

TpaHckpalw — Habop onepauuii, BCe WK HM OOHA U3 KOTOPbIX He mepexwuByT cboi
CUCTEMBI.

CyuwecTtByeT 2 TMna TpaHckpawein: read-write u write-only. Ecnn npunoxeHue nuweT
B MOAOUULMPOBAHHBLIA, HO ele He 3adoMKCMPOBAaHHbI Ha gucke 650K, TO aToMbl,
BOMSoWawwme nOBe 3aTn Moaudomkaummn, obbenmHsiotca B write-only TpaHckpaw. Ecnm
NPUNOXEHME YATAET OaHHble HE3ahUKCMPOBAHHOro 610Kka, a 3aTeM OCYLECTBNSET 3annchb
— 9TU 2 aTOMa CnMBaroTCs B read-write TpaHCKpPaLY.

Bonee nogpobHO 0 peanu3aunmy ONUCAHHbBIX Bbllle MEXAHW3MOB MOXHO NouYnTaTth B
KOMMeHTapuax pannos txnmgr.[ch], a TakXxe B [3].

Hn3koypOBHEBbIE MEXAHU3MbI XYpPHANMPOBaHUSA peannsoBaHbl B wander.[ch] n Taxe
LOCTATOYHO HeobblyHbl. HauvaTb xoTsbbl C TOro, 4to reiserd He wWMeeT XypHana
(BbloENEeHHOW obnacTu Ha [Oucke) B 06bIYHOM €ero noHumaHun. “CTtpaHcTByowmne”
XYypHanbHble 6110KM pasMewwarTcs NPov3BONbHO, B NtoboM mMecTe halinoBoi cuctembl. A
BMECTO TOro, 4To Obl 3anucbiBaTb XypHanupyembli 610K OBaxnabl (0AMH pas — B
“CTpaHCTBYlOLEe” MECTOMOMIOXEHNE, BTOPO — B peasnibHoe), reiser4 MoxeT 3anucatb 610k
B HOBOE MeCTO, a 3aTeM 0OHOBMTb ykasatenb B ero poautene. Kasanocb 6bl, kakas
pasHuua — Bedb MoAMPUKaLMIO POOUTENS BCE PaBHO MPUOETCSA BK/OYaTb B TpaH3akuUMIO,
O0OHaKo MNpW XypHanupoBaHWM XOTs Obl Tpex 6n0koB ¢ o6wwMM poaouTenem Bbiroga
CTAHOBUTCS OYEBUAHON. TpPaAuUMOHHOE peleHWe HasblBaeTcs nepes3anucbio 610KoB, a
onucaHHoe — nepepasmeLleHNeM.

PeweHve o nepepasmelleHun unuv nepesannucyu npuHUMaeTcs M3 coobpakeHuii
yNyJleHns NPon3BOANTENbHOCTU. 3anucbiBas XypHanupyemble 6n1oku B HoBble MecTa, ®C
n3beraet HeOOXOOMMOCTU BHOCUMTb KOMUIO kKaxgoro 6noka B xypHan. OgHako B cnyyae,
Korga HavyanbHas no3uvums nepepasmellaemoro 65oka sBnseTcs oNnTUManbHOW, CMeHa ero
KOOPAMHAT MOXET YBENNYMTbL hparMeHTaumio.



B nanbHeiwem nop goukcaumeri (commit) atoma Oynem MoHMMaTb 3anucb
cocTaBnsiowmx ero 6n1oKoB B CTPAHCTBYOWME NONOXeEHMS, a non copocom (flush) — 3anuco
610KOB NO peanbHbIM KoopanHaTam. [oHATHO, 4TO ANng nepepasmelwaemMoro Habopa atoma
3TV ABe cTagum cosnagaror.

MNepesanncbiBaemblli  Habop aTtomMa COOEPXMUT Bce rpsidHble 610ku, He
npuHannexawmve nepepasmeliaemori rpynne (T1.e. 610ku, He UMEIOLLME TPS3HOrO POANTENS,
ONs KOTOpbIX nepesanucb OyaoeT nyywmM BbiXOAOM). “CTpaHcTByoWwas” KOnus KaXm[oro
6noka 3anucbiBaeTCa Kak 4YacTb XypHana oo cbpoca atoma, U 3aMeHsieT OpuUrnHanbHoe
cogepxmmoe 6noka nocne cbpoca. 3ameTbTe, 4TO CynepbnOK cyMTaeTcsa pPOAUTENEM
KOPHEBOro y3na, a bitmap-6noku He umetoT poamtenein. CnegoeatenbHo, OHM Bceraa byayT
obpabatbiBaTbCa Kak 4acTb nepesanncbiBaeMoro Habopa (MOXHO Takxe onpenennTb
MUHUMalbHBIV  repe3anucbiBaeMbii  Habop, KOTOPbIA aHanormyeH o6blYHOMY 32
NCKMIOYEHNEM CNERYOWNX YCNOBUIA: €Cnn No KpavHeihd mepe 3 rpssHbix 6noka mmeloT
obLwero YACTOro poauTens, Toraa ux poauTens fobaBnseTca B 3TOT MUHMManbHbIA HAbop a
camm 6nokm nepemewatotcs B relocate-rpynny. 9ta ontummsaums OyneTt coxpaHeHa Ans
nocnenyrowmx Bepcun).

B 3aBucumocT OT cucTeMbl 1 pabo4velt Harpy3kyM MOXHO BblbpaTb OOHY M3 Tpex
NONMUTUK XYPHANMPOBaHUSA:

- Always Relocate: ata nonuTtuka Bknto4aet 610K B nepepasmMelaemMbii Habop B
noboM cnyyae, cokpawas KonmyectBo 6nokoB, cbpacbiBaeMbix Ha AucK
(onTMMM3UpYyeT 3annco).

- Never Relocate: ata nonutmka oTkA4YaeT nepepasmeleHne. bnokn Bcerpa
MAWYTCS B OPWUrMHANbHOE MECTOMOJIOXEHME C XYPHaNMpoOBaHWEM 4epes
nepesanuncb, 4epeBO He N3MeHSeTCs (ONTUMN3MPYET YTEHME).

- JleBblA cocen: aTa nonutvka nepemewaeTt 6nok B 6nuxaliwee K ero neBoMy
coceny BO3MOXHOe MecCTO (B nopsioke gepesa). Ecnn paHHas nosuvuusa 3aHATa
HEKOTOPbIM G/I0KOM BbIMONHSIOWErocs atoma, NoauMTuka genaeTr 650K 4YNeHOM
nepesanuceiBaemoro Habopa.

XKypHanupoBaHue MeTapaHHbIX
XypHanupoBaHue MeTafaHHbIX — 3TO OrpPaHWYEHHbI pexum paboTbl MexaHuama

XypHanvpoBaHus, nNpn KOTOPOM aTOMapHOW 3anucblo 3almMLaOTCA TONIbKO MeTalaHHble
chanoBoit cuctemol. B aTOM pexume 6n1oku gaHHbIX dparina (HedbopMaTUpPOBaHHbIE Y3/bl)



He 3aTparmBaroTcsad MexaHU3MOM XypHanunpoBaHusa W, cnegoBaTtesibHO, HE HYy>XOakTCda B
3anncn Ha AOUNCK Kak pe3ynbrtarte CpVIKcaLl,I/IVI TpaH3akKunun. B atom cny4yae 6noku OaHHbIX
doaiina He paccmatpuBaloTcs 4YneHamu relocate unu overwrite HabopoB, T.K. OHU He
y4YacTBYIOT B MPOTOKO/IE aTOMAPHbIX 0OHOBEHWUIA, a8 € AMHCTBEHHBIMM NpUYnHaMn nx cbpoca
Ha OUCK SBNSIOTCSA NepenosiHEHE NamsaTy 1 BO3pacT.

O6paboTtka bitmap-6nokos

Reiser4 pasmewaeT BpeMeHHble 6M0KM AN "CTPaHCTBYOWEro" XypHannpoBaHus.
OT0 3HAYNT, YTO CYWECTBYIOT pasnnums mMexnay cooepXumbiM domKcMpoBaHHOro bitmap-
6noka, KOTOpoe AONXHO OblTb BOCCTAaHOBNEHO nocne cbosi, u comepXumbiM paboyero
bitmap-6noka, KOTOpbIN NCNONb3YeTCa AN NOMCKa/BblaeNneHns cBob60aHbIX 610KOB.

Ona kaxporo bitmap-6noka B namsatn xpaHsatca 2 sepcun: WORKING_BITMAP u
COMMIT_BITMAP.

Pabounin bitmap wncnonb3yetcsa npocto Ans noucka cBoOOOHbIX ONOKOB, ecnu
HekoTopbli 6uT cbpoweH B paboyeir kapTe, TO COOTBETCTBYyLOWMIA 6nOK MoXeT ObiTb
BblaeneH. Paboyasi kapta oOHOBNsieTCA Mpu KaxAnoMm BbloeneHun 6noka. Commit-kapta
oTpaxaeT U3MEeHeHWs, BbINO/IHEHHbIE B YXX€ COBEpPLIEHHbIX aToMax nmbo B aTomMe, KOTOPbI
BbINOMHSETCA B [AaHHblA MoMeHT. Commit-kapTa 0OHOBNSETCS TONbKO Mpu doukcaumm
aToma, T.e. COCTOsIHME BI0KOB, BbIOENEHHbIX XYpHany Ha BpeMmsi 06paboTku atoMa, B HeW
HMKOr4a He oTpaxaeTcs.

Hannune pByx OWUTOBbIX KapT B NaMsTM OYeHb BbIFOAHO, T.K. 3TO MO3BONSET
HECKO/IbKM aToMaM MOAM(ULMPOBAaTb 0AMH bitmap-6nok.

LOpyroii peduunTHbIn pecypc B reiserd — cynepbnok, copepXaluii cyeTymK
cBoboAHbIX 610KOB. K HEMY MPUMEHSAETCS aHanornyHas TexHWKa, No3BONAWAS MHOIMM
aToMaMm MoOnULMPOBaTb 3TOT CYHETYMK (CM. HUXE).

CTpaHCTByIO uLee XypHanvposaHue

ANroput™M XypHanupoBaHus reiser4 pasMmellaeT M 3anucblBaeT CTPaHCTBYOLWME
6nokn 1 noaaepXuBaeT OOMOJNHUTENbHbIE OMCKOBblE CTPYKTYpbl atoma — wander-3anucu
(kaxpas 3aHMmaet 1 6nok), cogepxawme obwyr MHGOPMALMIO O TpaH3akuum n Tabnuuy
oToBpaxeHuih CTpaHCTBYOWMX BNOKOB Ha UX peanbHble KOOpAMHATbI.



JunckoBas CTpyKTypa TpaH3akuMm TakoBa:

Transaction header, Wander records [0,n]
1-st block Wander record header wander entries [0,n]
tx_header wander_record header wander_entry

CM. wander.h:

struct tx_header {

};

/* Maruueckad CTpoOKa OelaeT NepBhM 670K B TPaH3aKIUU OTIHUYHBIM
* OT IPYTrUX XypPHAIUPyeMbIx 6I0KOB, BTO OONXHO nomMoub fsck */
char magic[TX_HEADER_MAGIC_SIZE];

/* ID TpaH3axuuu */
de4 id;

/* Obmee xonuuecTBO wander-zamnuceu (BKhnmouad 5Ty, tx head) */
d32 total;

/* BrIpaBHUBAET MpempOyiee rnoie no 8-6auTHOU rpaHulle, Bcerma 0 */
d32 padding;

/* YxasaTenb Ha 3arollOBOK MNPenbOyled TpaH3akILuu */
d64 prev_tx;

/* llonoxeHue crnenyiomey wander-sanucu */
d64 next_block;

/* 3aduKkcUpOBaHHAYd BEPCHY CUETUHKa CBOOOIHEIX OIOKOB */
d64 free_blocks;

/* KonuuecTBo GarnoB U crnenymomud cBOOOnHEHM ObjectID
* XYPHANUPYIOTCY OTOENbHO OT cymnepbnoka */

d64 nr_files;

d64 next_oid;

struct wander_record_header {

/* ECniu He U3BECTHO MOoNoXeHue wander-3amnuced, 5Ta CTPOKa IIOMOXET
* fsck HauTH HUx. */
char magic[WANDER_RECORD_MAGIC_SIZE];

/* ID TpaH3axuuu */
de4 id;

/* Obmee KonuuecTBO wander-3amnuced B TpaH3akluu */
d32 total;



/* KonuuecTBO OIOKOB B TpaH3aKLUu */
d32 serial;

/* number of next block in commit */
d64 next_block;
};

/* OcTaTok 6noka, colepxamero wander 3alucCh, 3aAlONHIETCYd DTUMU
* DIEeMEeHTaMH, a HEeHCIOIb30BAHHOE MECTO - HYdIMU¥/
struct wander_entry {
d64 original; /* OpUIrHHANlbHOE MONOXeHHe 6noka */
d64 wandered; /* CTpaHCTBylIee MNONOXeHUe 6nokxa */

};

Ona ynpaBneHuss XypHanom B reiser4 cywecTByloT 2 6noka, umetowme
PMKCUPOBAHHOE MONIOXEHNE Ha OMCKe: 3aronoBoK XypHana u journal footer. ATomapHas
3anucb 3arofioBka XypHana nokasblBaeT, 4YTO TpaH3akuusa 3adoukcupoBaHa (T.e.
nepexwueeT cboit), a 3anucb journal footer'a — 4TO BbINONMHEHbI BCE MOCTPUKCALMNOHHbIE
3anucu (T.e. TpaH3akUMs NOJIHOCTbIO 3aBeplieHa, Bce 6/10KM 3anmcaHbl Mo CBOMM MECcTam).
MNMocne ypayHoii 3anucu footer'a Bce cTpaHcTBylowmMe 6n10KM K wander-3anucu
ocsoboxgatotca. Cm. wander.h:

/* ®opMaT 6noOKa 3aroiioBka XypHana */

struct journal_header {
/* [lonoxeHVe 3arojloBKa NoclenHer 3adUKCHUPOBAHHOU TpaH3akLUu */
d64 last_committed_tx;

}s

/* ®opmaT journal footer 6moxa */
struct journal_footer {

/* [lonoxeHue nocnenHed COPOMEHHOH TPpaH3akKLWU. DTOT ykKasaTelb
* He dBIYETCH UCTHUHHBEIM IIOCIE TOI'O, Kak TpaH3aKlud, Ha KOTOPYVIO
* OH ykasblBaeT, cOpomeHa, a UCHONb3YEeTCd TONBKO B Ipollecce
* BOCCTAHOBIIEHUH N4 ONpPenelNeHUd KOHIla OUCKOBOI'O CIHCKA
* 3adUKCUPOBAHHBIX TPAaH3aKIIUH, KOTOPbE He OBIIH YCIIENHO
* CcOpOoUmeHsl. */

d64 last_flushed_tx;

/* CueTuukx CBOOOOHEIX OIOKOB BO BpeMd cOpoca TpaH3aKLUuU
* 3anuceiBaeTcd B journal footer, a He B cynep6bmnox, T.XK. OH
* XYPHAUPYETCHd OTHHUYHO OT OPYrUX IOJNeH cynepbrnoka (HanpuMmep,
* yKasaTend Ha KOPEeHb mepeBa) */

d64 free_blocks;

/* KonuuecTBO GAaWNOB M MakCuManbHBM 0ID Takxe XypHAITUPYIOTCI
* OTOEeNbHO OT cynepbnoka */
d64 nr_files;



d64 next_oid;
}s

Mpouecc cukcaumm atoma BKOYaeT B cebs HECKOIbKO CTaauiA:

1. MoacunTbiBaeTCcs pasmep nepesanncoiBaeMoro Habopa atoma.

Boluncnsietcs  HeobxoomMmoe — konmyecTBOo  wander-3anuceil,  pasmellaroTcs
HeobxoamMble Ans HUX 6noku.

PasmelatoTcs cTpaHcTBytowme 610kn 1 3anonHsoTcsa wander-3anucu.
CtpaHcTBytowme 6noku 1 wander-3anvmcy HanpaBnsoTCA Ha 3anuch.

OxwnpaeTcs 3asepleHue /0.

O6HoBNsieTCA 3aroNnoBOK XypHana: ykasatenb last commited_tx yctaHaBnvBaetcs
Ha O6nok tx_header peicTBylOWeEn TpaH3akuMnW, MOAMMPUUMPOBAHHLIA 6nok
3aronoska XypHana HanpasnsieTcs Ha 3anucb 1 oxunaaeTcs 3aseplueHue /0.

n

o Ok~ w

Cbpoc aToma:

1. MNepes3anncbiBaeMblit HA6OP aToMa NULIETCS NO OPUrMHaNbHBIM KOOPANHATAM.

2. Oxunpaetca 3asepueHue I/0.

3. ObHoBnsieTcs footer XxypHana: ykasatenb last_fulshed tx yctaHaBnmBaetcst Ha 610k
tx_header Tekywero atoma. Footer-6nok HanpaBnseTcs Ha 3anuchb.

4. OxwnpaeTtca 3aseplueHue I/O.

5. OcBoboxaaeTcs AUCKOBOE NMPOCTPaAHCTBO, BblAENIEHHOE CTPaHCTBYWMM 6nokam u
wander-3anucsm (BHocsATcs namMeHeHus B paboyme BUTOBbIE KapThl, HA AUCK HUYEro
He nuweTcs).

HeTpyoHO MOHSATb, 4TO Korga npouenypa BOCCTAHOBNEHWUS WWET He3aBepleHHble
TpaH3akuMn, OHa cpaBHMBaeT 3HayeHus nonewn last_commited tx (3aronoeok XypHana) u
last_flushed_tx (journal footer), n ecnu oHN He paBHbl — HAYNHAET OBUXEHUE NO KONbLEBOMY

cnmcky wander-3anucei, copacbiasi Bce, 4to O C ycnena 3acukcmposaTtb [0 cOosl.

Bonee nopgpobHo 06 OMNMCaHHbIX BbIlE MExXaHU3Max MOXHO noyuTaTb B
KOMMeHTapuax goannos wander.[ch] u B [3].

MnaruHHas nHdpacTpykTypa

Bce nnaruHbl reiser4 KnaccuguumpyoTca no HEeCKONbKUM TuUnam. [MnarvHbl 0gHOro



TMNa HasblBalOTCS €ro  MHCTaHuusMy  (BOBMOXHO, 6Oonee npaBUNbHO — ckasaTb
osk3semnnspamu). Metka B Buge napol (type_label, plugin_label) yHukanbHa n sBnsietcs
rnobanbHO yCTOWYMBBIM, BUOMMbIM MONb30BATENO WAEHTUEMKATOPOM nnarvHa. BHyTpm
aapa NognepXmuBakTCa MacCuBbl, MHOEKCAMU B KOTOPbIX U SBASAIOTCSA 3TW 4Yucna. Takxe
NOALEpPXMBAKOTCA CTaTUYECKUE CNOBapu, SBnsowmnecs otobpaxxeHnem METOK niarnHoB Ha
BHYTPEHHWNE naeHTndomkatopbl Tuna reiserd_plugin_type, xpaHsiwmecs B o6bektax PC.

MeTkn nnarvHOB WMEKT 3HayeHWe [Onsg  nonb30BaTeNbCKOro WUHTepdgenca,
HasHavawwero nnaruHbl obbekTam, M B Oyaylwem CTaHyT WUCNONb30BaTbCA AN WX
AnHamndeckon 3arpysku. VigeHtundgomkartop tuna reiserd_plugin_type sBnseTcs MHOEKCOM
BO BHYTPEHHEM CTaTn4eckom maccuse pluginsy].

O6bekt PC, B COOTBETCTBME KOTOPOMY MOCTaBMEH MNNarMH HEKOTOPOro Tuna,
Ha3BaH, 6e3 NMWHMX NPeMyapocTei, CyO bEKTOM 3TOro TMMa U ero KOHKPETHOW MHCTaHUUK.
C kaxpgbiM cybbekToM nnarnH MOXeT XpaHWTb HEKOTOpPOEe COCTOsiHME (ons aToro B stat-
data ecTb cneumanbHoe pacwupeHune reiserd_plugin_stat). Hanpumep, cocTosiHue
LMPEKTOPHOro NnarvHa (SBnseTcs MHCTaHUuue 06 beKTHOrO TMna) ecTb ykasaTesb Ha Xalu-
nnarvH.

B nononHeHne K 4nCnoBOMY MAOEHTUMKATOPY KaXnAbld TUM U Kaxpas WHCTaHUuuA
UMEIKT TEKCTOBYK METKY (KOPOTKYK CTPOKY) M onpeneneHne (OJAUHHYK CTPOKY), XEeCTKO
KoaupoBaHHble B MaccuBe plugins[]. Mo aToil nape nnarvH TakXxe MOXeT ObiTb HaLeXHO
NOEeHTUPNLMPOBAH.

C kaxpdbiM inode (OTKPbITbIM cpaiiioM) accouumpoBaH Lenblii Habop nnarnHoOB.
XpaHuTb yKkasaTenm Ha HUX B KaXOM inode — HeNpoCTUTenbHas noteps namsatu. Bmecto
9TO reiserd nopmepXuBaeT HECKONbKO TrnobanbHblX CTPYKTYP [OaHHbIX Tuna struct
plugin_set, kaxaas 13 KOTOPbIX XpaHUT HAbop nnaruHoOB Ans 06 bekTa KOHKPETHOro Tuna.
Inode conepXxuT TONMbKO ykasaTtenb Ha plugin_set csoero tuna.

CTpyKTypbl [OaHHbIX, WCMONb3yeMble MNarMHHON WHAPACTPYKTYpPOil, a Takxe
BO3MOXHbIE TWMbl 1 Ppeann3oBaHHble MHCTaHLMMN ONncaHbl B dpainax:

+  plugin/plugin.[ch]
- plugin/plugin_header.h
- plugin/plugin_set.[ch].



3aknyeHue

B vanilla-sgpa opansep reiser4 noka He BK0OYaeTCs, NOCTOSHHO AOCTYMNEH TOJNIbKO B
-mm BeTke dHApto MopTtoHa (Andrew Morton):
www.kernel.org/pub/linux/kernel/people/akpm/patches/2.6

Ha ftp-caiite paspabotumkoB (ftp://namesys.com/pub/reiser4-for-2.6) Takxe MOXHO
HaTN HeodoMUManbHbIE reiser4-natyun onsg HeKoTopblx vanilla-aaep, Nnpasha BbIXOAAT OHM C
HEKOTOPbIM OMO34aHNEM M NPAKTUYECKN HE COMPOBOXAAIOTCS.

NcTouHUKM

1. VicxogHble TekcTbl gpansepa reiserd gna linux-2.6.23

2. Hans Reiser “Reiser4 whitepaper”’: www.namesys.com/v4.html

3. Joshua MacDonald, Hans Reiser, Alex Zarochentcev, "Reiser4 transaction design
document": www.namesys.com/txn-doc.html

4. Edward Shishkin, “Reiser4 cryptcompress regular files”:
www.namesys.com/cryptcompress_design.html

CBexXyto BEpPCUIO 3TOr0 JOKYMEHTA, a TakXXe aHanornyHble no Tematuke cTatbi 1 nepesobl MOXHO
HanTn Ha www.filesystems.nm.ru
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