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AHHOTauuA

dra CTaThs JOKYMEHTHUPYeT HEKOTOPhIe HavalbHble BBIKJIaKY B pas-
pabotke GEOM-KJ1accoB, a Takke Mogy el sapa B obueM. [Ipes-
T0JIaTAeTCst, YTO YUTATENb 6IM3KO 3HAKOM C [TPOrPaMMUPOBAHU-

eM Ha CU B KOHTEKCTe MPOCTPAHCTBA MOJIb30BATENbCKUX MPOLIECCOB
(userland).
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1. BctynneHmne

1.1. AokymeHTauusa

JIOKyMeHTaIs 110 IPOrpaMMUPOBAHUIO IJIS sIpa CKyAHAas, 3TO OfjHa U3 HEMHOI'MX 00-
JlacTel MPOrpaMMUpPOBaHMUS, Ije TIOYTH HEeT XOPOIIMX Y4eOHBIX TOCOOUIL, ¥ COBET «4UH-
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[TogroroBka

Tall UICXOZHNKN!» — COXpaHseT CBOIO CIIpaBeJINBOCTh. OZHAKO, CYIIeCTBYET HECKOIBKO
CTaTell ¥ KHUT pa3HOM aKTyaJIbHOCTU, KOTOPbIe PEKOMEHAYIOTCS K M3yUEHUIO Ilepef; TeM,
Kak Ha4yaTb IPOrpaMMUpPOBaTh:

¢ PyxoBogcTBO FreeBSD fiy1 pa3paborunkoB — 4acTs [IpoekTa lokymeHTanuu FreeBSD,
HUYETO CIeNuUIHOTO O IMPOrpaMMHUpPOBAaHUU Sfpa B HEM HET, 3aTO €CTb HEMHOTO
0611eit mosie3Ho NHPOPMaLVH.

* PyxoBogcTBO 10 ApxuteKType FreeBSD — Takke siBiseTcs 4acThio [IpoekTa JJokyMeH-
Tauuy FreeBSD, comepUT OnMCaHUsA HEKOTOPBIX HU3KOYPOBHEBLIX CPEACTB 1 IIPOLie-
Byp. YaenuTe BHUMaHUe pasfesy HoMep 13 — HanucaHue fpaiiBepoB yCTPONCTB A/
FreeBSD.

¢ HeCKOJIbKO MHTEPeCHBIX CTaTel 06 YCTPOMCTBE sifipa MOXHO HalTH Ha caiiTe FreeBSD
Diary.

¢ CTpaHULIBI U3 pasfiesia HOMep 9 CUCTEMHOTO CIIPaBOYHUKA, COAEPIKAT BaXKHYIO LOKY-
MEHTALUIO 10 GYHKIMAM A1pa.

+ CrpaHuLa CIpaBOYHUKA geom(4), a Taxoke ciaripl [Tosia-XeHHyHra Kamma — obigee
IpeficTaB/ieHre o noacucreme GEOM.

+ Crpanuupl cripaBoynuka g bio(9), g event(9), g data(9), g geom(9), g provider(9),
g consumer(9), g access(9), a Taxke Apyrue, CBA3aHHbIE C BBILIEYTOMSIHYTBIMU U Pac-
KphIBaromue crenuduIeckuii GyHKIUOHA MoACUCTeMbI GEOM,

+ CTpaHuua cripaBoyHuka style(9) — gokymeHTHpyeT coraueHus o cruie opopmiie-
HUS KOZa, KOTOpble 06513aHbI ObITH COOJIIOZEHBI €CJIM BbI MIJIAHUpPYyeTe MepeaTh Ball
KOZ B Subversion perosurtopwuii FreeBSD.

2. MNoaroTtoBKa

Jls TOro, 4Tob 3aHMMAThECA pa3paboTKaMu A/ A4pa, XKeTaTebHO UMETh [Ba OTAEeb-
HBIX KOMITbIOTepa. OfMH U3 HUX [IpejHa3Ha4Y€eH /IS CPebl paspaboTKU M UCXOLHBIX KO-
JI0B, @ BTOPOI — [i/1s1 3aIlyCKa TeCTOB OTJIaXKMBaeMOro KoZja. BTopoMy KOMIBIOTEPY A1
paboTh! ZOCTATOYHO MMETh BO3MOMHOCTb BBIIIOJIHATH HAa4ya/IbHYIO 3arpy3Ky 110 CETH U
MOHTHpPOBaHMe (aIOBEIX CUCTEM IO CETH. B 3TOM CUTYaINH, €CITH OTIaXXUBaE€MBIN KO,
COZIEPIKUT OLIMOKY U BHI30BET aBapUITHYIO0 OCTAHOBKY CHICTEMBI, TO 3TO HE ITOBJIEYET [10pP-
4y WIN YTEPIO UCXOAHOTO KOZa . BTOpoMy KOMITBIOTEpPY faske He MOTpebyeTcss NMeTh
CBOIT MOHUTOP, JOCTATOYHO Oy/ieT CoOeANHEHNsT aCHHXPOHHBIX ITOPTOB kabeseM RS-232
WY COefjMHeHus Ipy noMomuy KVM-ycTpoiicTsa.

Ho Tak KaK ZajieKko He Y KaX[Joro eCTb /jBa WM 60J1ee KOMITBIOTEPOB IO, PYKOL, eCTh ITapa
CII0CO6OB TIOTOTOBUTE MHYIO «XKUBYIO» CUCTEMY AJIs pa3paboTKy Koja A Anpa. OfuH
Y3 HUX — 3TO paspaborka B VMWare wiu QEmu BUpTyanbHOM MammHe (370 siyyiiee us
LOCTYIIHOTO, TIOCJIe, KOHEYHO-)Ke, BBIEJIEHHOTO [iJisl TECTOB KOMIIBIOTEPA).
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Cospanue kiacca GEOM

2.1. Hactpoiika cuctembl agns paspa6oTku

Tpesxie Bcero HeO6GXOAMMO UMETH B siipe Toaaepkky INVARIANTS . lo6aBbTe Ciiefyio-
e CTpoky B daiia KoHPUrypauuu sagpa:

options INVARIANT SUPPORT
options INVARIANTS

st 6osbiet MHGOPMATUBHOCTH IIPU OTJIaLKe BKIOUMTe oAnepixky WITNESS, koro-
past 6yzieT peAynpeXxaars Bac B CJlyuyae BOSHIKHOBEHUS B3aHMOOJIOKMPOBOK:

options WITNESS SUPPORT
options WITNESS

Taxoke BKIIOYUTE OTJIaZl0uHble CUMBOJIBL, €CJIY IIJIaHUPYeTe BBIIOIHATh OTJIaAKY 110 aM-
I1aM aBapUMHBIX OTKa30B

makeoptions DEBUG=-g

YCTaHOBKa OT/Ia[0YHOTO sifjpa O6BIYHBIM criocobom (make installkernel ) He mact mpu-
BBIYHOTO pe3ysibTaTa: Gaiin siapa 6ymer HasbBaThCst kernel.debug v 6yeT HAXOQUTHCS
B/usr/obj/usr/src/sys/KERNELNAME/ . [liist yEo6CTBa, OTIaf0YHOE SIAPO HEOBXOAUMO
CKOIIMPOBaTh B /boot/kernel/ .

Taxoke y[oOHO MMeTh BK/IIOUEHHBIN OTJIaYMK Spa, TaK BBl CMOXKETe MCCIIeA0BaTh IIa-
HUKU Cpasy-)Ke [0CjIe NX BOSHUKHOBEHUS. JI/isl BK/IIOYEeHHUs OT/IafurKa JoOaBbTe ClIesy-
I0IIMe CTPOKU B $aiiyl KOHPUTYpaLjuu Aapa:

options KDB
options DDB
options KDB TRACE

[I71s1 aBTOMaTH4eCKOTO0 3aIlyCKa OTIafuMKa spa MOoc/Ie BOSHUKHOBEHUS ITaHUKHU MOXKET
MOHAO06UTECS YCTAHOBUTE IIEPEMEHHYI0 sysctl:

debug.debugger on panic=1

[TaHUKY CUCTEMBI 6YAyT MPOUCXOAUTD, IO3TOMY YAle/IUTe BHUMaHUe Koy $GaiioBoii
cucrembl, O6BIYHO, TP BKIIOYEHHOM MexaHusMe softupdates, mocenusis Bepcust dpaiina
MOJKET BbITh yTepsiHa €CJIM MaHWKa IPOU3OIIIA PaHblle COpackiBaHUs KIIIa Ha YCTPOWA-
CTBO XpaHeHwWs. Brlk/oueHre MexaHusMa softupdates (mocpescTBoM MOHTHMpPOBaHMS
daiIoBOIt CUCTEMBI C OTILUEN «SYNC») 3HAUMTEBHO CKA3bIBAETCSI Ha TPOU3BOAUTETBHO-
CTH U, OTISITh-3Ke, HE FAPaHTUPYET LeJOCTHOCTH [NaHHbIX, Kak KOMITPOMMUCC, MOXHO CO-
KpaTUTh 3a[iepKKU cOpachlBaHUs Kaula MexaHusMa softupdates. ECTb Tpu mepeMeHHbIX
sysctl, 3HaueHMs KOTOPBIX HEOBXOAMMO U3MEHUTH (JTy4IiTe BCEro — MPOIMCaB UX B /etc/
sysctl.conf )

kern.filedelay=5
kern.dirdelay=4
kern.metadelay=3



HayaJio nmpoexra

3HadyeHUsA 3TUX IIePEeMEHHBIX — CeKYH/IbL.

JJi OT/IafKY MaHUK spa HeO6XOAMMEI AaMIIbl TaMATH. Tak KaK IIaHUKa Afpa MOXKeT
«coMaTh» $ailyIoByIo CUCTEMY, AaMII CHa4YajIa COXpaHAEeTCs B «ChIPOii» pasgest. O6bIu-
HO, 3TO CBOII-pasfesL. [103ToMy, pa3Mep CBOII-pasfesia fO/KeH ObITh He MeHbllle pasMepa
03Y komIibloTepa. [Tpu ocrefyolielt 3arpy3Ke JaMIl KOMPYeTCs B 0OBIYHBIH daiis. ITo
IIPOMCXOLUT Cpasy-)Ke MOCjIe IIPOBEPKU M MOHTUPOBaHUS GalIOBBIX CHCTEM, HO Ilepe]
aKTUBUPOBaHMEM pasfiesia CBoma. Takoe IoBeieHre KOHTPOIMPYETCS CIEAYIOIIMMMU I1e-
pemMeHHbIMU /etc/rc.conf :

dumpdev="/dev/ad0s4b"
dumpdir="/usr/core"

[lepemeHHast dumpdev ykasblBaeT Ha pasfies IofKadyky, a dumpdir coobuaer cucteme
Ky/Za llepeMellaTh AaMII sfpa Py clefyoleli 3arpysKe.

CoxpaHeHMe faMIla sfipa — POL,ecC MeJJIeHHBI, U, eCJIY y Balllero KOMIIbIoTepa MHOTO
oTepaTUBHOM aMATH (>256M) 1 eCJTU ITAHUKY CITYYaloTCs 4aCTO, TO OKUJAHUE COXpaHe-
HUs1 JAMITOB MOXKET Ha4YaTh pasgpaxars (BCIIOMHUM, YTO HaJ| AaMIIOM IIPOUCXOUT ABe
omepanyy: CoxpaHeHue B CBo-paiiu 1 nepeMelerve Ha GpaiiyioByio cucremMy). B rakom
CJlydae MOXET OKa3aThCsl YA0OHBIM OrpaHUYMBaHMe 00'beMa MCII0Ib3yeMO CUCTEMOR
NaMATHU IIyTeM yCTaHOBKU NepeMeHHoI B /boot/loader. conf :

hw.physmem="256M"

EC/I1 IAHWKY CJ1y4a0TCsl 4acTo U pasmep $aitioBbix cucTeM 6oibIuoi (MIu jke BBl Ipo-
cro He foBepsiete softupdates u poHOBOM poBepKe PpailyIOBBIX CUCTEM), PEKOMEHAYETCS
OTKJIIOYUTE GPOHOBYIO MMPOBEPKY PaiiIOBBIX CHCTEM MOCPEACTBOM YCTaHOBKHU IIepeMeH-
Hou B /etc/rc.conf :

background fsck="NO"

B aTom ciy4ae $aitioBble CUCTEMBI OYAYT MPOBEPATHCS TOJIBKO IIPU HEOOXOLUMOCTH.
TakxKe 3aMeTbTe, UTO B CJIydae UCI0JIb30BaHUA POHOBOM MPOBEPKU, HOBAS ITAHMKA MO-
JKET CJYYUTHCS B TO BpeMsi, KOT/a MPOBEPSAIOTCS AUCKU. JpyrMU CioBaMu, Harbosee
6e30MmacHsbIi CII0CO6 — He MMEeTh MHOT'O JIOKaIbHBIX (paiiIoBBIX CUCTEM, a UCII0/Ib30BaTh
BTOPOM KOMIIBIOTEP B KadecTBe NFS-cepBepa.

2.2. Hauano npoekTa

Jl1st HanMcaHusT HoBoro kyiacca GEOM Heo6XOANMO CO37aTh MOAANPEKTOPUIO B 060
[OCTYITHO MTOJIb30BATEI0 ArpeKToprn. COBCeM He 0653aTe/IbHO, YTO0 Ball MOJYJIb U3-
HaYaJbHO pasMellasics B /usr/src.

2.3. Makefile

[TpaBUIOM XOpOIIEro TOHa sBJsAeTcA co3fanue Makefile -0B 1 KaXoro HETPUBUAJIb-
HOTO MPOEKTa, IPUMePOM KOTOPOro KOHEUHO-)Ke ABJIAeTCs CO3faHre MOAyJIer sAfpa.



Cospanue kiacca GEOM

Cospanue Makefile — nesio He CIOKHOe 6arozapst MCYEPIIBIBAIOIEMY HAOOPY BCIIOMO-
TaTeJIbHBIX CPEACTB, TPeaOCTaAB/IAEMBIX cucTeMoi. B BKpaTLe, BOT KaK AOJ/DKEH BBITJIA-
neTb Makefile mia momyna azapa:

SRCS=g_journal.c
KMOD=geom journal

.include <bsd.kmod.mk>

dror Makefile (c usMeHeHHbIMU MMeHaMU GANIOB) MOLONUAET K JHOGOMY MOZAYJIIO S
pa. Kinacc GEOM MoxeT pasmellaTscss B OHOM eIMHCTBEHHOM MOAYyJIe Aapa. Eciau fiis
cbopKy Balero MoAyJst TpebyeTcs 6osblite, 4eM OANH Gaiis, TO IepeuMCIUTE UX UMEHa,
paspesieHHble TPOOeTbHEIMU CUMBOJIaMH, B IlepeMeHHOI SRCS.

3. MporpammunpoBaHue B aape FreeBSD
3.1. BbigeneHne namsatu

pounraiire malloc(9) — BbIIEEHME MAMSATH JIMIIE HEMHOTO OTJIMYAETCS OT CBOEro SK-
BUBAJIEHTa, UCIIOJIb3YEMOTO B IPOCTPAHCTBE [0JIb30BATENbCKUX MpoueccoB (userland).
Hawmbosee npumeTHO TO, uTo Malloc () u f ree () MPUHUMAIOT OTTOTHUTETBHBIE TAPAMET-
PPBI, KOTOpPBIE OMMCAHBI B CTPAHMUIIE CTIPABOYHMKA,

Tun «malloc_type» He0OX0AUMO 06BABUTE B CEKLMU AeKIapanuiil ¢paiiyia ¢ UCXOLHBIM
KOZIOM, HallpruMep:

static MALLOC DEFINE(M GJOURNAL, "gjournal data", "GEOM JOURNAL o
Data");

[l71s1 TOTO, YTOBBI MOYKHO OBLIO UCIIOIB30BATh TOT MAKPOC, HEOOXOMMO BKIIOYUTH ClIe-
Zlylollfiie 3arosioBo4yHble ¢aibl: sys/param.h , sys/kernel.h u sys/malloc.h

CylecTByeT elle OfUH MEXaHW3M BblgeseHus mamsat — UMA (Universal Memory
Allocator), ormcannsiii B uma(9). 3to crieuduyecKuit METO/I, TPEUMYIIECTBEHHO TIPE/-
Ha3HAYeHHbIN [J151 6BICTPOTO BhIEIEHNSI TAMSATH IO/, CITUCKH, COCTOSIIINE U3 3JIEMEHTOB
OJIMHAKOBOTO pasMepa (HampuMep, IMHAMUIECKHE MACCUBBI CTPYKTYD).

3.2. Ouepean n CNUCKU

O3HaKOMBTECH ¢ queue(3) Bo MHOXeECTBe cily4aeB BaM HEOOXOAUMO 6yeT OpraHMU30BbI-
BaTh Y YIPaBJATh TAaKOM CTPYKTYPOI JaHHBIX, KaK CIIMCKU. K cyacThio, aTa CTpyKTypa
[AHHBIX peayM30BaHa HECKOIBKIIMU CIIOCO6aMU B BUie MaKpoCOB Ha CH, a TAKIKE BKJIIIO-
yeHa B cucteMy. Harbosiee rubkuii 1 yacTo ynorpebsieMslil TUI civcka — TAILQ. 3ToT
TUIT CIIMCKA TAKXKE OAVH U3 Haubosiee TPeGOBATENBHBIX K NaMATH (€r0 JIeMEHTEI - C
[BOMHBIMU CBSI3SIMU), a Takoke — Haubosiee MeAyIeHHbIN (OAHAKO CYET UAET HA HECKOJIb-
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BIOs

k0 nHCTpyKuui LITY, mosToMy moc/efHee YTBepXAeHUe He CelyeT BOCIPUHAMATh B
BCEpbes).

EC/M Ba)KHA CKOPOCTh TOJIyYeHUsl JAHHBIX, TO BO3BMUTE Ha BOOpyeHUe tree(3) m
hashinit(9).

3.3. BIOs

CrpykTypa bio Mcrnosp3yercs 4Jisi BCex onepanuii BBOAa/BbIBOA, Kacaowwuxcs GEOM.
OHa cofiepykUT MHPOPMALIMIO O TOM, KaKOe YCTpOoiCcTBO ('mocTaBuuk geom') JOIKHO OT-
BETMTH Ha 3aIIpoC, TUII 3aIIpoca, CMellleHre, JJIMHY U yKasaTesb Ha 6ydep, a Taxoke Ha-
60p «ompe/ieIeHHbIX M0JIb30BaTeIeM» JIAroB U TOJIEH .

Ba)XHEIM MOMEHTOM SIBJIAETCA TO, YTO bio 06pabaThIBAIOTCS aCUHXPOHHO. ITO 3HAUMT,
4TO BO MHOTMX 9acTsIX KOJa HeT aHasora K read(2) u write(2) yHxuusmM us mpocrpas-
CTBa TOJTb30BATENTBCKUX MPOI[ECCOB, KOTOPBIE He BO3BPAIAlOT YIpaBJIeHUe MOKa He BbI-
TMOJTHUTCS CUCTEMHEII BBI30B. CKOpee, 10 3aBeplneHnn 06paboTky 3ampoca (Miu B city-
Jae omMO6KY MpU 06paboTKe) Kak M3BellleHNe BhI3bIBAeTCA ONpe/ie/ieHHas Mo/b30BaTe-
J1eM QYHKIUA.

ACUHXpOHHAsI MOJieJIb TIPOTPaMMHUPOBAHUSA B YEM-TO CJIOXKHEN, HEIKEIM Jale UCTIONb-
3yeMasi MMIIepaTUBHAasi MOJEJb, UCIIOIb3yeMasi B MPOCTPAHCTBE II0JIb30BATENbCKUX
MIPOLIECCOB; B JIIO6OM Cilydae, IIPUBBIKAHUE 3aliMeT HEKOTOpOe BpeMs. B HEKOTOPBIX
CJly4asix MOTYT GbITh WCIIOJB30BaHbl BCIOMoOraTesbHble GyHKIMU g write data () u
g_read_data (), Ho daseko He 8cezda. B yacTHOCTH, 3TH GYHKLMU HE MOTYT UCIIOJIb30BATh-
Csl KOT/Ia 3aXBaYeH MBIOTEKC; HATTPUMep, MbIOTeKC GEOM-TOIOIOrMHU UK BHYTPEHHUIA
MBIOTEKC, yEepXKUBAEMBII B X0/le BBIMOIHEHNs . start () num . stop ().

4. MporpammupoBaHue B cuctreme GEOM
4.1. Ggate

Ecny MakcHMaibHast IPOU3BOSUTEIBHOCTh He Tpebyercs, To 6osiee pocToil crocod
CoBeplIaTh MpeobpasoBaHuMs JAHHBIX — 9TO BBIIOJJHATH UX B IPOCTPAHCTBE I10/Ib30BA-
TeJIbCKUX [TPOLIECCOB MocpencTBoM ggate (GEOM gate). K HeocTaTkaM ciiefyeT OTHECTU
HEBO3MOXHOCTb ITPOCTOTO IIepeH0ca Koja B AAPO.

4.2. Knacc GEOM

Ksacc GEOM BBITIOJTHAET MPeobpasoBaHus AaHHBIX. ITU MPeobpasoBaHUA MOTYT OBITH
CKOMIIOHOBAHBI PYT C PYT'OM B BU/Jie iepeBa. Ik3eMILIsAp Kiacca GEOM HasbkIBaoT geom.

B xaxxgoMm kiiacce GEOM eCcTb HECKOJIBKO «METOZ0B KJIacca», KOTOPbIE BBI3bIBAIOTCS KO-
I/la SK3eMIUIApa KJ1acca HeT B HaIMYMK (WJIU 5Ke OHU He TIPUBA3aHbI K KOHKPETHOMY SK-
3eMIULSIPY KJiacca).
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¢ .init BeI3BIBaeTCs TOrAA, Korga cucteMe GEOM cTaHOBUTCSA U3BECTHO O Ky1acce GEOM
(Hanpumep, KOrza 3arpyKaeTCst MOAYJIb SAPA).

+ .fini 6yzer BoI3BaH B ciydyae oTkasa GEOM cucrems! OT kiacca (Harmpumep, py Bbl-
rpy3Ke MOZyJIst).

* .taste BbI3bIBAeTCs, KOIZa B CUCTEME MOSIBJIAETCS HOBBIH KJIACC WJIM ITOCTABIIUK geom
(«provider»). Eci cooTBeTCTBYE HaliieHO, TO 9Ta GpYHKLVsT OOBIYHO CO3/AET U 3aIlyc-
KaeT 9K3eMIUIAp geom.

e .dest roy_geom BBI3bIBA€TCA IIPU HeO6XO,Z[I/IMOCTI/I Pa3spymnTh 3K3EMILJISAP geom.

¢ .ctlconf 6y/:[eT BBI3BaH, KOTZia I10/Ib30BATEJIb 3alIPOCUT M3MEHEHNE KOHq)I/II‘ypaLU/II/I
CyLIECTBYIOLIETO 9K3EMILJIsSIpa geom

Taroke onpezeneHsl GyHKIUM cobbiTuil GEOM, KOTOpBle KOMMPYIOTCA B 3K3EMILIAP
geom.

Tloste .geom B CTpyKType g_class — aTo crucok (LIST) aK3eMIUISIPOB geom, peasru3oBaH-
HBIX M3 KJ1acca.

3T QYHKIUM BRI3BIBAIOTCS U3 g_event MOTOKa Afpa.

4.3. Softc

«softc» — aT0 yeTapeBIIMIt TepMIH 151 «[IPUBATHBIX AaHHbIX ApariBepay («driver private
data»). HasBaHute BeposATHel BCEro MPOVCXOAUT OT YCTapeBIIEro TepMUHA «software
control block». B cricreme GEOM softc aTo cTpykTypa (TouHee: ykasaTesb Ha CTPYKTYpPy)
KOTOpasi MOXET GBIT IIPHUCOeIHEHA K 9K3eMILIAPY geom 1 MOXET COAePIKaTh MPHUBAT-
HbIe JAHHBIE 9K3eMILIAPa. Y 60JIBIIMHCTBA K1accoB GEOM ecTh cieyloliyie YIeHbl:

* struct g _provider *provider : «IOCTaBIIMK geom» IIpefoCTaBJIsieMblid JaHHBIM
3K3eMILJIIPOM geom

e uintle t n disks : KosunuecTtBO HOTpe6HTene171 geom («consumer»), o6c11y>1<I/IBae—
MBIX JaHHBIM 3K3EMIISPOM geom

+ struct g consumer **disks :Maccus struct g consumer* . (HeBO3MOXHO 0601i-
THChH OAVHAPHBIM yKasaTeJieM, TOTOMy 4To cucteMa GEOM cospaeT [ HaC CTPYKTY-
psl struct g_consumer®)

CTpykTypa softc coliepsKUT COCTOSTHUE SK3eMIIISIpa geom. Y KayIoro SK3eMIUIpa eCTh
cBoO softc.

4.4. MeTapaHHble

(I)OpMaT MeTalaHHbIX B TOM UJI UHOM Mepe 3aBUCUT OT KOHKPETHOI'O KJlacca, HO 003aH
Ha4YMHATHCA C:



MapkupoBaHyve/co3faHue dK3eMIULIPa
geom

+ 16-6aiiTHOro 6ydepa AJst MOAMUCA — CTPOKM C 3aBepIIAKIIUM HyseM (06bIYHO 3TO
UMSI KJIacca)

¢ uint32 ugeHTH$UKaTOPA BEPCUU

ITozpa3yMeBaeTCst, YTO KJIACChl geom 3HAIOT KaK 00palllaThCsl C METaaHHBIMU C U[JeHTH-
duKaTopaMy BepCHil HXKe, YeM X COOCTBEHHBIE.

MeTaziaHHbIE PasMELIAITCS B TIOCAEAHEM CEKTOPE MOCTaBIMKa geom (moaTomy o6si3a-
HbI L|eJIMKOM YMELIAThCS B HEM).

(BCC 9TO 3aBUCHUT OT peasin3alliu, HO BECb CyHLeCTByIOHlI/II;I Ko pa60TaeT HO/:[OGHO Orun-
CaHHOMY U IIOANEPIKNBAETCA 6I/I6J'II/IOT6K3.MI/I.)

4.5. MapkupoBaHue/co3aHue 3K3emMnispa geom
[10C/IeA0BATENBHOCTD COOBITU CIIeAYIOLIAST:
* [OJIB30BATEJIb 3aIlyCKaeT CIy)ebHy mporpammy geom(s)

¢ MpOorpaMma pelraeT KaKuM KJIACCOM geom eii TIPULETCS YIPaBIATh U UILeT OUbvo-
Teky geom_CLASSNAME . so (koTopasi 06sIYHO HaxoguTcsi B /1ib/geom ).

* OHa OTKpbIBaeT 6ubsiuorexy npu nomowu dlopen(3), UsBeKaeT BCIOMOraTebHbIE
bYHKIMY U OTIpeieIeHus TapaMeTPOB KOMaH/HOM CTPOKH.

BOT TaK MPOUCXOAUT CO3aHKe/ MAPKUPOBAHUE HOBOTO 9K3EMILIApa geom:

+ geom(8) MueT KOMaHAY B apryMeHTaX KOMaHHOM cTpokH (06b14HO 910 label) 1 BbI-
3bIBaeT BCIIOMOTaTe IbHYI0 QYHKIIMIO.

+ BcnomoraTesibHas QYHKIVS IPOBEPSET MapaMeTpsl M COOUpPaeT MeTaJaHHble, KOTO-
Ppble 3aIMCBHIBAIOTCS BO BCE BOBJICUEHHBIE IIOCTABIIVKY geoml.

+ 9ro «moBpexzaaet (spoil)» cyecTyroume sk3eMIUIspb geom (eciu OHU 6bLIN) U 1O~
POX/IaeT HOBBIM BUTOK «TECTUPOBAHMs» MOCTaBLUIMKOB geom, IlesieBoii Kiacc geom
OTIO3HAET METaaHHbIE U AKTUBUPYET IK3EMILIAP geom.,

(TpuBeneHHas BBILIE TIOCIENOBATENBHOCTD COOBITUN 3aBUCUT OT KOHKPETHOM peanusa-
LMM, HO BECh CYIIECTBYIOWNN KOJ paboTaeT Mofo6HO ONMCAHHOMY U MOAAEPIKUBAETCS
61bIMOTEKAMI.)

4.6. CTpyKTypa KOMaH/ geom

BcriomoraTenpHass  Oubimmoreka geom CLASSNAME.SO — 9KCIOPTUPYET CTPYKTYPY
class_commands , KoTopas sIBJIAETCSA MacCMBOM 3JIEMEHTOB struct g_command . 3Tu Ko-
MaH/jbl OIHAKOBOro popMaTa U BEIIVIAAAT CIEYIOLIMM 06pa3oM:


http://www.FreeBSD.org/cgi/man.cgi?query=geom&amp;sektion=8
http://www.FreeBSD.org/cgi/man.cgi?query=dlopen&amp;sektion=3
http://www.FreeBSD.org/cgi/man.cgi?query=geom&amp;sektion=8
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KoMaHna [-onuun] umsa_geom [apyrue]
O61MMY KOMaHIaMU SBJISIOTCS:

+ label —samucarts MeTaaaHHBbIC B YCTpoﬁCTBa, YTOOBI OHU MOTJIY BBITH OTIO3HAHBI B npo-
necce TeCTUPOBAaHMA 1 NCII0/Ib30BAHbI B COOTBETCTBYIOINX 3K3EMILJISIpAX ZEOM

¢ destroy — paspymurs MeTafaHHbIe, 32 KOTOPBIM MOCIIEAYET paspyLIeHe dK3eMILIs-
poB geom

Ob1me OMIr:

¢ -V :[leTaJbHBII BEIBOJ,

+ -f:mpuHyAuTH

HekoTopble onepanuy, Kk IpuMepy MapKUpOBaHUe MeTaflaHHbIMU 1 paspylleHue MeTa-
JJAHHBIX MOTYT OBITh BBIITOJIHEHBI U3 IPOCTPAHCTBA [OJIB30BATEIbCKUX MPOLIECCOB. [/
3TOro0, CTPYKTYpa g_command COAEPXHUT IoJie gc_func, KOTOpoe MOXeT OBITh YCTaHOB-
sieHo Ha GyHKUMIO (B TOM-Ke . S0), KoTopasi 6y4eT BbIsBaHa Ajisi 06paboTK KOMaHAbL B

ciydae, korga gc_func pasno NULL, komaHza 6yfieT epefjaHa MOAY IO siApa: GyHKIUN
.ctlreq kmacca GEOM.

4.7. 3k3eMnasapbl geom

Y 3K3eMIIISApOB KaaccoB GEOM ecTh BHyTpeHHUE LaHHbIe, KOTOPbIe XPaHATCSA B CTPYK-
Typax softc, a Takxe ecTb HeKOTOPbIE GYHKIMH, IOCPEACTBOM KOTOPBIX OHU PEArUpPYIOT
Ha BHELIHNE COObITHS.

OYHKIMY COOBITHIL:

* .access :IPOCYUTHIBAET [IpaBa AOCTyIna (YTeHue/3amrCh/ UCKIIOYUTEBHBINA JOCTYII)

+ .dumpconf :Bo3sBpammaer nHGOPMALUIO O FK3eMILIApe geom; popmaT XML

 .orphan : BBI3BIBAETCS, KOT/Ia OTCOEANHSIETCS JIF0OOM M3 HU3JIEKAIUX TTOCTABIINKOB
geom

+ .spoiled : BbI3BIBAaeTCs, KOIZja IPOM3BOAUTCS 3aICh B HU3JIEKALNI MOCTAaBIIUK
geom

¢ .start :06pa6aTBIBaeT BBO//BBIBO,
3T QYHKIIMU BEI3BIBAIOTCS U3 SZEPHOTO ITOTOKA g_down U B 9TOM KOHTEKCTE He MOXKET

6BITH 6JIOKUPOBOK (MonmuUTe OnpesiesieHre «6I0KUPOBKa» B IPYIUX UCTOYHMKAX), UTO
HEMHOTO OTPaHUYMBAET CBOOOY AENCTBHIL, HO CTOCOOCTBYET OBICTPOTE 06PabOTKIL.



[TOTOKM BBINIOJIHEHUSA CUCTEMBL geom

U3 BBILIEYIOMAHYTHIX, Harboiee BaXKHON U BBIMOJIHSIOLIE! T0/IE3HY0 paboTy GyHK-
uueit sBsiercs . start (), KoTopasi BbI3BIBAETCS BCIKUI pas, KOTAa MOCTABIKUKY geom,
yIIpaB/IsieMOMY 9K3eMIIIIPOM KJjlacca, MpuxoauT 3ampoc BIO.

4.

8. MoTOKM BbINOJIHEHNSA CUCTEMBbI geom

CucreMoit GEOM B sizpe OC CO3AAI0TCS U MCIIOMBb3YOTCS TPU IIOTOKa BoinosiHeHus (kernel

threads):

g_down : O6pabaTbIBaeT 3ampoChl, IPUXOASLIKE OT BEICOKOYPOBHEBBIX CYLYHOCTEI (Ta-
KUX, KaK 3aIpoChl U3 MPOCTPAHCTBA M10J1b30BATEbCKUX MTPOLIECCOB) Ha MyTH K GU3K-
YeCKHM yCTpOMCTBam

g_up : ObpabaThIBaeT OTBETHI OT ApaiiBEPOB YCTPONCTB Ha 3aIIPOCHI, BBIIIOJHEHHbIE
BBICOKOYPOBHEBBIMU CYIJHOCTSIMU

g event : OTpa6aTBIBaeT B OCTaJ/IBHBIX CJ/Iy4dasaX, KaK-TO CO3[aH1E dK3EMIL/IsIpa geom,
MMpoCYUThIBaHME I1PaB AOCTYIIA, COBBITUS «IIOBPEXOEHUA» U T.II.

Korzia moJsib30BaTeIbCKUI MPOLIECC 3allpalliBaeT «IPOYUTATh JaHHbIE X 110 CMELIeHUI0
Y daitnar, MPOMUCXOAUT CIeAyOIIee:
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daitoBast cucTeMa IIpeobpasyer 3aIpoc B 9K3eMIUIAp CTPYKTYPBI bio U Iiepesaer ero
crucreme GEOM. QaityioBasi CUCTeMa «3HAeT», YTO K3EMIUIAp geom HODKeH 06pabo-
TaTh 3aMPOC, TaK Kak PaiiyioBble CUCTEMbI PasMEIAlTCsl HEMOCPECTBEHHO Haj| 9K-
3eMIUISIPOM geom.

3ampoc 3aBepLIaeTcs BhI30BOM GyHKUMM . start () BmoToke g down u focTuraer Bepx-
HEro dK3eMILIIpa geom.

BepxHuit akseMIusp geom (HarmpyMep, STO CEKIUOHMPOBIIMK paszenoB (partition
slicer)) onpezesnsier, 4To 3aIpPOC FOKEH OBITH IEpeaspecoBaH HUIKECTOSILEMY SK3EM-
wisipy geom (k IpuMepy, ApaiiBepy AMCKaA). BhILIECTOSILINI SK3EMIULIP geom COo34a-
eT KOmuIo 3armpoca bio (3armpoce! bio BCETJA KONMpPYIOTCS TPU Tiepeade Mexy K-
3eMIIIpaMu geom Ipy oMoy g_clone_bio ()!), uaMeHsieT mozs cMeljeHus U Lie-
JIEBOT'O MOCTABIIVKA geom U 3aIlyCKaeT Ha 06paboTKy KOIHIO IIpY OMOIIY GYHKIUK
g_io_request ()

JlpaiiBep AuCKa TAKXKe ToJIydaer 3anpoc bio, kak Bbi30B GyHKuUuM .start () B moToke
g_down. [IpaiiBep obpaijaeTcs K KOHTPOJIIEPY AMCKA, [OIydaeT 6JIOK JAaHHBIX U BbI-
sbiBaeT GpyHKUMIO g_io_deliver () ucrosbsysi komuo 3armpoca bio

Terneps, U3BEIIEHNE O 3aBEPIIEHNM bio «BCIUIBIBAET» B TIOTOKE g_up. CHavanma B mo-
TOKE g_up BbI3bIBaeTcs GpyHKIMs .done () CeKIMOHMPOBIVMKA Pas/esioB, TTOCIENHIIA
UCTIONB3YeT MOJyIeHHY MHGOPMALVIO, PaspyllaeT KJIOHMPOBAHHBINA SK3EMIUISAP
CTpYKTYpHI bio mocpencrBom g destroy bio () v BeisbiBaer g io deliver () ucrosn-
3ysl MepBOHAYAIBHBIN 3a1TpOC
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+ daroBas CHCTeMa MOJIyIaeT AaHHBbIE U IlepeflaeT MX MT0JIb30BaTeILCKOMY IIPOLIECCY

3a madOpManell 0 TOM, KaK [aHHBIE IepefjaloTcs B CTPYKType bio Mexmy skseMm-
wisipamu geom, cmotpure g bio(9) (o6paruTe BHMMaHME Ha WCIO/B30BaHUE MOJIEN
bio parent mbio children ).

Ba)kHBII MOMEHT B TOM, uTo HEJIb34 JJOITYCKATH BJIOKUPOBOK B IIOTOKAX G_UP U
G_DOWN. BOT HEIOJIHBIN NTepedeHb TOrO, YTO HeJIb3s je/IaTh B 9THX IIOTOKaX:

+ BriseiBaTh GyHKIuM msleep () unu tsleep ().

* Vcnmosnb3oBars GyHKIMM g write data (Jug read data (), Tak Kak OHU 6JIOKUPYIOTCS
B MOMEHT 06MeHa JAHHBIMU C [IOTPe6UTENAMY geom.

+  OXUJaTh BBOJ,/BEIBOJ.
+ BeissiBath malloc(9) u uma_zalloc () ¢ ycraHoBeHHBIM dutarom M_WAITOK .
+ Vcronp30BaTh sx(9)

dTo orpaHnyeHue Ha kog GEOM mpusBaHO 136€)XKaTh OT «3aCOPEHU» Iy TH 3aIIpoca BBO-
,Z[a/BI)IBO/:[a, TaK KakK 6J'IOKI/IpOBKI/I 06BIYHO HE UMEIOT YETKUX BPEMEHHBIX TPAaHUIL, 1 HET
I‘apaHTI/Iﬁ Ha 3aHMMaeMoe BpeMs (TaK)Ke Ha TO €CTh U Apyrre TeXHN4IeCKre HpI/I‘{I/IHI)I).
JTO Takxe 3HAYUT, YTO B BBIIEYITOMAHYTBIX IIOTOKaX CKOJ‘IL-HI/I6Y,Z[B CJIOXKHBIE OIiepanu
BBIIIOJIHUTH HeJIb3s1, HallpuMep: T1060e CI0KHOe ITpeobpa3oBaHue TpebyeT Bblge/eHs
naMATU. K cuacTero pemenre eCTb: CO34aHe NOTTOTHUTE/BHBIX ANEPHBIX ITIOTOKOB.

4.9. ipepHble NOTOKN BbINOJIHEHUS, NpejHa3HAYeHHble ANA UC-
nonb3oBaHUsA B KoAe geom

sijepHble IOTOKY BBIMOMHEHUS co3narorcs Gpyrxumeit kthread_create(9), B cBoem mose-
[IEHUY OHU CXOXU C TIOTOKaMU, CO3/IaHHBIMU B MPOCTPAHCTBE TIOJIb30BATELCKUX PO~
L[eCCOB, HO €CTh OZHO OTJIMYHMe: OHU He MOTYT U3BECTUTH BBI3BABIUMIL KX TOTOK O CBOEM
3aBEpIIEHUM; TI0 3aBepPLIeHNI0 — HeobX0AuMOo BeIsbiBaTh kthread_exit(9)

B kozie GEOM 06bIYHOE HasHAUEHME STHX [IOTOKOB — Pasrpys3uTh motok g_down (dyHk-
o .start() ) or 06paboTku 3ampoCOB. ITU MOTOKU MOLOOHBI «06paboTYMKaM COObI-
tuii» («event handlers»): y Hux ecTb ouepeb cobbITH (KOTOPast HATIOIHSAETCS COBBITUS-
MU OT pasHbIX QYHKLMI U3 Pa3HBIX IOTOKOB; OYepesb HEOOXOAMMO 3aIUILATE MBIOTEK-
COM), COBBITHSI U3 OYepey BRIOMPAIOTCs OLHO 3a APYTUM U 06pabaThiBatoTcsi B 6O/IBIIOM
6s1oke switch ().

OCHOBHOE MTPEMMYIECTBO MCIIOIb30BaHNs OT/EIbHOTO ITOTOKA, KOTOPBIi 06pabarsiBa-
€T 3arpoCkl BBOAA/BbIBOAA, TO, YTO OH MOXET GIIOKUPOBATHCS 110 Mepe He06XO0AUMOCTH.
9T0, HECOMHEHHO, TIPUBJIEKATENBHO, HO LOJDKHO OBITH XOPOILIo 064yMaHo. Biiokuposa-
HYe — XOPOLIO U yLO06HO, HO MOXKET CYLIECTBEHHO CHU3UTH MPOU3BOAUTENBHOCTb TIpe-
o6pasoBaHMii faHHBIX B cucTeMe GEOM. Ocobo TpeboBaTesbHbIE K POU3BOAUTENBHO-
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http://www.FreeBSD.org/cgi/man.cgi?query=g_bio&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=sx&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=kthread_create&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=kthread_exit&amp;sektion=9

SlnepHble IOTOKU BBIIIOJIHEHNS, ITpejHa-
3Ha4yeHHbIe /I NCTI0/Ib30BaHusA B KOfle

A KJId bl MO JeJaTh BCIO PA0O

omnbKaM 1mpu paboTe ¢ MaMATHIO.

Elje 0fHO MPEeNMYyLIECTBO IIOTOKA «0OPabOTUMKa COOBITHI» 3TO CepUaIM3alyist BCEX 3a-
IPOCOB 1 OTBETOB, IIPUXOASAIIUX C Pa3HbIX [IOTOKOB ge0M B OZMH IIOTOK. ITO TaKXKe yH06-
HO, HO MOeT GBITh MeZJIEHHBIM. B 6O/BIINHCTBE CIydaeB, 06paboTka 3anpocoB GyHK-
rmett .done () MokeT GBITh OCTaBJIEHA TOTOKY g_Up.

Y MbrOTEKCOB B sifpe FreeBSD (mutex(9)) ecTb 0fHO pasiuuue ¢ MX aHAJIOTaMU U3 [IPO-
CTpPaHCTBA MOJIb30BATEbCKUX MPOLIECCOB — BO BPeMs yAepKaHUsi MBIOTEKCA B KOZE He
LIOJDKHO O6BITH OIOKMPOBKU. ECITN B KOZE HEO6XOAUMO GIIOKMPOBAHIUE, TO JTyYIle UCTIONb-
30BaTh sx(9). C APYroit CTOPOHBI, €C/U BCAA Balla paboTa BBIMOIHSAETCS B OAHOM TIOTOKE,
BEI MOXeTe 060MTHCE BOOOIIe 63 MBIOTEKCOB.
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http://www.FreeBSD.org/cgi/man.cgi?query=mutex&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=sx&amp;sektion=9
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