Co3manmue xi1acca GEOM

AHHOTAITUA

JdTa cTaThd NOKYMEHTHUPYET HEKOTOpPhle HadasbHble BHIKJIAAKHA B pa3paboTke GEOM-kiaccos, a
TaKkKe MoAyslel sapa B o6meM. IIpexrnosiaraeTcsd, YTO 4YMTaTeJb OJHM3KO 3HAKOM C
nporpaMmupoBaHreM Ha CH B KOHTEKCTe IIPOCTPAaHCTBA II0JIb30BaTeJbCKUX IIPOIIECCOB
(userland).
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1. BcrymwieHue

1.1. JloKyMeHTaIusA

JIOKyMeHTAIlMsI 110 MPOrPaMMHUPOBAHUI0 IS siApa CKyAHAs, 3TO OHA M3 HEMHOTHX 006JacTei
IIPOTPaMMUPOBAHUS, I7[e IOUTH HeT XOPOIIUX yUeOGHBIX OCOOUH, U COBeT "YuTall MCXOTHUKU!" -
COXpaHseT CBOK CIPAaBEIIMBOCTh. OfHAKO, CYIIECTBYeT HECKOJIBKO CTaTeHd W KHUT pasHOH
aKTyaJIbHOCTH, KOTOpble PEKOMEHAYIOTCSI K H3YYEeHHK TIepel TeM, KaK HayaThb
IIPOTPaMMHPOBATE:

* PyxoBojicTBO FreeBSD s paspaboTumkoB - yacTh IIpoekTa [JlokymeHTanuu FreeBSD, Huuero
CIIeIIMGUUHOIO O IIPOTPaMMUPOBAaHUU g/ipa B HEM HET, 3aTO eCTh HEMHOI'O O0IIel I10JIe3HOM
UHPOpPMAaIIUH.

* PYKOBOZCTBO 110 ApxuTeKkType FreeBSD - TaxKe sgBisgeTcsa 4dacTbio IIpoexra /[JOKyMeHTallUU
FreeBSD, comep’KUT OIIMCAHUSI HEKOTOPBHIX HU3KOYPOBHEBBLIX CPeLCTB U IIpOLeayp. YIeauTe
BHUMaHMe pasfeny HoMmep 13 - Hamricanue gpaiBepoB YCTPOMCTB fy1d FreeBSD.

* HeCKOJILKO MHTEPEeCHBIX CTaTel 00 YCTPOMCTBE sApa MOXKHO HAaUTH Ha carTe FreeBSD Diary.

o CTpaHHUIIBI W3 pas3fesa HOMep 9 CHCTEMHOrO CIIPAaBOYHHKA, COJEpPrKaT BajKHYIO
TOKYMEHTAITHIO 110 QYHKITUSIM sIpa.

* CTpaHuIla CIIpaBOYHHKA geom(4), a Taxke cianjbl [losa-XemnuHra Kawmiia - oOiee
pezncrasyeHue o mogcucreMe GEOM.

e CTpaHuIbl cIpaBoYyHMKa g bio(9), g event(9), g data(9), g geom(9), g provider(9),
g _consumer(9), g access(9), a TakKe [pyrue, CBg3aHHBIE C BBIIIEYIIOMAHYTHIMH U
pacKpbIBarIye creliipuyecKuii QyHKIIHMOHAJ moacrucTeMbl GEOM.

» CTpaHHUIla CIIpaBOYHHKA style(9) - MOKyYMeHTHpyeT COIJIallleHus O CTUjIe 0QOpMJIEHHS KOJa,


https://docs.freebsd.org/ru/books/developers-handbook/
https://docs.freebsd.org/ru/books/arch-handbook/
https://docs.freebsd.org/ru/books/arch-handbook/#driverbasics
http://www.freebsddiary.com
https://www.freebsd.org/cgi/man.cgi?query=geom&sektion=4&format=html
http://phk.freebsd.dk/pubs/
https://www.freebsd.org/cgi/man.cgi?query=g_bio&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_event&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_data&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_geom&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_provider&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_consumer&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=g_access&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=style&sektion=9&format=html

KOTOpBIe 00s13aHBI OBITH COOJIFO/IEHBI €CJIM Bbl IUIAHUpPyeTe IlepefaTh Balll KoJ B Subversion
perosutopuii FreeBSD.

2. IloaroroBKa

s Toro, uro6 3aHUMAaThCd pas3paboTKaMU MJIs SA7pa, sKejlaTeJbHO HMETh [ABa OTAEeJIbHBIX
KoMIIbIOTepa. OQUH U3 HUX IIpe/lHa3HaveH I Cpefbl pa3spab0oTKU U UCXOJHBIX KO/IOB, @ BTOPOH -
IJId 3aIlyCKa TeCTOB OTJIa’KUBaeMoro Koza. BTopoMy KOMIBIOTEPY [JIs1 pab0ThI [OCTaTOYHO UMETH
BO3MO>KHOCTH BBHIIIOJIHATH HaUa/JIbHYI0 3arPy3Ky II0 CeTU U MOHTHUPOBaHUe $alIOBBIX CUCTEM II0
CeTU. B 9TOM cUTyaluy, ecju OTJIaKUBaeMbIM KOJ, COIEpP>KUT OIIUOKU U BBI3OBET aBapUMHYIO
OCTaQHOBKY CHCTeMBI, TO 3TO He IIOBJeYeT IIOPYy HJIM YyTepr HCXOAHOIO Kojxa . Bropomy
KOMIILIOTEPY Jake He MOTpebyeTcs HMeThb CBOM MOHHUTOP, AOCTaTOYHO OyAeT COoeguHEHUS
aCUHXPOHHBIX IIOPTOB KabeseM RS-232 mu coepmHeHUs IIpy oMol KVM-ycTpoiicTBa.

Ho Tak Kak Jajeko He y KaX/I0I0 eCThb JBa WM 6ojiee KOMIILIOTEPOB IIOf PYKOM, eCcTh Ilapa
CII0CO60B ITOATOTOBUTHL MHYIO "KUBYI" CUCTeMY JUId paspaboTKH Koja Ay sagpa. OquH U3 HUX -
9TO paspaborka B VMWare vian QEmu BUpPTyaJIbHOM MallliHe (3TO Jydlllee U3 JOCTYIIHOTO, II0CJIe,
KOHEYHO-)Ke, BBI/IeJIEHHOTO I TeCTOB KOMIIBIOTepa).

2.1. HacTpoiika cucTeMBbl /I pa3padoTKu

[Ipe>xe Bcero HeOOXOIMMO UMeTh B sifipe moaep KKy INVARIANTS. /lo6aBbTe CiieiyIoIlirie CTPOKH B
dari KoHPUTypaIuu aapa:

options INVARIANT_SUPPORT
options INVARIANTS

[l 60s1bIIelt THGOPMATUBHOCTHU IIPU OTJIa[Ke BKIOUUTe noanep>kky WITNESS, koTopas 6yzeT
IpeaynpeXkaaTh Bac B Clydae BOSHUKHOBEHUS B3aUMOOJIOKUPOBOK:

options WITNESS_SUPPORT
options WITNESS

Taxkyke BKJIHOUYHTE OTJIaJOYHbIe CHUMBOJIBI, eC/JIU IUIaHHUpPYyeTe BBIIIOJHATE OTI4JIKY IIO daMIIaM
aBaprIHBIX OTKa30B

makeoptions DEBUG=-g

YcTaHOBKa OT/IAJ0YHOIO sfipa OOBIYHBIM cIioco6oMm (make installkernel) He JacT IIPUBBIYHOIO
pesysibTaTa: ¢ann gapa OymerT HasbiBaThbCca kernel.debug u  OymeT HaxXoAUTHCA B
/usr/obj/usr/src/sys/ KERNELNAME/. [lsig ygo6cTBa, 0TIaf04HOe AP0 He0OXOAUMO CKOIIUPOBAaTh B
/boot/kernel/.

Taxke yZOOHO MMeTh BK/IIOUEHHBIM OTJIA[UUK siipa, TaK Bl CMO>KETe HCCJeI0BaTh ITAHUKU
Cpasy->Ke II0c/Ie UX BO3HUKHOBEHUS. /IJIs1 BKIIOUEHHS OT/Ia{UUKa T06aBbTe CIEAYIOIIHE CTPOKH B
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daii KoHPUTypaIuK Aapa:

options KDB
options DDB
options KDB_TRACE

/711 aBTOMAaTH4YeCcKOro 3allycka OTJIafg4yuKa sapa IIocje BO3HHUKHOBEHHS IIAaHUKH MOXKeT
IIOHAJO00UTHCS YCTAaHOBUTH IlepeMeHHY10 Sysctl:

debug.debugger_on_panic=1

[TaHUKU CUCTEeMBI OYAYT IIPOUCXOUTD, II0ITOMY y/leINTe BHUMaHUe Kally $paiiloBOM CHUCTEMBL.
OO6BIYHO, IIPU BKJIKYEHHOM MexaHU3Me softupdates, mocienHss Bepcus ¢aiyia MOXKET OBITh
yTepsgHa ecJIy IIaHWKa IIPOM30IIIa paHblle cOpachlBaHWS Kiollla Ha YCTPOMCTBO XpaHEHUS.
BeikiroueHre MexaHusMma softupdates (IocpefCcTBOM MOHTHPOBaHUS (QaWIOBOM CHUCTEMBI C
onmuert "sync") 3HAUYWUTEJNbHO CKas3blBaeTCsI Ha IIPOU3BOAUTENBHOCTH U, OISITb-)Ke, He
rapaHTHpyeT IeJIOCTHOCTH [JAHHBIX. Kak KOMIIpOMHCC, MOYKHO COKPaTHUTh 3a/lep>KKH
cObpaceiBaHMS Kalla MexaHu3Ma softupdates. ECTb TpH IepeMeHHBIX Sysctl, 3HaueHUsI KOTOPBIX
Heo0X0MO0 U3MeHHUTH (JIy4llle BCero - IIPOIIKCcaB UX B /etc/sysctl.conf):

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

3HaueHUsd 3TUX IIepeMEHHBIX - CEKYHIBI.

JIJ19 OTyIaIKU TIaHUK Si/[pa HEOOXOAUMBI AaMIIbI ITIaMATH. Tak KaK IaHUKa spa MOXKeT "cJoMaTh"
$alI0By0 CHUCTEMY, JaMII CHayvajla COXpaHseTcsd B "ChIpoi" paspes. OGBIYHO, 3TO CBOII-pasfel.
IToaToMy, pasMep CBOII-pa3fiesia AOJDKeH ObITb He MeHbllle pasMepa O3V kommbroTepa. Ilpu
II0CJIeAYIOIIe 3arpy3Ke JaMIl KOIIUPYeTcs B OOBIYHBINM Qaiiyl. ITO IPOUCXOJUT Cpasy-Ke IIOCJIe
IIPOBEpPKU M MOHTHUpPOBaHUA (alIOBBIX CHUCTeM, HO Ilepe]; aKTUBHUpPOBaHMeM pasfesa CBOIIa.
Taxoe 1oBefieHHEe KOHTPOJIUPYETCS CIeAYIOIIUMU IlepeMeHHBIMH /etc/rc.conf:

dumpdev="/dev/ad0@s4b"
dumpdir="/usr/core"

[lepemenHass dumpdev yKa3kIBaeT Ha pa3fes IMOAKauku, a dumpdir cooO6IlaeT CHCTeMe Kyaa
IepeMeIaTh JaMII SIpa IIPU CJIeIYIOIIEH 3arpy3Ke.

CoxpaHeHHe [aMIla spa - IIpOoIecC Me/JIEHHBIM, U, eCJHd y Balller0 KOMIIbIOTepa MHOIO
OIlepaTUBHON IaMATH (>256M) U ecjM IIaHUKHU CIy4arTCsd 4YacTo, TO OXKHUJAHHEe COXpaHeHUs
IaMIIOB MOJKeT HauaTh pasfgpa’kaTh (BCIIOMHUM, UTO HaJ[ JaMIIOM IIPOMCXOAUT JiBe OIlepalluu:
COXpaHeHUe B CBOII-Qaiiyi U IepeMellleHHe Ha (AaMIOBYI0 CUCTEMY). B TakoM ciyyae MOXKET
OKas3aTbCsl YIAOOHBIM OrpaHUYMBaHWe O0O0beMa HCI0Ab3yeMOM CHUCTeMOM IIaMSTH IIyTeM
yCTaHOBKHU IlepeMeHHOMH B /boot/loader.conf:



hw.physmem="256M"

Ec/M IMaHUKHU CIy4arTCs 4acTO M pasMep (paMIOBBIX CHCTeM OOJIBIION (MJIM >Ke BBI IIPOCTO He
noBepsieTe softupdates ¥ GoHOBOM IIpoBepKe (aMJIOBBIX CHCTeM), PeKOMEHJyeTCsd OTK/IIYUTH
$OHOBYI0 IIPOBEPKY QaiIOBBIX CUCTEM II0CPELCTBOM YCTaHOBKU IlepeMeHHOM B /etc/rc.conf:

background_fsck="N0"

B 3ToM ciyyae ¢aiyioBble CHUCTEMBI OYAYT IIPOBEPATHCSA TOJIBKO IIPH HEOOXOAUMOCTH. Taxoke
3aMeTbTe, UTO B CJIly4ae UCII0/Ib30BaHUS GOHOBOM IIPOBEPKH, HOBAs IIaHUKA MOXKeT CIIyYUTHCS B
TO BpeMs, KOIZla IIPOBePSIOTCI AUCKH. /IpyTUMU CjI0BaMH, Haubosiee 6e30IacHBIM CIIOCO06 - He
UMeTb MHOIO JIOKQJIbHBIX (GaMIOBBIX CHCTEM, a MCII0JIb30BaTh BTOPOM KOMIILIOTEP B KayecTBe
NFS-cepBepa.

2.2. Hauajio mpoekTa

/1151 HanmMcaHUsI HOBOTO Kyiacca GEOM Heo6X0AMMO CO3[jaTh MOAAUPEKTOPHIO B JIFOO0M TOCTYITHOM
[I0JIb30BaTeNI0 [IUpeKTopuu. CoBceM He 006s13aTeJbHO, 4YTO06 Ball MOAY/JAb H3HAYaJIbHO
pasMeriascs B /usr/src.

2.3. Makefile

[IpaBMJIOM XOpOIIlero TOHa fBJsAeTCd co3gaHue Makefile-oB 11 Kakmoro HeTpUBHAIBHOIO
IIPOEKTa, IIPUMepPOM KOTOPOr0 KOHEUHO-)Ke SIBJISIETCS CO3[JaHue MOLyJIeH spa.

Co3smanue Makefile - mes1o He cy10KHOe Gs1arofiapsi UCUEPIILIBAKOIIIEMY Hab0py BCIIOMOTATeIbHBIX
CpPeJICTB, IpefoCTaB/sIeMBIX CHUCTEMOH. B BKpaTIle, BOT KaK JOJ/DKeH BBIIIANeTh Makefile s
MOZYJISL SIpa:

SRCS=g_journal.c
KMOD=geom_journal

.include <bsd.kmod.mk>

dtoT Makefile (c ©3SMeHeHHBIMU HUMeHaMU (aiyioB) IIOLOUET K JIH0O0MYy MOy sapa. Kiacc
GEOM Mo’keT pasMelllaTbC B OJHOM eIWHCTBEHHOM MofyJe sapa. Ecau g c60pKH Balllero
MoOAyJsl TpebyeTcd O6oJsbllle, yeM OAWH Galj, TO IIePeYUCIUTe KX HMeHa, pasjesieHHbIe
pob6eIbHBIMU CUMBOJIaMU, B ITepeMeHHOM SRCS.

3. IIporpamMMupoBaHue B ssape FreeBSD



3.1. Beiies1eHre maMsaTH

[Ipounraiite malloc(9) - BeIeIeHHe IIaMATH JIUIIb HEMHOIO OTJIMYaeTCsd OT CBOEro IKBUBAaJIEHTA,
HCII0JIb3yeMOI'0 B IIPOCTPAHCTBe I10JIb30BaTeJbCKUX IIpolieccoB (userland). Haub6oJiee IprMeTHO
TO, uTOo malloc() U free() IPHUHMMAIOT [AOIIOJHUTEJBbHBIE IlIapaMeTphl, KOTOpPhIe OIIMCAHBI B
CTpaHHUIIe CIIPAaBOYHUKA.

Tun "malloc_type" Heo6XoguMO 0O0BSBUTH B CEKIIMM JeKjapaluid ¢aiia ¢ UCXOTHBIM KOIOM,
HaIpuMep:

static MALLOC_DEFINE(M_GJOURNAL, "gjournal data", "GEOM_JOURNAL Data");

/1711 TOTO, UTOOBI MOKHO OBLJIIO MCIIOJIB30BATh 3TOT MaKpOC, HEOOXOJUMO BKJIKUYUTL CJIeLyIOIe
3aroJIOBOYHbIe QpaiIbl: sys/param.h, sys/kernel.h u sys/malloc.h

CyliecTByeT ellfe OJUH MeXaHH3M BbIflesleHUs IamMiaTh - UMA (Universal Memory Allocator),
OIIMCaHHBIM B umal(9). 3To crienudUUecKUil MeTo[, IIPeUMYILeCTBeHHO IIpefHasHauYeHHbIN 151
OBICTPOTO BBIIEJIEHUA IIaMATHU IIOJ CIIMCKH, COCTOSIMe W3 3JIeMeHTOB OJWUHAKOBOIO pasMepa
(HammpuMep, ITUHAMHUYeCKHe MaCCUBEL CTPYKTYP).

3.2. Ouepeau U CIUCKH

O3HakoMbTeCh € queue(3) Bo MHOXKeCTBe cjlydaeB BaM He06X0AUMO OyleT OpraHU30BBIBATH U
VIPaBJIATh TAKOM CTPYKTYPOM [OaHHBIX, KaK CHOUCKU. K cyacThblo, 3Ta CTPYKTypa [JaHHBIX
peasiisoBaHa HECKOJIbKUMU CII0CO0aMM B BHJe MaKpoCOB Ha CH, a TakKe BK/IIOUEeHA B CHUCTEMY.
Han6osiee THOKHUM U 4aCTO YIIOTPeOIAeMBIN THII CITMCKa - TAILQ. 3TOT THII CIIMCKa TaKyKe OJ{UH U3
Haubosiee TpebGoBaTeJbHBIX K IIaMATU (er0 3JeMeHTHl - C JABOMHBIMHU CBA35IMM), a TaKXe -
HauboJiee MelJIEHHBIN (0JHAKO CYeT HeT Ha HeCKOJIbKO MHCTPyKIui IV, moaTomMy IiocieqHee
yTBEPKIeHUe He ClleflyeT BOCIIPUHUMATD B BCEPBE3).

Ecii Ba)KHa CKOPOCTH IT0JIyYeHUs JaHHBIX, TO BO3bMHUTE Ha Boopy»KeHHUe tree(3) 1 hashinit(9).

3.3. BIOs

CTpykTypa bio ucIosb3yeTcs [JII BCeX OIlepariii BBOJA/BhIBOJA, Kacaromiuxcsi GEOM. OnHa
COZepKUT MHGOPMAIIHI0 O TOM, KaKoe YCTPOMCTBO ('IIOCTAaBIIUK geom') JO/DKHO OTBETHUTH Ha
3aIpoc, THII 3aIIpoca, CMellleHue, UIMHY U yKa3aTesb Ha Oydep, a Takke Habop "oIlpe/eleHHBIX
1oJb30BaTesieM" $JIaroB U II0JIEH .

Ba)KHbIM MOMEHTOM SBJISIETCS TO, UTO bio 06pabaThIBalOTCI aCHHXPOHHO. ITO 3HAUMUT, YTO BO
MHOTHMX YacTdX KoJa HeT aHasora K read(2) m write(2) QyHKIIMIM U3 IIPOCTPAHCTBA
I10J1b30BaTeJbCKUX IIPOIleCCOB, KOTOPhle He BO3BpallalOT yIIpaBJIeHHEe II0Ka He BBIIIOJHUTCSA
CUCTeMHBIX BBI30B. CKOpee, 110 3aBepllleHUM 00pabOTKU 3alpoca (WU B cay4yae OLIMOKU IIPU
00pab0oTKe) KaK uU3BellleHHe BBI3bIBAETCS OIIpefiesleHHas I10JIb30BaTesieM QYyHKITUS.

ACI/IHXpOHHaH MOOeJIb IIpOorpaMMHPOBaHUA B YEM-TO CJIOKHEU, HeKeJIh qalie HCIIOJIb3yeMasi
HMIIepaTUBHAsA MOJIeJIb, UCIT0OJIb3yeMasd B IIPOCTPAHCTBE I10JIb30BATEJIBCKUX IIPOIIECCOB; B JII000M
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cy4dae, IIPUBBIKaHUE 3aliMeT HEKOTOpOoe BpeMs. B HEKOTOpPBIX CJaydasgx MOIYT ObITh
UCII0JIb30BaHbl BCIIOMOTaTeIbHble QYHKIIMU g_write_data() u g_read_data(), HO da.iexo He gcezda. B
YaCTHOCTH, 3TH QYHKIIMM He MOTYT MCIIOJIb30BaThCS KOIZAa 3aXBaueH MBIOTEKC; HaIlpuMep,
MbIOTeKC GEOM-TOIIOJIOTHUH WM BHYTPEHHUMN MBIOTEKC, yep>KUBaeMbIM B XO/le BBIIIOJIHEHUS
.start() mm .stop().

4. IIporpammupoBaHue B cucteMme GEOM

4.1. Ggate

Eciii MakcUMaJsibHas IIPOU3BOIUTENILHOCTL He TpebyeTcs, TO 60Jiee IIPOCTOM cr1ocob coBepIIaTh
Ipeobpa3oBaHUs JAaHHBIX - 3TO BBIINOJJHATHL UX B IIPOCTPAHCTBe I10JIb30BAaTeJIbCKUX IIPOIIECCOB
nocpencTBoM ggate (GEOM gate). K HemocTaTKaM CjleflyeT OTHECTH HEBO3MOXKHOCTH IIPOCTOTO
IepeHoca Kojia B afpo.

4.2. Kiiacc GEOM

Kiracc GEOM BeIIIOJIHAET IIpeoOpasoBaHUA [JaHHBIX. IJTH IIpeoO6pasoBaHUA MOIYT OBITH
CKOMITOHOBAHBI JIPYT C IPYTOM B BH/Jle fiepeBa. IK3eMILIIp Kiacca GEOM HasbIBaroT geom.

B kaxxgom kiyiacce GEOM ecThb HeCKOJIBKO "MeTOJOB Kjlacca"', KOTOpbIe BBISBIBAIOTCA KOTIA
9K3eMILIdgpa Kjacca HeT B HAJIWUUU (MIHU JKe OHU He IIPUBSA3aHbl K KOHKPETHOMY 3K3eMILIIPY
KJ1acca).

* .init BBI3BIBaeTcs ToOrma, Korma cuctemMe GEOM cTaHOBHUTCA H3BeCTHO o kiacce GEOM
(HampuMep, KOT/a 3arpysKaeTcss MOIYJIb SIpa).

» .fini OyzeT BbI3BaH B ciaydae oTkasa GEOM cucTteMbl OT Kjacca (HallpuMep, IIpU BBITPY3Ke
MOJYJISA).

* .taste BBI3BIBAeTCsd, KOIZla B CHCTEMe IIOSIBJIIETCS HOBBIM KJIaCC HJIM IIOCTABIIUK geom
("provider"). Ecii cOOTBETCTBHE HaAMIEHO, TO 3Ta QYHKIIHUA OOBIYHO CO3/aeT U 3aIlyCKaeT
9K3eMILIIp geom.

¢ .destroy_geom BBI3BIBAETCS IIPU HEOOXOAMMOCTH Pa3pyIIUTh 9K3eMILISIP geom.

.ctlconf OymeT BBI3BaH, KOIJa II0JIL30BaTeJ b 3allPpOCUT H3MeHeHHe KOHQUTypaluu
CYII[eCTBYIOIIET0 IK3eMILIsIpa geom

Taxoke onpenesieHbl QYHKIIMU cOObITUN GEOM, KOTOpBIe KOITUPYIOTCI B 9K3EMILISAP geom.

[Tosie .geom B CTPYKType g_class - 3To cuucok (LIST) ak3eMIUIIpOB geom, peaIM30BAaHHBIX U3
KJIacca.

93TU QYHKITUM BHI3BIBAIOTCS U3 g_event IIOTOKa siApa.

4.3. Softc

"softc" - 9TO ycTapeBIIMU TepMUH U1 "TIPUBATHBHIX JaHHBIX ApaiBepa” ("driver private data").



HasBaHMWe BeposiITHEM BCEro IIPOMCXOAUT OT ycTapeBllero TepMmuHa "software control block". B
cucteMe GEOM softc aTo cTpyKTypa (TO4YHee: yKasaTeJb Ha CTPYKTYpPy) KOTOpas MO>KeT OBIThH
IpucoefUHeHa K 3K3eMIUIAPY geom U MOXKeT COJep>KaTh IIpUBAaTHBIE JaHHBLIe 3K3eMILIgpa. Y
6oJIbITMHCTBA K1accoB GEOM ecTh cirefyroliyie YieHbl:

e struct g_provider *provider : "IOCTaBIMK geom" IIPeoCTaBJsAeMbIU TaHHBIM 3K3eMILISIPOM
geom

e uint16_t n_disks : KosmrmuecTBO mmoTpebuTesied geom ("consumer"), 06CayKUBaeMbIX TaHHBIM
9K3eMILISIPOM geom

* struct g_consumer **disks : MaccuB struct g_consumer*. (HeBO3MOXHO 0O0MTUCH OJUHAPHBIM

yKa3aTeJieM, II0ToMy 4To cucTeMa GEOM co3fiaeT Jj1s1 Hac CTPYKTYPHI struct g_consumer)

CTpyKTypa softc COep>KUT COCTOSTHUE IK3eMILIsIpa geom. Y KayKIoTo 9K3eMILIIpa ecTh CBOH softc.

4.4. MeTagaHHBIE

dopMaT MeTalaHHBIX B TOM WM HHOM Mepe 3aBUCUT OT KOHKPETHOIO KJjacca, HO 0053aH
HayuHAaThCA C:
* 16-6ariTHOrO 6ydepa A IMOAIINCH - CTPOKHU C 3aBePIIAOIUM HyJIeM (06BIYHO 3TO UM KJ1acca)
* uint32 ugeHTUPUKATOPA BEPCUU

HOﬂpaBYMEBHETCH, YTO KJIaCcChl geom 3HAKT Kak 06pamaTLc5{ C MeTagaHHBIMH C
I/I,U;eHTI/I(l)I/IKaTOpaMI/I Bepcnﬁ HIDKe, UeM UX COOCTBEHHEIE.

MeTaZilaHHble pasMeIarwTci B IIOCIeLHEM CeKTOpe IIOCTaBIUKa geom (II03TOMY 006s13aHBI
[[eJIMKOM YMeIaThbCA B HEM).

(Bce 3TO 3aBHCHUT OT peaiM3aIiii, HO BeCh CYyIIleCTBYIOIINY Kof paboTaeT Moj06HO OITMCaHHOMY U
HOJIeP>KUBaeTCsa 6MOJIMOTeKaMHU.)

4.5. MapkupoBaHue/co3faHue 3K3eMIusIpa geom

[TociemoBaTeILHOCTh COOBITUM CIIeAYIOIIast:

* II0JIb30BaTeJIb 3allyCKaeT CIy>KeOHYI0 IIporpaMMy geom(8)

* IporpamMMa pelllaeT KaKUM KJIaCCOM geom €M IpHIeTCs YIPaB/SATh U HIeT OUOJIMOTEKY
geom_CLASSNAME.so (koTopas 06614HO HaxoguTcd B /lib/geom).

* OHa OTKpbIBaeT 6MOJMOTEKY IIpU oMol dlopen(3), U3BjIeKaeT BCIIOMOraTeJIbHble QYHKITUU
U OIIpefiesIeHNs llapaMeTPOB KOMaHHOM CTPOKHU.
BOT Tak IIPOUCXOAUT CO3LaHUe/MapKHUpOBaHUe HOBOI'O 9K3eMILIsIpa geom:
* geom(8) HUIeT KOMaHJy B apryMeHTaX KOMaHJHOM CTPOKH (0OBIYHO 3TO label) M BBHI3bIBaeT
BCIIOMOTaTeJIbHYIO0 QYHKITUIO.

* BcrroMmoraTesibHas QyHKIUS IIpOBepseT IlapaMeTpbl U coOHpaeT MeTajaHHBIe, KOTOpbIe
3aIIMCBHIBAIOTCS BO BCe BOBJIEYE€HHBIE ITIOCTaBIITUKH geOom.


https://www.freebsd.org/cgi/man.cgi?query=geom&sektion=8&format=html
https://www.freebsd.org/cgi/man.cgi?query=dlopen&sektion=3&format=html
https://www.freebsd.org/cgi/man.cgi?query=geom&sektion=8&format=html

* 310 "moBpeXkgaeT (spoil)" cylecTByOIHEe 3K3eMIISIPhI geom (eC/Id OHHU OBLIM) U IOPO’KAAET
HOBBIM BUTOK "TeCTHPOBaHUA" IIOCTaBIIMKOB geom. IleseBoii Kjlacc geom OIIO3HAET
MeTa/laHHbIe U aKTUBUPYET 9K3eMIUISP geom.

(IlpuBefeHHAs1 BBIIIIE II0C/IEI0BATEIbHOCTL COOBITHM 3aBUCUT OT KOHKPETHOM peasn3ariui, HO
BECH CYIIeCTBYIOIIHNH KO/ paboTaeT IIOI06HO OITHCAHHOMY U IIO/IIep>KUBaeTcs GUOITHOTeKaMH. )

4.6. CTpyKTypa KOMaH/J geom

BcriomoraTtesibHasgs 6ubsmoreka geom_CLASSNAME.SO 3KCIIOPTHPYET CTPYKTYPy class_commands,
KOTOpad sIBJIAeTCd MaCCUBOM 3JIeMeHTOB struct g_command. 3T KOMaH/bl OAUHAKOBOIO GpopMarTa v
BBIIVISAAT CJIeAYIOIIM 06pasoM:

komaHga [-onuun] uma_geom [apyrue]

OGITUMH KOMaH/TaMH SIBJITFOTCS:
* label - 3amrcaTh MeTaflaHHbIE B YCTPOMCTBA, YTOOHI OHM MOIJIH OBITH OIIO3HAHBI B IIPOIlECCe
TECTHPOBAHUSI U UCII0JIF30BaHBI B COOTBETCTBYIOIIHUX IK3EMILISIPax geom

* destroy - paspylIuTh MeTalaHHbIe, 3a KOTOPBIM II0CJIe/lyeT paspylleHre 3K3eMIIIPOB geom
OO11IHe OIIIIHH:

* -V :leTaJbHBINA BEIBO/

e -f ! IpUHYAUTH
HexkoToprle orepariyiy, K IpHUMepy MapKHPOBaHHE MeTaJaHHBIMH M paspyllleHue MeTaZaHHBIX
MOTYT OBITH BBIIIOJIHEHBI U3 IIPOCTPAHCTBA I10JIb30BaTeIbCKUX IIPOIIeCCOB. /I 9TOTO0, CTPYKTypa
g_command COAEPIKUT I10JIe gc_func, KOTOpoe MOXKeT OBITh YCTaHOBJIEHO Ha QYHKIIUIO (B TOM-Ke .S0),

KOoTOpad 6yJeT BbI3BaHa i1 00paboTKU KOMaH/bL. B ciydae, korpma ge_func paBHO NULL, koMmaHza
OyzeT IlepefaHa MOAYJIHO Aapa: QyHKIuu . ctlreq kiacca GEOM.

4.7. JK3eMIUIAPEI geom

V sk3eMILISIpOB Ky1accoB GEOM ecTh BHyTpeHHUe JaHHbIe, KOTOPhIe XPaHATCS B CTPYKTypax softc,
a TakKe eCTh HEKOTOpble QYHKITUH, IOCPEACTBOM KOTOPHIX OHH PearupylT Ha BHEIIHHE
COOBITH.

DYHKITUU COOBITHUM:

* .access : IIPOCUMTHIBAET IIpaBa LoCTyIa (UTeHHUe/3aIIUCh/UCKIIOYUTEIbHBIN JOCTYII)

* .dumpconf : Bo3BpalaeT HHGOPMAIHIO 0 IK3eMILIsIpe geom; popmaT XML

* .orphan : BbI3BIBAETCH, KOIZIa OTCOEAUHIETCS JIF000M M3 HU3JIe)KalllUX II0CTaBIIIUKOB geom
* .spoiled : BeI3BIBAETCs, KOITIa IIPOU3BOAUTCS 3aIIMCh B HU3JIeKalllMi II0CTaBIUK geom

» .start: obpabaTbIBaeT BBO//BBIBOJ,



3TU QYHKIIMU BBI3BIBAIOTCS U3 S/IEPHOTO II0TOKA ¢_down M B 3TOM KOHTEKCTe He MOJKET OBITh
OJIOKMPOBOK (IIOUINUTE OIIpefiesieHre "OJIOKHUPOBKA" B [JPYIUX HCTOYHHUKAX), UTO HEMHOTO
OTpaHUUYMBaeT CBOOOAY eHICTBUMU, HO CIIOCOOCTBYET OBICTPOTE 06paboTKU.

V3 BBIIEYIIOMAHYTHIX, HauWboOJiee Ba)KHONM U BBIIOJHAIOIIEN II0JIe3HYI0 paboTy OQyHKIIHeln
sBJsAeTcsa .start(), KoTopas BBISBIBAETCSI BCIKHM pas, KOIZA IIOCTABIIHKY geom, YIIpaBJIIeMOMY
9K3eMIUIAPOM KJjIacca, IpuXoauT 3ampoc BIO.

4.8. IIoTOKH BEIIIOJTHEHUS CUCTEMEI geom

Cucremori GEOM B sppe OC co3maroTcd W MCIIOJB3YIOTCA TPHU IIOTOKA BbIOMHeHUA (kernel
threads):

* g_down : ObpabaTrIBaeT 3aIIpOCHl, IIPUXOAAIIE OT BRICOKOYPOBHEBBIX CYIITHOCTEH (TaKUX, KaK
3alIpoChl M3 IIPOCTPAHCTBA I10JIb30BaTeJbCKUX IIPOIIECCOB) HAa IIyTU K QHU3UYECKUM
yCcTpoucTBaM

* g_up : OGpabaThrIBaeT OTBETHI OT JApaiiBepoB YCTPONCTB Ha 3aIlpoChl, BBIIIOJHEHHBIE
BBICOKOYPOBHEBBIMHU CYIITHOCTSIMU

* g_event : OtTpabaTelBaeT B OCTaJbHBIX CJIy4dasdX, KaK-TO CO3/laHHe 3K3eMIUIIpa geom,
IIPOCYUTHIBAHME IIPaB 0CTYIIa, COOBITUA "TIOBPeXeHUA" U T.IL.

Korza mosib30BaTeIbCKUH IIPOITece 3alpaliuBaeT "IIpOYUTATh JaHHbIe X 110 CMellleHUIo Y ¢aiiia”,
IIPOMCXOTUT CJIeAYIOIIee:

» daityoBasd CUCTeMa IIpeobpasyeT 3alpoc B 3K3eMIUIIP CTPYKTYPEHI bio U ImepefjaeT ero cucreMe
GEOM. ®aitsioBasd cucTeMa "3HaeT", YTO 3K3eMILILP geom JoJDKeH 06paboTaTh 3alpoc, Tak Kak
¢daiisioBble CHCTEMBI pasMelllaloTCs HelloCpeCTBEHHO Ha/l 9K3eMILIIPOM geol.

* 3ampoc 3aBepliaeTcsi BI30BOM OYHKITMHU .start() B moToke g _down M JOCTUTaeT BepXHEro
9K3eMILIsIpa geom.

* BepxHUl 3K3eMIUIAp geom (HAIIpUMep, 3TO CEKIMOHUPOBIIMK paszesoB (partition slicer))
OIIpejiesIsieT, YTO 3alIpoC JOJDKEH OBITH IlepeajipecoBaH HIDKeCTOSIeMY 9K3eMIUIIpY geom (K
IIpUMepy, AparBepy [QUCKa). BBHIIECTOAIUN 3K3eMILIIP geom CO3JaeT KOIIMIO 3alpoca bio
(3ampocs! bio BCEI/[A KOIUPYIOTCA IIPU Ilepefaue MeXXIy 9K3eMIUIIpaMHy geom IIPU IIOMOIIHA
g_clone_bio()!), u3MeHseT II0JI1 CMellleHUs W I1eJIeBOI0 IIOCTaBIUKa geom M 3allyCKaeT Ha
00pab0oTKy KOIIUIO IIPU IIOMOIIU GYyHKIIUU g_io_request()

 /l[paliBep JUCKa TakKe IoJy4daeT 3ampoc bio, kak BbI30B QyHKIUM .start() B moToke g_down.
/lpaiiBep obpalaeTcs K KOHTPOJUIEPY AUCKA, IIOJIy4daeT OJIOK JAHHBIX U BBISBIBAET QYHKIIHIO
g_io_deliver() UCII0/Ib3ys KOIIUIO 3aIIpoca hio

* Temeps, U3BellleHUe O 3aBepllleHWHU bio "BCIIbIBaeT" B II0TOKe ¢g_up. CHayvasa B IIOTOKe g_up
BbI3bIBaeTCcd GQyHKIUA .done() CeKIIMOHUPOBIIMKA pPasfeJoB, IIOCJeJHUM HCIO0JIb3yeT
IIOJIyUeHHYI0 HHQOpMaIlHio, paspyllaeT KJIOHUPOBAHHBIM 9K3eMIIAP CTPYKTYphl bio
nocpezncTBoM g_destroy_bio() 1 BeI3kIBaeT g_io_deliver() HCIIO/IB3Ys IIepBOHAYAIbHBIN 3aIIPOC

o daisioBas cucTeMa II0JIy4aeT JaHHBIE U ITepelaeT UX I10/Ib30BaTEJIbCKOMY ITPOIIECCY

3a mHQopMaIel o ToM, KaK JJaHHEIe IIepeJaloTCs B CTPYKType bio MeXXy sK3eMILIIpaMHy geom,
cMmoTpuTe g bhio(9) (obpaTUTe BHUMaHMeE Ha UCII0JIb30BaHUE I10J1eH bio_parent u bio_children).


https://www.freebsd.org/cgi/man.cgi?query=g_bio&sektion=9&format=html

Ba’XHBIM MOMEHT B ToM, uT0 HEJ/Ib3A /[OIIYCKATH BJIOKHPOBOK B IIOTOKAX G_UP H G_DOWN.
BOT HeIIO/THEIN IIepeyeHb TOTO, UTO HeJIb3d [jeIaTh B 9TUX IIOTOKAX:

* BrIsbiBaTh QyHKIUM msleep() uiau tsleep().

* Mcnosib3oBaTh QyHKIIUU g_write_data() u g_read_data(), Tak KaKk OHU GJIOKUPYIOTCA B MOMEHT
o6MeHa JaHHBIMU C IIOTPeOUTEISIMUA geom.

* OXyzgaTh BBOJ/BBIBO/L.
* BrigeiBaTh malloc(9) u uma_zalloc() ¢ ycraHOBIeHHBIM ¢urarom M_WAITOK.

e Hcronn30BaTh sx(9)

dTo orpaHudyeHre Ha Kox GEOM 1pusBaHO H30eKaThb OT "3acopeHHd" IIyTH 3aIpoca
BBO/Ia/BBIBO/Ia, TaK KaK OJIOKMPOBKU OOBIYHO He MMeIOT UeTKUX BpeMeHHBIX I'pDaHHUIl, U HeT
rapaHTUi Ha 3aHMMaeMoOe BpeMsd (TakyKe Ha TO eCTb U JpPyTHe TeXHUYeCKHe IIPUUYUHBI). ITO
TaK)Ke 3HAUMT, YTO B BBHIIIEYIIOMIHYTHIX II0TOKAX CKOJIb-HUOY/Ib CJIOKHBIE Ollepallly BHIIIOJIHUTD
HeJIb3s, HallpuMep: Jr0b60e CI0KHOe IIpeobpasoBaHue TpebyeT BhIZesieHUs HaMaTU. K cuacThio
pellleHue ecTh: CO3JaHue NOIIOJTHUTEIbHEIX ANEePHBIX II0TOKOB.

4.9. SinepHbIe NIOTOKHU BEINIOTHEHU,
NpeJHa3HaYeHHEbIe 1151 HCII0JIb30BaHUA B KOJie geom

SImepHBIe IIOTOKU BBIIIOJTHEHUS C037atoTcsa QyHKIuel kthread_create(9), B cBoeM IIOBeJJeHUU OHU
CXO0XKH C II0TOKaMU, CO3JaHHBIMHU B IIPOCTPAHCTBE II0JIb30BaTeJIbCKUX IIPOIIECCOB, HO €CTh O/HO
OTJIMYHe: OHU He MOTYT U3BECTUTh BHI3BaBIIIUI UX IIOTOK O CBOEM 3aBepIlleHUH; 110 3aBepPIIIeHUI0
- He06X0IMMO BBI3BIBATh kthread_exit(9)

B xoze GEOM 06BIUHOe Ha3HauYeHMe ITUX II0TOKOB - pasrpy3uTh NOTOK g_down (QyHKIIMIO .start())
0T 06paboTKM 3aIIpOCOB. ITH IIOTOKU IOA06HEI "06paboTumkaM coOBITHH" ("event handlers”): y
HUX eCTbh o4epe/lb COOBITUM (KOTOpask HAIIOJIHIETCS COOBITUAMU OT PasHbIX QYHKITUU U3 pasHBIX
II0TOKOB; O4Yepe/ib He0OXOUMO 3all[UIaTh MbIOTEKCOM), COOBITHS U3 OUYepeSu BHIOMPAIOTCS OJHO
3a pyTuM U o6pabaThIBarOTCA B 60/IbIIIOM 6s10Ke switch().

OCHOBHOe IIPeUMYIIeCTBO UCII0JIb30BAHU OT/EeJIbHOI0 II0TOKA, KOTOPBIM 06pabaThIBaeT 3aIpoChl
BBO/1a/BBIBO/Ia, TO, UTO OH MOXKeT OJIOKMPOBATHCS II0 Mepe He0O6XOAMMOCTU. ITO, HECOMHEHHO,
IIpUBJIeKaTeJIbHO, HO JOJDKHO OBITH XOPOLIO 06yMaHO. BiIOKMpoBaHUeE - XOPOIIO U yA06HO, HO
MOJKET CYIIeCTBEHHO CHU3UTH IIPOU3BOIUTEILHOCTD IIpe06pa3soBaHUU JaHHBIX B cucTeMe GEOM.
Oco60 TpeboBaTeJbHBIE K IIPOU3BOJUTEIBHOCTH KJIAaCCHl MOIYT /ieJIaTh BCIO paboTy B QYHKIIUU
.start(), ymesnsig oco6oe BHUMaHUe OLIMOKaM IIpU paboTe C IIaMsAThIO.

Ellfe 0lHO IIPeUMYII[eCTBO II0TOKa "00pab0TUYMKa COOBITHHU" 3TO CepHaM3alids BCeX 3alIpOCOB U
OTBETOB, IPUXOJAIINX C pa3HBIX IIOTOKOB geom B OJUH II0TOK. ITO TaK>Ke YA00HO, HO MOXKeT OBITh
MeJJIeHHBIM. B OOJILIIMHCTBE CiydaeB, 00paboTKa 3ampocoB ¢QyHKIIHeRn .done() MoXKeT OBITH
ocTaBJIeHa II0TOKY g_up.

Y MBIOTEKCOB B sjipe FreeBSD (mutex(9)) ecTb 04HO pasjauuue ¢ UX aHaJoraMu U3 IIPOCTPaHCTBa
I10J1b30BaTeJbCKUX IIPOIECCOB - BO BpeMs yep>KaHUS MbBIOTeKCa B KOJe He J0/DKHO OBITh
6J10KUPOBKU. Ecik B KOoZle He06X0AUMO GJI0KWUpOBaHMe, TO JIy4Ille UCII0/Ib30BaTh sx(9). C apyrou
CTOPOHBI, €CJIM BCS Ballla paboTa BBINIOJIHIETCI B OJJHOM IIOTOKE, Bbl MOKeTe 0O00UTUCHL BOOOIIe
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https://www.freebsd.org/cgi/man.cgi?query=malloc&sektion=9&format=html
https://www.freebsd.org/cgi/man.cgi?query=sx&sektion=9&format=html
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https://www.freebsd.org/cgi/man.cgi?query=sx&sektion=9&format=html

0e3 MBIOTEKCOB.
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