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AHHOTaUUA

dra cTaThs JOKYMEHTHPYeT HEKOTOpble HaualbHble BRIKIaZKY B paspadorke GEOM-kiaccos,
a TaxKe MogyJelt sapa B ob1eM. I[IpeAnoraraeTcs, 4To YUTaTe b OIM3KO0 3HAKOM C ITPOrpaM-
MUpoBaHUeM Ha CU B KOHTEKCTE [TPOCTPAHCTBA MOJIb30BaTeNbCKUX mpoLeccos (userland).
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1. BctynneHune

1.1. JoKymeHTauunA

JIOKyMeHTaIYs 10 IPOrpaMMUPOBAHUI0 IS Spa CKYyZAHAs, 9TO OJHa U3 HEMHOI'MX 00J1acTell MporpaMMHUpoBa-
HUS, TAe TIOYTH HET XOPOUINX y4eOHBIX IIOCOOMIA, I COBET «YMTall UCXOAHUKU!» - COXpaHsAeT CBOK CIIpaBeJIv-
BOCTh. OZIHAKO, CyHIeCTBYeT HECKOJIBKO CTaTel 1 KHUT pasHOM aKTyalbHOCTH, KOTOPble peKOMEH/YIOTCS K U3yue-
HUIO TIepefi TeM, KaK HadaThb TPOrpaMMUpPOBaTh:

¢ PyxoBogcTBO FreeBSD auisl paspaboTumkoB - 4acTh [IpoekTa JJokyMeHTaruu FreeBSD, Hudero crienrgruaHOro
0 IIPOrPaMMUPOBAHUY SIIPA B HEM HET, 3aTO €CTh HEMHOT'O 001Iel MosIe3HON nHPOpPMALUH.

* PykoBoZCTBO 10 ApxuTeKType FreeBSD - Taxxke AB/sieTcsA yacThio [IpoexTa JlokyMeHTauuu FreeBSD, comepxuT
OIMCaHUsI HEKOTOPBIX HU3KOYPOBHEBEIX CPELCTB U pOoLeAyp. YAeJUTe BHUMaHue pasfeay HoMep 13 - Hamu-
caHUe JipaliBepoB yCTPOUCTB A FreeBSD.

¢ HecCKOJIbKO MHTEPECHBIX CTATel 00 yCTPOUCTBE sifpa MOXKHO HaliTH Ha caiire FreeBSD Diary.

« CTpaHUIIBI U3 pasfesia HOMeP 9 CCTEMHOTO CIPaBOYHUKA, COZePIKaT BAXKHYIO JOKYMEHTALMIO M0 QYHKIMUAM
Anpa.

+ CrpaHuIia cipaBoyHMKa geom(4), a Taxxe caiipr [oa-Xennuara Kamma - obigee mpecTaBIeHue O TIOACH-
creme GEOM.
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[MogroroBka

+ CTpaHuLpI cripaBoyHuka g bio(9), g event(9), g_data(9), g_geom(9), g_provider(9), g_consumer(9), g_access(9), a
TaK)Ke IpyTHe, CBA3aHHbIE C BEIMIEYTOMSIHYTHIMU U PACKPHIBAOIIUE CIeNUUIecKUil GpyHKIMOHA TO/ICUCTe-
Mel GEOM.

+ CTpaHuLa clipaBoyHuUKa style(9) - LOKyMeHTHpYeT CorIaleHust 0 CTHIIe 0pOPMIIEHNS KO/a, KOTOpbIe 00s3aHbI
OBITH COOIOZEHBI €CJIH BB IVIAHKpyeTe NepefaTh Ball koj B Subversion pernosuropuii FreeBSD.

2. MoaroTtoBKa

Jl1s Toro, 4Tob 3aHMMaThCs paspaboTKaMu [JIA ALpa, XKeJIaTeIbHO NMETh [jBa OTAEIbHBIX KOMIbloTepa. OfUH U3
HUX [IpefiHa3Ha4eH Ui Cpefibl pa3paboTKU M UCXOAHBIX KOJOB, a BTOPOU - [/ 3aIlyCKa TECTOB OTJ/IaXKUBAEMOT'O
KOZia. BTopoMy KOMIIbIOTEPY AJIs PabOTHI OCTATOYHO UMETH BO3MOXKHOCTE BBIIOJIHATH HAaYa/IbHYIO 3arpysKy [0
CeTH ¥ MOHTHPOBaHMe $paliIoBbIX CCTEM I10 CETH. B 9TOM CUTYyalUH, eC/IN OT/Ia)XXUBaeMBIi KO COZePIKUT OnO-
KU U BBI30BET aBapUIHYIO OCTaHOBKY CMCTEMBI, TO 3TO He ITOBJIeYeT [TOPYy UJIU YTePIo MCXOAHOr0 Kofa . Bropomy
KOMIIBIOTEpY Aaske He OTPe6yeTCst UMEeTh CBOM MOHUTOP, OCTATOYHO Oy/eT COeMHEHN aCHXPOHHBIX IIOPTOB
Kabesiem RS-232 niu coeiviHeHUs ITpy oMo KVM-ycTpoiicTBa.

Ho Tak Kak lajleKko He y KaXK[oro eCTb Ba MU 60Jiee KOMITBIOTEPOB IO, PYKO¥, eCTh Mapa CIIocOO0B IOATOTOBUTh
VHYIO «KUBYIO» CUCTEMY I pa3paboTKu Koja Auist sigpa. OfWH U3 HUX - 9T0 paspabdorka B VMWare win QEmu
BUPTYaJIbHOM MalrHe (9T JIydiiiee U3 JOCTYIIHOTO, [I0C/IE, KOHEYHO-)Ke, BBILEIEHHOTO /7l TECTOB KOMIIBIOTEPA).

2.1. Hactpoiika cuctemMbl ANns paspaboTkum

TIpesxzie Bcero HEOOXOANMO NMETH B sifpe moAmepskky INVARIANTS . [lo6aBbTe CileAyole CTPOKH B daiia KoH-
durypanuu agpa:

options INVARIANT SUPPORT
options INVARIANTS

[ 6ostbielt THPOPMATUBHOCTH IPU OTJIafKe BRIKYNTe oAnepkky WITNESS, koTopast 6y et npesynpexsaTs
Bac B C/ly4yae BOBHUKHOBEHHS B3aUMOOIOKMPOBOK:

options WITNESS SUPPORT
options WITNESS

Takoxe BKIIIOUUTE OTJ/IafOYHbI€ CUMBOJIBI, €CJIV IIJIAHVIPYEeTe BBIIIOJ/IHATH OT/IAAKY I10 JaMIlaM aBapHﬁHbIX OTKa30B

makeoptions DEBUG=-g

YCTaHOBKa OTJIaZIOYHOTO sifpa o6bI9HEIM criocobom (make installkernel ) He macT MPUBBIYHOTO pesysbTara:
daiin sppa Oyzer HaseiBaThCst kernel.debug ¥ 6yzeT HaxoANUThCA B /usr/obj/usr/src/sys/KERNELNAME/ . [iis
y,qo6CTBa, OTJIaJOYHOE AP0 HEeOBXOAUMO CKOIIMpPOBaTh B /boot/kernel/ .

Taxoxe yA0OHO MMeTh BK/IIOYEHHBIH OT/IafUUK A4pa, TaK Bbl CMOXKETe MCC/IeA0BaTh IAHUKY Cpasy-ke IOCIe UX
BO3HMKHOBeHU. JI/Is BKIIIOUEHUS OT/Iaf4rKa J0OaBbTe CleAyolyie CTPOKU B $aii KoHUrypaLuu sapa:

options KDB
options DDB
options KDB TRACE

JlJ1s1 aBTOMATUYECKOTO 3aIlyCKa OT/Iaf4MKa siApa [0C/e BOSHUKHOBEHSI TAHUKK MOXET TIOHaZ0OUThCSI YCTaHO-
BUTH MepeMeHHyo sysctl:

debug.debugger on panic=1

[IaHUKY CUCTEMBI OyyT MPOUCXOANUTH, IO3TOMY ye/IUTe BHUMaHKe Kauy $aiioBoii cucTeMsl. OObIYHO, TIPU
BKJIIOYEHHOM MexaHu3Me softupdates, mocienusis Bepcust daiisia MoeT GBITh yTepsiHa eC/IV TAHUKA [TPOU30LILIa
panblue c6pachiBaHMS KoLIa Ha YCTPOVCTBO XpaHeHUsL. BeikioueHne mexanusma softupdates (mocpencrsom MoH-
TrpoBaHus GaltIOBOI CUCTEMBI C OTILUEN «SYNC») SHAYMTENBHO CKa3bIBAETCS Ha [IPOU3BOLUTENBHOCTH U, OIISITh-
e, He TapaHTHPYeT LjeIOCTHOCTH aHHBIX. Kak KOMITPOMIICC, MOXKHO COKPATHUTh 3a[iep)KKU cOpachIBaHUs Kala
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MexaHusMa softupdates. ECTb Tpu mepeMeHHbIX sysctl, 3HaueHMst KOTOpBIX HEOBXOAUMO U3MEHUTH (JIyylle BCEro
- mpomnucas ux B /etc/sysctl.conf ):

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

3HayeHUs 3TUX TMEePEeMEeHHBIX - CeKYH/Ibl.

[t OT/IafiKY TIaHUK sA4pa HeoOXOAMMBI JaMIIbl aMATH. Tak Kak [aHuKa Apa MOXKeT «CIOMaThy GaiIoByI0 CU-
CTeMY, JaMIT CHayaJla COXPaHseTCsl B «ChIPoii» paspest. O6bIYHO, 9TO CBOII-paszest. [I0aToMy, pasMep CBOII-pasze-
Ja Jo/KeH OBITh He MeHblie paaMepa 03y kommnboTepa. [Ipy oceyolell 3arpysKe JamIl KOTUPYeTcst B 00bI4-
HBIN paiiy1. ITO MPOUCXOAUT Cpa3y-rKe IOCIe IPOBEPKU K MOHTHPOBaHUSA GaliJIOBBIX CHCTEM, HO Ilepefi aKTUBU-
poBaHMeM paszfiesia CBoIla. Takoe IIOBeJieHe KOHTPOIMPYETCS CIeAYIOUMIY ITepeMeHHbBIMU /etc/rc. conf :

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

[lepemeHHas dumpdev yKasbIBaeT Ha pasfies MOAKAYKY, a dumpdir coobijaer crcTeMe Kyza MepeMelaTh AaMil
AApa IpY CJIeyINel 3arpysKe.

CoxpaHeHMe faMIa sfipa - IpoLecc MeJJIeHHbIH, U, €C/IU Y Balllero KOMIbITepa MHOIO ONepaTUBHOMU NaMATU
(>256M) 11 eC/IM TAHUKY CITyYaloTCsl YaCTO, TO OXKUAAHIE COXPaHEHMsI JAMIIOB MOYKET HaYaTh pasfpaxars (BCrioM-
HUM, 4TO Hajl JaMIIOM IIPOMCXOAUT [iBe Ollepallii: COXpaHeHMe B CBOII-pails 1 epeMeleHre Ha GpaiiIoBYIO CH-
cTeMy). B TakoM ciydae MOKET OKasaThCst yLO0OHBIM OrpaHNYMBaHUe 06'beMa UCIIO/Ib3yeMO CUCTEMOM TaMSITH
IyTeM yCTaHOBKU IlepeMeHHo! B /boot/loader. conf :

hw.physmem="256M"

EC/IM MaHUKY CJIyYaroTCsl 4acTo U pasMep (GaiiyioBbIXx cucTeM Gosbluoii (Miu ke BbI MPOCTO He [OBepsieTe
softupdates u boHOBOI MpoBepKe GaRtIOBBIX CUCTEM), PEKOMEHYETCS OTKIIIOYUTE GOHOBYIO MTPOBEPKY daiisio-
BBIX CHCTeM II0CPeJICTBOM YCTaHOBKY ITlepeMeHHOI B /etc/rc. conf :

background fsck="NO"

B aToMm ciydae ¢aitsioBele CUCTEMBI OYAyT MPOBEPATHCS TOABKO NMPU HEOOX0AMMOCTH. TaKkKe 3aMeThTe, YTO B
CJTy4ae WCIIO/Ib30BaHUA GOHOBOI IPOBEPKY, HOBasl TAHMKA MOXET CJIYIUTHCS B TO BpeMsl, KOTja IPOBEePSAIOTCS
[UCKU. [IpyrvMU CJI0BaMy, HavboJiee 6e30MacHEIN CI0Co6 - He MMeTh MHOTO JIOKa/IbHEIX $aliyIoBBIX CUCTEM,
WCIIOJIB30BaTh BTOPOM KOMIIbIOTEP B KauecTBe NFS-cepBepa.

2.2. Hauano npoekTa

Jl1s1 HanMcaHus HOBOro kiacca GEOM He06X0AMMO CO3LaTh MOALUPEKTOPUIO B JIF000# JOCTYITHO [T0JIb30BATEITIO
mvpexTopun. CoBCeM He 06s13aTesIbHO, YTO6 Balll MOAYJIb U3HAYATIBHO Pa3MeENascs B /usr/src.

2.3. Makefile

HpaBI/IJ'IOM XOpowero ToHa ABJIACTCA CO34aHNEe Makefile -0B /1 KaX[Oro HETPUBUAJTBHOI'O IIPOEKTAa, TPUMEPOM
KOTOPOT'O KOHEYHO-XXE SABJIACTCA CO30aHNE MOI[YJ'IGPI ssapa.

Cospanuvie Makefile - meso He C/IOXKHOe OJarofiapsi MCYEPIIBIBAOLEMY HAabOpPy BCIIOMOTATEIbHBIX CPELACTB,
MIpe/loCTaBIsieMbIX CCTEMOM. B BKpaTLie, BOT KaK Jo/KeH BIIVIAAeTh Makefile asa mopyns anpa:

SRCS=g journal.c
KMOD=geom_journal

.include <bsd.kmod.mk>

3ror Makefile (c msMeHeHHBIMU MMeHaMU GaNIIOB) TIOLNOWAET K soboMy Mopyio sapa. Kimacc GEOM Mmosker
pa3MelaThcs B OFHOM eAUHCTBEHHOM MOoZyJIe szpa. Eciu At cbopKy Balero Moyt TpedyeTcs 6o/blie, yeM
ofuH Gaiis, TO TIepeYncInTe UX UMeHa, paszeieHHbIe TPobeTbHBIMU CUMBOJIAMH, B TepeMeHHOM SRCS.
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3. MporpammunpoBaHue B aape FreeBSD
3.1. BbigeneHve namaTun

MpounTaiite malloc(9) - BbIeIeHNE TAMSITH JIAIIL HEMHOTO OTJIMYAETCS OT CBOETO SKBUBAJIEHTA, UCTIOJB3YEMOTO
B [IPOCTPAHCTBE MOJIB30BaTENbCKUX TpotieccoB (userland). Hanbosee mpumerHo To, uto malloc () u free() mpu-
HUMAIOT JIOTIOJIHUTE/IbHBIE TTAPAMETPBI, KOTOPBIE OMMCAHbI B CTPAHUIIE CITPAaBOYHMKA.

Tun «malloc_type» He06X0AMMO 0OBABUTH B CEKLUM LeKIapanuil daiiia ¢ ICXOLHBIM KOZOM, HAallpUMep:

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

Jl71st TOTO, YTO6BI MOYHO 6BLIO MCIIO/IB30BATh 3TOT MaKPOC, HEOOXOAUMO BKIIIOYUTE CIIEAYIOIME 3ar0JI0BOYHbIE
datiner: sys/param.h , sys/kernel.h usys/malloc.h

CyLIecTBYeT ellie OfVH MeXaHU3M BbifesieHus namsaTu - UMA (Universal Memory Allocator), onmucanssiii B uma(9).
370 crienudrIeCcKUii METO, IPEUMYILECTBEHHO MPeAHa3HAYEHHbIN A1 GbICTPOrO BbIAEIEHUS TTAMSITH IO CIIHC-
KU, COCTOSILWE U3 JIEMEHTOB OFUHAKOBOrO pasMepa (Harnpumep, [UHAMUYECKHe MaCCUBBI CTPYKTYP).

3.2. Ouepeaun U cNNCKU

O3HAKOMBTECH C queue(3) Bo MHOXECTBE Cily4aeB BaM HEOOXOMMO 6yIeT OPraHU30BBIBATH U YIIPABJIATH TAKON
CTPYKTYPOH [JaHHBIX, KaK CIACKU. K CYaCThI0, 3Ta CTPYKTYpa JAHHBIX pearM30BaHa HECKOJIBKUMU CIIOCO6aMU B
BUJIe MaKpocoB Ha CH, a TaKXKe BKJIIOUEHA B crcTeMy. Hanbosiee TUOKUM 1 4aCTO YIOTPEBIITEMBIM THUIT CITUCKA -
TAILQ. DTOT THUII CTIMCKA TAKXKE OUH U3 HanboJiee TpeboBaTebHbIX K TAMSTH (€10 3JIEMEHTSI - C IBOMHBIMU CBSI-
3AMH), a TaKIKe - HauboJsIee MeTIEHHBIN (0OJHAKO CUET UAET Ha HECKOJIBKO MHCTPYKLuit LITTY, I03TOMY MociejHee
yTBEPIKEHUE HE CIIelyeT BOCTIPUHUMATD B BCEPhE3).

EC/v BaXKHA CKOPOCTB TOJIYYEHUs [AHHBIX, TO BO3bMUTE Ha BoopyxeHue tree(3) u hashinit(9).
3.3. BIOs

CTpyKTypa bio MCIOB3yeTCs IJis BCEX Onepaluii BBoja/BhIBofa, Kacaromuxcs GEOM. OHa cofepuT uHpopMa-
LIMIO O TOM, KaKoe YCTPOMCTBO ('mocTaBiuk geom') JOIKHO OTBETUTD Ha 3aIpoC, THII 3a[PoCca, CMeLeHue, AIUHY
U yKasaresb Ha 6ydep, a Takke Habop «oInpese/IeHHbIX [T0/Ib30BaTeIeM» $JIaroB U IOk .

Ba)KHBIM MOMEHTOM SIBJIAETCS TO, YTO bio 0OpabaThIBAIOTCA AaCHHXPOHHO. TO 3HAYUT, YTO BO MHOIMX YacTAX
KoZia HeT aHasiora k read(2) u write(2) GyHKUMAM U3 MPOCTPAHCTBA MOJIb30BATEIBCKUX MIPOLIECCOB, KOTOPbIE HE
BO3BPALIAIOT YIIPaBJIeHKe TI0KA HE BBITIOJIHUTCS CUCTEMHBIN BbI30B. CKOpee, TI0 3aBepLIeHnr 06paboTKu 3ampoca
(vu B ciyyae owmbku npu 06paboTKe) Kak U3BELEHME BbI3bIBAETCS ONPEe/eIeHHAs! O/b30BaTesieM GyHKLUSL,

ACUHXpOHHas MOZeJIb IPOrpaMMUPOBaHU B UeM-TO CJIOXKHEN, HeXXeJIU Yallle MCII0/Ib3yeMasi MMIlepaTUBHas MO-
JIeJ1b, UCTIOJIb3yeMas B IPOCTPAHCTBE MOJIb30BATEIBCKUX IPOLIECCOB; B IIOOOM CIy4ae, IPYBBIKaHUE 3alIMeT HEKO-
TOpOE BpeMsi. B HEKOTOPBIX C/IydYasix MOTYT GBITh UCIIO/B30BaHbl BCIOMOTATe/IbHbIE GYHKIMU g write data () u
g_read data (), HO daseko He 8ce2da. B 4aCTHOCTH, 5TU GYHKIMU He MOTYT UCTIO/IB30BAThCS KOTZjA 3aXBaYeH MbIO-
TeKC; HallpuMep, MbloTekC GEOM-TONOJIOTMY U BHYTPEHHUN MBIOTEKC, yePXKHUBaeMblll B XOfie BBIIIOJHEHUS
.start () umm .stop().

4. MporpammMmupoBaHue B cucteme GEOM
4.1. Ggate
Eciiv MakcuManbHas IMPON3BOAUTETIBHOCTD HE Tpe6yeTc51, TO HoJtee HpOCTOIZ crocob coBepuiaTh HpeO6paBOBaHI/IH

JJaHHBIX - 9TO BBIIOJIHSITE UX B IIPOCTPAHCTBE 0JIb30BATEBCKUX IIPOLIECCOB MOCPeAcTBOM ggate (GEOM gate). K
HeJJOCTaTKaM CJIeflyeT OTHECTH HEBO3MO)KHOCTH IIPOCTOr'O ITepeHoca KOAa B AApoO.
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4.2. Knacc GEOM

Kitacc GEOM BBITOJTHSIET ITPpeobpasoBaHus JAHHBIX. DTH IPeodpasoBaHUst MOTYT OBITh CKOMIIOHOBAHEI APYT C APY-
r'OM B BUJie fiepeBa. IK3eMIVIAp Kiacca GEOM HasbIBawoT geom.

B xaxxmom ki1acce GEOM ecTb HeCKOJIBKO «METOZ0B KJIacca», KOTOPhIe BbI3bIBAIOTCS KOI'Ia 9K3eMILISApa KJlacca HeT
B Hanumu (MUK Xe OHU He [IPUBSA3aHbl K KOHKPETHOMY 3K3eMILISIPY KJ1acca).

+ .init BBI3BIBaeTCS TOTAA, Korga cucteme GEOM CTaHOBUTCS U3BECTHO 0 Kiiacce GEOM (Hampumep, Korfa 3a-
IpyIKaeTcsi MOAYJIb SIpa).

+ .fini 6yzer BbI3BaH B caydae oTkasa GEOM cucTeMsl oT Kiacca (Hampumep, TIpy BBITPy3Ke MOZYJIst).

+ .taste BBI3BIBAETCSI, KOTAA B CUCTEME MIOSIBJISIETCS] HOBBIN KJIACC WJIM MOCTaBIKK geom («provider»). Ecu co-
OTBETCTBUE HaliZleHO, TO 3Ta GpYHKIMA OOBIYHO CO3/AeT U 3aIlyCKAET 9K3EMIIAP geom.

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

« .ctlconf 6yner BBI3BaH, KOI/ja II0JIb30BaTEb 3aIIPOCUT U3MeHeHNe KOHGUIYpaLK CyIeCTBYIOLEro 9K3eM-
IIspa geom

Taxoke onpeziesieHbl GYHKIMY coObITHII GEOM, KOTOpbIe KOMMPYIOTCS B 9K3EMILJIAP geom.
Tloste .geom B cTpyKType g_class - aTo crvcok (LIST) ak3eMIISIpoB geom, peaan30BaHHBIX U3 KJIacca.

9ty GYHKIMY BBI3BIBAIOTCSA M3 g_event IIOTOKa AzApa.

4.3. Softc

«softcy» - aT0 ycTapeBInMii TEPMUH [IJIs «TPUBATHBIX JAHHBIX ApaviBepar («driver private data»). Hassanue Bepo-
SITHE BCEro MPOUCXOAUT OT yCTapeBuIero repmuHa «software control block». B cucreme GEOM softc ato cTpyk-
Typa (TouHee: yKasaTesb Ha CTPYKTYPY) KOTOpasi MOKET GbITh IPUCOEAUHEHA K 9K3EMIUISIPY SE0m U MOXET CO-
JlepKaTh [TpYBaTHBIE JaHHBIE 9K3eMILIApa. Y 60/IBIIMHCTBA K1accoB GEOM ecTh Ciiefyioliye YIeHbl:

¢ struct g provider *provider :«IIOCTaBIJUK geom» IMPeLOCTAaBIAEMBIN JAHHBIM 3K3EMIUIAPOM geom

+ uintl6_t n_disks :KosmuuectBo norpebureneii geom («consumer), 06CIyKUBAEMBIX JAHHBIM SK3EMIUISIPOM
geom

+ struct g consumer **disks :Maccus struct g consumer* . (HeBO3MOXHO OGONUTHCH OZIMHAPHBIM yKasaTe-
JieM, TOTOMy 4TO cucTeMa GEOM cospaeT fijist Hac CTpyKTypsI struct g consumer®)

CrpykTypa softc coepKUT COCTOSHNE 9K3eMILIAPA geom. Y KaJoro SK3eMILIpa eCTh CBOIA softc.

4.4. MeTapaHHble

dopMaTr MeTa/jaHHBIX B TOU UJIM MHOW Mepe 3aBHUCUT OT KOHKPETHOTO KJIacca, HO 00513aH HAaYMHATHCS C:
» 16-6aiiTHOr0 6ydepa st MOAMNCH - CTPOKH C 3aBepIIaoiM HyseM (06bI9HO 9TO UMs K1acca)

¢ uint32 upeHtudUKaTOpa BepCcuun

HoapasymeBaeTCﬂ, 9TO KJIaCChI geom 3HalT KakK o6paLuaTbc5{ C MeTagaHHBIMMU C I/I,Z[eHTI/ICl)I/IKaTOpaMI/I BepCI/IfI HU-
XKe, 4yeM 1X COOCTBEHHEIE,

MeTa/laHHbIE Pa3MEINATCS B MOC/IEIHEM CEKTOpe TIOCTABIIMKa geom (T0STOMY 0653aHBI [IEJTUKOM yMEIaThCs
B HeM).

(Bce 3T0 3aBUCHUT OT peanusanuu, HO BECh CYIECTBYOMMMA KO paGoTaeT NoJo6HO ONMCAHHOMY U MOIEPKUBa-
eTcsa 6ubaMoTeKaMMu.)



MapkupoBaHye/co3fiaHre 9K3eMIULSIpa geom

4.5. MapkupoBaHue/co3paHue 3Kk3emMnispa geom
T[loc/Ief0BaTENBHOCTD COOBITH CIIeAYIOLIAs:
* [OJIB30BATEJIb 3aIlyCKaeT CIy)ebHy mporpammy geom(s)

¢ porpaMma pemaer KakiM KJIaCCOM geom el PUAETCs YIpaBJysiTh U UileT 6ubinoreky geom CLASSNAME . so
(KOTOpaﬂ 06bIYHO HaxoAuTcA B /1ib/geom ).

* OHa OTKpbIBaeT 6ubmuroreky mpu nomowu dlopen(3), ussnexaer BcriomoraresbHble GYHKLUN U ONPeAETIEHUs]
napameTpOB KOMaH/HOU CTPOKMU.

BOT TaK NPOUCXOAUT CO3LaHKe/ MapKUPOBAHUE HOBOTO 9K3EMILISIpa geom:

» geom(8) MILeT KOMaHAY B apryMeHTax KOMaHAHOM cTpoku (06bI4HO 3T0 label ) v BBI3bIBAET BCIOMOTATEBHYI0
byHKIMIO.

* BcnomoraTesibHas GYHKLMA IPOBEPsET TapaMeTphl U cobUpaeT MeTaflaHHble, KOTOpPbIe 3alMChIBAIOTCS BO BCe
BOBJI€YEHHBIE NIOCTABIIUKY geom.

+ 9ro «noBpexaaer (spoil)» cymecTByomue sx3eMmIApsl geom (ecu OHU GbUIU) U MOPOXKIAET HOBBIN BUTOK
«TeCTUPOBaHMsI» MOCTABIIMKOB geom. Lles1eBoii KJIacc geom OrosHaeT MeTafaHHble U aKTUBUPYET SK3eMILISp
geom.

(TpuBeneHHas BbILIE TTOC/IEN0BATELHOCTE COBBITHI 3aBUCUT OT KOHKPETHOM peannsalyuu, HO BeCh CYLIECTBYIO-
M KOZ paboTaeT mofo6HO ONIMCAHHOMY U MOAJIEPIKUBAETCST BUOIMOTEKAMMU. )

4.6. CTpyKTypa KOMaHA geom

BcriomoraTtesbHast 6ubrorexa geom CLASSNAME.SO 9KCIOPTHPYET CTPYKTypy class_commands , KOTOpasi SBIs-
€TCs MaCCHBOM 3JIEMEHTOB struct g command . 9TM KOMaHAB! OAWHAKOBOIO GpopMaTa M BEIIVIAAAT CIIAYONMIIIM
obpasom:

KoMaHpa [-omuuun] uma geom [ppyruel]
O6mMMY KOMaHJaMU SIBJISTEOTCST:

+ label - sanucars MeTadaHHbIC B YCTpOﬁCTBa, YTOOBI OHU MOTIVIM ObITh OIO3HAHEI B nponecce TeCTUPOBaHUS 1
MCII0J/Ib30BaHbI B COOTBETCTBYIOIMX 9K3EMILJISIPaX geom

+ destroy - pa3pymmTs MeTaaHHbIe, 32 KOTOPBIM MOCIEAYET paspyLIeHe 9K3eMIUISIPOB geom
Ob1ve ONMIUu:

* -V :[IeTaJbHBIN BBIBOZ,

¢ -f . IpuHyAUTDH

HexkoTopble oneparuu, K IpuMepy MapKUpOBaHVE MeTafaHHBIMU 1 paspylieHre MeTaaHHbIX MOT'YT OBITh BbI-
TIOJIHEHBI M3 MPOCTPAHCTBA I10JIb30BaTE/bCKUX MPOLECCOB. [l 3TOro, CTpyKTypa g_command COZLEpPIKUT IoJie
gc_func, KOTopoe MOXeT GbITh yCTaHOBJIEHO Ha GYHKLUKIO (B TOM-3Ke . S0), KOTopasi 6yneT Be3BaHa 4Jisi 06pabot-
KU KOMaH/bl. B ciiydae, korga gc_func pasHo NULL, komaHa 6y,aeT nepefiaHa MOAYJIO Afipa: QYHKIMH . ctlreq
kJacca GEOM.

4.7. 3k3eMnasapbl geom

y 9K3EMIIJIIPOB KJIACCOB GEOM ecTtp BHYTPEHHUE NaHHbIE, KOTOPbIE XPaHATCS B CTPYKTypax SOftC, a TaKXe eCTb
HEKOTOpbIE Cl)yHKL[I/II/I, TMOCPEeACTBOM KOTOPBIX OHM pe€arvpyroT Ha BHEITHNE COOBITHSL,

®yHKLMU COOBITHIL:


https://www.FreeBSD.org/cgi/man.cgi?query=geom&sektion=8&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=dlopen&sektion=3&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=geom&sektion=8&manpath=freebsd-release-ports

Cospanue kiacca GEOM

* .access :MpOCYMTHIBAET MpaBa AoCTyma (UTeHre/3anuch/ UCKIFYUTEBHBIN JOCTYTI)

+ .dumpconf :Bo3sBpamaer nHGOPMALUIO O dK3eMILIApe geom; popmaT XML

+ .orphan : BBI3BIBAETCS, KOT/IA OTCOENMHAETCS IGO0 M3 HUSJIEKANINX TIOCTABLIIUKOB geom
+ .spoiled : BBI3BIBAETCS, KOTZA POU3BOAUTCS 3aTIMCh B HUSJIEK ALV TOCTABIIMK geom

+ .start : obpabaTeiBaeT BBOJ/BBIBOJ

9Ty GYHKLUM BbI3BIBAIOTCS U3 SILEPHOTO MOTOKA g_down U B 9TOM KOHTEKCTE He MOKeT GbITh 610KMpoBOK (mo-
WILIUTE ONpefesieHre «BI0KUPOBKa» B APYIHUX UCTOYHUKAX), YTO HEMHOTO OrpaHUYMBAET CBOOOAY AEMCTBUIA, HO
CII0CO6CTBYET OBICTPOTE 06PAOOTKIL.

U3 BBILIEYIOMSIHY THIX, HAK60/Iee Ba)KHO U BBIIOJIHSIIONIEH [TOsIe3HY 0 paboTy dyHKuuMel siBistercst . start (), ko-
TOpast BBI3BIBAETCS BCAKUM pas, KOTja MOCTaBIIMKY geom, yIIpaBiIsgeMOMy SK3eMIVIAPOM KJjacca, MIPUXOAUT 3a-
rpoc BIO.

4.8. [IOTOKWY BbINOJIHEHNSA CUCTEMbI gEom
Cucremoit GEOM B sizpe OC CO3Mar0TCs U UCTIONB3YOTCS TPy TT0ToKa BhinoHenust (kernel threads):

+ g_down : O6pabaTbiBaeT 3aIPOChI, IPUXOASALINE OT BbICOKOYPOBHEBBIX CYIIHOCTEN (TaKUX, KAK 3aIIpOCHI U3 TIPO-
CTpPaHCTBa I0JIb30BATEBCKUX [IPOLIECCOB) Ha IyTU K GU3UIECKUM YCTPOCTBaM

¢ g_up : ObpabaTsiBaeT OTBETHI OT ApaiiBEPOB yCTPONCTB Ha 3aIIPOCHI, BBIIIOJHEHHbIE BBICOKOYPOBHEBBIMHU CYIIj-
HOCTSIMU

* g event : OTpa6aTI>IBaeT B OCTa/IBHBIX CJ/Iy4dasX, KaK-TO CO3[aHME 3K3EMIL/IsIpa geom, IIPpOCYNThIBAHME IIpaB
AOCTYyIIa, COOBITUS «IIOBPEXOEHUA» U T.II.

Korza mosib30BaTeIbCKII MPOLieCC 3allpalliBaeT «IIPOYUTATh JaHHbIe X 0 CMeleHMIo Y ¢ariiay, IPouCXoguT
crepymolee:

« QaliyoBasi crcTeMa Ipeobpasyer 3ampoc B 9K3eMITISIP CTPYKTYpHI bio u epesaer ero cucreme GEOM. ®aiiso-
Basl CUCTeMa «3HaeT», 4TO SK3eMILIAP geom AoJDKeH 00paboTaTh 3ampoc, TaK Kak $paliioBble CUCTEMBI pa3Me-
I[AI0TCST HEITOCPENCTBEHHO Hajl SK3eMIIAPOM geom.,

* 3ampoc 3aBepluaeTcs BbI30BoM GyHKLMY . start () B moToke g_down U focTUraeT BEpXHEro 9K3eMIULIpa geom.

* BepxHwuii sx3eMIIsIp geom (HaprMep, 9TO CeKLIMOHMPOBLIMK paszenos (partition slicer)) onpegesnsier, yro 3a-
IPOC JOJDKEH OBITH IIepeajpecoBaH HIKECTOSILEMY 9K3eMIUIIpY geom (K puMepy, ApaiiBepy AncKa). Bpimre-
CTOSILMIL 9K3EMILISIP ge0m CO3/aeT KOMMIo 3ampoca bio (3arpocst bio BCE[JA KONMPYIOTCS U [epeade Mex-
[y 9K3eMIUIApamMu geom mpu oMoy g_clone_bio ()!), u3MeHsieT mosisi CMELIeHus U LjeIeBOro TIOCTABLINKA
geom U 3amycKaeT Ha 06paboTKy KOMuUIO mpu oMoy GyHKunu g_io_request ()

« [paiiBep AUCKA TAKKe [OJIyYaeT 3arnpoc bio, kak Bbi30B GyHKLMY . start () B moToke g_down . [ipaiisep obpaa-
€TCsl K KOHTPOJIJIEPY [IMCKA, MOJTyvaeT 610K IaHHBIX U BbI3bIBaeT GyHKIMIO g 10 deliver () ucmosbsys Kommio
3ampoca bio

+ Temneps, U3BelleHeE O 3aBeplieHMH bio «BCIIBIBaeT» B IOTOKe g_up. CHavasia B IOTOKe g_Up BBI3BIBAETCS QYHK-
nysi .done () CEeKLMOHMPOBIINKA Pa3fiesoB, IOCAEAHNUI UCTIOB3YeT TOIyYeHHY0 NHGOpMAaLo, paspylaer
KJIOHUPOBAHHBIN 9K3eMIUISIP CTPYKTYpbI bio mocpencteoM g destroy bio () v BeisbiBaer g io deliver () wc-
I10J1b3Yy sl IePBOHAYaJ/IbHBIM 3a11pOC

+ dalisioBas cucTeMa TIO/Iy4aeT faHHbIe U IepeaaeT UX II0J/Ib30BaTE/IbCKOMY IIPOLeCCy

3a mapopManmell 0 TOM, KaK JaHHbIe MepefaloTCcsi B CTPYKTYpe bio Mex[y SK3eMIUIApaMu geom, CMOTPHTE
g bio(9) (o6parure BHMMaHME Ha UCIIOIB30BaHMe MoJiel bio_parent ubio _children ).


https://www.FreeBSD.org/cgi/man.cgi?query=g_bio&sektion=9&manpath=freebsd-release-ports

SlnepHble IOTOKY BBINIOJIHEHU, IIpeiHa3HaYeHHbIe [JIs1
HCII0/Ib30BaHUA B KOZle geom

BaxxHBIV MOMEHT B ToM, 4To HEJIb3A [JOITYCKATD BJIOKUPOBOK B IIOTOKAX G_UP M G_DOWN. BOT HEIo/IHBIA Nepe-
YeHb TOTO, UTO HeJIb3s [ies1aTh B 3TUX [IOTOKAX:

+ BoisbiBarh yHKumY msleep () unu tsleep ().

* Vcnosnb3oBars GyHKIMU g write data (Jug read data (), Tak Kak oHU 6JIOKUPYIOTCS B MOMEHT O6MeHa fIaH-
HBIMU C [TOTPebUTesIMU geom.

+  OXUfAaTh BBOJ,/BEIBOJ.
+ BriseiBarh malloc(9) u uma_zalloc () ¢ ycraHosiaeHHsIM Guiarom M WAITOK .
+ Vcrosbp30BaTh sx(9)

310 orpanuyeHue Ha ko GEOM mpusBaHO U30eKaTh OT «3aCOPEHUSI» IyTU 3ampoca BBOJIa/BBIBOJA, TaK KakK 6J10-
KUPOBKM OOBIYHO HE MMEIOT YETKUX BPEMEHHBIX IPaHMII, ¥ HET FapaHTHil Ha 3aHMMaeMoe Bpemst (Taxke Ha TO
€CTh U [pyrvie TeEXHUYEeCKUe MPUYWHBL). 3TO TaK)Ke 3HAYWT, 9TO B BBILIEYIIOMSHYTHIX IOTOKaX CKOJIb-HUOYb
CJIO)KHBIE OIIepaLjy BBITIOJHUTE HEJb3sl, HAapUMep: JIF0oe CI0XKHOe peobpa3oBaHue TpebyeT BblesIeHs Ma-
MATU. K c4acThIO pellleHre eCTh: CO3[aHue JOIOHUTE/IBHBIX AIePHBIX IIOTOKOB.

4.9. ipepHble NOTOKM BbINO/IHEHUS, NpeAHa3HauYeHHble A/ UCNO0/Ib30BaHMA B KO-
Ae geom

SimepHble MOTOKY BBIMIOJIHEHUS co3natoTcs GyHkiuelt kthread_create(9), B cBoeM MoBejeHUM OHU CXOXKU C TIOTO-
KaMU, CO3ZLaHHBIMU B IIPOCTPAHCTBE MOb30BATEIBCKUX IIPOLIECCOB, HO €CTh OJHO OT/IMYME: OHU HE MOTYT M3Be-
CTUTH BBI3BABLIUI KX TOTOK O CBOEM 3aBEPIIEHNY; [0 3aBEPIIEHMIO - He0GX0ANMO BhI3biBaTh kthread_exit(9)

B kozie GEOM 06bI4HOE HA3HAYEHME STUX TIOTOKOB - PasrpysuTh notok g_down (dyHkuuwo . start ()) or o6paborku
3arpocoB. OTU MOTOKU TOAOGHBI «0bpaboTynkam cobbituit» («event handlers»): y Hux ects oyepenp coObITHiA
(koTOpast HaTOJIHSAETCS COBBITUAMMU OT PasHbIX GpYHKLMIA U3 PasHBIX TIOTOKOB; OYepeb HEOOXOANMO 3aIUILATh
MBIOTEKCOM), COBBITHSI U3 OYepe/iv BRIOUPAIOTCS OAHO 3a APyruM 1 06pabaTeiBaroTCst B 60sbom 6oke switch ().

OCHOBHOE MPEVMYLIECTBO MCIOIb30BAHUS OTAEbHOrO IIOTOKA, KOTOPBI 06pabaThiBaeT 3ampockl BBOAa,/ BEIBO-
[1a, TO, 4YTO OH MOXKET BJIOKUPOBATHCS [0 Mepe HeOOXOAUMOCTH. ITO, HECOMHEHHO, ITPYBJIEKATEBHO, HO ZIOJIKHO
OBITH XOPOLIO 06yMaHO. BIIOKIPOBaHYe - XOPOLIO U YAOOHO, HO MOXET CYIIeCTBEHHO CHU3UTb [IPOU3BOJUTEIb-
HOCTb IIpe0bpasoBaHuUii faHHBIX B cicTeMe GEOM. Ocobo TpeboBaTesibHbIE K IPOM3BOSUTENBHOCTH KACChl MOTYT
Jiesath BCio paboty B GyHkimy . start (), yaenss ocoboe BHUMaHUe OmMO6KaM MpU paboTe ¢ MaMsTho.

Ellle 0fIHO IPEeMMYIIeCTBO IOTOKA «06paboTUMKa COOBITHIT» 3TO CEpPHAIM3ALV BCEX 3alIPOCOB U OTBETOB, IIPUXO-
JAIVX C Pa3HBIX IIOTOKOB geom B OAWH IOTOK. ITO TakiKe yAOOHO, HO MOXET ObITh Me//IEHHBIM. B 60JIBIINHCTBe
ciy4aes, o6paborka 3anpocos ¢pyHkuuel .done () MoxeT GBITh OCTaBJIeHa [IOTOKY g_up.

Y MbIOTEKCOB B sizpe FreeBSD (mutex(9)) ecTb 0fHO pasnuyue ¢ UX aHAJIOTaMU U3 IPOCTPAHCTBA I0JIb30BATENb-
CKUX MPOLIECCOB - BO BPEMSI YAEPIKAHNUS MBIOTEKCA B KOJIE HE JOJIKHO ObITh GIOKMPOBKU. EC/IM B KOZe HEOBXOANMO
6/10KMPOBaHUe, TO JIy4lile UCTIONB30BaTh sX(9). C APYroil CTOPOHDI, eC/IU BCs Ballla paboTa BBIIOIHSETCS B OAHOM
[IOTOKE, BBl MOXETe 060MTHCH BOOOIIEe 6e3 MBIOTEKCOB.


https://www.FreeBSD.org/cgi/man.cgi?query=malloc&sektion=9&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=sx&sektion=9&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=kthread_create&sektion=9&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=kthread_exit&sektion=9&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=mutex&sektion=9&manpath=freebsd-release-ports
https://www.FreeBSD.org/cgi/man.cgi?query=sx&sektion=9&manpath=freebsd-release-ports
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