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AHHOTaIUA

JTa cTaThs JOKYMEHTHPYeT HeKOTOphle HadajbHbIe BHIKJIAKU B pa3paboTke GEOM-KjaccoB, a
TakKe MofayJer simpa B o6mieM. IIpefdriosiaraeTcsl, 4YTO UYHTaTeJb OJIM3KO 3HAKOM C
nporpaMMupoBaHrMeM Ha CH B KOHTEKCTe IIPOCTPAHCTBA II0Jb30BAaTeJIbCKHUX IIPOI[ECCOB
(userland).
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4. IIporpaMmmupoBaHue B cucreMe GEOM

1. BcrymwieHue

1.1. JloKyMeHTaIusA

JIOKyMeHTarus I10 IIPOTPaMMUPOBAaHUIO U spa CKy[ZHas, 3TO OJHA W3 HEMHOTUX 06JiacTel
IIPOrpaMMUPOBaHUs, I7le II0UTH HeT XOPOIIUX YyUeOHBIX II0COOUN, U COBET "4YUTAal UCXOSHUKHU!" -
COXpaHseT CBOI0 CIIpaBeIMBOCTb. OIHAKO, CYIeCTBYeT HEeCKOJIBKO CTaTell W KHUI pasHoOH
aKTyaJbHOCTH, KOTOpbIe PEKOMEHIYIOTCI K H3y4YeHHI0 Ilepels TeM, KakK HavaTb
IIPOrpaMMUPOBATE:

* PyxoBoycTBO FreeBSD s paspaboTunkoB - yacTh IIpoekTa /lokymeHTanmuu FreeBSD, Hruuero
CIIeITUGUUHOTO0 O IIPOTPAaMMHUPOBAaHUH Si/ipa B HEM HET, 3aTO eCTh HEMHOIO 0O0IIel II0JIe3HON
uHOOpMaAIUH.

* PYKOBOJICTBO II0 ApxuTeKkType FreeBSD - TakKe gBJIgeTcd 4dacTbio IIpoexkTa JOKyMeHTaIlUH
FreeBSD, comep>XUT OIHCaHUSI HEKOTOPBIX HHU3KOYPOBHEBBLIX CPEACTB M IIPOLeAyp. YaeauTe
BHUMaHUe paszeiy HoMep 13 - Hanrcanue [paiBepoB YCTPOUCTB /11 FreeBSD.

* HeCKOJILKO MHTepeCHBIX CTaTeM 00 YCTPOMCTBE spa MOKHO HAUTH Ha cauTe FreeBSD Diary.

o CTpaHUIIBI U3 pasfesa HOMep 9 CHCTEMHOrO CIIPaBOYHMKA, COJeprKaT BajKHYIO
TOKYMEHTAIIHIO0 10 QYHKITHUSM siIpa.

* CTpaHHMIla CIIpaBOYHHUKA geom(4), a TakkKe ciauabl Ilosia-XennwHra Kamma - o00I1ee
npexcraBiaeHue o noxgcucreme GEOM.

o CTpaHuIbl CIpaBOYHMKA g bio(9), g event(9), g data(9), g geom(9), g provider(9),
g_consumer(9), g access(9), a TakXKe [Opyrde, CBg3aHHBIE C BBIIMIEYIIOMAHYTHIMA U
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pacKpbIBarolye crelduyecKuii QyHKITHOHAJ moacrucTeMbl GEOM.

* CTpaHHIa CIIpaBOYHHUKA style(9) - HOKYMeHTHpPYyeT COIJIallleHHs O CTHIe 0QOpMJIEHHS KOJa,
KOTOpBIe 00s3aHBI OBITH COOJIIO/IEHBI €CJIM BBl IUIAHUpPyeTe IlepefaTh Balll KoJ B Subversion
periosutopuii FreeBSD.

2. IloaroroBka

Ana Toro, 4To6 3aHMMAaThCd paspabOTKaMU A fAfApa, sKejlaTeJbHO HMMETh [Ba OTAEeJbHBIX
KOMIIbIOTepa. OQUH U3 HUX IIpelHasHaveH [l Cpefbl paspab0oTKU U UCXOAHBIX KO/IOB, @ BTOPOH -
IJIs1 3aIlyCKa TeCTOB OTJIa’KUBAaeMOTro KoJia. BTopoMy KOMITBIOTepPY 11 pab0THL JOCTATOYHO UMETh
BO3MOJKHOCTB BBIIIOJIHATH Ha4yaJIbHYIO 3arpy3Ky I10 CeTH U MOHTHPOBaHUe $aiyIOBBIX CUCTEM II0
CeTH. B 3TOM cUTyaluy, eCJM OTIaKUBaeMbIM KOJ, COZEpP>KUT OIIMOKM U BBI3OBET aBapUMHYIO
OCTaHOBKY CHCTEMBI, TO 3TO He IIOBJeYeT IIOpPYy HJIM YyTepr0 HMCXOZHOIO Kojga . Bropomy
KOMIIBIOTEPY [ake He II0TpebyeTcs HMMeTb CBOM MOHUTOpP, JOCTATOYHO Oy[eT COefUHEeHUS
aCMHXPOHHBIX IIOPTOB KabeseM RS-232 miu coefiHeHU IIpy oMol KVM-ycTpoiicTBa.

Ho Tak Kak JajieKo He y Ka)K[I0ro eCThb /Ba WK 00jiee KOMIILIOTEPOB IO/ PYKOU, eCTh IIapa
CII0COO0B IIOATOTOBUTH UHYIO ">KUBYIO" CUCTEMY [UI paspaboTKU Koja Iyid saapa. OLuH U3 HUX -
3TO paspaborka B VMWare mwin QEmu BUPTyaJIbHOM MalllnHe (3TO JIy4lllee U3 TOCTYIIHOTO, II0CJIe,
KOHEYHO-Ke, BBIZIeJIEHHOTO /111 TeCTOB KOMIIBIOTEPA).

2.1. HacTpoiika cucTeMsl 111 pa3padboTKu

[Ipesxze Bcero HeOOXOIMMO UMeTh B szipe moanepskKy INVARIANTS. lo6aBbTe cile/iyrollirie CTPOKH B
a1 KOHQUTYpaIuH Aapa:

options INVARIANT_SUPPORT
options INVARIANTS

Jl1a 6oJibIlel THPOPMATHUBHOCTHU IIPU OTJIa[Ke BKIIOUUTE Iofnep-KKy WITNESS, koTopas 6ymeT
IIpeayIpeXkgaTh Bac B C/lydyae BOSHUKHOBEHUS B3aUMOOJIIOKUPOBOK:

options WITNESS_SUPPORT
options WITNESS

Taxoxke BKIIOUHTE OT/IQJOYHBIE CHUMBOJIBIL, €CJIM IUIQHHWpPYeTe BBIIIOJHATL OTJIAAKy II0 AaMIlaM
aBapHUHHBIX 0TKA30B

makeoptions DEBUG=-g

YcTaHOBKa OTJIAZOYHOrO sifpa OOBIYHBIM CIiocob6oMm (make installkernel) He macT IPUBBIYHOTO
pesysbTaTa: ¢Gana gmapa OymeT HasbiBaThbcd kernel.debug u  OymeT HaXOAUTHCA B
/usr/obj/usr/src/sys/ KERNELNAME/. /i1 yno6cTBa, 0TIaZ0uHOe AP0 HEOOXOAUMO CKOIIMPOBAaTh B
/boot/kernel/.
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Taxxe ymo6HO MMeTh BK/IIOUEHHBIM OT/IaJUUK spa, TaK Bbl CMOXKeTe HCCJIef0BaTh IIaHUKU
cpasy-)Ke II0C/Ie KX BOSHUKHOBeHUs. /[JI1 BKIIOUEeHHs OT/IaJuhKa JobaBbTe CIe/yIolie CTPOKH B
a1l KOHQUTYpaIuu sAapa:

options KDB
options DDB
options KDB_TRACE

JUIT aBTOMATHYECKOTO 3amycka OTJIaJuuKa sjipa II0Cje BO3HUKHOBEHUS ITAHHUKHA MOYKET
IIOHA/I00UTHCS YCTAHOBUTH IIepeMeHHY0 sysctl:

debug.debugger_on_panic=1

[TaHUKU cuUCTeMBI 6YAYT IIPOUCXOLUTD, II03TOMY yZeJuTe BHUMaHUe KTy $aiyIoOBOM CHUCTEMBI.
OOBIYHO, IIpU BKJIIOUEHHOM MexaHU3Me softupdates, mociegHss Bepcus ¢aiyla MOXKET OBbITh
yTepssHa ecJIyd ITaHMKa IIPOM30IIlIa pPaHbllle COpachlBaHHA Kiollla Ha YCTPOMCTBO XpaHEHUA.
BeikiroueHre MexaHusMma softupdates (mmocpefcTBOM MOHTHUpPOBaHUS (GaMIOBOM CHUCTEMBI C
OIIIIMeN "Sync") 3HAUMUTEJIBHO CKasblBaeTCd Ha IIPOM3BOAUTEJIBHOCTH M, OITh-Ke, He
rapaHTUpyeT IIeJIOCTHOCTH [JaHHBIX. KakK KOMIIDOMMCC, MOYXHO COKPaTHUTh 3afep>KKHU
cObpacelBaHMsA K3lla MexaHu3Ma softupdates. ECTb TpH IlepeMeHHBIX Sysctl, 3HaueHHsI KOTOPBIX
Heo0X0IMMO U3MEHUTH (JIy4llle BCETo - IIPOIHcaB UX B /etc/sysctl.conf):

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

3HaueHUd 3TUX II€epEeMEHHBIX - CEKYHIBI.

JlJ19 OTyIaKU IIaHUK SIpa HEOOXOQUMBI [aMIIbl ITIaMATH. Tak KaK ITIaHUKa spa MOoXKeT "cJoMaTh"
$arIoBy0 CHUCTEMY, JaMII CHayvajla COXpaHseTcsd B "ChIpoi" paspes. OGBIYHO, 3TO CBOII-pasfel.
[ToaToMy, pasMmep CBOII-pasiesa OO/DKeH ObBITh He MeHbIlle pasMepa O3V koMmibroTepa. Ilpu
II0CJIeAYIOIe 3arpy3Ke JaMIl KOIIUPYeTCcs B OOBIYHBINM (aiiyl. ITO IIPOUCXOAUT Cpasy-Ke IIOCJIe
IIPOBEPKU U MOHTHUPOBaHUA (aMIOBBIX CHUCTEM, HO Ilepes; aKTUBUPOBaHUEM pasjesa CBOIIA.

Takoe 1oBeqieHHe KOHTPOJINPYETCA CIeAYIOIITUMHU II€pEMEHHBIMU /etc/rc.conf:

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

[lepemMeHHas dumpdev yKasblBaeT Ha pasfes IIOAKAYKH, a dumpdir coobIlllaeT cucTeMe Kyza
repeMeniaTh JaMII spa IIpU CJIeLyIolnel 3arpysKe.

CoxpaHeHHe JaMIla siipa - I[pollecC MeIJIeHHBIH, M, eCJU Yy Balller0 KOMIIbIOTepa MHOTO
omepaTUBHOM maMsaTU (>256M) U ecyiM MaHUKU CJIyYal0TCs YacTo, TO OKUAAHHEe COXpaHEeHUs
TAaMIIOB MO’KeT HayaTh pasfpakaTh (BCIIOMHUM, YTO HaJ AAMIIOM IIPOUCXOJUT J[Be OIlepaIlvHU:
COXpaHeHHe B CBoN-Qaiiyl U IepeMellleHHe Ha (GaMJIOBYI0 CHUCTeMy). B TakoM ciydae MOKET



OKas3aThbC YAOOHBIM OTrpaHHWYMBaHHE OObeMa HCI0Ab3yeEMOM CHCTEMOM IIaMATH ITyTeM
YCTaHOBKH IlepeMeHHOM B /boot/loader.conf:

hw.physmem="256M"

Ec/ii IaHUKU CIy4aroTcd 4acTo U pasMep GalIoBBIX CHUCTEM OOJIBIION (MM ’Ke BBl IIPOCTO He
noBepsieTe softupdates 1 GoHOBOUM IIpoBepKe GaMIOBBIX CHUCTEM), PEKOMEHIYEeTCSI OTK/IIOUYUTH
$OHOBYIO ITPOBEPKY GpaMIOBBIX CUCTEM IIOCPEICTBOM YCTAaHOBKHU IIepeMeHHOM B /etc/rc.conf:

background_fsck="N0"

B sToMm ciyuae ¢aiiyioBble CHUCTeMBI OYAyT IIPOBEPATHCSI TOJIBKO IIPH He06XOAHMMOCTH. Takike
3aMeTbhbTe, UTO B CJIy4ae UCI0JIb30BaHNS GOHOBOU IIPOBEPKH, HOBAs ITaHUKA MOJKeT CIyYUTHCS B
TO BpeMs, KOIZla IIPOBEPSAIOTCA JAUCKH. /[[pyTUMHU CI0BaMH, Haubojiee 0e30IIaCHBIM CIIOCOO - He
HMeTb MHOIO JIOKQJIbHBIX (GaMIOBBIX CHCTEM, a HCII0JIb30BaTh BTOPOM KOMIIBIOTEP B KayecTBe
NFS-cepsBepa.

2.2. Hauajio mpoekTa

Jly19 HanmrcaHus HOBOTO Kitacca GEOM Heo6X0uMO Co3IaTh HOAAUPEKTOPHUIO B JIFO60M TOCTYITHOMU
I10J1b30BaTeN 0 JAupeKTopru. CoBceM He 00g3aTeJlbHO, 4YTOO Balll MOAYJbL H3HAa4yaJabHO
pasmerniajucs B /usr/src.

2.3. Makefile

HpaBI/IJIOM XOoponiero TOHa 4ABJIIETCA CO3daHHe Makefile-oB oJId KaKI0ro HETPHUBHAJIBLHOIO
IIPOEKTa, IPMMEPOM KOTOPOTO KOHEUYHO->Ke sABJISAETCA CO3IaHH e MOHYJIefI gapa.

Cospganue Makefile - mesio He ci0>KHOe 6GJiarofiapsl MCUepIbIBaIeMy Habopy BCIIOMOIraTeJIbHBIX
CPeJICTB, IIpe/loCTaB/sIeMBbIX CHCTeMOM. B BKpaTIle, BOT KaK [JOJDKeH BBIIIALeTh Makefile s
MOZYJIS sfpa:

SRCS=g_journal.c
KMOD=geom_journal

.include <bsd.kmod.mk>

dtoT Makefile (c ©3SMeHeHHBIMH HUMeHaMHU (aiyioB) IIOTOUAET K JH0O0MY MOy siapa. Kiacc
GEOM Mo>keT pasMelllaThbCs B OJHOM eNWHCTBEHHOM MoAyJe sapa. Ecau g c60pKH Balllero
MopyJssl Tpebyercda Oosiblile, yeM OAWH Gaua, TO IIEpeYUCIuTe HUX HMeHa, pasfesieHHbIe
1IpobeJbHBIMU CUMBOJIAMH, B IlepeMeHHOM SRCS.



3. IIporpaMmmupoBaHue B sgpe FreeBSD

3.1. BeiesieHHe MaMATH

[IpoumnTarite malloc(9) - BelieJIeHHe ITAMATH JIUIIIL HEMHOTO OTJIMYAEeTCs OT CBOEr0 9KBUBAJIEHTA,
HCII0JIb3YeMOI'0 B IIPOCTPAHCTBE II0JIb30BaTeJIbLCKUX IIpolieccoB (userland). Harbosiee IpruMeTHO
To, uTo malloc() m free() IPUHMMAKT [OIOJHHUTEJIbHBIE IIapaMeTphl, KOTOpPHle OIIMCAaHHLI B
CTpaHUIIe CIIpaBOYHHUKaA.

Tun "malloc_type" Heo6XoguMO 0O0BSBUTH B CEKIIUM JeKjapalui ¢aiia ¢ UCXOTHBIM KOZIOM,
HalpuMep:

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

/1711 TOro, 4T06BI MOYKHO OBLJIO UCIIOJIB30BATh 3TOT MaKpOC, HEOOXOAMMO BKJIIOUUTH CJIeIyIOIue
3aroJI0BOYHbIe paiiibl: sys/param.h, sys/kernel.h u sys/malloc.h

CylecTByeT ellle OAMH MeXaHU3M BblfeseHUsd IamMaTu - UMA (Universal Memory Allocator),
OIIMCAHHBIN B uma(9). 3To crienudUUecKUl MeTOo[l, IIPeUMYIleCTBEHHO IIpeHasHAUYeHHbIN I
OBICTPOTO BBIZIeJIEHUSI IaMATH 1107, CIIMCKH, COCTOSINYe K3 3JIEMEHTOB OJUHAaKOBOIO pasMepa
(HarpuMep, IMHaAMUYeCKUe MaCCUBBI CTPYKTYP).

3.2. Ouepesy U CIIUCKH

OsHakoMbTeChb C queue(3) Bo MHOXKeCTBe ciydyaeB BaM He06X0AUMO Oy/eT OpraHHU30BLIBATH U
VIIPaBJIATE TAKOM CTPYKTYPOH JaHHBIX, KaK CHHUCKU. K cyacTbro, 3Ta CTPYKTypa [JaHHBIX
peann3oBaHa HECKOJIBKHMMHU CIIOCO6AMHU B BHJle MaKpocoB Ha CH, a TakKe BK/IIOUeHa B CHCTEMY.
HauboJiee THOKUI U 4aCTO YIIOTPebIsieMbId TUII ciIKcKa - TAILQ. 3TOT THI CIIMCKa TaK)Ke OJUH K3
Hauboslee TpebGOBaTeJbHBIX K ITaMITH (ero 3jileMeHTHl - C IBOMHBIMU CBA35IMH), a TaKXkKe -
HauboJlee MeJJIeHHBIN (OZHAKO CUeT UEeT Ha HeCKOJIbKO MHCTPYKIMU 1[IV, mosToMy IIociIesHee
yTBep)K[eHHUe He cJIeflyeT BOCIIPUHUMATD B BCepbes).

Ecyix Ba’KHa CKOPOCTh ITOJIYUeHUS ITaHHBIX, TO BOSBMUTE Ha BOOpy KeHUe tree(3) » hashinit(9).

3.3. BIOs

CTpykTypa bio HCIIO/NIB3yeTcs i1 BCeX OIepanuii BBOJA/BbIBOMA, Kacawinuxci GEOM. OnHa
COZIEPXKUT MHPOPMAIlUI0 O TOM, KaKOe YCTPOMCTBO ('IIOCTaBIIUK geom') AO/DKHO OTBETUTH Ha
3aIIpoc, THII 3alpoca, CMellleHue, JIMHY U yKasaTeJb Ha 0ydep, a TakKke Habop "oIpe/e/leHHBIX
oJib3oBaTeseM" GpJIaroB U I0JIEH .

Ba)KHBIM MOMEHTOM SBJISIETCS TO, UTO bio 06pabaThIBalOTCd aCHHXPOHHO. ITO 3HAYUT, YTO BO
MHOTMX YacTdX KoZa HeT aHajmora K read(2) m write(2) ¢QyHKIIMIM U3 IIPOCTPaHCTBA
I10J1b30BaTeJIbCKUX IIPOIleCCOB, KOTOpPhle He BO3BpAlljal0T yIIpaBJieHHWe II0Ka He BBIIIOJHUTCA
CHUCTEMHBIN BbI3OB. CKOpee, 110 3aBepllleHUH 00pabOTKU 3aIpoca (WU B Caydae OLIMOKU IIPU
00pab0TKe) KaK U3BellleHHe BBI3bIBAeTCs OIlpefiesleHHasd I10JIb30BaTesieM QYyHKITHA.
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ACHUHXpOHHAasl MOJeJb IIPOTPaMMHUPOBaHUSI B 4YeM-TO CJI0KHEeM, He)KeJM yallle HCII0oJIb3yeMasi
UMIlepaTUBHas MOJeslb, UCII0Ib3yeMas B IIPOCTPAaHCTBe I10/Ib30BaTe/IbCKUX IIPOIIeCCOB; B JII0O0M
cly4dae, IIpUBBIKaHMe 3aliMeT HEKOTOpoe BpeMdA. B HEKOTOPBIX CJy4dasgX MOIYT OBITh
HCII0JIb30BaHBI BCIIOMoOraTebHble QyHKIUM g_write_data() u g_read_data(), Ho dasiexo He gcezda. B
YaCTHOCTH, 3TH QYHKIIMH He MOIYT HCIIOJIb30BAaThCI KOIZIAa 3aXBaueH MBIOTEKC; HallpuMep,
MbIOTeKC GEOM-TOIIOJIOTMH WKW BHYTPEHHUM MBIOTEKC, YZep>KHBaeMbI B XOJie BBIIIOJHEHHUS
.start() st . stop().

4. IIporpammupoBaHue B cucteMme GEOM

4.1. Ggate

Eciin MakcuMaJsibHas IIPOU3BOAUTEILHOCTL He TpebyeTcs, To 60Jiee IIPOCTOM CII0CO6 coBepllaTh
Ipeo6pasoBaHUs JAaHHBIX - 3TO BBINOJIHATHL UX B IIPOCTPAHCTBE I10JIb30BaTeJIbCKUX IIPOIIECCOB
rnocpencTBoM ggate (GEOM gate). K HemocTaTKaM cieflyeT OTHECTH HEBO3MOYKHOCTH IIPOCTOTO
IepeHoca Ko/ia B a7po.

4.2. Kiiacc GEOM

Kiracc GEOM BbIIIOJIHSET IIpeoOpasoBaHUSA [MaHHBIX. ITH IpeobpasoBaHUs MOIYT OBITh
CKOMIIOHOBAHBEI [PYT C APYyrOM B BHUJie TepeBa. IK3eMIuIgp Kiaacca GEOM HasbkIBaroT geom.

B xaxxmom kiacce GEOM ecTh HeCKOJIBKO "MeTOLOB KJjacca', KOTOpble BBISBIBAKOTCSI KOIZa
9K3eMIIgpa Kjacca HeT B HaJIU4YUU (WU ’Ke OHU He IIPUBSA3aHbl K KOHKPETHOMY 3K3eMILIIPY
KJ1acca).

* .init BBI3BIBaeTCcs TOrAa, Korma cmcrtemMe GEOM cTaHOBHUTCSI H3BeCTHO 0 kiacce GEOM
(HampuMep, Korza 3arpy>kaeTcs MOLYJIb s1pa).

» .fini 6yzmeT BrI3BaH B ciy4dae oTkaza GEOM cucTeMbl OT Kjacca (HallpuMep, IIpU BBITPy3Ke
MOJYJIS).

» .taste BBI3BIBaeTCd, KOIZa B CHUCTeMe IIOSBJIAETCS HOBBIM KJacC WM IIOCTaBIUK geom
("provider"). Ecid cOOTBETCTBHEe HaleHO, TO 3Ta QYHKIIUA OOBIUHO CO3/jaeT U 3allyCKaeT
9K3eMILIIp geom.

¢ .destroy_geom BEI3bIBA€TCS IIPU HEOOXOIUMOCTH Pa3pyIIUTh IK3EMILISIP geom.

.ctlconf OymeT BBI3BaH, KOIJla II0JIL30BaTeJ b 3alIPpOCUT H3MeHeHHe KOHQUIypaluu
CYIIIeCTBYIOIIETO 9K3eMILIIPA geom

Taxoke onpejiesieHbl QYHKITUH coOBITHH GEOM, KOTOphIe KOITUPYIOTCS B 9K3eMILISIP geom.

[Tosre .geom B CTPyKType g_class - aTo crucok (LIST) ak3eMILTIpOB geom, peajU30BaHHBIX U3
KJIacca.

J3THU QYHKIIMM BBI3BIBAIOTCSA U3 g_event II0TOKA spa.



4.3. Softc

"softc" - aTO yCTapeBIIIMM TEePMUH [Jj "TPUBATHBIX MTAaHHBIX AparBepa” ("driver private data").
HasBaHMWe BepOsITHEM BCEro IIPOMCXOAUT OT ycTapeBlero TepMuHa "software control block". B
cucteMe GEOM softc aTo cTpyKTypa (TO4YHee: yKasaTeJb Ha CTPYKTYpy) KOTOpas MOXKeT OBITH
IIpUcoeUHEeHa K 3K3eMIUIIPY geom W MOJXKeT CofeprKaTh IIpUBaTHBIEe JaHHBIE 3K3eMILLIpa. Y
6oJibIIMHCTBA K1accoB GEOM ecTh cirefyroliiyie YjieHbl:

e struct g_provider *provider : "IocTaBIIMK geom" IIpeOCTaBJSIEMBIH HaHHBIM 3K3eMILIIPOM
geom

e uint16_t n_disks : KosmyecTBo mmorpebutesieir geom ("consumer”), 06Cay>KUBaeMbIX JaHHBIM
9K3eMILIIPOM geom

* struct g_consumer **disks : MaccuB struct g_consumer*. (HeBO3MOXHO 0O0MTUCH OJMHAPHBIM
yKasaTesieM, IoToMy 4To cricreMa GEOM coszaeT I Hac CTPYKTYPEI struct g_consumer)

CTpyKTypa softc COmepsKUT COCTOSTHHE 9K3eMIUIsIpa geom. V KaXkK/[0T0 9K3eMILIsIpa ecTh CBOH softc.

4.4. MeTagaHHbIE

(I)opMaT MeTaJaHHBIX B TOM WU HHOU Mepe 3aBHCHUT OT KOHKPETHOI'O KilacCa, HO 00643aH
HadHHAaTBLCA C:

* 16-6aiTHOrO O6ydepa A IIOAIINCH - CTPOKHU C 3aBepIIaroliuM HysieM (06BIYHO 3TO MM Klacca)

* uint32 ugeHTUPUKATOPA BEPCUU

HOﬂpaBYMEBaETCSI, YTO KJaCcChl geom 3HaKT KakK 06pamaTLc51 C MeTagaHHBIMH C
I/I,ILEHTI/I(l)I/IKaTOpaMI/I Bepcnﬁ HIDKe, UeM UX COOCTBEHHEIE.

MeTajlaHHbBIE PA3MEN[AIOTCI B IIOCJETHEM CEKTOpPE IIOCTABIHMKA geom (II03TOMY O0O6SI3aHBI
IIeJITUKOM YMEIaThCsI B HEM).

(Bce 3TO 3aBHUCHUT OT peaIl3aliii, HO BeCh CYIIIeCTBYIOIIHM Ko/l paboTaeT II006HO OIIMCAaHHOMY U
O/ileP>KUBaeTCsa 6MOJIMOTeKaMHU.)

4.5. MapKHpoBaHue/co3JaHue 3K3eMILIsIpa geom

[Tocef0BaTeTLHOCTD COOBITHI CIIeIyIOIIast:

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

* IIporpamMMa pelllaeT KaKHMM KJIaCcCCOM geom €M IpHIeTCs YIPaB/SITh U HINeT OUOIMOTEKYy
geom_CLASSNAME.so (koTopas 06b6I4HO HaxoguTced B /lib/geom).

* OHa OTKphIBaeT 6ubMOTeKy IIpu oMol dlopen(3), M3BIeKaeT BCIIOMOraTebHble QYHKIIUU
U OIIpeiesIeHNs IlapaMeTPOB KOMaHHOM CTPOKH.

Bot Tak IIPOUCXOOUT CO3,IL&HI/Ie/MapKI/IpOBaHI/Ie HOBOI'O 3K3eMILJIApa geom:

* geom(8) HUIeT KOMaHJy B apryMeHTaX KOMaHJHOM CTPOKHU (0OBIYHO 3TO label) M BBI3bIBaeT


https://www.freebsd.org/cgi/man.cgi?query=geom&sektion=8&format=html
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BCIIOMOTaTeJIbHYI0 QYHKITHIO.

* BciomoraTesibHasi QYHKIIMSI IIpoBepsieT IlapaMeTphl M cobupaeT MeTaflaHHBIE, KOTOpbIe
3aITHCHIBAIOTCS BO BCe BOBJIEUEHHBIE ITOCTABIITUKU ZEOM.

* 31O "moBpeXkzgaeT (Spoil)" cylecTBYIOIMe 3K3eMIIIPEI geom (eC/IM OHU OBLIN) U IIOPOXKAaeT
HOBBIU BUTOK "TeCTUPOBaHUA" TIOCTaBIIMKOB geom. IleseBoil Kjlacc geom OIIO3HAET
MeTaJaHHble U aKTUBHPYET 3K3eMILIIP geom.

(IlpuBefeHHAsT BBIIIIE II0C/IEI0BATEIbHOCTL COOBITHM 3aBUCUT OT KOHKPETHOM pean3ariui, HO
BECH CYITIECTBYIOITHHI KO/l pab0oTaeT MOA00HO OITMCAHHOMY U ITO/IIeP>KUBAETCs GUOIHMOTEKaMU. )

4.6. CTpyKTypa KOMaH/J geom

BcrmomoraTtesibHass 6ubsmoreka geom_CLASSNAME.SO 3KCIIOPTHPYeT CTPYKTYpPy class_commands,
KOTOpad sBJIeTCd MaCCUBOM 3JIeMeHTOB struct g_command. 3T KOMaH/ibl OAMHAKOBOIO GpopMaTa U
BBIIVIAAT CJIEAYIOIM 06pasoM:

komaHma [-onuun] wma_geom [apyrue]

OO6IITMMHU KOMaH/IaMH SIBJISTFOTCS:
¢ label - 3anmMcaTh MeTaJjaHHbIe B YCTPOMCTBA, UTOOHI OHHU MOIJIM OBITH OIIO3HAHHI B IIpOIlecce
TeCTUPOBAHUS U UCII0JIb30BaHbI B COOTBETCTBYIOIIHUX IK3eMILISIPax geom

¢ destroy - paspyIluuTh MeTaZlaHHbIe, 3a KOTOPBIM II0CJIeIyeT paspylleHHe 3K3eMILISIPOB geom
O611TH€e OTIITHU:

* -V :JleTaJbHbIN BEIBO/

e -f ! IIpUHYOUTH
HekoTopsle ollepainyy, K IpUMepy MapKHpPOBaHUe MeTaJlaHHBIMU U paspyllleHre MeTaZaHHbIX
MOT'YT OBITH BBIIIOJIHEHBI U3 IIPOCTPAHCTBA I10J1b30BaTeJIbCKUX IIPOLECCOB. /IJIg 3TOT0, CTPYKTypa
g_command COZlep>KUT I10Jie gc_func, KOTOpoe MOKeT OBITh YCTaHOBJIEHO Ha QYHKIINIO (B TOM->Ke .S0),

KoTopas 6yZieT BbI3BaHa /11 06paboTKH KOMaH/BL. B ciydae, korzma gec_func paBHo NULL, komaHzia
OyzeT IepefaHa MOAYJIHO aapa: QyHKnuu .ctlreq kiacca GEOM.

4.7. JK3eMIUIAPEI geom

V sk3eMILIsIpoB Ki1accoB GEOM ecTh BHYTpeHHUE JaHHBIe, KOTOPhIE XPaHATCS B CTPYKTypax softc,
a TakXKe eCThb HEeKOTOphble QYHKIIMH, IIOCPENCTBOM KOTOPBIX OHU pearupyroT Ha BHeEIIHUe
COOBITHS.

OYHKITUU COOBITHUM:

* .access : IIPOCYUTHIBAET IIpaBa LOCTyIIa (UTeHHe/3alIUCh/UCKIYUTEIbHBIN JOCTYII)
* .dumpconf : BosBpalaeT HHGOPMAIHIO 0 3K3eMILIApe geom; popmaTt XML

° . orphan . BBI3BIBAETCA, KOI'la OTCOEAMHAETCA JII0601 U3 HHM3JIeKallluX ITOCTaBIITHKOB geom



. . SpO'i led : BbI3BpIBaETCH, Korga IIpOU3BOOUTCA 3allHICh B HI/ISJIGDKaH_(I/IIL/'I IIOCTaBIIIHK geom

* .start : obpabaTeiBaeT BBOJ/BBIBOJ

3TH QYHKIIMN BBI3BIBAIOTCS K3 S/IePHOTO II0TOKA g_down M B 3TOM KOHTEKCTe He MOJKeT OBITh
OJIOKMPOBOK (IIOMIIUTE OIIpejesieHHe "OJOKHMPOBKA" B [APYIHX HMCTOYHHUKAX), YTO HEMHOIO
OTpaHUYMBAET CBOOOY eHICTBUM, HO CIIOCOOCTBYET OBICTPOTE 00PabOTKU.

M3 BBINIEYIIOMAHYTHIX, Haubojee Ba>KHOM M BBIIIOJHAWIIEH II0OJIe3HYI0 pPaboTy ¢QYHKIIHeH
aByseTca .start(), KoTopas BBI3BIBAeTCS BCIKUU pas, KOIZA IIOCTABIIHKY geom, YIIpaBJIgieMOMY
9K3eMILIIPOM KJjIacca, IIPUXOAUT 3arpoc BIO.

4.8. IIoTOKH BEIIIOJTHEHUS CHCTEMEI geom

Cuctemoii GEOM B sape OC cos3marTcsd UM UCHOJIL3YHTCI TPU IIOTOKA BhIMOJHeHUS (kernel
threads):

* g_down : ObpabaThiBaeT 3alpOCHl, IIPUXOAAIINKE OT BLICOKOYPOBHEBBIX CYIIIHOCTEN (TaKUX, KaK
3aIIpoCchl M3 IIPOCTPAHCTBA II0JIL30BaTeJbCKUX IIPOIleCCOB) Ha NyTH K (QU3HUYECKUM
yCcTporcTBaM

* g_up : OGpabaThIBaeT OTBeTHl OT [paiiBepoB YCTPOMCTB Ha 3allpoChl, BBIIIOJHEHHbIE
BBICOKOYPOBHEBBIMH CYIITHOCTSIMHU

e g_event : OrpabaTeiBaeT B OCTaJbHBIX ClydasdxX, KakK-TO CO3JaHHe 3K3eMIUIApa geom,
MPOCYUTHIBAHUE IIPaB JAOCTYIIa, COOBITHS "MIOBPEXXKIeHUS" U T.IL.

Korzma mosib30BaTeIbCKUU IIPOITeCC 3alpalluBaeT "IIpoYUTaTh JaHHbIe X 110 cMellleHuto Y ¢aiia”,
IIPOMCXOIUT CJIeAYIOIIee:

» ®ariyioBas cucTeMa IIpeobpasyeT 3aIIpoC B 9K3eMILIAP CTPYKTYPEHI bio U IlepefaeT ero cucreme
GEOM. ®daiioBasi cucTeMa "3HaeT", UTO IK3eMIUISIP geom JI0JDKeH 06paboTaTh 3aIIpoc, TaK KaK
daiyoBble CUCTeMBI pa3MellaloTCd HeIloCpeCTBEHHO Ha/l 9K3eMILIIPOM geom.

» 3ampoc 3aBeplIaeTcs BbI30BOM QYHKIIMU .start() B IIOTOKe g down U TOCTHUTaeT BEPXHETo
9K3eMILIgpa geom.

* BepxHUU 3sK3eMIUIAP geom (HAIpUMeEpP, 3TO CEKITMOHUPOBIIUK paszesoB (partition slicer))
OIIpejiesIsieT, YTO 3alIpoC JOJDKEH OBITH IlepeajipecoBaH HUIDKeCTOsIeMYy 9K3eMIUIApY geom (K
IIpUMepy, ApaiBepy [AUCKa). BBHINIECTOAIUIN 3K3eMILILP geom COo3faeT KOIIMIO 3alpoca bio
(3arrpocsl bio BCEI/JA KOIIMPYIOTCA IIPH Ilepefade MexXKy 9K3eMIUIIpaMU geom IIPHU IIOMOIIU
g_clone_bio()!), usMeHsdeT WOJII CMeEIeHUs U I1eJIeBOr0 ITOCTAaBINMKA geom U 3alycKaeT Ha
06pab0TKy KOIIHIO IIPX IIOMOIITH QYHKIIMU g_io0_request()

 /[paiiBep JUCKa TakoKe IToJy4daeT 3alpoc bio, Kak BbI30B QyHKIUMU .start() B mmoToke g_down.
JlpaiiBep obpaljaeTcsa K KOHTPOJUIEPY JUCKa, IT0JIydaeT O0JI0K JaHHBIX U BBI3BIBAeT QYHKIIHIO
g_io_deliver() HCIIO/IB3ys KOIIUIO 3ampoca bio

* Temeps, U3BeIl[eHUE O 3aBepllleHUH bio "BCIuibiBaeT" B IIOTOKe ¢g_up. CHayvajsia B IIOTOKe g_up
BbI3bIBaeTCd OYHKIMA .done() CEKIIMOHUPOBIIMKA pasfesioB, IIOCHeNHUN UCIOJIb3yeT
IIOJIyUEHHYI0 HMHG(QOpMAaIlHIo, paspyllaeT KJIOHUPOBAHHBIM 9K3eMIIAP CTPYKTYphl bio
nocpencTBoM g_destroy_bio() v BeI3kIBaeT g_io_deliver() HCIIOJIB3Yd IIepBOHAYAIBHBIN 3aIIPOC



» daisioBas cucrteMa II0/1y4aeT IaHHBIE U II€Epeaa€eT UX II0JIb30BATE/IECKOMY IIPOIECCY

3a nHOpMaIHel 0 TOM, KaK JaHHEIe Ilepe/laloTCsa B CTPYKType bio MeXay sK3eMILIIpaMH geom,
cMoTpuTe g bhio(9) (obpaTuTe BHUMaHUe Ha UCII0JIb30BaHUe 110J1eH bio_parent 1 bio_children).

BaskHBI MOMEHT B ToM, 4T0 HEJ/Ib3A JJOIIYCKATH E/IOKHPOBOK B IIOTOKAX G_UP H G_DOWN.
BOT HeIloJ/IHBIM IIepedyeHb TOr0, YTO HeJslb3d /ieJIaTh B 9TUX II0TOKaX:

* BriseiBaTh QyHKIU msleep() uiu tsleep().

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

e O’KUIATh BBOJI/BBIBO,
* BriseiBaTh malloc(9) u uma_zalloc() ¢ ycraHOBIeHHBIM ¢urarom M_WAITOK.

¢ Hcmoan30BaTh sx(9)

JT0 orpaHudyeHHe Ha Kox GEOM 1pusBaHO H36eXaTb OT "sacopeHHs" IIyTH 3alpoca
BBO/]a/BbIBOJ]a, TaK KaK OJIOKUPOBKHU OOBIYHO He HMMeEIOT YeTKUX BPEeMEeHHBIX IPaHMUIl, U HeT
rapaHTH{ Ha 3aHHMMaeMoe BpeMd (TakKe Ha TO eCTb M [pyrHde TeXHHUUYeCKHe IIPUYUHBI). ITO
TaK’Ke 3HaUMT, UTO B BBHIIIEYIIOMIHYTHIX II0TOKaX CKOJIb-HUOY/B CIOKHBIE OIlepaliii BHIIIOJIHUTD
HeJIb3s, HallpuMep: Jr060e CI0KHOe IIpeobpasoBaHue TpeOyeT BhbIfeJIeHUs IaMaTU. K cyacTeio
pellleHHe ecTh: CO3JaHue JOIIOJTHUTEIbHBIX g/lePHBIX II0TOKOB.

4.9. sSinepHbIe NIOTOKHU BBEINIOTHEHU,
npegHa3HaYeHHbIE /IS HCII0JIH30BaHUA B KO/Ie geom

SImepHBIe TIOTOKHU BBIIOJIHEHUS co3haroTcsa pyHKIimel kthread_create(9), B cBoeM IIOBeJJeHUU OHU
CXO0XKH C II0TOKaMH, CO3JaHHBIMHU B IIPOCTPAHCTBE I10JIb30BaTeJbCKUX IIPOIIECCOB, HO €CTh OJHO
OT/INYMeE: OHU He MOTYT U3BeCTUTh BbI3BABIIIUU UX IIOTOK O CBOEM 3aBepIIIeHUH; 110 3aBePILIeHHI0
- He06X0IMMO BBI3BIBATh kthread_exit(9)

B xoze GEOM 06bI4HOE Ha3HaUeHHe ITUX II0TOKOB - pa3rpy3uTh NOTOK g_down (QyHKIHIO .start())
0T 006pabOTKHU 3aIlpoCOB. ITU IIOTOKHU II00OHBI "o6paboTunkaM coObITUH" ("event handlers"): y
HHUX eCTh O4Yepe/b COOBITUM (KOTOpas HAIIOJIHAETCSd COOBITUAMM OT PasHBIX QYHKIIMK U3 pasHBIX
II0OTOKOB; O4Yepe/ib HeOOX0UMO 3alllUIaTh MbIOTEKCOM), COOBITHS U3 OUepeu BEIOMPATCS OTHO

3a IpyTuM U 06pabaThIBarOTCA B 60JIBIIIOM 6s10Ke switch().

OCHOBHOE€ IIPeUMYILECTBO UCII0JIb30BaHUS OTAEJIbLHOI0 II0TOKA, KOTOPBIM 060pabaThIBaeT 3aIIpoChl
BBOJIa/BBIBO/Ia, TO, UTO OH MO>KeT OJIOKHPOBAThLCA II0 Mepe He0O6XOLUMOCTHU. ITO, HECOMHEHHO,
pUBJIEKAaTeJIbHO, HO IOJDKHO OBITH XOPOIINO 06/ilyMaHO. BJIOKHUpOBaHMe - XOPOIIO U yA00HO, HO
MOJKET CYIIIeCTBEHHO CHU3UTH IIPOU3BOUTEIHLHOCTD IIpe00pa3soBaHUU JaHHBIX B cucTeMe GEOM.
0Oco60 TpebGoBaTeJbHbIE K IIPOU3BOAUTENILHOCTH KJIACCHl MOTYT JiejIaTh BCIO pPaboTy B QYHKIIUU
.start(), ymesasa oco6oe BHUMaHMe oIII6KaM IIpU paboTe ¢ IaMAThIO.

Eme offHO IIperMYyIleCcTBO II0TOKA "06paboTUrKa COOBITHH" 3TO cepHaIU3alids BCeX 3allpOCOB U
OTBETOB, IIPUXOJAIINX C PasHbIX [IOTOKOB geom B OJJWH IIOTOK. ITO TaKKe yA0OHO, HO MOKeT OBITh
MeJJIeHHBIM. B GOJIBIIMHCTBE ciydyaeB, 060paboTKa 3ampocoB QyHKIIHeln .done() MOXKeT OBITH
ocTaBJIeHa II0TOKY g_up.
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V MBIOTEKCOB B spe FreeBSD (mutex(9)) ecTh 0lHO pa3jlyMe C UX aHaJI0TaMH K3 IIPOCTPaHCTBA
I10JIb30BaTeJILCKUX IIPOIIECCOB - BO BpeMs yhep KaHUS MBIOTeKCa B KOJle He JOJ/DKHO OBITh
6/10KUPOBKH. EC/IM B KoJie He06X0qUMO OGJIOKHUPOBAaHUe, TO JIyUIlle UCII0Ib30BaTh sx(9). C apyroi
CTOPOHBI, €CJIM BCS Ballla paboTa BBIIIOJIHIETCS B OJJHOM ITOTOKE, BbI MOKeTe 0O60UTUCHL BOOOIIe
6e3 MbIOTEKCOB.
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