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Part I: 3ameuyaHus Mo 6JIOKHPOBKe

Ima 2naea noddepacusaemcst npoekmom FreeBSD SMP Next Generation Project. KommeHmapuu u
noscenaHus Hanpasaaiime 8 Cnucok pacculAKU, NOCBAUEHHBLIL NOO00EPIHCKe MHO20NPOUECCOPHOCMU
(SMP) o FreeBSD.

JTOT [OKYMEHT ONHKCBhIBaeT MeXaHHU3M OJIOKMPOBKH, HCIIOJb3yeMBI B sape FreeBSD pmisa
obecrieyeHUs 3QPeKTUBHOM ITO/ePKKU HECKOJIBKUX IIPOIleCCOPOB B sfpe. BIIOKUPOBKY MO>KHO
paccMaTpUBaTh C HECKOJBbKHUX TOYeK 3peHUs. CTPYKTYpHl JAaHHBIX MOTYT OBITH 3allUIeHBI C
IIOMOIIIbI0 OJIOKMPOBOK mutexX miuu lockmgr(9). HecKoJIbKO IlepeMeHHBIX 3all[MIleHbl IIPOCTO B
CHJIy @TOMAaPHOCTH UCII0/Ib3YEeMBIX [UUIS JOCTYIIa K HUM OIlepaliyi.


https://lists.FreeBSD.org/subscription/freebsd-smp
https://lists.FreeBSD.org/subscription/freebsd-smp
https://www.freebsd.org/cgi/man.cgi?query=lockmgr&sektion=9&format=html

Chapter 1. MpIOTEKCBHI

MbroTeKC (mutex) - 3T0 IPOCTO GJIOKHMPOBKA, HUCIIOJIb3yeMasi [JIs peal3aliui TapaHTUPOBaHHOM!
UCKJIIUUTEJbHOCTU. B WacTHOCTH, B Ka)KAblii MOMEHT BpeMeHU MBIOTEeKCOM MO>KeT BJaJeThb
TOJIbKO OJUH 00BeKT. Ecii KaKOU-TO 00beKT XO4YeT IOJYYUTh MBIOTEKC, KOTOPBIHA y>Ke KTO-TO
3aHsJI, OH [IOJDKeH O0’KAAThCI MOMEHTa ero ocBoOokaeHUs. B snape FreeBSD BiamenbliaMu
MBIOTEKCOB SBJISIOTCS IIPOIIECCHL.

MBbIOTEKCHI MOTYT OBITH 3aTpe60BaHbl PeKYPCUBHO, HO IIpeZIIoIaraeTcs, YTo OHU 3aHUMAIOTCS Ha
KOpPOTKOEe BpeMs. B UacTHOCTH, BJIJIeJIbIy MBIOTEKCa HeJIb3s BBIIEP>KUBATh Iay3y. Eci BaM
HY’KHO BBIIIOJIHUTB GJIOKMPOBKY Ha BpeMsI Iay3bl, UCIIOIb3yiTe 6JI0KUPOBKY uepe3 lockmgr(9).

Ka)K,Z[BIfI MBIOTEKC UMe€eT HEeCKOJIBKO ITPEACTaB/JIAIOITUX UHTEPEC XapaKTEePHUCTHUK:

HMs nepeMeHHOM

Nwma nepeMeHHoﬁ struct mtxX B MCXOAHBIX TEKCTaX AApa.

Jlornuueckoe UM

HMs MbpIOTeKca, HasHaueHHOe eMy uepe3 mtx_init. 9T0O HMMS BBIBOJUTCSI B COOOGIIEHHSIX
TpaccupoBKM KTR M [MAarHOCTHYECKUX IPeAyIPeKAAI0NINX M ONIMOOUHBIX COOOIIEHUSIX U
UCIIO0JIB3YETCS I UIeHTUPHUKAITIU MBIOTEKCOB B 0TJIAIOYHOM KOJIE.

Tun

Tun MprOoTekca B TepMHuHaxX ¢iiaroB MTX _*. 3HaueHHe Ka)KIoro ¢Jiara CBsI3aHO C €r0 CMBICJIOM
TaK, KakK 9TO OIIMcaHo B mutex(9).

MTX _DEF

Sleep-MbIOTEKC

MTX_SPIN

Spin-MBIOTEKC

MTX_RECURSE

dTOMY MBIOTEKCY pa3peliaeTcs: 6JIOKUPOBAaTh PEKYPCHUBHO.

3anmuTel

CIIMCOK CTPYKTYP AAaHHBIX MU YJIEHOB CTPYKTYP JaHHBIX, KOTOPHIE 3all[UITaeT 3TOT MbIOTEKC.
JI71s1 4WIeHOB CTPYKTYP laHHBIX UM 6YeT B popMe . UeHa CTPYKTYPHI/.

3aBHCHMBIe QYHKIIMH

CDYHKLII/II/I, KOTOpPBIE€ MOKHO BBI3BATh, €CJIM 3TOT MBIOTEKC 3aHAT.

Tabauua 1. Cnucoxk MblOmMeKco8


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

Variable
Name

sched_lock

vm86pch_lo
ck

Giant

callout_lock

Logical Type
Name

"sched MTX_SPI

lock” N
MTX_REC
URSE

"vm86p MTX_DEF

cb lock"

"Giant" MTX_DEF
|
MTX_REC
URSE

"callout MTX_SPI

lock® N|
MTX_REC
URSE

Protectees

_gmonparam, cnt.v_swtch, cp_time, curpriority,
mtx.mtx_blocked, mtx.mtx_contested, proc.p_procg,
proc.p_slpq, proc.p_sflag, proc.p_stat, proc
.p_estcpu, proc.p_cpticks proc.p_pctepu, proc
.p_wchan, proc.p_wmesg, proc.p_swtime, proc
.p_slptime, proc.p_runtime, proc.p_uu, proc.p_su,
proc.p_iu, proc.p_uticks, proc.p_sticks, proc
.p_iticks, proc.p_oncpu, proc.p_lastcpu, proc
.p_rgindex, proc.p_heldmtx, proc.p_blocked, proc
.p_mtxname, proc.p_contested, proc.p_priority,
proc.p_usrpri, proc.p_nativepri, proc.p_nice, proc
.p_rtprio, pscnt, slpque, itqueuebits, itqueues,
rtqueuebits, rtqueues, queuebits, queues,
idqueuebits, idqueues, switchtime, switchticks

vm86pch

nearly everything

callfree, callwheel, nextsoftcheck, proc
.p_itcallout, proc.p_slpcallout, softticks, ticks

Dependent
Functions

setrunqueue,
remrunqueue,
mi_switch,
chooseproc,
schedclock,
resetpriority,
updatepri,
maybe_resched,
cpu_switch,
cpu_throw,
need_resched,
resched_wanted,
clear_resched,
aston, astoff,
astpending,
calcru,
proc_compare

vm86_bioscall

lots



Chapter 2. PasngessieMble 9KCK/II0O3UBHBIE
OJIOKHUPOBKH

9T OJIOKHPOBKHU 00ecIieyrBal0T 6a30BbIM TUII GQYHKIIMOHAIBHOCTH - Ha YTeHUE/3aIIUCh U MOIYT
IOJ/lep>KUBaTHCS IIPOLieccaMy, HaXOAAIUMCS B COCTOSTHUM 0’KUlaHus. Ha TeKyIuii MOMeHT OHU
peanusoBaHsl B lockmgr(9).

Tabauya 2. Cnucok pasdeisieMblx IKCKAH3UBHbLX OJI0KUPOBOK

HMs nepeMeHHOHI 3aluTheI

allproc_lock allproc zombproc pidhashtbl proc.p_list proc
.p_hash nextpid

proctree_lock proc.p_children proc.p_sibling


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

Chapter 3. ATomapHO 3alUIIleHHBIE
ImepeMeHHBbIe

IlepeMeHHOM, 3al[UIIeHHOM aTOMapHO, sIBJISeTCsl ocobast IlepeMeHHasi, KoTopasi He 3allluIllaeTcs
SIBHOM OJIOKMPOBKOM. BMecTo 3TOro s JocTyna K /JaHHBIM IIepeMEHHBIX HCII0JIB3YIOTCS
creIfyajJIbHble aTOMapHble oIlepaliui, KaK OMMcaHO B atomic(9). JIUIIb HECKOJIBKO ITepeMeHHBIX
HICITOJTB3YIOTCS TAKKUM 00pa3oM, XOTs JPyTHe IIPUMUTHBHI CHHXPOHU3AIUH, TaKHe KaK MBIOTEKCHI,
pea30BaHbI C aTOMAapHO 3alUIIeHHBIMH ITepeMeHHBIMU.

e mtx.mtx_lock


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

Part II: HanmucaHue apaniBepoB
ycTpouCTB 111 FreeBSD

ATy miaBy Hamucaa Murray Stokely <murray@FreeBSD.org> Ha 0CHOBe MHOKeCTBa UCTOUYHUKOB,
BKJIIOYas CIIPaBOYHYIO CTpPaHUIly intro(4), KoTopyto co3zgas Jorg Wunsch <joerg@FreeBSD.org>.


mailto:murray@FreeBSD.org
mailto:joerg@FreeBSD.org

Chapter 4. BBegeHnue

JdTa IyIaBa gBJIAETCAd KpPaTKUM BBeJeHHEeM B IIPOIleCC HAIIHMCAHUS pardBepoB YCTPOMCTB I
FreeBSD. B 3TOM KOHTEKCTe TEpPMHH YCTPOMCTBO HMCIOJb3yeTCI B OCHOBHOM [JId Belllel,
CBSI3aHHBIX C 000pyJOBaHUEM, OTHOCAIIMMCA K CHCTeMe, TaKHUX, KaK [UCKH, IledaTarollye
yCTpPOMCTBA WIU TIpaduyuecKHe AUCIUIEM C KIaBHaTypaMH. /JlpaiiBep YCTPOMCTBA SBJIAETCS
IIPOTPaMMHOM KOMIIOHEHTOM OIlePaIfiOHHOM CHCTEMBI, YIIPaBJIAIOIIe HEKOTOPHIM YCTPOMCTBOM.
HMeroTca TakyKe TaK HasbIlBaeMblIe IICEBJIO-YCTPOMCTBA, B Cly4yae KOTOPBIX ApanBep yCTPOMCTBA
9MYJIMpPYeT II0BeJleHHe YCTPOMCTBa IIPOrpaMMHO, 6e3 HaJIu4yusd KaKOHW-JIM00 COOTBETCTBYIOIIEH
amnmaparypsl. [paiiBepbl YCTPOMCTB MOTIYT OBITH BKOMIIMJIMPOBAHBI B CUCTeMY CTaTHYeCKH WA
MOTIYT 3arpy’kaThbCs 110 TPeOOBaHUIO IIPH IIOMOIIM MeXaHH3Ma AMHaMHUYeCKOr0 KOMIIOHOBIIIUKA
ampa kld.

BoJIBIIIMHCTBO yCTPOMUCTB B Unix-IIof06HOM OIlepalfMOHHOM CHCTeMe [TOCTYIIHBI uepe3 ¢ailibl
yCTpoUCTB (device-nodes), UHOTA TaK)Ke Has3blBaeMble CllellMaJIbHBIMU ¢QalisaMu. B mepapxuu
darisoBo¥ cucTeMbl 3TU Qamibl 0OBIYHO HaXOAATCSA B KaTasiore /dev. B Bepcusix FreeBSD, 6oJiee
craphlx, yeM 5.0-RELEASE, B KOTOPBIX IoAep>KKa devis(5) He MHTeIpUpOBaHa B CUCTEMY, KaK/AbIH
daris ycTpoucTBa [OJ/DKEH CO3[aBaThbCs CTAaTAYeCKW W BHE 3aBUCHUMOCTH OT HaJIUYUA
COOTBETCTBYIOIIIETO JpaiiBepa ycTpoucTBa. BOJBIIMHCTBO ¢aijIoB YCTPOMCTB B CHUCTEMe
CO3ar0Tcs IIPU ITIOMOIITH KoMaHbI MAKEDEV.

JlpaviBepbl YCTPOMCTB MOTYT OBITH YCJIOBHO pasfiejieHbl Ha [Be KaTeropuy; gpauvBepsl
CUMBOJIbHBIX U CEeTEeBBIX YCTPOMCTB.


https://www.freebsd.org/cgi/man.cgi?query=devfs&sektion=5&format=html

Chapter 5. MexaHU3M THHAMH4Y€ECKOI'O
KOMIIOHOBIITUKA sAapa - KLD

HuTepderic kld 1mo3BossseT CHCTeMHBIM aJfMUHHCTpPATOpaM JHHaMHYeCKU N00aBJIATh U yOUpPATh
GYHKIIMOHA/ILHOCTh M3 paboTaroled CHUCTeMBL. IJTO II03BOJIAIeT paspaboTuuKaM [paliBepoB
YCTPOMCTB 3arpy’kaTb COOCTBeHHBIe H3MeHeHHs B paboramwlnee sapo 6e3 II0CTOSSHHBIX
Iepe3arpysok AjI1 TeCTUPOBaHUI U3MeHeHUN.

i1 paboTel ¢ uHTepdericoM Kld HCIIONB3YIOTCA CAeAYIOIHMe KOMaH/Abl IIPUBUJIETUPOBAaHHOIO
pexuma:

* kldload - sarpy’kaeT HOBBII MOZYJIb Apa
* kldunload - BEIrpy’>XKaeT MOZYJIb sipa

* kldstat - BBIBOJUT CIIMCOK 3arpy>KeHHBIX B JaAHHBIM MOMEHT MOJyJIei

CKeJIeT MOJYJIS sIpa



/*

* KLD Skeleton

* Inspired by Andrew Reiter's Daemonnews article
*/

#include <sys/types.h>

#include <sys/module.h>

#include <sys/systm.h> /* uprintf */

#include <sys/errno.h>

#include <sys/param.h> /* defines used in kernel.h */

#include <sys/kernel.h> /* types used in module initialization */

/*

* Load handler that deals with the loading and unloading of a KLD.
*/

static int

skel_loader(struct module *m, int what, void *arg)

{

int err = 0;

switch (what) {

case MOD_LOAD: /* kldload */
uprintf("Skeleton KLD loaded.\n");
break;

case MOD_UNLOAD:
uprintf("Skeleton KLD unloaded.\n");
break;
default:
err = EINVAL;
break;
}
return(err);

}

/* Declare this module to the rest of the kernel */

static moduledata t skel mod = {

"Ske1",
skel _loader,

NULL
+

DECLARE_MODULE (skeleton, skel_mod, SI_SUB_KLD, SI_ORDER_ANY);

5.1. Makefile

Bo FreeBSD HMerOTCS 3aroTOBKU [IJI1 BKJIWOUeHUS B make-paiybl, KOTOphle BBl MOYKETE
HCII0JIB30BATh JJIs1 OBICTPOM KOMITHJISIITUY COGCTBEHHBIX /IOIIOJTHEHUM K SIIPY.

10



SRCS=skeleton.c
KMOD=skeleton

.include <bsd.kmod.mk>

[IpocToi1 3aycK KOMaHZBI make ¢ aTUM make-paiiyioM IIpUBesieT K co3faHuI0 ¢aiiia skeleton.ko,
KOTOPBIM MO>KHO 3aTpy3UTh B Ballly CUCTeMY, Habpas:

# kldload -v ./skeleton.ko

11



Chapter 6. O0palneHue K IpanBepy
yCTPOUCTBa

Unix fgaeT HEKOTOPBIM OOIUMU Hab0p CHUCTEMHBIX BBI30BOB [JI HCIIOJIbB30BAaHUS B
I10JIb30BaTeJIbCKUX NpUIOKeHUdX. Korga Imosib3oBaTesib obpaliiaercs K ally yCTPOMCTBa,
BBICOKME YPOBHU s7pa I[epeHallpaB/IIIOT 3THU OOpaljeHus K COOTBETCTBYIOIIEMY AparBepy
ycrporictBa. Ckpunt /dev/MAKEDEV co3maeT 60/IbINMHCTBO GaMIOB YCTPOMCTB B Ballled CUCTEME,
O/THAKO eCJIH BBl BefleTe pa3paboTKy CBOero COOCTBEHHOIO JApaiiBepa, TO MOXKeT IOSBUTHCSA
He06XO0MMOCTh B CO3/IaHUM COOCTBEHHBIX (palyIoB YCTPOMCTB IIPU IIOMOIIY KOMaH/bI mknod.

6.1. Co3ganue craTHYeCKuX (panioB YCTPOUCTB

A1 cosmaHud daiiyia ycTporicTBa KoMaHje mknod TpebyeTcs ykKasaTb 4deThIpe apryMeHTa. Bel
OOJ/DKHBI yKasaTb MMs ¢aiiyla yCTPOMCTBA, THUII YCTPOMCTBA, CTaplllee YHCJIO0 YCTPOMCTBA U
MJIaZIIIee YHCJIO YCTPOMCTBA.

6.2. lmHaMu4yecKue panibl YyCTPOUCTB

dalisoBasi cUCTeMa YCTPOMCTB, devfs, IIpemocTaBisgeT [OCTYI K IIPOCTPAHCTBY MMEH YCTPOMCTB
a7ipa u3 WI06aJbHOrO IIPOCTPAaHCTBA UMeH (aiIoBOM CHUCTEMBI. ITO YCTpPaHseT II0TeHIINAIbHYI0
Ipo6sieMbl HaJIMUUA ipariBepa 6e3 cTaTh4yecKoro ¢gaia ycTpoucTBa Wid ¢aiyia ycTpoucTBa 6es
YCTaHOBJIEHHOTO JipaliBepa ycTporicTBa. Devfs Bce emje HaxonauTca B pa3spaboTKe, OJHAKO OHA y»Ke
IO0CTATOYHO XOPOIIIo paboTaer.

12



Chapter 7. CHMBOJIbHbIE YCTPONCTBA

Jlpa¥iBep CHMBOJIBHOIO YCTPOMCTBA IlepefaeT JaHHBIe HEIIOCPeACTBEHHO B HMJIM M3 IIpoliecca
II0JIb30BaTeJIA. ITO CaMbIM pacIpoCTpaHeHHBIN TUII fpaiiBepa YCTPOMCTBA U B JiepeBe UCXOSHBIX
TEKCTOB UMeeTCs OCTaTOYHO IIPOCTHIX IIPUMePOB TaKUX JpaiBepoB.

B 3TOM IIpOCTOM IIpHMepe IICeB0-YCTPOMCTBO 3allOMUHaeT KaKHe YTOQHO 3HaUeHUs, KOTOpPhIe BEI
B HEro 3alucbIBaeTe, M 3aTeM MOJKeT BBIJaBaTh MX HasaJ IIPU UTEHHUM M3 3TOT0 YCTPOMCTBA.
ITpuBeneHE! ABe BepcuH, ogHa 111 FreeBSD 4.X, a gpyras g FreeBSD 5.X.

13



ITpumep 1. Ilpumep dpatigepa ncegdo-ycmpoticmea Echo 0.9 FreeBSD 4.X

/*

* Simple ‘echo' pseudo-device KLD
*

* Murray Stokely

*/

#idefine MIN(a,b) (((a) (b)) ? (a) : (b))

#include sys/types.h

#include sys/module.h

#include sys/systm.h /* uprintf */

#include sys/errno.h

#include sys/param.h /* defines used in kernel.h */

#include sys/kernel.h /* types used in module initialization */
#include sys/conf.h  /* cdevsw struct */

#include sys/uio.h /* uio struct */

#include sys/malloc.h

#tdefine BUFFERSIZE 256

/* Function prototypes */
d_open_t echo_open;
d close_ t echo_close;
d read_t echo_read;
d write_t echo_write;

/* Character device entry points */
static struct cdevsw echo_cdevsw = {
echo_open,
echo_close,
echo_read,
echo_write,
noioctl,
nopoll,
nommap,
nostrategy,
"echo",
33, /* reserved for lkms - /usr/src/sys/conf/majors */
nodump,
nopsize,
D_TTY,
-1
b

struct s_echo {
char msq[BUFFERSIZE];
int len;

} t_echo;

14



/* vars */

static dev_t sdev;
static int len;

static int count;
static t_echo *echomsg;

MALLOC_DECLARE(M_ECHOBUF);
MALLOC _DEFINE(M_ECHOBUF, "echobuffer", "buffer for echo module");

/*
* This function is called by the kld[un]load(2) system calls to
* determine what actions to take when a module is loaded or unloaded.

static int
echo_loader(struct module *m, int what, void *arg)

{

}

int

int err = 0;

switch (what) {
case MOD_LOAD: /* kldload */
sdev = make_dev(echo_cdevsw,
0,
UID_ROOT,
GID_WHEEL,
0600,
"echo");
/* kmalloc memory for use by this driver */
MALLOC(echomsg, t_echo *, sizeof(t_echo), M_ECHOBUF, M_WAITOK);
printf("Echo device loaded.\n");
break;
case MOD_UNLOAD:
destroy_dev(sdev);
FREE(echomsg,M_ECHOBUF);
printf("Echo device unloaded.\n");
break;
default:
err = EINVAL;
break;

}

return(err);

echo_open(dev_t dev, int oflags, int devtype, struct proc *p)

{

int err = 0;

uprintf("Opened device \"echo\" successfully.\n");
return(err);

15
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}

int
echo_close(dev_t dev, int fflag, int devtype, struct proc *p)

{
uprintf("Closing device \"echo.\"\n");

return(0);

/*

*

The read function just takes the buf that was saved via
echo_write() and returns it to userland for accessing.
* uio(9)

*/

*

int
echo_read(dev_t dev, struct uvio *uio, int ioflag)
{

int err = 0;

int amt;

/* How big is this read operation? Either as big as the user wants,
or as big as the remaining data */
amt = MIN(uio->uio_resid, (echomsg->len - uio->uio_offset > @) ? echomsg->len -
uio->uio_offset : 0);
if ((err = uiomove(echomsg->msg + uio->uio_offset,amt,uio)) != @) {
uprintf("uiomove failed!\n");

}

return err;

}

/*

* echo_write takes in a character string and saves it
* to buf for later accessing.

*/

int
echo_write(dev_t dev, struct uvio *uio, int ioflag)

{

int err = 0;

/* Copy the string in from user memory to kernel memory */
err = copyin(uio->uio_iov->iov_base, echomsg->msg, MIN(uio->uio_iov-
>jov_len,BUFFERSIZE));

/* Now we need to null terminate */

*(echomsg->msg + MIN(uio->uio_iov->iov_len,BUFFERSIZE)) = 0;
/* Record the length */

echomsg->1len = MIN(uio->uio_iov->iov_len,BUFFERSIZE);



if (err !=0) {
uprintf("Write failed: bad address!\n");
}

count++;
return(err);

}

DEV_MODULE(echo,echo_loader,NULL);

17



ITpumep 2. Ilpumep dpatigepa ncegdo-ycmpoticmea Echo 0aa FreeBSD 5.X
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/*
Simpl

Murra

* 0% X %k Xk

Conve
*/

#include
#include
#include
#include
#include
#include
#include
#include
#include

fidefine
#idefine

/* Funct
static d
static d
static d
static d

/* Chara
static s

e ‘echo' pseudo-device KLD
y Stokely

rted to 5.X by Sren (Xride) Straarup

sys/types.h

sys/module.h

sys/systm.h /* uprintf */

sys/errno.h

sys/param.h /* defines used in kernel.h */
sys/kernel.h /* types used in module initialization */
sys/conf.h  /* cdevsw struct */

sys/uio.h /* uio struct */

sys/malloc.h

BUFFERSIZE 256
CDEV_MAJOR 33

ion prototypes */

_open_t echo_open;
_close_t echo_close;
_read_t echo_read;
“write_t echo_write;

cter device entry points */
truct cdevsw echo_cdevsw = {

.d_open = echo_open,
.d_close = echo_close,
.d_maj = CDEV_MAIJOR,
.d_name = "echo",
.d_read = echo_read,
.d_write = echo_write

+;

typedef
c
.i
} t_echo

struct s_echo {
har msq[BUFFERSIZE];
nt len;

.
I

/* vars */

static d
static i
static t

MALLOC_D

ev_t echo_dev;
nt count;

_echo *echomsg;

ECLARE(M_ECHOBUF);



MALLOC_DEFINE(M_ECHOBUF, "echobuffer", "buffer for echo module");

/*
* This function is called by the kld[un]load(2) system calls to

* determine what actions to take when a module is loaded or unloaded.
*/

static int
echo_loader(struct module *m, int what, void *arqg)

{

int err = 0;

switch (what) {
case MOD_LOAD: /* kldload */
echo_dev = make_dev(echo_cdevsw,
0,
UID_ROOT,
GID_WHEEL,
0600,
"echo");
/* kmalloc memory for use by this driver */
MALLOC(echomsg, t_echo *, sizeof(t_echo), M_ECHOBUF, M_WAITOK);
printf("Echo device loaded.\n");
break;
case MOD_UNLOAD:
destroy_dev(echo_dev);
FREE(echomsg,M_ECHOBUF);
printf("Echo device unloaded.\n");

break;
default:
err = EINVAL;
break;
}
return(err);
}
static int

echo_open(dev_t dev, int oflags, int devtype, struct thread *p)
{

int err = 0;

uprintf("Opened device \"echo\" successfully.\n");
return(err);

}

static int
echo_close(dev_t dev, int fflag, int devtype, struct thread *p)
{

uprintf("Closing device \"echo.\"\n");

return(0);
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/*

* The read function just takes the buf that was saved via

* echo_write() and returns it to userland for accessing.
* uio(9)
*/
static int
echo_read(dev_t dev, struct uio *uio, int ioflag)
{
int err = 0;
int amt;
/*
* How big is this read operation? Either as big as the user wants,
* or as big as the remaining data
*/
amt = MIN(uio->uio_resid, (echomsg->len - uio->uio_offset > @) ?
echomsg->len - uio->uio_offset : 0);
if ((err = uiomove(echomsg->msg + uio->uio_offset,amt,uio)) != 0) {
uprintf("uiomove failed!\n");
}
return(err);
}
/*

* echo_write takes in a character string and saves it
* to buf for later accessing.

*/

static int

echo_write(dev_t dev, struct uio *uio, int ioflag)

{
int err = 0;
/* Copy the string in from user memory to kernel memory */
err = copyin(uio->uio_iov->iov_base, echomsg->msg,

MIN(uio->uio_iov->iov_len,BUFFERSIZE - 1));

/* Now we need to null terminate, then record the length */
*(echomsg->msg + MIN(uio->uio_iov->iov_len,BUFFERSIZE - 1)) = 0;
echomsg->len = MIN(uio->uio_iov->iov_len,BUFFERSIZE);
if (err 1= 0) {
uprintf("Write failed: bad address!\n");
}
count++;
return(err);

}

DEV_MODULE(echo,echo_loader,NULL);



JIJ19 yCTaHOBKH 3TOr0 ApariBepa Bo FreeBSD 4.X cHayasia BaM HY>KHO C03/1aThb paijI yCTPOICTBA B
Baler GpalyioBOM CUCTeMe 110 KOMaH/ie TUIIA CJIeAYIOIe:

# mknod /dev/echo c 33 @

Korma aToT gpaiiBep 3arpy>KeH, Bbl MO>KeTe BBIIIOJHATE CIeAYIOIHe TeMCTBHUSI:

# echo -n "Test Data" > /dev/echo
# cat /dev/echo
Test Data

VerpoiicTBa, 06CIy KHBaloIe pealbHOe 060py[0BaHUe, OIIMCHIBAIOTCS B CIelyIoIe IIaBe.
JlOII0JTHUTEe/IbHbIEe UCTOYHUKU HHGOpMAaIluU

* V4eOHUK 10 MPOTPAaMMHPOBAHHUI0 MeXaHH3Ma JUHAMUYeCKOr0 KOMIIOHOBIIHKaA sapa (KLD) -
Daemonnews OKTg6ps 2000

» Kak mucaTs fpariBepsl gapa B rapagurme NEWBUS - Daemonnews Hrosis 2000
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Chapter 8. biiouHbIe ycTpoMcTBa (KOTOPHIX
00JIbIlIE HET)

Apyrue UNIX®-cucTeMbl MOIYT MOAAEPKHMBAThH CO BTOPBIM THUIIOM [JHCKOBBIX YCTPOMCTB, TakK
Has3bIBaeMBbIX YCTPOMCTB C 6JI0YHOM opraHusaliueil. biiouHble yCTPOMCTBA SBJIAITCA JUCKOBBIMU
YCTPOMCTBaMH, [UId KOTOPBIX PO OpPraHMU3yeT KIIIMpoBaHHe. Takoe KIIIMpOBaHHE [ejaeT
6JI04HBIEe YCTPOMCTBA IIPaKTUYeCKH OeCIIOJIe3HBIMH, WJIM II0 KpalHed Mepe HeHa[EXHBIMU.
KsmnpoBaHHWe M3MeHsdeT II0C/Ief0BaTeJbHOCTh Ollepaliui 3allMCH, JIMIIasg IIPUJIOKeHUe
BO3MOXKHOCTH y3HaTh peajIbHOe COJEepPKHMMOe I¥CKa B JIIOO0M MOMEHT BpeMeHH. JTO JesaeT
IIpefickasyeMoe U Ha/le)KHOe BOCCTaHOBJIEHHEe [aHHBIX Ha JuCKe (palioBble CHUCTEMBI, 0asbl
DAaHHBIX U IIpoYee) I10cje 601 HEBO3MOXKHBIM. TaK Kak 3aIlUCh MO>KeT OBITh OT/IOKEHHOM, TO HEeT
crioco6a COOOITUTHL IIPHJIOKEHUIO, IIPU BBINIOJHEHUM KaKOM HWMEHHO OIlepaliuy 3alluCH sSApo
BCTPETUJIOCH C OIIMOKOM, UTO TAKHUM 00pasoM OCJIOXKHSET IIPo6JeMy I1eJIOCTHOCTH JaHHBIX. ITo
9TOM NIPHUYMHE CepbE3Hble IPUJIOKeHUs He I10JIaraloTcs Ha OJIOUHBIE YCTPOMCTBA, U, HA CaMOM
Zejle IIPaKTHYeCKHU BO BCeX IIPHUJIOKEHUAX, KOTOpble paboTarT C JUCKOM HAIIpPsMYI0, UMeeTCs
6osibIliasg mpo6isieMa BbIOOpa YCTPOMCTB C IIOC/Ie0BaTeJbHBIM JOCTYIIOM (MM "raw"), KOTOphIe
IOJDKHBI MCIIONIb30BaThCd. M3-3a peanusaliiu OTOOpakeHUs Ka)K[Oro [HcKa (paszesna) B JBa
YCTPOMCTBA C Pa3HBIMH CMBIC/IAMH, KOTOPas YCI0KHAeT COOTBETCTBYIOIIIMM KO/ Apa, Bo FreeBSD
IIOJiepKKa JUCKOBBIX YCTPOMCTB C KIIIIWMPOBaHKUEM Oblyla 0TOPOIIIeHa B IIpoliecce MOJepHU3aIluHU
HHOPaCTPYKTYphI I/0-o1tepariuii ¢ JUCKaMHU.
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Chapter 9. CeTeBbIe JpauBephI

B ciiyuae IpaiiBepoOB CeTeBBIX YCTPOMCTB Ppaiiyibl YCTPOMCTB JIA LOCTyIIa K HUM He HUCII0JIb3YIHTCS.
HX BBIOOp OCHOBAH Ha JPyroM MeXaHHU3Me, paboTarwIleM B Sipe, U He HCIIOJIb3YIOIeM BbI3SOB
open(); 06 HCIIOJIL30BAaHHE CeTEBBIX YCTPOMCTB B 00IeM Ciy4yae paccKazaHO B OIHCAHUU
CHCTEMHOTO0 BbI30Ba socket(2).

[louynTaTe CIpaBOYHYXH HHPOpMaIMi0 O BbI3OBe ifnet(), ycrporictBe loopback, mouuraiite
nparviBeps! busia ITosta (Bill Paul), 1 Tak fasee..
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Part I1I: IlogcucremMa 3ByKa
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Chapter 10. BBegenue

[lepeBOJ Ha pyCCKUU 93bIK: BuTanui bormanoB (gad@gad.glazov.net)

B moxcucTeMe 3Byka FreeBSD cyliecTByeT YETKOe pasjesieHre MeXKIy YacThI0, IO Lep KUBaloIe
o01111ie 3ByKOBble BO3MOKHOCTHU U allllapaTHO 3aBUCUMOM 4acThi0. /laHHAas 0CO6EHHOCTh JejlaeT
60Jiee IIPOCTHIM 106aBIeHUE II0/IIeP>KKH HOBBIX YCTPOMCTB.

pcm(4) 3aHuMaeT LIeHTpaJibHOe MECTO B IIOACHUCTEME 3BYKa. Ero OoCHOBHBIMHU 3jIeMeHTaMU
ABJIAIOTCA:

* MlHTepdelic CUCTEMHBIX BBI3OBOB (read, write, ioctls) K PyHKIIUAM OITMPOBAHHOIO 3ByKa U
MmukIiepa. Komaugaeiii Habop ioctl coBMecTuM ¢ uHTepdericoMm OSS wiau Voxware, 1103BOJISIS
TeM CaMbIM IIOPTHpPOBaHHEe MyJbTHUMe[HA IIPWIOKEHWN 6e3  [JOIIOJITHUTeJIbHOM
Mo GUKAIIH.

* 06U KoJ 00pabOTKU 3BYKOBBIX [TaHHBIX (IIpeobpasoBaHUs (GOpMAaTOB, BUPTyaJbHBIE
KaHaJIbl).

* EfVHBIA IIpOrpaMMHBIA HHTeppelc K aIlapaTHO-3aBUCUMBIM MOJYJAM  3BYKOBOTO
uHTepderica.

* JlomostTHUTE IbHAs IMOAJep>KKa HEeCKOJIbKHUX OOIIUX allapaTHbIX HHTepdeiicoB (ac97) wiu
paszesisieMoro arniapaTHO-CIeIUGHUIHOTO Ko/ia (HarpuMep: GyHKIMHU ISA DMA).

ITofmep>KKa OTJe/IbHBIX 3BYKOBBIX KapT OCYIIeCTBJISIeTCS C IIOMOIIBI0 allllapaTHO-CIIeIIMPUIHBIX
IpaiBepoB, 06ecreunBaINX KaHaJIbHbIe U MUKIIIepHble HHTePeNChl, BKI0YaeMble B 001N
KOJI,

B 3TO# IJ1aBe TEPMUHOM MBI 6y/IeM HasbIBaTh IIeHTPAIbHYI0, OGIIYI0 YaCTh 3BYKOBOTO /IpaiiBepa,
KaK IIPOTHUBOIIOCTaBJIeHHEe allllapaTHO-CIeITUGUUHBIM MOIYJISIM.

UeJsiOBeK, pellaroliiii HaIMcaTh [ApavBep HaBepHJIKa 3axoyeT HCIIOJIL30BAaTh B KauecTBe
mrabJ10Ha yr>Ke CyIeCTBYROIIUU Kof. Ho, ecsii 3ByKOBOM KO/ XOPOIII ¥ YHUCT, OH TaKKe B OCHOBHOM
JIMIIIEH KOMMeEHTapHeB. JTOT JOKYMEHT - IIOIIBITKA pacCMOTpeHUs1 6a30BOro WHTepdeiica U
IIOIIBITKA OTBETUTH Ha BOIIPOCHI, BO3HUKIIIKE IIPU afalITUPOBAHUHU CYII[eCTBYIOIIIEro KO/a.

g crapra ¢ pabodero IpuMepa, BBl MOXKeTe HaWTH IIabJOH [paiBepa, OCHAIeHHOIO
KOMMeHTapusaMu Ha http://people.FreeBSD.org/~cg/template.c
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Chapter 11. ®anisl

Becb HCXOZHBIM KOJ, Ha CerofgHAIIHUNM MoMeHT (FreeBSD 4.4), comgep>XuUTcd B KaTaJjore
/usr/src/sys/dev/sound/, 3a MCKJIHOYeHHeM MNyOJMYHBIX OIIpefieleHUN HHTepdelica ioctl,
HaXOoJAIINXCA B /usr/src/sys/sys/soundcard.h

B mopkaTasiore pcm/ poAuTeIbCKOTO KaTasora /usr/src/sys/dev/sound/ HaXoAUTCS IJIaBHBIN KOJI, a B
KaTaJiorax isa/ v pci/ cogepr>karcs gpariBepa s ISA u PCI kapT.
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Chapter 12. O6Hapy>keHHUe, IOAK/JII0UEHUEe, U
T.JI.

O6Hapy)XKeHMe U IIOJKJII0UeHUe 3BYKOBBIX [paliBepOoB BO MHOIOM CX0)Ke C JpauBepoM JI0O0I0
IPYroro yCTpoucTBa. 3a JOIOJHUTENIbHONM MHGOpMaIiel Bbl MOXKeTe 00paTUThCI K IIaBaM ISA
wiau PCI TaHHOTO PYKOBO/CTBA.

Ho Bcé ke, 3ByKOBBI€ [paiBepa HEMHOI'O OT/IMYATCS:

* OHU 00BABIIAIOT CaMHU Ce0s1, KaK YCTPOMCTBA KJlacca , C YaCTHOM CTPYKTYPOM YCTPOMCTBA :

static driver_t xxx_driver = {
llpcmll ,
xxx_methods,

sizeof(struct snddev_info)

+

DRIVER_MODULE(snd_xxxpci, pci, xxx_driver, pcm_devclass, @, 0);
MODULE_DEPEND(snd_xxxpci, snd_pcm, PCM_MINVER, PCM_PREFVER,PCM_MAXVER);

BOJIBIIIMHCTBO 3BYKOBBIX [paliBepOB HYXJAKTCI B COXpaHEHUU JIMYHOM HHPOpMaIlUY,
Kacarlencd ux ycrpoucrBa. CTPyKTypa C JUYHBIMU JTaHHBIMU OOBIYHO BBIJEJISIETCS IIPU
BbI30Be QyHKIMM attach. E€ ajapec mepemaércsa IOCpPeLCTBOM BBI3OBOB pcm_register() u
mixer_init(). ITo3ke IepemaéT Hasag 3TOT ajApec, B KaudeCTBe IlapaMeTpa B BBI30BaX K
uHTepdericaM 3BYKOBOIO parBsepa.

* OYHKIUA IIOKJII0UYEHUSI 3BYKOBOIO JipaiBepa JO/DKHA 00BbIBIATH €€ MUKIIIePHBIN uiau AC97
uHTepderic ImocpeAcTBOM BbI3oBa mixer_init(). [T MHKIIIepHOTO HWHTepderica 3TO B3aMeH
BEPHET BBI30OB xxxmixer_init().

o OYHKITUS IIOAK/IIOYEHHUSI 3BYKOBOTO [ipaiiBepa IIepefaéT oOIIue HACTPOMKH KaHaJIOB
IIOCPEeICTBOM BbI30Ba pcm_register(dev, sc, nplay, nrec), Iae sc - afipec CTPYKTYPHI JaHHBIX
YCTPOMCTBA, UCITOIHL3YEMOH B IATbHEHIITNX BBI30BaX OT , a nplay M nrec - KOJIMYECTBO KaHAJIOB
MIPOUTPBIBAHUS U 3aITHCH.

* OYHKIWS IIOAK/II0UEHUS 3BYKOBOTO JipaliBepa 00BSIBIIAET KaXKABIM 13 eé KaHAJI0B C IIOMOIILI0
BbI30BOB pcm_addchan(). 3TO ycTaHOBUT 3aHATOCTh KaHajla B M BBI30BET B3aMeH BHI30B
xxxchannel init().

* OYHKIIUA OTK/IHUYEeHUS [OJDKHA BBI3BIBATH pem_unregister() mepen o0bsIBJIeHUEM €€ PecypcoB
CBOOOHBIMH.

Cy1iecTByeT iBa MeTo/ja paboThI ¢ He PnP ycTpoiicTBaMu:

* Ucniosib3oBaHWe MeToza device_identify() (mpuMmep cmoTpuTe B: sound/isa/es1888.c).
device_identify() mpITaeTca 06HapPY>XUTh 000pyA0BaHUe, UCIIOJIb3YIOIllee U3BECTHEIE ajipeca,
U eCJIM HaWJET MOJjep>KUBaeMoe YCTPOMCTBO, TO CO3[jaCT HOBOE pCm yCTPOMCTBO, KOTOpOe
3aTeM OyZleT lepefjlaHo IIPoIeccy 06GHaPY KEHU /IO JKII0YEHS.
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* lcnosib30BaHue BRIOOPOUYHOM KOHQUTYPAITUH SIpa C COOTBETCTBYIOIIMMH XUHTaMU JJISI pcm
YCTPOMCTB (IIpuMep: sound/isa/mss.c).

IpauiBepsl TOJOKHBI IIOAAep>KUBATh device_suspend, device_resume 1 device_shutdown ¢yHKIIMM, A1
KOPPEeKTHOro GQyHKITMOHUPOBAHUS YIIPABJIEHUS IUTaAHUEM U IIPOIlecca BhITPY3KH MOJYJIS.
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Chapter 13. HHTep¢dencsl

HHTepdeiic MeXky U 3BYKOBBIMU ApaliBepaMU OIIpe/iesIéH B TEPMHUHAX 00HEKTOB s/1pa.

EcTh 2 OCHOBHBIX HHTepQeiica, KOTOpble 0O0BIYHO 0OeclieunBaeT 3BYKOBOM IpaiBep: KAHA/bHbLU U,
JIN60 MUKWwepHbLil 1160 ACI97.

HHTepderic AC97 NOBOJIBHO MaJIo UCII0JIb3yeT JLOCTYII K pecypcaM 060pytoBaHUs (UTeHUe/3alIHUCh
peructpoB). [laHHBIN UHTepdeNCc pealn3oBaH B [paliBepax AJjs KapT ¢ KogekoM AC97. B saToMm
cay4dae GaKTUUYeCKUM MUKIIEPHBINM HHTepdelic o6eciedyruBaeTcd pasesasieMbIM KojgoM AC97 B.

13.1. KaHa/1bHBIN HUHTEpdenc

13.1.1. O61He 3aMeTKH 0 HapamMeTpax GyHKIUHN

3BYKOBBIE ApaviBephl OOBIYHO HMEIOT CTPYKTYpPy C JHYHBIMHM JAHHBIMH IS OMNMCAHUS HX
YCTPOMCTBA U 10 OJHOM CTPYKType Ha KaKAbIM ITO/Iep>KUBaeMbIM KaHaJI IIPOUTPHIBAHUS HJIN
3aIMCU JaHHBIX.

Jl11 BceX QYHKITMU KaHAJIBLHOIO HHTepdelica IIepBbli TapaMeTp - HelIpO3pauHbIl yKas3aTeslb.

BTopolf mapameTp 3TO YyKa3aTeJb Ha CTPYKTYpy C /[AaHHBIMH KaHajla. HckiaroueHue: VYV
channel_init() aTo yKasaTesib Ha YaCTHYIO CTPYKTYPY yCTpoMcTBa (TaHHas QYHKITHUS BO3BpaIiaeT
yKaszaTesIb Ha KaHaJl JJIs1 faIbHeHIIero UCIoIb30BaHUs B ).

13.1.2. O630p onepaiyii nepesavyy JaHHbIX

JIs Tlepefjaud [aHHBIX, U 3BYKOBBIe [paiiBepa HCIIOJL3YIOT pasjiesiieMyl0 06JacTb ITaMsTH,
OITMCAHHYIO B .

IIPUHAJJIe)KUT , U 3BYKOBBIE AparBephl IIOAy4YalT HY>KHble 3HAUEHUSI C IIOMOIIBI BBISOBOB
¢yukiui (sndbuf_getxxx()).

O6JiacTh pasfessieMON ITaMSATU UMeeT pasMep, OIIpefiesiseMbId ¢ IOMOIbI sndbuf_getsize() u
paszgesiéH Ha 6JI0KM QUKCHUPOBAHHOTO pasMepa, omnpenenaéHHOro B sndbuf_getblksz() xosmuecTBa
OamT.

[Ipy1 IIPOUTPHIBAHUH, OOITUA MeXaHHU3M Ilepelayd JaHHBIX HPUMEPHO CIeAYIONTHUN (06GpaTHBIH
MeXaHU3MY, UCII0JIb3yeMOMY IIPHU 3aIIUCH):

* B Hauase, 3amosHsieT Oydep, 3aTeM BbI3bIBaeT (YHKIIUIO 3BYKOBOIO JpaiBepa
xxxchannel_trigger() c mapametpoM PCMTRIG_START.

* 3aTeM 3BYKOBOH /[paiiBep MHOTOKpPAaTHO IlepefaéT BCIo obJiacThb ImamaTu (sndbuf_getbuf(),
sndbuf_getsize()) yCTPOMCTBY, ¢ KOJIHMYECTBOM OauT, ompeneséHHBIM B sndbuf_getblksz() .
BsameH 3T0 BbI3OBeT chn_intr() QyHKIUIO I Ka’KAOro IlepefaHHOIo 6si0Ka (3T0O 0OBIYHO
IIPOMCXOIUT BO BpeMs IIpephIBaHUS).

* chn_intr() xKommupyeT HOBBIE JaHHbIE B 00J1aCTh, KOTOpas ObLiIa IlepejaHa YCTPOMUCTBY (ceruac
CBOOO/IHAsI) U BHOCUT COOTBETCTBYIOIIIMIe U3MEHEHU B CTPYKTYPY .
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13.2. channel init

xxxchannel_init() BBI3BIBaeTCS IS MHUITHMATU3AIIMU KajK[OTO M3 KaHAJIOB IPOUTPHIBAHUS WU
3aIlUCU. BBI30BHI MHUIIMUPYIOTCS QYHKIIMEH MOJK/II0UeHUs 3BYKOBOTO JpaiiBepa. (Ilogpo6GHee B
riaBe OGHapy’KeHUe U IMOTK/ITI0UEHHE).

static void *
xxxchannel_init(kobj_t obj, void *data,
struct snd_dbuf *b, struct pcm_channel *c, int dir)

struct xxx_info *sc = data;
struct xxx_chinfo *ch;

return ch;

b - 3To appec KaHanbHOIA
struct snd_dbuf. Oda ponxHa
BbiTb MHMUMANN3MPOBaHA B ¢yHKLMM MOCPEACTBOM
Bbi3oBa sndbuf_alloc(). HopmanbHbii
pa3mep bydepa ANA MCNONb30BaHMA - HAUMEHbllee KpaTHoe
pa3mepa nepefaBaemoro 6moka AaHHLIX ANA Bawero yCTPOMCTBA.

c - 370
yKasaTenb Ha CTPYKTYpy
KOHTPONA pCm KaHana. 3JTO He MpO3PayHblid
00bekT. OyHKUMA JOTKHA XPaHWTb €ro B JIOKANbHOW CTPYKType
KaHana, AnA [anbHelillero UCnoyb30BaHUA B BbI30BAX K
pcm (Hanpumep B:
chn_intr(c)).

dir onpepenseT ONA Kakux Ueneit
Ncnonb3yeTcA KaHanm
(PCMDIR_PLAY unu
PCMDIR_REC).

OyHKUMA [OTMKHA BO3BPAWATb YK3a3aTeNb Ha JIMYHY,
obnacTb, ucnonb3yemyl ANA KOHTPONA 3TOr0
kaHana. OH byneT mepenaBaTbCs B KayecTBe MapameTpa B
[PYrnx Bbi30BaX KaHamnbHOro WHTepdeiica.

channel_setformat

xxxchannel_setformat() HacTpauBaeT
YCTPOWCTBO HA KOHKPETHbI/i KaHan onpefenéHHoro ¢opmaTta 3BYKa.

static int
xxxchannel_setformat(kobj_t obj, void *data, u_int32_t format)

{

struct xxx_chinfo *ch = data;

30



return 0;

format mcnonb3yetca, kak
AFMT _XXX 3HaueHue
(soundcard.h).

channel_setspeed

xxxchannel_setspeed() ycTaHaBnuBaet
obopynoBaHne KaHana Ha onpefenéHHyl0 WabMoHHYI CKOPOCTb W BO3BPAWAET
BO3MOXHYI0 KOPPEKTUPYIoUYl0 CKOPOCTb.

static int
xxxchannel_setspeed(kobj_t obj, void *data, u_int32_t speed)
{

struct xxx_chinfo *ch = data;

return speed;

channel_setblocksize

xxxchannel_setblocksize() ycTaHaBnnBaet

pa3mep nepepasaemoro bmoka mewgy

pcm W 3BYKOBbIM [paiiBepoM, W Mexay

3BYKOBbIM ApaiiBepom u ycTtpoiicTBoM. 06buHO 3TO byneT komuyecTBO
nepenaHHblx 6aiiT nepen npepoiBaHuem. Bo Bpemsa TpaHcdepa 3BYKOBOW
[ipaiiBep [OTKEH AOJKEH Bbi3blBATH
pem dyHkumio chn_intr() kawablii
pa3 npu nepepaye bnoka AaHHLIX TAKoro pasmepa.

bonbwMHCTBO 3BYKOBLIX [paiiBepoB TONbKO bepyT Ha 3ameTky
pa3mep 67MoOKa AN MUCMONb30BAHWA BO BPEMA Mepefaun [aHHbIX.

static int
xxxchannel_setblocksize(kobj_t obj, void *data, u_int32_t blocksize)

{

struct xxx_chinfo *ch = data;

return blocksize;

OyHKUNA BO3BPAWAET BO3MOXHO COrTNIACOBAHHLIA  pa3mep
bnoka. B cnyuae, ecnn pasmep bnoka aeiicTBUTENbHO
N3MeHUncA JoTKeH 6bTb NPoM3BeAEH Bbi30B

sndbuf_resize() mnA koppekTupoBaHuA

bydepa.

channel_trigger
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xxxchannel_trigger() Bbi3biBaeTca
pcm ANA KOHTPONS Haa TpaHCHepHbMM
onepauusmim B ApaiiBepe.

static int
xxxchannel_trigger(kobj_t obj, void *data, int go)
{

struct xxx_chinfo *ch = data;
return 0;

go onpepenseT feiicTBue ans
TeKylwero Bbi30Ba. Bo3moxHble 3HaueHns:

PCMTRIG_START: ppaiisep
[IOTIKEH HAUaTb Nepefayy A3HHLIX W3 UNU B KaHATbHbIN
bydep. bydep u ero pasmep MOryT ObiTb MOMyyeHs uyepes
Bbi30B sndbuf_getbuf() u
sndbuf_getsize().

PCMTRIG_EMLDMAWR /
PCMTRIG_EMLDMARD: roBsoput
[paiiBepy, 4TO BXOJHO MMM BLIXOLHOW bydep BO3MOKHO
bbin 06HOBNEH. bBONbWWMHCTBO ApaiiBEpPOB WUIHOPUPYIOT
5TN Bbi30BbI.

PCMTRIG_STOP /
PCMTRIG_ABORT: ppaiiBep pnomkeH
OCTAHOBWUTb TeKylylo nepefady AaHHbIX.

Ecnn ppaiisep ucnonb3yet ISA DMA,
sndbuf_isadma() pomKHa BbI3bIBATHLCA
nepen BbINOTHEHWEM AeWCTBWA H3aA YCTPOWCTBOM, OHA TaKxe
no3abotutca o Bewax co ctopoHsl DMA uuna.

channel_getptr

xxxchannel_getptr() Bo3Bpawaet
TeKylwee cmeweHne B nepepasaemom bydepe. 06blYHO BbI3bIBaETCA
B chn_intr(), un Tak
pcm y3HAéT, rae bpaTb AaHHbHE ANA
HOBOIA nepepaun.

channel _free

xxxchannel_free() Bbi3biBaeTca And
0cBODOXAEHNA pecypcoB kaHana. Hanmpumep: AOMKHA BbI3LIBATHLCA,
NPy BbIrpy3Ke ApaiiBepa, €cnn CTPYKTYpbl A3HHbIX KaHana
pacnpefenanncb AMHAMUYHO UMK, €ecTiun



sndbuf_alloc() He wcrnonb30Banach
0N BbiAeNeHus namaTtu nop bydep.

channel_getcaps

struct pcmchan_caps *
xxxchannel_getcaps(kobj_t obj, void *data)
{

return xxx_caps;

Moanporpamma Bo3BpawaeT ykaszaTenb Ha (0bbUHO
CTaTUYeCcKn-onpefensemyn) CTPYKTYpy
pcmchan_caps (onucaHHyio B
sound/pcm/channel.h. CrpykTypa copmepxut
[laHHble O MUHUMYME U M3aKCuMyMme WabmMOHHbIX 4acToT U

BOCMPUHNMa@eMbIX 3BYKOBbIX ¢opmaTax. [Ina rnpumepa cMmoTpuTe

NCXOAHbIA Kop moboro 3BYKOBOrO ApaiiBepa.

[pyrue ¢yHKuUMM

channel_reset(),
channel_resetdone(), u
channel_notify() npeaHa3HaueHb Ans
CMeunanbHbLIX Leneil 1 He [OTKHb ynoTpebnATbcA B ApaiiBepe
be3 obcyxnenus ¢ asTopamu ({cg}).

channel_setdir() is deprecated.
MukwepHbiii MHTepdeiic
mixer_init

xxxmixer_init() wHuumnanusupyet
0b0pyaoBaHNe 1 rOBOPUT PCM KaKWe MUKIUEPHble
YyCTPONCTBA LOCTYMNHbLl A7 MPOMTPLIBAHUA M 3anncH

static int
xxxmixer_init(struct snd_mixer *m)
{
struct xxx_info  *sc = mix_getdevinfo(m);
u_int32_t v;

[Initialize hardware]

[Set appropriate bits in v for play mixers]
mix_setdevs(m, v);

[Set appropriate bits in v for record mixers]

mix_setrecdevs(m, v)

return 0;
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YcTaHaBnMBaeT OUTH B LIENIOM 3HAYeHUM U Bbi3biBAET
mix_setdevs() u
mix_setrecdevs() uTobb coobwnThb
pcm Kakue ycTpoicTBa CylecTBYIOT.

Onpepenexns 6UTOB MuKwepa MOTyT ObiTb HalAeHb B
soundcard.h
(SOUND_MASK_XXX 3HaueHus u
SOUND_MIXER XXX 6uToBble coBuru).

mixer_set

xxxmixer_set() ycTaHaBnuBaeT ypoBeHb
FPOMKOCTW [ANA OAHOr0 MUKWEPHOro YCTPONCTBA.

static int
xxxmixer_set(struct snd_mixer *m, unsigned dev,
unsigned left, unsigned right)

{
struct sc_info *sc = mix_getdevinfo(m);
[set volume level]
return left | (right 8);

}

YcTpoiictBo onpependetca, kak SOUND_MIXER_XXX
3HaueHne [lonycTumble 3HAUEHWA YPOBHEA TPOMKOCTU TiexaTt
B nmpepenax [0-100]. PaBHoe Hymio 3HaueHWe AOTKHO BHIKTOYATb 3BYK
yCTpOIicTBa.

BepoaTHo ypoBHM obopynosaHua He byayT coenafaTh C
BXOAHOW wWwKamnoi, n byaeT NponcxoanTb HEKOTOPOe OKPYriieHWe, MOAMNPOrpamMmMa
byneT BOo3BpawaeT TOYHble 3HauyeHua (B npomexyTke 0-100), Kak yxe
bbino ckasaHo.

mixer_setrecsrc

xxxmixer_setrecsrc() ycTaHaBnuBaeT
NCXO[HOE 3anuchiBalliee yCTPOHCTBO.

static int
xxxmixer_setrecsrc(struct snd_mixer *m, u_int32_t src)

{
struct xxx_info *sc = mix_getdevinfo(m);

[look for non zero bit(s) in src, set up hardware]

[update src to reflect actual action]
return src;



Kenaembie 3anucbiBawwmne ycTpoiiCTBA YK33biBATCA B buToBOM nore

Bo3Bpawaerca dakTuyeckuii Habop ycTpoiicTB Ans 3anucu.
HekoTopble fpaiiBepbl MOryT yCTaHAaBNMBATb TONbKO OAHO YCTPOACTBO A7A
3anucu.  QyHKuMA JOMKHA BO3BpawWatb -1, B CJyyae BO3HWKHOBEHUA
ownbkm.

mixer_uninit, mixer_reinit

xxxmixer_uninit() nomkHa npoBepuTb,
YTO BCE 3BYKW BbiKJodeHsl (mute), u, ecnn BO3MOXHO BbIKITIOUNTb
obopynoBaHne mukwepa

xxxmixer_reinit() momkHa ymocToBepuTbCA,
uTo 060pynoOBaHME MMKWEPA BKIYEHO M BCE YCTAHOBKM, HEKOHTPOTMpYyeMble
mixer_set() unu
mixer_setrecsrc() BOCCT3HOBTEHbI.

UHTepdeiic AC97
AC97

lMopnepxka nHtepdeiica AC97 ocywecTBnaeTca
npaiisepamn ¢ kopekom AC97. OH mopaepxmBaeT TONbKO TPU MeTOA3:

xxxac97_init() Bo3Bpauwaet
KOTIMYeCTBO HaligeHHbX ac97 komekos.

ac97 read() u
ac97 write() yuTaT UMM 3anucbiBaOT
[1aHHbIE OnpefieNieHHOro perucTpa.

WHTepdeiic ACI7 ncnonb3lyetca KOAOM
AC97 B pcm ana BHNONHEHWA Onepauuii
bonee BbICOKOrO YPOBHA. 3a nmpumepom obpawaiitecb K
sound/pci/maestro3.c wnn Kk gpyrum
daiinam u3 katanora sound/pci/.
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