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WA L. FHAAARARAHRART 5+
T THHRHARAARR AT

Contributed by Sergey Lyubka.

1.1, A

R A B R HHHRR HE R R R AR R,
FHHFEHHELE T HHE T (L) FHEHH, SR T S S L,
R TR BRI HH HHHHR TR B TR R AR, #0332
IR HIE HHHH 1 R,

1.2. HHHHHH

B HHHHHHHHR HHHHHR HHHRHT T T T HHHHRR HHRHRH, R R AR
TR, HHAHH HHHH 1 B TR AR, HHH T R
R THIHT HHAHHHR 3 TR R TR

o B
* boot0 #tHHHH

o boot2 #itHHHHH

o B Y

o HHHHHHE

B DOOKO FHHE DOOL2 HHHHE HHHEH HHHHE 1S #4414 DOOtStrap Stages 1 and 2 ## ####(8)
HHHE HHHHHE S HHHHHE HHE HHHHHE SHHHHHE HHHHHIHHHHE T, S
FHHHHHHHHE T S HHE HH S 1 B AR HHHE S HEAEHE HHEEHHHAEL MY

THHHE HHHHET HHHE HERHHE HHEHE SR, THETHRHE TR T T R T T
THHHE HEFHHET HE HHPHHE

HHIEHIHE (HitH HHEH) HHE (HIHHHHEH) HHHEHH
F1 FreeBSD boot0

F2 BSD

F5 Disk 2

>>FreeBSD/i386 BOOT boot?”

Default: 1:ad(1,a)/boot/l oader



http://www.FreeBSD.org/cgi/man.cgi?query=boot&amp;sektion=8

HHH BRI

boot:

BTX loader 1.0 BTX versionis 1.01 HHHHH
BIOS drive A: is diskO

BIOS drive C: isdiskl

BIOS 639%kB/64512kB available memory
FreeBSD/i386 bootstrap loader, Revision 0.8
Consoleinternal video/keyboard
(jkh@bento.freebsd.org, Mon Nov 20 11:41:23 -
GMT 2000)

/kernel text=0x1234 data=0x2345 -
Syms=[0x4+0x3456]

Hit [Enter] to boot immediately, or any other -
key for command prompt

Booting [kernel] in 9 seconds..._

Copyright (c) 1992-2002 The FreeBSD Project. HHHHHHE
Copyright (c) 1979, 1980, 1983, 1986, 1988, -
1989, 1991, 1992, 1993, 1994
The Regents of the University of -

California. All rights reserved.
FreeBSD 4.6-RC #0: Sat May 4 22:49:02 GMT -
2002

devnull @kukas:/usr/obj/usr/src/sys DEVNUL L
Timecounter -"i8254" frequency 1193182 Hz

PELLEEHE FHHHHHE A AN 40 HEAEEE FHEEEEHE TS 1 HHEEE AR HEOCLEIEHE SHSSHSCEEEEEEEEHE 4400 HEHE HH0F AEAEAEEE HHHF 444444 DOOIO
HAAH.

1.3. # ff

THHHHE HHHE HiE HHTHAHE HH, THEE TR TR T T T T HEHH R
T, HH HE T TR fH R Instruction pointer #HHHHHHHE, HHHE tHiE i fHH
1 HIHHHE $HE 1 I HHHHE HHE 1 320 HHEHHE HHE OO, T TR
THHHHHHE HIHHHHHIE HHEHIHE HHE R T TR T T AL, T HHE T Hi -
THEHHHE HHE HHHE or0 324 HHTHHHHHE HHHHHHE, HHHE T TR HHHTHE ST T TR
O. #H H#i T HHOHE THEHE, THEE T THE (T T TR ST A
THHHHHHHHE HE HEHHAHH THE HEHHHRH T HHE T HEHHE HEHHEE T HHEHE HIHHE T 1
THHE HEHHHHE THETE HEHHEHHAE HHHHHREE HHE A

T HHHH tH OHHHHHRRHO H#iE HHERAH TR AR, HH THEHHE S AR i
At HHHHHHAE HHHHEHE, HE HHERAE SRR H# HHHH HHEHHH HHHHHR, HH SHR R
THHHHHHT THEHHRHHHET HHHHE TR TP TR 5 TR .

HHHHE HHHHHE HHHE BasiC Input OULpUt System, # it # # tHitH Hit tHit HHHHHHHHHHE
THHE # HHHHHHHERR HHHHHE A T A (). THHHE T AR
FHHHHHH HARAHHRATE HARHER T B AR 5 B AR TR R



I | FHAFHHRA AR
HHHHHHHHHARHHH

THHHHHT TR HE HHHE HHHHRHHE R SRR HHHE PRI TR R -
THHHHHHHE 1 HHH TR TR SRR

T T Power On Self Test. #HHH HH # HH tHE HHTHHIHHH HHTHHHHHAH T SR
FHEHHE, HIHHHH HHE HERAT HHH R SRR T R B TR TR R
FHHT HHHHATRE TRATHT . HAHE BRI R HH R TR 1 SRR 1 R
TR, HRF TR HHARATE HH T R TR T R, 13 1
FHHHE HHRAT H HHRH, R, SRR 5.

FHHE HHHHE HHH A A S HEA A \NIT OXLO FHHHHHHN 1A HEHH S T
D12 HHHHHHHE HEHE 1 A HHAEAEEHHE FHE HHEAHE HEAEHE HHE HEAEHE S 10 S OHTHOO.
HHHE T TITSL SOCLOT HHHHHHEHHEE HHIHE HHEHHHI THHHHHEE, T T S
HHE 1S 1S HE 1 THEH 1 THHHEHHI TS, (S 1 R,
FHHHHH} HEHHHHE 0 HE HE0 A (HEEEHEAEAEAEH) L) FHHHHHHE. HHHHHHS HHHHH O #H0 HHH
HHHHHHE 1 1 N HHHH, HHHE B |, HHHE T 1 (HHHH,
HHHHE, 1 HEHHHH S HHE O, HHHH HHH H 1 T 1), HEHE 1
HHE T HHHE 1

1.4. booto HHHHH

THIHE # THIEHE Hi HHH HHH [bootbootO. HHHHHE Hit # HiHHHHE D1 2HHHHE HHHE, it H#i H#i HEHAHH
FHHHE HHARHHHR HRFHHRAH TR TR T R HERRHHRA HH R R
THHTE HHHHHHRHHRA FRAHH 1 AR

HHE HHHHHHHH FRRRHRS, HHH \NT OXLO FHHEHAHHHHAT R I, #.87., #H bootO #iH—
HHHHE, HEHHE T A AR ORTHOO. HHHHHAT # HHEHE HE HHE HH# syslboot/i386/bootd/
DOOL0.S HHH HHHHHE 1 HHHIHE HHE THIFHH 1 BRI HHHHH 1 TR T TR HRRR,
HHE 1 HEHIHHE HHH B HHHE SRR 1 HER R R

HHHE HiHE, H#H, D0OIO, HHE 1 HHHHHHHE HHEHHHHHHE TR T S O, HHHHHH
partition table. ## i 4 fHHHHHH #H 16 HEHH HiH, HEHH# partition recor ds, #HHHE #it—
THHHHHE T HHHE T (H) T HHHEHHEHHHIRE, 1, T R SRR, AT,
THHE HHHHE HHE UL 16 HHHHE TR 1 TR (HHHHHE) tHE PR S
FHHH HHHHHHE HHEHE I T S B, HEHHAHEE DOOIOHH HHHHE HHHE HEEHHHE HiE HIHHHHE.

T FHHHHRATR AT T B AR AT R
o HiHE LHHHHHE HFHHHRAH] HHHH

o IHAE LHIRAHE HRAHHR SR

1######5#########&#(8)#########&#####%##&,############
A


http://www.FreeBSD.org/cgi/man.cgi?query=disklabel&amp;sektion=8

boot2 #HHH#

o fHHE © HHHHE HEHHHHHHHIE tH HHH tHEHHH
o HHE B HHHE HHHHHHHHIE tHE HHHE R

H HHBHRHHHE HHHRR BRI B 1R SRR BT TR HHARR B -
R TR HE TR B, HIR HHFRRATR , BT A HHE, TR T At f—
THHHHHHHH, HHHEHH HHHHHHHHE HHHHE HHH (HHHHHHHE SHHHHE THHHHHHRRAE) HHH
HHHHHHE HHH HHHE HERHHHHH THHE SR ST, S (G
THHHHHE) T HHHHHHHRAH THHE T T HHHE T T SRR

HHHE TR HHARI FHHH T TR BERAHT HHH HHH T I 1 AR
HHHE B T TR HIHH T HHE S SRR 1 T 1 HHHHRRT 3 TR
HHHE, D0OK0 HHHHHHHFHHHE HiHH IR HHRHRE

o THAHTREHE T TR AT 1 T TR SRR A T G TR AT, 1t
IHHHHT T BT

o HHHHHE HHHHHAT T HHHE HTE PR TR PR (HHTHHE) HiH T SRR
T AT T B TR HARAR 3 BT R

o HHHHHE HHHE THHHHE TR I SRR T (HHHHH) THHHE R T
R

FHHHE HHHHE 1 TR HHHHR TR T T TR R TR R
(HHHHH), HHE HHEE HHHH, # R D HH T T R R, 1 3 boot2.

1.5. voor> HHHHHHE

HHHTE HHHHAT THEHHFE, $7 Doot2 HHHHHE HHHHF DootO, HiHE THHE HHHHFL. HIHHHHRA, T ##
S12#HHHE tHH HHHAHHE bootl H#H Hit HHHHHEHHHE [ooot # HiHHE. H H#H HHE HHH HHHHHH
HHHHE 1 HHFHHH. HEHHE HRAHR HHEE TR, DootL HHHHHHE HHE HHHE HHHHE H# bootO #H #
FHHHHHH, 11 THAAHHRH boot2 #HHHE HIFRHEHE.

THHT HHHE THIEHE HERHHHFRH AR H T (bootimbor HHAHHF HiE HIHHE. 11 11 3 HHETRAHAH HH—
FHHHE HEF D000, HHH HHHHTE HHE mibr HEHHT HHHE HEFHHHRE 1 THEH HHH TR TR, HH R SRR
HHHHHE THHTE HHHHHHHFH P TR

HHHTE HIHHE THEHHFHHRA Doot2 HHEHHHHE ##F 5ySInootfi3B6/b00t2/, HHH HHH HIRHHHHHTHE HIHHH
HHE HiE [boot. HHH HHHHH bootO HHE boot2 HHHHE HiHH HHE [boot HiHE HitHE HitHHE Hit HHHH THHHHHHHTHE,
HHHE T HHHEHHHHHE (A T HEAHOREH. HHH TR R #HH bootO ## H#EE #iH H#iH.
FHHE DOOL2 HH T THHT HHTHHHTHHT THE 1 HTTHHHHET AT T HHAH R T
THHHHE THHTE HTHHHHRAHHRHE R, HH TR TR H PR

R HHHHE HHHE TR DOO2 HTE 1 AR FHHE BT Inoot/|oadler, HHHHHRHE HH R HIFRI HEHHRE HH
RS TR SRR HHHE AR 7 000t2 FHRTRIHET T HIHE AR HHH open()
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HHHE read(), HIHHEE THHE THEHHHT T HHR HHHE SRR H TR T HHE TR, TR
THHHHE HHE HHHHHHHIH HHTHHHHRA, HHEE R R oot oader, HHFHH 1HE HIFRHTE THEHHRE HRH
H HHHHE HERHHHRE, THHE HHHE T TR HHTTRHHHR AR TR TR .

FHHHHHH TR, Dot HIFHAHHTT HH T HRAHE 1 R SR T 15 AR R -

HHHTE boot2 FHEHRTHE THE HRTRETH THE THRR T #E

sys/boot/i 386/boot2/Makefile:

boot2.Id: boot2.Idr boot2.bin ${ BTXKERN}

btxld --v --E ${ ORG2} --f bin --b ${BTXKERN} --I boot2.ldr \
--0 {.TARGET} --P 1 boot2.bin

THIH HHHHHHHHT HHHHR HHHH SR () Hi HHH HH HHH HiH THHRHH. 15, HEH
FHIEHRHHE HHE HHHE TR, 17 3 HER T T SRR H R T
FHHHHHHHTRE THAT HHR HRHEHRE, SR TR R, T 1 TR TR i boot2 ## #
FHHE HHHRAH, HH., H AR TREHHR SRR

THHTE SHRTRHE SHRARE THT S HERAT. T ERRATE S SRR TR i TR
HHIHHHHE HHHHH(S) Hit H#1H(L) HH HHHHE HH TR HHHHHE HTHHER TR SR
TR G SRR, T AR T R SRR T S (i 1, S
HHHE AT T TR 15 3 AT 5 THA RERATRT TR 1 SRR i
R .

DOOLO HHHHHHE HHTE HIFHHTHHTHH THE HHHHHE HHHET HHHHL. THHE HHEE SRR AR
HHE THHHHEHHRE TR, T HTHPHHRT TR R TR TR SR
HHHHE HIFHHAH.

o HHEHHHHH HOO HitHE. HiHHE HHHAHE, T THAT 1 # 180 HHEHHHHE. HiHHE HHHA HEHHHHRR T

o HHHHHHHHHE THHHERAAREE HHHHE () T T 5 TR PR T
HHHHHHE Hit HHHE HHEHHHHE A A, $HH R OH30 H#H HH Hi #i #
IR HiHH.

o THAT HHIRAT AR exec T exit, T RIHHHAAT.

sys/lboot/i386/btx/lib/btxsyss:
.set INT_SY S,0x30 # Interrupt number

#

# System call: exit

#

__exit: xorl %eax,%eax #BTX system
int $INT_SYS # call 0x0

#

# System call: exec

#


http://www.FreeBSD.org/cgi/man.cgi?query=btxld&amp;sektion=8
http://www.FreeBSD.org/cgi/man.cgi?query=btxld&amp;sektion=8
http://www.FreeBSD.org/cgi/man.cgi?query=ld&amp;sektion=1

boot2 #HHH#

__exec: movl $0x1,%eax #BTX system
int SINT_SYS # call Ox1

T THIHHHHE # HHHHH TR A ().

sys/boot/i 386/btx/btx/btx.s:
gdt: .word 0x0,0x0,0x0,0x0 # Null entry
.word Oxffff,0x0,0x9a00,0xcf # SEL_SCODE
.word Oxffff,0x0,0x9200,0xcf # SEL_SDATA
.word 0xffff,0x0,0x9a00,0x0 # SEL_RCODE
.word Oxffff,0x0,0x9200,0x0 # SEL_RDATA
.word Oxffff, MEM_USR,0xfa00,0xcf# SEL_UCODE
.word Oxffff, MEM_USR,0xf200,0xcf# SEL_UDATA
.word _TSSLM,MEM_TSS,0x8900,0x0 # SEL_TSS

THHE T HHHHE THHE A HHHHHE B AR B (OHHOO0), i # T
(HHHE_HHHHHTE) HHHHHHE THE HHH T T T, T AR S
HHHHHHHHAH THHHHHHR SHHHHE (THHE) 3, THHHEE HHE HHH THHHHE SR . T
INT Ox30 HHHHHHHHTH HHHHH THHHHRH H 7 THHHHAH TR H T R R
(HHHHHHHHHHE HHHHE) HHHHHHHHE, T THHHHE HHHHE T T HHHE S

mov $SEL_SCODE,%dh # Segment selector
init.2: shr %bx # Handlethisint?

jncinit.3 #No

mov %oax,(%di) # Set handler offset

mov %dh,0x2(%di) # and selector

mov %dl,0x5(%di) # Set P:DPL:type

add $0x4,%ax  # Next handler

THE, HHTHE HIHE HRHH R exec(), T HHHTHE HTHHE THE TR TR T TR
THHHHHE . THHHE TR HHHE I T TR AR HHRAHHRH HHRTE R R, R
THE HHHHE THEHHFE, THHE, THHE, THT HERAHE, T R

DoOt2 HHHHHHHT T HIHHHHHHT HIHFHHRAHE, Sruct bootinfo. #HHE THHHHFHHE #HF HRFHHRAH
HHE DOOt2 HHHHE HHHHHHE HHE HTH HIHHHHE, HHT HHEE THETHPHE HH T R T HRA
THHHE THHHHHRHAHHR HHE TR HH D002, HiHE HHHHE 1HE HHE TR, THEHE TR, HHEH
THHHHE HIFHHHEHRHE, HRAHEH R HHRHHE, HHRAE TR SRR,
THHHHE THHHHET HHT TR HHPH, HHBHRAE SR HRAHPHR, envp HHRHEHE THH. HH
THHHHHHHRAT HiH 1HE HE

Jusrfinclude/machine/bootinfo.h:

struct bootinfo {

u_int32_t bi_version;

u_int32_t bi_kernelname; /* representsachar * */
u_int32_t bi_nfs diskless; /* struct nfs_diskless* */

/* End of fields that are always present. */

#define bi_endcommon bi_n_bios used

u_int32_t bi_n_bios used;

u_int32_t bi_bios geom[N_BIOS GEOM];
u_int32_thi_size;
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u_int8 _t bi_memsizes valid;

u_int8 tbi_bios dev; /* bootdev BIOS unit number */
u_int8_t bi_pad[2];

u_int32_t bi_basemem;

u_int32_t bi_extmem;

u_int32_t bi_symtab; /* struct symtab * */

u_int32_t bi_esymtab; /* struct symtab * */

/* Items below only from advanced bootloader */
u_int32_t bi_kernend; /* end of kernel space */
u_int32_t bi_envp; /* environment */
u_int32_t bi_modulep; /* preloaded modules*/

H

DOOL HHHHEHEH} HHEEEHE HhE HHEHHEHHEEHAE HHEEHHEE THHEEEEEEEER HHiEHE TS HHEEEEEE, HHHHEEH R |Oack(). HEEE HEHHE
FHEHE HHEHE HHHE HEHEE TS, Hit T THEHEHE HE # TR, 1 \ood() THEHE Tt Hith
it HHHE (Toootloader). HHHHHHEHE ino_t lookup(char *filename) ### int xfsreed(ino._t inode, void
*buf, Size t nbyte) HHHE HEHE 1} HHHHE HitH HIHEHES 1 HHHHE HHEHE HHEEHEE. [boot|oader 1} #HE
FHEE HHHEHIE, HHHE THEHIE HHEEH T HHEHH TH HEHHHHEEHE A HHEH H A STUC exec HHEHHEHHIHI.
0ac() HHEEHHHEH HHEHE HHHHEEHHEEEEE) HHEEE HEEHEEEHIEEE, FHEEHHEEEEEE HHHHHE HEEEHHEEHEAE HH Tooot\oadler HHHHEEH: HHEHHIEH,
HHEH THHHHHHE HHHE HHEHEHEHE T THE TR T

sys/boot/i 386/boot2/boot2.c:
__exec((caddr_t)addr, RB_BOOTINFO -| (opts & RBX_MASK),
MAKEBOOTDEYV (dev_maj[dsk.type], 0, dsk.slice, dsk.unit, dsk.part),
0, 0, 0, VTOP(& bootinfo));

1.6. HHHAHHE HHAH

THHHHHT 1H 1 HHE TR T HRAE  HHRE TR SRR 1 R 1HE TR, HRE
 HHHHHHHHHHHHHE HHHHHHEE A T AR, HHHHHH(B) . HitH tHHHARAHHHT -
THHHHE THHTE HHHE TR HERHER TR

FHHT TR HIHRE T R TR 1 HH A T R TR H HARAH H R TR
FHIEHRHE, 1 T HHHH T AR R

sys/boot/common/boot.c:

-/* Call the exec handler from the loader matching the kernel */
module_formats[km->m_|oader]->I_exec(km);

1.7, HRAHE HRAH AR T

THHE HE T H HEHHT HH R TR TR HHRHEE TR HHTRAHE. HHHE T TR TR
THHE HHHHH TR TR HHE P TR R T TR HHHH -
THHHE 11 THIET HHTHAHHRE R R R

sysconf/Makefilei386:
Id --elf --Bdynamic --T -/usr/src/sys/conf/ldscript.i386 --export-dynamic\

11


http://www.FreeBSD.org/cgi/man.cgi?query=loader&amp;sektion=8

I HHHHHR AR

%
|
|
|
|
|
%
|

THHHHHE TR, HHHEHHH A R A rediharring, HEHHEH HE THEHHH-RH
T HHHHHR HHHHE HEHRH, T H A T A syslconf | dscripti386 HHHHHE Hit A R
HHHHT HH TR TR A T THBRAHHHE SRR A SHPRH SR

§
i
§

R, HHHE T A 1 1 1 3 AR A # 0A00000002. #HHH
HHHE THEHHHHE HEHRAHHE SRR

HHHHHE HHHHE T T recover_bootinfo(), identify_cpu(), create pagetables(), HHHHHHE it HHHE
HHHHHHAT 1 ocores. HHHH THE 1 IR #1 THAH B

recover_bootinfo I TR BRI HHHE SRR
HiE B BRI TR B T
IR, B BT T SRR B
BB 3 HIHR T HHE R, R
HERIAE, B HHHE B BT TR AR, T



I | FHAFHHRA AR

HHE T HEHE THFHRAH A SRR
THHHE HIHHHHFHE HHPHHRAH T
HHHE HIHHHHR, HiH TR H#E# struct bootinfo
THHHHHHTHE THHH T A R

identify_cpu R HHHHRR HHIR 1 SRR B
RS B BRI 1, B R B
IR HH # BRRERRR _cpu.

cregte_pagetables TR HRHERRET AT 1 TRA 1T
1 RIHE S AR A (T I 1
THHT IR BIRATHE T

FHHT HHHH HHHHRE HHHE AR 1, 1 T R TR 1

testl $CPUID_VME, R(_cpu_feature)
jz 1if

movl %cr4, %eax

orl $CR4_VME, %eax

movl %eax, %ocrd

R, HEHRAHH HHRR

/* Now enable paging */

movl R(_IdIePTD), %eax

movl %eax,%cr3 /* load ptd addr into mmu */
movl %cr0,%eax /* get control word */

orl $CRO_PE|CRO_PG,%eax /* enable paging */
movl %eax,%cr0 /* and let's page NOW! */

FHHE HHHHE HHHHHE HHHE HH B HHHE HHHH HHHE HHHHE HHE T, HH R HR R
HHE B HEH HRRAH T AR TR SR

pushl $begin  /* jump to high virtualized address */
ret

/* now running relocated at KERNBASE where the system islinked to run */
begin:

HHHE HEHHHHRAE IN3B0() HHF HHEHHRHE HEHHE H HEHHHRE HHE HEE TR R AR
FHHEHHE HHHF i _stantup(). init386 4 HH TR TR HHR R R,
HHE mi_startup() HHE HHE HHHHHHHHHHHHE S S (B T T R
THHHHHHE HEHHHHHHHRE) . HHHE T R R S mi_stertup(), THHE HE HHERER
HHHTE HHHHH HHRAHHRH HHRRE

9y</i386/i386/locore.s:

movl physfree, %oesi

pushl %esi  /* value of first for init386(first) */

call _init386 /* wire 386 chip for unix operation */
call _mi_startup /* autoconfiguration, mountroot etc */
hit /* never returnsto here */

13



init386()

1.7.1. init386()

init386() #H HHHHHHH #H 5<i386/i386/Imachdep.c HHH HIHHHHHTE HHHHHHHH HHHHHHAHHRHH
THHERIRAHE T 1 11380 L. THEE T (T THATTR AL S 1 S e o 1
THHERIRE. T T T TR AT THHE TRATR TR TR, 1 T A AR s
HHE TR, THHEHE SR 19 TR AT, AR (i T TR AR i
THHERTRHHE (1 TR T SRR ST T,

o THHHHFHHHT T TR HERAHR SRR, TR TR R
HHH.

o HEHHEHH HHH HHH.

o THAHHFH HiHE .

o HEHRHHHIE TR AR TR,

o THAHHFHHRHTE HIR T, 1 HH PR R R

o HEFHEHHH B #H.

o THAHHFH HiHE .

o T RO HH.

INIt3B6() HHHHHHHHHHHE THH HIHHHHHE THHHHRATHRH HHEHR SR SRR HE SR

THHE HHHHHHHHHHA THHFRAR (HHHH) HHHE A G paraml(). HHE HHEHH HHTHHHHHE
THHHHHE HHHHE THEHHEE HEH# bootinfo HHHHHHHHT.

9y</i386/i386/machdep.c:
kern_envp = (caddr_t)bootinfo.bi_envp + KERNBASE;

/* Init basic tunables, hz etc */
init_parami();

init_paraml() ## HHHHHHE # syskervsuor_param.c. HHHHE HHEHE HiHE # HHHHH 1HE T,
HHHE HHHHEHHHE, init_param1() # init_param2(), FHEHH HHEE HEEHHEE #EA nit386():
syskern/subr_param.c:

hz=HZ;
TUNABLE_INT_FETCH("kern.hz", & hz);

I <RI AR HHE I HHHE B TR HHHE R R

Jugr/srclsys/syskernd.h:
#define TUNABLE_INT_FETCH(path, var) getenv_int((path), (var))

HHHHHE Kenhz #H HHEE HEHHHE R T R, A R T HH
## init_paraml(); kern.maxswzone, kern.maxbcache, kernmaxtsiz, kerndfldsiz, kenmaxdsz, kemn.dflssiz,
kern.maxssiz, kern.sgrowsiz.
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HHIHHE INIt3B6() HHHHHHHIF HHH HIHHIH HHHHRAHHHH A (). #HHE HiEH # #H #86
THE HHHRAH 1 THAT I TRAHREE R TR, T HR TR T R 7
TR TR TR HHH, TR R, HA HHHHH TR T R 1
FHHT HEHHRHAHHRH FRHTE T T, HH TR HER TR HRRR T HRA R —
THHHE HIHHTE 1 TR R AR B R TRATR T+ T R HARRR,
FHHHHRHAH TR 17 R SRR O #1113 AR AR, HHHARA, T
TR T R AR T T TR (A 1 R
FHE . TR TR A T, 57 T T B TR, B8, PR, TR
T (Hi 1 HHHE THEAHHHE, 1 THHAHE T T 1 R TR, T T TR T
# HEHHAHHHE) . HHHHFAHHHE HHHE SR AR 1D R

9y5/i386/i386/machdep.c:
union descriptor gdtfNGDT * MAXCPU]; /* global descriptor table */

9y5/i386/include/segmentsh:

/*

* Entries in the Global Descriptor Table (GDT)

*/

#define GNULL_SEL 0 /* Null Descriptor */

#define GCODE_SEL 1 /* Kernel Code Descriptor */

#define GDATA_SEL 2 /* Kernel Data Descriptor */

#define GPRIV_SEL 3 /* SMP Per-Processor Private Data*/
#define GPROCO_SEL 4 /* Task state process slot zero and up */
#define GLDT_SEL 5/* LDT -- eventually one per process */
#define GUSERLDT_SEL 6 /* User LDT */

#define GTGATE_SEL 7 /* Process task switch gate */

#define GBIOSLOWMEM_SEL 8 /* BIOS low memory access (must be entry 8) */
#define GPANIC_SEL 9 /* Task state to consider panic from */
#define GBIOSCODE32_SEL 10 /* BIOS interface (32bit Code) */
#define GBIOSCODE16_SEL 11 /* BIOS interface (16bit Code) */
#define GBIOSDATA_SEL 12 /* BIOS interface (Data) */

#define GBIOSUTIL_SEL 13 /* BIOS interface (Utility) */
#define GBIOSARGS_SEL 14 /* BIOS interface (Arguments) */

THHHE HHHH THEHHE THRAHHFH R TR SRR, AR A R
HHE H TS, $H TR T R T HREHHR HH T TR, 15 R
THHHHHHHE HHHE HHH AR T (R ) S 0HO8.

TSR AR T TRAE TRATTR A R 1 AT HHE TR TR .
TR, 1 T 37 S (AT, T SHRARETRT S fE \NT Ox80 IR
TR HHE 1 A TR, (8 B AR TR G 1 1 iR i
R ORBO TH fEfE B, SHRTHTE TRAHHE AT (1 1 AR (R TR 1 f—
THHERRAE, B FERHE TR TR, T RERATE 1 THAT TR AR AE . 1
Tt T # T 256 (O#100) HHEHHHHH. THi THFAHHE HHTHHERHE T
T T, HHHAE I HHE A (2506):

sy</i386/i386/machdep.c:
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static struct gate_descriptor idtO[NIDT];
struct gate_descriptor *idt = &idt0[Q]; /* interrupt descriptor table */

HHHTE THHHE THAHHIHHRE, T THEHRAHHR TR T3 T TR TR INT 0x80
HHE THHH HiE HRAE

9y5/i386/i386/machdep.c:
setidt(0x80, & IDTVEC(int0x80_syscall),
SDT_SYS386TGT, SEL_UPL, GSEL(GCODE_SEL, SEL_KPL));

i HHHR H BRI HHHHRAH S S INT OxB0 FHRHHHHHHRAHE, HHHARE
I HH R XINOXBO_syscall, FHRHHH HHE HH HtH HHHHTHE HHH TR 5
R 1 THEFH TR TR R,

FHHHHFH HHE THAE HHE TR SRR

9y5/i386/i386/machdep.c:
cninit();
[* skipped */
#ifdef DDB
kdb_init();
if (boothowto & RB_KDB)
Debugger("Boot flags requested debugger");
#endif

THHE HHEHE HHHHHE THHRHH 7 HTHHPR HOO HHHHHHHHHE HHH THEHHHHHA, HH 2 R
HHE T HEHHHHRHTE HEHRAHE HREE AR TR TR R TR

THHE BT THHTH R A TR B R TR AT R AT T T . TR
THHETRATHE BHHE TRATRTHEE THT TR 1 (T TR, (A T S AT R TR AT
HHHERE FHRAT T A SR,

Jusrfinclude/machine/ssgmentsh:

#define LSYS5CALLS_SEL 0/* forced by intel BCS */
#define LSY S5SIGR_SEL 1

#define L43BSDCALLS _SEL 2 /* notyet */

#define LUCODE_SEL 3

#define LSOL26CALLS SEL 4 /* Solaris >= 2.6 system call gate */
#define LUDATA_SEL 5

[* separate stack, es,fs,gs sels-?*/

[* #define LPOSIXCALLS_SEL 5*/ /* notyet */

#define LBSDICALLS _SEL 16 /* BSDI system call gate */
#defineNLDT (LBSDICALLS_SEL + 1)

T, HIHHOHH HHHHHAT THEHHHHH HHHRR (Sruct pob) HHEFHHHHAHT HE AR, O
# gtruct proc FHEHHRHTR T THHRATRRT 3 T FRAHRE. 17 T R A
HHHTE TR B AR, AR T THE AT 1 AR

syskern/kern_init.c:
struct proc procO;
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HHHE HIHHHHEHE Sruct pob 11 # HHHHE HE # THEHE THEAHRAHHE. T HHE - luglindudeima:
chine/pch.h #HHE HHH # HHEHHHHIHE HEHHAHHHHHR R 380 HHHRHHHHHERHT, HHH
HHE HHHHHHHRAE HHRAH

1.7.2. mi_startup()

THHHE THHHHHHHE TR H TR R TR T HREH PR SRR
THHT HHHHE HHHFT HHHE HHRAHE TR HRAHE TR R

syskernvinit_main.c:
for (sipp = sysinit; *sipp; sipp++) {

/* -... skipped -... */

/* Call function */

(*((*sipp)->func))((*sipp)->udata);
[* -... skipped -... */
}

FHHHHHHHHE HHE HHHHHH HHER SRR HH TR AR SRR, #
BRI HEH HERAAH A

THIHHH HHHEHH TR T (TR TR SRR T R #
THIHHHH) HHEHE. T HE T T AR B announce HHIFHHHHIHE THIHHHE. HHE HHHEHHH
TR T BRI BT

syskern/init_main.c:
static void
print_caddr_t(void *data__unused)

printf("%s", (char *)data);
}
SYSINIT(announce, SI_SUB_COPYRIGHT, SI_ORDER_FIRST, print_caddr_t, copyright)

HHHE HHHHHHHHE THE HH HHHE HERRA B i (0HOB0000YL), HHHH HitHHH
HHHHHE HHHHE i #HE A i (0HOB00000). ##, HitH HHHHHHHH HERHHAHT HHHH i
THHHHHHE HiHE THHHHE, HRHE R DA SRR

HHHE HiE tHHHE # THEEE THE HHETH TR TR R SYSINIT() . HE HIRHEHRE 17 #
C_SYSINIT() #HHHE. #iHt C_SY SINIT() HHHHHE THHHH THHHHHTH tH H TR Struct sysinit BHEHHEHHE
THHHHHHHAHE HRHE A DATA_SET #HHHHE

Justfinclude/sysikerndl .h:
#define C_SY SINIT (uniquifier, subsystem, order, func, ident) \
static struct sysinit uniquifier ## _sys init = { \ subsystem, \
order, \ func, \ ident \ -}; \ DATA_SET(sysinit_set,uniquifier ##
_Sys init);

#define SY SINIT (uniquifier, subsystem, order, func, ident) \
C_SYSINIT(uniquifier, subsystem, order, \
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mi_startup()

(sysinit_cfunc_t)(sysinit_nfunc_t)func, (void *)ident)

HHHE DATA_SET() HHHHE HHHHHH HE # MAKE_SET(), #HH# HHHE tHHHHE H#i i TR HHEH
FHHT HHE THEHHRAT HHHRATE AR

fusrfindudellinker_set.h:

#define MAKE_SET(set, sym) \

static void const * const __set ##fset## sym_#tsym = &sym; \
__asm(".section -.set." #set -" \"am\""); \

__asm(".long -" #sym); \

__asm(".previous")

#endif

#define TEXT_SET (set, sym) MAKE_SET (set, sym)
#define DATA_SET (set, sym) MAKE_SET((set, sym)

THE HHHE HEHHE, THETE HHRHR HRAHHRHRE R R

static struct sysinit announce_sys init = {
SI_SUB_COPYRIGHT,

SI_ORDER_FIRST,
(sysinit_cfunc_t)(sysinit_nfunc_t) print_caddr_t,
(void *) copyright

I

static void const *const __set_sysinit_set_ sym_announce_sys init =
&announce_sys init;

__asm(".section -.set.sysinit_set" -" \"am\"");

__asm(".long -" -"announce_sys init");

__asm(".previous");

iR AR aom HEHFHRAHHHRR HHEHE HETHRR HH T SRR IR T R
RIS, A R HHRR T HEHRRE SRR TR R TR TR 5
HHHI setsysinit_set. HHHHE BHRHHAHER THE HHHHE TR B 3 S2RHE R, B SRR
I HHH R BRI, TR R H R R R aom 1. #H HHERHE__aam
IR FHEH R B R, HHE 1 TR A HH TR TR
I TR, HHE BRI, 3., HHE 320t R 1 R T i
FHHHHHHE HHHAR, T FEHRHH HHE R 32 R,

THHHHRHE HHHHHHHE THE 1 TR THAHHRE, TR T HEHRH TR SRR 1 TR HHEH
HHHHHRHH

% objdump --h -/kernel

7 -.set.cons_set 00000014 c03164c0 c03164c0 002154c0 2**2
CONTENTS, ALLOC, LOAD, DATA

8 -.set.kbddriver_set 00000010 c03164d4 c03164d4 002154d4 2**2
CONTENTS, ALLOC, LOAD, DATA

9 -.set.scrndr_set 00000024 c03164e4 c03164e4 0021544 2**2
CONTENTS, ALLOC, LOAD, DATA

10 -.set.scterm_set 0000000c c0316508 c0316508 00215508 2**2
CONTENTS, ALLOC, LOAD, DATA

11 -.set.sysctl_set 0000097c c0316514 c0316514 00215514 2**2
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CONTENTS, ALLOC, LOAD, DATA
12 -.set.sysinit_set 00000664 c0316€90 c0316€90 0021590 2**2
CONTENTS, ALLOC, LOAD, DATA

THIHHT HHEHHHE HHHHE I T T THEAE T R HHH HHHAH H OHOO4 HHHHHE,
HH Ox664/sizeof (void *) HHHEHHHHE HEHHRHHHE I FRHHHRAE T HH R TR TR -
FHHHHE A 1 set.oyscl_set FHIFHAHRIHHE TR TR HHHE.

FHE THEHHFH # R T A truct linker_set 5 BHFHHFHTE HHE setsysinit_set HEHHHRE THIEHE
T IHHHRAHRRA BT R SRR

syskern/init_main.c:
extern struct linker_set sysinit_set; -/* XXX */

HHHE struct linker_set # HHHHHHHE HEE HH-HHHAE.

Jusrfincludellinker_set.h:
struct linker_set {
int Is_length;
void *Is_itemg[1]; /* really Is length of them, trailing NULL */
h

FHHTE T HHHE R 1 HHER HH HH R T TR (AR, HH i R
FHHHE HHHHTE HE # AR HHRRTE HH R A R

THHERERE T AT mi_Statup() FRAFRIREHRAT, T 10 THAHE 1 R T, T rRE TR
THHHRRAT BT BHR AT THEHRATR. S mi_startup() THAERAHRRE FERATR HHH T TR TR
THHHE FHIRAT AR B B R R,

Jusrfindlude/syskernel .h:

enum sysinit_sub_id{

SI_SUB_DUMMY = 0x0000000, /* not executed; for linker*/
SI_SUB_DONE = 0x0000001, /* processed*/
SI_SUB_CONSOLE = 0x0800000, /* console*/
SI_SUB_COPYRIGHT = 0x0800001, /* first use of console*/

| SUB_RUN_SCHEDULER = Oxfffffff /* scheduler: no return*/
ki

THHE THHHHHE HHHPHHRAHE SRR THEHAE 1 A 1 A R sysvmivim_gluec, ###
THHE THHHHE HHHRHE TR THAH R 1 schedUler(). HHHHE THEHRHHE T HHETH-HHE HE -
HHIHE HHEHE, HHHE 7 HHHHHRHHHHE H R SR O, 1T tHEHHHHE R, $HH O

THHE HHHHHE HHHH TR, HHEHHHHE NI, HHEHHHHHHE HH T A A it

sygkern/init_main.c:

static void

create _init(const void *udata__unused)
{

int error;
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It credle init() HUHIHHIHE 1 HItE HHHEHIE HIE HEHHEHE oKL, HHEE HHEHE THIE HHHE
FHITHHEHIE, 1HHHE T 1) TS HHIE HHEEHE S 1) T Y T T, 11t
Start_init() HEEHE HE THHHHIE, THHE HHHHEHIE T T 1 NG manc. FHE HHIEHIE 11 1 it
HHHE HHHE init HHEHHEE, THHHHRE (SDinfinit A, 1HEHE Isbinjoinit, /sbirfinitbek, #HHE HHHIEHIHE [send/
sysinsall:




HHHHHHH 2. HIHHHHHHE HHHHE

This chapter is maintained by the FreeBSD SMP Next Generation Project.

FHHHH HHHHRI HHHHHR T R TR T R A T SR -
FHHHE HIFHHHRAHHAHHRA A T R, SRR T TR 1R TR
FHHEHE, T S HHHE HHE HHHHEHE S R 0 TI(O) e, 1
FHHHHFHHTH HHH TR R TR R SRR TR .

2.1, HHAHAHA

B HIHH H1 HFHEHE A T T TR TR TR SRR, # -
THHT HH HRHTE HH HHHHE HH T THEHHRE T 3 TR HH R (AR SRR R
B HIHHH THHH T P R, H R TR TR TR THEHH R
THHHHHH HHHHHE, HEHFHHE T HRAHE R

FHHHHIH T T PR TRAHHHR, TR TR HHH TR 1 TR R R
FHHHRH . HATRHHRARE, HHHE R T R TR AR 1 3. AT
T HHHE 1 HHE THEHHHE H T, HHE H HAHHH(O) H#HHH.

THHHE HIRHR T HHTHEH THEHHRHHT AR

IR FRHT
FHHT HAHHE HH HH B T TR TR TR AR

THHHHHH HHHH
THHT HIHHE HH HIHE TR PR HHE A o init, TR HERHE HETHRAERR 1
THHHHE HHHHHHET T HRAHHRE HRAHHE AR R TR
THHHHHH H 1 HHHHPH R

I
FHHT HEH HHE 1 HHHHR HE T A TR MTX o HEHE. HIR TR i T
THE HHHEHHHHE HE HHHE TR TR ).

MTX_DEF
H HHHHHE HHHHH

MTX_SPIN
H HHETE HHHHHE

MTX_RECURSE
THHHE HIRHE 1 THEHHRH R,


http://www.FreeBSD.org/cgi/man.cgi?query=lockmgr&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=lockmgr&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=mutex&amp;sektion=9

HHHHHRHHHHR

H HHHHE HHE S TR T HETHHH HHETHH T R e -
HHHHHTE. HHHE T T (P, i i fH # i #HEHE #E gructure
name.member name.

THHERHHRT TR A
THEERRHAS T G TR 10 THERREE 1 BT ST 1 AT

AT 2.1 AR

22

THHHHHHHE (| TR | HHHHHHHHH HHHHHHHH
HHHHHHHH
HHHHHE HHHE HHHHHHE A |MTX_SPIN _gmonparam, sdirunqueue, remrun-
MTX_RECURSE | cntv_swtch, queue,  mi_switch,
cp_time, curpriority, | choossproc,  sched-
mix.mtx_blocked, | clock, resetpri-
mtx.mtx_contested, | ority, updatepri,
proc.p_procqg, maybe resched,
proc.p_dpa, cpu_switch,
proc.p_sflag, cpu_throw,
proc.p_stét, need_resched,
proc.p_estcpuy, resched wanted,
proc.p_cpticks dear resched, as
proc.p_pctcpu, ton, adoff, as-
proc.p_wchan, pending, cdcry,
proc.p_wmesg, proc_compare
proc.p_swtime,
proc.p_dptime,
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_rqindex,
proc.p_heldmtx,
proc.p_blocked,
proc.p_mtxname,
proc.p_contested,
proc.p_priority,
proc.p_usipri,
proc.p_nativepri,
proc.p_nice,




BRI 2. THRHHHH HR

HHHHHHH HIHHE | TR AR | HHHE HHHHHHHHAHR TR

proc.p_rtprio, pscnt,
dpque, itqueuehits,
itqueues, rtqueuehits,
rtqueues, - queuebits,
queues, idqueuehits,

idqueues,

switchtime,

switchticks
HHSOHHH HitH | HHHHSOHIHT HHHH#H | MTX_DEF vm86pch vm86_bioscall
HHHHET T MTX_DEF | BEHA B |

MTX_RECURSE | #H#HH#

HHHHHHIE HHH | T | MTX_SPIN cdlfree, calwhed,
MTX_RECURSE | nextsoftcheck,
proc.p_itcdlout,
proc.p_dpcdlout,
oftticks, ticks

2.2, THEHHHT SRR A

FHHHRE THHHE TR A SRR AR S R AR T T 1 e i
# HIHHAHHHE HHHHERE. TR TR T T ().

AT 2.2, HHEGH HHHTRAR AR T

HHHHHHHH HHHHHHEHHH

alproc_lock dlproc zombproc pidhashtbl proc.p list proc.p_hash
nextpid

proctree lock proc.p_children proc.p_sibling

2.3, THHEAHBHHTH AT HHHHH

T TR TR SRR 1 R PR HH B 1 SRR
FHE TR HHHHE. HARH, T HH AR T R TR A R
THHHHHHHIRE HiE HHHHHHHRE D). HHHH THHE HERERRHEE HHE HERRRR T,
TR FHAHR HHHHARHHR HARHR TR T R HH SRR 1
TR HARAHRAT AR

o mtx.mtx_lock
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HHHHHHH 3. HiHHIHHE HHHHH

HHHHHHE HHHHHHHE, T KODJ HHHHHHHHE HiE HHHFHAFHHHHHHE # SRR S T
FHHT HHHHRIHE. HH HH T TR TR 1 HRAHR T TR 15 1 1
THHHHHHE Hit 1HE. THEHE HERHHE TR HE TR T TR HHHRE AR
FHE R HEHAT HH BT HARHR R SRR

3.1, AR AT

HHHHH
H HHHE HH HHET H HHHHE TP 3 T TR

R
THEHERRETRT 3 TR L.

HHHH
FHIET Hi HIRATE HERAHE.

HHHHHRHH
H HHHHHHHE HHE HEHH TR TR,

3.2, HHHHE AR

HHHHE HIHHHE HE THRHRAHR THHHRAHRHR 17 R R SRR R #
THHHHHE 1 HE HHHE THE 1 THEHHRHE HHTRAHRE. TR SRR HHHAH 1 R
THHHHHH THEHHRAHE HHE TR R R TR .

B HHHH HIE TR 17 HEHRA 3 HEHR BRI THAFHRR 7 T HHH R
FHHHH T AR, HHH R 1 R, i SRR fH—
R H B T HRRRHR 7 HHH TR R 1 B HH
R BRI HIHHR HHHE HHHR HHH 17 R R TR B
it HHBHIHT TR TR AR, B R HRRRRE 3 A -
R HH HHHHRR T AR R TR HH TR AR
FHHE BRI HHHTHRHH . HHH SRR TR SR 3 2 SR
FHE HHHHE HHE HHHHR HHE R HHH T TR R HH 7 R T
R THEFHHHA TR R HHR TR $H T R 3 R R H -
R TR TR 1 HHE HHH R SR 1 TR TR TR 33 3 AR
FHE HHHHHE HHHHE T HHTHRRA R TR HH T H H, THAHRR, HHH
R HETHAHHE SR SR T TR HRRRRRR 157 .

T TRAHHRHARAH TR TR 17 AR

object->cache<->class



HEHHIH HHH

3.3 R A

3.3. 1. HHHHHHHHHH

struct kobj_method

3.3.2. HHHHHHHHHE

void kobj_class_compile(kobj_class t cls);

void kobj_class compile_static(kobj_class t cls, kobj_ops t ops);

void kobj_class free(kobj_class t cls);

kobj_t kobj_create(kobj_class t cls, struct malloc_type * mtype, int mflags);
void kobj_init(kobj_t obj, kobj_class t cls);

void kobj_delete(kobj_t obj, struct malloc_type * mtype);

3.3.3. HHHHH

KOBJ_CLASS FIELDS
KOBJ _FIELDS
DEFINE_CLASS(name, methods, size)
KOBIMETHOD(NAME, FUNC)
3.3.4. HHHHHH
<sys/param.h>
<sys/kobj.h>
3.3.5. HHHHTHHHE T TR RS

THHTE THHHHE HHHHE H1 HHHAE TR T 1 TR HHE THEHHRAHE. SRR HH R
THHHHHH HHHHHHAHE H AR S TR R sclsySkern/makeobjopspl #H #HHE HiE HiHE—
THHHHE HHE HIHHRHHE HHHE HHHHE HHHE T R SRR HHE R R
HHHHHE.

HHHHHHE HHHE HHHHRHHE HHE TR HHHRHE P #indude, INTERFACE, CODE,
METHOD, STATICMETHOD, ### DEFAULT.

FHHE tinclude FHRHAHIHHHHE HiHE HHRAT THEHRA H HH TR R 3 R T
FHHHHHHIRS T T

T HHHRAE

#include <sys/foo.h>

B INTERFACE HEFHIHH HH HHHH HiE HHH H SRR SR R S 3 -
FHEEHHE T L S HHHE THE [AEHHEEE ) [ HHEHE S | R 1
FHHEHHEHRS [T ]

IR BRI
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FHRHHHH 3. THERHH HEHRHH

INTERFACE foo;

HHH CODE #HHHHHHHE HHHHHH Hitt TR $HEHHHHERE HHEH TR T,
## CODE{ [whatever] };

HHHE HHHHHEHE

CODE{
struct foo * foo_alloc_null(struct bar *)

{
return NULL;

}
I

FHHE MIETHOD #HHHHHE HHEHEHHHE 1 HHE, HHHE HHHE % METHOD [returntype] [method name]
{ [object [, arguments]] };

HHHE HHHHHHE

METHOD int bar {
struct object *;
struct foo *;

struct bar;

i

HHH DEFAULT HHHHHHHT HHH HHHHE #H# METHOD HHHHHHHE. #HE tHEHHHHE #H## METHOD ##H
HHHHE THE HEHHHHHTE T TR T HHE HHHHHHE. S A #H#H METHOD
[return type] [method name] { [object; [other arguments]] } DEFAULT [default function];

HHHE HHHRHHHE

METHOD int bar {
struct object *;

struct foo *;

int bar;

} DEFAULT foo_hack;

HHH#H STATICMETHOD #HHHHHHHE HH HHHE THHH H#iHE METHOD HHHHHHHE HEHHHHE T HHHHE
T FHHE THE TR IR A S TR R T ST i AR IR i iR —
. THAHRAE STATICMETHOD FHERIHRE #f T AT T SR AT SRR 31 TR
THEHRE TR AT ST (AR AT SRR AT 1 101 3 e s .

THHERE AT BHRR A

sre/sys/kern/bus _if.m
src/sys/kern/device if.m

3.3.0. HHHHHHHE H# HiHHH?

RS HHHHHR TR HIE TR T 1 B BRI 1 TR 1 BRI HEERHRT 3 e,
T T DR, HHE B HH T BRI B TR TR BT TR
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HHRHHHHH #H B

HHHE THHHE. THE TR HEHE HEHAEE HHEE R DEFINE_CLASS(). ## HHIHHHE HHH HHHHHH
THHHHE HHTHHHE T TR T I 3 R HH 1 R, HHE TR
HHHHHE THHE T HEFHEHHT A A7 KOBIMETHOD().

T HHHRAE

DEFINE_CLASS(fooclass, foomethods, sizeof (struct foodata));

kobj_method_t foomethods[] = {
KOBJIJMETHOD(bar_doo, foo_doo),
KOBIMETHOD (bar_foo, foo_foo),
{ NULL, NULL}

h

HHHE HHHHHE THEHE T TR, T 1 T T i
HHHHE HH FHEHH HHE TR ST T T, T
HHHHE HE HE S SR T T T 1 SRR # sruct kobj_ops #HETE HHEHHHE
kobj_class compile dtatic(); HHHEHHHHHHE, kobj_dass compile() HHHHHE Hit HitHE.

3.3.7. HAHHHARHAT T HHHR

THHTE HHTHIT HHHE T TR TR R TR HH R TR TR HHR A
THHHHE HHHHHHTHE HHTHRH TR TR TR 1 HEHE HHEHE T SRR HH TR
THHHHFHTHAHE THIHE HERHE HRAE HHE THEHRHTHE HH SRR HRAHHPH TR R HH o _init()
THE HHE HHHHE I T, TR, R T T obj_create() # HIHHHHHHTE TR HiHE—
THHHHHHE THHE TR P H TR TR SRR Kobi_init() #HHE THHHE HHE HHHEH
THE THHHHHT HHH THEHH THEHE HE TR T

T HHFHHATRH HE T B HHR T HHART HH TR HHRAT HHR R,

R IR

struct foo_data {
KOBJ FIELDS;
foo_foo;

foo_bar;

h

3.3.8. HHHHHHHT HHHHH

HHHE HHHH HHHE T HHHHE TR HH HHE R R T TR R 3
FHHIHHHE HETHIHT HHIHHE TR SRR TR, TR HH R T HR T -
FHHHH HHHHE T HHH TR A TR 1 TR BRI HHHH AR
THE HHHHHAHHHHHR HHHR F AR TR HRHR TR HIH, 3 1 HH HH

THHTE THHHHHHE, T THAHHPHRE P HRE A HH HHHR TR TR TR TR T
HHHHHE 1

[return value = -] FOO_BAR(object [, other parameters));
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FHRHHHH 3. THERHH HEHRHH

3.3.. HHHHHHHHE HH

HHIHE HHE HEHHAHE HEHHRRAHH A KObj_create() HH HE HHHHHH HIHHHAHE kobi_delete() #H HH
I H HH, HIHE HEHE 3 TR 1 A BRI R TR Kobi_dlass free() HHHH ## HEHHIHH
HH H
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HHHA A, B AT TRAARRHERT

Evan Sarmiento

<evms@cs.bu.edu>

FHHHHFH THEHHRE 100t HiE H HIHHHHE, HE THEHH THEHE TR THEHHRA T HHRER .
T TR THETE THET AT TR SR R TR 1 voct, 111 HHRTHAT 1HE R
THHTE HHHHHHT TR T T TR, THEHHRAHHR, T HE R TR R
secure levels, FHRFHEHRAE, THHTRATRT THEATRART FHEHHHRE THE SRR T S 4.0 fi -
THHHE, HH H HHHHHHHE HHEHHHE THHE(B). HHHH HHTHHHHHE HHE HHEHHHHHR R T
TR T SR B T BT T (i SR, S T,
FHHHHFH TR TR TR AR TR TR, TR TR R R,
THEHERRA B TR 1 R TR TR AR

THEHR HiE TR HHE T HRHR R R R R SR
I HRHFHHE TR B HHHHRE, HHAH, T HHHRRT SRR TR, TR 3 T -
FHHHHH HHHHRT 100t HHHFHHR FHEE HHTHE, 11 15 HHHE 5 HHRAERH, R T R
FHEHE HHHHHE T THEHHHE T T S (HHHHH THEE) 1 TR T S —
FHIHE HF T HH 3 T TR HHE TR TR 7 TR

A1, THHRAHAHAA

THHHE T HHE HHHE TR T T SR, $HHH(S), HHH HHH HEHE -
THHHHHE HHHHHHE THHE HHHHH HHHE T 2) HREHH HEHE T T #
THHHE HH T HHH R THAHHRH T R TR TR R
HHHE HHHHHHE.

4.1 1. HiHHHHHHE HHH

FHHTE TR HHH HHE TR HHHH TR uaisclus shinvjall, FHHHRHRE 1
HHHHE, jall.c. T HHFHHHHE TR HRAH R TR TR 1 R A, SRR, 7
FHHHHRH, T HIHE TR 1 TR

A 111 FHE IR AT

it il c, THET THATRT SHHEE I S R T R AT 1 1 R R
struct jail j; HHHHHE HiHE HHEHH-H# #H-# Juslindudesysjal.h,

R THEFHHHHRR 17 33 [a| SRR A

Justfincludelsysijail.h:


mailto:evms@cs.bu.edu
http://www.FreeBSD.org/cgi/man.cgi?query=jail&amp;sektion=8
http://www.FreeBSD.org/doc/en_US.ISO8859-1/books/handbook/jails.html
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http://www.FreeBSD.org/cgi/man.cgi?query=jail&amp;sektion=2

THE HHHE HHH HHH, HHHHHE HH T THHE HHEHE T THHERAR R R T HHHE(8)

%
i
|
-
|
|
i
|

THHE HH HHH HHHHHHHHE T T THHH(B) HHHHHHHE 1 HH HH HHHHHHE S
THEHE HHH Hi HHHHHHH THHHE THHE T () HHHHHHHHHHE HHE 1 T
THHE THHHE HHHHE HHHHH HHEE HHHHE AR | (ol THEHEEH).

HHAHH H7 #HH Al U 1 S S T S S S S i
THHHHHHH 1HE HHHE (D) 1 HHHHHHHHHHE THHHE T S R (3).
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I A. 11 TR R

HHE T HHH HHHE, HHE [a() HHEHHHRR HE A, T HH R 3 T o R
THIHHHE HHH HHEHE HHHHHE T TR T 3 TR, HTHHRR, #HH HH—
THHE HHH HHHHHARE HHE AR, # T TR fHHE A R SR
HHt .

4.1.2. HiHHHH HHHH

THE HHHEE T THE TR HH A lussclsyskervken jail.c. #HHHE HHE HiHE HEHHE THEHHTE HHH
HHHHE(2) HHHHHH HHHH, HHHHHHHHHHE HHHHHHE, HHH T S T,

4.1.2.1. HHHHHAH

HH kern jail.c, HHHH HHHHHHHHE HHHHEHAE i HEHHHRE
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I HHHHH

FHHHE 1 HHHE I HHH HEHE HHHEHE 10 HEHHE T HHHEAEAEEE HHEE HEHHH O) HEAHHH.
FHHHHEHHH HH HHHE, HHH HHHHHE TS T S 1 ) SO
FHHH, T HHHHE 1 TS S HHHHS 4 seourity jail s2_hostname allowed.,

4.1.2.2. HHHH(D) HitttttH 1ttt

FHHHE HH T THHHHEE, T HH(D) HHE HHHHE T 1 HHEHHER, Sruct threed *td
FHHE STUCtjail_args™Uap. o #EHE # HEEEHHHHHIR HHEE HEEEHE el HELEHHHHHHEIEIEH HEHHE HHEEHEAHHAE HEAEH HEAH
FHHE HHEHHHEE, HHE HE HHEHHE, ap HHHE H HEUCHEHHE: FHF HHEEHE HHHEEEEAEH HE0F AR 1) A
FHE HHHE ol HHHHH THEHH 1 S HHHHEE ol C HHE HHHHH, HHHHE 1 HHH
FHHE HEHHE HHEHE HHEHHHHE, HHE HHEE TN HHE (D) HHEEHEHHHE HEAEHHHE HEAEHE A # i
FHHHHEHHE 1 HH T,

Just/src/syskern/kern_jall.c:

/*

* struct jail_args{

* struct jail *jail;

* -

_} ;

*/

int
jail(struct thread *td, struct jail_args * uap)

IR, Vap->jal THAET THE BIRAT 1 AR T ja| AERAHTHETE TREHT THAT R 1 1
TR T L, S THAHE T AR AT Al TR T AR i f—
T HHH THEHHHHH(O) HHEHHHHHE. THEAHH(O) HHIHHH T HHHERHHHHE R
TR TR 31 1 T (AT TR THETRIEE AT, uep->{all, THEHRT THE RIRAHE 111, | 11 11
T B THAT SRR BT ja) SRR AEREE HHE uap->jal B THEHREE S IR
HHHERE THAT THE AT T T o) fERAHTT, |,

Jusr/sre/syskernvkern_jall.c:
error = copyin(uap->jail, &j, sizeof(j));

THHHHE HiE HHHHEH HHHRAHHEH R TR 19 a0, #17 HH 15 prison HHEHHRHTHE.
FHHE prison HHHHHHHFH HE T THHRAHHPH SR AR SRR SR SR
HHHHE H1F HHAE prison HEHFHHHH.

Jusfinclude/sysijal.h:

struct prison {
LIST_ENTRY (prison) pr_list; -/* (a) al prisons*/
int pr_id; -[* (c) prisonid */
int pr_ref; -/* (p) refcount */
char pr_path MAXPATHLEN]; -/* (c) chroot path */
struct vnode *pr_root; -/* (c) vnodetordir */
char pr_hostfMAXHOSTNAMELEN];  -/* (p) jail hostname*/
u_int32_t pr_ip; -/* (c) ip addr host */
void *pr_linux; -/* (p) linux abi */
int pr_securelevel; -/* (p) securelevel */
struct task  pr_task; -/* (d) destroy task */
struct mtx  pr_mtx;
void **pr_dlots; -/* (p) additional data*/
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I A. 11 TR R

&

T HHHAH(2) THEHHHE HHHHE HHHHE HHHPRHH A T picon THHAHHHHEE #HE #HHPRH
FHIEHE FHRAHAR H jal $17 prison HERAHRHEE.

Jus/src/syskernkern_jall.c:
MALLOC(pr, struct prison *, sizeof(*pr), M_PRISON, M_WAITOK -| M_ZERO);

error = copyinstr(j.path, & pr->pr_path, sizeof(pr->pr_path), 0);
if (error)
goto e _killmtx;

error = copyinstr(j.hostname, & pr->pr_host, sizeof(pr->pr_host), 0);
if (error)

goto e_dropvnref;
pr->pr_ip = j.ip_number;

HHHHE, HiE HHHE HEHHAHH HHHHHEE THEAHHHHR THEAHHE T R (2), H#iHH #H—
FHHHHHH T HHRHHRE 1 TR HHR A

Jus/sre/syskernkern_jall.c:
/*
* gtruct jail_attach_args {
* intjid;
i
*/
int
jail_attach(struct thread *td, struct jail_attach_args * uap)

FHHHE HHHHHT T HHREE TR THEHHRAE THAH R AR 1 TR SRR T
THIHHH HHHHHHHH HHHHE. 7 SR T T R 2) HH T T, HHHRH -
FHHHHH R 1 R

HHETHERATRT, T TAHHHT AT AR B TR AT 1 thread SHHEHRAT, #HRHH
THIAE THHHHHRAT THHE AR THE THHRAT proc AT, THHE 1R TR 1 S —
HHHHHE HHE HHE thread HHHE proc HHEHHHHEHE T luslindude/sysproc.h. #HE HEHHHHHE, HHE ( S
THIHE T 1S T THATE T HRAHHET 8 R 1 TR A thread THAHH—
HHIAHE, 1HE HHEEAE THRATE. T _proc THERHT 1HE #HH thread TRIEERIRATE THEERAT 15 W 17
T AT 1 proc THFAHHRAT THHRA THATHREHHHAT THHE A 1 A i
THIHHHHE HHRAHHRAT . 3 proc THETRATRIAT AT THHRATHT T s
HHHE AT A (p_ucred), #H7E HHFAHHHT BHFHHRAE HEH (0 limit), #HEE 1HE . 1A
Ucred HHFHHHAHT HEAH 1 p_ucred THEHRHHTE THE $H proc THEHRATHIAL, HHEHEE 1HE 1 AT
HH HHHE prison B (Cr_prison).

Jusrfindlude/sys/proc.h:
struct thread {

struct proc *td_proc;
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HHE Kem jail.c, HHRE HEHHHE [G1() HEHE T SR ja| attach() HHHE H# HIEEE jid. HEH
ail_attach() HHHEHHE HHEHEHHHE chonge TOOK() H HHHHEE HHHE HHHIE HHEEHHHI 0 0 T
I T [l attach() FHHHE HHEHHIE H HHE UCred HHEEHHI, HHHE T B
HH HHEHHEE UCredl HHHHEHHS 1 HHEHS HEHHH HH 1 S Y
A HEAEHE Dricon HHEEHEHEHHHEERE HEE FHEEEE el HHEEHEEEHHHAER, HHAEHEHS HEAEHHHE HEH A A HAHE
FHE HHHHEHHE 1 T HHHHE T HHHS T [alec) T HHHH 1 1 A
FHHHE HHE HHE HEHHHE Cred HHEHEHHHHHI HHE 1A HHEHS HHHE HHEE | 10 O
FHH} HHEHHHHEHE 1 HHHH S I 1 S HEH HHE T EHHH 1O
FHHHHHHE HE S FHHHE FHHHHE, THE FHHE HHEHHAEE HHEEEEAEHE HEAEHEHE HEAEHEHH(S) , 00 AR R
FHHHH(2) HHH HEAEHEHE, HEAEEERE 1 AR A HHEEEEEAEAEH AR D) , 10 A
HHHHE HHHHHE 1 TR Ucred HHEHEHHHE, HHHEHHE 1 1 T uored
.
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I A. 11 TR R

newcred->cr_prison = pr;
p->p_ucred = newcred;

HHHHE # HHHHHHHE HH HHHERAE THHHE T S, T T (2) HHHHH i -
HHE crhold() H#F FHEHHHHHE HHE THATHAHHRAE HHRE HHHE P HHPH SHHRAR. # HHHRH—
THE HHHHE HHE HHHHE HRHHHE P TR THEHHRAHA HHAE R AR, 1
FHHHHE THEHHFH H TR R

Jusr/sre/syslkern/kern_fork.c:
p2->p_ucred = crhold(td->td_ucred);

td2->td_ucred = crhold(p2->p_ucred);

4.2, HHHHHHHHHHAH

FHHFHHHRA T BIREHH R R R TR R AR
RIS . BHRAHH, TR R T R R R TR 3 R,
HHHE T 1, HHHHRRR 15 TR TR TR

if (jailed(td->td_ucred))
return (EPERM);

A4.2.1. HiHH

FHHHHHE 1 HHHHE 45 HEAELEAEHE O FHAELELEEEAEEHSS, FHAMEELEIEAEEEEHE A HEEEHEEE A HEAEHEHHE MM HHEEHHHY
FHHHHHH} S HHHHE HHHE 5 D, HHE HHEHHHME (A A HEAEHHEE A M, HHAHH(3),
HHHHHHH(3), HHHHHH(3) HHH HHHHH 3). HHEHHHHHE, H HHHHHE Y T HHHHE S
FHHHHHHE T T HHHHE B 1HAEHE FHF FHEELEIEHE 00 AELCLEEEEHSE AR HEEEEEHHAAEE HH0F AR HHHEHE 11
HHHHHHS A 1AM security Jail SySvipe. allowed, HEH HHHHEHEH, HHHHE S 110 HHHEHE 400 O B4 #11
FHHHE A L, HE0E HHHHEEE HHEHHHHA HHHE A S A HHE A 5 S, HEEHEHHH S
FHHHHE 4 S S 540 FHEEEEHE HEHE S FHAELEIEAEAEHEEHE MM HEAEEE A S
HHHHE HHHHES HHHHME 1 S HHEEEE 4 HELEHEHEEHE 00 ALY HEAEHE HHEEHEAE HEAELEHE Y
B S T

Jusr/srclsysikern/sysv_msg.c

o msgget(key, MSOflQ): MSqget HHHHHHEE (HHH HHHHHEHHE HHEHHD) H HHHHE HHE Y
FHHHEHEHHHE 1 HHHHE T T 1 S S,

o msgcti(msgid, cmd, buf): HHEHHE HHEH HHHHEHEHE, # THEHHHAT T TR TR
IR AL,

o msgsnd(msgid, msgp, msgsz, msoflg): msgsnd T # HEHHEHEE i TR
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B

e msgrev(msgid, msgp, msgsz, msgtyp, msgflQ): # HHEHEHE HHHHHHHHE HEHHEHHE THEHH HHHHE -
HHHHE

HHE HHHHHE HHE HHHE HHHHHHE ST T HHE TR SRR, T -
HHHHHHHHE
Jugr/srclsyslkern/sysvy_msg.c:

if (‘jail_sysvipc_allowed & & jailed(td->td_ucred))
return (ENOSY S);

HHHHHHHHHHHHE S HHHHHE THHHHE HHHHHHHHE 1 HHHHMM S 11 AEAEAEAEEE AR
B HHHHHHHHE S 1 1 T 1 S, T S
HHHHHHHE 1 1) HHHHHHHHHE T T, T, HHHHHHHE HHHHHHHE 1 1
T HHHHHHE P T A AL 1 AR, RN D), HHHHHH(2)
B ().

Jusr/src/syshkern/sysv_sem.c:

* semctl(semid, semnum, cmd, ...): Semctl #HEHHE HHH HEFHHHIHERE cod HHE THEE HHTHEHHHIAT HEHRE -
HHHHHHHE HHE semid.

o semget(key, nsems, flag): semget HEHHHHHE HH HEHHHH THE TR, HHHH H key.
key and flag take on the same meaning asthey do in msgget.

* semop(samid, array, nops): semop HHHHHHHHE #H HIHHH Hif HHHHHHH HTHHHTHTE HH arey, #H
HHIH HiHE Hit HIHHHHHTHT SR emid.

HHHE H A A HEAEEE FHEEEEEEEEAEAEAEEE MM MMM, MMM T S
R T T 1 T THHHHE T T T A HEAEEEY
HHHH A A S EOEOEOEOEHE H O R S, HEOEHEOEHE HH A
HHHHHHHHHE HHHHHHE 1 HHHHHHE S, (D), 1 D), HHHHHHH(D) #Hith i 2).

Jusr/sc/syskern/sysv_shm.c:

o shmcti(shmid, cmd, buf): shmctl #HHHE HEHHHIE THEHHRHE AR HHE TR R
THHHHHE TR H## shmid,

o Shget(key, Sze, flag); Shget FHHHHHEHE 1 HHEHHHE H HHHHE HHHH T HHE Sze R,

* shmat(shmid, addr, flag): shmat H#HHHEHHHHE H THEHHHE HEHPHH HRAEE HEPRAR H shmid #7
HHHE HHHHHHE TR T 3 TR

o shwdt(addr): shmclt HHEFHHHIF HHHE HERHHHE TREFHR HHERE AR TR A adar.

4.2.2. HiHtHHHHH?
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I A. 11 TR R

FHHHE T T TR 2) T HHHHE fHH TR AT T T
T 1 HHEHHHHE SR, 1 TR R SR R SR R
HHE HHEHHETE, THE THETHHTE HHHTHEHE HHE T Hi HHHE T security jail.socket_unixiproute_only £ #H.
T HHHE, FHHHEHEE HHE TR R HHE R $HE TR PR
PF_LOCAL, PF_INET ## PF_ROUTE. tHHHHHHHHE, HH HHHHHHHE HHE HHEHH.

Jus/sre/syslkern/uipc_socket.c:

int

socreate(int dom, struct socket **aso, int type, int proto,
struct ucred *cred, struct thread * td)

{
struct protosw *prp;

if (jailed(cred) & & jail_socket_unixiproute only &&
prp->pr_domain->dom_family -!= PF_LOCAL &&
prp->pr_domain->dom_family -!= PF_INET &&
prp->pr_domain->dom_family -!= PF_ROUTE) {
return (EPROTONOSUPPORT);

-}

A.2.3. HHHHHHFH TR TR

THHE HHFHRHAE HHHRH THEHRE AR TR 17 HHHE T IR H
THHHHHHHE HAHHHHHHHHE SHHHHHHE. HHHE 1 HHHE SRR R () HHHHHH i
FHHE HHE HEHHE HHE 1 R SRR

4.2 4. HHHHHHHT

THE T HIHE TR T HHR HRTE HHRE TR HHRHH TR 2. HHHRE TR R SR —
FHIEHHE HAHHHATE TR TR HE T HIE TREHHRAT 1 HHHR SRR TR SR -
FHHEHHE HiE 1 HHHA AR HHHH TR nam HERHEHRA 17 3. nam #iF 3 HEHRARE H#
# sockaddr HHHHHHAHHIH, HIFHHRE THRHHRAHHE R TR HH TR R #
FHHEHE HEHHHH HATRHHHRA i HRAE sockaddr A 7 T 1 HERHTRE T AR
THHTE TR B R HRRA SR PR 7 SRR in_pcbbind_setup),
Sin #H # FHEHHRAT HH H sockaddr_in B, HERHH TR HHE HRAE, TRAHHR, TR
THHT FHRHAHHE HHTHH T HH TR TR 5 7 10 TR AR, HHR R
THHTE TR HHRE AR T T HH TR T TR TR R i R
THE HHHE HIRATE HH HRHEE R TR SRR R

Jusr/sre/sysinetinet/in_peb.c:

int

in_pcbbind_setup(struct inpcb *inp, struct sockaddr *nam, in_addr_t *laddrp,
u_short *Iportp, struct ucred * cred)

{
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HHHE THHHTH HH A R AR prison_ip() #HHH#. prison_ip() #H HHHEHE HEH] -
HHHHHE, 1 HHHHHHH H HHHE T (R oed), #HH HEHH, 5 -
HHRHE. HH BHARAAR | 5 AR 1A HH TR 0 T T 1 Q 1R
HHE HHHE HIHH THEE HHTH THAE T, 7 T TR T TR THEE TR 1
HHHHE, HiHE HHPHHHHE R HH T SRR,




4.2.5. HiHHHHHHHTH

FHHHE 10Ot HHHFHT HHTHHHHE HIHE THEHE HHE THEE R THEH 1 TR TR HHR TR,
THHHE HEF HRHEHAH, HHHHHHRAHE, HHE TRAHRHRA TR, T THEHHRAHR
HHHHHE #HAE O,
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HHHAHHE 5. FHHH THAAAAAT
T

R T HIHE B HHE 1 HHH HHH T R R TR T
THIHHHHHHHE THEHE HH HHE SRR HHHRRAHHHRRHT T SRR TR SR
RS HHHRH B 1 SRR, T HRHRR, AR, HHT R i
THIHHHHE HIHHE THHAT HHETHE HHHE HTHHEHE HE T HH AT T R SR
it HHHH 1 BRI HHRR SRR B B R HH .
THIHH HHHHHE HHHHE THEHHHE THRAHH SHHARH, R A KLD'S, ## £ tHHEHHHHAHH
R, TR, HHHE HHAHHRRAE T R HHHE TR TR HHHH HHH HHH
THIHHHHE HHE HHHHRHE THHRHHH. HHHHE T THERHHHHERHHE THEHH 1A SRR TR
R HEHH.

S.1. HAHHEHHEHAT

IR A1
T IHHHRAT BRATR 115 S A A TR THHHRAHHRET R i
TR AR S TR SR AR SRR A AR
HHHHE 1 BT

5.2, IR TR

THERTHET THERTRAT 1T AT TR T T AT 1 T TRATE AT TR 1 i —
THEERE AR AT SR AT 1 AR B (i et 1 i ais i1 f 1
THHERTHATHR AT S R T ST AT TR 7 THATRHT T AR AR e I
THHHE RIRE HHERAH BIRET 1T HHETRAE B R T AR AT ST A
THEERE, SRR, THET 1 HRATRE 10 T TR 1 AT T R TR .

I R . HETRAAHRR B TR S SRR H SRR,
I HEHHAAH B R 5 BRI B TR A B R H—

T HHE HEHHRAH. TR HHHRAH TR R 3 <syskemel.n> #H HHH HEHHE #HIHH
sysinit_sub_idl. HHH HHHHRH HERIHHH HHHHE T TR SRR TR HIHE R,
R HHHHHHH HHHHRHH AR TR HHH 3 <syskernel ho> #H#E HHH TR 1

sysinit_eem_order.

R T HHRRE HHE R B DR TR TR B GRRT e —
TR R SRR B, HHH HHARRR BRIt TR TR B -
R TR BRI, HHRH R HR HHE TR HHRR R 3 -
R TR SRR, HHE HHARR B B HERRR R SRR s
R HH BT $HH HHHE TR TR BRI HH R BT



R HHHR

FHHHE SYSINIT() HEEHHHHE, T HHHHS T HH HHHE HAEH T HHHHS 10
FHHHEHH} HHEEHE HHH DRIVER MODULE() #H HHEHHH 1 HHEHHH HHH HHHH R
FHHHE HHHE, T T S I T HHHE, 10 HHHE 1 HEOEH A
FHHH 1 S B HEEEEEHE SV SINIT() HHEHHEEEIEH, S HHEHHHH I S HH et
FHHHE 1 H 1 RS, #45% DEV_MODULE().

O.3. HHHIHE HiHHHHT
5.3.1. HittHHH

5.3.1.1.

<sys/kernel.h>

5.3.1.2. #HHHH

SY SINIT (uniquifier, subsystem, order, func, ident)
SY SUNINIT (uniquifier, subsystem, order, func, ident)

5.3.2. HHHHHHHE

FHHE SY SINIT() HHAHHH THEHHRAT HHE HRAHHRA SRR TR SRR AR
FHHE HiHE TR T TR TR R 3 AR HH AR SRR (R
. SYSINIT() HHHHE 1 HHRHHHRA HHHE SRR TR 17 TR T R
FHHHHRHAH H#1 HRA, THEE T R T T R TR HH HHRHRA HHH A
FHHHHHHT TR HAHRA.

HiHHHHHE O. ). HHHHHHHE HE # svsnimg

#include <sys/kernel.h>

void foo_null(void *unused)

{

}
SYSINIT(foo, SI_SUB_FOO, S|_ORDER_FOO, foo_null, NULL);

foo_doo();

struct foo foo_voodoo = {
FOO_VOODOO;

}

void foo_arg(void * vdata)

{
struct foo *foo = (struct foo *)vdata;
foo_data(foo);




I D, #HI TR SRR

}
SYSINIT(bar, SI_SUB_FOO, SI_ORDER_FOO, foo_arg, &foo_voodoo);

HHH S SUB FOO ### S_ORDER FOO #HHH: ## ## ## ## sysnitsbid ###
SYSINVC e Orcler HHHHHH HHHE HEUEHHHHHHHEHEAEN HEHHHE. HHEELEEEIHE HHHE HHEEEAEH HHAAEAE HEHE HEAEHE HEHH T
HHE H . I T T T T T T T T T
FHHE HH HH S T 1 HEHHH S HHHHS 10 HEOEHE A A HHEE T
HHHHHHH) I 1 HHHS HHH) S

R 5.2, ST 1 SRR svan o AR

static void
mptable_register(void *dummy __unused)
{

apic_register_enumerator(& mptable_enumerator);

}

SYSINIT(mptable_register, SI_SUB_TUNABLES-- 1, SI_ORDER_FIRST,
mptable_register, NULL);

5.3.3. A

HHHE SYSUNINIT() HEHHHE HHEHHHHE HEHRRAHHHE A SY SINIT() HHHEHHHE HEHHAHT A HE A
HHHE THEFHHHH HETHE B BRI SRR HRHH 3.

HHHEHH 5.3, HHHHHHHE #H# # svsuniniT

#include <sys/kernel.h>
void foo_cleanup(void * unused)

foo_kill();

}
SY SUNINIT (foobar, SI_SUB_FOO, SI_ORDER_FOO, foo_cleanup, NULL);

struct foo_stack foo_stack = {
FOO_STACK_VOODOO;

}
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HHHHHHH ©. HiHH HHHHHHHHHHT HH
T

Chris Costello and Robert Watson.

6.1, FHHAR AR TR

THIHHE HARHHHRARA HH SRR R T SRR TR HHE R R
THE HHHHHTR R B T R AR SRR, 3 SR —
THE HHEHHHHHE HHHHHHER $HE SR HHHRRRRRR, HHE THERR HERRHIRR R T
H#OB001HOLHH#HB035 (HHHHHHHT), Hit HHHHE 1HE HitH HHHH THHHHE HHHHHHHHE S,

THHHHHHHHHHHHHTH HHH HHHEHHETHEHHHE (HHHH ) HH PR S (HH, HHH,
HHHE, HHHHHHHHHHE, T HHH THE THARE) TR T TR S, T AT
THHHHHHT THIEHE HHE TR PR R

1. HHERHAHHHHHHHHHE HEHHHHHHE THHHE (T TR HHHHE
RS, T HHHH HE TR HR i R TR 7
IR 1 TR TR TR

2. HHHHHHHHHHHHHH THE HHHHHHHH T (HRARHHHHHHE T 5, ST
i, HHHHERAAH, HHE HHH AR HERARAE) T AR R R
THHHEHE, HHHT HHTHE THE THEHHRHHBT T TR TP 15 R -
HEHHHE HHHHHH HHHAH THHHRRAR AR THHHE

HHHHHHHAHE

A HIRAT THITHATRARAT THE TR # 7HE BHm e i amim
FHRATHHTRT, G THHE T 1 AT 15T THHH T S —
HIRAT, HIRAHHRAT, T A AR 1, T TR A
i HETRATHEHRATT THHE THATRIHET (R 1 SR I
FHRETHERATTRGAT. 701 T T R R et i —
RS, T 17 IHHTRAT 1 (T TR, THRATR, i,
HHHHHHHHE, HHHHHHHHHE, HH TR T (HHTHHET,
FRE BT THE, TR ATHRE A SRR AT T 15 i,
HHHHE 1 HHHE, THHHE, T HHHHHHHE, T ) #i -
HERHT THERARE FHRE T TR THTRET TH SRR, HHEHRAT 1 -
HHHHE, HHHHI HTHHRHHHHE, T (R SRR




HHIHHR

HHHHHHHHHE) HHHHEHHE H HHH HHEE THHE HH HHHE THHE A S
HHHHITHE, HIRHTE HIE HERHHHRE HHE T THEHHRAHHA R R

6.2, WA

FHHHHHH THAHHRH HHHHRARAR SRR TR SRR R S R
FHHHHHHT, 11 HHH HH 1 TR R TR AR, -
FHHHHE HHHH HHHRAT. T T R T AR R R TR,
FHHHHHRHHHIT HAH THEHHRA TR 1 17 R SRR TR fR R,
HHE HHHE, HH THAHR HHRHHHRA T AR TR SRR TR AR
FHHHHHHE 1 T 1 TR 1 TR TR R HARHR, TRAHHRR 5
THHHHHHE HHE TR HHH HHHHHHEHE THHHHHE (HHHH R ) -
HHE HHHFHAT HHHHR.

HHHHE HIRHHHIT HHTHRHHRAH HHE T HRAH TR TR HHRHREE SRR
THHE H HHTHHAHE HHE TR R

6.3, HIRHHERTAT

THHTE HHTHHHHHHAHE HHE THEHHRHEHE THEHRA H R H R SRR
THHHHFHT THEHHFHHHE T TR HHHHRHHE SRR R HHH TR R
HHE THEHHHHHHFH HE HHHRHE R HHHE TR T R TR, T SRR R
THHHHFHE HH HHRHHHEE, TR HRAHHET T TR, T TR TR
H HHHHHHH T TR HHRHHE SRR AR TR TR R,
THHHHHHTH THEHHHRHE HHHE HHRAHHRH T AR SRR R -
THHHE HIFHIHE. HERHE R THE TR HHHPHR A SRR

IR TR BRI AR BRI HH AR R -
R, H HHHHR T HHTHHRR B HH R HHRR AR, B HHAH T
RS R TR TR HHHRR TR R HHRRRT 1 T .

O.4. THHEHHT AR

HHHHHHHHH THHHRH THHHERAE (), HHEFRE T 1 HHHE R AT T
RS HHTFRRRH B 1 HHR 3 HHT (R TR HHE BRI 3
HHHHHHHHAH HHHHT HHHHHHHHHHHRR T T (HH) HHHHRARAR, $H R
THHHHHHHAHHHHHHT HHHHEE HHHE (HH T ) T SR, 1 S
R HREHE BRI, FH BRI SR GRH R T TR St
R, T BRI BRI B PR R PR, R —
R T TR H TR 1 HHH HHHRRERIT HHE R HRRR HH R
R PRI HHE BRI HHARRR, HAHR TR R
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I O. HHH TR HHH HHHHRA

(FHHHE) HHHHHHHHHHHE HHHHHHHE, T T S HHHHHHS, T HHHHHH
HHHHE (HHHHD), HHHHHHE T T HHEHHHHI (1), 1 T HEHHHH (1), HE
FHHHH} HHHHHE SHHHHE 1 HHHHHE 1 SHHHEE, TS HHHHE HHHHHHY, 1Y, 1t
FHHHHHH HHHHH, S HHEE HH S HHH 1 HHHHH S S HHHHHH
HHHHE 111 SR A S S,

THHT HHHHHHHHRE HHE PR TR T PR R R TR -
THHHHHHE THH T HRHHE R, T T 1 R HRH TR HR R
THHHE, HHTHHTE HIHE T HERHHHRH HH-HHRHEHHRHRAE, HRAE TR R T, #H7
THHHE 1HE THHHHHHHE THTRAHHRE TR, 1 TR TR TR (1 R,
THHHHHH HHHE HHTHE, HH HHE HHEHHR HH A TR T TR SRR SR
THHHHHHE HHHHHHBL, THE PRI SRR HHE TR THEHRHTHRH HHPHHRER 15 HH
THHHE HRHHHEH THEHHRHHAH.

0.5, HH#H THHHHHRHHTE THHHHH AR

THHTE HIHHHHRHHHE T TR TR TR A 15 R TR AR
THHHHHT HHTHHHHRT HHHH, HH R R TR PR
THHHHHT TH HHHE TR THEHHRHE R HH R R T AR
HHHHHHE, H HHHE HHHHHHHEHE HHHH AR (HHH T R AR T
THHE HHHHHHHE 1HE HHH TR

6.5.1. tHHHHH HHHHHHHT

THHT HHH THHHHHHHE TR TR A SRR
o HETHRHHHH SRR R

o HEFHEHHHHHI T R AR,

o THAHHE TR

o THAHHIHHRIT HARHR R SR TR

o THAHHIT HHHH I HHRR R AR

o THHAHHE TRAAHHAHE HHHRER

o THHHHE THAHHE TR HHRHRE R SRR

o THHHHE TR THEE HE TR SRR

o HHHHH HHHHHHE THHHHHHRAARHHHT (G R R, T R R
HHHHHHHE, T HERAA A,

o AR SRR BT
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I BRI AR

o Mac SyScall() HHHHHHHEHE I

o THAHHFH HEHHHRAE SRR HHRRHRAE 5 R R

§.5.2. HHHHHHHHHT HHHHHHHHHE TR

HHHE THHHHRAHHR HRF TR T 17 R TREHHR THAHH HHRAR, HHHEH
FHHHHHHT, HiHE TR .

THE AT R, TR TR HHRR R 1 R R T AR 1 e i
TR, T HRHEHR TR T T TR TR AR
TR FRAHH AR, HHE TR, HiE R AR SRR AR
TR HHHE HIHR, TR TR R 5 AR AR TR SRR
FHE T HEHHHHRAH TR TR TR HHHHRR TR T 1
T HAFHRAHR HATRHHE HHARAE HE TR AR, 7 HH HR
FHHE HEFHARAH T HH TR HRRR. TRAHHR, HARARA SRR A 4
FHHHRHHRHRE, T TR HHHRA R HHHHATRA R TR S —
FHIEHHE THAT TR B,

THHERTRAT T ERRAHRR THE T TR 7 SRR (e T e -
T TR (TR SR S B R AL, A A s
THEFRTRHEHL, SR R (R BRAE THAT TRAHRHAH 13 R a e i fi—
TR RRAHRE, SRR AR AR SR T T 10 1 TR,

0.5.3. THHHHHT HHHH HHRHHHHHRHH HHE HRHHR AR

HHE I HHH HE FHRAT TR HH TR T TR, HH B R -
FHHE AR HHE R, HEHRHTHHRHH HH SRR HH AR TR -
FHHIHHH HE HETHRRHH R B BRI HHH HRRRHHRR (7 3 BRRRHR, R
HHHE HHH HHE HRRIT HHHRRRH TR R, TR HHRRHRRRT R
RIS HHHH HETHR. AR HH R TR AR, R R -
RIS, THIFHHHR HH HHE HHHR, TR HH TR 1 HRRRAHRRR. TR H
T HH TR, TR T HHHR R TR AR, HHH TR SRR
HHE HHHHHHE HHHE HEHH HH T TR SRR R TR TR . R T B
i HHHAHHH T R, 1 R R 1 R T R
I 1 HHIHHHE HHHH PR, HHHE B HHHR H R R
I T HHHHE HHHHRRE T TR B TR HHH R H TR TR
RIS, HHTRAH HHHE HHHRR

R TR HHT SRR SRR T TR H T T B, S —
RS BT T TR SRR 1 HHHRRRHERRR B BRI 1 5 BT B -
THE HHE HHHHHHHHE HHHE HHHHHHE SHEHHHHE (T T T T
HHHHHHE, Tt HHHHHE HH THEARAR). T HHHHHE T S
IR HH SRR T B B R HHRRT BRI T AR, BT TR
RS THIFHHE HAHHRR T PR TR R SRR, A A fi—
R HAHRHHHT HH R T A SR,
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I O. HHH TR HHH HHHHRA

HHE HHE HHE THEHHRHHHIT HH HHE SRR HHE R R R SR, # R
THHHHE HHHHE HHHAHE T HHHE, HH# THEEHRE, HHE 7 TR HHE TR TR T R
THHHHHHE 11 HHTHHTE HHEH HHEHHRHHR HHPH 5 HREE SRR T SRR
HHHHHRE HHHE.

6.5.4. HHHHH HHHHHHHHHHHHHH

HHE AT HHHHRAH 7 HRRHHRA HHE HRHHRA H HRAHR HR THE HHAE H
THHHHHE HiE H HHHHE, T HHHEHHRAR HHHEE HH R R T R TR R
TR HH TR, TR TR A HHR AR
FHHHE Hi HHHARHHE HHRHRAHHR. 17 TR, SRR TR TR
THHHHHT HEHHHHE TR HEHR HE TR T TR TR TR -
THHHE. HiHE TR, HHE TR HH R R TR T R
HHE HHEHHE. THAHHRHHE, HERHHHRA T R TR SRR AR
THHHHE 1H T HEHRHRAH HRHEHR T AR, TR R
THHHHHHTRAT T HHHRAE TR T TR I SRR 1 TR R
THHHE. HHE HHE TR THEHHR HHRHHR R R TR R T
THHHHHT TR, HRHHH TR T SR T R R
FHHHE, 1 HHHH HRHE TR R TR T HH TR AR 1 A
THHHHHHH, T # HHRHREH TR H AR T TR 5 3 TR
THHHHE HHHHE, HHHE HHHE SRR T THEAHRA HH TR R TR R
HHHTE HHHHRHHHRAT.

6.5.5. HHHHHHE HHHHHHHHHHHHHHE T HHHHHHHHRHH

TR HHRIHH THAH 7 TR TR HH T TR T TR R —
FHHEHHHH TR 1 HRAE TR TR R T T TR HH R
TR T T TRAHHREE HRHE. 1 TR TRARRT TRAHR THAH R 3 TR 1A,
THIHHE THIET TR R T T TR TR TR R 1
TR HHARHAHHR SR T SRR R 1 SRR TR 1
FHHT HHHH. FHRHHHH HH R H T 1 R T R TR HR -
TR THATHHATRATE T TR TR, HHRRART AR, FRAH fH, -
THE HRHHHE HHRHH SRR HHHRAR, B TR TR T AR,
FHHT HHTRHARAH T TR HHAR TRAR T TR 1 TR, R
FHHT H HEFHHHFRATR 7 R R R 1 TR i TR R

THHHE BIRETH THEHRHT AT S 15 T (A FIHETHATTT, i feT s
THEER $HE FHRATTHT T AT AT T AT T TR AT SRR AT 1 B AT i
THEERE THE BIRATHE TR RATHETE. THHE T THETRHET THEHRAT AIREH 15 1
THEFHEE SHHAHT TR AR, HERA T T A

0.5.6. #HHHHHH HHHFHAHHHRAHH

RS HH HHHRRRRE TR B R (T TR R TR e, B 4
R FHRTHRE. T BRI HHHRT B T HHRR 1 HHR T R, i
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A R

THHHHHHT HHRHHHAH HHRAH H R SRR T TR HHE THE TR HHRAE HEHAE. T
THHHHFT TR HHEHHRAHE TR SRR SRR T TR, TR R R
THHHE T SYSINIT 1 HIFHHHE H HHRHTHPHRAHE SRR, R TR R -
HHHHHRE, SYSINIT $HHH HIHHHHHRHE AR TR SRR, R
THHE HHHHE HHE H HEHAHHE TR HHHREH TR TR TR, T R R
THHE HHHHHHHEHE T T THERRAHHHHE (HHHE TR, HHHE A S S
THHE HHH HHHHHHHHHHHHE S R T R, 1 AR T -
THHHHHHT, HHHHHHAHHRHHHRT T HR R T TR TR R

6.5.7. HHHHHH HHHHH

TR THRHEHT THETH T T 0 ST 1 T HHHr. S s 1 wi—
TR $HE ST THE TR T TR AT (T S, T A s o -
THHERTRHHARE TR AR (A 1 T AT THERREE. 3 i
THHERRAT 1HE BRI (1 1 BE BRI (i ST TR AT TR AR,
HHHE T T TR A T T T B i i T i
THHERTHHRRT TR A T fH SHHE HHHRAH SRR B AT i f—
THEHE. HHHE TRAFRAT, TR TR T A B (i SRR, A e —
THHE F THAHRHE T AERRHE TR AR T ST AR R et f—
TR T BT TRATRERRE TR S TR R AR SRR, et —
THIHH HHHHHH HHHHHIH HH PR T TR T HHE T TR (HH -
THIHHH HIHHIHHHHE T HHHHHE T R HHHHHE) . T TR R -
T TR TR B SR TR SRR T, SR, I it
THHRHHE AR TRATRRRE TR 1 A AR 1 AR 1t T i —
HHERIRE T AT TR L.

6.5.8. #HHHHHH HHARHATHHRHH

THHHE THIEHE HIHHE HHE THTHRHE SR TR HHEHRHE HERAE HHHE TRt TR, -
THHHHE T HIHE HHHHRHH TR TR T TR HH TSP TR H R
THHHE HHFHHRHT. THEHE HHRHHHET T TR SRR, TR R TR -
THHHE T HHE TR 1 TR HH TR HERAHE R 157 TR
HHHHHHE # HHEAAH THE HHHHHE PR (T, TR S, TR S
HHHHHE, ...), # TR THHHRR A T T TR A S -
THHHE HHTHHHHRT T HRAHHH. 11 HRAHHEE, SR PR HEHA T TR TR
THHHHE HERHTE T THEHHFHTRE T HREHE HERHHHRHH HRAE TR T TR T TR
THHHHE HE THE THETE TR AT T R SRR TR SR -
THHTHE, HHE HEHHE HHRHTE A HH T HHTHE SRR R 1 TR HHR
HHHE, THEHHHHHHRH HHHPHR HEHPHR (A HRAE T 1R THE TR HHRRER TR #
THHHHHH HRHHHRAHEL.
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I O. HHH TR HHH HHHHRA

6.5.9. HHHHHHHH HHHHHHH

it HHHHE AR SRR TR TR T AR TR i
B, HHHE B HHAHRRR SRR 1§ H H BRRHRR AR R R
FHHHHHE BRI HEHRRA TR TR TR, A R
R HRTRHH TR, TR HHHHR, SRR (R, -
R, PR, T, B TR HHE HHRR BRI, 1 TR TR A R
FHHE HHHHE HHE TR BRI TR SRR HE TR SR -
. HHHHHHE HHHHR R HRHRAHRR HHE T R HHE B HRR A i
R HHHH HRRAAH H TR TR, TR B B Rt
HHHE TR T TR HIE .

FHHHHHRHAR AR H PR 1 AR sruct |abel, FIFHFR FRAFRIER I R
TR THAH 17 R, R A # void » IHEHHRAE 3 long. BRI
TR T R TR T H R 3 TR SRR, R
T HHHHE 1 HHHRAHHRA T AR PR, T AR 1 SRR H i
TR HHE T TR R TR T TR HRE 1 TRAHHR 13 R
FHHHH HHATRAHRATE HHHRE TR R HIRE TR TR, SR AR,
THIHHHHHHHHHH R, HHH R SR T TR, T R
TR FRHAH HERARH TR TR AR SR HHH HHRAT 1 3 -
T HEFHHATRAHE 1 SRR FR TR 1 TR TRATRH 1 R i,
T HHH R HHHRHHRAT TR AR T 1 TR 5 T AR B 3 R
FHHHHIHT 1 HIHE HHARAEE R R AR TR, HH TR SRR 7 T
FHIHHE HHE T HHHRAH AR, TR R B AT SRR 1 RS
THHT HAHHHHHHAT BT, HH R TR 1 R R # TR HA TR,

FHHHHHHHHHHHFH HRAH TR R TR TR TR T
THHHHHH THEHHRATE T I HHE HHRHHRHRA 17 R A, #7 R
HHE THHE HHHHHHHR, # THEHHRAE HHE T TR SR THEHHRAHA HHE R R
(HHH HHHHHE HHHHHHE) . HHHHE HHEE HHHHHE, HH AR, T THHE S T SRR -
THHHHHH TR, THEHHE SRR T TR TR, 17 TR HH R R #
THHHHE. HHHE HE TR THATHEHHRA R IR SR AR R
THHHHHHE (HHHHHTE), HHEFREHH HEHE HERAR A TR R T S
THHHE HHH TR TR TR TR R T HHR R T
THE THIEHHRE THIE TR TR HHHHT TR HHHRETE TR R AR TR 15 1 TR, #7
THHHHHH T HEHHHHRE HHRHE FRA TR P 5 HEHRH. T HHHE R SR
FHH HHHHT HTTHRRHHHHARAT HHHH A S 7 O H#iE HHHHE THEAHE, THEAH SR
FHHT T HH TR THATHHHHRAHHR TR HHHRHRE, HH R A
FHHHHHHHHAHE, TR P TR HH A A SR R
HHE HHHHE THIEHE HERHE R SRR,

FHE FHH HFR 1 A FERTRHT SRR, TR TR 1 HHHRR HHE B TR
R T AR HHRR B BRI, R BRI
TR TR HHH HHHE T R SRR HHRRT B -
R HHHR G BRI T T HiE R HH 1 T B2 #HiT
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I HHHHH

THHHHHE. THEHHHE THETHFH TR 17 TR THTHRHHRH R SRR
THHHHHE HHHHE HHEE (T HHEHE) TR THHPRAAR. THHE A S, -
HHHE THHHHE (v_abel) #HE 1 HHHHHE THE HHHE T HHHHHE S THHE TR R T
THHHE HHH HEHHHE HHTHE TR THEHHE TR, T TR TR R 1 TR
B HHHHEHE, HH HEHHHHRHE AR R TR R TR TR R
HHHHHRHE HHHHHL.

S

AT, 17 # THAHHR TR TR TR TR,
R HIRAHE T HHR 15 TR, TR R
(FHHE HHHHHHHHHHE THHE) HHHHH HH HHH A
IR HHH HER R

6.5.10. HiHHHH HiHHH

HHHE T FHEHHHR AR H R T SRR T H 3 HHHR R -
FHHHH HHHE R TR TR AR HHH R
HHHHHHHHRAHH.

RS BRI HHFHRTRIHHE HHR SRR 1 BT HHHRRRH, R, sruct mec, R
HERIHHRR R T B BRI HRERRRA, R BRI SRR 1 et
R HHHHRE, TR TR B HHHHR . HHH HHHHRTR B B HRR i TR
T 1 HRTHHTRR HHRR HHHR, AR TR 3 HHRR SRRt i —
R BRI T HHHR . BRI BRI B B H R i B —
IR HRAHH R TR R HHRR R R T HHH T,
R 1 T T BRI HHR AR SRR TR HHE R
HERIHHH B TR SRR SRR 13 HHHRR HHR TR 0 fT -
R, BRI HHI SRR TR T R .

THHT HHHHHHHEHE HHFHHRHHET HHTHAHE R TR TR R A
*mac_get_proc() HHHE HE HHHHE THE HHEHEHER THH HERRE T R TR,
* Mac_set_proc() HHHHE HH HHHHE HIE HITHEHHE H TR TR TR TR A HERRHR TR

o mec_get_fo() HHE Hit HHHE HHE HHEAREHE THHE T SR (B, TR, 5, )
THHHHHHHHRE H H HHH R,

o mac_get file() HHH HH HHHHE HHE HHTRHHHRE HHE TR T R HRAHRA 5
R 1A

o mac_Set_fO() HHHE HHEHHHHE HHE HHHHHHHHE HHHHHHEE HHEHHHEHHHHHE HHEHH HHHHE (T, HHHHHHE,
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o mac_set_file() HHH HiF HHHHE TH THEHHFRHTE 3 THEHHRE T TR TR 1 R HRHHHR
HHE 1 THHH TR T

o mec_syscall () THERFIREHR TR SRR HHE SRR R TR AT B TR R
T S TR THERRE, T SHARTRAE 1 SRR SRR T, TR T, 1
IR THEHRAH TR T 0 THAT R

* mac_get_pic() HHHF HHE T HE TRETRIHE R SRR HHE R BRI AR

o mac_get link() ## HHHHHIEHHHE HE mac_get file(), HHHHE HiE HEHHE HHHE THEHHIE H HHTHAHHR
T A R A TR TRE TRAT THEHE, THE AT 5 T RS T T 1
# R

o Mac et IiNK() H HHEHEHHHI 1 mac St fil(), HHHHEEH HHHE HEEEHHHE HEUEHE HHEHHEHERHE #F HHHHAEAEHS HEbtHHH
HHE 1 A T T 1 B, T T T S A R
H HH,

o mac_execve() HH HHIHHHHHHIE H HHH exeove() HHHHHHHF HEHFE, T HHE THAHE HEHH # -
A HHHHHE HH TR R (R T T R AR 3+ 3
I, T HHHRE B FHE HH TR 5 SRR 3 3 R

*mac_get_peer(), HIHHHHHHE THRAHHFHHRAT HH  HHEHHE R, SRR R SR
H HHRHHH TR TR, 1 TR

THE HEHHHHHHE HHE HHHHHE R A, $HH SIOCSIGMAC ### SIOCSIFMAC HHHHHH HHHHH—
FHHHH HHHHH HRRHT HH R T TR TR T 7 SRR

O.0. HiH# HHHHH HIHHHHHHHHH

I BHRAHH TR TR SRR AR HHH R TR, 157 TR
I THEAHE HETRAAH R T R 1 TR, 1 AR AR
FHHHHHE TR HHHHHR HE 1 R, HHAHHE R SRR R AR
I # HHH T HHHHHR HHR TR, AR SRR 3 R AR
R HHH HHAHRRHE HHHE HHHHRE B TR TR AR SR
I HIHHHRHT H TR 1R

o HHHHHAHHH HIHHAHHHHHRHH HHHHRRAHH SR,
o HETHIHHHHRI TR 5 G BRRH R B R

o THAHHFH TREHRARAHRAT TR T R HHE, HHRE R
HHHE HHRHHHRRE.

o R R B SRR, AR, HHHE R A -
BT HHHRH .
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I HHHHHR R

o THHHHHHT HHFHHE HHRE TR P SRR SRR R
THHHHHH TR,

o THHHHHHHHHHHRHE i AP AT HHHAH TR TR HRAE R
T HHHE HHHHA.

o FRIRHHRR 1 TR R, TR T TR, T R B

6.6.1. HHHHHHE HHHHHHHHHHH

FHHHHHHHE T 1 THAHHHHR A MAC_POLICY _SET() HHHHE, HHHHH HIHHEE HH A,
HHHEHHHHE 1 HETHRRA A AR A HHRRR, AR SRR (R
HHHHEHHHHHAHT HHE T HHHHE HHHHRRH TR SRR HH AR, TR
HHHHHHHHE HHHE THRARHHHR T THRARE R SRR

static struct mac_policy_ops mac_policy_ops=

{
-.mpo_destroy = mac_policy_destroy,
-.mpo_init = mac_policy_init,
-.mpo_init_bpfdesc_label = mac_policy_init_bpfdesc_label,
-.mpo_init_cred_label = mac_policy_init_label,

[* -
-.mpo_check_vnode_setutimes = mac_policy_check_vnode_setutimes,
-.mpo_check_vnode_stat = mac_policy_check_vnode_stat,
-.mpo_check_vnode write = mac_policy_check_vnode write,

I

THHT HHH HHTHHTHE HHHHE HHHAE AR, mac_policy_ops ##F HIHHT HHHFHHRHHE, THEFHHRAHHEH -
THHHHE THHHHHHE H7 TR T HHAEE AR TR . THEHREH R
HHE HHHHHTHRAE HHRHE HEHPH AT HEHPH HRAAHRHR T 1 TR HE T HHH
THHHHE HRHHHHH HHEHHE. T AR AR SR SR SRR 5
HHHE FHE HHHHHHE HHR R TR THEHHE TR, THH T T T TR HRE #
THHHHHT 1H THHHHAHHRHTHE AR TR HHE TR SRR TR A 15
THHHHE THHEHH HRHHE THEHHRAHE HHEH HHTHE TREHHR HHT HRAHHE TR
THHHHHHHHHHE HHHHHH PR, THTH R HE A T
THE HHHHHL. THHE TR THEHE THE HHTRAHE HHEHE 3 R TRATHET TR 15—
THHT THEHHHHHHE HHE T TR TR TR T R, SRR, R
THHT HIHHHE HEHHHHE THAE HHPHR T TR TR R HHTHA HHH HHE R
THHTHHE HIHHHT TR T TR HTHRHRE. HHEE TR T TR, HHH T TR
THHHHHHT THHHHE 1HE TR TR TR SR SRR THETH TR 15
THHHHE THHHE HERHHHFHE AR HHAHRA.

IS HHHR R AR T R SRR 1 B i f fi
HERIHHHRT TR B AR T R SRR SRRt
IR TR B SRR, (R BT BRI HHHRE T T AR 1 HHRRR
R HIHRHE HHTE G HFRRRS T HHHTRR HHHE B SRR SRR, T BRI AR TR
RIS B AR G SRR .
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6.6.2. tHHHHHH tHHHH

THHE THHHHET TR AR R AT AT ARARHE T R 7 AR T
THEH THETHETRAH AT TR RETHHRAT THE BT (AT 0 SRR 1 HH. -
THHERIHE, AT AT T

HHHE T S S
FHHHE HHEEHE HHHHH HHHHE S HHHHHE TS 1AM FHF HHEEEEAEAEAEOEH, 140 HEOEHEHE A W0
HHHHE T, T FHHE TN TS T S HELEHEOEHHHHE HEHE S HHbEH
FHHHHHE. T S S T HHHAEEEE S SEAEHEEEHEHHE S AL S AR HEAEHE HEAEH
FHHHHHE 1 A S SRR HH A,

HHHE R, .
FHHHE HHH HHEHHE HEAEAEHE HHEEEE FHHEEE FHHHEEE TS HH 1N 1
FHHHHE HHE HHHE HHHHE HHHHE. 10 HHEEE HHEEEEEE 0 A R 1 HH A 10
FHHHHHHE HHHHHH HHHE HHEE T AR HHEEEE FHE S HEAEHEH B0 A A
FHHHHHH HHH S T LA P, HHHE HHHHH HHH Ht
FHHHE 1 HHHH S H S 1 HEAEHE

FHHE IR HHEE
THHH HHHHE T HHTHE HHHE HHHEHHE T ST TR HE T, Hi
THHH HHHTHHHTE S THHHHHE HHE T T T T .
THHHHHTHE, HHHE HHHE T T A AT S T T
THE HHEHHE HHH THTHHHE T AT ST T AT T T P -
HHHH HHHHHHHHETHH HHHHE ST HHE T TR T . # i #H-
#HHH, MAC_ALWAYS LABEL MBUF, #HHHHH! #it 1HHHHE T THI THEHHRHER 1HE HEH -
THHHE HHHETE fHTHHE HHTHETHH T $HE (T HEHHHHE (T T, i i
THHHHHT T HHHHE TR

HHHE

HHHHHHHHE HHHHH MPC_LOADTIME_FLAG_LABELMBUFS HHHHHHH
HHEMPC_ LOADTIME FLAG NOTLATE HHH HHtH HHHtHE - HHHtH  Hitt—
HHHHHE T NULL HH T T T T T

HHHHEHE. HHHE 1 HHPHRAHE HH TR TR SRR
HHHHHIT HHH HHRHHHAE HHHAE 3 TR R T R
HHH HHHHE HHTHHHE H 1 TR TR TR TR -
HHHHHHE HHE HHHHHHE (B4, THHE HHERRE T TR ),
HHHHE HiHE THHHHE THHE HHRHTHEH TR TR TR

6.6.3. HHHHHE HiHHHT HHHHH

R BRI T R R TR SRR B HRRR TR G R H—
R HHHHRERS AR AR HIHHR HH BRI FH Rt BT,
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HHHE BRI HHEHH TR R

THHHHE HHHHHH HHHHHR HERAHHRHHAHRE, HTHRHR, SRR, T R A -
THHTE HHHHFH HIH TR THEHHRAT, TR SRR R TR SRR AR
THHHE HHHE HHTHHHE TR T TR, HHE TR AR TR HRE R
HHE THHHHAT THE TR HE AR, # mec_syscall() HHEHHT HHHFE 1HE THERI 1 T
THHHHFHT HHE TR THH R HHEHHRH HHEHR TR TR TR

I T AR TR 3 TR T 1R HHRE SRR TR, H
i B THAHH R T R HH TR R SR, TR F
I HH R HHRRAH R T R G R SR AT
FHE HHHHHE HAHRHHH, T TR TR T BRI HHHHR B R SRR T -
RIS, HHE HHHHRRAA, BRI R G TR TR TR R A
I TR HHH R TR R BRI TR, TR A A AR
HHE HETHAHT 1 TR BT TR T T R HH T T HHHRE. HHHRH SR —
FHHHH HHH HHHHRT HH HHHHRRE HEHHH HHHE HAHHRHE R BT .

FHIHHHRE HHHRIE HRRHH TR BRAT AR (T HRAHH TR TR R
TR HEHRHHE. TR TR PR TR 5 i TR T SRR
FHHT HHHIHH T T TR A AR HHE B H PR 3 T
FHHT HHHRAHE HIRHHHRA, TR B FRAHR 17 5 AR 3 SRR 3 R
FHHHHE TRAHHRA TR 1 AR

O.7. I TR TR SR T

6. 7. 1. HHHHHHHHHHIHH HHHHHH HHHHH
6.7.1.1. mpo_init

void mpo_init(conf);

struct mac_policy_conf *conf;

HHHH—




I O. HHH TR HHH HHHHRA

THHHHFT HIHHT HEHHHE. HHE TR (A TR HHE TR, HH TR TR (AR
THHHHHHTHE, HHHE R HHHE T TR HEHPHR A AR R HHE TR
THHHHHHHHHAHE HHHHHH TR TR SRR A R R
THHHHHHE, HHHH THHHHE THE R A S ).

6.7.1.2. mpo_degroy
void mpo_destroy(conf);

struct mac_policy_conf *conf;

HiHH—

FHREFRIRE TR TRATH. TR THERERATE R TR T (AR, T TR TR 1 TR,
6.7.1.3. mpo_syscall

int mpo_syscall(td, call, arg);

struct thread *td;

int call;
void *arg;

HHHH—
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HHHHHHHHHHRHHHH TR HHHH SR

R HHIHHE B AR 5 R TR T 1 TR R
FHHE TR HHHHRHHE HHA T R SR HHHR SRR
HHE FHAHHHHE THAFHH. HHE TR R TR R SRR 3 1 HH A
T HHHE R, T B BIRAHHRR BRI T TR 3 HR TR .
I AT T AR, AR SRR TR 153 R SRR i
IR HHIHHHE HHHRR I T TR R B TR T AT,
1 HHRRH HHHRRA R HHRR SRR, H R B
IR HRRHTE TR HHHRR TR T TR HHHE T AR 3 B
BRI HHAHH.

@
A HH HHHRAH TRARE R copyin() #H HEHE HHFRRH HHH
HH P T

6.7.1.4. mpo thread_userret
void mpo_thread_userret(td);

struct thread *td;
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THHHE HHHH HHHEE R HRAHE SRR T TR HHRHRAHR SRR 3
FHHHHI TR HHR HRAHE, T 1 TR TR TR, HEHHEE TR, T TR
THHHE HH THEHHFHH HHHE R TR TR R R, 1 -
THHHE HIHHHHHRHTE HH HHRAHE TR TR P TR TR HH R
FHHTE THHHHH HERHE TR, SR SRR TR SRR SR
FHHHHHHH HHHHE, HHRAHHE HHRHR SRR, H HHRHEH. 1H THRHR HREE RH—
THHHE, THIEHHHHHE TR R AR SRR R TR R R R Dbl
THHHHHHTHE T 1 HHHHHHIEH HEHEE R, TR T AR TDF_ASTPENDING
HHHHE T HHRHHAHIR PS MACPENDM HHHHE HiE THEHHHHHE 7 THAHE T HHE TR R
FHHHHE. THHEHE T TR THEHE, TR T T TR H R R
FHHHE HHHHHHHE HEHHH HHHE T R, TR R R R
THHHHHHH TR HE HRAHHRRE R TR SR TR 5 -
FHHHE HH R SRR SRR

0.7.2. HHHH tHHHHHHHHT
6.7.2.1. mpo_init_bpfdesc labe
void mpo_init_bpfdesc_label(label);

struct label *label;

-

THHHHHHHAHE HHE HHHEH HH 1 T T T (). T
R BRI
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6.7.2.2. mpo_init_cred_labe
void mpo_init_cred_label(label);

struct label *|abel;

HHHHH—

TR TR TR 1 # R TR HH SRR, HRR 3 -
I,

6.7.2.3. mpo_init_devfsdirent_labe
void mpo_init_devfsdirent_label(label);

struct label *label;

HHH—

THHHHHHHHT HHHE T HHE T T T T, T T
6.7.2.4. mpo_init_ifnet_labe

void mpo_init_ifnet_label(label);
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struct label *label;

THHHHHHHAE T HHRAH 1 TR R THEHR TR R #H
IR

6.7.2.5. mpo_init_ipq_labe
void mpo_init_ipqg_label(label, flag);
struct label *label;

int flag;

HHHH—
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R HHHHRHAAH

THHHHHHTHIT HHE TR T H R HHAHHRAHHR TR AR HHRA 5
flag HHHHHE THHE HHE HHHE HEEH AR HHE H TR, THEE HHRHE R
HHHHHHHHAH 1 HHHHHHHE Q) TR T THHHHERAAR A A R
THHHHHHTHIT HHHH HHHEHHRHH TR HHAH TR R SRR -
THHHHFHT, THHE T HHTRAHHPHRAH R 5 TR 157 TR R 1 R
THHHHE HATHHHHEH . THEHE TR T HHEHHRHT HHE T TR 7 R
THE HHHHHHEHE THHT TR HERAHARH .

6.7.2.6. mpo_init_mbuf_labd
void mpo_init_mbuf_label(flag, label);

int flag;
struct label *label;

A~

HHHHHHHHAH HiHE AR 1 T THERARARHHHH T T AR (buf). ##H flag
IR T B B H AT T BT, T PR 1 BRI B TR -
HHHHHHHE # HHTHHHHH HHHHHH(O) HHHHHE HIH HTHHHHHHHHHH AR, THHH AR
IR R 7 B SRR TR, R TR R —
IR HHRIHT B HHETHRRRT T TR TR i SRR BRI, T Rt
R 1 TR T R BRI 1 T BRI 1 BRI HH HHH .
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6.7.2.7. mpo_init_mount_labd
void mpo_init_mount_label(mntlabel, fslabel);

struct label * mntlabel;
struct label *fdlabel;

HHHHH—

IR HHH HHR B 1 TR HATHRR R B HH HHHRR i e —
.
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6.7.2.8. mpo_init_mount_fs label
void mpo_init_mount_fs label(label);

struct label *label;

HHHH—

THEHHHEHIE tHEE HHEHHE HHE T SR HHEHE IR, SR HHE R
6.7.2.9. mpo_init_pipe labd
void mpo_init_pipe_label(label);

struct label* [abel;

HHHH—

HHHHHHHHH # THHHEE HEHE H TR HHH SRR TR
6.7.2.10. mpo_init_socket_labd

void mpo_init_socket_label(label, flag);

struct label *1abel;

int flag;
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THHERRAHRAE 7 THERTHE B 1 TR SR (AR 1 flag FHHRHETE 1T 6 1R
TR BT IR, TRAT R 8 TR THE TR SRR § R
THIHHHHH(O) HHHHIHE HHHH HHHHHRRHHHHHHA HHHH.

6.7.2.11. mpo init_socket_peer_labd
void mpo_init_socket_peer_label(label, flag);

struct label *label;
int flag;

HHHH—

R HIFHE B HHHHE TR TR HHRRRR R TR Mg TR #HH i
TR HH BRI T B, T BRI B B 1 HHHH B H R —
HHHE HHHHHHQ) HHHHHH THHHE HHHHHHHHHRRA B

67


http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=malloc&amp;sektion=9

R HHHHRHAAH

6.7.2.12. mpo_init_proc labe
void mpo_init_proc_label(label);

struct label *label;

HHHH—

HHHHHHHEHIHTE HHHE T T T R . HEHHHHIE HHE SR
6.7.2.13. mpo_init_vnode labd
void mpo_init_vnode_label(label);

struct |abel *label;

HHHH—

HHHHHHHHIHE THHE T HHE T T ST, (TR T
6.7.2.14. mpo_destroy_bpfdesc labd
void mpo_destroy_bpfdesc_|abel(label);

struct |abel *label;
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THHHHHHE T HIEHHHE T H R H TR TR R # TR R
THHTE HHHHHHHIT HHHHAH THEHHRHHR T abel 1 HHHE 1 HHH TR

6.7.2.15. mpo_destroy_cred_labd
void mpo_destroy_cred_label(label);
struct label *label;

HHHHH—

THHHHHHE HHHE HHHAE 1HE 7 HEHPHHRHHE. T HRA R, R A R
THHHE HIHE TR TR HHAHHRAHE TR abel 11 TR HE TR HE HRRR

6.7.2.16. mpo_degtroy_devfsdirent_label
void mpo_destroy_devfsdirent_label(label);
struct label *label;

HHHH—
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I TR R HIE 1 TR B 3 1 HHH TR, H HERRRT HRHHRRT AR
FHHHH HHH HHHHR TR TR T e 7 B 1 TR 11 TR

6.7.2.17. mpo_degtroy_ifnet_labd
void mpo_destroy_ifnet_label (label);
struct label *label;

HHHH—

THHERTRAT THEE AT 70 1 ST AR, THE FE R S, f S dam
THHERRE AT T TR A TR TRATA AT (AT abel 1R G 1 AR

6.7.2.18. mpo_destroy _ipq_labd
void mpo_destroy_ipq_label(label);
struct |abel *label;

HHHH—




I O. HHH TR HHH HHHHRA

THHHHHHE THHE THEHHE HE T HHREHHR SR T HHHR HRAHE SRR,  HHEH R
THHHHI HHH HHE HHHHRHHHE T SRR HRATE el 1 HHHHE HIE T TR

6.7.2.19. mpo_destroy_mbuf_label
void mpo_destroy_mbuf_label(label);
struct label *label;

HHHH—

I HHE BRI HH HH HHIH TR T FHHR TR R, HHHRR TR SR
FHHHH HHH HHHHHRR A TR TR e 1 TR 5 TR 11 TRRRARR.

6.7.2.20. mpo_destroy_mount_labe
void mpo_destroy_mount_label(label);
struct label *label;

HHHHH—

FHHHHHHH HiHE HHHHRAT T TR TR 1 TR TR TR, 3 R TR
FHHHE HHH HHHFRAH AR SRR TR it ael 7 HHRE HHHHHE TR H# R

6.7.2.21. mpo_destroy_mount_labe

void mpo_destroy_mount_label (mntlabel, fdabel);
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struct label *mntlabel;
struct label *fdabel;

-

AR

THHHHHHE HiHE THEHRAT HE 1 TP TR T SR TR, # T AR
THHHE HiHE THEHHHH HRAHHRE THHRAHHRA HHH ootlabel ## fdabel #H#F HHEHE HiHE 1HH H#HH

THHHHHHHE .

6.7.2.22. mpo_destroy_socket_label

void mpo_destroy_socket_label (label);

struct label *labdl;

HHHH—




R T R HIE 1 THARR. HHE B SR HHHE, 1 TR TR TR T
FHHE THEFHHH TR TR B o #5 HHHH #H HH B R

6.7.2.23. mpo_destroy_socket_peer_label
void mpo_destroy_socket_peer_label(peerlabel);
struct label *peerlabel;

HiHH—

THHERRHE THAT TR T 1 37 SR 17 AT T TR, 3 T e S
T R IHRTRATRT TR SR A \abel 7 THEHE (i THAT 1 A,

6.7.2.24. mpo_destroy_pipe label
void mpo_destroy_pipe_label(label);
struct label *label;

HHHH—
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THHHHFHE HHH TR 1 HERAE. TR TR HRHHE HEHEH, 3 TR THEHRHE R HHE
THHHHHH THEHHRHE HHRAHHRH TR abal H#iF THEHE HEF T HH AR

6.7.2.25. mpo_destroy_proc labe
void mpo_destroy_proc_label(label);

struct label *label;

IR R B 3 TR T HER B HH, 3 TR BRI R
RS PR BRI SRR B \abe 7 TR B R B R

6.7.2.26. mpo_destroy_vnode labd
void mpo_destroy_vnode_label(label);

struct label *|abel;

THHERTRHT TR FHEHRT T 1 G 13 R TR A, § R T TR s
THERTRHHE BHIHHHAT HRTR T B abel #HF (IR 1 B T SRR

6.7.2.27. mpo_copy_mbuf_labe
void mpo_copy_mbuf_label(src, dest);

struct label *src;
struct label *dest;
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FHHHE R HHHHR AR 17 e A dedt.

6.7.2.28. mpo_copy_pipe labe
void mpo_copy_pipe_label(src, dest);

struct label *src;
struct label *dest;

-

HHEHE HHHE T R s c #HHHE dest.
6.7.2.29. mpo_copy_vnode labe
void mpo_copy_vnode_label(src, dest);

struct label *src;
struct label *dest;
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THEHE $HHE HHEHE SRR T s c tHHH dest.
6.7.2.30. mpo_externalize cred labd
int mpo_externalize_cred_label(label, element_name, sb, * claimed);

struct label *label;
char *element_name;
struct sbuf *sb;

int *claimed;

-




FHHHHHHH HH THEHHRAHRAH R R R R TR HH R
THHHE THHHHE HHTHHHR 1 T SRR 1 TR HHRRAE TR R
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R HHHHRHAAH

THHHE THHHE THHHHRHHHE HHTHHHHRAHH HHE R TR TR HHRHREE, HHE R
externelize HHHHH HHFHHHE HEHHT THE HHFRH, T HHEHEHRHHRHHHPHR SR R R
HHHHHE HH dement_name HHHHHE THHHHEHHHHTE #HE HHHHEHE D, # dement_name #HHE HHHE HRH
THHE HHIEHE Hi HHHE HTHHRAE, THERHH R Q. HHHHE TR TR HE T R
THHHHE THEHHHHHHRHTHE TR SRR TR T 1R TR 1R dement_data, *cdlaimed
THHHHIT HiE HHFHHRAHH.

6.7.2.31. mpo_externalize ifnet_labd
int mpo_externalize_ifnet_label(label, element_name, sb, * claimed);

struct label *label;
char *element_name;
struct sbuf * sb;

int *claimed,;




I O. HHH TR HHH HHHHRA

R HH HRRHHRHT BT BRI T HHH TR TR HH H R —
FHHHH HHHHHE TR T H R SRR 1 HHE HRRR R R
FHHHH HIHHE TR HHHHRH T R 1 HHH SRR TR, B R
externalize HHAHHE HHHHH HHHHE 1 HHHHHR, 1 R HHHHR R TR R
HHHHHE H#E dement_name HHHHHHHE HHHHHHAHHE #F HHEAE HH 0. # dement_name #HHHE HiH HHEAHE
FHHE TR HH HHHH R, TR R O. HHHHE BRI TR HH HH R SR
FHHEHT THEHHHHRRAHHE HHHE SR R A R ## dement_data, *daimed
T HHE HHHRHRH.
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6.7.2.32. mpo_externalize pipe label

int mpo_externalize_pipe_label(label, element_name, sb, * claimed);
struct label *1abel;

char *element_name;

struct sbuf *sb;
int *claimed;

A~

-
HitH
it
W_
ettt

Ht

Ht

##_
###_
###_
Tt
dht_name
Ht

ittt
###_
#_

Ht
T
##_
ittt
HHHHHHE
Ht

##_
###_
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FHHHE THAHHE R 1 1 T AR 17 HER R FHRAE 1
FHHHE THAHE HHARHHE HHHRHRA R R R TR AR, #iR R
externelize HHAHH FHRAHIE HEHH 1 TR, 17 R TR TR AT R i
HHHHHE HH dement_name HHHHHHE HHAFHHFHHIHE #H HHHE HHE . ## dement_name #HHHE HHHE HFHIH
FHHT T HIE R HERAH, HERA B O. B R SRR 1 1 R R
THIHHHE PRI T HHHR TR T fHR TR HHAR #H3 dement_data, *claimed
TR HIE AR,

6.7.2.33. mpo_externalize socket_labd

int mpo_externalize_socket_label(label, element_name, sh, *claimed);
struct label *label;

char *element_name;

struct sbuf *sb;
int *claimed;
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FHHHHHHH HHH THEHHRAHTRAH R R R SRR TR HH R
HHHHE THHHHE HHTHHHHR 1 T SRR 1 TR HHRRA R R
HHHHE THAH TR HHHRHHRAHR HH R T T HREHHRAR, $HR AR
externelize HHHHH HHFHHHE HEHHT 1 HHFH, T HE HRHHRAHRR S R T
HHHHHE H dement_name HHHHHHE THHHHHHHHEHE 1 HHHE HE D, ## dement_name HHHHE HHHE HFHIT
THHE HHEHE Hi HHHE HHHRAE, THEAHH A Q. HHHHE THHRH HHHHEE HE HE T SR
THHHHE THRHHRHHHRA T SR TR T R TR 1R dement_data, *claimed
FHHEHHIT HHE HHFHRA.

6.7.2.34. mpo_externalize socket_peer_labd
int mpo_externalize_socket_peer_|label(label, element_name, sb, *claimed);

struct label *label;
char *element_name;
struct sbuf * sb;

int *claimed;

HiHH—

83



R HHHHRHAAH




TR HH THEHHRARH R R HERH TR TR HH R
HHHHE THAHHE HHTHHHHR 1 T SRR 1 R SRR R R
THHHE T TR HHHRHHRAR HH R T T HREHRA, fHR AR
externelize HHHHH HHFHHH HEHH T HHFHR, 1 HE HHRHHRHHRHR SR R T
HHHHHE HHE dement_name HHHHHHEE THHHHEHHHHE 1 HHHE D, ## dement_name HHHHE HHHE HFHI
THHE HHEHE HH HHHHE HTHHRHE, THERHH A O. HHHHE THHRHT HHHTHHERE HE HE T S
THIHHHE THFHHHRHHHRA T SR TR T R TR R 1 dement_data, *claimed
R HE HHRHRA.

6.7.2.35. mpo_externalize vnode labd
int mpo_externalize vnode_|abel(label, element_name, sb, * claimed);

struct label *label;
char *element_name;
struct sbuf * sb;

int *claimed,;

HHHHH—
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THHHHHH T THHHHFHRAH R TR TR THEHRE. HH R
THHHE THHHHE HHTHHHHRE 1 T TR 1R TR HHEHRA SR R
THHHE THHHE THHRHHHE HHHHHHRHTHRE HHE R TR TR HREHHR, TR AR
externelize HHHHH HHFHHHE HEHHT THE HHFH, T HHEHEHRHHRHHPHR SR R
HHHHHE HH dement_name HHHHHHE THHHHHHHHHTE 1 HHHE D, ## dement_name HHHHE HHHE HIFHIT
THHE HHEHE HiE HHHE HHHRAE, THERHH A Q. HHHHE TR HHHTHHEE HE T SR
THHHHE THEHHHHHHRHHRE T SRR TR HHEH HHRE TR 1R dement_data, *claimed
THHHHIT HH HHFHHRAHH.

6.7.2.36. mpo_internalize cred_labd
int mpo_internalize_cred_label(label, element_name, element_data, claimed);

struct label *label;
char *element_name;
char *element_data;
int *claimed,
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I HiE HHAHHHR B TRAFHR BHRRE 17 SRR TR
I, HIHHHARAHE, HHHE TR intendize HEFHIF HIHRHHHE HHHE BIRAAEE HHRHE -
FHHIHHHHRRE HiE HRRRAH, T HHHRHRT SRR TR SRR
dlement_narme ## HHE HHH HHHEE HHE THIEAETE B HEE BRI 1 SRR 1 R B
H#H# dement_data. HHHH #HF #H HHH extamdize HHHHE THRHHHEE, HHH HHHE HHHHE HRAAH SRR
O #4# dement_narme HHHHH HHHE HETHIH T HHHT HHIHE, 1 TR HHHE SRR -
R, H#H HHR T damed HHERHEE 17 BRI,

6.7.2.37. mpo_internalize ifnet_label

int mpo_internalize_ifnet_label(label, element_name, element_data, claimed);
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struct label *label;
char *element_name;
char *element_data;
int *claimed;

HHHH—

89



R HHHHRHAAH

FHHHHRH Hi HHHAHHR TR AR TR SRR SR R 1
THHHHRE. HHHRHHRA, i HHRERA intemdize #HAHHE HEFHHHE HHE HHERAE TR A
FHHHHHHHHIT 7 HHTHHAHRAE, TR TR SRR SR SR
element_narme HH HHHT THHTE THHAHE HHE THAHHE HE T TR HHE TR T AR
HH dlement_data. HHHHE #H HiE #HH externdize THHHHE HHHHHEHE, HHE T HH-HE SR A
O ## dement_name #HHHHE HitH HEHHHAT T HH HHHHE, 1H THEHE HHHE SRR -
THHHHHHHHAT, 17 HHHR > damed FHEHHRE HHEHHRHERAE.

6.7.2.38. mpo_internalize pipe labe
int mpo_internalize_pipe_label(label, element_name, element_data, claimed);

struct label *|abel;
char *element_name;
char *element_data;
int *claimed;

HHHH—
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FHHHHRH HiE HHHAHHR TR TR TR SRR SR R 1
THHHHHE. HHTRHHHRA, i HHHRHRA intendize #HEHRE HEHHHE HHE HHERAT TR A
THHHHHHHHIT 7 HHHRHHRAE, TR TR TR SR i R
element_narme HH HHAT THHT THHAHE HH THAHHE HE T TR HHE TR T AR H
HH dement_data. HHHHE #H HiE #H externdize TR HHFHHHE, HHE HHHFE HHFH TR HHRA
O ## dement_name #HHHHE HiHE HEHHHAT HHET HHH HHHE, 1 HHEHE HHHE T SRR -

THHHHFHHHAT, 17 HHHR i caimed FHEHHRE HHEHHRHRAE.

6.7.2.39. mpo_internalize socket_labd

int mpo_internalize_socket_label(label, element_name, element_data, claimed);

struct label *label;
char *element_name;
char *element_data;

int *claimed;

A~




FHHHHFH HiE HHHAHHR TR AR TR SRR A R 1
THHHHHE. HHTRRHHRA, i HHHRARAE intendize #HHHHE HEFHHHE HH HHEIRAT TR -
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THHHHHHTHAT 7 HHTHRHHRAE, TR THEHHRHHHRHTRA TR SR SR
element_narme #H BT THHTE THHHE HHE THEHHE HEHT TR HHE TR T HHHRHRHHHR HH
HHE dlement_data. HHHH #H HiE HH externdize HHAHHE HHHHHHE, HiHE T HHFHE SR A
O ## dement_name #HHHHE HiHE HEHHHT T HH HHH], 1 HHEHE HHH SRR -
THHHHHHTHAT, 1H TR > damed THEHHFE HHEHHRAERAH.

6.7.2.40. mpo_internalize vnode labd
int mpo_internalize_vnode_|abel(label, element_name, element_data, claimed);

struct label *label;
char *element_name;
char *element_data;
int *claimed;
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FHHHHHH HiE HHRAHHR TR TR T 1 SRR TR R 1
TR, HHTRHHRAT, HH AR intendize HHAHR HIFHHHE HHE HHEHRAT A -
TR 7 HHHRHRA, T T TR AR TR R R 1
element_narme HH HHAT TR THAHE HH TRAHHE HEHHT TR HT TR B TR HH
H#H dement_data. HHHHE #H HiE #HHF externdlize T HHFHHHE, HiHE HHHH HEFHE AR SR
O ## dement_name #HHHHE HitH HEHHHT T HHH HHHE, 1 HHEHE HHHE SRR HE
TR, 17 HHHR > caimed FHEHHRE 1 HHRHR .

6.7.3. HHHHH HHHHH

R BT T BRI TR 1 HHE 3 B BRI 1 R AR
R FRR BRI 1 TR R, S (R SRR R BT
HHE HRTRRH 7 3 B GHRRRE, TR TR T T HRHRRRH HH R T
T BRI, HHHE BRI TR (R, TR, I T
T, TR HHTHHRR T TR BRI TR, B B R
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HHHHEHE, FHEHE $HE HHHHHE ST THHHHERHHHE HHHE HHE R o P T
HHHHTHHT BT HHHET HHHE T THHH T HHE R

Label initialization 0

(object-specific wait) \

Label creation 0

\

Relabel events, 0--<--.

V arious object-specific, -

Access control events ~-->--0

Label destruction 0

FHHHHE TR SRR HHHRHR T R R B R AT -
FHHT T TR HRHERR SRR B R R 1 HR T FR R R R —
FHE FHE 1 FHAHHH B TR T AR, HH A HARA TR TR TR T TR
R

THHHHE TR HEHRAH HHHEE T R AR SRR fRATE H
FHHHHRE TR, TR, HREE HH AR HHHE R R
FHHEHHE HHHHE TR HERHHHHRAT. HHHHE R HRAHH TR R 1
THE A HIRHH, T TR SR TR THAH TR R T
FHHHE. HHRAHHA, TR T TR T H R R, TRAHHRR
TR 1 T HHRAHHR, F TR R R TR T
FHHHHE THIEFHHRAT. TR IR, R 1 TR AR 1 TR, #R A
FHHTE HHRHHE THAHE T HHRHHRE 17 R TR HH TR 1 i T T
FHHTE HHH T, R SRR 1 AR AR AR, # H HH
FHHHHE 1 TR HHRHHHRT HT T T, R, TRAHHR R
FHHT HHHE PRI 1 HHH 15 3 TR TR TR SRR HH R,

THHHHRE HHHAHHE SRR H T TR TR TR TR T TR
FHHHHE THIEHHRE, HHE TR SRR HREHR 15 R TR T R
THHHHE H 11 HHRAHH HHRA TR HHPHHRAH SR T TR, #HR HRA i H
FHHHHFHHT HHHHHH AT TR T TR TR T TR R R IR R
HHE 1 TR HHE T TRAHFRETE HH TR S T T

THHHHI HHHIHH THEHHR T HRAHHP TR HH T SRR R

THHHHE HHHHHRHHHT THEHHRATE TR R R R AR
T HHHHHT THEHHHE HHE PR TR TR T A TR AR
THHHHHHHHAT HIH TR T TR R

R HE HHHR SRR GHR BRRRHRT R TR, 1 Rt
R T AR BRI, HHRRR R, B HHEHE B BT R At
IR, AR 3 HHHE B, BRI HIRRRT HH BRI i i
RERIHHHE HIE T HHAHE HHHR TR, T T TR B 3 R,
IR HHHTR BT TR H 0 R 1 0 SRR TR
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6.7.3.1. HHH# HIHHHH HIHHAH HHTHRHHH HHHAH R

6.7.3.1.1. mpo_asociate vnode devfs
void mpo_associate vnode _devfs(mp, fslabel, de, delabel, vp, viabel);

struct mount * mp;
struct label *fslabel;
struct devfs dirent *de;
struct |abel *delabel;
struct vhode * vp;

struct label *viabel;

HHHH—

(mp-
>mnt_felabd)
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FHEEE S A (Valoel) HHH 1 SHHERE THEFHFH S SHHERE THER T e (A =
I HEHHIH TR de THIH HH HHHE.

6.7.3.1.2. mpo_associate vnode extattr
int mpo_associate_vnode_extattr (mp, fslabel, vp, viabel);

struct mount * mp;
struct label *fslabel;
struct vnode * vp;
struct label *viabel;
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THHHHHHE 1HE THEHHHHHE T TR HHE VD THEHE HHHE THEHE R R SRR
THHHE THHHHHH, TR HRAHE O HiF HHETHEHTHE. THEHHRHE PR TR SRR
THE HHHHHHHHH, HiF TR HHETHRHHE R fdabd 17 Viabel. ## T HIRHI tHE #i
THHHHE, HiF THEHHRHHHEH HHEH HHE ano TR HIEHRHEER.

6.7.3.1.3. mpo_asociate vnode sngldabe
void mpo_associate vnode_singlelabel (mp, fslabel, vp, viabel);

struct mount *mp;
struct label *fslabel;
struct vnode * vp;
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struct label *viabel;

HHHH—

HHE HHTHHHHRHHHFH TR TP, R R SR T TR H TR R

HHHHHE THHE v THEHHE THEHHR TR R SR, fdabd.

6.7.3.1.4. mpo_create devfs device

void mpo_create_devfs_device(dev, devfs_dirent, label);

dev_t dev;,

struct devfs_dirent *devfs_dirent;

struct |abel *label;
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THHHE HHE HHE THEHHRE 7 TR R TR TR T TR HHRHHE SR
THHHE HHHE HHE THEH HHHHE T HHTHE THEH A T TR, HHRHHRHR, 7
FHHHHIT HiE HIHHE PR,

6.7.3.1.5. mpo_create devfs directory
void mpo_create_devfs_directory(dirname, dirnamelen, devfs_dirent, label);

char *dirname;
int dirnamelen;
struct devfs _dirent *devfs_dirent;
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struct label *|abel;

A~
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6.7.3.1.6. mpo_create devfs symlink
void mpo_create devfs symlink(cred, mp, dd, ddlabel, de, delabel);

struct ucred *cred;
struct mount * mp;
struct devfs_dirent *dd;
struct label *ddlabel;
struct devfs _dirent *de;
struct label *delabel;

HHHH—
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6.7.3.1.7. mpo_create vnode extattr
int mpo_create vnode_extattr(cred, mp, fslabel, dvp, diabel, vp, viabel, cnp);

struct ucred *cred;

struct mount * mp;

struct label *fslabel;

struct vnode * dvp;

struct |abel *dlabel;

struct vnode * vp;

struct label *viabel;

struct componentname * cnp;

HHHH—
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IR FHHE HHHE HFRR T VD T BT SRR SRR R, i ft
RERFHHRR, FHRE 9 abd THIFAT TR TR, HHE HRERIATE Q. HHEFHRRIEEE, HHEHRE 1 -
IR HIHHRE.

6.7.3.1.8. mpo_creste mount
void mpo_create_mount(cred, mp, mnt, fslabel);

struct ucred *cred;
struct mount * mp;
struct label * mnt;
struct label *fdlabel;

-




THHHE HHHE HHH TR HHEHH TR TR SRR TR 1 TR HEHR TR -
FHHHHFHH. HHHE THAHE HRHEEHH HEHHEE HHHE 1 TR R TR AR

6.7.3.1.9. mpo_create root_mount
void mpo_create_root_mount(cred, mp, mntlabel, fslabel);

struct ucred *cred;
struct mount * mp;
struct label *mntlabel;
struct label *fdlabel;
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-
6.7.3.1.8
#mpo_create mount#.

HHHHE T T T THHHHE THHHHE THHHHE THHHM 1 HHHE T T
FHHHHHHH, T T T 1 HHHHE THHHE THHE THHHE THHHE THHHHHE THE T, HHHH
HHHE I S

6.7.3.1.10. mpo _relabe_vnode
void mpo_relabel_vnode(cred, vp, vnodelabel, newlabel);

struct ucred *cred;
struct vnode *vp;

struct label *vnodelabel;
struct label *newlabel;

A~




FHHHHHE THAE TR T TR TR THAHH HRHE HH SR HERRH HHE R T
TR HHHRHH TR

6.7.3.1.11. mpo_setlabd_vnode extattr
int mpo_setlabel_vnode_extattr(cred, vp, viabel, intlabel);

struct ucred *cred;
struct vnode * vp;
struct label *viabel;
struct label *intlabel;

HHHH—
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HHHHHE T HHHE HEHHEE #HEHE intlabel #H HHE HHHHHHEHE HHHTHTHHH. T #HE T 1
vop_stdcrestevnode_ea.

6.7.3.1.12. mpo_update devfsdirent
void mpo_update_devfsdirent(devfs_dirent, direntlabel, vp, vnodelabel);

struct devfs_dirent *devfs_dirent;
struct label *direntlabel;
struct vnode * vp;
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struct label *vnodelabel;

I~

R TR defs dirent HEHHRHRE HIFR T FRIAAHHE HEHE T HH. B AR S
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B HIHHHHHT tHE HHHHHAHE HHE R, HEHBHH # #HEAE#HE mec_vnode_create from vnode ## #H—
THHHHFH HHE TR .

6.7.3.2. HH HIHHH HHHHHHHHT HHHH TR
6.7.3.2.1. mpo_create mbuf_from_socket
void mpo_create_mbuf_from_socket(so, socketlabel, m, mbuflabel);

struct socket * so;

struct label * socketlabel;
struct mbuf *m;

struct label * mbuflabel;
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THHT HHE HIHHTE 1 HHTHHE SRR HHE HHEH TR T TR R TR TR
THHHE HH THHHE HHHHE H T TR HHE TR HH TR R R
HHE HHE HIRHHHE TR

6.7.3.2.2. mpo _create pipe
void mpo_create_pipe(cred, pipe, pipelabel);
struct ucred *cred,;

struct pipe * pipe;
struct label *pipelabel;

A~

pipe

FHHTE BT B HHE 1 THRRAT TRATRTRHE TR TR S (R T TR
THHHE T TR ST 3 TR BERAT T Y.

6.7.3.2.3. mpo_create socket
void mpo_create socket(cred, so, socketlabel);

struct ucred *cred;
struct socket * so;
struct label * socketlabel;
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THHE THHT TR THE 7 AT TR SR T B TRAHRE AT R AT, i
TR HHE THHEE AT T IR 1 AR,

6.7.3.2.4. mpo_create socket_from_socket

void mpo_create_socket_from_socket(oldsocket, oldsocketlabel, newsocket, newsocket-
label);

struct socket * oldsocket;
struct label * oldsocketlabel;
struct socket * newsocket;
struct label * newsocketlabel;

HHHH—
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6.7.3.2.5. mpo_reabed_pipe

void mpo_relabel_pipe(cred, pipe, oldlabel, newlabel);

struct ucred *cred;
struct pipe * pipe;
struct label *oldlabel;
struct label *newlabdl;

HHHH—




THEHHE H T A, nenlabd, ## pipe.
6.7.3.2.6. mpo_reabe_socket
void mpo_relabel_socket(cred, so, oldlabel, newlabel);

struct ucred *cred;
struct socket * so;
struct label *oldlabel;
struct label *newlabdl;

i~
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THEHHHHE HHE HHHEE 1HE 1 R TR S RS R R R
6.7.3.2.7. mpo_set_socket_peer_from_mbuf
void mpo_set_socket_peer_from_mbuf(mbuf, mbuflabel, oldlabel, newlabel);

struct mbuf * mbuf;
struct label * mbuflabel;
struct label *oldlabel;
struct label * newlabdl;

HHHH—
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HHE HHHHE THEHHFT HHHRH.

6.7.3.2.8. mpo_set_socket_peer_from_socket

void mpo_set_socket_peer_from_socket(oldsocket, oldsocketlabel, newsocket, newsock-
etpeerlabel);

struct socket * ol dsocket;
struct label * oldsocketlabel;

struct socket * newsocket;
struct label * newsocketpeerlabel;

-
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THHE HHE THEH THEHHE THE 3 HHHHH HEHEE R TR T TR TP TR
THHHHHHT. THHHE THHHE HHHE HHE TR HHHE R T HH TR, HHE
THHHE HIHE HHH TR

©.7.3.3. HHHHHHHT HIHHHH HHETHHHHHE HHHHE R
6.7.3.3.1. mpo_create bpfdesc

void mpo_create_bpfdesc(cred, bpf_d, bpflabel);

struct ucred *cred;

struct bpf_d *bpf_d;
struct |abel *bpflabel;

-




bpf_d

RS B BRI T 1 HHHHE SRR T TR HHHE T HH R R —
R, I TR BRI HH TR BRI A T SRR RS 1 R 11 3 B TR
RS P R AR,

6.7.3.3.2. mpo_creste ifnet
void mpo_create_ifnet(ifnet, ifnetlabel);

struct ifnet *ifnet;
struct label *ifnetlabdl;

-
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THHE THHT THEHHE 1 H TR R R, TR TR H R
FHHHE HHHHFHHHHE TR TR T R, HHE TR SRR
FHHHHFHHHAHHE THEHHRE HHHE R R TR 3 T TR

6.7.3.3.3. mpo_create ipq
void mpo_create_ipq(fragment, fragmentlabel, ipq, ipglabel);

struct mbuf *fragment;
struct label *fragmentlabel;
struct ipq *ipg;

struct label *ipglabel;
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FHHT HHH HHHFHH 1 H A TR T HHRHR AR HHHR HHHR R
HHE HHE HHH TR TR HREHR .

6.7.3.3.4. mpo_create datagram_from_ipq
void mpo_create_create_datagram_from_ipq(ipq, ipglabel, datagram, datagramlabel);

struct ipq *ipg;

struct label *ipglabel;
struct mbuf * datagram;
struct label *datagramlabel;

HHHH—
T
i
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HHHTE BT B T 1 T TRAHHR AR AR AR T T T TR TR
IR THAHE FRAHE B B R AT

6.7.3.3.5. mpo_create fragment
void mpo_create fragment(datagram, datagramlabel, fragment, fragmentlabel);

struct mbuf *datagram;
struct label *datagramlabel;
struct mbuf *fragment;
struct label *fragmentlabel;
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6.7.3.3.6. mpo_create mbuf_from_mbuf
void mpo_create_mbuf_from_mbuf(oldmbuf, oldmbuflabel, newmbuf, newmbuflabel);

struct mbuf * oldmbuf;
struct label * oldmbuflabel;
struct mbuf * newmbuf;
struct label * newmbuflabel;
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FHHT THAT TR T HHHE HI R T 3 AR HHRR HARRR BT T T R
FHE HHE FRHHRHE HHHHRRE. HEHR T T HA R 1 1 TR 1 SRR, S —
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6.7.3.3.7. mpo_create mbuf_linklayer

void mpo_create_mbuf_linklayer (ifnet, ifnetlabel, mbuf, mbuflabel);
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struct ifnet *ifnet;
struct label *ifnetlabel;
struct mbuf * mbuf;
struct label *mbuflabel;

FHHT T B HIE TR TR FRAARET B 1 TR HHRH HHRAHHR TR
FHHHHHRHH HIE 1 TR TR HHRHR R 1R TR R AR TR R T
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HHE # HHHHHAT 1H THEHHHHHARE, SRR (T T 2O TR tHE tHHE A i
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6.7.3.3.8. mpo_creste mbuf_from_bpfdesc
void mpo_create_mbuf_from_bpfdesc(bpf_d, bpflabel, mbuf, mbuflabel);

struct bpf_d *bpf_d;
struct label *bpflabel;
struct mbuf * mbuf;
struct label * mbuflabel;

A —
A —
A
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THHT HHHE HHHHE THE TR TR HEHEH R TR SRR SRR R
THHHHRT HH THEHHHEHHRE. THEH HHREE HHHEHEE HHHE 3 SRR 1 AR R
FHHHHIT HHHHFHHRHHE HHRHE A THEHHR SRR

6.7.3.3.9. mpo_create mbuf_from_ifnet
void mpo_create_mbuf_from_ifnet(ifnet, ifnetlabel, mbuf, mbuflabel);

struct ifnet *ifnet;
struct label *ifnetlabel;
struct mbuf * mbuf;
struct label * mbuflabel;

HHHH—
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THHT TR TRETHS THE T TRAHE BERATHE 511 ST R AT TR AT AT T 1
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6.7.3.3.10. mpo_create mbuf_multicast_encap

void mpo_create_ mbuf_multicast_encap(oldmbuf, oldmbuflabel, ifnet, ifnetlabel, newm-
buf, newmbuflabel);

struct mbuf * oldmbuf;
struct label * oldmbuflabel;
struct ifnet *ifnet;

struct label *ifnetlabel;
struct mbuf * newmbuf;
struct label * newmbuflabel;

-
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6.7.3.3.11. mpo_create mbuf_netlayer
void mpo_create_mbuf_netlayer (oldmbuf, oldmbuflabel, newmbuf, newmbuflabel);

struct mbuf * oldmbuf;
struct label * oldmbuflabel;
struct mbuf * newmbuf;
struct label *newmbuflabel;
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6.7.3.3.12. mpo_fragment_match
int mpo_fragment_match(fragment, fragmentlabel, ipqg, ipglabel);

struct mbuf *fragment;
struct label *fragmentlabel;
struct ipq *ipq;

struct label *ipglabel;

HHHH—
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6.7.3.3.13. mpo_rdabd_ifnet

void mpo_relabel_ifnet(cred, ifnet, ifnetlabel, newlabel);

struct ucred *cred;
struct ifnet *ifnet;
struct label *ifnetlabel;
struct label *newlabdl;

-
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6.7.3.3.14. mpo_update ipg
void mpo_update _ipg(fragment, fragmentlabel, ipg, ipglabel);

struct mbuf *fragment;
struct label *fragmentlabel;
struct ipq *ipq;

struct label *ipglabel;

HHHH—
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6.7.3.4. HHHHHH HHHHHHHHHE HHHAE HHRHHRH
6.7.34.1. mpo_create cred
void mpo_create_cred(parent_cred, child_cred);

struct ucred * parent_cred;
struct ucred *child_cred;
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6.7.3.4.2. mpo_execve trangtion
void mpo_execve_transition(old, new, vp, vnodelabel);

struct ucred *old;

struct ucred * new;

struct vnode *vp;

struct label *vnodelabel;

HHHH—

137


http://www.FreeBSD.org/cgi/man.cgi?query=crcopy&amp;sektion=9

A R

TS THHE SRR T 1 HHHRAT HHRAHT tHEHHRAT AR (now) HHEHEE T SRR -
THIEHHHE HFHHATH THEHREHRA (0ld) THEHHT 11 # THHEH THETHART SRR 1 R
THEE HHHH SHRER (V). FHRHE T TR THEH SRR THERARE TR R -
HHHE HHHE HHE THE THEE HHHHHR T TR # T R HH# mpo_execve will_transition HEEHHE
HHHHHE, T T TR TR T S R HHE AR mpo_create cred
HHE HHHHTHE T HHHE T ST HHE HHE T T TR #
THEHHE. T T HHHE T HHTHE T T PR 1
HiHHHE mpo_credte cred, HHHHE HHE HHFHE Hit #HHE HHHHE# mpo_execve will_trangtion.

6.7.3.4.3. mpo_execve will_transtion
int mpo_execve will_transition(old, vp, vnodelabel);
struct ucred *old;

struct vnode * vp;
struct label *vnodelabel;
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6.7.3.4.4. mpo_create proc
void mpo_create procO(cred);

struct ucred *cred;
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6.7.3.4.5. mpo_create procl
void mpo_create procl(cred);

struct ucred *cred;

TR TR BRI TR f TRAHAT 1, 106 S (0 T R S .

6.7.3.4.6. mpo_relabel_cred
void mpo_relabel_cred(cred, newlabel);

struct ucred *cred;
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struct label *newlabel;

HHHH—
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6.7.4.1. mpo_check_bpfdesc_recave
int mpo_check_bpfdesc_receive(bpf_d, bpflabel, ifnet, ifnetlabel);

struct bpf_d *bpf_d;
struct label *bpflabel;
struct ifnet *ifnet;
struct label *ifnetlabel;
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6.7.4.2. mpo_check_kenv_dump
int mpo_check_kenv_dump(cred);

struct ucred *cred;

HiHH—
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6.7.4.3. mpo_check_kenv_get
int mpo_check_kenv_get(cred, name);

struct ucred *cred;
char *name;

HiHH—
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6.7.4.4. mpo _check_kenv_set
int mpo_check_kenv_set(cred, name);

struct ucred *cred;
char *name;

-
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6.7.4.5. mpo_check_kenv_unset
int mpo_check_kenv_unset(cred, name);

struct ucred *cred;
char *name;

HHHH—
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6.7.4.6. mpo_check_klid_load
int mpo_check_klId_load(cred, vp, viabdl);

struct ucred *cred;
struct vnode * vp;
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struct label *viabel;

HHHH—
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6.7.4.7. mpo_check_kld_stat
int mpo_check_klId_stat(cred);

struct ucred *cred;

HHHH—
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6.7.4.8. mpo_check_kld_unload
int mpo_check_kld_unload(cred);

struct ucred *cred;

HiHH—
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6.7.4.9. mpo_check_pipe ioctl
int mpo_check_pipe ioctl(cred, pipe, pipelabel, cmd, data);

struct ucred *cred;
struct pipe * pipe;
struct label * pipelabel;
unsigned long cmd;
void *data;

HiHH—
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6.7.4.10. mpo_check_pipe pall
int mpo_check_pipe poll(cred, pipe, pipelabel);

struct ucred * cred;
struct pipe * pipe;
struct label * pipelabel;

HHHH—
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6.7.4.11. mpo_check_pipe read

int mpo_check_pipe_read(cred, pipe, pipelabel);

struct ucred * cred;

struct pipe * pipe;
struct label * pipelabel;

I~
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6.7.4.12. mpo_check_pipe reabe
int mpo_check_pipe_relabel(cred, pipe, pipelabel, newlabel);

struct ucred *cred;
struct pipe * pipe;
struct label * pipelabel;
struct label * newlabel;
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6.7.4.13. mpo_check_pipe stat
int mpo_check_pipe_stat(cred, pipe, pipelabel);

struct ucred *cred;
struct pipe * pipe;
struct label * pipelabel;

I~
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6.7.4.14. mpo_check_pipe write

int mpo_check _pipe write(cred, pipe, pipelabel);

struct ucred *cred;
struct pipe * pipe;
struct label * pipelabel;
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6.7.4.15. mpo_check_socket_bind
int mpo_check _socket_bind(cred, socket, socketlabel, sockaddr);

struct ucred *cred;

struct socket * socket;
struct label * socketlabel;
struct sockaddr * sockaddr;

HHHH—

6.7.4.16. mpo_check_socket_connect
int mpo_check _socket_connect(cred, socket, socketlabel, sockaddr);

struct ucred *cred;
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struct socket * socket;
struct label * socketlabel;
struct sockaddr * sockaddr;

HHHH—
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6.7.4.17. mpo_check_socket_receive
int mpo_check_socket_receive(cred, so, socketlabel);

struct ucred *cred;
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struct socket * so;
struct label *socketlabel;

-
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6.7.4.18. mpo_check_socket_send
int mpo_check _socket_send(cred, so, socketlabel);

struct ucred *cred;
struct socket * so;
struct label * socketlabel;

HiHH—
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6.7.4.19. mpo_check_cred_visble
int mpo_check_cred_visible(ul, u2);

struct ucred *ul;
struct ucred *u2;

-
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6.7.4.20. mpo_check_socket_visble
int mpo_check _socket_visible(cred, socket, socketlabel);

struct ucred *cred;
struct socket * socket;
struct label *socketlabel;

HHHH—
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6.7.4.21. mpo_check_ifnet_relabel
int mpo_check_ifnet_relabel(cred, ifnet, ifnetlabel, newlabel);

struct ucred *cred,;
struct ifnet *ifnet;
struct label *ifnetlabel;
struct label *newlabdl;
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6.7.4.22. mpo_check_socket_relabd
int mpo_check_socket_relabel(cred, socket, socketlabel, newlabel);

struct ucred *cred;
struct socket * socket;
struct label * socketlabel;
struct label * newlabdl;
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6.7.4.23. mpo_check_cred_redabedl
int mpo_check_cred_relabel(cred, newlabel);

struct ucred *cred;
struct label * newlabdl;

-
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6.7.4.24. mpo_check_vnode reabe
int mpo_check_vnode_relabel(cred, vp, vnodelabel, newlabel);

struct ucred *cred;
struct vhode * vp;

struct label *vnodelabel;
struct label * newlabdl;
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6.7.4.25. mpo_check_mount_stat
int mpo_check_mount_stat(cred, mp, mountlabel);

struct ucred *cred;
struct mount * mp;
struct label * mountlabel;
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6.7.4.26. mpo_check_proc_debug
int mpo_check_proc_debug(cred, proc);

struct ucred *cred;
struct proc * proc;

HHHH—
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6.7.4.27. mpo_check_vnode access
int mpo_check_vnode_access(cred, vp, label, flags);

struct ucred *cred;
struct vnode *vp;
struct label *label;
int flags;

HHHH—
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6.7.4.28. mpo_check_vnode chdir
int mpo_check_vnode_chdir(cred, dvp, dlabel);

struct ucred *cred;
struct vnode * dvp;
struct label *dlabel;

-
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6.7.4.29. mpo_check_vnode chroot
int mpo_check_vnode_chroot(cred, dvp, dlabel);

struct ucred *cred,;
struct vnode * dvp;
struct label *dlabel;
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6.7.4.30. mpo_check_vnode create
int mpo_check_vnode_create(cred, dvp, dliabel, cnp, vap);

struct ucred *cred;

struct vnode * dvp;

struct label *dlabel;

struct componentname * cnp;
struct vattr *vap;

HHHH—
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6.7.4.31. mpo_check_vnode ddete
int mpo_check_vnode_delete(cred, dvp, diabel, vp, label, cnp);

struct ucred *cred;

struct vnode * dvp;

struct label *dlabel;

struct vnode *vp;

void *label;

struct componentname * cnp;

HHHH—



http://www.FreeBSD.org/cgi/man.cgi?query=open&amp;sektion=2
http://www.FreeBSD.org/cgi/man.cgi?query=mkfifo&amp;sektion=2

THHHHHHTHE HHHAHHE T TR (AR HHE R # R HHEE HHE R
THHHHHE HHHHHEHHTE HHEE THEHHHE HHHH TR, i O i R, # #H# emo
THHHHE THHE HIHHHHHE. TR TR HHPH T HHHAE R, 1HE R

169



I HHHHHR R

HHHE 1 TS T T I T HE 1 TS 1 R
FHE 1 B 1 HHE HH HHHH(D) HHEEHE HHHHN D) . HHHHH HHHHH A 1 HHH
FHHHE HEHHE T HHEHHE po_Check rename 0 H HHHHHHHEHE HHHHHHERE 1 1
FHE 1 HHHHE A TS S 10 B

6.7.4.32. mpo_check_vnode ddetead
int mpo_check_vnode_deleteacl(cred, vp, label, type);

struct ucred *cred;
struct vnode *vp;
struct label *label;
acl_type ttype;
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6.7.4.33. mpo_check_vnode exec

int mpo_check_vnode_exec(cred, vp, label);
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struct ucred *cred;
struct vnode * vp;
struct label *label;
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6.7.4.34. mpo_check_vnode getad
int mpo_check_vnode_getacl(cred, vp, label, type);

struct ucred *cred;
struct vnode * vp;
struct label *label;

acl_type ttype;
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6.7.4.35. mpo_check_vnode getextattr
int mpo_check_vnode_getextattr(cred, vp, label, attrnamespace, name, uio);

struct ucred *cred;
struct vnode *vp;
struct label *label;
int attrnamespace;
const char * name;
struct uio *uio;
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6.7.4.36. mpo_check_vnode link
int mpo_check_vnode_link(cred, dvp, diabel, vp, label, cnp);

struct ucred * cred;

struct vnode * dvp;

struct label *dlabel;

struct vnode *vp;

struct label *|abel;

struct componentname * cnp;
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6.7.4.37. mpo_check_vnode mmap
int mpo_check_vnode_mmap(cred, vp, label, prot);

struct ucred *cred;
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struct vnode *vp;
struct label *|abel;
int prot;
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6.7.4.38. mpo_check_vnode mmap_downgrade
void mpo_check_vnode_mmap_downgrade(cred, vp, label, prot);

struct ucred *cred;
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struct vnode * vp;
struct label *label;
int *prot;
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6.7.4.39. mpo_check_vnode mprotect
int mpo_check_vnode_mprotect(cred, vp, label, prot);

struct ucred *cred;
struct vnode * vp;
struct label *label;
int prot;
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6.7.4.40. mpo_check_vnode poall
int mpo_check_vnode_poll(active _cred, file_cred, vp, label);

struct ucred *active_cred,;
struct ucred *file_cred;
struct vnode *vp;

struct label *label;

-
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6.7.4.41. mpo_check_vnode rename from
int mpo_vnode_rename_from(cred, dvp, diabel, vp, label, cnp);

struct ucred *cred;

struct vnode * dvp;

struct label *dlabel;

struct vnode * vp;

struct label *label;

struct componentname * cnp;

HHHH—
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6.7.4.42. mpo_check_vnode rename to
int mpo_check_vnode_rename _to(cred, dvp, diabel, vp, label, samedir, cnp);

struct ucred *cred;

struct vnode * dvp;

struct label *dlabel;

struct vnode * vp;

struct label *|abel;

int samedir;

struct componentname * cnp;

I~
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6.7.4.43. mpo_check_socket_listen
int mpo_check _socket_listen(cred, socket, socketlabel);

struct ucred *cred;
struct socket * socket;
struct label * socketlabel;

I~

183



I HHHHHR R

THHERTRATHS TR (T R R AR R B R AT (1 R R T S
O HHT HATHATHT, 11 1 erno HRTHET THAT BEHETET. THHHETRAT R fRATHE 1 T
THHERTRATE, THE ST 10 THAT 0 AR

6.7.4.44. mpo_check_vnode lookup
int mpo_check_vnode_lookup(, , , cnp);

struct ucred * cred;

struct vnode * dvp;

struct label *dlabel;

struct componentname * cnp;
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6.7.4.45. mpo_check_vnode open
int mpo_check_vnode_open(cred, vp, label, acc_mode);

struct ucred *cred;
struct vnode * vp;
struct label *|abel;
int acc_mode;
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6.7.4.46. mpo_check_vnode readdir
int mpo_check_vnode_readdir(, , );

struct ucred * cred;
struct vnode * dvp;
struct label *dlabel;
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6.7.4.47. mpo_check_vnode readlink
int mpo_check_vnode _readlink(cred, vp, label);

struct ucred *cred;
struct vhode * vp;
struct label *label;
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6.7.4.48. mpo_check_vnode revoke
int mpo_check_vnode_revoke(cred, vp, label);

struct ucred * cred;
struct vnode *vp;
struct label *|abel;

IR HHHHRIHT B HHRT TR G R HRHRRT B HHE R .
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6.7.4.49. mpo_check_vnode setadl
int mpo_check_vnode_setacl(cred, vp, label, type, acl);

struct ucred *cred,;
struct vhode * vp;
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struct label *label;

acl_type ttype;
struct acl *acl;

ot
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6.7.4.50. mpo_check_vnode setextattr
int mpo_check_vnode_setextattr(cred, vp, label, attrnamespace, hame, uio);

struct ucred *cred;
struct vhode * vp;
struct label *label;
int attrnamespace;
const char * name;
struct uio *uiog;
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6.7.4.51. mpo_check_vnode setflags
int mpo_check_vnode_setflags(cred, vp, label, flags);

struct ucred *cred;
struct vnode *vp;
struct label *label;
u_long flags;
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6.7.4.52. mpo_check_vnode setmode
int mpo_check_vnode_setmode(cred, vp, label, mode);

struct ucred *cred;
struct vnode * vp;
struct label *label;
mode t mode;

-
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6.7.4.53. mpo_check_vnode setowner

int mpo_check_vnode_setowner (cred, vp, label, uid, gid);
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struct ucred *cred;
struct vnode * vp;
struct label *label;
uid_t uid;
gid_tgid;

-
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6.7.4.54. mpo_check_vnode setutimes
int mpo_check_vnode_setutimes(, , , , );

struct ucred * cred;
struct vnode *vp;
struct label *1abel;
struct timespec atime;
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struct timespec mtime;

-
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6.7.4.55. mpo_check_proc_sched

int mpo_check_proc_sched(ucred, proc);

struct ucred *ucred;
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struct proc * proc;
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6.7.4.56. mpo_check_proc_signal
int mpo_check_proc_signal(cred, proc, signal);

struct ucred *cred,;
struct proc * proc;
int signal;
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6.7.4.57. mpo_check_vnode stat
int mpo_check_vnode_stat(cred, vp, label);

struct ucred *cred;
struct vnode * vp;
struct label *label;
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6.7.4.58. mpo_check_ifnet_tranamit
int mpo_check_ifnet_transmit(cred, ifnet, ifnetlabel, mbuf, mbuflabel);

struct ucred *cred;
struct ifnet *ifnet;
struct label *ifnetlabdl;
struct mbuf * mbuf;
struct label * mbuflabel;

HiHH—
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6.7.4.59. mpo_check_socket_ddiver
int mpo_check_socket_deliver (cred, ifnet, ifnetlabel, mbuf, mbuflabel);

struct ucred *cred;
struct ifnet *ifnet;
struct label *ifnetlabel;
struct mbuf * mbuf;
struct label * mbuflabel;
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6.7.4.60. mpo_check_socket_visble
int mpo_check_socket_visible(cred, so, socketlabel);

struct ucred *cred;
struct socket * so;
struct label * socketlabel;

HHHH—
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6.7.4.61. mpo_check_system_acct
int mpo_check_system_acct(ucred, vp, viabel);

struct ucred *ucred;
struct vnode *vp;
struct label *viabel;
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6.7.4.62. mpo_check_system nfsd
int mpo_check_system_nfsd(cred);

struct ucred *cred;

HiHH—
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6.7.4.63. mpo_check_system_reboot
int mpo_check _system_reboot(cred, howto);

struct ucred *cred;
int howto;

HiHH—
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6.7.4.64. mpo_check_system_settime
int mpo_check _system_settime(cred);

struct ucred *cred;
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6.7.4.65. mpo_check_system_swapon
int mpo_check _system_swapon(cred, vp, viabel);

struct ucred *cred;
struct vnode * vp;
struct label *viabel;
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6.7.4.66. mpo_check_system_sysctl
int mpo_check _system_sysctl(cred, name, namelen, old, oldlenp, inkernel, new, newlen);

struct ucred *cred;
int * name;

u_int *namelen;
void *old;

size t *oldlenp;
int inkernel;

void * new;

size t newlen;

HiHH—
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T HHHHHH HH TR HHH, SRR, SRR R
HHE B BRI # HHHH H TR HRH TR T TR HH R 1 7

RS SRR TR B R HHHR T BERRHT B SRR TR, Sruct bufhH, #H
DHEHE. HEHRH 1 FHAFHRR BRI T SRR T 17 TR T3 T AT, 1 SRR
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I . THEHHHHE SRR

THHHE HHHHE THE THEE TR TR H TR T HH I TR T R HHE T R
THHE HHHHE HHH. THE HHH HHHH HHHHEHE, HHHHE G HHE TR T TR T
THE HHHHHHHE HHHHE HHAHHH AR T S I 1 R -
THHHHE. HiHE HHTHRHHRAHE THE L TR HEHE THEHRHHIT HHRHH T H TR 1
T, HAHHHHHHHE HHEHHHHE T R T T TR A, T -
THHT HH HHTHHHHHRH HEHEHHE TR R T SR R T TR R
THHHHHH HE TR H TR

R HRTRIHHE # AR R 3 3 0 TR HHHRT HHHH SRR T,
FHE HHHHH HH HHHHE HHHH TR R HHHE B T BRI T HHHH B T R
T T BRI 3 TR TR HHHHRRT TR BRI HH TR H B Hi
VIM_page T, HHHE HHHHRRIHHHE HHEFHRRR. R, R SRR TR 3 S
FHE BT B3, HHHE 1 SR FETHHHE TR A TH ST 113 S,
R, T BRI T TR H HHH HHHRR TR TR HHR,
it B BRI 1 .

(4. HHHHHHHE HEHHE SR map 1, vm entry t

FHHHHIH HARAHHHT HAH TR R HHHR TR BT H TR 1 TR
TR HHH HRAHHE TR H A HH T SRR S —
THHHE PRI, AR T TR AR T R AR TR R
TR HRAHHHRAR, HHR T A R R .

THEHHHEE HHEHHHEHEHE T HH T R T R ST THE R -
HHE HHEHHHEE v _mep_t BV entry_t LS. TS LR T SR T
HHHHE v map_thvm entry t vim object t HEHHHHRHE. THEHHHE HHHHE H TR S
THHHE HIHHHE HHHE T HEHHHEHE TR HHHE v object; HHEHE HHE HHETE HIHHEE HHHHE.
VIM_page tHH HHHE THEHE HHEHHHE HHHHE HIHHE SR THEHE HHEHE HHEE THEHHHHR SRR
HHHHE HHHE v _page t HHHE HHE HHEHHIE HHIHHE SHHRERHE DMAPS, HHE HHEHE THEHEHE HEE HERHT.
THEHHHEE, T TR SR SRS, HHE TR T TR
THE HHHE HHHHE HHEHHHE S HHEE TR VM page t HHHE T THEHE HHE SRS R -
THEHHHTHE S T T

7.5, W AT R

FHHHHHHE T HHE HE HHHE HEHEERE TR SRR, HHH R R R
THHHE HiE T HH HH TR R R TR, TP AR suct buf
HHHHHRAHE.

R TR, HHHRR B NOU HIHE HHHE 1 TR BT HHH . B R

R HHRRHRHE B HHTHRTRS HHRRR SRR G 5 A8 7 32 B HHRR. i
R, HH TR HHE B SRR B 1, HHRRRT R R R SRR
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I HIH HHERRRT HH A

THHHHHHHHAHHHHE 1 HH B HE # 32 i HIHRHHH, HHHHHRA, T HE 32 i #HH-
THHHHE THHT HHTHE TR TR A T T T 3 T T

HHHE HiE TR HHHAHHE TR HHPHHRHHE. TR SRR 15
it i #itt zone allocator. #itt HH HHHHHHHHE HHHHH 1 HEAH 1HE HE R
HHE THHHH THEHHRHHHRHTHRE HHHAHE HE TR THE TR THE AR # THEHHA
HHE HHHHHHHHE. HHEHH HHE vinstat -m H TR T HHRHEHRT H TR T TR
THHHHHT HiHHE 5 HHH.

7.©. HHHHHT TR HRHRERT T SR

T HHHHHHHHHE T T HHHE T S 1 ST ST T
THEHHHE, HHHHHH (T SHHHE T T TR S 9 maxusers #H#
NMBCLUSTERS HHtHHHHE HHHHHHHH #HHHHHHE, HHHE HH, ST AR T -
THEHHE H#it (HHHAHHHE) Jusisdlsysi386/conf/CONFIG_FILE. # HHHHHHHEHHHE 1 Hitt HHHHHHAH
THHHHHE HHHHHHHHHHRR S THHHHRRS THHE R ] uslsdsysi386/conf/LINT.

THE H THHHHE HIHHH PRI TR T T R maxusers. HERHHHE R
HHE HHHHE A 10 #H 128, HiH HH HEAH maxusers HiHE HEHE HHHE HHHHE A R
HHE THHHHHHH TR TR R T HHHBHIRAHEH SRR, 15 R
HHE THHHHE maxusers HiF HIEFHE HHHPHRAHE HH-HEE HHRE THEE S SHEERA, H#HH HE NMB-
CLUSTERS, ## HIHHHHHH HIHHHHHHTE HHHHHHR.

THE HHHHE THHHHFT HE TR H T T TR R, T HERAE AR NM-
BCLUSTERS. #HH#HHHH HitHHH thtHH #1024 ## 4006.

HHHE NBUF HHHEHHHHHT 1HE THEHE HHHHAHHFHRAHE R AR HRAE. HHHHE SR
THHTE THHHHHHHHH HHE A HH T HHEH TR T T TR TR
THHE HIH. HHHHE HHHHE THHH THHHPRAA T HRRRR R R
THHHHHE HHHHE HHHE SRR AR S OfHHHHHRE HHH i H -
THHHE HHE THHHHHE HHTRAHHRHE T TR THEHHRA. T R #HA H#HE not
HHHE THE HIRHHHHRE # NBUR HHHEHHHHHL. HHE HHH HHTRAHE HHEHE . T HRA H HREH
THHHHHT T HHRHHHEHT HHRHHAHTR THEHRAHR AR HHAH R # HHH
THHT HHHHHH HHHE HHHHE TR HH TR T HHEE TR A TR T

THE HIHHHHIE, HHTHHHHE HHRHHE HHE R HHHE T HRAHHRT T -
THHHHHHT HHHHHE HHAE R makeoptions HHHTHHHHHHTE HiE HiHE THEHHRE THEFHAAHRHAE. A
THHHE HHE T HHH - T HHHE HHE THHHHHRRRAE S (AR T
+) HHRHHEHE TR A

makeoptions DEBUG="-g"
makeoptions COPTFLAGS="-O --pipe"

R HHAHHRRAT B HHH 17 B R TR B R B SRR
FHEH R TR RS 1 S HRHHH HHEHRRT, HHRR T G 3t .
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I . THEHHHHE SRR

HHHE HHHE T TR TR HHETRE PR HHHRHHRHRAA, TR,
HHHHE HHARA T B AR R . Juslsdsysdufsifs
READM E.softupdates HHHHHHHHE HHHHHHHHHHHE (HHH HHHHHHHHHHHHE) H R

R, HHHH HHHHRA HHE SRR HHH 1 TR SRR
HHE HHHHE BRI HHH, HHE 1 TR, HHH T T TR TR, HH B R
R 20 T TR HHHH HH HHHE HHHE HHH R, HHHE TR HHH R
R HHHHE 1 HHH HE TR HHHE TR TR HEHE HHHR TR HEHRR TR 3
R HHHHHE HHHRHHHRT TR T SRR T 1 TR B 3R
FHHHH HH HHHATRAA T TR HHH B H HHH SR 1 B B 3 AR
BRI THAHH, HIHHE HHHH HHHE TR B 1 SR T HHEH T R SR
R arfcrach FHIHH HHHH HIHHHHFHHHHE HHHH BHRAHRTE HH H HHH H

FHHHHHHTHE HHHHE HH THEHHRAH HHRRHHRA 1 A3 H1 TR R, THEE R R
FHHHHE TR HHHE HHHE HRAH TR TR T TR T HRE T
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HEAAHI 8. HHHBT 1A
HHHHHHT

Written by John Baldwin and Robert Watson.

8.1, WHHREHERTH

I HHHHHRH HEHRAHE T R T TR HHHRHRRT 2 R i
IR, AR, HHT TR R HH TR T SRR, R, # -
I TR HHTE HHH T TR AR T TR -
B . TR, BRI SRR TR R R 1 ST,
FHHHHAHHHRIT BRI R 3 AR TR R
FHHE BRI T TR TR . HHRRH, HHRH R TR
R 1 HAHHHRHT HHAHH TR, H R R R T TR fH—
IR HHAHHHRR HHT T HH R R

THHHE HHRHHHAHE 1 THEHHRAHRHRAE, HH 1 R 1 SRR R
THHHHRE THIHE TR HHRAHHR SHHPHRAH HHAE T A TR T
THHHHHH HHTHHHHRAE THEHHE R R R, HHE T R
THHHHFHHE. HEHFHR HH PR HHHEHHRAE R T TR
FHHHHRHT HHRAHH.

THHT HHRHT 1 FHHRE HIE 1 HHERR TR HH R . 3R AR 1 R —
THE T TR TR TR TR HRRARE. HHE HRE TR TR AR 1
THHT HHHH H HIH HATH T R T BT TR TR R HHHR i
THIHHH HHHHHHHE, HHTHHHH AR T, FHHRHHH, T R TR Hi
FHHTE THATRHHHHRAH HE T R AR R R, TR B R TR
TR 11 BT HRHR.

8.2. HiHHIH HIHHT THHT HIHHHHHE HHHHHHHHHH
2.1, I I 0 s i

R BT AR BRI HHRRR 1 SRR BRI T R R —
T, T TR TR T T AR 1 TR T SRR B B 3 R, T
RS HHE T HRTRIHT HIHHRRR IR BRI 1 SR 3 3 R B A 1 SRR
R (7 HHHE BRI FRHS HHRR TR T T BRI TR BT f—
T BRI HRTRIHHRT HHHTHR R HH R SRR, HHHT O T e
TR TR TR 5 A SRR B 17, 3R TR R
R HIHE R HHE H R PR HHH AR T B BRI,



FHHHH HHHHH HHHHR R

THHHHHT HHTHAHHE 17 HHHHE TR TR TR T TR P H TR R
HHHHE THHHE THE HHTHHHHE HHE HHEHE A HHE HREHR T HEHEHE T R T T
THE THEHHFHT. THHEE TR HH HHHE T HRHT T FRH T T HHRHTE HHE TR THEHRE 1 R
HHE HHE THHHHE. THEHHRHE, HH TR TR AR H TR SRR H 5
THHHHE, T TR HHE R TR T TR TR HH R HHHR T
THHHHIT HHH TR TR HHHE TR SRR R TR PR TR

FHHTE TR, HHHRAHHE # HARAH TR R A R R A
THE Hit HHHHE R (T H TR HHHHE) , THHHE HHE TR T HH TR 1
FHHT HHH, HHHHH HHR TR TR TR T SR R TR T
THHHHE TR FHRAHE FHRAT HH TR TR TR 3 R R

R BT HHHE 1 A SRR THAHE BRI TR T HH HHHRR 157 AR
IR, HHHE HERRAH, HH R B TR AR, 17
aomic_cmpset HHHHHHE HHHHE H#iE aomic_set ## HHHHE ##E #HHF MTX_CONTESTED ##Hf. H#HHt HHH#HH
FHE HHHHE 1 HHHE T HHE HH O OCK HHHH 1 HHHHHHI HH TR AR H R R
HHE HHHH HHHH. HHETHRR, HHHE TR B HH T R, 1 3 R HHH HHE
HHHE HATHRIE AR, HHHH, B aomic_set FHAAHHHFE, HH #iH HHE 1 SRR
HHHE HHE HHE TR HHHHE S HHH T T R HE HHHRR 1. HHH, 7 H
R HHE aomic_cmpset HHF HIHE TR HEFTHIF HEHE HE B HHHBHE HE THEAT R HEHRRIT 3
IR HHH .

THHHHHHE, THHHHHE THEHHRAHRH HHEE DA 1R TP 5 TR T .
THHHHE HH THHHHHEHTR SR TR A, THEH 3 TR THEH HE R SRR
THHHTHHH, T HHE THATHH TR TR T HHHE TR HHRE T TR AR -
THHHE THE HHHHE R, HHHE L SRHHRHE TR T TR 7 1 T R
HHE THHHHHHHE TR HHHRRHHRAH.

8.2.2. HiHH HIHHHE HIHHHHT HiHHHE HHHH

FHHHE HHHHHT HH HHE HHRE T TR 1 TR . TR R T R TR
FHHHHI T T T TR HHE TR 1 T TR SRR, TR R R
THHHHFHHT HRHHHRA HHRHHE. HHRHR SRR TR TR R SR -
FHHHHI HIHHH T HEHH TR TR T TR R HE TR 1 R

HHHERE, THE SR T A T T TR TR B AT R SRR B (R i
THHT 1 T ST T T, S TREHEE T AT R R e,

T BRI TR T HH PR HHAHRR S T R 3 HH B HH R .
TR TR TR HHIHR TR FH HHHR HHHE B HHHR 1 T G THE B R .
R, HHE BRI B R, T BRI THE BT HRRE HRHER B T 0 B S,
R HIHE BT HHTRRR HH HHAHRRR HH B 35 HHHRR HHE HRH 3 HRRRT
FHE HHFRRT TR B HHHHRTRIE, HH HRTRIT BRI TR T (R 1 R
proctiee lock Hit BEHHF HEH HHH BRTRRHARRR SRR, HHAHRRRATE Gt T B
HE T A HHHR BRI T TR T 1 ORI T 3 HHRRRI H H 3 TR i
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I O. THIFHHT HHHRR TR

THHHHHE. TR, THEH SR THEEE A inferior HHHEHE 1HE THIHHE HIHE THEHE I HERRHARA
THHT HHHHHHE HHTHHHHR HHE TR TR TR TR HH THRHRAHR 1
THHHE HH THEHHHHHHE R HHR HHEHHRHT TR AR A T R
THHHHE THHT HHE TR HEHEHE HE R I R

8.2.3. HHHHHHH HHHHHHHHHHT HiH HHHHHH

FHE HHH HH H R R B TR B 1 TRIEHRTRS 1 HEEH HHHR T T 1 BT
T HE HHHE SRR T R, T I T RS TR T SRR BT HRRR T
R THHE HHFHH HHHHE HHHE HHAHE TR T R 3 B R B 1R R T
R HHHTE I, T R T R BRI R SRR . T,
RS B TR TR TR T T SRR HH TR B BRI HR AR
R HHE 3 TR $H R R

8.3, THHIHHH HTHHTHHHHTHT tHHE AR
8.3. 1. HHHHHHHHHT HHHHHHH

THHERE THEHE BHEETRA TRAHER T T S (T 1 TRAHHRE A . At —
THHT 1 TR T SR TR (TR AT T S TR 0 SHRHT. 1 T B
THHERTRAE, THEHHE, T R T TR TR AT S A, i, w—
THHERTRHE THHAHTRAT R B SRR THHT ST T 0T TR AT SR T 1 —
THHERRHHT SHHERAT TRAHHE BHE G T T 1 SRR TR 1 T i
THHERTRHE SR AR,

FHHTE FHRAHHIHHE TR TR T AR TR HRAHA 1 TR -
FHHHHHH HIRHHHRE. THAH T AR TR SRR HHRAHHRAT 7 1 TR R
FHHHHHHHT 1 HHH HHARAH TR 17 R TR R, H SR
TR HHH TR HHREHHRA R SRR 1 TR R TR R
FHHHE TR THIEE TR TR R 1 R T R R T R
HHIEHE HH1 THAHHFRE H# HHH.

THE HIHHE THEHTE TR THEHHFH TR, THAE DA 1 R HH T R SR
THHHE, THHHHHHHRE, 1 HHH TR TR TR T HHE TR TR TR
THHHE HHE HHTHHHHRHTE TR T R, HHR R T TR HHHE R SR SR
THHHHHHHAT HE HHAHRA R

RS HHIE PRI TR S HE 1 AR SRR HHERR, B R
R BRI T RS R R, TR BRI TR
RIS HHHRT SRR SRR HAHRRT S T INTR_FAST I #RH i
R FHIFHRRERS HiE B R SRR 3 RS HHAR HHRRR. R R —
R TR HHRRRT TR BRI TR 1 BRI SRR T T -
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HHHHHHH HHHHHRHH HH TR
HiHHHE

HHHHHE i HHHHHH HIH HHHHHEE SRR, THHHHE HERR ST T T R T
THHT HIHHHHRE, T T T PR HHRAHR HHHRH TR R T T T -
HHHHHE.

THHHHFH, HHHHFT HE HHE TR THTTRAHHRHTH T TR TR T R R
THHHHHHTHAHE HHRHHE TR HHHRAE HH R SR HRAHIR A
THHHHFH, 1 1R THEHHRE T TR H T P HHHHE, H 1 TR SRR
THHHHRE, HHH TR HH HH HRAHHPH SR THAH TR TR TR R
THHE THHHHFH 1 TR TR TR, H TR R T HH R
THHHHHHTHHHE HHHHEH HHHHE HHEHRAHHRH HH R TR, TR SRR R
HHE THHTE HHTHHHHE T THEHHEHE R T SRR SR T T TR SRR
THHHHHH. THHHE HEHE THEHHRE THAHE HHE THEHHR TR THEHHRE TR 1 TR
THE HiF HHHHHHHT TR R, T T HEHRE TR R AR TR T

THHE HIHHTE 11 THHHE THHRAHHPHTR TR TR T TR TR SR T -
THHHE HHH HTHHT THEHE HHTHHT TR HHHHEH HHE TR T TR R AR
THE HHHHTE THHHHE 1 HE HHTHEHTR B TR HHE T, T T TR, TR R
THHHHHHHHAHE HHE THHHHE TR THHRAEH IR R TR SRR 1 HHEH
THHT HIHHHHIT H HRHEHE TP TR TR TR T, HH TR TR -
THHHHHHE HIHHHTHIT HH T HTHEHHRHE HH A HHTHAE HHHE TR T

1. HHHHE HHHHHHAHE HHHPRHH T A # THEHHHHERE HHHHE SRR -
THHHHHHT HHTHAHHE TR H HHHEHH A TR T TR TR

2. i Hit HHHHEHHH HHHHER T # HHHRRHHHE, A R R,
THHT HHHHHHHET HHE T T HHTR HRAHRH SRR T TR SRR -
THHHHR HiF HiE HHHHHE TR HHE TR TR THETHEH HHHE T TR 7
THHHHHHHHE HHTHAHHE HHTHATE T AL T TR, THHH T SRR R
HHE THHHHRHHHRT HE

THHHHHHE HHTHHT HHTHHHE TR TR R TR HHAHH SR HHEH R
THHHHHHT. HHTHAT HHE HHHE HHRHE R TR R R AT R SR,
THE THE HHHHTHETH HHTHE T HRHTE HHTHRE T TR R R TR A 15
THHHHHHE HiE THHTE HIHHHE HERHHHRHT AR AP TR SRR T R
THHHHHT HHTHHHT THEHHRAHE HRA A TR TR

8.3.2. HHHHHHE HHHHHHHHHHE HiH HHHHHHHH HHHHHHHT

8.3.2. 1. HHHHH HIHHHHHHHAT Hit # HHHHHHHT

HERIHHHE BRI 1 TR TR T TR TR B T TR SRR At
HHE HHIHR HHE HRRRAHE PR HHHE TR TR, HH 1 R SRR B .

T B BRI B HHRT HEHHR T BRI 3 AR HH BT B T AT
T HHHR.
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I O. THIFHHT HHHRR TR

THHHHHHTHHHHE HHHE HRAHHE PR T AR S A TR
B HHHHHHE T HIE TR THE R HH T HHHAE, HHE TR TR
THHHHHH 1HE TR HHHE THEE HHRAHHRH SRR HHEH. 7, i TR #
THHHHHHE HHFH THE TR TR

TR T T HHHTHRAH HHH HHHEE T 1 R R TR, FR 3 -
FHHT HH HHHRAHHR TR HHE R, 1 R TR 1 R R R
FHHT HHE TR HEFHHHE TRAHHA T TR R HHR TR, THAE i TR R
FHHHHHH 1 HH TR TR R R HR R T AR HHH, 1R
FHHHE HIHRHT HIE HHH T T R T TR HR R HR 3 TR R exec
HHE HH HHRAH THIEHHE T HHH T SRR H TR T HHR A SR R
FHHHE . HEHHHHRHHH HH HRHRAT R HHRT HH TR TR AR R

8.3.2.2. HHHHHHHH HHHHHHHHT

FHHTE TR 1 T AR TR T T TR TR TR
FHHHHHE 1 1 HHRHHHI TR, T TR TR HREH, R setrunquede #3# #
FHHHHH HHHHAT HHPE HH TR SR 15 R TR i AR
HHE HH critical_enter H##F HHAT # THEHHRAHTT HHHH HHHHE TR 7 R TR 17
SetrUNGUELIE H#F HHHFHHT HHHT THIHHE HHHE RS, T HIRE TR TR HHRAH T
FHHHHE 1 HH TR TP TR T T AR R R, SR TR
FHHHHHHHT HHE HEHHE T T TR A R SRR TR HH R 1R
FHHHHHHH HHHE HH HHHRAE, R TR T SR SRR, (T
FHHHHH THI TR HHHARHR R R SR R 7 A
IR HHHE.

THESHIRHT T TR TR, SRR G 1§ e T 110t f—
TR PR SHRTHE BERATRHE. THE 3 S S e S 1 FHa f 1
T AT TR 1 ST SRR B THE 7 THERRET SRR, T 7 e
TR T A B T TR AR (R ST T 1 SR AR s, S T i —
THHE IR TRATHHTE I SRR B T ST SR R EH e i 1.

FERIHHRRI B R R SRR 73 SRR HHHRRIT. T # SRR HH—
R HHHHRR HIHR 3 TR, 3 HRHHRR 5 R AR B T SRR T T
FHE HHHTHE B T BRI AR, R, AR R -
R HHE TR BRI ORI AR 1 H A 3 HE cpu_onitical_enter ###
CPU_CIitical_exit HAHRHRIHHHHE, TR B T B HH R R 6
R 1 HHHRRT BRI HHHRT. R HAHRRRE TR B HE TR TR,
HHE HH BRI B FHARRRI (0 SRR 1 T B AR, TR SRR
RS HHHH TR T TR SR T B BT TR TR B TR HHEHRRRT -
R, BT, 3 T HHH SRR BRI, 3 HH HHH T R B TR (A TR
R TR TRIFARR. T T HH PR H BT B 1 7 1 R i R T
RS BRI T 5 O SRR BT BT B R 1 HIR HHRR TR SRR
FHE HHHH HHHHRTR 1 HHH, PR TR HH R HEHHRR TR TR 3 HHR B R TR
g s
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A HHHRHAAH

8.3.2.3. #HHHH HHHHHHHH

HHE HAHHFRRRH IR, # TR 5 SRR AR HHE PR R (it
IR HHHRRR TR HH T R B T (R,

THHE THHHE BHHRAT 1 S TR THEHRARHT T T THEE T R i
THHERIRAT. FERAHRIHE B ST 1 T TERERAT 1 1R 3T TR T AR B 1 S 1
A JHE THAE SRTAAT S S TR I 2. 315 R AR AR SRR R 1
THHERIREHE, THITHE THE SR, T REREE $HHE 1 70 THEHEEE 7 T S TRATRIEE T 1T i
TR R THAHHE B THH AT TR (AR A . AL, AT st i
THHERTRAHAE BERATE G T AHATRT 31 SRR 1 15 T TR R (R A
TR $HHE BT T T AR SHHET T SRR R TR (R (8 A s
HHE THAHRAHE. T, T R T G SRR TRATE (A I T AR 1
TR SRR AT TR, G T T TR T T TR 1 1 TR T R
THE A I BIRATRIT R T AT L Tt S 1 s it i 2.

THHTE TR HHHRAHHR TR SHRAHHRA R TR 1 R SR
HHE FHHHHRE TR, 7 1 TR TR SRR TR SR, # R
THHHHHE TR HHHHHHHHHER (HHE T TR T TR ) i #
FHHHHI TR TR T TR AR TR, T AR SR
FHHHHI HHHH TR T H TR R TR 3 TR T R HRA TR
THE HHHHRHHHHR 1 AR, TR, T TR R A TR 7 1 -
FHHHHE HHHHRHHHRHR HHHR HRE, T HAR T R T T TR R
FHHHE HHHHHH 1 FRHE H TR AR HHHE R T 1R R TR TR R
FHE HHHE HHH TR, HHHE HH TR TR HH TR HHHRR, H HH R
FHHT T HHHHR TR T HE AR T HRHER, T TR HERHR TR
FHHT TR THEH A TR TR T T TR TREHH A SRR R
THHTE HHRHH THEHHHT HRRHHR AR 5 TR i, 17 R, T AR —
THHHR THHH THIEH THEH SRR TR HH TR AR SR T # -
FHHHHHH HEHRAT HHRA

THHHHHH HHE HHHHE HHETHFH THEHHRAHHRT HHHE TR HHHPHR TR -
THHHE HIHE THHHHE THE TR HHRE TR SRR, T TR SHHHRE
THHHHHHE THEHE T THEHHE T TR TR R HEHHHHRAT. HHHRAE, A H# HHREH
HHHHHR FULL_PREEMPTION H# HHHHHHE HHHHHHHHAH HHE TR R SR I
HHHHE HIHE TR HHRRHR.

8.3.3. HHHHHHE HIHHHHHHHE

R T, 3 HIFRRRT SRR T G HHH TR G HH 0 TR R —
R HHH HHHE HHE HHH TR BT TR HHH 1 R R
Mdleep HH HHRHHIHH T HHFRRRH, TR, B TR R TR, 1 R
R HHIFR 1 TR HHE BRI TR T T BRI TR T R HRR R
R FH B HHHE HHHH HH 1 SRR HHE curthreed #HHE curpeh #HHE HHHAHE T
R HHHHRTRT T TR, HHTH T HIHE HHRRA R AT T i it
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I O. THIFHHT HHHRR TR

THHHHHHE HHHHHHEHRE TR HHEE TR A HHEHRE. HHRAE HH AR
THE H HHHHE H TR THTHRAHH TR SRR TR HHEE THEH TR TR
HHE HHHHHAL.

TR THATRET TR TR R T T 1 et s
THHERTRAHE. SR, T BT THE S SRR 1 f SRR 3 THAHRAT 71
TR THEHT 3 SRR HRRATRT T SR A A fam 1
HHHE T HRAHTRAE. (1 7 R, AT T 0 S SRR 1 T
THHERRHE TRATRTE R (AR BT THE R TR AT T3 A 1 Tt i
.

THHHE HIHE T HHHHRHE HE HRHHE SRR HHE T R 1 THEHHRHRE. 1R
THHHHHHT HiF HHE HRAHRHE sched pin ## sched_unpin. HEEHHE HHERHEHRHE HEEAHE H# A
FHHHHI HHHHHH HHHF (_pinned. # HERHHHE T HFHHHE TR TR HRHHHA R TR
THHHE HIRHTE HHE 1 THEHHRT TR HHE SRR THEHE TR HHHEE HH . T
THHHHHHTHE HHHPHHRAHHRH THE AR HH SR T SRR HHRHR
THHHHHH HHE T P HRE T THAHHHR HHE R sched_pin #HHF HHERHT TR
THHHHE THIET HHTHFH TR 1 HHRH AR T 1 TR R SR T R T
THE THIEH HEHHHHR TR HH R R T PR R <ched_lock ##
FHHHE, HHHHE (0_pinned HHHHE HHFE THHHR HIHE TREHHFH. 17 sched_pin HHEHFHHE TREFHPHRAE T
THHHHHH HRHH TR sched_unpin FHEHHRHHERE HHR THEHHRHE HERPHE HHHE HHHHE SRR
THHHHE THHH THEHHRHTE HHE T R TR HH TR TR HHTRRH TR HH
THE HHE THIEHHHHHHE 1 TR THE TR HH HHHHEHRTE TR HHE 1 TR R,
sched_bind ### sched_unbind H#HHHHEHEHHER HHEHEHE THE HHE R

8.3.4. HHHHHHH

HHHT timeout FEFHEHT HHATHHTRTRE TR HHHHAH AT 15 HREHRET AR
TR THE SR R softclock FHAHHIEHIT HHHHAHTHT. THATRT R TR R
TR BT AR 1 SR R, TR TR 1 B T R AR R B
T R T AR A T T S 1

THHE THHHHHT TR THE HERAHR SRR TR HE PR T H TR TR TR,
callout_lock; HHHE HHHHH HHE THHTE HIHHHHHE THHHE THEHE I THEHHRAHE TR TR HHEH HRE
HHHHE oftclock HiF HHHHHE 1, 1H HHHHE HHE T 1HE HHRAHHE SRR HHE TR
THHHHF HHHHE. T HHHHT TR HHH HHHA PR, HHHE Oftclock HEHHHHE HHHHE THHRHT
HHHE callout_lock #HHHHHHE THHHE HIFHHHRHE HIH HRHHHRH imeout THAHHAHHE THEHRHH. 15
CALLOUT_MPSAFE HHHHE HHH HiHE HIHE HIHHHHE TR, T T SR R
THHHHHT TR TR TR, T R TR SRR, #H clout_lock HHHIE
THHHE HEF HRHHHEHRE TR HHHRHRAH. 5 oftclock HHAHF HiE HHFHEHIE $HE HEHAE
THHHE THE H HHHHHEHHE TR HHTHAE HHBHIRAHE THAE HRAHE 1 DIAGNOSTIC ## HHHHHE,
THHHE THHTE HIHHE HRHHE THE A T SR HE SR, 3 R 15—
THHHHIT HHE HE HERHHHRE H R,
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BRI HRRHHE SRR

B.A. HHIHHHFHE tHEHAHE AR

8.4.1. HHHHHHHHH

struct Ucred #H# HHH HHAHHHHRT HRTRIHHH TR HHHRRRR, T R HH
HHE HHH HHHHH HHHE PR TR B TR B R B
I HHIE 1 HHHHHR R TR T TR HHHE R TR
R HHHH TR AR, T R HRRRAE HHH 3 0 A,
IR HHE FHAHHRH, TR, H HH HHT TR HHHRH. T
I BRI 1 TR HHTHHRRAE 1 TR HHHH TR 17, i
T T HARRAHHHR TR PR TR 3 TR T R 0, TR R
FHHHH T HHHHHHRRHAHR 1 R SRR 1 TR SR SRR
R HHHHIE 1 T AR TR, R T T R R —
I B TR # TR TR

TR AR T 1 TR TR T SRR TR,
TR HETRAHH TR R T TR H 1 R R AR # f—
FHIE, Cr_itxp HERHHHIHT HH HHRRHRAT HHAR 3 Sruct ucred £ HF HE HIFRRIHRRE PRI —
FHE. AT BT T AT BRI FHARAE 3 HARAE AR T T R 1 1
FHHE, 1 HH FHRAHRHT TR HIE HERRAT HAH TR SR R TR HHARE.

HHHE Struct ucred HHHHHTE T # THHHE HHHTHEE TR 7 HHRHAHRAH S THEH HHHE i -
THHHHFHH THEHHRA.

RERIHHH, HHHRRRE (R AR G 0 AR (R T TR B -
RIS, R THEAE R (0 Ucred I HETRIFHIFHIE HRAHRRRE RARAEE B TR
IR HHHHE 6 TR SRR 17 HHAHR T oroc HIFRE BRI 1 HHH SRR
RS THIFHHE T T HRHRTRHHE (HH TR HHHR T T SRR p_ucred
R B TR H BRI B SRR BRI 1 HH SRR, HARRRT
R FHH.

FHE AT TR TR TR HHHHH R R T 1 R
TR TR, #1310 Ucred HEHHE HIFHE 11 HHRAARAE HE TR
FHHEHHHT FHAHRE. HHR A TR TR 1§ TR TR SRR AR
FHHTE BHHIRE HRFRRHRA HHHRA FHR 0 _Ucred HHHIRHHHE HiE THIEE TR SRR
FHIHHE THAE FIRAAARE 0_Ucred HHAFRAHE  HETRHRE HARHE TR SR, TRAAHRRT 0
T P TRAHHFRHATRT H TR R TR

8.4.2. HIHHT AT AT 1 (R A s
HHHHHHHE Hit HHEHHHE.

8.4.3. HHHH HHHHHHHH

SUUCt Prison HARHHIH HHEFRFHTHHRRH TR R 17 H TR 13
HHHHHHHE T HH HHH(2) HHH. THHHE THERAAH T T SRR, HE S,
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I O. THIFHHT HHHRR TR

THHE HIRHHHIT HERHHRA. R SRR T HHRHHHRHHRHRA TR AR
THHHHHHTHE 11 HHE HHPHRAHE HHHE TR T TR PR HTHRHRAE. # HHRHT
FHHHHE, Dr_mix FHEHHFH HERHE HHEHHEH R TR TR R TR
THHTE HHHHHHAHE HHRHHHE TR FRAHHE TR HEHE R HHE TR A
HHE HHHHHHAHE, HHE # HHRA SRR (TR Sruct prison # HHFRHETRIE #H THEEE SR
THHHHFE. THHT HHTHHHHE TR H R R HHE R T PR sydalh,

8.4.4. HiHt HHHHHHHHH

FHHTE THRAHHIHHR HHE AR SRR S # TR 1 R TR, #
HHHE HHHE # Sruct [ahel. HiF HIFHEHRE, HIRHHH #H SR SRR TR R
THHHE THHHE THE HH THATHEHHR TR HEHR SRR HHE IR, Y ebd HHHH #Hi
Struct vnode H#H HEFHHHFHHE 1 THIEE HHFHE HHAE H T

FHE HEHHHH T HHHS HHHHE 1 HHHHE 1S HEHH, TS A HH
FHHH HEHHHE S T HHH HHE HHE HHHHE T HHHS 1R 10
FHHHHHE 1 H S (mac policy IiS |ock) HHHE # HHEHE HHHHHE (HHHHE HHEHEHEHH
FHHE HHHEE) . BN HEECHEOERHE HHHEHEEEEIEHE I HEAEHE FHHHE HHEE HEOCHEHHS, HEOCHEREH HHF R
) B 1 HEHHH TS 1 HEHH) HHEHE HHAEHH T T
FHHHHE HHHHHHH (HHH T HHHHHH) T T, HHHS T A 1
HH HHHHE 1 T I HHH R SR HHH 1
I HHHEHHI 1 HHHHE T 1 HHH S 1 ) T S
FHHHE, S 1 HHHH HHHHHS HHHH ) H HHHH S HHHH S 1
FHHHE HHHE T HHHEHHS HHHM T 1 HHE, 1 HHS N 1 T
I 1

B HHHHHEHHHE SR, mac policy LISt Ot busy, #H HHEHHHHHE HHE HIIEHHE HIY THHH
HHHE S T T T A T THHHHHE R T HE
FHHHE 1 HHH HHH HEUL S T S HHEN, HH0L 4 I HH S S
HHHHE. 1 TS HHE 1 A, S 1 1 SO 1 S S 1
FHHH 1 H HHHHHE, SO HEAHH A 0L FEAEAEHE S HHE S T, HHH
A A A A HHS A HEHE HEAHH HHAE S S HHH
HHHE HHEHHHE THHHE TS 1 1 S FHULIEEHE HEHHHE HEHHS HHHH HHE 1 0
HHHE R B (HEHE HEHHHD) S HHEEEE HEHHH

8.4.5. HHHHHH

RS TR HHHR BRI TR AR 3 BRI S B 0 T 1 HRRR
HHHHHHE HHHH, HHH HHHE T R () S A T R
THHHHHHE HiT THE HHHHHHTH (HHHHH THE AR | AR S 1 T T
R BRI BRI BRI TR B HRERIRETE T R TR TR TR TR TR T T
R # sydmodulen B 1 BRTRIE THHRRE 1 SHRRRT T HHREREE. I TR TR
THHHHHHHH HHHHH HEHE TR odule t THHHHHHAHH (HHHHE PR T
oAU elist_t HHARFIFHIR, BRI T BRI HHR R SRR TR R 1 e/
kern_module.c ## HERHRIHT HHHHHHTR HHE TR .
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I HARRH A

8.4.0. HHHHHHE HEHHHHE HiHH

HHHHE A S AU HEAEAEHE O HEAEHEHS, HELCLEEEOESHE HEOEHEHE HHAEMEHE H) HHEHHHS (HHHHH)
(. HHHH(O)) HHEEHE HHHHEEIEHE THEEEEEE HHE HHF S (HELCHEOEH) A (HEH HHHHHN9)). #—
HHHHHHE HHHHHHHHNE THHHE 1 HE HEHE 1 S, HEOCHEHHH S S 1AM S
HHHE T, T HHEE HHHE B I S HHHE O S 10 D HEHE HHEEEE S HEOEHE 00
FHHHHHE, S HHHHE SR 440 HELEAEHE S AL HEOEHE HEEEE (PR, HEHHHHS HHEH HHHHHHNO)).
HHHHHE T HHF LS A HEEEHEEHHHS 1 HEOEHE LAY HHEHHE TS, 110 1
HHHHHE HHHEE HE SHHH HHHE T S 1 S Y.

8.4.7. HHHHH

8.4.8. HHHHHHHHHT HiHE HIFHHHHT
H THHHHHH HHHHHRAT
H HHHHE HIRHHE, HHAHRA?

B S HEHEEHHHE T HHHHE SHHHEE 110 HHAEAEEAHE S A HHAMEAEY S
HHHE

B THHHHHHHHEHTR AR

H HHHHHHHT HHHHH T R

8.4.0. HHHHHHHHHE

HHHHE 1HE HHHHHHAHT 1 sched ook HiHE HITHHRHE HIRHEHBHE THE TP SHERAAHAHR 5
THHHHHHE HIHHHE HHHHHRHE 7 T R

8.4.00. HHHHHHH tHH HHHH

HHHE select #HHE pOI| THEHHHHTHE THHHHHT HHHHHE THE R R THE R R -
THHHHHHHHAHHRH TP, TR R TR TR HHE TR
HHE tHHHHHAHE

8.4.11. HiHHH

THHT THIEHHE HIHHHHHE HHEHHRE SR TR T TR ST T
THE HHHE HHEHFHHH HHHHHE THHHE T SHHHHHE T S R
THHHHHH. THE HHHHTE T T R SR R T TR R
THHHE HiHE T HHTHPHE HHEHH, HHE TR THRAHAE T HHAH HE PR #H
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I O. THIFHHT HHHRR TR

THHHHE. HHHE TR THEHHRAHR TR SRR HHHAHR AR R
HHENULL H# HHH HHHHR HH T PR, T HRAHE H7 H Sract sigio HHEHFHRAHE
THHHHHHTHHHHE. T T T TR T R R, Soio_lock. HHHHHHHEE HEHIFHIE
THHHHHHHHHHE HHTHHHHRHE TR HHHRE T TR SRR A TR -
THHHHE THHHHFT HHE HHE THEHHE TR HH TP HERHTE HHTRAHRAH 1 R

FHHE STUCL SO FHH HHHHHHHHH HEH HHEEER HHEEEEAEA S HHHHHE HH A HHHHE HHHE HHHH
HHE HHHHHHE I, T HHHHHE R 1 A S T, S
FHHHHHH,  HTHHHHH, HHHE 0 T TS 11 HHH TEHHHH . 1
HHHHHHE 1 T HHHH TR 1 HHHHE 1 THHHH SIuct Sgio HHRHHHHII,
D SiOISt HHHEHE HHHHHH, 1 D SOIOIS FHHE HHHHHHE HHHHHHHE. THHHE R 1
HHE 1 HHEAEAEAHE 1 R S HAEEHHE HEEAHHH. S HAHE 1 Y Sruct
SIQIO HHHEH HHHEHHHHHH HHEEEE HHEEEE HEAEHEAEOEHHHE HE HHE HHHHHE HHH HHE HEEE A
SO POSIGO HHEHHE HHHEH HHAEHEHEH HEAEHE SUCL GO HHEHEEEE M HHHHIHEINE 11 HHHEAIEH HEAIEIEH MR,
HHHHHHHH HHHHHHS T HH H HHHH) S A, 1 Y,
HHHHE HHE 1 HRHHHHE T, HHHHH HH TEHHHHE R T
FHHHHE, HHEEHE HEH FctoWn FH TUNSCROWN P FHHHHHEEEE HHELHEHHHHHHHE 1 HHEEHEEE HEAEHHHHE HHHEN HHH
FHHHHE HHHE T T H . HHHE HHE HHHHH S HHHH i 1 1
FHHHHHH HH T HEAEHE HEAEHEAEAH HHHHH) T R 1 H A B
FHHHHHHH 1 H HHH B 1 1

8.4.12. it

FHIT syscll HHF HEFHHRE 11 HHRHHHE HA R TR 1 R H HH R i
TR THATR 1 T HHHE. H TR B TR TR TR 1 TR 1A,
FHHT TR 17 HHHE BRI AR T R, A, A —
TR T TR HRRARE TR FRAHRR T T TRAHHR 1 R R
THIHHHHHHIE. HHFH HHHHE A T T TR (PR # #HH -
FHHTE HEHHHRAHHE HHT AR TR, T TR AR R T
FHIEHHE HiE TRAFHHHRAE HHARAE HHARAER H R SRR AR, HRT
T T 11 H HHHRHE TR HH R B HHHHRA 0 syscl, HIRHERE, 1537 7 B
TR HE FHAHH TR HARATE T TR HHAHRAHR HHH TR 1 AR —
FHHT H HERAT HATRAH AR AR HH TR R R,

B HIHHE 1HE THEHHRE THEE TR T HERAHHRARE TR THEHHRA R THEHR TR T
THHHHIE, HIHHHHRE. HHPH FHHPHRAE TR AR THAHHA T A
THHHHE THIEHE P TR HH TR TR A R TR TR TR, 15
THE HHHHHHHE HHE HIHE HHH THEHHRAE SR THEE R T P SRR HHE R
HHHHHRHHA.

H R T R B B, R TR BRI 1 BRI B S 3
R TR HIHE T TR TR TR TR HHHE HH HEHHE HRRERT. B -
RS HHRRRAHE T 1 BRI, HIR HRHRR, 3 HHRR HEHHHR SRR R
R HAHR BRI, BRI R HHHH AR T TR A T R TR

223



8.4.13. HiHHHHHHHH

HHHE THHHAHHTH HEHEHHHR 1 1 T T AR T i
THAHHHHE fHH AT R . teskqueue queves mutex HH HHEEERAE 1 HHHHHE HHE #
HHHHE T T HHHE ackqueue_queles FHEEHHE. FHIHE HHHHHT BT HHHHE AT (T i
AT HE 1 T HHAE Sruct taskaqueue FEEHT HHEEHTRATE. THHE HHAE HHE S TR AT -
THHHE TR (T 7 T 1 R 1 (T T 5 3 sruct teskquede.
THE TR HHE T HHHHE ST 7 AT (T 1 Tt ST 1 -
HHHE T T $HHE T (R THAHTE TR T ST A (i T 1 1
HHHHHHHE #1 ker/subr_taskquevec.

8.5, THHAHHHHARHAEHT 1
8.5.1. HHHHH HHHHH

T IHERHE HRIAT G 3 SR TR AT T T I SRR SR 1 e
THHERTRAT. FHHEE A A THE R SHERRAE 7 18 (T (TR SR 1 TR i
THHERRHTT THERRAT T, TR 1 TR SRR 0 1 T TRARAT, T (R 1
TR B BRI R BT TR TRATEE TR TR SRR (A i
THHERRAT TR THAHE T 1 I 1T,

FHHE HEHHHH HIRHH TR HERR SR TR TRAHHR HH TR TR TR
FHHHHE T HETHRA SR, HER SR T HEHR R T R R
FHHHHE. T HHHR THRAHHR TR R TR THAHE 3 HHH .
FHHHE HHHHF TR HHHE R TR AR A R 1 R R
FHHHHE THEHHRAH T HRE. TR HE TR TR TR T
FHHHE TR, 1 HHRAHR HHHR TR 15 HHH SR TR R R R
FHHHHHHHTHT HEHH T TR AR T TR HH 1 T R TR R
HHE THHE THEHRATE HHHH TR R R 7 FHRAR TR HH TR R
FHHHHE TR H1 T HHRATE TP HRERA TR TR R TR R
HHE HHE HHE HHTRE HEHAH HHEHR 1R I R HHRE HERAH HH R
FHHHHE HHHHT TR HH 1 FRAHR . AT TR TR 5 TR TR T R R
HHE 3 TR HHRAE HHHA R T AR, R T R HRATE R
FHHHE # HIFHHHRAH HHRAH TR TR TR T AR .

HHHE deapa lock HHHHHHHHE THEHHE HHHT HHEHE THEHH T THEE HHERHEE HHHEHRE SR T
HHE H THHHHEH HHHE PR deepa lookup FHHAAFHHHHHE HIFHHHT THE HHE HHHE HRHE 5
THHE HHHHH THEHHE THAHHE SRR HEHEE R A H 1HE R HHEH
THHHHE HiE TR, 1 R NULL. $7 deepo_rdlecse HHHHHHTHE HIHHHHE HHE HHE HHREH
THHHHHHTHAT HHHE 1 TR TR TR

TR T R 07 H TR HHHHE H 1R deapo_adld. HHHRHE HEFRHHHRART HIFRRERH HHH i

R, AR 1 G HHH B AR 1 TR SRR, 3 HHH G f—
RIS R, R 3 RS 1 R BT BT TR TR H AR T

224



I O. THIFHHT HHHRR TR

deepq lock HHHHHHHE HitHH HHHHHHEHE tH HHHHHE 1 T THHHHEH i T
(HH 1 1 S ST | T HEHE T ST tHHHHE T NULL. #HH
THEHHE T ST 1 T T SHHHE SR T T T T
T HHEHEHT 1 AT TR H A 1 T T T Tt T T TR
(SLEEPQ _INTERRUPTIBLE). #HHHHHHHE HIHHHE HiHE HHHE 1HE HHHHEE HHE R R #HH-
THEHHEHHE THEHHE HHEHHHE TR HHHE R mdeep HHE wakeup HEEHEHHHAE (SLEEPQ _MSLEEP)
FHHE AT ST T T (SLEEPQ_CONDVAR). #H HHHHHE HHHHH i i
THEHHE HHETHHHHE TS THHE T T T T ST TR T
HHHHHE deepo add FHEHIHHTE THEHHEH THETHTHHE T T TR T -
HHHE HHHHHE tHH SRR T SHHEHE HHH T ST deepq lock #H# #H—
THEHE $HEHEHHHE H i T T HH R T I TR

B THHHHHHE HHHE H HHHHAE A TR deep_set timeout. FHH HIHHHHHHT HIFHHHHE
THHHE THHHHHHE T HEHE TR T HHEH TR TR TR HHE R R #7
T HHHHHT HEFHHHE HH THEHHRAHEH TR SRR, deeng_catch_sondls HHHHHHHHT
THHHHHT T HHTHHH HH HHHE. HHREE TR TR A TR SR A -
THHHHHHE, HHE T T HHHHHHE H H R TR R R, R deepa_catch_sgnds
THHHE HHEHHHE 1 HHHHE THEAHHE, HHTHHERH, 1H R i O,

FHHHE 1 B HEAEHE FHHE HELEHEEHE 1 HELEHEHHS HHEEEEEEH FHF HHEELEHEHHS TS S 0 HEHHH Seepa wat
FHHHHEHHS. HHEHE HHEH S HHEEAEHE FHHEHH HEOEHHHEAEN: HHE HHEEEEOEHS 10 HEOHHE A A
FHHH T 1 N T HHEEEEHE FHH HELEEEEHE HHEEEEAEOHH) HEEE FEHAEEE HEHHHEEAEHE HH 0 MO —
FHHHE B HHE HEHHHE HHH HHHHHHE. H Sleepc Walt PHHHEHE HHE H HH—
FHHE HHEEHE S S HHEE HEOCHHHEAEEES FHHEEEAEE A HEEE HEAEHE AN HEHH A
SO tIMECVat B HEHEHHHE HHEEEAEHE HELEHHHHE HHEEEE HHEEEEEEAHE ) HH A
FHHHE HHHE HH 10 S HEAEHHHE HHF leepal et timeout HEEHHHHIEE. HHHH dleepa Walt Sig HHEHHHHHI
FHHH B HHEEHE HHHE HHEELEHHE HH HEEELEHH N AN FHHE ) AR A
Seap tiMEcWalt Sig HERHHHEE THHHEE HHEHHE T T FHEHHHE T HHHH R HH,
FHH} A B HEHE HEEE AL FHHEEEEE HHH eecy St IeOUt FEEEEEHHHHHS, FHHF HH HHHHHEEAHE
FHE HHEEHHE. HEAEHE AL HEHHS HEEEEEHHHAEAENE AN FHHHE HHEEEEHE A FHF HEEEHEHE AR
FHHHH, 1 HHERHHHE, T Seepa timeoait_Sig FHHEHHHHE HHEHEEHE 1 T HEHHHH HH—
I HHH HEHH A HEHE HEAEH HEHHHEAEE HEAEHHH HHHF Sleepal Catoh Sl HEHEHHHH H HHHHIHHHEN HEHHHHE,

T T HHHHT $HE HHHHHEHHE AT 1 T TS T 1 TR, HHHH T i i
T AT T 7 P AT HHE HHHRH T 1 TR (. 11 7 R i
AT $H THEHHHE IR T TR (T 1 T R s
THIAHE $HH AT T T 1 T . s e i despg wait
T HHAHE HHHHHE O 1 T HHHE TR TR 1HHE 7 AT T T 1 -
AT TS, $HHHE, $H A ST RS (T T T AT
A deepo timedwait_sig HHRH SHEHHHT T HHHHHE THETHEHHRAE 1 AT .
HHE HHHHHE TR O T TR i A deepq wait_sig ## deepq timedwait_sig #HHE HHHE
T T, T S R deepa_cdc sgnd_retval HHEHEHHE HHE SHEHEHE HHE TR HHHE
AT AT T T T TR R T 1 T S
AT THEHHHRT TR T R 1 deepa_catch_signdls FEEHERRE 1 T 1
HHHE HHHE AR 7 deepq cdc signd_retval.
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A

THHHHHHE TR HHE 1 T THEHHRHE HHRE R SRR T deepq broadcast #H#
deepo_sgna HHHHHHHHE. HHHHE THRHHHFH SR TR TR HERAHRE TR HHE
THHHE THHHHHRAT, # THEHHRAHHE 1 R SHHPHHE THEHRA 1, T HHHEE AR
THHHHHHT HIHHHE HHHE T TR R HH B THETHRH. TR TR TR
THHHHHHE HiE H HHHAH TR T TR TR TR HRAHR T 3
THHTE HHTHHHHHE. HHE TR IR TR SRR AR TR
THHHHE THIEHHHE THHT HHH TR HRAHHRE T HHHE P R TR SRR, HHHE AR
THHHHHHT THEHHFHHHE TR TR SRR T PR A R 5
Sleepo_broadcast HHHHHHHHE HHHHTHE HIHE HIFHHHRE TR TR TR HHE T TREHHRR HH
THHHHHH HHHHRE deepa_signal HEHHE THAHHEHH HHHE HHTHAHH HERPHRAE TR SRR
THHHE HHHHHHE. TR T AR TR TR R R R deepg lock #HH—
HHHHE HIFHHHE THAHHIH HHPH R

T THHHHHHT THEHHHT HH TR T T SRR HE AR deepa_gbort #HHE—
THHHE, HHHH HHTTHHHHR HHHE P TR sChed | ock HHEHHT HHE T HHFHEHE HHEHE TR
HHE 7 HIHHH HHHHHTE. 1 HTHEH TR HH HHHEHE HHHRHTE 3 THEHHRHT HHEH A
HHHE deepo_remove HHHHHHHHHE. HIFHTE HIFHHHHRHTE HHPHHR HHEHE 1 TR HHE 3 T TR
HHE THE THHHHHHHE HHE HHEE TR HH TP 7 R TR TR (R
THHHHHHTHE HHHHE THATHFH. HHE TR HH R HE 3 HHRE B 7 5 H R
THHHHE THHT H HHTTHAHHRT HHH TR, R AR TR R

8.5.2. HHHHHHHHHH

H HHHHHHHHHHHHHHHE HHHE AR
L, fF L IR (i
# HIHHEHHHE HHHHHEHHHH.

8.5.3. HATHHHHA 1 HitH TR THHARHRA

T HHHHHHE Hi TR HHHHHH T T T SHHARH) TR T T SR
FHHHRH HHHHE THAHE B HHRRAE 7 TR T TR

8.5.3.1. HAH tHHHHTH

H HH # HARHHH HHHHR ..

8.5.3.2. HHHHH HHHHH

H HEHHAHHHE HHE HHHR THEHE AR R

A B RS T TR B HH 1 TR (HRRRT SR HHAHR S R
T HHH.
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I O. THIFHHT HHHRR TR

8.5.4. HHHHHH

# HHHHE HIRHE 1 H

# HHHT HHHE AR

8.6. HHHHHHHHHHHHHT HIFHHHT
B.6. 1. HHHHHHIHHI HHIHHE HHHE HHE HHERHH

# HHHHHRE T

# R IR

8.6.2. HitHH? HHHHHH HIHHHHHHHH HHHHHHE

H HEHHIHE HE A R sema walt?

H HBFRHT HH HHHT R 17

H HHHE HHTHE THH TR THEHHR T TR TR,

HHHHHAH

FHHHHHHH THHHHRH

HHE HHHHHHAR T R B 15 R SR
R BRIRRAHE H BERARE TR AR R
FHHEHHH TR HHHRHR 15 R -
R HHHE B TR TR -
FHHHHE HHHHHHR H TR SRR 7
IR BHRRH, T TR R A
THIEHE THIHE HEHRHRAH HH 3 HE, T R A -
R TR HHRRRT 1 HH B T SRR
FHHHHE TR T R TRAHHRT AR
R 3 TR B B R B,

FHHT HHHHE AR,

# HHHHHE HE HHHHAH A HE IR #7 #
THHHE HIHHTE HHE H HEHE THATHPHRAT HH H R
FHHT HIHHE TR

T HHHHEHH HH T TR T HEH R R

THEERHE. IF TRAHHERT S B T e fi—
THHHE HHHHHE HHH HHERARA () #HH.
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FHHEHE S S

FHHEHHH HHHAR

I HEHARH SR

FHHHHHHT TR R

IR AT

T ST
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R FHRRRE.
T HHEHE 1.

# HHHHHHE HEHHHHHE A 5 R T #
THHHHHE TR

THHHHIH HRHHHRAHHL,
T R 1.

THHE R AR

I HHHHAHH A HHHR 3
THHHE HHEE HHHHE T THEHHHHRAE SHHERH.
HHHE HEHHIHTE TR T AR R SRR
THE HHHHHEHE i THHAHHHHHAHH HHAHHHHR
T TR HHH HHTHRA B T
HHHHHHHHH THEHHH.

B HIHHE HHEHHRAHE TR AR HRRHR R,
FHHHH TR HETHRF HHHHR SRR
HHHHHHATE HHRAHE.
R HHRH A

H HHHHHHE THE T T HE THE R -
HHHHHHE THTHHHHE T # T i #H#E mdeep #7
tdeep.

HHHE HiHHE HHHHE

H HIFHHARAE T 11 R HHRE R e
B THHHHHT HRHTE THE R HEH-HRE R R
FHHHHE HRF THAHHAAR TR T PR R
THE HHHHHHT. HHHHHHPHTR, HHEE HHHHRH HHA
FHHT TRAHHIHT T HHAR TR T AR i
HHHHHHHE .

T HIHHE .

T AR TR AT TRATR A A 3 T AR
THHHHHHE THHT HIHHHE THEE HREE # TR SRR
IR

IR THATEE TRATEHE TR IHHRET
HHHHHE 1.
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HBAAAE Q. FHHHHHBTE IHATH
HHHHIAHTE TR

Written by Murray Sokely.
Based on intro(4) manual page by Jérg Wunsch.

O.1. FHHEAHHHHERHA

FHHHH THEFHHH TR H TR SRR HIE A SRR TR i -
RS, 1 HHHHHHE HH AR R 3 TR HHR H R R
R HHHHHHRE T TR T, HHHHE HRRR, SRR, HH R A R
R, 1 TR TR T T TR HHHHR T 1 TR R TR i
I H HER R . TR B R HHRH SRR R -
R HHHHHH TR T TR B R R TR (R -
FHHE TR HHIHHR, TR HHERR HH HE R HH SR -
R HH HHHHHHE H HRRT R T TR TR AR TR SR,

TR, HHHHRH R T HARAE . PR R T TR i —
FHE TR T HRAHRAR [Oev 7 1R HERAHHR TR

FHHHHIT HHHHAHH THEE HHRAHHE 17 R HHE R T SRR, SRR
FHHHHHH HHHHH TR,

O.2. I FHHTHIT TR TR

THHE THH TR A (AR SRR 17 PR 5 R
THHHHHHTHHHHRT HHE R TR, (A TR THERA A AR H
THHHHE THET THEHHRAHE HHE 1 TR TR TP SRR TREHRHR
HHHHHHH.

HHHE A THEAHRR 17 R
o Kidload # #HHHHHE # HHHE HIRHHHE THEHHR
o Kidunload # HHH#HHHHE # HHHHHHT HHHAH
o Kldstat # HHHHT HHHHH HFHHHH

R BT T 3 B R






FHHIHHHE O. FHRHHHHE HEHAH R -
HHHH

HHHHHHH make HHHHE HHHHT THEHAHHHHE #HHEF HHERAH # #HHPE Sdeonko HH-HE HHi tHE #H-HH
HHHE HHH HHHHHE HH AR

O.3. WA T

B HHHHHIHHH HHAHHHHE R TR TR TR SRR HH R SR
R, BRI HH HHHE TR BRI TR B HIHHHRE HEHRH B AR R R Hi
I HHHHRHT HH T R TR

THHHE TR R TR HHRHRAE SR A TR AR
FHHT HHE THIEHE HERHE HHRE T TR A

AT Q.1 IHEAREHE T THEHERE TR R
HHHHHHH HiFHHH HHH# R 104
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FHHIHHHE O. FHRHHHHE HEHAH R -
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FHHEEE SR (R )

THEHE HHE HHHHH TR

R TR TR B B (B BT TR

O.4. HHHHE HIHHHHE (HiH HHHH)

HERIHHHE. AR HHRRRS HHE B HHRRRT T BRI R BRI PR TR,
R HIFRRRH TR HHHRRRHR HHR AR, 1 3 R s fi—
IR, HHE SRR R DR R GHRRAHRT B BRI SRR, R
RS BRI B (R R 3 TR R SRR BT BRIt i i i
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FHHIHH O. PRI HERHHRIHT A B
HHHH

THHHHE 1HE HHHE. TR TP HREHHRHTHRE HH THEHHRHT TR THEHHRH 1 TR
THHHHHH, HHFHE T HHE HHE HH TR TR R 1 R A HH—
THHHHHH THHHHE HHTHPHHRAE THEHHRAHHR TR HHEH, HHAE TR SRR
THHHHHHHHHHE HHFHHE. HHE TP R, T R SRR R R -
THHHHE, THHE HF HHHHE, THEHHRE HHHE PRI HHEH TR R TR T
THHHHHHE T HHERAAHHHHHHAHE HE A S T T TR (HHHHHHHHH) e -
THHHHE THHE TR HHHPHRE SRR TR TR R R
THHHE TR HHRHHHE TR HHRE P HHAE R 1 5 TR
THHHE HiE HHH THHHE HIH HERARHHHHE,

O.5. IR HHHEA

HHHHHHHE THHE HHHHHHHE A 1 A B HEHEHEOEIEHE S THF THHHHE 1 1 S
HHHHHHHE HHHHHHHHE 1 S HEHE FEOEHEOEHE S FHAEEEEE HEECHEAEAEHE HEOEHE S 1 AR
HHHE S ), HHEEEE B HF HEEEEEEEEEIEEE FHHEHHIHIHE 140 HEOCLEOEAEOEOEOEHE T B0 S HEEEE
HHHHHE HHHHE HHHHHH2)

HHHE HHHH THHHHHHARAR HHE (), T HHHHHHE 1 1 HERRERE T, T
TR HHHRH TR,
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w10, HiHH HHHHHE HHHH T

Written by Sergey Babkin.
Modifications for Handbook made by Murray Stokely, Valentino Vaschetto and Wylie Stil-
well.

10.1. HHHAHAH

THIEHE THEHHIH TR HHE R BRI T HAR 3 AR 1 1 i
TR, HAH TR PR TR T TR HRRHHRAT AR 1
TR HHHT B 1 B HH TRAHHAR. 17 TR T TR R H
FHHHRHH 1 HHH TR, HHH HHARR TR S H R 3 R iR
THE TR RS, T SRR R ep HHH cha 1 HATRE RS 1 TR —
I,

10.2. #HfHHT SRR

H FHHHHRAT HEHE TR HHRR HHH TR R AR R

#include <sys/module.h>
#include <sys/bus.h>

#include <machine/bus.h>
#include <machine/resource.h>
#include <sys/rman.h>

#include <isa/isavar.h>
#include <isa/pnpvar.h>

THHHE HIHHTHHTT HHE TR R T TR THEHHRT TR

FHHET T TR 7 HHRAH 1 AR TR, # R A —
FHHEHHE TR HEHFRHATR HiE HHRHRE TRAH R,

THHTE THHHE HH T T HHRAHEHRE B R T R
THHL. THHE H HHHHHHEHHRTE R SR TR TR A

e datic void xxx_isa identify (driver_t *, device t); HHHHHHHHT HiHHE T HHH HTHHHHE, i T
THHHHHHE, T HHE T HEHHHE T SR HHHE R TR . 1 R
THEHHHHHE HHHE ST (FHHHHHTH) T HHE T T T
FHHHE HitH R

o daticintxxx_isa probe(device tdev); HHHHH HitH # HHHHHE H H# HHHHH (HH HHH) HHHHHHRAE. HHH



e ddicintxxx_isa atach (device t dev); HHEHHHH HHHT HHTHEHHRH HTHHHHE.
* daticintxxx_isa detech (device t dev); HHHEHHHE HHHHEHE THEHEHE HEFHHHHIHE HHE HHHRHE T

* gdic int xox_isa shutdown (device t dev); HHHHHHHE HHHHHHHHT HHE HHE HHHHHE HHH-AAE
HEHHIHHHH.

o gaticint xxx_isa suspend (device t dev); HHHHHHHE HHHE HHHHHHE HIFHHHE THHE HHFHH TR 7
THHHHRAHT T THHE TR IR TR 1 (AR AT .

o SAICIN XX ISA [ESUME(CRVICE teV); FHHHHHH HHHHHE HHHHH HEHHHH A S HH T H—
HHHHI T,

XOX_iSaL roDE() HHHH XXX ISA BHtaC() FHHH HHHHHHEHHHIR, HEHEHE FHHHE HHEE HELEHE HEHHEAEAESE S HAEAE
FHHHHHEHHE 1 T R T,

THHT HHTHHR HHE TR T THEHHET HHHE TR R R AR,

-/* table of supported bus methods */

static device_method_t xxx_isa_methods[] = {
-/* list al the bus method functions supported by the driver */
-/* omit the unsupported methods */
DEVMETHOD(device_identify, xxx_isa identify),
DEVMETHOD(device probe, xxx_isa probe),
DEVMETHOD(device_attach, xxx_isa attach),
DEVMETHOD(device detach, xxx_isa detach),
DEVMETHOD(device_shutdown, xxx_isa_shutdown),
DEVMETHOD(device_suspend, xxx_isa_suspend),
DEVMETHOD(device resume, Xxx_isa resume),

DEVMETHOD_END
i
static driver_t xxx_isa_driver = {
-"XXX",
XXX_isa_methods,
sizeof (struct xxx_softc),

i
static devclass_t xxx_devclass,
DRIVER_MODULE(xxx, isa, xxx_isa_driver, xxx_devclass,

load_function, load_argument);

THHHE HHHFHE o0 SOMtC HiF # HHFHHHHHHRHHEH TR TR TR SR -
THHT TR HH HHFHRAHRE TR TR TR SR, T TR TR R
THHHHFHTHE T HHHHE HHEHHRHH TR P A,

HHE HHIE BRI G TR B 3 R SRR B |oad _function() ## FHHHHRARE HH
T HAHHHHHTRR AR 1 R R fHR SRR 3R BT 5 i
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HRHAH 10, #HH T HEHAH

THHHHHT T TR TR TR THE R HE T TR, HHE T TR TR
e G
THHHHHE) HHHH R HEAH R O HHH HHH HHHH AT T
HHH

DRIVER_MODULE(xxx, isa, xxx_isa_driver,
xxX_devclass, 0, 0);

HHE HHHE THEHHHE 7 HHE H TR TR SRR THE T H TR H A T
THHT HHHHE H1F HRHHHEE. HHE TR TR HH TR HE T T TR 1 A
THHHHHT T THEHHRHHAHRT TR R T A R T
THHHHE THH. 1 HHHAE R

static struct isa_pnp_id xxx_pnp_ids[] ={

-/* alinefor each supported PnP D */

{ 0x12345678, -"Our device model 1234A" -},
{ 0x12345679, -"Our device model 1234B" -},
{0, NULL -}, -/* end of table */

-+

HHE HHIT HIHHHE HHHE HHE T T HHHHHE T T T T ST i
HHHHE
static struct isa_pnp_id xxx_pnp_ids[] ={

{0,  NULL -}, -/* end of table*/
43

103 device t #ﬁ-’#—###

device t ## HiHH HIHHHFH HHRIH B HHHE R BRI, HHHE HH TR R
R HHRTHAFH HH B R FRA TR AR 3 SR i
IR HHHHHE 1 AR AR

* device tdevice get_parent(dev) HHHE T HHHHHHHE HHHE H#HE # HHHHHH.
e driver_tdevice get_driver(dev) HHHH HHEHHHHET 11 HHH HHHHHHE HHHHHRHH.
o char *device get_name(dev) HHHHH HHHET HERHHHHE HHEHE, HHEHE HHE "xxx T HHEE SRR

* intdevice get unit(dev) HHHF HiHH HHHHE HHHHHIH (HHHHHE HHE AR O T HiH R

o char *device_get_nameunit(dev) HH#H HiHE THHHHTH HiHHE HHEHHHHHRT HHE HHHHE HERH, i 3
HHHHOH, FHRHHLH HHH HH HH.

o char*device_oet_desc(dev) #H# HHHT HHHHHHT HIHHHHHHHHIT. THEHHHHHTE HiE TR S
THHT HHTHHT HHE HEHHH T TR HHRA.
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HHHHHHHHHHAAH HHHHE SRR
HHHHHHIHHRAT HHE TR HHA -

daevice st aesclaae des FHH HHHH . HHH

* device set_desc copy(dev, desc) HHHF HHH HHHHHHHHHHHE. HiHE THEHHHHHAHE #HE HHR-HH HHH
T HHHHHRIH FHHRHHHHHRR SRR HHHH, 17 1 R R 5 R
AR TR SRR R

o VoI “device get SOfto(dev) HHHHH HHEHHHHHE HHE 1 HHEHHHHHE HHHHIEHHHE (HHRHHEE oo SOfC) #H—
HHHHIE 1 T S

* u_int32 tdevice get flags(dev) HHHH HHHH HHHHT HHHHHHHHHT HHH HH HIHHEHE HE HH R
B HIFRTE

H HEHHHHFHRAT R device printf(dev, Tt ...) #HHH HH HEHFE T TR THEE HHHAHR
FHHT HHHH HATRHHE, T AR HHHRHR TR R TR HRT -
.

THHE HHHHHE H HHHEH T AR AR Kermfbus_aubrc.

10.4. FHARFHAHAARHRTE THERT TR TR TR T TR
HHHE HHHHHHHT THETHHHE SRR

THHT FHHE AT T THHERTRATR 17 R SR A T i i

device xxx0 at isa? port 0x300 irq 10 drq 5
iomem 0xd0000 flags Ox1 sensitive

THHE THATRTART A TERTAT, T THTR T TR AT R AR T TR T A (AT TR
THEER T THERATL. SHHTHE BT BT, FHHETRAT T TR Rt it -
IR T TR AR, T FHETHE, THH HRATE T 1 fa 1t i
THHTE T THARTE BT THERAT HHE TR TR 1 BT TR (T TR AR
THEERTE. T 1 TRATRRAT ST TR TRAT ST TR TR (T AR A 1
THHEFIRATHAHTHRT AL, ST 520 1 isal, THETRIRATHT 1 ST AT 1 AR 1
HHE A R T T

sensitive # # HHEHHHHHE R FHRAE HERRE IR TR T SRR A TR
THHHHFHHTHE FHRAHHHE. H7 HH R TR T R 1 1 R 1 T IR
HHHHHH.

RS BRI HH TR THE HHHR T (R HHHRR B B TR T BT
R HHAHRR. T HHHE PR T 1 TR B T R i
IR HRTRIAT . B T SRR B A B HI BRI 1 A A
IR HH HHHE HHHE R HHHT HH HHE SRR R, .
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HRHAH 10, #HH T HEHAH

device xxx0 at isa?
FHHHE HHHHE HiHE FHEHHHE HHHHE HHE R,

HHHE AR SRR SR AR TR BRI T ST 1 i
TR TR R ER AT B T AR AT SH T A TR 1
THHT HHHE THEERTRAT THE T THEHRET, THAH R T BRAT B S p

device xxx at isa?

THE 1 HHTHHHE HHTHAHHRE T PR R TR TR TR T A
THHHHHHTHE 1 HHHHE R T T R T TR HH T TR
THHTE HHHHHE HHHHHE THEHE. T HTHRHTHAHHRHAE HTHR HHEE HE R R
HHHHHE.

THHHE HiE THHT HHH THE THATTHEHHRHHRH TR P SR B R

HHHE HHH HHHHHHHHE HHHHHEHHE A (T R S T
THHHHHHE HHHHE THHE HHHHE THE T B HHE T HEHE TR TR TR SRR TR
THHHHHHT HHHHHHEH HHHHE TR TR HHH T HREHRE, HHHE AR SRR
THHHE THHTE HIRHE HRHEE THEE HRHEE THEEHRHE TR TR HH SRR T
THHTE HIHHHHHE HE HHH

THHE HiHE HHTHHAHH THITE TR TR THEHHE TR TR TR T TR TR
THHHHE THHHHET HiE HHRH TR,

THHT THHHH THHHHHE HH THEHHRHE SRR HRAH HH senditive HHHEF THIEHHIE. HE HHEHH
B HHHHHHE HHHE TREHHRHAH, HHE TR AT TR

THHT HHHHHT HIHE THEHTHET TR HHE R THEHHRHE R TR R TR

THHT THET THEHHHHT T THEHHRHTE T TR HHH T T HH TR R
THHHE HHHHHHAE. B HHHE T HERRA ST, TR R, T T T T
THHHHHH THEHE HIHE AT TR A

R HHHE T B HRHHR T BT TR T3 HE B HHEHRTRI T TR T
R, HHE R HHHE TR HHHR TR RS T DR, 1 B T
R TR T (R T BRI BT HRHHRRRT SRR, B R,
R HARRIHHRRIAHT HHRS S, BT SRR SRR HE #HA | SA_PNP_PROBEY()
FHE HARERIHT T BRI HH T HHR HH HHR T T B R HE R A
HHE HIHR FH T T B R R HHE R, HHH H S TR T
R, HHHE T T TR B, (R T TR HHAH HHHE | SA_PNP_PROBE(), ##
R HHHE THE HIFRR B B BRI 3 TR THRRHT HH R B TR,

THHE HIHHHE HHHHHHHE HHHHEHHE H R T (T ) #H HEHH, fHH
R BRI 15 TR
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HEHHAAHHH

THHT HHHHHTHIT HHHHHE TR T HREE R H TR SRR SRR TR
THHHHE. HHH HIRHHHRE, 1 HREHE SHHRHHAHRAE PR # R SR -
THHHHHHE THHHHE HHE HRAHHRH HH SRR SRR A TR SRR SR -
THHHE HHE THHHHRE. THEE THEHRHE HHHEE TR HEHRH TR H R TR TR
THHHHE HHRHAHHHHHHHE (HH HHHHH A, HHHE T AR O THE R
HHHHHHHHH H1 H HEH, THHHHHHHR H2 HHE TR 5 ). tHE TR i R
HHHHHE HHHHHHHE T HHHE T HHHHHHHHHE T T T (B T (HHHH
HHHHHHE HHHHHH #] HHEH T THHHHE PR AR TR S i
HHHHHHHHHE THE THHHE THHHE HHE HHHHHEHE HHEHH AR (A A O HHHH
THHHHE HHIEHE, Hi HE # HHHHHE AR O $HE A A HE T R
THHHHHHHHR.

RS TR HHHRRT TR T R 1 R B # fet
HHE HHHHHHRT T HHAER. R HHE B HRHFRRT HE B TR TR TR R
IR, HHHE B HHE R AT, AT SRR 1 B HAARRRRR, B TR R
R HHE THE HIHR R BRERA T IR AR,

THHERTRAT 1 1 BIHATRTTE T SRR G AT T THAR e iR i
T THE T I (HHHHE HH T T TR T ). THE T T SRR -
THHERTRAT THATHE TERTHRHEE B 1 T SRR THE THAT TRATRHE (5 e
THHERE R T THEETRE T ST T ST T e ST (T T 11 SR
THHERTHHRAHTR AT BT T 10 TR AR .

HHHHHHHE THHHHHHIR THHHRERARAE 1 T TR T (HHHHE
THHHHHHHERARHHET) HHE HHHHE HHH R T T T HE A R
FHHHHHHHTHHHHRS TR 17 TR HAHR TR TR T HHR R i R
HHHHE HHH HHHHH A O HHEE HH HHH HHHHPRAHHHAR SRR T HHRH
THHHHHHIRE R

HHHHH R R i TR R T
HHHHHHEHHH TR TR T SRR (1 R resource query *() #8H
resource *_value(). HHHHHE HHEHHHHHHHHHHTT HHH HHEHHEHE HHE kern/suor_buscc. #HHE HHHE HH
HHHHHHE 1386/isalwl.c HHEHEHHET HHHHHHHHE $HE T . T T TR T -
HHHHHHHEHHH HIHHE HHHHHE $HE TR, R R T SRR R
HHE HHE HHE R .

10.5. AR

IR FHRRHRARR SR H AR PR TR T B TR R
HERIHHRR B BRERRHE T (R BRI 1 BRI R, R e —
IR 3 A B B R TR G 5 SRR B # B
HERIHHHRIRG TR B TR TR TR HHHRRRR R B T R
HERIHHE THHT R PR R SR R resource * HIHH #HRAH
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HRHAH 10, #HH T HEHAH

THHHHHHE TR THE HRHHHPHRAHE. TR, THTHAHR TR TR R
THHHHHHHHAHE, HiE HHR R TR TR R

R HHIE HEHAAHT T AR TR HHH TR HIHH T R 3 i
FHHE THAFHHE R T T T T T T HH HHHRR A R 3 R

SYS RES |RQ # #HHHHHHHHH HHHH

SYS RES DRQ # ### i tHHHHHHE tHHAHH

o SYS RES MEMORY # #H#H H#it HHHHHE HHHHEAE THHAAH HAH A HRRAH A
HEHHIH

SYS RES |OPORT # #HHH #H HHHHH HIH R

THHE HHTHHHHHHHHHE HHHHHE R O, HH HH # HHHHHE HHH TR R HHHRT
HHE HHHHE HEHE THHAHHHHHE HE #HR SYS RES MEMORY #HHH#H#HHE O #i# 1. #HH HHHHHAHH
FHHHE HHHE HIHHHHRE T T TR TR HRAE, TR TR TR SR TR
H HIHHHHAH HHHE unsoned long HHHEF HEHHE 1 TR HF HERRHHRAHE. HHHEHHRAHE R
THHT THHHE T T AR, TRAHHHE HH HHE R TR . AR
FHHHHFH TR HH T R A

IRQ: 0-1
DRQ: 0-1
MEMORY: 0-3
IOPORT: 0-7

THHE T HHFHHRHHE TR TR B HHRHE, HEHT TR HHHAT R, HHH
THHT HIHE HTHRHHHIH TR HEHRH TR THEHRATHE H TR 1 L. HHE TR HHE R
THHHHE 1HE HHHE HRHHHRH R

R HHHHH H1 TR T B SRR 3 SRR
o I

o HHHHHHHHHHHHHHH

o THEHHHHH

FHHHHHHT AT HHE TR T T HH TR, TR TRAT TR R
THHHHE HHHHE HHE TR TR HHHHTE HH A 1HE (T AR

THHTE HHHHHHHFHE I HHRAHHPHR SRR

* intbus set resource(device tdev, inttype, intrid, u_long start, u_long count)
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HEHHAAHHH

HHHE H THHHHE T # THEHHHHRE. A O $H HHTHHERHHH, THERHE T SRR -
THHHHE, HEHHT HHHAHHAT HHHE TR TR TR R type, rid, start #7 count #AH#
1 HHHH THHHE HEHHHE HHE R TR TR

o HHHE H HIHHHFHHE HHA
o HHHHH # THHE HE HHEERRE, T H#
o FHHE 1 HHHERAHEE HHHREE () SR
o IHEHHE, PHRAHE AR SR
* intbus get resource(device tdev, inttype, intrid, u_long *dartp, u_long * countp)

T A ST T SRR AR AT O 1 TR, TR TR f fE T
T THAT R A

* u long bus get resource start(device t dev, int type, int rid) u_long bus get resource count (device t dev, int
type, int rid)

TR TR HE R R AR T 1 HIRE. H O H BT HRH,
HH 11 HHE PR FERAHE B O HHHR HH TR HHHRHEE (7 TR 1
A B T 1 R 1 O 1 13 SR TR HHHR, Hi R TR
T HHTHHH HRHHTRS HH FHRAT H HHRA AR R O,

* voidbus deete resource(device t dev, int type, int rid)
HHHHHHE # HTHHHHHHT, HHHHE T

* druct resource * bus dloc_resource(device t dev, int type, int *rid, u_long start, u_long end, u_long count, u_int
flags)

THHHHHHHE # THHHRAH H7 H R TR TR HEHEH HHE THRHRRA H HRH
HHHE HHHHHEHAE T TR HHE 1 HH R SRR i SRR
it Hi AR O i HH HO (HHH HHHHE) THEHHEE THHHE HHEE T AR R
HHHE #H bus set_resource() HHHHE HHE THHHE HIHHHHHE. THHHHE THHE HHEHRE 1 HHERAHRH
HHHEH=(HHHHHHHHHHT) , THE HHHH HHHHE T HHHHHHHHE T A TR T R
THHHHE HE HHHFHTRE. TR TR HH TR T TR HHE TR TR
HHE HHH HHHHHHHHE HHHHHHHHHE T HE T (AR THHHHE T

IR THAT A, T BERAHE RAHRRHRAT T T i,

o RF_ACTIVE # HiHHHH HiH HHHHEA H# 1 HHHHHHRAHHHHR SRR A -
HHHHHE.
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HRHAH 10, #HH T HEHAH

o RF_SHAREABLE # #HHHHHH it HE HHHHHE 1 HH HHH A SRR A,

o RF_TIMESHARE # #HHHHHH HH H tHEHHHHHAHHT H HEHHTHRA HAHHTH, 4., -
THHHHE HE HHH HHHE HHRAE 17 TR T HHHRHREE TR HH T HHE TR TR R
HH #HHHH.

o HHHHHE O HH B I T S B T R T i S
FHHH HHHE S thand *().

* intbus release resource(device t dev, int type, int rid, Struct resource *r)

o HHHHHHTHT HitH HHHEHHHHE, # HE HH R I bus dloc_resource(). #AHHHHE O ##
THHHHRAT, TR T TR

* int bus activate resource(device t dev, int type, int rid, struct resource *r) int bus deectivate resource(device t
dev, int type, int rid, struct resource *r)

o THAHHRH T T SRR S O f SHHEHRE, THRAT 1 R 1
HIHE THATRTRAE THE THHHRAT S AR R THE A e 1
EBUSY ## HHHHHHHH.

* intbus setup intr(device t dev, druct resource*, int flags, driver_intr_t *handler, void *arg, void ** cookiep) int
bus teardown _intr(device t dev, struct resource*r, void * cookie)

o HEHRHHHE H HHHRRHHRRA T HHAHRR HHHHR R . e O #17
A, TR HIHH HRHR .

o H HHH R R R SRR T
T 3 T TR TR TR, T

o INTRTYPE TTY # HHUHHEHHHHE HHE HHHHHE TR THHH R S,
HHHHE H H ity ().

o (INTRTYPETTY | INTR TYPE FAST) # HHHHHHHIE HItH HHHHHH S T
HEHHHHE, HEHEHHHHEE HEHE HEHHE HHHHEEEE HELEHEHE HHHE AL (FEEEEEHE HEHE HEHE HH A
FHHHHE). 1 T HHHHE 1 ity ).

o INTR TYPE BIO # HHHHHHHHHE HHHHH) THHHHE HHHH HHE 1 T T
HHHHE R H DIbiO().

o INTR_TYPE CAM # #HH (HHHHHHT HHHHHHT THEHHHT) HH tHETHHHHHHTTE. 1 A i
splcam().

o INTR_TYPE NET # HHHHHHH HIHHHHHHAHE HHAHHHHHHAL. 17 A plimp().
* INTR_TYPE MISC # HHHHHHHHHHHA HHRAHHIL. HHRAE 17 1 R TR 1 R 1R
HRAE H# plhigh() FHFAHE TR TR HHERARIE.
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HHHE THAHH HHHRAH

THHHE HE HHRHHAHE TR TR TR T P THEHHRAHR SRR TR -
THHHHE THHHHE TR THE TR, THEE R TR HE R TR TR TR R
THHHHE THHHHFHHRHTE HH THEHHR TR TR R TR HHR A R

o handler # HHEHHHH HHE HHE R HHHTHHTT, i e i i1
## void driver_intr_t(void *)

o Qry # W R R B T AR 0 SRR HHH BRI H.
B HH HIHH T BRI T B HHHE TR HH TR TR T T HRARR A B
B R BERRAHT F T B T BRIt BRI, i B
(FHHHHHHHHHHE) THHERHAHHHE HHE HHHHHE H HHERAR T R A AR

o cookie[p| # FHHT HEHHHT THEFRAE T saup() 71 T 1 SRR #H SR 1
HHHHHHE # teardown()

 HIHHIHE HH HHEHHHHE HHHE TR HHE R T R TR (T -
THIHHHHE ). HHHHHE HiE HHHHRH T TR R

o UL longrman_get_Start(r) U long rmian get encir) #HHHH HEEH HHEEEEHHHE HHEEHE HEHHE HEEE HEHHEEIEHHIEN: R
.

o VOIQ*IIMEN Qe VIMtUAI(r) HEHH HHEEHE HHEHHHENE HHHEE 1 A 1 HHH

10.6. #Hf HHHEHE T

HHE FHHHH HHEHRE THAH HH AR SRR H R R TR TR T
FHHHHRE. T HHREHR T SRR

(H) HHHHHHE HH HHHHHHHE HHE R S
(H) HHHHHE HH HHE HHHHE A T

HHE HHHH (H) HHH HHHHEH THHHHHE A HHH T THHHE TR TR HE T
THHHHH HHH THHTE R TR TR, T T TR R TR TR R
THHHHHHE HHHHHHET HTHHHE T R AR HHT TR TR TR R
HHE THEHHHRH H#E # SYS RES MEMORY #HHHHHHHT. HIFHE HHEHHHTHE TR TR H7 AR
THHTE HHTHHEHTHHE, T HHE HHPHR TR SR R rman_oet_vintua (). #H# HFHT
THHHHHHE HHHHE T AP pmao_mapdev() HHHE HEHHT TRHHHBHE, THEHHE TR B T A
THHHHHHT THET HHHE. HHHE HE T HHE T TR HEHHH TR HRHHR .

IR T R R HHE BRI T SRR SRR HHE TR HH
RIS HE AR CAOHHH LA HHFHE HH 1R HH BRI (R SRR SR BT
THHHHE HHHHHHE THE HHHHHHE THERARAH T LOHH (T THE HHH 200HHH HHHHHHHE -
THHHHHHE HHE HH ). HH T HHHH HH A THHE THHHE TR T T
HHHHHHHE Hi HHE AR S (PR T, HHHE THERARE) # HHEHHHT T
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THE HHHHHHHHHE HHE HHE HHTRAHE R P TR TP P TR R
THHHHHT 11 H# HERHHHE HHHE R L SRR LA 1 LOHH. HIHRHRE HHE R
THHHHHE HHEHHE HHHHEHHHE HHE TR TR T A (TR TR B

HHE HH () HHHE THHE T HE T HHHHE T T HHE T T, HHH HHHE SR
THHE HH HHTHHHHRT TR HHE BT TR SRR TR PR T R
HHEHHE, HHE HEHHAE THEE TR THEHHH A TR | OHHE. THEHAH, T HHHRHHHHA A
THE HHTHHHHE TR THEHHE TR TR T TRt TR TR HRAE,
THHE HHHHHHE HHHE HHHHE PR AR, HHH T T
THHHHE HHHHHHRHE T HRHE T HHRAE TR, HHHE R A R AT 1 R
HHHHHHHHAE.

THHE THHHHHHHHIE HHE HHHE HHE AL AR, bus dma tag_t ##H# bus dmamap_t. #H#
THHHHHHTH HHE TR TR T T T A T TREHRARR # R
THHHHE THEHHHRHHHE THEHHRAHHE THETHEH SRR, HERAHHRAE T TR AR
HHHHE HiHE THEH .

THHHE THHTE THEHHHAHHE HHHE H HHRHTRAH TR R PR T SR
THHHE. 1 HHHHE HHE HEHPHRAE THEE TR SRR HHE T TR, 13 T
THHHE HIFHTE HHHHHH T TR

THHHHHHT HHHHH HHHE TR TR HHTHRHTHRAHR T TR (A TR R
THHHE # HHE THHE HHET HH HTHEE T TR HHE B R TR

THHT HHHHE HHE T THHEHTE AR 3 57 R

THHHHE, H HHTHET HHE PR P SRR T T AR 5 T
THHHHHHHHHHE T THE TR HHE TR T R AR A H AT
THHHHHT HHHE 1 T HE TR T T HREHE SRR HE R T -
THHHHET HHTHEHR TR R,

R, Hit BERRRITH HHHH 1 HHHRR R S T HHRRRT HRR 3 .t i
T SRR HIR B FHARR T R 1 HHE 1 SRR,
AR HHIHE B 3 SR ST R AR R, B TR AR
HERHHFHRTRI TR TR B SRR 1 SRR R R BRI, T
R FHR BRI T T HRTRIARRR SRR R T R B BT
T TR HHHHRT TR 1R TR AR TR HH BRI BRI T i
R, HIH HHHRRTRIH BT AR SR G HHH H HAHHRR HE TR BRI HH T T
R B TR BRI TR HHHT. T HH HH ARt Rt
RS TR T R BRI HE R SRR . R 15 R i
FHE H BT TR B T G SRR T HH GRS i
R P TR,
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THHTE HHHHHHHIHE HEHHHHR HHE TR R R

* int bus dma tag creste(bus dma tag_t parent, bus size t dignment, bus size t boundary, bus addr_t lowad-
dr, bus addr_t highaddr, bus dma filter_t *filter, void *filterarg, bus size t maxsize, int nsegments, bus size t
maxsegsz, int flags, bus_dma. tag_t *dmat)

HHHHHHE H# i . SRR O HHE HHEHHHHE, T TR AR

252

parent # HHEHEHE #HE, B THATHE R SRR 3 TR AT .

alignment # HHHHHHAH TR TR T T A T
THHE HHHHE T THEE R | T TR SRR, SR R
HHHHHHE bus dmamem _alloc() ## ##H# bus dmamap_create() HHEHHE.

boundary # HHHHHHHHE HIHHIHH HHHHHRE A T S -
TR (T THERTRHE. THEE AT O T 1R A R (R 1 f it
bus dmamem _alloc() ##H# ##H# bus dmamap_create() HHHHHE. HiHHHE HHE THHHHE i 2. H HHH HiH—
Hit Hi THHAHHHE HE HE T SRR T (B, T T T
HHHE HH HHIHHHHE T HHE T R R HHHE T SRR
HiH HHHHHHTHE T HH T S OAtH (GAHL024) Hf 1 Hith HHHIHHIHHHHE Hi
HHRE I BRI

lowaddr, highaddr # #H# HtHH Hith HEHHHHHH HHHERAR, HHEHHE T T
Hit HHHHT HHE HHHPHHRAE THRA 17 PR SRR THE 11 AR
HHHHIHE. HH TR TR TR TR HH TR SRR A

o #HH bus dmamem alloc() HiH HHH HHHHHHHHIT HiHHE O HHEHHHHREL $HE HEHRHR A
TR, 1T TR I T .

o FHHEOUS dmamap Create() HHHH HEEEH HEHEHHHHHEIEH A HEAEHE A Y [ttt —
HH, ] HEHH A A A A HEAEA A A HH
FHHHH HHHE HHEEEHHE HEHE S SO HEHHHH HHEH HHE 10 ) SO0
FHHH, HHH H HHELEHHS HHEEHEHHE HEHE HHHEAEHE HHEEEEHE S HEEEHE R HEHE
R,

o B HHHE T S T R H (HEEEHEH H HHEEEAEAEHE HHHHY) HHEEEE
HHHHHHHE = HHHE fHEHE HHHHH Q0
HHHHHHH = 1 R
filter, filterar # #ittt HHHHHHE HHHHIHHIE 1 HHHE S, T 1 1 T
HHHHHE HHHHE T S HHHHHE [HHHHHHE, T T S
B A HHHEE OUS Omamin,_Createy). HHHHHHHHHHE HHHE HHTHHHHHHE HHHHHHHME HHE 1

HHHHHHHE THHHE THE TR [HHHHHEHE, S HH T S
HIHH THEHHRAT HE 1 THE R HH THEHHRHHE 1 TR R
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intfilterfUnc(void*arg, bus a0 tpacc). 4 FHHHHEH HHEEHEHEHHHE O HEHE HELEHE HELEHHHE HEbH HEFEHHAEAEAHS
HHHHE .

o ITIOXSIZE # HHHHH HHEHHH HEHEHHHE FEH HEAEHHHHS (HEHE HEOEHHHHH) HEHEHEHE HEOEHE HEOE HEOEHHHAE H A
HHHHE T 1 S 1 A S T i,
HHHE 1 1 HHHHS HHHS #4 BUS SPACE MAXSIZE 24BIT.

o NSSQMENLS # HHHHHHHE THHHHIT 1 HHHHHHHHHRHT HERAHHRH HHRAHR A A
HHHE, Hi HHHHHHHEHHAE T T R BUS_SPACE_UNRESTRICTED #H#HHH Hi tHHH.
HHHHTE HEHHHE THE TR TR TR R, T TR R A
HIHHE 1HE THHHHHAHE I HHRHHRH R HHHE HREE TREHHRAH HHAH 5
BUS SPACE UNRESTRICTED ##H# #i #it HHHE Hi HHHHHHE THHHTE HHHE, HHAE HET H7
FHHHT THHH HHE HHHHEH T HHHE HHHHEHRT HRHE TR TR TR A
250300, HHHHH HHHHHE HHH HHHHTT HHHHHE R T (T S

o MAXSCYSZ # THIERTH I HHHHE HHE 1 SR H R TR AR A T TR .
HHHE HHHHHH TR T HHE TR R BUS SPACE_MAXSIZE_24BIT.

o flags# # HHHHHHE HHE HHHHH. HHHE HHHH HERAHHHHHH R

o BUS DMA_ALLOCNOWN # #HHHHHHHE Hit HHHHHHHAT T T AR R
TR FHRRT TR AR AT R .

o BUS DMA _|SA # HHHHHHHHHH HHiHHE HHEE $HEH HE T R 1 #HE
T 1 i #3080 HHHHTHE. HHHHHTHH T R
HHHHHHTHE HHHE HHHTHET HHEHHEHHE HHHE HHEHHHHEE T FHHHEE T HHE T R

o dmat # AT T T HHHEHHE fHHE T HHHE P HHE HE AR

* inthus dma tag_destroy(bus dma tag_t dmat)
HHHHHHHE H HHH, S O 1 HHHHEHHE, T T TR T,
HHHHE # HHT HHHE Hi HE R

¢ intbus dmamem dloc(bus dma tag t dmat, void** vaddr, int flags, bus_dmamap_t * mapp)
HHHHHHHH #H HHHHE HH TR ST T HHE TR . T
HHE HHE TR THE HHEHH ST, i O HH T, $H HHHHE T -
HHHHE, HHH HHHTHE HHHHE HHHHE #E HE T HH bus dmamap |oad() FHHHHT HHEHHE HtE #H
HHHE HHH HHHHEHHT HHTHEHH T R
o dmat # #H# HiH

o vaddr # HHHHHH H HHH HHEHTHHHE A SR AR

HHHH TR H 1 TR 53
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o HHHHHE # 1 THHHHET T R T TP AR TR

o BUS DMA _NOWAIT # ## #HHH tHHHHH Hi tht HHHEHHHHHER HEAHHHR SRR
i BRI, B BT THIATE R T S T SRR F AR B s
BT HHTE HHHR BRI .

o MAPP H HHHHHHHT HiF HHE T HHE T AR
¢ voidbus dmamem free(bus dma tag_t dmat, void *vaddr, bus dmamap_t map)

HHHHE THH TR TREEERHH ## Dus dmamem_alloc(). H## HHERHHHE, THEFHHRAHE HE HEE -
THHT THHHHRHH HHHHE THEE TREHPHRAHT HHE T AR, R
THHHHHHHHFH HHHHHT T T TR T T HHHE R HHHE SRR R
THE THHHHFH. HH HHH HHRHHHIT T T R TR R SRR PR R
THHH HEHHT HHHE THAH TR bus_dmamem free() FHHHHFE HH HHE THHH T THEH HR-HRA
THHHH HiF TR HRAHHRAHR

o dmat # ### HiHt

o vaddr # i SR A SRR T

o Map # HHHE T R TR (T SRR #HEE bus dmamem alloc())
* inthus dmamap create(bus dma tag_t dmat, int flags, bus dmamap_t * mapp)

HHHHHHE # HiHE T HHE 1, R bus dmamap_load() #HHHHE. BRI O # -
RS, HHHR HRRT TR AR,

o dmat # ##H# #HiHt

o flags # HHHHHHHHHHHEE, # HHit THHE HHE . THHE HHE T R i,
HIHHHHHE Hi HHHHE HH A O,

o AP # HHHHHHHE Hit HHH THETHHHHE HHE T AR
* intbus dmamap destroy(bus dma tag t dmat, bus dmamap_t map)

THHHHHHE H HiHE. TR O HiF HEHHHAE, Hi T T A,

o FHHHE # HHHE HIHE HEF TR HHHE I TR

o HHHEH HHE HIHE I R

* int bus dmamep_load(bus dma tag t dmat, bus dmamgp t map, void *buf, bus szet buflen,
bus dmamap_callback_t * calback, void *cdlback_arg, int flags)

HiHH # HHERAE A R (B T TR IR R
bus dmamap _creete() ## bus dmamem_alloc()). #HHH HHH HHIHHH THE HiHH HHHHHE HHH TR HHH
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HHHHHHHHHHH Hif T HHE TP HHHE S HHHEE T T THEE
HHHHHE HHHH HHTHHHHEE, $HE T SR HEPHHHH SRR #H T
HHEHHHE Ht HHH THHHHHHHT L, ST ST T T T
HHHE Hit T HHEHE HHHE HHHE HHHTHHEE HHE R THHEHHETE i HHE TR T, #H#
T HHE HHHHEHE T $HHE R THEE HHHE T T i
HHHHE Hit HEHHHE HHHE HHE FHHTHEHHT S HHHHHTH R HHE ST R
HHEHHHE HHAHHHHHTE, R O HHE HHH T HHHE AR SR -
HHHHHHHH THE T HHHHTHEE $HHE T fHHE T R, HE i T
HHHE THEHHHHHHHHHHE T HHHHE T HEHHEH T #H #HH SHHHRHHEHHH #H
HHHE HHHHHHE.

o dmat # ## HiH

o map # HHH HiH

o DU # HHHHHE HHEHHHE TR HH HHE AT

o buflen # HHHHHHHE H #Hi HEHHHH

o callback, calback_arg # HHH HEFHHHHHET HEHHHHHHE HHE T T

HHHT HHTHHHHHE Hi HHHHRHHT ST

void calback(void *arg, bus dma segment t *seg, int nsag, int error)

o arg # Hit HiHHE R T R bus dmamap_load()

o SeQ # HHHHE Hit T HFHHHE AR

o NSeq # HHHHHH HE HHEHHHEHHE

o QITOr # HRHEHHRAHT B FHE (AT TR SRR 10 7 (0 (i 1 s i
THEE TR T S T T ST TR GHHTHT T THATR T G f ft
THHE. B BIHHE ST T BT TR AR SHERRAHE T (R A f o fit
FHRHHE. JHHAHTRAT B T SR AR 1 T 30 B SR SRRt 1 Bt =
T SHHBHTRA 3 RRE R T (R 1 B A 1 R i et 1t
FHREFHHE BERATRT THAT R G e

THHHE HEHHHE HiF THHT HHTHAHH HHHE TR T T
o ds addr # FEHRERTHE HHH SHHEEHR T R
o dS len # HiHHHE #H #HHE R

¢ voidbus dmamap_unload(bus dma tag t dmat, bus dmamap_t map)

HHHHHHE 1HH HHE.
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o dmat # ##H#t
° Mmap # HHHHHE HiH
¢ voidbus dmamap_sync (bus dma. tag_t dmat, bus_dmamap_t map, bus dmasync_op t op)

HEHHHHHHHRI H HHHH A TR T HRHR R TR B TR SR
HHE TR HH HH T TR HHIHE B TR HHHE A T AR
HHHHE HHHHHI HHE R TR HHE R SRR R B R AR #H
HHHHHIHE HHHHE 1 HEHRHHHR HHHH R B T R S BT

o dmat # ###

o Map # HHEHE 1

o Op # HHHH Hit T HFHHR T R

* BUS DMASYNC PREREAD # #HHHHH HHEHHHHE HHHHE B HHHE
* BUS DMASYNC_POSTREAD # HHH HiHHHHH HHHHE THEHHHE HHHE
* BUS DMASYNC PREWRITE # #HHHHE HHHHHHHE Hit HHHHHE B S

* BUS DMASYNC_POSTWRITE # #HHHHE HHHEHHHE HHE HHHHEE 1 TR

FHE 1 U S TS HHHMHEE TS HHHHHE SHHHHHIE HHE HHEME T S 4 1
FHHH, HHE 1 T T S HUE S HHE . HHH A HH
FHHE 1 A HHHHS #9 bus dmamem_alloc().

R HHAHRRE HHH HHRRAT TR SR bus_dmamap | oad() #HHH BRI R HiT
R R T R S B T HRRHHRT T T HHRR HHR HH R
R B T BRI G BT T HHRRRH SR T HHE SR T R
it #3806 HHHHHHHHHHHH 1 HHHH 2500300 (HHH HHHHHE HHHH THE A HHHHHE HHH R
RS BRI TR, TR 1 R PR TR 1 O BRI, 1 1R B T
THE HHHHE) . HHHHHHHE HHHE HHHHHE HH T T T T
R T B PRI HRAE TR BRI, BRI, JHH TR 1 HHRRRT
IR TR SRR $H TR HE B HRE. B B HRRH HRE 4
R TR HHHE H BT SRR BRI 5 SRR TR 1 HA i
IR B HHRRRI. S HIRR B HHRRRE, HHEHRR FH R HEERRR, T i
R T TR TR, T

THHHHFH HHHHRHHET TR HH R R TR TR A
THE HHHE THIEHRE. HH HHHE HHE HHRAE TR T TREHERT THEHRE T R R
THHHHHHE THHHE THHE TR SRR THEHRAE TR TR TR TR HHEE R
HHE (HHHHHHHHHE # HERE ). THH A, T SRR S 10 HHHHHHHH
THHHHHHHHE HiHHE HE #3806 HHHHHHH THHAHHHHHAE HTHHAHHHH T T i i A04.
THE # THHHHIT HHTHE THE TR THEHE HRAHHRT R HHEHH TR T TR R
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HHE HHHE THHHHIH HEHHEE TR HHRH SRR T TR TR
THHHHHHE THIEHE THEHHRE R A TR TR HHEE R
THE HERHHHHHT 1 HHTHHHHRH A TR R T TR TR
HHE HHHE HIHHHHRHE HERA TR A

R BT T HHAHRRS (R SRR TR BERRRT 6 T BT 5 H i i
RS, T SRR 5> HHE T THE R R B 3 B

THHTE I IR G T AR BIRAT BT T f T s et —
TR R IR 1 7 AR

HHHE {1 HHHE S HHEH 1 | HHEE S > 1 HHHE R S
H> it N

THHE H HHTHHHE HRHE HTRHE SRR TR TR R R T A

bus dmamap_create -->
-->bus_dmamap_load --> bus_dmamap_sync(PRE...) --> do transfer -->
-->bus_dmamap_sync(POST ...) --> bus_dmamap_unload -->

-->bus _dmamap_load --> bus_dmamap_sync(PRE...) --> do transfer -->
-->bus_dmamap_sync(POST ...) --> bus_dmamap_unload -->
--> bus_dmamap_destroy

THHHE HHHHAT H HHR TR A bus dmamem_alloc() #HH HEFHHE THIHHRHHE #HFE HEHE T
THHHHHT HHHE 1HE HHE A #E A R bus dmamem _dlloc(). #HF HHHHE THIHHE HE T TR
THHHE HHH HHHHHE HHEHH HHHHE THE T THE A (HH HHHE PR HHE T
THHHHHHT TR,

T TR TR A TR I

static void
alloc_callback(void *arg, bus_dma_segment_t *seg, int nseg, int error)
{

*(bus_addr_t *)arg = seg[0].ds_addr;
-}

int error;

struct somedata {

St

struct somedata *vsomedata; -/* virtual address */
bus_addr_t psomedata; -/* physical bus-relative address */
bus dma tag_t tag_somedata;

bus_dmamap_t map_somedata;

error=bus_dma _tag_create(parent_tag, alignment,
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THHHHE 1 1R THAHE 1 TRAHHRARAH 1 TR R TR HH . T TR -
FHHHHHHHT H1F, 1 HRHHHRT R T SRR SR TR 7 R
1 I HHHHE THHEE HH T HHHH HEE TR HHHE TR HHHE TR T (1

FHHHE HHAHRAH HH TR HHRA HHHE A HH R A bus_ dmamap_createl) #HAAFRHEE
FHHHHHHHT TR 1 TR T HHHHRARHHE TR T R TR R -
FHHHHE. HEH TR T T A

RS PR BRI TR T R T R

1. #H HEHHHHHHE THHE HHHHHHHHHE R R THHHHERAR T (T A T
HHHHHHHHE) THHHE HH THHHHE HH TR T T A HERRRHHH
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THHHHHHT HHHHHE TR HHRHHE HHHHE AR A T . T HHH R R
THHHHHHHHHHHFH H1 TR, HHE TR H T TR R T TR T
THHHHIT HHH HHRHHHIT HHHEE R R SRR TR R

2. HHE HHHHHHHHE HHE HHHHHHEHE HHEHE HHHE A S (A T TR
THHHHE HHHHHHHHE HHE HHHHHHHHE ) HHHE TR R
HHE HIHE HEFHHHE HHRHHHRAR HH deap() HIFHHEHE. TR HIRHE T THRARAH S R
HHE TR H1 T TR HHHE TR TR AR TR H R
FHHTE TR HHHRAT TR H HHRAEHE. 15 HHRA TR T R R R
FHHTE HEHHHHHATE HHFH H1 TR A TR, TR TR SRR TR
FHHHHHHH HHRAHHI TR TR R TR TR HRAHE TR SRR

10.7. ##

THHE T HHHHHE TR (HHHE) HH A T T AR 1 T
FHHT TR TRAHHH FR AR T HHARE 1 H HHH HHR HH R R
FHHTE PR 17 1 AR SRR, HHR R i R
FHHEHHHHHT HHHE TR HATRE HH B TRt R H TR HiR
TR HHHRA.

THHE TR AL TR R TR TRAHE TR AT A T T R s i—
THEERE THETHHE BT 1 TR THET 1 T T SRR SRR AT (i 1 i —
THHERIE. THAT TR TR T TR T SR T T T SRR i e —
HHHHRE. 1T T THTHE T AT TR (9 15 TR AR R AR,
THHE T SHHTAT FHERRAT T S BEHATRT R R 1 i S i et —
HHE BT THE A G THEERRAT THE TR T SRR e i R
HHERHE

void isa_dmacascade(int channel_number)

THHT HHHE HIHHHHHE HHHHRAHHE 7 T THE HRAHRHTHE HHHE R SR SRR
THHHHHT HHE HTHHHHHRHHHR TR HHHE 5 R

HHH HiHE T HHHHHT HHHHHE T S T T T
* intisa dma acquire(int chanel_number)

FHHHHRHAT 1 HHH HAR ., AR O H1 HHRHE HH TR AR R
TR HHE HIHRE T 1 HHRER . TR HH R AR TR R i
T HHHE AT TR, HH TR TR AR B R R TR
T AR, HHHH HARHHRAR HHHE T R T TR R 13 1
TR 1 BERAHE HHRE T R 0 TR i R R 1 R TR
T, AT HHHE TRATHRATR B HRRA
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* intisa dma release(int chanel_number)

TIHHHRAT 1 SRR SRR (AT THAHREE. 7 SRR TR 1 HE T
HHHH T HHTHHHHHE THE TR (H T T T HHHH T T TR

¢ voidisa dmainit(int chan, u_int bouncebufsize)

TIHHHRAH §F AERHEE THHHEE T (AT S TR AT TRATEE. T Rt
THHHE THE FHHE SR T T THERT OAHE. T THAHRET T i o A —
T T S T 7 SR A SRR 1 1 B A fi A —
T T A S S TR TRETHEAAT THE TR 1 B 31 TRt i 64n
TR $HE T AR T (AR ST S SRR R e ft
THHHHE T (HHHE T T TR 7 bus dmamem_dloc() #HHHE HtHIHE -
HHHHHHHHE) T isa dmainit() HHEHHE HEHE HHHHHE HH HHE T, HHEE HH T TR SR
T ST TRATRHERE BIRAT T R AR AR EHar. (i i R it
TIHHHRAHHHT T 1 THAE SRR A SR,

o chan # #HHHHHHE HHHHHH
o bouncebufsize # #HHH#H H#H Hitt HHHHE HHHHH HE R
¢ voidisa dmadart(int flags, caddr_t addr, u_int nbytes, int chan)

IR T TRATT 7 1 SRR, B TR T 1 A T T T 3 1
TIHHHRAE THERHT AR SR B 1 fe A, i e 1w
T SHHHE 1 SRR T TR T T THAT AT T, THE AR R i
IR THATRTE 1T SRR AT T S AR BT 10 SRR G i 1
i isa dmanit() B RIEE TR SR ST RERHERTRAE THRRATRIEE B T 1 gt
THHHE SR THT ST T 35 S SHRARE TR T (AR R Tt it -
TIHHHRARTRET THHTRATR B ST S AR

o THHHHE 1 1 TR THEHRAHHR HHE T TR TR TR
THHHE H_HHHHE THHEH TR THEE R HHRER .

o HAHRAT I I A (A G A R
o H HIHHHE H HEHHEE SR HH THEHRE 5 T R

o T FHHT IR A TR T B SRR T SRR AR AR AR A T T
THEEIHE BT TR TR R R R TRAHR T SRR R A
THEF SRR TR TR HHHT (R SRS T TR, T isa_dmastart() FHHHT HHRTAT 10 311
TR THHRAT IR SRR T THEH SRR THEHE 1A it Tt
THIHT T 1T T TR 1 R .
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o THHHE # HIRHHHE TR T R

o HHHHAHE # HHEHHH i i HHERAE. HHHEE 1 THAHE HE HEHE #7 OAtH. HiHHH #H O ##
HHHE HIHHEHHE T HHHE HHHRRHHHHE HHH SRR HE T OAH HHHHH it HHHHHH
HHHHE HHE THEAHHHHRA HH H#7 Q T HHHE THHEHE HTHHE R TR,
THHHHHHHE HHHRHE L HHE HHHPH HHE R S SRR HHEH R
HHHEHHHHE 2 HTHHE THE # HHHE. HH HHHE TR R T SR TR
HHAHHEHHRAL.

o H AT R
¢ voidisa dmadone(int flags, caddr_t addr, int nbytes, int chan)

T HHHE HHHH HHHHH TR TR HHHE TR HH . 3 T R
H HHHH HIHHHHRHHE HHH BRI SR S R R R B 3R
THHIHHH HHHHH HHEHHH TR HEHRR, SR HHE T R 0 3 s dmagtart().
TS 1 HHH HHE HHHRHAH HHH H HH R R sa_dmadone() ## HH HHE.

* intisa dmagtatug(int channel_number)

THHHHHHT T HHHAHE T HHRAE T R TP TR T 1 HR R,
THE THHHE HHHR HEHHE R HHEE R s dmadtart() #HHE TR TREHHRHT B TR
THHHHE Hit HHHE. HHE HHE HHR T PR T HHAE T THEHHRAHRHR TR
THHT THHHHHT THE THEHHEE. HHHE TR TR T TR R TR T TR A T
THHT THHHHE HIHHHHRE HRHAE THEE THEHRH HHE THEHHRHHE. HHE T TP 7 A 1
HHE O HitHHE HHHFHHHHHE THEAHHHHE SR THEHH T R

¢ intisa_dmastop(int channel_number)

THIHHHRE HHHE R THEHRH T TR HRE R 17 R TR SRR
RS

10.8. i Hit HHHH

THHETHE HEHHHHRATE HHHHH HH H TR HH R HH TR TR SRR
THHHE Hi HHHHE THHHE 1 HHHHHHE PR (R HHE R T

THE HHH HHRE HHH HHHE, 1 T HARAHE TR T HHRARR HH TR B R
THHT TR T HHHE HHRAT TR TR HHE AR SRR iR
THHEHHE. HH HATRT HHHHI TR HH HHR T T TR 1 R TR TR R
THHEHHI HIH THIEHE TR TR, TR T TR TR A HR. R
FHHT HHHHHHHE THAH R 1 R

THHE TRIRHHHAT AR TRATE T RT3 TR TR SR i e —
THHERE. T FRAHE, 1 SR RRETR A TR 1 1 R e f—
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THHHHHHE THHHHE HHE HRAHHRH HH SRR SRR A TR SRR SR -
THHHE HHE THHHHRE. THEE THEHRHE HHHEE TR HEHRH TR H R TR TR
THHHHE HHRHHHHHHHHE (HH HHHHH HEHHE, HHHE T AR O THE R
HHHE THHHHAHIAH HL 1 HHEHE, HHH T H2 T ). HH R
THHHHHHE THEHHE THEHHAH THEH TR TR HHRHRE TR TR R HH TR R
(HHHHHHE HHHHHHE T HL HHEHE THHE T ) HHHHH HHHE TR T
THHE T 1 THHHE TR T A A (S R O

THHT HHTHEH HHTHHHHRHT HRAHH TR A TR R TR TR
THHT HHHH HHTHET PRI 1 HHHE TR HHEHTR TP T TR R TR AR
THE HHTHHHHHHHHEH THEHHRHRAE H7 TR HREHE. T 5 # R R HRA
THHHHHT THHHE HHHE TR THETH HHE R THEHHRAHE 7 TREHHRE THEHH i SR
THHHHE HiHE HEHHE DRI THETHHE HHE SRR SR TR SR SRR
THHT HHHHHT THEHHAHHR HHPHRAHHR THEE HHAHRAH TR R -
HHHTE HHHT HRHHE TR THE R AR oo isa attech(). 1 # HHFHETHE HHRHEHE # TR
THHHHE HiF HHH HHH HEHHHE HEHREE THE T TR T TR TR T T R
THHHHHHE HHTHE 7 HHHAHE. THE THE HEREE TR HH T HHRHEE TR T T R
THHHHHT HHTHAHHRATE HHE T PR SRR R T T SRR R
A xxx_isa probe() HHHHIHHE O HHHHAHHHE HHH HEHHHHER HERHH AR T #
THHHE TR T 1 HHTTHHHRHHHET HRAHHE A T T R R HTHHEH TR
THHHHHHE HHHE THEHHRHHE T TR THEE R R T TR R
THHHHHHE AR O THEHE T A R T THERHHHHR $H R R

T HEFHAHH HHHHH B TR TR R TR TR SRR 3 R

struct xxx_softc *sc = device_get_softc(dev);
int unit = device_get_unit(dev);

int pnperror;

int error = 0;

sc->dev = dev; -/* link it back */
SC->unit = unit;

IR BRERI B HIHRE T BRI, B TR T TR HHE T 3 TR TR
R FHH L T B SRR HH BT TR B R FAHH R
RS PR R TR #H HR H.

pnperror=ISA_PNP_PROBE(device get_parent(dev), dev,
Xxx_pnp_ids); if(pnperror == ENXIO) return ENXI10;

THIHE HHHHHE THE THHE HHE HHHH HH T HH T (G )
IR HH T TR SRR HHRRE 3 SRR, HiE R TR SRR B AT 1
R THE HHAHE HHE THIRHE HAE T 1R TR F TR BT TR TR 1 B,
HERIHHR, T HHE T BRI (R B BRI T R R R T A R, O
HERFHHHRT B B BRI HRHRRRRTR R R FRE H R H device st _desc).
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HRHAH 10, #HH T HEHAH

THE H THHHHHTE HHTRHHHET HHHE TR PR T TR R A R

if(pnperror -1= 0)
return pnperror;

THE BT TR 13 TR HH HA AR (R 1 R R #HR i
FHIEHRHE FHRATE T 7 R HHR AT T HAHE TR TR TR 1 AR 3
T HHHE.

FHHTE HHHHRT THEHHAH HHTRR T 1 HHE R THEAHRAE T AR,
THE I HHHHE HHEHHHHE HHE THHHE HE T 1 TR . SHHHERRR T T SRR
FHHHHFE T T T HHE TR HHH HEHA R TR SRR
FHHTE THHHHFH TR HHE T SRR SRR 1 R, 1
THHHE HiH HHHHE THE TR TR TR

THHHHHHTHE HHE HRHHRE THRAHPHRAE TREHRH TR TR T R R
T HHHH HHARH. HHHHE T AR R THE T TR T A
HHE HIH HiHE THFH I A

sc->port0 = bus _get_resource_start(dev,
SYS RES |OPORT, 0 -/*rid*/); if(sc->port0 == 0) return ENXIO;

THHT HIHHT HHTHE HHEHRHAHE THE TR HHE A TR HHEHRE HHR THEHRE . R
THE HHHT T TR HHHHT HERHHHET HHHE AR TR HHHHE R R R
THHHHHHE HHHE. HHE HH HH T T H T T HHRHT TR R HEHHE SRR TR
THHT HHHHHHE THE HHTHEHE HHE TR HT R T T TR SR, T T

-/* table of all possible base 1/0 port addresses for this device */
static struct xxx_allports{
u_short port; -/* port address */
short used; -/* flag: if this port is already used by some unit */
-} xxx_allports = {
{ 0x300, 0 -},
{ 0x320, 0 -},
{ 0X340! 0 _} ’
{ 0,0-} -/* end of table*/
-+

int port, i;

port = bus_get_resource_start(dev, SYS RES |OPORT, 0 -/*rid*/);
if(port -1=0-) {
for(i=0; xxx_allportdi].port!=0; i++) {
if (xxx_allportdi].used -|| xxx_allportg[i].port -!= port)
continue;
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PR, HHIFRRRH HHE AR (dentify() HHHHHFRRE HHHHR 1 TRIFHT HHHR R T,
RS TR HHH B B BRI HIFRRRS T T T AR 30 9 A 1 probe():
R TR HHHRR HHTHR TR G R TR TR T TR B 1
R T HRRRAHRRRT HH T senditive HHIHE I HHHRRTRIHT HAHR B BT
T T B R HH R TR TR T HHR (Centify () HHAERTRIHT FHH TR BT
RS PR, T TR HHHE HE HHRRR 57 TR TR H G R TRt

THEHE, HHHHH 1HE HHE HHH T T T T T T (T T
THHHHHH) HHHHHHH HHH HHHHH THHHE THHE T R T T
HHHH.

HHHHHHHE THHHHHHA T THEPRARE # THERR T T T TR (T
THHHHE HiHE HHH THHHE HHEHE T A bus st resource()#):




HRHAH 10, #HH T HEHAH

return ENXIO;

HHHE THETHHAE THERAT 115 THAE TR SRR 1HE T T 1 TR 11 i
HHHE THE TR THE B AR AT 1T THE TR (. 10 1 BT 1 i i i
TR BHIHT ST SR 101 101 THEREE 1 BT FT i S,

FHHHHFHHT HIRHHHI T HHE T TR R HHR AR TR TR R R
THHHHHH HEHHTE HE HHRAHE T HH THEEHRA HERE R DELAY () HHRHAHIRHHE HHR HHH -
FHHE. T THHEHHE HRHHHIE TR R T HEHRERE, R TR R TR TR
THE I HHHE TR THE T TR TR HHHE SRR TR TR T
FHHHE HHHHHHE HHE TR TR TR TR TR R R HRE AR
THHT HHHHHHE TR TR TR R A AR R AR R T -
FHHHHRE DELAY () #H HHHHHHHRT 1HE THEHHE HHE TR TR S A 5 R R
FHHT HHHHE HHHHFH R, HHRHHHR R R

HHE T THHHHE HHRHHEE AT THEHHE HH R TR B TREEHRHHAE TR T 7
THHT HHHHHHHEHE HHE TR TR HTHPHHRAHE TR T HHRAE TR

-/* implemented in some very device-specific way */
if(error = xxx_probe_ports(sc))
goto bad; -/* will deallocate the resources before returning */

FHHE HEHRAHRR oo probe ports() FHAH HEHE HHE THIEE SR TREHHFA SRR 15
FHHHHE TR 1 TR T R, T T HHR T HHH TR R HHRHE
FHHHHE TR T HH TR TR 7 1 TR TR 1 AR, HH TR i SRR
FHHT HHHE THEHHRAT HEHRE HH SRR HHH T T R

if(pnperror)
device set_desc(dev, -"Our device model 1234");

FHHHR HHHE TR SRR FRA TR TR S S 1 1T e R 1
THHIRHRHE 1T HHRAT TR AR AT 17 T TR R AT (s i f—
THHHRHRHE THE T SHAE. T SR TRATRI 1 TR T B AT T TRATR T R
FHHHRE SRS BRI 1 HHE SRR 7 BRATRH, f HHRHRAT 1 s
THIHHE i THAT HHRAT AR

FHHTE HHTHHHE HHFHHHE THHEE HH R HH TR SRR S 3 R
FHHHHRH HHE T HH HHHRHRHRA AR (AR (AR
THIHE HHEHHHE HHE HHHRHHHHE HHHE SRR, HHHHE R T TR HEHR
FHHT HEHHTE HEFHHHRAT TR T R AR T TR AR
FHHHE HEHHT HHHE T THEHHE T T TR TR HHHE TRAHRHRAL. 1 R
FHHHHHHHRAHHAH HHEH

-/* try to find out the config address first */

265



IR T TR T T HH 1 R 3 TR

HHE HHHE THHET THEH HHHHE TR T T AR T R R

R, BRI B R HHRRR. B HHE SRR SR i —
R HHHHRTRS TR, B FHRHS TR T HHR SR TR TR BRI BT
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HRHAH 10, #HH T HEHAH

THE HHHHHHE HHE HHE HE HHH R, T HHHE TR T T R -
THIHHHE. HHHH HHH HHHHEAHHHH R

HHHHT HHHHHE THE T HHTE T THEHH SRR HHEHHR 5 AR R A H—
THHHHH HHHHHHE, HH HH HH TR T PR TR R R
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.

sc->mem0_r);
sc->memO_r = 0;
-}
if(sc->port0_r) {
bus release resource(sc->dev, SYS RES |OPORT, sc->port0_rid,
sc->port0_r);
sc->port0_r = 0;
-}
-}

10.9. #HH HHHE HHEHHI

THHT HHTHHH HTHHHHE THEHHRH HHAHHRHE T R T TR HH R R
THHHE HIFHHHHRHTE HHTHAHHE T T HHBH B TR H R A TR 15
THHHHE HHHHHAHE HHHHAAH O HiHHE HHEE HHHTHHE SR R A -
THHHE HHTHFHHHT THEHHE HHHR, T HHHE TR TR HHHA TR R
THHHHHHE HHHHHA O H HHHEHTHRRE T SRR THHRHH TR TR T
THHHHHT HHE HHHHE TR HHE TR TR HH R TR HERAHHRE SR 1 TR HHH
THHHE HIHE HHHHHHT HHE TR TR R SRR,

THHT TR FHHRAT HRAT O 117 1T SHHRHRAH AR (i s i i —
.

THHTE HHHHHTE A HHRH R TR HHEHE R, TR TR -
FHHHHFHE HHFT HHHE TR TR HEHPHR A TR

struct xxx_softc *sc = device_get_softc(dev);
int unit = device_get_unit(dev);
int error = 0;

HHHHE HIFHHHRHTE HH TR T TR R, TR SRR 5
THHHE TR THIEHE 7 TRAHH TR HHHRHHRE A R, 157 1R
FHHHHE. 11 TR R TR HHHH HH R R R TR,
HHE HHHE 1 HHTHHRT HHHE T SRR HHHHR. 13 TR TR TR T
THHHHHHHE TR HHHHE HHE HHHE THHE T HHE PR (AR

sc->port0_rid = 0;
sc->port0_r = bus_alloc_resource(dev, SYS _RES IOPORT, &sc->port0_rid,
-[*start*/ 0, -/*end*/ ~0, -/* count*/ 0, RF_ACTIVE);

if(sc->port0_r == NULL)
return ENXIO;

-/* on-board memory */

sc->mem0_rid = 0;

sc->memO_r = bus_alloc_resource(dev, SYS RES MEMORY, &sc->mem0 _rid,
-[*start*/ O, -/*end*/ ~O, -/* count*/ 0, RF_ACTIVE);
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HRHAH 10, #HH T HEHAH

if(sc->mem0_r == NULL)
goto bad;

-/* get its virtual address*/
sc->memO_v = rman_get_virtual (sc->mem0_r);

T HHH HHHIHHR HHTTHHHHE () 1 T TR, T TR -
TR T 1sa dmar () THETRAT. T L.

isa_dmacascade(sc->drgQ);

HHHE R R () B 1 THHRRARE. HHERAR SRR
FHHHHHHHT HHRAHHAH FHRAHR R R TR T R 15
FHHT HHH TR HH TR R T SRR T TR R
FHHTE THAHHHT THIEHE R, TR T TR R 1 SRR SRR SR
THHE HIHHHHR HiE HHRHHHRH TR TR R TR 1 R -
FHHHHE HHHHT HRE HHRHHE TR TR SRR TR TR TR HHR HHE
THE I HHHHEE TR TR T T H R AR 7 AR TR HHH SR
FHHHE HEHHHE HHE TR HHT HRAHHR SR HEHE TR HHE R T
FHHHHE HH HHRHE TR HHH TR T TR TR, HHRAHE, THEHHR TR TR SRR
HHE HHHHFHHE TR T HH T TR HHHE TR TR TR

sc->intr_rid = 0;
sc->intr_r = bus alloc_resource(dev, SYS RES MEMORY, &sc->intr_rid,
-[*start*/ 0, -/*end*/ ~O, -/* count*/ O, RF_ACTIVE);

if(sc->intr_r == NULL)
goto bad;

_J*
* XXX_INTR_TYPE is supposed to be defined depending on the type of
* the driver, for example as INTR_TYPE_CAM for aCAM driver
*/
error = bus_setup_intr(dev, sc->intr_r, XXX_INTR_TYPE,
(driver_intr_t *) xxx_intr, (void *) sc, &sc->intr_cookie);
if(error)
goto bad;

HHE T HHFH TR 1 TR 1 1 T T HHHEHAR R T TR R
FHHHHHHHTHE T THEHRA TR

error=bus_dma_tag_create(NULL, -/*alignment*/ 4,
-/*boundary*/ 0, -/*lowaddr*/ BUS SPACE_MAXADDR_24BIT,
-/*highaddr*/ BUS_SPACE_MAXADDR, -/*filter*/ NULL, -/*filterarg*/ NULL,
-/*maxsize*/ BUS SPACE_MAXSIZE_24BIT,
-/* nsegments*/ BUS_SPACE_UNRESTRICTED,
-I*maxsegsz*/ BUS_SPACE_MAXSIZE_24BIT, -/*flags*/ O,
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HHHHHT HiHH T PR HEHHAHHH T AR S THEH THRR 1 R
HHHHE. HHH THEHHHHRRAHHE R AR TR B AR SRR
HHHHHAHHHH .

RS HHIE AR TR TR TR 3 H PR B H iR —

R I T BRI R 1 R HERRRT BT 7 BRI HHEHE HH SRR BT
RS PR THE HIHR T, R AR
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HRHAH 10, #HH T HEHAH

device_printf(dev, -"has on-card FIFO buffer of %d bytes\n", sc->fifosize);

HHE THHE HHHFHHRHHHRH HRAHHR TR TR T R TR
FHHHHE THHHE HRHHHE TR TR R R

RS HHTHHE BRI T 1 TR BRI B TRIFERR HHHE SRR 1 B SRR
RIS 1 HHE TR B BRI (R FH H B SRR T 1 HHRR T I BT
B HHIARRI TR, § TR TR, 1§ R R, R H T TR
A

T FHHE SHHAE T T BT TR,

error = xxx_attach_subsystem(sc);
if(error)
goto bad;

return O;

THHHHHH, HHHHHHE HHEHEHHHRHHET AR, HHHE R R R
THHHHE HHHTHHH TR HHEHHEHE HETRAHE TR 7 TR TR TR TR T
THHHE HHHHHT HH T H TR HEHHHE R, HHE T R T HH R TR
THHT HHHHHHHHH. HHHHE HHE HRAEHRR T R

bad:

xxx_free_resources(sc);

if(error)
return error;

else-/* exact error is unknown */
return ENXIGO;

TR HHHHE THE HHE HH 1R PR HARR.

10.10. #H i HHEHEH

TR HIFRRRAE 1 BRI 1 B TR B 1 HEHRRR 3 HHHRRRT 7 3 -
R BRERIHTE BRI B HRRRT (R HIER TR HE B HHFRRR. TR T B R —
R TR $HE HHHE HRRERT HHAHHRTR TR B S HH TR TR TR 1 AR
RS BRI, HHE R HHRRRRT T TR PR HHHRRRT T T T TR
R 1 R BRI T HIE HHARRS B TR 1, H B R R
AR B B HHE AR 1 B HAR TR R BRI TR SR T
RS BRI AR TR S SRR TR 1 SRR TR 1 TR HHERRR, H
R BT T B B T TR TR HHE O T A HR R HR R
R TR TR HHHHE IR HHE HH B 1 R HHRR BT
1 TR BRI, BRI § R R 3 8 R B 1 R
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. B

HHHHHHHHH HHHHE HHHHHHE HEEH T 3 T . (T
THHHHFHE HHE THE HHHFHHE T HHE TR T TR

THHTE TR (AR HHERRAT O 711 THHE AT (0 R A 1 i f—
THHE R TR

THHE HHHHHTE HEF TR HHEH R TR HEHHEHHE. HEHE TR TR H 1 R
HHHE THHHHHE HHHRHE THIEE PRI SHRHHHRH. 1HE HHE HHEH HH THEHHAHRE HREE TR
THHHHHT THHT TR TR HHHHHE HH TR R TR R
THHHHHE. HHHE TR HHHHE TR HHE TR TR TR R HHA SR
THHE T H1E H TR HEHEHE T T THEHHRHHHRT T R HRHHHA TR R
THHT HHHHHH HHRHH TR T T HRAHRH SRR,

struct xxx_softc *sc = device_get_softc(dev);
int error;

error = xxx_detach_subsystem(sc);
if(error)
return error;

THHHE HHE TR HHHE T HHE T T HTHRHRAE T R SRR A A
THHHHHHT HERHHHRHTE HH HHEHR TR, AR R SRR
THHHHE T HRHHE TR HEHHHHRAHHE HHE R HHE R HH T R R
THHHHHHE HHHHE HHHE PRI HHRHH TR, T R TR T A
HHHHE HHHE HH.

xxX_isa_shutdown(dev);

THHT HHHHHHE TR HHE TR HHPHRAHE R TR R

xxx_free_resources(sc);
return O;

1011, #H # tHERE

THHERE TR T1E BRI (TR ST R T R THE 11 SR R 11 A
HHE AR TR SR THE G TR L. e AT 115 TE T SR i
THHERRHT TR 1 SRR, THE TR SRR T S ARt g At
THHERIRE TR THE TR TR AT T THERTE TR HE. (T TR TR A 19 11
THHERE RERHT 1T AT ST, 19 0 T TR (i AT 1 A A
THIHHHH HHHHTE HHHHHR (HHHE T R HHHH T TR T HHHH TR
THIHHHHHHIHHHHH TR HE T TR TR -
THEHE REREHAT AT R AT T AR AT HR I f # (HHH AT Tam fiam f—
THEHE RERATRTTE THT T THATRTHEE, THE 37 T SH AT 1 AT T i .

272



HRHAH 10, #HH T HEHAH

10.12. #tH

FHHE BRI TR HE R HEH T R HH R TR
FHHEE HHHEHEEEET THEERR, GHHE THEE SHHE SHEHE SHEE S SRR (R (T
FHE T HHHHE) HH (HE S $HE (A SR G (R f
FHHE A HHAHRE HHHE HHH HHH TR TR AR, R, T TR HHR
R HHHHE HHHE TR TR T TR SR R THEAHRR HH R
HHE B BRI 17 T T TR R SRR,

FHHE B HHHH HHH HEHHE 1A HHHHEAEIEE HHEEHE IS T N FHEEEE N 0 11
S T 1 HEHHH, HE HHHE T HHHS TS TS HHH 1
TS I T T S R S R bus setup intr(). #H AR 1
HHHHEHHE B T T 1 THHHE T H HHHHHS R 1 T
HHH HHEHHS S

static void
XXX_intr(struct xxx_softc *sc)

{

HHE AT B S SHRARAHT SR S AR (I T i 1 —
IR T bus_setup_intr(). AEFAT TRETRI THHRE BERE AT AT SRERATRIRAT THE FHRE SRR
THE T T T SR TR TRAHR AT i .

THE HHHHFE HHHHFT HHE 1 HRHHHRH PR

while(xxx_interrupt_pending(sc)) {
XXX_process_interrupt(sc);
xxx_acknowledge_interrupt(sc);

-}

FHHE HHHHHEAHH TR HH T R R 3 T B B H
HHE B BRI THERHHRH, T TR R B 1 3 TR
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HHHHHH 1. HHH

FHHHH B HHHH TR TR TR TR HHHRR TR SR R SR
HHHE # HEHHAHE HE # T HAE

101, HAHEE HiHE tHEAAH

THHHHHHHHAHTE HHHHE THEHH HHHE A HHHE TR SRR SRR HHH AR
THHHHHHE HHE HHHE HH # HHHHHE TR T SR A

1111 HHHH HEEHE R (MYPG.C)




THEHHHE HHHEA HHE#H# (MypCi.C)







THEHHHE HHHEA HHE#H# (MypCi.C)




HRIAHR 1. i

DEVMETHOD(device_resume, mypci_resume),

DEVMETHOD_END
&

static devclass_t mypci_devclass;

DEFINE_CLASS_0(mypci, mypci_driver, mypci_methods, sizeof(struct mypci_softc));
DRIVER_MODULE(mypci, pci, mypci_driver, mypci_devclass, 0, 0);

11.1.2. M akefile #H# HittHHHE tHiHHHHH

# Makefile for mypci driver

KMOD= mypci

SRCS= mypci.c

SRCS+= device if.h bus_if.h pci_if.h

.include <bsd.kmod.mk>

HHE HIHE HHRHH HHHR HHH TR HRAE TR N akefile THEHE H HHBHEHRH, 7 I I make ##
FHHHHFH T HIHHHHE R, SRR, A make load #7 HEHHE HiHE HITHHEEE
FHHHE HIHE THEHHRAHRE THAAHRH AR #R make unload #F HHEHHHE THAT HIFHRHE HAEAH #H
HHE HHIEHHHAL.

11.1.3. HHHHHHHHH T
o HHHE HHHHHHTE HHHHHHHFE HRH

o THAT HATRAH PR, HATRAHE SRR HE R TR, .

11.2. s HH A

THHERTRHE AT 10 SRR AT AR HR T fHT TR T S 1 #
THIHHHHE HHH. HHHHIHR THHE HTHHERH T T TR A TR T 1 (HH,

11.2. 1. HHH A AR

FHE HHE HHHHHH HRR R TR HHHE 3 R R R HHH T TR
Base Address Registers (FH#HH) HHH HH HHH THHHHAFHAHHHHT HHHH, i AT
FHHIHHHHE 1 TR AR SRR 3 3 bus dloc_resource() HHAHHHHIH.

RS HHFHR, 1 AT R HHT B TR R R 1 3T attach()
R
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FHHHHFH HHH HERHE R TR AR R R A softc THIEHHFHHE HE T A
FHHT HH HEHHE HHE P R SR R

THHHHE HHHHHHE T HHHE 1 HHHHE T R T A R SRR
HHHE DU space * HHHHHHHHHE. HiHE HHEHHHHE, # THEAHH THHAHE SRR TR R
THE HHEE THEHE H# THEHH HHHHHRRAT HHTHHHER HEH

TR R (R S, 1OHHE, 32t HHEHHHHE 1HiE i R #HE
bus space {readjwrite} {124} HHHHHHHHHHHL.

@
R T 0 1 HHHH, HHHE T 1 s * HHEHHHH 1
HHHHHE 1 DUs Space *. HHHEDUS * HIHHEHHHHHE HI 1 TSt



HRIAHR 1. i

HEHHHEHHH HHEHHS HH H HEAEHE HEAEHE HEAEHE R HEEEAEH HEOHHE HEH HHE
HHHE HHHE T HEEHE S HEAHH T HHE HHHE SOt 1 M
HHE boardreacl() PHHHHHEHE HE

uintl6 t
board_read(struct ni_softc *sc, uint16_t address)

{
return (bus_read(sc->barlres, address));

}

11.2.2. HHHHHHHHHHH

TR HHE TR HH T SRR T TR 1 3 R R 1
FHHTE HHHRAT AR, TR R SRR R 1 FERAHR T T R
T, T HEHH HI B TRAHHH TR T R 1 1 HHR T T .

HHHHHE, 1 HHHHHHE HHHEE 1 TP atech() HHHHHHEHE HHHHE HHEHE HHHE .
/* Get the IRQ resource */

sc->irgid = 0x0;
sc->irgres = bus_alloc_resource(dev, SYS RES IRQ, & (sc->irqid),
0, ~0, 1, RF_SHAREABLE -| RF_ACTIVE);
if (sc->irgres== NULL) {
printf("IRQ alocation failed!\n");
error = ENXIO;
goto fail3;
-}

-/* Now we should set up the interrupt handler */

error = bus_setup_intr(dev, sc->irgres, INTR_TYPE_MISC,
my_handler, sc, & (sc->handler));
if (error) {
printf("Couldn't set up irg\n");
goto fail4;
-}

TR HEHHE TR HHE HHH 0 TR TR TR HHE HH R HH R AR
FHHHHIHH HHRHHARATE TR, HHH T TR TR SR us_teardown intr()
FHHTE HEHRHAHR, HHA HRATE R HE HHRAR R T 1 AT B
FHTHE HiFH HAHRHH HT TR ST TR AR HHH R R A i
FHHHHE. HATHHT T HHARH HHH HHRE, R R AR AT TR BT TR TR
T R,

11.2.3. ###
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IR HHHRR A

FHHHE HHEHHHE 1 HEHH, H HHHH RS HHH) HHEHHH HHH, i T
FHHHE 1 HHHHE HEEHE HHAEAEHHE FEAEHEHH) HHHF 4 #HHH DUs Space dimar () HHEHHEHHHHIY: HH—
FHHH, HHHEH HEEHHH A HEAEHE HEEE HEEELEEEH FHHHEEE HHEEEEEE HHEEHEAEH A HE0E HEAEHH T
HHH, HHEHHHE, H T S, H S T A A A A T R S
FHHHE, HHH HHEE HH HEEHEE T HEHH HEHE HEUHEHH 10 A 1,

HHE HHHE HH, HHHHRHRIHHH HH HHHH HH R HHHRHHR TR T R HH AR
RIS, HHHHE HH H TR I SR HHHH HHHR TR R R AR
IR HHHH HHHHHR TR, R, A SRR, viophys() #H
.

#include <vm/vm.h>
#include <vm/pmap.h>

#define vtophys(virtual_address) (...)

THHTE TERTRHEAE T 1 AT TR AR 1 B SRR TR, 1T T 197 TR 1t 1
# HHHHHHHH HHAHH viobus).

#if defined(__alpha_)

#define vtobus(va)  alpha XXX_dmamap((vm_offset_t)va)
#else

#define vtobus(va)  vtophys(va)

#endif

11.2.4. HAHARHAHARH AR

FHE H HHHE HAHRHHHF T HRHHHR A R TR HHHE TR TR -
HHHE attech(). THHHE THIEHE HHE THHHHE HH THEHHRART HH HHRHR TR A T R
THHHHFHTHE 1 HHHE T HHRH T HERAH TR HHEHR HHH TR R
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HBAAAHE 12, $HHERAE T
HHAHHE THHHH PR

Written by Sergey Babkin.
Maodifications for Handbook made by Murray Stokely.

121, TR

T THATH THRAH THAH THEE BT (1 (R TR AR 1 S
THHERRAE (1 THHHART THEHE TR 1R TR THTRITAL. T 31 1 AR 1
THHERTRAHE B TR I T SR

o i (lsySipdiincr.c) HHE HHEHHHHHE HHEHHHHHHHIE HH HEHHHE
o (Isysldevisymisym hipd.C) ## HHEHHHE HHHHHEHE
o HHETHH (Isys/deviacTxodacTxxx.c) Hit HtHEHE #. HHHH

THHE HHHHE R HHHE HHHH TR (T HHHHHE . HHHHHE, THHE ysicam/™ ). THEHE HtHE TR
THHHHHE TR TR A R T TR AR TR T R
TR H. T, AR 1 1 AR,

THHE HHHHHHHHE 1 HHHHHRAHR TR R 17 TR (AR AR
FHHTE HHTHHHHRE TR HRHE HHTHRH T T TR HHHE TR, HH R AR
HHE HHE TR HE HHRAHHPHRAE TR 1 HH HEHPHRAHHAR . HH
THHHHFT HHHHE HHHRHHHRH T A R TR HRAHRAR. R AR
THHHE THHE THRHHHHEHE (AR, TR T HHPH T R HHE TR SRR
THHHHHHH HH T TR TR HHE T R T R HEHR SRR A
THHHHFHT HHHHHHHRE. HHEE TR TR TRATHRH R 153 TR HHE SRR TR
FHHHHFHHHAHE TR, HRFHHRAE 1 THEHRHHRHHRAH . SRR T TR R
THHHE HIFHHHFH HHEE HH TR TR TR R R T SRR

12.2. MHAHEHT HERRARR T

THIHE HHHHHHE HH HHHHHE HHHHHE AR 1 T TR HHHE S I T
1 AR (. R BRI 1 R 1 1 DR SRR HHRRR TR
THHE HHHHHHHE HHEFHAHHHHHE T A THHE T T TR T T
THHHHHHE THHHHE THE THHHE THHHE, HHH, THHRHE HHEE HHHHHE HHHE T TR T
THIHHE HHH HHHHE Hi HHE AR (HH HHHHHHE HH ) THHE T T .
RS TR TR HHHRHRRRE HHERR S B



I HHBRAHHR

» Peripheral Modules # # #HHHH tHi HEHHHHHHH HHHHHHE (T, A, T, BHH)

o SCS Interface Modules (###H) # # HHH HiH HHHHHHE THHHHHH HHH S
HIH HiH HHHE Hi HHA THE .

B PR HHHHHR AR HHHRA A T R 5 R
HHE BRI HHHHRRI T T TR HIHH SRR R BHARR R
R HIHHHRAHHE BHHAH 1 THAHHRRT TR TR BRARH 11 AR
FHEEHHEEE (HHE (HE SHEE S (Y T FHE S HEE, S SR S S
FHEEHHEE HEE SHEHE FHHEHHEE H HEE SHEHEHE L HH S SR

FHHERRAT T AT T THE TR 11 TR AR AR (T, Rt 1
T T A AR AR TR T R TR,

B THHHHRHT HHE TR HHH HH R T TR SRR SR AR

#include <cam/cam.h>
#include <cam/cam_cch.h>
#include <cam/cam_sim.h>
#include <cam/cam_xpt_sim.h>
#include <cam/cam_debug.h>
#include <cam/scsi/scsi_all.h>

FHHTEHHHHH HHRHHR TR R HHTRHHE T A 1 HHR AR HHR A T R R TR
THHHE THE HHHHE THHHHHE HHHE TR X attach() HIHHHHEHE (HHHH HHH T T
THE HHHHHH HHHE TR HHHHHEE TR ) . THHE xxx_attech() THEHHIHI HHEHHE BHE
HHE HHHE HERHHHE TR HHRHHRRAHHRR T TR T SRR R

THHHE 1 THEHHEHHE THE TR TR SRR HHE TR TR TR T HHEH
THE HHHHHHHE THAHHPHRE HHRE T A

struct cam_devq *devq;
if(( devq = cam_simq_alloc(SIZE) -)==NULL) {
error; -/* some code to handle the error */

-}

HHHHE SIZE HH THHE HHHHE THE THAE HHEHHEE T HH AR, TR R R
THE HHHHF HHTHRHHE. H1 1HE HH HREE T R HHHHE TR AR TR
FHHHHFHHT 7 THAE R T SRR HHE R R

SIZE = NUMBER_OF SUPPORTED TARGETS* -
MAX_SIMULTANEOUS COMMANDS PER_TARGET

HHHHHE H HHHHEHE H THEHHHH HHE
struct cam_sim *sim;

if(( sim = cam_sim_alloc(action_func, poll_func, driver_name,
softc, unit, max_dev_transactions,
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THIFHE 12, HHHFHHE TR AT T
HHHHHRHHH
max_tagged dev_transactions, devq) -)==NULL) {
cam_simq_free(devq);
error; -/* some code to handle the error */

-}

R R T B B T R R BRRRE 1 HHR AR 1 H R devy HIFRE -
R HH T HH HHHHR BRI T T 0 T H R HHHE.

HHE H HHHHE HHHH HHH HEHHRH R TR HHHHE T AR H i cam_sim
.

T TR TR T AT 7 T 1 1 TR T T T i it st i,
HHE B RIRAE T deva THIEFHRATRTAE THAT THI B 1 B T SR TR (AT 11T 11
TR ( THAT THE TR T B T, 11 AR B TR,

HHHE HIHHHTHTH T
o action func # HHHHHHHH HHE HitH HHEHHEHH xxx_action HHEHHHHHE.
static void xxx_action (struct cam_sim*sim, union ccb * ccb);
struct cam_sim*sim, , union ccb *ccb ;
o poll_func # HHEHHHIHE 1 HHHE HHEHEHERE oo poll()
static void xxx_poll (struct cam_sim*sim);
struct cam_sim*sim;;
o HIHHHHHE HIHHE t HHE HHHHE i HHE ST HHHHHE, T T TR .

o softc # HHHHHRHE HIF THAT HIRHEHRAE HRHEHRAE SRR T TR TR SR
THHHHRHT HHHHRE 1 HHHE TR 1 TR R TR AR

o FHHHEH HHE THEHHHHHRHE HHHHE HHHHHE, HHHE R TR RO HHHH -
HitHt HHEA H#H 0

o THHE THIH HHHHRAHFHRE H TR TR TR TR HH
THHHHHE HH HHE THAHPHRAE HHR. THEHE TR TR 7 TR SRR TR
T L, HIHHE THEHHFH HHHAHHRAH T HHE PR TR T R
THHH HHHHE 11 P TR HHPR A R TR R R
HHHHHHHHE HHHE HHHE T HHE D HHH HHHHE S THEE THEHT H TR HHHR R

o THHE THHHHHE THHE THHHHAHHRHTH SR, T TR HHRE HHR
THHT HHHHE HHHE 1 TR TR (AR T 3 TR R
THE HIHHHHHHE # HHRAHE HHE T THEE THETHEHHRH HH T R 1HEH
THHHHHE THHHHEHTR TR HEHPHHRHHET HHE R TR T TR PR R
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THHHHHHHHE. HHF THTHHHHHE T TR HEHEH A TREHR HH TR H R
THHE HHTHHHHRAT HE HHE R TR

R T TR HHE HHHE BRI HAHRRT HHH TR R R

if(xpt_bus_register(sim, bus_number) -!= CAM_SUCCESS) {
cam_sim_free(sim, -/*free_devg*/ TRUE);
error; -/* some code to handle the error */

-}

THE HHHHH 1HE HHH dev) HHEHHHHHRE 1t HHEHE HHE (A, HH THHERRREE 1 R THHHE R
THHHHE #i HHERRRRA THHHHE HHHHE T ) HHHHE T T AR R T
O, HHHFHHRIT HIHH HHE HHE B T T A T R . R f
FHHHHE TR HHH TR SRR B .

HHHHHE HHHHE HHHE HRHHHRH PR TR 1 HHE HH P TR TR
deve) HHH HH HHHHHHHHRT HHHE, HHHE HHEHE 1 R T TR 1 HRRHR A
THHHE HiHE T HEHRE HHR TR A

THHT HHTHHHHE THIETE PR T A TR AL, TR A R
THHHE HHHE HHHHHE HHHHHHE (HHHE HHHE HHTHHHHHE) | HHHH AR R -
THHHE TR, HHHHE HHTHEHE TR TR TR T R TR (R R
THHHHHH THHHAHHET HHE HHHE AL T TP R, HE T HEHREH
HHE HHHHHHHHE THE TR R R

T RERHHEE TR AT 7 BT T ST T 1 T (Y. TR AT T B
THHERTRAHHAT THAT FHRHAH T R THE RT3 THAE THERRE 1 R, I -
THHERTRAHHARTE IR AT AREH AR AR T e . 9
T HHHH T THIHT THEHHHHHRAH T TR HH A T T (R
THEFRTHTE HH AEHEE AL TR AT HHE T BTRAT SRR ST 1R i f et —
THIHHH THIH HHHHHHE HTHEHHHE AT . HHHHE T HE R S SR -
HHE A T ST B SR SRR A TR, A Gt ST A
THHERIREHE, THHE T RTR A SRR BERATE T A B i (T i o fi i
TR 1 T BT, T 1 S TR THEET T RHAT B ST 1 A i f—
THHERTRHT T TR THE T T, R 1 T TR T T 1 R AR 1 g
THEERIRE T HHRRAT THAT (HRTRAE (R AEE THEH THT R B i

struct cam_path * path;

if(xpt_create_path(& path, -/* periph*/NULL,
cam_sim_path(sim), CAM_TARGET_WILDCARD,
CAM_LUN_WILDCARD) -!= CAM_REQ_CMP) {
xpt_bus_deregister(cam_sim_path(sim));
cam_sim_free(sim, -/*free_devg*/TRUE);
error; -/* some code to handle the error */

-}

softc->wpath = path;
softc->sim = sim;
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HHE HHHH HEHE THET HHE TR TR

o HHE HE T T S (RO T S HF AR AR

o 1 R B (cam Sm_path(sim))

o FHHHHE HHHHHHE B A TS (B S HHHHHHHHE T S )
o FHHHE HHHE HEHEEE A A SIS (AL FHH S HHEHE AR A

THE THHHE HHTHHHE HHE TR HHRHHHPE T TR T A HHHE R HH R SRR, 7
HHE HHHHE THHHE I THEHHRAH TR HRHEE

FHHE 11 S S AN 1 FHHE SORtC LIS HEAEHE AL D, S TR 11
FHHHE B N B (FHE HEHE A FHHHE HEEEHEHHHS 1A 440 HHHHE #EAEEEHE HMEEEE soox_probe() #HHF #H
HHHD).

FHHHE HHE T B 1 R SRR, H 5 AR R TR
FHIHE HIRHE .

THHT I HHHE (AT T THE 1R TRET AR TRATRH AR RIS f—
T $HE AR AR TR 313 T B R S B (R AT T
TR HHHE 01 3 T (A T 1 TR 1 IR R TR T e et 1
THHFRTRHE T RIHHERT T T T AR T HHERRAT 17 T TR T iR i
T 1 I

struct cch_setasync csa;

Xpt_setup_cch(&csa.cch_h, path, -/* priority*/5);
csa.ccb_h.func_code=XPT_SASYNC_CB;
csa.event_enable= AC_LOST_DEVICE;
csa.callback = xxx_async;
csacallback_arg=sim;

xpt_action((union ccb *)& csa);

HHHE HHE HHHE # HEHE i xooaction() HEE xxx_pol () HHEEEHE HHHHHE HHHEHE.
static void xxx_action (struct cam_sim*sim, union ccb *cch);
struct cam_sim*sim, , union ccb *ccb ;

i B TR HHE BRI 3 T R, TR THERHRR TR
R, B 1 TR TR TR B HHR B R HHHRR SRR HH
T HHE HHHHE TR HHRRR, T HHHRAH SRR fHH B R
PRI, HH B HEHR TR BHRAHT THH TH THAHR HHH R SRR
HHE BRI 7 HRHE.

HHHHHHE (T H T THERRRE) HHHH. THHHE HHE HHHHE T T T
HHE HHH HIRHHHEHT A
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HHHHHE THHE 1 THHE THHHHHAHR R (T THEHHE THHHHE, HHEHHEHE) HHEARE T
HHHE HHTHHHE HHHATE HIE R IR

o cam_sim_pah(Sm) # HHHE HtHE tHE (T HHHE)

o cam _sSm _name(sim) # HHHE HHHHE HiE #HHE

o cam Sm_softo(Sim) # #HHE HEHHIHHE HiE HHH HHHHHE (HHEHHHHE SR ) T
e cam sSm unit(Sm) # HHHE HiHHE

e cam_sm bus(Sm) # #H HHE #H

T HHHHHHHR HH TR, x0_action() HHE HHHHH R HHHHE HHHFH R HHTRRHH 0 HH R —
FHHHE HIRHH HHRAH SR SRR

HHHH HHH HE HEHHHHHE TR HE ccb->cch_hfunc_code. ## HEHHHHHHHE xxx_action() #EFHHHEHHE
HHE 1 tHHT A

struct xxx_softc *softc = (struct xxx_softc *) cam_sim_softc(sim);
struct cch_hdr *ccb_h = & ccb->ccb_h;

int unit = cam_sim_unit(sim);

int bus = cam_sim_bus(sim);

switch(cch_h->func_code) {
case-....

default:
ccbh_h->status= CAM_REQ INVALID;
xpt_done(cch);
break;

-}

HHE HHHE HHE T H R THHHHE S (HH 10 HEOCOEOEHHE HHH O FHHHHH) 1
FHHHHHE I HHE HHHE TS HHE 1 T Cob>och N.Status HHE HHHE HHIHHEHHHEHE 10 11
FHHHHHE HEH HH HH HEHE HEHHH xpt_done(cch).

XOU_CONG() HHEEHEH HHEEHE HHHHEE HHHF HHE HHEHHHEEAEIE HHHEEEEE wox_action(); HHEHHE FHEHHHHEHEIER 4 HHIHH HEHHHAN:
FHE HHEHHH HHEE H HH HHH T HEHEHE HEAEHEH HHHHES A 1R A
FHHHE T I N HEHH N HH S T S T
R XDU ONC() FHHE 1 FHHHHI HHHHE HEEHE T HHHHH A HH

IR, HHE HHIE HHR FH T TR SRR T 3 BRI HHH T T i i
HERIHHE HHE T (RS, TR A 1 R B oo _action() HHHHFHIHIFE HE BRI 1
HERIHHHE HHR BT HHRR Tt 0 TR B i 4 Rt
R HH TR HHRRT BRI HH |sySicanVcam.n FHIFHHE HHHHHRTE 1 HIHR HiE HER
RS HHRRRE HE 1 B T IR TR, BRI SRR HHH, H SRR 3
THHHE 1 HHHHHHHHE THH THE THE TR AR R (T © HHHT) HHi tHHHH -
HHHE HHHHHHHHIHE HEHHHHHHE A (). HHE T A T
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THHHHHHTH TR HE HHHE HHEHHE. T HHRAHT R TR TR TR R R
THHHHHH HEHHHHRE. T AR R R

CAM_DEV_QFRZN # ## #H HiH HHHHH HHH 1 HHHRRAH HHHHHE (S, B
HHEHHHE HHHE HHH AR 1 T T T T SR
AR H R 5 AR R R TR HHEHH 1 R ot _freeze simq(),
R FHHE THAHE BRI B T ORI T R B R SRR S
T T BT, HHHE BT HHRR TR R T PR HHR T R xot_done(). #H#HE
T HHFH HHHE T B 1 HHRR S TR R HT SRR 1 AR,

CAM_AUTOSNS VALID # ## #HH# HHHHH THHHHHH HE A R T
THHE (I THAT_ AR 1 ST T G SR TR SRR ST ST 11—
HHHHHT THIHHE HHEHHHHE HHTHERAHHHRT T PR T TR (FHTHHER AT -
THFHHHT 1T HHHHT 1 1 T 1 T R 1.

CAM_RELEASE. SIMQ # #HH HHE 1 T HHE T HHH S A HH
B (1 A HHEEEEAEAEH) T THHE HHHHHE HEHEHHHHHEE THIHEEN, HHEER HHH T
HHHHHHHHE 1 T HEHHHHHHE THHHHHE 1 HHHHHE HHE XDt froeze Smo(). HHHE HHEHHHHHHHE
HHHHHE 11 HHHHE TN A FHHE TS I HHHE B H #HH—
HHHHHE 1 HEHE AN S HHEEEE HEEEHERE S HEAEHEHE HHHHH.

CAM_SM_QUEUED # ### it #iH # Hi# tHEHE #HHE HEHHHR T i
THEHHHE 1HE HHE (THHE THHHHHHE THHHE THHHE THHE THEHE SHEHHHHH T T SRR
HHEHE HH HHHE) . HHHH HHHE HH THHE HHHH AR HE T T, T R
THE THHHHHT HHHHRAHHRH.

R HRFHRAH oo _action() #E HHHE HHAHHHHHE HE HHHHHE, 17 B R R
I THEAHE HEHE 10 A R TR T HHRR TR SRR AR
PRI A HHE B HHHRH SRR HHRHRH xpt_rdease sima() #H#H
Xpt_relesse._devo|() HH HHHHHHHIH HHH HHHHHE SRR, HHHHHRE R H

THHT HAHE TRAHHI R T HRAHRA R

DAL # HHHHE 11 HHHEHE B AR

target_ il # HHHHH HTHHHE 1 I S

Target_|UN # HH #HH 1 HHHE HHHEH

HIMMEOUL # HEHHHHHE HEH HHHE T S, 1

tiMeOUL_Ch # # HHHHHHHHHHHH HHHHE THHE T HHH HHHHEHE THE TR AR
(FHHH HHH THHHHHAHIT THHHHEE SHHHE R THHE R A )

Tlags # HHHHHH HitHHE HHE HHHHHHFRAAT T S R O, R L
# HHHHH HHHHHHER T HARAREE T (i TR
HHHE HHE HHHHHE AR T ), HHHHHH, i HiE
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HHHHHHE HHHHHE MO HHHE HHEHE THHEL T B (HHHHE 1), R HHHHO
HHHHHE L B T T S T, S e O] A
B AT L] S bt St bt A A S A HEAEHE A~
B HHHHHHHE 15 1 S FHEEEE HEAEHE D AELEHEAEHE HHF M HELEHERHHS HMAEAEEE HEHEHHHA.

THHE HHARTRATRTE T T S G 1 SRR THAE T R S T T
THEFRTHERRT AT T B 1 T S SRR A (A 1 IR A, fr

#define ccb_some_meaningful_name sim_priv.entrieg[0].bytes
#define cch_hcb spriv_ptrl -/* for hardware control block */

HHHE TR HHHHHHE B TR TR .

o XPT_SCSI_|O # #Httt Hi ## HHHHHHHHH

FHHE HHAHHIHT HHRRHHE T SR AR 1R TR HH T HHHR 3 R 3
I, HHHHE

290

Cab_i O # HtHHHH 1HE HiHH HHHH THHHHHAT THHHHEE HHE R
cdb_len # #HH HHHHHH iR

data ptr # #HiHHHHHE H i HEEE HEEEE (I # T HHHHERARRR
HHHIHHHHHHHE HH HHHE)

CIXTer _| o # HHEHHEE HH HHEE THHHE AR
SOiSt_CNt # HHHHHHHH HHE HitH HHHHHHHHHHHHHHE
SCSI_SatUS # HHHHH T THEHHME SHHE ST AR

sense_data # HHHHHE HiH HHHE HHHH HEHHE PR T T R
HHHHHE (HHH THHE HHHHHHE THE HHHHHHHEE HHE T TR R
HHHHHHE Hi T THHHE HHE T HHHEE TR HE )

SENSC_|ON # HHHE HHHHHEE T HHEHE HHHGHHE (FH 5 S 5 i AL HH T
FHE HHELEH T GHE HEHE S HHE S SR HHEH T SHEHHE) HHHHE,
HEHHI I 1 1 HHH R 17 B B HRR BERART TR B HRHR R
FHHE S Y FHREHHEE T G (HARE SHEHHHHEEET) A, S
HHE HHHHE T HHE BRI HHHRA, #H H 1 B R T B R
FHE SHEHHE (R, LA HHEH 0 EH FEHEEE S TR HHHEEE) 15 -
HHHHHHHHHHE HHHHHE HHHHE HH 1 HHIHE R H BT TR TR
HHHE 7 B B B

tag_action # #H HHHHE H#it #HHH H HiH

o HHHE_HHH R T H T T R SRR



I 12, HHHHHE BRI R
HHHHHHHHHE

o HHH MM B HHE T I B B D T S S S
HHHHE S HHH HHHHHE (HHHE [HHH S S T 1), et
HHHHHHE A HEAEHE S, AL HEEEHE HHAEE SEAEHEHE A HEAEHE HHHHE AL HHAEHHH

T T T T TR TR AR R T R A

THHE HHHHHE HEHHHE 1 15 HH 7 TR HHHE TR TR, HE TR TR R
THHHHHHT HHE TR HHR THEHHRHE HHHHE T HH TR HH R

struct cch_scsiio *csio = & cch->csio;

if ((cch_h->status & CAM_STATUS MASK) -I= CAM_REQ_INPROG) {
xpt_done(cch);
return;

-}
THHH HiE TR THEH HHE TR HH PR TR T TR

if(cch_h->target_id > OUR_MAX_SUPPORTED_TARGET_ID

-|l cch_h->target_id == OUR_SCSI_CONTROLLERS OWN_ID) {
cch_h->status= CAM_TID_INVALID;
xpt_done(cch);
return;

-}

if(cch_h->target_lun > OUR_MAX_SUPPORTED_LUN) {
cch_h->status= CAM_LUN_INVALID;
xpt_done(cch);
return;

-}

A A HHHHE HHE HHE S (HELEHEHE A0 HH A S S~
B ) HEHE D HEHE HHHAEIELE S HEACHEAEREEHS, 0 HEHE ) HELEHE D HEAEHEOHHE HHAEHE HHHHHH
HHHHE 1 TS SR 4 S B TN FHAEAEEAEAEHHIHS HEAEHEOHHE HEAEHE A S HHHHH
B S A 0. L S A S HHEHHH HHE S
HHHHE 1 HEEEHHHHE S 1 1 HHHE 0 CAM_SIMQ RELEASE #HH HH} #H i
HHHHHE (HHHD) T} 1 HHHF S0 AR,

struct xxx_hch *hcb = alocate_hcb(softc, unit, bus);

if(hcb == NULL) {
softc->flags -|= RESOURCE_SHORTAGE;
xpt_freeze_simq(sim, -/* count*/1);
cch_h->status= CAM_REQUEUE_REQ;
xpt_done(cch);
return;

-}

hcb->ccb = ccb; cch_h->ccb_heb = (void *)hcb;
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cch_h->status -|= CAM_SIM_QUEUED;

TR T TR HHTRE HHR T T T TR TRAHHRT SR R A
T HHRAT T BT 3 T 1 T HA TR TR HH TRAHHR HH B HART
T A HHHRATRE. HHH HH AR T TR R i SRR
T TRAHHRAT T TR TR TR HHHRHR (AR T HR, TR
HHHH HHRHRA.

hcb->target = cchb_h->target_id; hcb->lun = ccb_h->target_lun;

generate_identify_message(hcb);

if( cch_h->tag_action -I= CAM_TAG_ACTION_NONE -)
generate_unique_tag_message(hcb, ccb_h->tag_action);

if(-!target_negotiated(hcb) -)
generate_negotiation_messages(hch);

THHHH T HiF TR TR THRAHHEE. HHE TR TR HHRE TR HH 1R
T HIHHE THEHHRHHHRAT TR, TRAFHARE 1 R R T HER R SR
THE TR HH HHE T R 1, T TR TR TR R TR T
THHHH HH THAHHIH. T TR SRR T TR HRER 1 R
THHHHHIT HHH THEHRAE HH HE AR 1

U HHHHHHHE T L, THHHHH H 1 HE 1 tophys(), P
HHHE R (A HEHEAEIEE HEAEHE HHH THIE 1 S HEHHH HHHD) HH
FHHHHHHH 1 1 HHHHHH) HHHE HHHHH A 10 HEEE 4 Viobusy)
HHHHHHHE S N TS HHEEAEAEH, [ HEVEHHHE FHHF HEEEEEIEHE HHHF I HEACHEIEHHHE 4 HEAEAEHE HHHEH
HHHHHHH HHR, \tOD() HHHE DRODUS() PHHHE VIODUS() HHHHHHE HHE H HHHHHE HHHHH
T HHHHE] 1 S H HEEAEAE FHHENE FHF FHHHAENE 10 10 I 1AM A
HHHHE R I B HHN, 1 HHHH T 1) . 10 P
HHHHHH T HH R HHHHHE T HHEEEE, A0 HEEEE HHH (Y
FHHHHE HHE H HHHHE HHE HEAEHE HE0E 10 HELEHER PO HH A HHH A 4
FHHHHHHD) . HH HHHHHHHE 1 HH S HHHE HHE HHHHE HHH I A
HHHE H N A HHAEHE TS HHE HEOEOEH, 40 40 HEOEHE AR

if(cch_h->flags & CAM_CDB_POINTER) {
-/* CDB isa pointer */
if(!(cch_h->flags& CAM_CDB_PHYYS)) {
-/* CDB pointer isvirtua */
hcb->cmd = vtobus(csio->cdb_io.cdb_ptr);
-} else{
-/* CDB pointer is physical */
#if defined(__alpha )
hcb->cmd = csio->cdb_io.cdb_ptr -| alpha_XXX_dmamap_or -;
#else
hcb->cmd = csio->cdb_io.cdb_ptr -;
#endif
-}
-} else{
-/* CDB isin the ccb (buffer) */
hcb->cmd = vtobus(csio->cdb_io.cdb_bytes);
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hcb->cmdlen = csio->cdb_len;

THHE 1 HH THIEHE THE HEHE A T TR, TR, AT R TR TR i R 1
THHE HHH 1HE HHHE THTHAHRAHE TR, PR HHE R TR TR R
THHHHHHHHE 1H T HRAE SR, TR AP R HE TR HE T R 1H
HHHHHHHH

int dir = (ccb_h->flags& CAM_DIR_MASK);

if (dir == CAM_DIR_NONE)
goto end_data;

THHHE B THERTHE T T ST S T 0 AT 1 B 3 TR AR i i, fies it
TR T RRATREH (TR S T SHATRERRET 1 0 e i i
L AL T BHHERTRAT RERATRE T ST (T THAHTRAT L. 11 1 T it
TIHHE SHTRATRIHERT G B 1 TR, B RIE 3 SRR (AT T T 1
I FHE ST THE ST THA B TR ST AT, T SRR 1 1
THFHRHHT TR AR AT, T T T A T S e S i —
T T AR AT HE SHRAHT. T T ARA s (3 3 A it -
THHHHRAH (TR T 1 SRR (T 1 1 11 1 S et st
LA AT SRR, B T TR AR SRR AR 167 1t
THIFHE THERTHIRTATE (1 B R HHHEH TR T T T T TR AR SRR S i —
T HAHRTRAT HTRAT BIRHE 1 AT, 115 T SRR s 11 .

intrv;
initialize_hch_for_data(hcb);

if((!(ccb_h->flags & CAM_SCATTER_VALID)) {
-/* single buffer */
if(!(ccb_h->flags & CAM_DATA_PHYYS)) {
rv = add_virtual_chunk(hcb, csio->data ptr, csio->dxfer_len, dir);
-}
-} else{
rv = add_physical_chunk(hcb, csio->data_ptr, csio->dxfer_len, dir);
-}
-} else{
inti;
struct bus_dma._segment * segs;
segs = (struct bus_dma_segment *)csio->data_ptr;

if ((ccb_h->flags& CAM_SG_LIST_PHYS) -1=0) {
-/* The SG list pointer is physical */
rv = setup_hcb_for_physical_sg_list(hcb, segs, csio->sglist_cnt);
-} elseif (!(cch_h->flags & CAM_DATA_PHYYS)) {
-/* SG buffer pointers are virtua */
for (i = 0; i < csio->sglist_cnt; i++) {
rv = add_virtua_chunk(hcb, segd[i].ds_addr,
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THHE THIEHT HITHHHE HHEHE 7 T T SRR, T T T SRR 2
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-/* we're about to free a heb, so the shortage has ended */
if(softc->flags & RESOURCE_SHORTAGE) {
softc->flags & = ~RESOURCE_SHORTAGE;
status -|= CAM_RELEASE_SIMQ;

}

free_hcb(hcb); -/* aso removes hcb from any internal lists */
-}
cch->cch_h.status = status -|
(cch->ceb_h.status & ~(CAM_STATUS MASK|CAM_SIM_QUEUED));
xpt_done(cch);
-}

o XPT_RESET_DEV # #HH fHH tHH HH HHHA tHEAHH HHHHERH HE R

BN HHF 141 HEAEAEEE OSSN 100 HEAEEE HEOEOEOEIEHE FHOOHE HHECEELEAEEE HEOEHE HHOHSH A AR
B A A A M BN HEHE A AR A H A
B A TS S HEAEIEHE ) HHHHE HEAEHE HEOEREHE HHOE AHACACACAEAEH ) HHF A
B (1 PR HHEE HHEEEEEEAEAEEE HEACAEACACMEAEAEAEAENS) O T 0 S THHHHHMM 1
B HHHHHHHHE B T T HHHHHHHHHEE 1 T 1 B S
HHE S N 441 AR A FHEHE 1100 FEOEOEHE 10 OIS (S HEACHEEEAEHE OO A
HHHE HHHEHE FHHHHE D). FHHHE HF HHHHHHHHHE 1 S SO HEOEHE HEOEHE HHHHHHHH
B FHHE S HHEHE T 10 FHEEEEEEAEAEEE (MMM #HE HEEEHE AEACAEAEAEAEAEAEHE MO
HHHH).

THHHE HHE THHE R HHRHHHPHRAHE HHE AT TR TR A, HE
THHHHE HH THAHHFH TR TR R RS, TR A
THHE HHTHHT HHTHAHH THEHHRHHRHRAE HH R SRR,

o XPT_RESET_BUSH HiHH Hitt tHHHHE HHHHHHAT Hi HiH HHEHH

THE HHHHHHHHIT HHH THEHERE HH T, HHE T TR PR R
THHE HHTHHHHRAT HIE HHE TR TR,

TR AR TR AR A R S S R AR 1 1 1
AT HHE 1T T SR TRATRE T BT T I .

A S HHHHH S HHHHHE HHE HHHHHHHE HH S S b HHbEEE (HEAEH—
HHHHHE A HHAEAEAEHE AL D FEEEHHHMAEIEN) FHHE HEUEEEHE 1A S HEOEHHE HEACHEOEHE HHAEAEAEHEHHHHH,
HHHHE HHHHHE T ) FHHHE T HHHHEE S T HHE HHHHE
HHHE S T I HHH.

int targ, lun;

struct xxx_hcb *h, *hh;
struct cch_trans_settings neg;
struct cam_path * path;

-/* The SCSI bus reset may take along time, in this case its completion
* should be checked by interrupt or timeout. But for simplicity
* we assume here that it is really fast.

295



HHHHHHHHHFHI T THAHE THEE THEAHE T 7 AR T 153 R T R
HHHHHT HHE HHTHHAHE HHE T HHPRAH HEHRARET TR 1§ TR SHEH B A T
HHHHH.

o XPT_ABORT # #iHHHt tHt tHHHHHAH HH

HHHE HHEHHHHHHT HHHE THEAHHHPREE TR AR HTHHPREE S A
HHHHHT T, THHE TR THEHHE A

abort_CCh # HHHHHHE Hit H HHE Hi HE HHHHHH
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HHE HHH HHHHHE T HHH TR TR A HHH SRR SRR tHEHE
HHHE HHHH HHHE THE TR HHHHHHAHH A, THEHHH T TR R A,

HHHE THEAE HHHE HEE HH THRAHHRE TR AR AR, THEAH 1A T R
HHHAHHHE HH H T AR

A T 1 HHRHHHE HHEHHE R HHE HE R HHE HHH T R i
HHHE B B HHE HHE TR HAHHHRR TR HH HHH R R HRH AR f
A HHH

HHE THE HHHAE HHE THEE AR THERHHHHRR A S HH R -
HHHHE Hi HHH HHHEHE HHHHERA HH TP HHE TR, T TR
HHE, HiE HHHHHRHHHHHE HHHE THHPHH SRR 1 T TR, HE
HHHHHHHHHE HH TP HHHT T A T SRR, T TR fHHH
HHE HE HHHE HHH THE HHH A THEHTE THHBHHHE HHE SR 2 AR,
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THHHH HE HEHHE HHE TR 1 HE TR TR HHEHE HHHE HH T R
THHE HHHHE T T HHHE

int hstatus;

-/* shown as afunction, in case special action is needed to make
* thisflag visible to hardware

*/

set_hcb flags(hch, HCB_BEING_ABORTED);

abort_again:

hstatus = get_hcb_status(hcb);

switch(hstatus) {

case HCB_SITTING_IN_QUEUE:
remove_hcb_from_hardware_queue(hcb);
-/* FALLTHROUGH */

case HCB_COMPLETED:
-/* thisis an easy case */
free_hcb_and_cch_done(hchb, abort_ccb, CAM_REQ_ABORTED);
break;

THE HHH THHTE 1 THETHHE HHRHHEHTR AL TR TR 15 R 15
THHHHHHHHIT HiF T HTHRHHAHHRAHAHR TR A R R
THHHHHHHE. HiH T HHRAHHEHTRE TR TR HHHE SRR A HH
THHT HIHHHHE THHHHHHE HHE T HHEHRAHE AR HH T TR T TR 1
THHH HHHT THH T THEHHRAE HH T TR HHPHTRE. H7 TR TR HHAH
HHHE HHHHHHHE THE HHHHE HHTHHERHH T 1O HEHHEHH T SRR R
THE HHTHHT HiHE HHTTHHT HHE HHE HHREE HHE TR TR HEREHHR R TR 1
THHH HHTHHHHHHHTE HHTHE HH HHE R TR TR TR TR TR 5 TR
THHEHHHHHHE, HHH THHHE HHE T T (HHHE HHH A T A THH).
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case HCB_BEING_TRANSFERRED:
untimeout(xxx_timeout, (caddr_t) hch, abort_cch->ccb_h.timeout_ch);
abort_cch->cch_h.timeout_ch =
timeout(xxx_timeout, (caddr_t) hcb, 10 * hz);
abort_ccb->cch_h.status= CAM_REQ_ABORTED;
-/* ask the controller to abort that HCB, then generate
* an interrupt and stop
*/
if(signal_hardware_to_abort_hcb_and_stop(hcb) < 0) {
-/* oops, we missed the race with hardware, this transaction
* got off the bus before we aborted it, try again */
goto abort_again;
-}

break;



I 12, HHHHHE BRI R
HHHHHHHHHE

THE HHE HHHE HHE H HH HHRE T HERHHRHHHET HHHHE A T TR HHR A
THHHHHHHE T T HHE P TR TR TR TR TR HRAHHR SR TR
THHHHE THEHHHHT HE TR

case HCB_DISCONNECTED:
untimeout(xxx_timeout, (caddr_t) hcb, abort_cchb->ccb_h.timeout_ch);
abort_cch->cch_h.timeout_ch =
timeout(xxx_timeout, (caddr_t) hcb, 10 * hz);
put_abort_message_into_hch(hcb);
put_hcb_at_the front_of_hardware_queue(hch);
break;

ccb->cch_h.status= CAM_REQ_CMP;
xpt_done(cch);
return;

THHH HH HHE HHE I HHEH HHREE, HHHRR TR R SR R
THHE TR TR TR TR T AR HHRHHHRR A HH T TR
THHE HHHE THEHHE TR HHRARRATE TR 1 R TR HHE 15
T T HHFHHRAHE HRHHR, T T AR TR TR

FHHHHHHHHHAHHH T R T TR R BT H HH R, R TR
FHEE FHE FHHHEHHE 0 HI SRS S (L SHHE SR SR SR
I HHE HHHHHE HHHE TR T A T TR R R fi
HHHE BT HHHE HHHRR. HH B TR TR HHH 1 R, R B

case XPT_ABORT:
struct ccb *abort_cch;
abort_ccb = cch->cab.abort_ccb;

if(abort_ccb->cch_h.func_code-!= XPT_SCSI_IO) {
ccb->cch_h.status= CAM_UA_ABORT;
xpt_done(cch);
return;

-}

if (xxx_abort_ccb(abort_ccb, CAM_REQ_ABORTED) < 0)
-/* no such CCB in our queue */
cch->cch_h.status= CAM_PATH_INVALID;

else
ccb->cch_h.status= CAM_REQ_CMP;

xpt_done(cch);

return;

o XPT_SET_TRAN_SETTINGS# #HHHHHHHHH HitH HIHHEH HH HHEHE HHHHHRR HEHTHHH

FHHE HHHHHHH HIHE B HH 1 TR HHHH TR R
H HHE HHR .

o valid # # HHHHHHHE HHTHHHHHE HHHHH R R
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« CCB_TRANS SYNC_RATE VALID # HHHHHHHHHH HHHHH
+ CCB_TRANS SYNC_OFFSET VALID # tHtHHHHHHHH HittHH

« CCB_TRANS BUS WIDTH_VALID # ## #HH#

o CCB_TRANS DISC VALID # #it# HHHHHHHHHHH HHHHHHHY
o CCB_TRANS TQ VALID # ##H# HHHHH I HHHHHH S

o flags # HHHHHHH H HiH HHHH, THHEAH PR R 1T
FHRAHRHHHL. B TR AT R AR 1

« CCB_TRANS DISC_ENB # #HHHH tHttHHHHHHHHHH
o CCB_TRANS TAG_ENB # ##HH#H1H HtHHH
o B S S
« CCB_TRANS CURRENT SETTINGS # #HHH#H HitH HHHHHH HHHHHHH Y

* CCB_TRANS USER SETTINGS # #HiHHHH#H HiHt HIHHAH HHEHE HHEEE
HHHHE HEHHAHE, HHHHE HHHHHE H HHRHHHHRRAHHHRA, A =0 i i
THHHHHHHHHAH THHHE HHE HHRARAHH R R, i ()

TIHE T 1T SRR BHRHREE T B, i T e 1 i
THHHHRAT THERRAE. B AT THHTRTHHE T THE THERTRAT TR S T (AT i fi—
IHHE, BT AT THEHRAL TRAHE T THEH 3 SRR AT THEE TR T f
TIHHE TR ST SRR AT THE 1 SHHERTRATE THHHE. S AT T i i
THHHHRAT FHRAT 7 TR 13 T SR AR R TR T T i 1 it
THHHHRAH, T 151 THE R AR T A SR

THHT HIHHHHHHTHE HHHE HH TRHHRHHRAHHR T TR TR TR, TR
THHHHHHT THEHHFHEH HHE R T TR THE HEHE HEHRH, TR
THHHH HiF THHTE HHFHRE T THE PR, TR TR HHRAE T TR HH HR
THHHHHHHHFH 1 HHE HHHE SRR T THEHHRE, T T TR SRR
St Hitth Hith Hith HIHHAHH HHHE H HH | CHEHHE T THEHHHHHAE THAHE HEHHR R
HHHH HiE HHHEHHHHE AR 1 QHHHH THHHAHHHHHE HHHHHR HHHHRA T R,

I TR $HE RERAT 0 B TR T BRI T HHHAH AT R I gt
I B TR AT 1 ST R TR A 1 1.

HHHE HHHHHHHHHHHE AR R 3 THHHE SRR (T
HHHHHHHHHHHE HHHHHHHHE) HHERRARR .
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o USEr # HiHt tHH HH, tH

o CUrrent # HHHHH tHIEHAHHHH #H HHHAAH

o goal # HitHHE HHHHHHHHHE Hi HERAA THE HHHE T

HHHE HHHEE THEAH
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cch->ceh_h.status= CAM_REQ_CMP,
xpt_done(cch);
return;

FHHHE HHHH THHE HHHHE HIH HHHHHHHE HHHH THE A HH T 1
THHHHHHHHE, THHE R 1HE TR TR . TR () . #H
TR B TR

int
target_negotiated(struct xxx_hcb * hch)
{

struct softc * softc = hch->softc;
int targ = hch->targ;

if( softc->current_sync_period[targ] -!= softc->goal_sync_period[targ]
-|| softe->current_sync_offset[targ] -!= softc->goal_sync_offset[targ]
-|| softc->current_bus width[targ] -!= softc->goal_bus width[targ] -)
return O; -/* FALSE */
else
return 1; -/* TRUE */
-}

THHHH T THHHHET HHE HHRHTHRHRA TR AR A TR 15 AR
HHEHE HHHHHHE T THHHE THERARAAE, T THHE T B SRR i T
THHT THEHTE TR TR P A acget_neqotiated() FHIFHHER HFHHHHTE HHE. HHHE
HHHE HHHHE 1HE HHHHHHHRR (FH o attech() HHHE HHEHHHHE THHHHARASHT ST
THHHHHHHHFHE 1 TR HHTHHHHRAHRT T, TR R T TR A T
THHHHHHHHFHE HiE TR TR SRR R

XPT_GET_TRAN_SETTINGS# #itt HHHHH} #i HHH HHHHH HHHHH

B S 40 HEAEHE A HEHE D HEEEE HEOEHEEE HMAMIEIEAEAEH HHHD 10 HHHEEE 0
HHHHHHE T HHHE I HHHHHHNE (R T HHHHE 1 HHHHES 1 1 Attt
HHHE M HHHHHHHE S S A S I NS (Bt HH S
HHHE HHHHHE HHHHHH HHHHHHE 1A HHHHHHHE D). HHHS 1 T T
B HH.

XPT_CALC_GEOMETRY # HHHHHHH HHHHHH (HHH) HHHH 1 0

THH HIHHHHHHHE TR HTRHHHRHHET TR TR TR TR TR
HHE THIH HIHHHT HHE

o block_size # #itHHHE, HHHH (#.4.4 HHHHERE) HEH THE T
o VolUMe_Size # HHHH, HHHHHE HHH #H HHHH

o cylinders # #itHHHE, R HERRARH
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o heads # HHHHHH, HHHHHHE HHHH

o SeCS per_track # HHHHH, THIHHHHE HIHHHHTH HHH HHHH

THE HHHE THHHHHHE TR SR THEHE R P THEH HHE TR SRR
THHHH HIRHHHE THHE H HEHFE HH R TR T TR T SRR 1 HR
THHT HHE HH T T HHTHE. TR TR HHHHHRHHHR HHHEHR HR R T
HHHHHHE 1

struct ccb_calc_geometry *ccg;
u_int32_t size mb;

u_int32_t secs per_cylinder;

int extended;

ccg = & cch->ccg;
size mb = ccg->volume _size
-/ ((1024L * 1024L) -/ ccg->block_size);
extended = check_cards EEPROM_for_extended_geometry(softc);

if (Size_mb> 1024 & & extended) {
ccg->heads = 255;
ccg->secs _per_track = 63;
-} else{
ccg->heads = 64;
ccg->secs _per_track = 32;
=5
secs _per_cylinder = ccg->heads * ccg->secs per_track;
ccg->cylinders = ccg->volume _size -/ secs_per_cylinder;
cch->cch_h.status= CAM_REQ _CMP,
xpt_done(cch);
return;

THHHE TR T TR T, B TRAT AR AT T 1 1 e #t
L THHEATRARE T, B SRR SRR 5 T T T SRR T AR
THHHE 1 THAHR T T SRR SRR HHE SRR TR L. IRt St
IR A1

128 heads, 63 sectors -- Symbios controllers
16 heads, 63 sectors -- old controllers

T HAHHHI TR TR BRI TR SR HIHH TR TR HRRRA R
THEHEE, HHHE SHEHHEEE  FHEEHE i SR 875805 HHHH HHH SHHHHHEE (A
THHHE HHHEHEEAE 128/03 HHHRHT HHHHH HH G 255/ 03 HHHHH H HHHE HHEHHHE HHE -
B,

o XPT_PATH_INQ # #H#H HHHHHAHE, Hi HHEHH HHEHHE T HHHE T T -
THHHHHHE (HHHHE THHHHE HHE 1 TR R
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THHT HIHHHHHHTHE HHH TR HH TR TR TR T TR A 15
HHHHH T

o HHHHHHHE B T T R H HHHH, T S 1
o B HHHHHE I T T S 1 T

o B HHHE HHE R T T (B A T3

o B HHHHE 32 H HHHHHHI 32 HHE Y HHH

o M HHHHE 16 # HHHHH 16 B I

o B HHHHE S B S S S S

o HH HHHHH T T B

o B HHHE S I S

o HHE R T # HIHERHHE HHHE T AR (B T T T
Hit HHHIHHHHE HEHHAHHHHE SRR )

o HHHHHH HHIEHE # THEAHE HHH T R T, O $H AR
o T IR T R SRR T .

o T FHHHFHHE 1 THAE R B T

o T IRITRATRN T AR SRR T TR i

o I TR # THEHHHREH TR R R

o T IRITRATRI 1 SR T AR SR 1 i

o I HHHE HHER H IHHREHHRAE T A R, HHPHRAHE HHHAH H R
HiHHE, HH i A A O

o THEFHHT_AIRAT B AEREHH TR A, SR

o FHHE HHHHHHE # HHHHHHE HHERAS A (T HHH S i, 15 H#HH LGHHHH Hith,
127 it HitHHE HHHHHHH)

o B B S A 1 (T HHEEEE AN, O3 HHH it~
1 HHHH)

o HHHHHE THHH 1 TR HH HHEHHRA TR TR, TR
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o FHHHE HHHHHHE 1 HHH THHHERARH R S, A ()

o B HHE 1 T T, T I )
o HHHHHHHIE S T T R T

o FHHHE HHHHHHHRE HHHHH H TR T SRR R R
Hit HHAHHHHHE, #3300 #HH HiH

FHHE (I H H HHATRAH HHARAT 1R A i R Rt
HHHE I TR T HRHR AR

o THEE IHHE I T AR AT AR 1, 3 TR R R A TRA T
TR THET_ TR SRR T BT (s

o HHHE I H HHIHE HHA TR, HHHR R SRR TR R
FHHEE_LHHHEE SR SHEE HHEHHHHHEIE I, (I HH A R (A

HHHE BRI HHT R T TR R 3 TR R, fH

strncpy(cpi->dev_name, cam_sim_name(sim), DEV_IDLEN);

THHHHE THAHHHH R HHHHH T HH TR R T R HEHE T R A

12.3. HHHHHH
static void xxx_poll (struct cam_sim*sim);
struct cam_sim*sim;

FHHT T HAHHRHHR T TR TR HA R TR T SRR SR —
THHE T HHHHE) . HHHE THHE TR HHHE T T R T
TR 1 HRATRE, HHH HIHE SRR TR T TR R TR B TR TR —
THHHE THHHHH HHHHH HHHEHHHHE THHE THHHE TS HHH T 1
THIHH HHHE? THHHHHHE THE R SHHPHHE TR, HHH oo pol| HHHHHEHE HHHE HH
FHHHHHE TR TR TR H R AR T HA TR R R
TR TR HHTH R H R oo softc FHH FHHTE TR TRATRIHRE SRR TR
TR HHHE HHHAHT HR R T TR SRR HH R

static void
xxx_poll(struct cam_sim *sim)

{

XXx_intr((struct xxx_softc *)cam_sim_softc(sim)); -/* for PCI device */

}
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it

o HEHHHHH HHH H THE A AR T SRR A R
o HEHHE 1 HEHHEAHHR B THARE R

o HEHHE 1 HEHHEAHHE B AR A TR TR R

o HIHE # HHTHHAAHHHAR T HHHHAA

HHHHHHHHRHHHHE HHE 1 R AR HH A, TR A, HHR A
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HHHHHHHHHE

12.5. iHHHERARA T

R HETHIE HHHEE HH T THARR SRR A T B T HH SRR
FHEE (T THEE HE HE) AHE TR HHE HHE S S S,

THHE HIFHHHFAH TR 17 R T AR 1 TR TR TR
HH splcam() HEHHHHE HiE THAHE T TR TR 1 R SRR TR 1 -
THHHHHHE HHHHHHH HHHE HHE THHHE T (T AR T
THE T HHEFHRHHHE HERHHHR TR TR TR R A R
FHHHE HHHE HHHRHAE THEHE. # THEHRAHHRARA TR 1 H splcam() H# 17 IR 7
THHT HHHHHA HEFHHHRATE T TR T HH HEHR TR SRR T 1 R
THHHE HIRHHHRS. 1 TR R T TR SRR TR T TR TR #
FHHHHFHH HEHHHHRT HH TR, S

static void
XXX_action(struct cam_sim *sim, union ccb *cch)
{
ints;
s = splcam();
xxx_actionl(sim, ccb);
spIx(s);
-}

static void
XXx_actionl(struct cam_sim *sim, union ccb * cch)

{
-... process the request -...

-}

T THHAFHHHE HHE THAAHHE HHE THRRRHE T TR HEHRRRE THEAE T 1 SRR
HHHE HHHE THHAFHE HHE H TR TR HHH HHH T SRR (A
FHHEHHHHE TR, 1 SRR T T THERHHRR HE R pl() HHHH
HHHEHHE TR HEHRREHE, 1 TR HERRRE TR THHAREHE AR R A
.

FHHT HIFHHHFHHHE HHH TR R HH TR R R R
HHE T HEFHHHRAT. 1 HHRR T AR R

HHHHHE, THE T HHE # HHHHE TR T THHHRRRAAAE HHE A (T A
THHHHHHE HHHHE HEAHHHHHHE THE TR ). 1 1 TR HHHE TR
TR SRR, HARR HHTE SRR HH SRR R TR R
HHE HH HAHRRIAHE BT HHHRR HHHE B T R fHR e R
R BRI HHE AR T AR 7 T SR TR T BT SRR f—
THHHE HHHHHHHE. HHHE HHHH THE T PR AR R R
R HHHHR, 1 T SRR BT T BRI BRI R HH HIH B
FHE BT HHTE HHRR B B (R HHHE HIH TR B
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HHIHE HiH THEAHHH THEAHH T AR, T S TR # R # #H—
THHHHHHHE HH T THEAHHHHE HHHE HHHE T T SRR T SRR THAHE THEHH A
THHHE HH HHHHHHE THHAHE HHTHHHR T HRRH

RS R THHHE TR T BRI SRR PR R R
THHHE # T THHHHHE (T HHHHHHE HH T TR TR TR
THHHE) THE HiHH TR THE HHHHHHE HH SRR (AR T R S
HHHHE HitH HHHHHH ).




THHHE HH THIEHHRE HHE TR HHHEHREH TR R SR R A
THHHHHHHHAHHAT HHHE HHE THEHHRE. THEHHRAHE TR TR HH TR HHEH

FHHE HHHHE HHHHH HH TR TR TR, HHHHHE H AR SR
FHHHHHE HH HHHHHE 1 A TR FHHH TR HHE R T
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case DATA_OVERRUN:

case ODD_WIDE_TRANSFER:
cch_status= CAM_DATA_RUN_ERR;
break;

default:
-/* al other errors are handled in a generic way */
cch_status= CAM_REQ_CMP_ERR;
-/* request the further code to freeze the queue */
hcb->ccb->cch_h.status-|= CAM_DEV_QFRZN;
lun_to_freeze= CAM_LUN_WILDCARD;
break;

-}

FHHHE HiF HIFHHE 1 R TR TR AR TR T TR HH TR HRAH
THHHE HIFHHHAH HHA HH

if(hcb->ccb->cch_h.status & CAM_DEV_QFRZN) {
-/* freeze the queue */
xpt_freeze_devq(cch->cch_h.path, -/* count*/1);

-/* re-queue all commands for this target/LUN back to CAM */

for(h = softc->first_queued_hch; h-1=NULL; h=hh) {
hh = h->next;

if(targ == h->targ
&& (lun_to_freeze == CAM_LUN_WILDCARD -|| lun_to_freeze == h->lun) -)
free_hcb_and_cch_done(h, h->ccb, CAM_REQUEUE_REQ);
-}
¥
free_hcb_and_cch_done(hcb, hch->ceb, cch_status);
schedule_next_hchb(softc);
return;

THHHE HIHHHHHHHTE HHHE HHRAHHE SRR TP HHRAHHRH AR AR
THHT HHHHHHHE THFHH THEHR A

12.6. #HHHHHE tHHHEHT

THHHE HHHHHHHHH HHE B THHHHER HHHH A THHE T T T T
THHHTHHHR HH HIHE T TR HHE R TR TR T T TR R
THHT THHTH HHTHHHHRE. HHE HHRHHAHHRHT TR R HH R
THE HHIH HIHE TR HRAH SRR

o CAM_RESRC_UNAVAIL # HiHH HHHHHAHH tHE HHHHHEHHHHH R A
R R HHRTRRAHE B BRI S 3 R PR B B AR i
BT HHRRFHI HHHHR T T R HHHRRRH SRR HH R i
R TR HHE HRHFHR HH TR HHHE T AR TR,
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o CAM_UNCOR _PARITY # HHHHHHHHHHH HHHHE HHHAH R

o CAM_DATA RUN _ERR # ##Ht HHHHHHE 1 HHHHHHHHHE THHHE TR (-
HHE HHHHHHHHHE HHHHE HRARHHE T T ) H TR T
A

o CAM_SEL_TIMEOUT # tHHHHHHHH HHHHHI THEHHHHHE (HHHTHH TR )
o CAM_CMD_TIMEQUT # #HHHHHH A HHARARH (HHH HERAR R 1)
» CAM_SCS_STATUS ERROR # ### #HHH tHHHHHHHE HHHHH

o CAM_AUTOSENSE FAIL # #H HHHHH HIHHAHHHE HHHAHE HHE T HHHHHH HHHHH
R HEHRAH

o CAM_MSG_REJIECT_REC # #HHHHH HHHHH HHHHHHAH HiH HHHH
o CAM_SCS_BUS RESET # #HiHHHHHH#H HiHH tht tHitHH

o CAM_REQ_CMP_ERR # HHHHHHHHHHHH HHH HHHHE HHHHHAHH H HEHHHHHA R
THHHHE THE TR 1 HHRHHHET HHHET HH R TR H TR

o CAM_UNEXP_BUSFREE # #HHHHHHHHE HHHHHHHHA tHAHHHH

o CAM_BDR _SENT # #H tHHHHHT HHHHT HHHHHHE THATE HHHE HE R

* CAM_UNREC_HBA_ERROR # tHHHHHHHHHHHE HiHH tHt tHAHHHH R

o CAM_REQ_TOO_BIG # ### HHHHH tHit tHi tHHHH HiH HHH A

» CAM_REQUEUE_REQ # #H## HHHHHH HHHHAH tH HEHHRAHHH T HEHHHHR S
TR HHHHFHRE. T AR TR T T R R 1 iR
THHHHRE HRHHEH HHE TR TR TR HHHEE TR R AR R R HRT
HHE T HEHE TR HHH TR TR HHE TR R TR T R R #R
THHHHRHTE AT, HHRA SRR TR TR HREE SRR, 1 HHH
THHE HHRHHHFHR R TR HHE TR SRR TR R,
THHHHE TR FRAHE SR A 1 TR T TR T TR A TR

o CAM_LUN_INVALID # #Ht #H# Hit Hit HiHE HHHHHHEE 1HE T R HE
RIS

o CAM_TID_INVALID # # tHHHHH Hi tH HHHE SRR HE A THEAHHHR B
B

127, FHHAHHAT SHEHHER

IR AT BRI T 1 T HHERR BT BRI TR B BRI, B
IR B TR HHRRRS. T TR TRIFERRRIRT 19 1R SR HHRRRRT TR
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FHHHHHHE HHHHHHE T T 1 B HHHHHE HHHHHHHE 1 HHE S (RS 11
HHHHE HHEHHHHI 1) T AN 0 HEOEEEHE 0 3 FHEEEEAEAEAEREHD) . A HHHHHS 40 A0
HHHHE TS T T D S HHHEEENE HHHHHE B S SR HH0 S
FHHHE HHEHE S SEAEHE SHEEEEELE HHF FHEEEEAEH D HEOEHEHE LA HHOE A HEOEHERHE SO0 B (MRt
HHHHE FHHHE HHHHEE HHEHHHHHNN T 1 1 T THHHHHE T T T HHHHH
FHHHE 1K) . B 141 HELEHEHHEHE FHAELEAEHE S HELCLEOERE AL HEOEHE 400 1 HHHHE HEOEHESHE HHAEAEAEAEAEH A
FHHHHS. 111 B D HEAEHE S SIS T HHHEHE AR

static void

XxX_timeout(void *arg)

{
struct xxx_hcb *hcb = (struct xxx_hcb *)arg;
struct xxx_softc * softc;
struct ccb_hdr *ccb_h;

softc = heh->softc;
cch_h = & hcb->ccb->ceb_h;

if(hch->flags & HCB_BEING_ABORTED
-|| ccb_h->func_code == XPT_RESET_DEV) {
XxX_reset_bus(softc);
-} else{
xxx_abort_cch(hcb->cch, CAM_CMD_TIMEOUT);
-}
}

B HH AR HEHRRE R B R R B fH
FHEEHHH R SR L fHE SRR SRR (R, R G S
FHHHH HHHHE HHAH HHH TR HRRRRE B R R HHH BRI TR
R R ARG, TR TR BRI TR HE B R B R HH
I HHHHHRIH (AR B HH SRR HH 1 R, B 3 R R
HHE BEHIEHHH TR T R B 3 PR
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Written by Nick Hibma.
Modifications for Handbook made by Murray Stokely.

131, sHEHRTHERT

THHE T HHHHHE T () HH H HHHE THHE T TR HH T
THHHHHE. T THEE HHHRAHPHHRAE R TR SRR HHE A -
THHHHHHE HE H# HIHHHHHRTE 1 TR SRR P T TR R R
THHHE HIRHTE HiHE THEHE. T THEHHREE TR 7 T A (TR T
THHHHHHHE HHRHHHEHE HHE A T HHE T SRR A T
THHHE T HiHE HHHE 1 TR TR TR (AR HE AR T
THHHHHH HE HHTHET THEHHRHT. B TR AR SR TR T
THHHHHHHAT 1HE THHE HHTHPHE HH PR (T THE TR HHE SRR, HHAHR AT
THHHHHHE HHHHE T HHHHE TR, SR A AR R SRR 33
THHHE HIHHTHE T HH HHRAHE HHE T TR THE TR SRR A
THHT HIHHHHE. T HHHE TR HHEE R TR T HE T TR R
THHE # THEHHHE HHHHE . T T HREHHRAHEHR T HHE AR R
THHHHHHR HE THHTE HHE AR

Lennart Augustsson has done most of theimplementation of the USB support for the NetBSD
project. Many thanks for this incredible amount of work. Many thanks also to Ardy and
Dirk for their comments and proofreading of this paper.

o THAHEET BHEHAT B T 1 AT R AT 113 1 S iR i,
THHERAT 1 TR T R,

o THHT HIHHHHTHE THEE HE TR TR R
o THAHHIH HiHE THATHR HRRHHRA T HHRR SRR T R R

o FHE HHH HHAHHE HH T TR HIHH HHHE R, HHH R 3R R
T R HHHAH TR TR .

o THHHHHHTHE TR T TR SRR TR PR SR R
HHHHHHE HHHE HHE HHHHRA 120 HHEAHHHE THEHE 3 TR HE SR i,
THHHHHHTE HHFH THEHHRHHT HHE HHAHRA TR HHEH TR TR A
HHHHE Hi HH L2HHHHE HHHHHHHHHE A, (HHH AOOHHHH HH #HH 2.0)

o THAHHI HHRE AR AT R R TR R
R

R BRI T B T T HHE HHRRE HHHE HHRR B 5 0
RIS 1 DR HHH HHH TR BRI HHH HHR 3 .



HHHIHHH B #HH B A

THHHHE THEHHAHHFHHHAHE HHE AR TR R H TR R . TR
THHHE THHHE THHHHHT TR TR THEHHRHH R SRR, 15 HHREHH R 5
THHTE THAHHFH TR HHHHHRE T T R TR TR R SRR
HHHE THHE THE HHFHHRAE THEHHRHE THEE TR T SRR A TR TR TR
THHHHFHTHE THEHHRHHHE HHE R R T TR R
THE HHHE HHH HHHHH HH HHHHHHHHTHHHHHE $HEHE TR T T T
THHHE HIHE HHHHHHHHE TR SRR T AR SR

13.1. 1. HHHHHHHHE Hit 1HE T T

RS B BRI HEE R R 1 HHRR (R BRI TR TR TR HRE i —
R HHTE HHHE SRR BRI, TR 7 BRI TR (R -
R B HHE TR SRR 1 PR HH R 1 T R,
B b
R HHRRTR I TR TR HHHR H R G R
R HHE HHHE R HHRRRAH G BRI TR HHE T T 1 S R,

THHE TR AT T B SR TR (R R AT, e -
HHHE RIHE THEHE TR, AR HERRAH TR AT SR 11 iR
THEHRE THAT T AR TR TR A e .

FHHHHHH. TR TR HHRHHHR HA TR R TR TR R
FHHHE HIHH HAHRHHHE HR. HRHET TR R AR AR 1 T
FHHHHI HHRHHHHH HHF TR HHR H R HHRH A TR AR R R R

13.2. T IR

HHE L HHHHHHHHHRH HH HHAT. THE TR HHTHAT HHE T TR TR TR TR TR
THHHE # HHHHH THE HHHHHE () SHHHHHE.

HEHHE HEAEHE AR A HEEEEEEE A 0 S S FHF FHHHE HHOEHHHEHE HEOEHE HEHE HEAEAEEE HEAEEEAEEE
HEHE B AR AR, A THHHE FHHHHE T A, AN A A
HEH A () HEEE HEEEEEEE HHEEEEEEEEEE 00 HEED) . HHHHHHHHE HHHE S A 0 A
HHHHE (HHHHHHE T . HHHHHHHHHE T 1 T 1) 0 T T 1 000
S 11 HF HEAEAEAEAEEE 1 TS FEOEOEOEHE 1 IS HEAEEE HHHHHHHHE 1) AR
HHHHHHE 1 T (HHHHHHHHHHHE S | 1 (HHHHHD), HHHHHE (HHHH H)
B (HLEAEAEAEEE FHHHE HEEELEEEEE S HEEEEE S HHEE FHHHHHHHHHH). HH
8.5 HHHH HHHEHE A THHHHHHHE P SR 1) At HHEEEEE S ottt
HHHHHHHHHE THHHHE THE THHHHHHHHE THHE THHHHE THE B T T THHHHH, T S
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THHTE TR, HH HHHHR TR T SRR TR AR

TR TR T TR AT FHHT TR T T T THAT B S T (i v
T A THERRAT BRI THE 1 TR AT 11 T 0 SR,

THHHHHT HHE HEHHT HHEHHE TR HHE R TR HEHRH, HH TREHHRAHE 15
THHHHHH(H) HH HHHHE H HHHE TR THEHHHE, THHE A HHE TR
THHHHFH HH T TR TR R TR, HHE T HHHRHEE TR TR TR
THHTE THHHH HHHHHHHAHT TP TR HHRHHR TR SR TR TR R
THE THHH HHTHE TR TR HH FHRHHHET T TR TR HHHT T R TR 5
THHHHHT HHTHAHE HRAHHH. R A TR HHE R R 1 R
THHHHHE HHH HH HHHHHHHHHE HHE T THHE TR | 2). HHE SR R T
THHTHE HHHE HHHE TR TR R TR AR 1L HH TR AR, # HHH HH—
THHHE 1 TR TR TR TR THEHRAE SRR T TR 5 7 R
THHTE TR HITHRAH AL DA HHE R 15 THEHR TR TR
THE THHHHHRHTHE TR HHHHE TR TR HHHHAHRAE 5 TR . HRAH -
THHHHHT HHH THEHHRHHHRHRT TR SRR SRR HHRHRA TR -
HHHHHHHE THHHHHHHH (HHHH, HHHHH) HHEHHEHE A SR R (HHHHE,
THHHHIT THEHHFH HRHHHRH HHE PR TR T PR HHRAH R
T HHHHHTH HHTHHHHR TR TR HHH TR TR TR T R
THHHE HHHE HHHHHHHFHRE PR B PR TR R 3 R
FHHHHHRHHAE.

13.2.1. #H##

THHTE R TR SR AT AR R 1 1024 St fi 110 s
T SR HTAT. THE R ATR B TR THAT S R A
THIH H THHHHHE HHHHHRAE, T T 1 TR T TR (HHH ) T

THHHE HHHHHHRE THEHHRAH HE T HE TR R HHE R TR TR R
THHHHHHTHE HIHHE TR R, AL TREHHRHR, TR HREE TR
THHHHFHTHE, # H# HEHEHHHHRAHE. HHHEHHEHE R T R TR T AR
THE H 1HE T T TR TR R T T R TR R
THHT THHHHE HHHHHHE HHRHTHRHR HHE AR THEHHR T R
THHHHHHTHE. HHE THEHE HEHHHHRAHHET R HH T TR R
THHHE HHHHHE. HHH HHHE HHHE THTRAHR SR A T TR TR TR
THHHE, THHFHHE HHF HHHE THETHRHEE T TR T TR T HERAHARR. THH R SRR
THHHHE 1 THEHHFHEHE TRAAHRH 1 R
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HiHH

THHHE THHHHHH THE HHHE TR HHHHHRAE TR T T HHRE R R TR
THHE HHHHHTHE T HHE TR TR THEHE HRE PR TR R -
HHHHHE HiHE HHE T THEE TR THEHRHHRH SRR T A TR T HHHE 1 HHEH
THHTE HHHHHE HE HHE T THEE T HEHEHHRHE HRAHRA HHE THEEHRHRE. HHE TR -
THHHHHHE THEHE T THEHHRHE TR TR T HH T I HHE T TR SRR
THHHHHHTHE. THHHHE HHHRHHHRH THEHE TR, THEE T HHE T TR HRHHR
THHHHE HHE HHHHHHH HH R TR T TR TR, T TR SRR
THHHHFHTHE TR HHHRHE, TR T TR PR TR 5 TR
HHE HHHHHHHHHHE HHHE TR HHE TR TR R TR HHEHHRA T
THHHHFHTHIT T HHTHFHRT T TR PR R TR T TR . 1 A R
HHHE 1 HHHEHHE HHE HHRHHAHRAE TREFHRAHA TR TR T R HE
THE HHHHHHHHH THEHE THHEE TR TR SRR T HHHHHE HHEHHRA 1 R
1 HHE HHHHHHE HH TR TR TR THE T SRR R THEHHRE 5
THE THHT HHTHE TR HIHE THEE TR P TR R TR 1 R
THE HIHHHHE HHH HHHEHHRAHE TR TR 1 PR SRR 157 1 HH -
THHHHHHE THEHHEHH HHHRE R HRE TR R HHE HRAHHRH H TR
THHHHE. HHHHE HHPH HH SRR THTHRHT HHHAH AR TR SR TR TR
THHHHHHTHE THHE HHEE A AR

FHHT HHE 1 BT R SRR AT T A,

13.2.2. #H#H#H

THHHHHHTHHTH HE T TR TR HHE T HRHHEE. TR HRHHHR R TR
B HHH Hi THHHHEHR TP, HHE R T AR AR T
THHHHHH HE HHH HHHAE THE AR H TR TR R TR TR TR
THHE HHHH HHHHHHHHHH HH T AR (HH) T T T T
THHT THE HHHHHTHET T HHHTHRHHRHHE R TR TR TR HHH AR
THHHHHHT H1 T THHHE TR T HHEHR TR TR HHAHRHE R HRA R SR
THHT HH HERHHHET T HTHHHE, THHE T AR T HREHHRHHE. TR R
THHHHHHTHE HHHHE HHHHHE TR HTHPH. TR HHHE R HHPHRA THEE TR
THHHHE HiHE HERHHE. THEHHRHEHE HHE R TR TR, TR T HHHAEE 1 T T
THHHHHH T TR HH B A

TR HHARAHHRHHRH R HARA

RS HAHRRE BRI B H B HFRR HHAHRTRAE B HHH TR TR 5 HHHRRR . T
HERIHHHHHRTR BT SRR G T R SRR BT SR SRR, HE
IR B R F SRR, HHHE B TR TR T TR B At
RS HHE, T T B A BT HHE 1 B TR SRR 1 1 BRI T B
O # HHHH BT HH HIFRRRH B, R B AT SRR T T BRI i B
RIS HHTE R HIHE G HHHRTR AR FHH TR B HHHR
IR HHFHRERE T B TR HHHR BT TRIRHRRT TR T T 1 A T e i —
R HRAHRRR G BT HHH, BT TR TR BRRT SRR B SRR T
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THHHHHHTHRHHHE T TR TR PR TR TR R HHR T R
THHT HHHHE THET THHRHHHIT T R TP HHE TR R R
HHHHE HIRHHHRH.

THHT THET 1 T HHTHEHHRHATE TR T TR TR, HHR A TR T
THHHHHT HHHHET HTHRHTHE THTTHAE T THEEHRE T PR HHE T AR
THHHHHHTHE HH THET H TR TR TR TR T HHHHHRHE FRAHE R R R
THHHE HiF THHTE HHTRAHHRT HHRHHE

o TR BRI R TR
o B TR T #

o THAHREE R TRAHHHRT T A AR 1 .

13.3. #iHt tHHHHHT HIHHHHHHHHH
33,1t FHIHHHIHHH ST

HHHHE T HHHHHHHHE T S 1 HHHHHHHHH S, i
B 41341 A AL ML, B TS B ) AN TS R
HHH, H AT S T A T HHE . B AR
T HEHE A 1 HHHHHHE SHHHHHHHHHE. A S 14 15—
HHHHHE HHF D, FHEHE HEACLEAEHEAEHE FHOEHE IS A AEEEAEEE HEHE HEOCHEHEOEIEIHHE S O AR
B (HAHHEHE HEHEHEHEH) HELEHE HEHE HEOCOEOEHEIEIHHE TS HO0HE HEMEAEEEE HEEEAEAEHE HEAEHE HEOEHEHEOEOEH HEAEHE HEOEHEREH).
B A A AR 100 A AL A A A A
HHHE HHHE FHHHHHHHHE T, S HHHE HHHHE T, S S
B TS B HHHHHHHE T, 11 B HHHHHHE S 1 B T
HHHHHHHE S HHHHHE T S HEAHAEAEAEHE HEHE FHOEHEEEEHE S

HHIHHHE HHHHE AR O HH HHAHE THEHHHHRR T T TR, HEHHARHHH
FHHHHHHRAHHRAT HHHRAH SR fR SRR i # R R iR
FHHHHH 1 THEHHRAHR HRAH SRR H TR TR T TR 1R
FHHHHHHHT TR H HRHHH TR TR R, HH TR R R
T HEHHHEHHHHE. THE HHPRHHE AR, HHHHHAE O, THE HHE HHHH H HHH A
FHHEHHHHTRE 1 1 TR, 7 HH R A AR TR R R -
TR HHHRHR HH R TR

HHHHHE O HHHE 1 S 2 HEH O
HHHHE 3 it 2 HHH 1
(S 4 114 HHHF 30 HHHH HHHHHD)

R HHFRRRH PR BRI HE R (R B 1
THHHHHHHE HHHE HH AR (T O.0 Hi HH HHE HHHHHHHHHHR | 2)). #HEH
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I HHHHHR R SRR

FHHE HiE THEHHHHHE TR HRE T TR HHHAHE. HHE PR R
THHHHE HHTHHHHHRHHHE HE TR TR THTHAHR TR TR . TR H
FHHHHHHHHHAHE 1 TR TR HHRHHR .

o THAHRE TR HHRRHE SR A TR T T, Tt i, -
T T HRTRHERIAE 111, BRI AR BT, TR AT TR 1 A —
IHHE, I BRI T (i R s, .

o THHHHHHHHHHHR THAHHFHRAHE TP AR 1 HHREE SRR,
THHHHHHT HHE TR TR A R R R

o HETHIHHHHE HHTHARH, S T, TR R SRR,
HHHFHHH HHE HHHHHRHT HHAHHR HHHT HHH R HH HHH R 1 TR

o IHAHHFH THEHHFHRAHE. SRR HRAHHR, TR TR, R R
THHHH HIFHHHFHT TR HHRAH TR HH R TR SRR HRE
HHE TR THHE HHH THHHHHHE S (R O) HHEHE HH 1HE HHEHI T
T THEHHHAHHR HHHRAHE.

o HETHIHE THEFHHRRH. 15 G HRRR AR TR HHAHR T R
R HHHHHE AR HHE R 5 TR TR TR, R
I HATHRH.

HHHHHE HRHHHRAHAHIR T TR TR TR SRR SR TR R R
FHHHHFH HHE THAHHRHR AR R

IR HHFHHRAHRRT 17 TR THAHRR T 1 R TR R HHARRRRT .
R SRR R i R THE 1 HHH 1 BRI 1 HHRRRAT T
HHHHHHE THE HHHHHHHH A HH TR TR (HHHHHHHHHHH THHRRARE) ]
HHHE HHHHHHHHHHE (HHHHHHHERAH SRR . HHETHHHHHE T AT
THE HHE HHHE. 1 HHEHHHHH THHE SHHHHHE SRR, T R (T
HHHHE HHH). HHHH T HHE T THHERARAT T SRR, R -
HHHE HHHE H HHHHHHHI HE T THERRE (HERHHHHHH) . T AR i HHHH
HERIHHHHRT HIHE T G T T SRR B H TR 1 R HR H Bt
RS HHE HHHHRRRA 1 BRI R 3 R HHH SRR TR 3 -
HHHHHE THHHHHE H# THERARAT T T (R . HHERH T R T
HHHHHHHAAHH HHHHHHHRR (B HH THHRRAARHHT S, T R S A
RS HHRRR BT R PR B HHRRH B, TR SRR (i R B HRR R
ey

HHE 1 HHRHAHHA HAR 1 TR HH R R TR HHRAH TR TR R
FHHHHH HHHHRHR R HHRE TR SR T

RIS $HE 1 1 BRI TR 0 AR 1 BRI TR BRI BT SRR,
IS HRTHIAHE AR 1 7 R R s 200 #RRE i e,
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THHE THHHHE HHH HHHHE D HFRHT HHEHRHHIT H R . HHE R TR T TR R
HHHHHHE (HHH) HHHE. THE THHERH SRR 1 T R
THHHHHT 1HE HHHHE HHRAHHPHREE TP TR SRR, HHHE HHE T R SR
THHHHHHHHAHE, HiE HH P R R T T TREHE TR 15 TR TR -
THHHHFHE. 11 HH HRHHHFHRAH R R TR R 3 R R
THE THHHHHHE. TR HH TR HHHE TR SRR T TR TR SRR 15 R
THHTE HHHHHE THE HHE HHTHEE HHE HHRHE R R S TR TR
THHHHE THHHHAHHE TR THEHHR HHTHRH TR T R TR HHE SRR TR
THHHHIT HHHHE HHRA.

FHHHHE TR HEHHE HHHRAHHH HHEHE T TR SRR TR # R
THHHE | B HHHHE HHHHEE THE T TR THHHE T R, R T -
THHHHE HHHHHHHHE (HHHHHHHHE O). HHHE HHHE HHRHTHHHTH T HEHHHE S
HHE TR HHH HERHHHRAHE THEHHR HHRAHR R TR A TR TR R
HHE HHHHE T HHTHRHR T TRATHRR T PR HH R TR R
[ 2). HtHH HHHHHHHE HHH THHHE H T T THHHRRRE SHHE R # S T
THHHHHHHE HHHHE TR i THEAHHHHE T HHHEE R THRAHHH HHE A O #HE HiH
THHE HHHHHHHHHHRA | 2). HHHE HHHHHHEHE S HHEHHHHE T SR 2
FHHHHIT HHHHI HHHHAHRAHHRA A R AR SRR

o THAHE HHRA HHHRE T HH TR AR 1 1 TR AR R

o THAHHIHRE HHAHE B HHR TR 3 TR R A 1 T R 1A T AR
I HHE FHAHARHT HE HIRE, 1 BERAT HI R T AR TR AR
TR 17 3 TR R T AR T R

o THAHRHETE AERAT SHREHT SR AHRE TR T G ae s, et -
THIHE TR T TR T T SRR 1 SRR 1 G At e A —
TIHHE. HHERTRATE 1 TRATTRETE, B T TR T TR AR (R TR 1 iR
TR R SRR (T A R AT (AT A i —
IR AT TR T SR (i AR T TR HHE TR TR i 1
T 1 THAHRT T TR TR SRR G SRR SR,

R THEAHHHRAHT 7 T AR TR HH R TR T R
HHE HHHE BRI, HHAHRAHT HHE R (AR BRARH B | BRI T -
R TR TR 1 HHHHE HH BRI 1 HHH T HHR R, HHRHT
5.6 [ 2] HHHHHHHFHHHE SHHE ST S SHEHE SRR A 0 O0% 14
FHHE TR HERHT 3 HHRR. TR T TR R R HH
R HHTHEE A TR TR TR TR HH B R #H -
BRI HEHRAHE

R BRERIHRRTR B AR T SRR T TR R #
THHHHE HiE T SHE HH T HHHTHHHRRARRAE | 2], HERHA 1.3 #H i -
HHHHHE | 3] #HH AR 3.4.2 1 HiH HiH AR (4],
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I HIHHHE B SRR

13.4. FHEHEHE (HEHET THAE SRR

THEERE G THERTRAT R TR THT T AT 1 T (AR 1T TR R, T i —
THHERE IR BHERAH B TAT T, SRR T st i 100 #6771 1. i
THHERE HHHHE T THETRHE THE THE TRAE TR AT T THHHERRAE 1 THAHE TR
O. AT AHAHTRAT SR RERAT SRR T SHHHETRAT 1 SRR AR f et
THHE IRHHRHE BIRHE. S TRAHE THE BIRAT 1 T SRR SR 15 At i f—
THIHH HiHHE HHHH THHE R T R (R Q). HHHHHIHT HHHIHR HHHER
THEERE THE TR T TR R SRR, T AR 3 T TR i i i
TR 1] T TR TR B T R AR SRR s i i
THHERTREHE FRAHE 1 B TR AR T TRETE T SR T T A s
THHRTRAT B ST SRR 1 TR T AR, TR A T e —
THHERE BRI G SR T AT TR gt § R e it #
THHERTRHT BHHEE T THHERRAT B 1 SR T (T St Tt 119
THHERE THE AR SERTRATE SRR HRRHE IR 1 1 SR 1 A iHAE AR A
THHERRHHHE TR (R SRR R, SHE TR (T TR R ST f S
A AR L.

HHHE HHFHHE HHHE TR T TR THEHHR TR R HHEH TR R
THHHHHH THEHHRA. HHEHH TR, HHE TR HHHHE SRR TR TR AR -
THHHHHHTHHHE HHHHET R AR 1 R, 1 R TR
THHHHHH HHRHHHRT T TR TR, T R HHHEHR R R -
THHHHE 1HE H HHHHFHHRHHHRH HHHET HHHE R TR 3 TR TR
THHHHE THIEHE HEHHH HHE TR THAHHRE T TR HH HREHHRE. TR TR 5
THHHHHT HHHAHE THRHHEHRE HHE TR HHE TR SR, HHE TR R
THHHE HHHHE HHHHE HHE T R TR T TR R
THHHHHHE THHE 1. HE HHHEE TR SRR AR HHRAH R
THHHHHHTHE T HHTHEHE TR, TR TR HHHHRHT TR R SR
THHHE HiE HHHH HHE TR TR R TR HHHE T TR P R T
THHHHHT HHE HHFHH TR, R P TR HHHREE R AR,

13.4.1. #HHHHHE HHHHHHHHH THH TR

T TR TR TR SR THT TR A S T (R R fg
THHERIRE. THAET R TR T B (i TR (i A A o A
T TR AR G T, SR TR AT S R S T () 1 A AR i
THHE R AR

THHHHHHTHAHE # TR TR TR HHEE HRAHRAHHA T HRHHRHHRE HHAE HRE
THHHHHHTHAT HF THHE HEHHE HHHPH THATHAH. TR HERAHE TR HHE TR R T
THE THHHHHHE THE HHHRHHE TR H R HHRH R AR
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THHTE THEHHHHHHFHTRE HE 1 HHPH T THEHRA T T HHE R SRR -
THHHHHHE 1HE TR THHE THEHHEE. HHE TP R TR HRAHRA A
THHE HHHHE # HHTHHHHRH P HHHE R R HHPH HHE TR TR SRR
THHT HHE TR HHFHHAHE TR TR R THEHRHTE HHE TR SRR R
THE HIHE HHHHE TR PRI HHEE T R TR 3 HRHHE HHHE T TR
THHHE HHHHE, HHHE HHHHRAHHPE TR TR THEE TREHHRHRE HHE HERAH R R
B HHHHHE HHHFT TR THETHAHE 3 HRAHRAHHRHHRHHA TR HHE T TR TR TR
THE THHHHHI 7 THAHRHH R

13.5. #Hf HHHEHERE (HERHIRE TR

HHHE HHHHHHHE T HHHHE T TS THHHE T S T 1 S 1 1
HHHHE HHHHHHHHEH, HHHHHHH 1 T HEHE 10 TN HEAEHEHE HELEHEOEOHHE HHHY 1t
HHHHHE TS T HE 1L EEEHHHHEE HHHHA T HEAEHE D Seittttttt [ 1],
FHHHH} HHHHHS A HE I SHHH ) HHHE HHHHHHI S
FHHHHHHHHHHHHHHE T I 1 D HHHHHHE TS T HHHHE H S
FHHHHHHHHH, S 10 HHAEEAEAE HHE A A PR A B A
T A T ATy () B
FHHHHHHHH A HEAEHE S, HF FEHHHS HHHE S S SHHEEE S
(FHHE) HHEEEE A FHEHHHEEEELE 5 S HEAEHE AL OIS, N S, HHAEH,
FHHHHS, HHHHHEE, T, 1 S SHHEEE HH HH SHHEEE S HHHS HHHHE HHHHH
FHHHHHHE. S H S HHAEEEE S0 HEAEHEHHS LA A S FHEELEIEEEHEHHS HAEEAEAEAEHE HHF Y
ey

HHHE HHHHE HHAHRR R SRR T B T R TR
IR T HIHE HHAHHH HRR R TR TR B R R -
FHHE HHHE HHHHHRE. HHH SRR B HHRRE TR T HH 3 1 R HH
HHHHE (HHH) THEFHHEE THERHRE T 1 SRR, (T 15 T SRR HH e R
I HIHE HHRHR TR

TR THAHE R T TR 17 1 R TR TR, 1 R 1
TR HHH R 17 HARAH AR TR R B R fRAH. 1 3
FHHHHRE # HHH HH T TR T TR R A Hi R AR 1
TR,

THHHHHH. HHHHIT TR TR HRAHHRAHE TR R SRR -
FHHHHI HHHIT HHHFHHRAHHR TR R R R

RS BRI HHH R TR SRR T T R 1 R -
R T HRTRIH T HHH HHHE T 1 BRI HHHE B AR 1§ -
T T AR SRR TR T SRR T BRRT H3E T BT T i i
R, HIHE HAE T TR T 1 TR R BRI, HHE T SRR R i
R PRI 1 TR TR BRI 1 BRI R P R
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HHHE PR HHHRRH HRHRA

THHHHHHTHE TR HHAE HHE TR HRAHE T T TR SR R -
THHHE THHHE THHHHRHE T HH TP TR PR R TR SRR
THE HHHHHRHHE R TR BT TR SR TR SR TR .
HHE HIHHH TR TR HERAE THE R TR THEHHRHT T 1 HH T TR,
HHHHHHHHHHHHH HHHHHHHE HHH HHHHHE R R T 2 HHH T i
FHHT TR HEHE HHE T TR T TR HHHHE HHE TR AR
THE T THHHE HHTHEHHRHHH. T TR TR HHHEH A TR 1R -
THHHHHHTHE TR HHE TR TR T TR AR TR

R, TRIAHHRR IR (R SRR BRI 1R HRR HRRRT B HE
HBRHAR HRERAHE TR BRI (R B R B B Rt
RS TR T HIFRRR T HRRTRT HHE T SRR HHE R St e, it
R HHHRRT TR HHHRRR G TR TR TR B B .

HHHE FHRHATRIE TR . SRR AT, G TR SRR IR
THHERTRAT 7 THERTHE S THETHEEE 11 T TR THERTRAE IR T SRR 1 o 1
THHERRETIT BIRF TR TR 1. TR TR S S SR T (R i
TR BT BRI, THA 1 T SRR R B R T A 15
T, HHE HHHAHE HHHHE HHHHE TR HHHE SR R i
HHHER THATR 1 T R AR ST AR T R 3 SR AT 1 R S
TR R B G .

THE T HH HHHHHE THHHEE HH T THE A B TR, THHHHE
FHHT T T HHHHE HRHE 1 HREHR TR HRHHRA HH R, #HR TR
TR HHH T TR HHRHE R HR SRR A Hi R A -
FHHHE 1 HAHE HEHHF T HEH HHH HHHE T TR TR HEHE R T
FHHT HHHE THIAHHE TRAAHRR.

THHHHFH. HIHH HHHAHHE TR SRR HH TR SR HHRAH T A R
THHHHHT TR THEHHRHHHE. HHHE TR TR AR 1 TR T R R
THE HHHFE HHTHIT. T HERHE R HHH TR AR TR TR
THHHHHHTHAHE HHHEE T R TR 1 TR HHEHE TR HHRAH, THEHRAHR # 1R -
THHHHRHE THHHE THHEE HHE HHHE. TR T HHHE TR T THEHREH HH R
HHHHHRH.

RS BT BRI SRR SRR 2 TR GHRRETE 1 B
R HHHH R HHR AR Gt HE BRI T B T ARt
RERFHH TR R R HHE BT R SRR F T B T TR i —
T TR BT HHH B HHRHR. SRR 1 AR 1 TR BRI T R
R HIHE BRI HIE HHRRRTH B TR HHT AR HHHHRR T T R i
IS HRTHE HHH T FH BRI, T BRI R TR R e
HERIHHHE TRIFHTE BT T TR 3 R FAHHR 301 FHREHE THE TR TR B HHRR .
RS IR TR HHE BRI HHAHH HH BT G 1 1 Bt R
R HHHH HHE TR R G TR HHRRR BRI R R T
HHEHH B 1 R TR PR R R T T HHR T B
RS R TR TR TR R S B SRR,
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HHIHAHR 13, #HH IR

THHT HHHHHHE HHE HHE HHH TP T TR HEHE HH R TR SRR
FHHE HHHHHHEHE THAE HH TR SRR,

327






HHH 1A, B

Written by Jeroen Ruigrok van der Werven (asmodai) and Hiten Pandya.

Foecial thanks to Matthew N. Dodd, Warner Losh, Bill Paul, Doug Rabson, Mike Smith,
Peter Wemm and Scott Long.

THHHE HIFHHIT HHHEHR T HHEHH THEHHR R R

14 1. #HHEAHT IR
1A 1.0, HAtHHRA 1 3 AR T

A (HHHEEE JHE P (HEHEE T (R T TR SRR
THHE HHHEEEEHE THEHEEE T 3 THEEEEEERE (AL R R HEER ) 13
THEHHHET THEHHHHHHRHHHRE THE HEE SRR #HH# device driver interface (DDI) ## ###
THHEHHEE (HHHHEHEEE (HHHHEEE S T THHE ST L,

14.1.2. HHHHHH HHE HIFHHHE HIFHHH?

HHE HHEHHH HHHHHAARE.

o HHHHHE HHHHHE HHHAHH

o HHHHAHHHHE HHHAHH HHHHR

o HEHHHHH HHHI tHEAHTH

o HHHHHHHHHHHT HHHHR

BlOCK (VI COS AL HHE 1 HH HHHTE HHHHE S HHE S [ T | R
FHHEHHE FHERRHRE S T DUTfer cache, HHEHEHE HHHE SHEHHEE THRBRRHE a5
FHE HHHHE T 1 HHHHHRH R HH R, FRHHH TR R R R AR

R, HHHHHE T R T R FH HHRT SR 1 TR 1
I HHHE BRI HHHE HHH HHRR R SRR TR, HHH HRHR SRR,

14.1.3. FHHHHHE R

R, HIHR HAARR T R 4.0 B SRR B AR R BT
THHT HHHHHHHEH HHHHHRE TR AR,

14.2. FHHHEHHA 3 T



HHRHHHHH #H B

NewhUs i #it tHIHHHHHHHHHITHE 1 (T ST fHTHTHTH 1
THEHHLHE S T T TR T 3.0 HHitH tHit tHitHH T
HHEHE HHHE T ST T HH T 4.0 HHHHHHE tHE THHHTHHE TR i i
HHEE HHH HHEHEHE R, T 5 1 SRS # ST T
THE T i TR (T TRt T T
#H ### Operating System.

FHHT HHHE TR AR AR R
o THAHRAT R

o HHEHE PHRAHHTHR R B SRR

o THHHHHHHHHR

FHHE HH THHTE TR HHFHRHEHE HHTRAH T SRR R T TR A -
HHHE HH # HEHHH T HREEE

FHE HHHE HHRE HHHHI HHAA TR T OO HAHHRAHE T 1 T HERAHHE 1 T
FHHHHR 1. HAH HHR FHRAHHRR, T H TR R TR R
HHHHE #HHE HHHHE S 7 host-to-PCl bridges, #iHE. #HHHHHE #it #it. #HHE #86, HHHH

THHHHHT HHHAHE T HHE Y NeXUS’ HHHHHHETE. HH HHEHHE, TR ST T i -
T HHHHE TR TR T TR T TR
HHEHHEHH, HHHAHHEHE |ca, apecs, cia ##H tsunami.

T AT R A TR SR AT TR AT 1 TR T B SRR 1 T AR
HHHE THAHRTR AT T SR SR 1 AR AT T 1 TR TR AL, R B 1
THIHHHHE HHH T HHHERAHHE, TR SR T R TR #HHER # bus” |
THHERTREHE T TR ST 51 THAT THEHHRAT THAE T THH I, T G i i
THHFRHHTE SRR T 1 THHE 1 AT R e,

HHHHHE, # TR HERRAH HERRAHH A T A ### C bridge”
R, FHHIHR SRR 1R BT T HHR SRR T R 13 T
# PCI-to-PCl bridge #HHH#H #i HIHHHHHHHAH i # HEFHAE pGON #HE HH HHHHHE
RS HIHRE 1 A DON HHHE T HAHRRA B, TR SRR SRR T SRR —
HERIHHHE T 1R R TR RS, TR SRR (R 0 BRR 1 R TR
I BRI AR,

THHHE HHTHHHE HH HHHE TR HHRAHHRHHA TR HHH TR
THHHHHT HHHE HHHE THEE HHE THEHRAE HEHPHE HHE T HHE R 1, THEAARR 5
THHHHE THE HHHE HERHE HHHHE THEHH TR TR R R P TR

HH
HHE 1 A FRATHR HHRE B 1R B T AT 3 OX230, 7 HiF A
HHHE FHAHHRE, HHE HHAH HEHRE B T TR 1 1R R AR HH A
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HHRHHH 1A, A

T HHHH THEHHHHHHR HHRHE TR HHE T T T T,
HHHH HHHHHHIT HHHE TR HHTHAHE TR R
HHHE HHHHH 1HE I HHPHRAH TR TR R
HHE HHHHHHHIT HHE TR, THEE HH-HRE, TR 0x230 ## HHHH -
HHHHH HHHHHE HHTHRHE HRAHRRAE 17 00000230 ## # HHHHE Hi#
HHF THHT HHE TR,

FHHHHHHEE HHHHHE 1 HHE S T A H HE TN T,
FHHHHHE HHE R T THHHHH, 1 S 1 T T 1
HHHHE HHEHHHHE EE HHEEEAEAEAEOHE HHAEAELEAEHE O FHEEEE AN A A HHOF
FHHHHHHE T HHHE T, T HHEEEEDD, HHE HHEEHE FHHHH LA 1A HEAEHEHE A HHHF A
FHHHHHHHE HHE D, THHE HHEE HHELEAEH, B HHHE THHE HHEEEEAEH A
HHE 1 A S T PHHHHE THHE THHIDD 1 T T S THHHE 1 S
(35, 1 1 D).

HHE S T T T T T T T, S
HHHHHHHHE T Dus Space FHIHE HHHHE T THHHHE I # SRR T 1
S HHEEEE O S HEACLEAEH I, ) AEACAEAEAEAEAEAEHE HHOF O HEHE HHOEHEHE H4 HEAEAEAEAEE
HHHHHHHHE HHHEHE IS HEAEHE FEOEOEIEIHE FEOEHEHEE FHEHE 1 M S
(FHHHHHHE HHHHHHHHE HHHHH HE).

R HRRERIRHE H TR HRH HHE BRI SRR B, B i
R T R, # HHHRE S R T TR bus spece tag t ##H
bus space handle t #HH#H# HiHE HEHHHHHHHE.

THHHHHT HIHHTE HHRHHHE TR HHE SRR HHTHRAT 15 R TR
THHHE HIRHEHFE. THEHHE THAEHH M HHRATE HHHE T HEHE HEHRH HHE adlsys TREHHRHTH.

FHHT HEHHH HHE T HHHRHH TR HH TR TR TR TR
FHHHE TR HHE HHRAT T TR HH TR TR HH TR R HR
FHHHHE HARHHHE HHHR HRHH TR AR B HREHHE HH A R
TR HHHHHR TR 1 R T SR 1 TR T TR
HHE THEHHIHHRAH 1 HRHAH 1 HRAH SRR SR R 1 TR 1
# TR

T FHHT SRR SHRTRATE, THET THHERTRAE THAT 1 TR T TR AT 1 T T S
THIHHHHHE HHE THHE T HHHHE # TR TR T fHEA## auto-configu-
I aitiON, ## HHHHE Hit HHHHH HHHHHE HIHHEHHHE HH HHHE . # T R detach
T HHH HHHHHE HHE T e-attach # # Hit HEHHHRHT HHHE T I HTHHR. HHH R
THHERTRHE SRR THE AR T T 1 AR T ST R,

R HHHRR T T R B 3 AR B R B 1
R B HH R BRI R R B SRR (R B R
THE HHHHHE HH 1 HHHHHHEE HHHH (FHHHHE T HERRAR T #HHE foo_ifm).
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HHRHHHHH #H B

THEHHAHE LA L. SHaHEET Tt

# Foo subsystem/driver (a comment...)
INTERFACE foo

METHOD int doit {
device t dev;

B

# DEFAULT isthe method that will be used, if a method was not
# provided viaa DEVMETHOD()

METHOD void doit_to_child {
device_t dev;

driver_t child;

} DEFAULT doit_generic_to_child;

R HIHHE TR HE HHRA, HE HERRA A TR Hoo_if hi BRI HiH—
TR HHHHHAR R

int FOO_DOIT(device_t dev);
int FOO_DOIT_TO_CHILD(device _t dev, device _t child);

H HIHHHHE HHHE, #T00_iT.CH HH THIHH HHTHIH 1 R HH SRR A
FHHHHRE T, 17 TR SRR R TR A S
FHHHHFHHT HHE T TR SRR T T TR R TR 1 HHAE
HHHHHRA.

THHE T AR T S TR, TR RRAH SRR TR 1
THIHHHE " OeViCE” it HHHHHHHHE HIHHIHHT HHHHE HHE FHHHRAHHE T R,
HE HH#H " device” HHHHHHH HiHHAHAE “ probe” | attach” ### “ detach” ## #iHHHHH #Hi—
THIHHHEE H HHERAHH A shutdown™ | “ suspend” ### “ resume” #iH HHHIHH T
TR

T HIHHEHE, R SRR TR #] C DUST | B ST (AT A
THEHHHHHE T ST AT HHHHE AT, HEHHEHH SRR HHE ST T -
HHEHHHE TR R 1, TR AR (child_detached, driver_added) #H
FHEHHEHH tHEHHHAHEE (alloc_resource, activate resource, deactivate resource, release resource).

FHHHE HHHHRA HE T TR SRR T AR R 1 R T
THHE T TR, FHRAH HHRHE SR R fR TR TR i AR

Lottt e A RH(O) R T B S HHHHO)

332


http://www.FreeBSD.org/cgi/man.cgi?query=bus_generic_read_ivar&amp;sektion=9
http://www.FreeBSD.org/cgi/man.cgi?query=bus_generic_write_ivar&amp;sektion=9

HHRHHH 1A, A

HHHHHHET HHHE HHEE SR T R HHE R R TR R
HHHE HHHHHHEE, HiE TR TR THHHE, TR HE TR SR R R -
TR TR TR HHHE SR T R H T R R, HHE R #HH
HHHHH# BUS TEARDOWN_INTR(device t dev, device t child, ..) #HE $H HHHHEH HiHHE HHHE HEH—
HiHHE bus teardown intr(device tchild, ...).

FHHHE HHHE HHEHE 1 S HEEEHHE I FHHHHHH) HEHHHE S 1 HHHH HH 1
HHHHHEHHE T HHE . 0 HHHH) 1 HHHE N THHH T T
HHHHH} HE HHHE H EHHE read cONfiq #EHHH WHite COTIG HEEEHE HEHHHHHHHHEHHE HHHH HAH
I R 1 1 1 T,

1A.3. T

THE I THAHRHHT TR T T, HHHHE HRHHHR TR HRHEE TR TR .
THHHHHHTHIHE 1 THEH 7 T R TR T T TR

14.3.1. HHHHHHHHTE HIFHHAHHHE HH HHE R R

sc/sys[achl/[arch] # HEHHHHE HERHH T H TR HHHRH SRR HHRAH 7
TR, HHR HHRA, T 1300 HIRHHHRAHR, 17 SPARCEA HHHHHHAHRHAHRH.

sc/sysidevi[lous] # HHHHIHTE R THAT 1 HRERT [bus) BERATRETE HE HRHE R
So/sySdevinci # B B BRI R TR 0 R SRR

sclsyslisdpci] # HHHHHE HEHHHE HHHHHHE THHHHH T S, I i
THHHHHHE HHET HHHE T HHTHET TR PR R R 4.0.

14.3.2. HHHHHHHEHT HHHHHAHHH HHE TR A
devclass t # HHHHE Hit # THHHT HHHHHHHHHH HH H# tHAHHIHHE #HE# struct devdlass,
device method_t # #HHHE Hi 1 HHHE #H# kobi_method t (##H# sid/syskobi.h).

device t # HHHHE Hit # HHHE HHHHHHHAH HE # HFHEHR HHEH Sruct device, device t HHHHHHHHHI #
HHHHHHE HiF HHHE AL HH T TR R $H7 sdlsyslsysbus privaten HH# HHHHFHHHE—
R TR

driver_t # HEHHE HHf 1 HHTHE HHHHEHHHE A HFHHHR Suct driver. #H#E driver #EREHI #iE #
HHHHH HHE HHE device HHAHHHE HHHHHHE, THE HIHHE THEHHT HHHE THEHHHE HH T SR

struct driver {

KOBJ_CLASS FIELDS;

void *priv; /* driver private data*/

S

HHHHHE 14.1. driver_t tHHHHHHHHHHHHH
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BRI THRAHAHRHR T TR -
HiHHHE

# device State t #HHHHE, HiHHHE Hi Hit HHHAHHHHHAE, device State. # HHHHHHHHE HHiH HHHHHHH
THHHHHE Hi H# HHEHHHE HEHHRHE HEHHH HHHE TR T AR R,

HHitHHHE 14.2. Hit#HHE #HHH#H# device_state t



B 1O, THARAE THRRARIHH

Contributed by Jean-Francois Dockes.

15.1. HHHAHBHAHAH

R PR HEHHE SRR TR SRR BRI SR
FHHHH FHHEFHHHAHHHE HHHE. B TR B HHR H T TR HHH T TR

THHE HHH(A) HHHHHHHHE THE THHE THHHHHR TR R PR, 1 R -
TR FHH HHHARAT R

o H HHHHHHE THHHE HEAHHHHEE (AR, T, SHHHHH) S AR S
HHHHHHHHHE. T TR THHAHHHE HHE T HHTHHRAHE T R OSS## Voxware
THHHHHHHHE, R HHRH AR AR TR TR
HHHHHHHHHE.

o HHHHHHE HHHEE A T T (R THEHE R, T (AR
o HHHHHHT HHHHHHIH R R T TR R

o HHHHHHHHHHE HHHHHHHE HHHE HHHE HHHHHHE S S (HHOT), #H

RS TR G TR BT R G BRI R R -
R, TR B R BT BT TR 1 B fR i R pom
.

FHE TR, THAE HRFRE Do HEHRE HHHHHIE H HA TR, THEHR HH 11 SR
TR, 1 HHATRAHE 1 T R FRAR.

FHHTE TR TR TR R HHRH T H TR HHR R -
FHHT HHH HIHF T HHHRE T TR R, TR, TR TR R 3 R
FHHE THHHHE, 17 H1 HHHE HHHRH R T AR, HHHEE AR TR 1
THHHHHHT 1 HIHE THEHHRAHE THEHIRA T TR T TR TR R
FHHHHE THEHHFH TR HHRR

THEHE TR, 7 HEHRAHH TR A TR TR, HH T
H HHHHHEHH HHHHH R R HEE R AR ST R

15.2. #HH

HHHE HiHE HIHHHHHATE HHAE HRAH HE ussclsysldevisoundl, HHEHHRE Hit T TREHHFE H-H -
HHHHHHTH HEHHHHRHEHAE, T us]sclsys'sys'soundeard.h


http://www.FreeBSD.org/cgi/man.cgi?query=pcm&amp;sektion=4
http://people.FreeBSD.org/~cg/template.c

I, HHAHHR, #HH

HHHHHE lustisrcisys/devisound, HHH# Do HHHHHHHHTHE HHHHET THIEE THAHHHHE HHEHE, R A pdl, isal
HHHE ushl HHHHHHHHHHRE THEHE HHHE HHRHHHAT TR HHE HHE T SRR, T T HHE HHEH
HHHHHRH.

15.3. HEHEHH, HHRERERT, 5.

THHHHE THHHHRAHE TR TR R T SRR I TR TR TR HHRAHARE
THHHHHE, HHHE TR T T THHEE R HRHHHE AR R TR
FHHE HHHE PR

TR, TR IHRAH AR 117 1

o THHHE HIRHHHET HTHRHHAH 7 pom S THEHHFH, #HE# struct snddev_info #ERHHHE HHH—
HHHH HIRHHHHHT

static driver_t xxx_driver = {
~"pem”,

XXX_methods,

sizeof(struct snddev_info)

-}

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

FHHHE HEHHHE T THEHHE T T SRR TR TR R
THHHHHE. 1 HHHHE HHHE TR HE R ST 1R R
HHHE HHHHH $HE HHEHHE HE pom HE #HE HHHHE HE pom_register() #8# mixer_init(). pom A
THHHHHE HHHH HHRH HERHHEHE HE 1 SR T HHEHHHE TR R
HHHHHL.

o HHHE HHEHH HIHHHH SR TR TR SR R SR i #HOT R
HH pom #H HHHHEHRE mixer_init(). HHE # BHHHEE THEHHRHEH, HHHEE R R 3
HH# xxxmixer_init().

o T T PR R ST SR T TR R
HHE pom HHE HERHEHEE pom_register(dev, sc, nplay, nrec), HEHEHE s #if HHHE TR T #HHE HHHHE
THHHE HTHHHHTE, HHHHE T R SR SR pom, HHHE nplay #HE nrec #HHE #HET T
T HHHHTE HHEE T ST,

o HHHE SHHHET HHHHHE HHHHE SR TR T T TR TR
4 pom_addchen(). HHHEE HEHEE H HiHE THEHEHHE HHEHE HHE pom HHE BHHHEHE H# #HEHE #
## xxxchanng_init().

o THAT THERTRE AT T SR A R R pom Unregister() ATREHIE HEHRIRATRT Hit
RIRHHHE.
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FHHIHH 15, #HIEHH HHRRH

THHHHE THHT HHHE TREHHFHR TR HH P AR R

o HHHHH device identify() HHHHHE (HHHHHHHE soundlisales1888.C). #HH# device identify () PHHHHEEH HEHHHHHHH
FHHHE B FHEEEEHHEEEE FHF HEEEEHH) HERHHEAEIHE FEAEH, EE HHHE HEOEHHHE H OO HHHEY,
FHHHE 1 HHHE HEAEHE HHHEEAENE HHEEEEHE HHF HEEEEEHE HEEEEAEEERE A A

o THEETE SRR S SRR T R R R (-
. soundlisimss.c).

pom HEHEHHE HEHHHHE HEH# device suspend, device resume ### device shutdown AL,
THE HEHHE HHHHHE SRR HHHE TR TR ST TR,

15.4. AT

HHHE HHRHHRAH AT 1 pom BERAT 1HHT THEHE AR TR B SRR 1 It i
THHEATHE SRR,

TR HHE TR TR TR HER TR TR TR R . CHAN-
NEL ### ###HH# MIXER ## AC97.

it ACOT HHHHHHHHHE 1HE H HHHH HHHHE HEFHHHHH THHHHH (FHHHHHHE AR -
HHIHE, HHHHHRRHHHE HH HHHHRRE HHH AR T HHOT HHHHE. 7 HHH i, Hi
THIHHHHE HHHHE THEAHHHHE THE THEAHHHE SRR HHOT #iH ## pom.

15.4.1. H# HitHHHHH HHHAHH
15.4.1. 1. HHHHH HIFRHHE THIEE SRR SRR

THHHHE HIHHHHHE THRHEHEE THEHTE TR TR TR T HRHHEH TR TR,
THHT HHHE THHHHHHTHE THTE T HHTHE TR T HRAHHRE T TR

HHHE T TR FRRRHH TR, HHE R TR 3 5 HHRRT .

THHE T TR AR T 3 T (i (i SR AT ST 1 BRAR, S
HHH channel_init() THHHHE HiHE H# HHHIHHIE HE HHE T HHHHHE TR (R

15.4. 1.2, HIHHIIRE HHE HHRHE HHEH T R T

FHHT THAHHE HEHH TR, T o THEHE HHHE R SRR TR R
H THHHHR HHHHAH HHE, THEHRHR HH sructsnd_dodf.

structsnd_dlouf ## HEHHHHF HHE pom, HHE HHTHHT HERHHHE R TR TR R
HE HHHHHHHE HHHHHHHHA (sndbuf_gebo().

FHHE HHHHE HHE HHEH HEAEHE 1 R SnODUT QetSizel) HHHE HHHE HHEEHEHEHHH) HHHHE HHRHHE
FHHHE HHE sndbuf_getblksz() P
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HHE BRI HHRA

FHHHE HHHHHIE, T S A HHEEE ) FHbF HEHE HEAEHEEHHH) (S A AR
HHHHHHHH):

o PO HHHHHHHEE IR TR HEHHEEEE, TR R TR R R
xxxchannel _trigger() FHHHHHE HHHHTE H HHHAHHHE HETRAHRE TR

o FHHE HEHHHHE HHHHE T HHH T TEHHHH S THHHHE 1 H HHH T
(sndouf_gethuf(), Scouf_getsize()) #H HiitH HHHHEHE HH HIEHEE 1 sdbuf getbikez() HEHHEE. #H
FHHHH S HHEEE OON intr() pom AEEEHHHHEEELEHE FHHHE HHEEEEHE FHHHEEAEAEHHE HEAEHHHHS (R B
FHHHHE HHHHE HHE HHHH HHHH).

o ChN_intr() HHHHHHHET Hit THEHE TR HRHT T THEHE THEHE BT HREHRATHR TR R
(FHHHH HHEHE), THHE HHHE A A R snd_douf HHEHHHHHH.

15.4.1.3. HHHHHHH HiHH

XXXChaNNel_init() 4 HHIHAHHE i BHRAAHRRR HHIHE H TR HH R R #HH
FHEEHE HHH HHHHEEA A S T R FHHHE S HHRE, (FHA T i =
THEEE IHEHHEHT.

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;@
-}

Q b HH HHH HHHHHHHE HHH HHE R Sruct snd_douf. #E HHEHAHE HHE HEAAAHHHHHE
THHHHHHR HE AR sndout_alloc(). #HHE HERHHTHE HIHHT THE HHE THE HERPHERAE # HRAH
THHHHHHR HE THHTE HTHHHTHAH HHHE AR HHEHE TR R R

C i HHHE pom HHIHHHHHTE T T PR, HHEHE T T Tt
T HHEHHHE T HHE T T P TR, 1 T T
HHHHHE 4 pom (##: chn_intr()).

olir HHHHHEHHH Hit AR HHHHHE# (PCMDIR_PLAY ## PCMDIR_REC).

€ THH U tHEHHEE TR 1 THEHHHAE 1HE L TR TR R tHE A
T HHHHHHE. HHEHE THEHE T TR THE 1 T THE T TR AT
HHHHHHE.

15.4.1.4. tHHHHHH HIFHHHH

xxxchannel_setformat() THERHIIRHT T fE (T THERRETRE THAT 10 SRR AT i fit
THHRHHHT T THERRAT.

static int
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FHHIHH 15, #HIEHH HHRRH

xxxchannel_setformat(kobj_t obj, void *data, u_int32_t format)@

{
struct xxx_chinfo *ch = data;

return O;

-}
Q  format #H HHEHHHAHET HHE #E AFMT_XXX vaue (soundcard.h).
15.4.0.5. #HHHHHHH fH

xxxchannel_setspeed() HHHHE HHE HHHE HIFHHHET HIHHHHHT HHE T TR HHAHRAE HRAT,
THHT HHTHHHHE THHTE HRAHHBT HHHBHH .

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

{
struct xxx_chinfo *ch = data;

r-éﬁjrn Speed;
-}

15.4.1.6. THEHRA SHRHHHH

xoxchannel_setblocksize() HHHHH R HHHHHE THEHE, HHHEAE T HHE HHHHE R R
R pom FHIH BT BRI PRI, B SRR T TR TR HH R T
RIS, (R BHRARR T R B BRI TR R et
R, HHR 1 BRI, HIHE SR HRAHR SRR R o chn intr() #AHE FRIET
R HHHHE HHHE HIFR AR

HHHHH HHEHHE HHEHHEHE FHHHE T T T THEHH HHEHE HHHE, HHE T S
HHHHHHHHE HiHHH T #HHHEHH.

static int

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

{
struct xxx_chinfo *ch = data;

return blocksize;@

-}

Q  HHHE HHHHHHHHE T T T ST AR T T T
HIHHE HiE HERHHH TR, Sdouf_resize() HHEHHHE HIF TR HHE IR HHE IR

15.4.1.7. tHHHHHHE HHHHHH

xxxchannel_triger() #H HHHHHHE # pom HE THHHHHHTE THHHE HHEHEHPHE PR HE R
HH.

static int
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HHE BRI HHRA

xxxchannel_trigger(kobj_t obj, void *data, int go)d

{
struct xxx_chinfo *ch = data;

return O;

-}
Q o HHHHHHHE 1t HHHHHHE HHH THHE HHHHEHHE . HHEE R S
* PCMTRIG_START: #H HHHHHE HHHHHE HHHH # HAH HHRREHE A 1

HHHAAHHE HHEHH. T AR, B THRARE R B B A 9 AR
HHHHHHH# sndouf_getbuf() ##H## sndouf_getsize).

e PCMTRIG_EMLDMAWR / PCMTRIG_EMLDMARD: #H#H# HtHHH HH HHHHH i
HHHHHE - TR THATHHTE HHHE HEHHEE T TR, TR TR TR R
A TR

* PCMTRIG_STOP / PCMTRIG_ABORT: #H# HHHHHHE HHHHHE HHHHE HH HHHHHH HHHHH—
HH.

@
Hit HHHE THEHHHE BHHEE HEE HE, sndouf_isadma() HHAHHHE HHE THEAH #H-
HHHHE PR FHAH B R B, TR TR
HHE HHHE B TR HH R

15.4.1.8. tHHHHHHE HHHHH

XXXChannel_getptr() HHAHRHHE HiHE TR HHH H HAH SRR AR HH AR =
FHHEHHRE HHF HARHA 3 Chn_intr(), #59F FERAT 13 HEHE pom HHERIRE BHRATR 3 1R TR
.

15.4.1.9. #HHHHHH HiH

xxxchannel_free() ## HATHATR THT THEHE HHE THERTRAHE HHHTHATRAE, HHE AR T 1 =
HHHTE THE FHEHRA, T SR 1 SRR 10 (T TR R SRR 1
THHERTHHHRAH AR #5117 sndouf_alloc() i BE T THEE SHREET R AT,

15.4.1.00. HH##HH#HH AR

struct pcmchan_caps *
xxxchannel_getcaps(kobj_t obj, void *data)
{
return & xxx_caps; O
-}
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FHHIHH 15, #HIEHH HHRRH

Q  HHHEHHHHHHHE HHHHHHHE A 1 (HHHHHHE A1) pomchan_caps
HHHHHHHHHE (HHHHAHHE - soundipervchannel.h, #HH HIHHHHHHHE HHEHI HHE HHHHHHH
HRHHHIT TR THTTRAHR, TR TR HRAHHRH TR R 1R
HIHH HHHHHHE TR TR,

15.4.1.11. #HH HHHHHHHH

channel_reset(), chennel_resetdone(), #4# channel_NOtify() #EEEHE HHHHHE HHHHH HHHHIHEHE HHHE HH
FHHE 1 HHEHHE HHE 1 HHHH HHHE HHHH 1 1 T A HH
HHHHH .

channel_setdiir() ## HHHHHHHHHL.

15.4.2. Hit i (R
15.4.2.1. ittt HHH

XXXIMIXEY_iNit() HHARRHHHFR HHTE B HH BRI DO HHHE HHEHHE TR HH TR
R T HHAHRR B B

static int

xxxmixer_init(struct snd_mixer *m)

{
struct xxx_info *sc = mix_getdevinfo(m);
u_int32_tv;

[Initialize hardware]

[Set appropriate bitsin v for play mixers|@
mix_setdevs(m, v);

[Set appropriate bitsin v for record mixers]
mix_setrecdevs(m, v)

return O;
-}

Q  FHHE R R TR T mix_seidevs() #HH mix_setrecdevs() #H #HHHE pom
FHIHAT THHR AT TR

THEHHE HHHE TR A 1 A #H soundcardh (SOUND_MASK_ XXX #iHHtHE it
SOUND_MIXER XXX #H#Ht HHHHH).

15.4.2.2. HHHH it

XXXIMIXer_SEX() HHHHE T HIHHHH TR TR HHR TR TR

static int

Xxxmixer_set(struct snd_mixer *m, unsigned dev,
unsigned |eft, unsigned right)@

{
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iR FHOT HHHHHARAH

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

-}

Q A B AR 7 # SOUND_MIXER XXX #HHHE

FHHHE S FEHHHHHE HHHE PEEHHHHEA 1 SHHAEEE [ORELOOY . # HHEEEEAEHE £ HHHHAAEE SHHEHMEREEE AR
HHHE H,

© T S T T T THHHHE T T S, HHHE T
FHHHHHHE T T, T HHHHE HHHHHHE T T TS R (W T
OH100) ## HHHH:.

15.4.2.3. tHHHHE HHHHHHHHH

XXXMIXer_Setrecsrol) HHHHH HiH HIHHHHHH THHHHHE HEHHAL

static int
XXXmixer_setrecsre(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;&

-}

Q  HHHE HHEHHHHE HHHHEHHHHE HHHHEHHE AR 1
O HHHE TR TR HHH HHH . HHHH
FHHTE HHTHHHE HHE TR, HHE AP TR TR 1 HH HH R R

15.4.2.4. tHiHHE HHHHHH, HHHE HHHAE

XXXIIXer_UNinit() FHEHHHE HHEHHHE THEHE TR TR THE HRHEE TR T HHRHERE HHEH A
THHHE HIFHIHE 1H TR TR

XXXMXer_reinit() HHHHHHE HHHHTE HEHHT HEH T TR THE AR T HH
HHHE A T mixer_set() #8# mixer_setrecsrc() #HHE HHAHHHHHE.

15.4.3. #Ht HHOT HiHHHHHHH

iRt ACOT HAHHRRIHTE HH R R 0 RQ7 R # B
T HHHR

o xxxac97_init() HHHHHHHE T THEHHHE i HHOT HHRRH HHHE.

o acO7_read() #HH acOT_write() HHHE Hit HIHHHE H HHHHHHHIHE HHHHHHAL

342



FHHIHH 15, #HIEHH HHRRH

HHt NCOT HHEHHHHHHHE HiE HHEHE 1 HHHEHHOT HEHHE HEE pom HE HTHHEHH HHEHHHE HHHH -
HHHHHEE. T ## soundipci/maeestro3.c ## HHHE THHHHHE HHHH soundipci] #HHE HiE HFHHHHE.
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HHHHHHHT 16, Hit HHHE

TR TR S TR ST T TR A AR (R AT # A S
THHE H 1 HHHE THE THEHHFH R HHHRH, T PR T R SRR R
T R A 1 R TR B S,

16.1. e # IR

THHHHHE HHHHRAH HHH T R T TR, A 7 TR 1 R
FHHHHHH H HHHE AT HHR R R R 1 TR

16.1.1. #HHHHiHHHH

HHE HHHHHE HHE HPHHHHHHE A T, B e ## ##E Card Information
SUrUICRUIN @ (FHHHE) HEHEHEHHE S A S, S TR EEHE 1 T S R T
HHE HHH BRI TR, T R HHHR HHE B T B HHEA HHAHRRR R
FHHHH HHHE HHHF HHAHHRRT R TR TR HHR T R 1 TR HHR
FHHE HHHHE BRI 1 BRI H R AR T R R TR R
R #1 1 HHRR.

HHHHHHHHE HHHHHHHHE HHHHHHHHHERA () PR R 1T R
THE HEHHT TR, HHE HHRHEE T TR TR TR R, HHRH
THHHE HHHHHHTE T HRHEHE, TR TR HERAHRE HE R SR AR R
THE THHHE, HH HHE THEHHE T TR FRA HHR TR THAE AR 3 A
THHHE HHHHE HHE TR HHHE TR, T TR TR T TR R T R
HHE HHHHAE HHFH, HHHRHE HERAHRE HHRAE HHEHE THEARAE HHEE TR HRAEH TR
FHHHHFHE HF HHHE HHE HHRHHE, HH TR TR HHRHHHRAT HH TR A TR

TR HHE HHHE TR, TR AR AR BT T R i R i
FHHHE TR, HHAR R TR 3 TR TR SRR
FHIEHHI HHE HH AR T R 1 H TR, TR TR R 1
FHHTE HIFHIH TR HH HR, PR T 7 TR HRE TR HIRE R
FHHTE THIAHE HHHH TR TR 3 SRR AR B R HH T R
TR, HHARAHE, HHERAT, T TR R HH T AR T
FHHEHHHHH HIFE HRHH HHHE HA HAR SR, TR SR TR TR T AR T R
FHIEHHE FRHHE HATHRE T BRI THAT TR, TR, TR TR T 1R (R
FHHH FHRHAHHRHRH HH AR .

RS B HRE B BRERE BRI 3 BRRR HHRRRIT HH TR HAHRRR, T i AR
HHEHHHE HiE HEHHRHHHHEE THAHE HHHE, 1 Isysdevipecard/pecarddeys. B HHHHHHHE # HHE i
R TR TR T 3 AR SRR TR HARH HE R R T BT
R HH A R,



HHHHHE H#H pccarddevs

THHHHHH, THHHE HERHHHE TR TR R TR TR TR SRR SRR
THHHE HHE THHEE. HHFHE THEHHIH TR T TR HH TR HH R TR 5
THHHHFHE. THHHH HH TR T HEHAE TR HEHE TR TR HARHHE 1 HEHEHRA, 1
THHHHHHTHE HHE HHHHE HHHHE HH TR TR SR HH SRR . HHH R
THHHHHT HHTHAHHRHTE AR, T # R T HHHAHE TR TP TR TR
THHHHFHE T HHHHE HRHHE P T HHEHHRHHR T HHE R HHE R

16.1.2. #H#HH#HE ## pccar ddevs

TR TR R HRARR H 3 pocarddeys FHRATHR. HAH TR TRATRIRH HRAH B -
TR HRAHH T R TR R TR T SRR T HHR H R
FHIEHRHE. T TRATE HHRATR HHE T 1 AR AR THAHE HHH T i TR R,
FHIEHHE R T TR 1 AR R TR R, T SRR
THHHHHE HHHHHHERAS tHE THHE T (HERRRE HH T R HEREHEHHHHE
THHE HHHHHE HHEHHHHHE HHE, TR T HE HHHHHE HHE T R ) R i -
TR HHH T PR HHH AR T B TR HHRAH TR HHHHR. TR —
FHE, HERHHHI HHATRAH TR 1 1 B | AR T TR R 15
.

IR HHIHH BRI B TR HER B TR HHRRRT . AR T e et
R 7 R TRIFHHE. R, HHH R HHHRR $H T TR AR
R 7 BRI TR HE R HHHRR 3 BRI HHHRRT TR HHE HH R —
IR, TR HHAHTRR, HHRR FHHE B BT T R B

vendor FUJITSU 0x0004 Fujitsu Corporation

vendor NETGEAR_2 0x000b Netgear

vendor PANASONIC 0x0032 Matsushita Electric Industrial Co.
vendor SANDISK  0x0045 Sandisk Corporation

THHHHR HIHE T TR TR R NETGEAR 2 HHHHHE 1 THEHHIR H#E R T iR
TR TR A TR T HHHHR T TR HA R R TR TR
THHE T HAHHE TR THAE TR TR TR T HHRHE TRATHR R R
FHHHHFHHHAHHRA. T TR HHRRHH TR R 1 TR R, H—
FHHHHE HH R HHHRE T T HREE. T TR TR 1 HHRHRE R #F pocarddevs, ##
THHHE 11 HIFHTE HH HIH TR R R, HH R 1 TR TR 3 R 1§ SR —
FHHHE. 3 T 1 R SRR H SRR T H R R T
OXFHfFffff #H OXFfif HHHHIHHH HHHHE HiHH HHHHRRAR THHE (HHHE PR THE 1
FHHT HHHHIHH HHE HRHRH HEH T R HH TR HHHRHEE HH 3 TR
THHHHHE) . HHHHHHHE THHHHE THE 1 SR THE T TR T TR T
FHHHE FHHATE T HHHE AR T R T SR i TR R,

HHHE HHHHHHE TR T HHH R TR HH HRHRR. HIE R HH T AT,
HHHE THEFHHE T HHHRR TR TR

* Allied TelesisK.K. */
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HHHHH 16, #H HHH

product ALLIEDTELESIS LA_PCM 0x0002 Allied Telesis LA-PCM

/* Archos*/
product ARCHOS ARC_ATAPI 0x0043 MiniCD

FHHE product FHERHAFIFHT H HHFRAH B B TREHRRT T, HRARE TRAH TR THAH
FHHEHHHHH HHF FHH HHARAHE FHRAT, TRAH T TR 1 B TR H AR 1 3 T
TR, TR B HHHH 1 TR T H HAHRAH, T R R
T HHHF HHHHE T TR TR T TR T O R OXTH . SRR, TR
H TR IR 1 HA TR R HHHR SR R B 1 R
FHHHHHHH, TR TR TR TR R R AR 3 R TR i
THHT THAHH HAH AR, HHH TR T BT 17 B R HHAR R T R —
FHHTE HEHHHHRAHHRA. HHE TR B HH AR (R 1 AR, T
FHHEHHHRHHRT THAHHE T TR HH T BT 3 TR IR R AR
FHHEHHIH T TRATE 17 3 TR T A R,

THHT HIHHHE THEHHFHE T T DA TR HHHEHRE, T TR R A -
THHHHHHTHE HHRHHHETE THEE TR HE -1, HIRRHHRE THEHRE TR R HE T TR
THHHHHT HHH THEHTE. HHTHHTE A T TR, HHHHEE R B R HH—
THHHHHT HH HHHHHHE T TR HH HHE TR TR H7

FHHT HEHHRHE TR HHHATR T BT TR TR R T 3 R
T R HHRATR. HHH TR TR 13 3 TRAHH HHARAR T B R
IR

product ADDTRON AWP100

{ -"Addtron", -"AWP-100& spWireless& spPCMCIA", -"Version& sp01.02", NULL -}

product ALLIEDTELESIS WR211PCM { -"Allied& spTelesis& spK.K.", -"WR211PCM", NULL, -
NULL -} Allied Telesis WR211PCM

THHT TR DrodUCt FHEHTHRHT THE TR HH T HHEHRHTE TR HHHE R TR, TR
THEHE THHTE TR HTHHHHHE HE TR T HHHEE R SRR HHHE R R -
THHHE, HHHHH HH 1 { ) TR, T THE G, T T
THHTHHE HiE T TR, HHFHRE, T TR SRR TR T TR 1 AT
THHTHHE . HHHHHTE T HHE TP HRHHR TR HHAHHR A pocarddevs.h #7F #H—
FHEHHHT 8 HE THEH H HHHHE THEHHE, HHHHE TR THEHE HHHHE TR R
THHHHE HHTHHH THE HHTHAHHE. TR HERAHR SR TR PR # T TR 1 R
THHT HHTHHHHE T THTHHRHHE HHPH TR TR T HRAH TR TR HE
THHHE, HIHHHHRAHE THEHHRAE HRAE S HHEE HHHRHHAH TR T A 1
THHHHE HHHHE HHR THHH, 1HE TP HHAE HRAE THRHTHBHRAE SR TR 15 HRE
THHHHHHE HHH 1 THEHHRATE HHHE T TR HE T TR HHTHPHHRAE AR
THHHE # HHTHHHE HHHHAHE 7 HHEE T TR SR HEHAH TR A
THHHHHE HHHHARHHHHHHHHE (HERRASHHHHT, AR, T T ). T T
THHHE HHE HHTHPHHRAHHPHR HHE HHAE T TR TR SRR DA i TR TR
THHHE HHHHHHHHHHHHHHHHHHHE HHHH. SRR SR T T
HHE HHH A,
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HHHHHHH HHHHH HEHAAH

16.1.3. #HHHHHE HHHH THHHHH

T AR EHE T 11T 1 7 R T T THATR B SRR SR, (i A f—
THIHHHHHHE HHH TR HHH T T HHHE T TR . 3 -
TR T THERTRAE HHE TR D A BT S G 1 TR A AT TR (i TR A
THEFRTHE HHT L. S TR ST TR AR i (0 (A, 1 R 1 —
T R T TR A AT

static const struct pccard_product wi_pccard_products[] = {
PCMCIA_CARD(3COM, 3CRWET737A, 0),
PCMCIA_CARD(BUFFALO, WLI_PCM_S11, 0),
PCMCIA_CARD(BUFFALO, WLI_CF_S11G, 0),
PCMCIA_CARD(TDK, LAK_CDO11WL, 0),

{ NULL -}

Jis

static int
wi_pccard_probe(dev)
device_t dev;

{
const struct pccard_product * pp;

if ((pp = pccard_product_lookup(dev, wi_pccard_products,
sizeof(wi_pccard_products[0]), NULL)) -!= NULL) {

if (pp->pp_name-!= NULL)

device_set_desc(dev, pp->pp_name);

return (0);

}
return (ENXI0);

}

THEHE HHE T 1 HHHHEE TR HHHHEE PHHHEHE HHHHE IRt 1 S, 1 S
THHHHE, HHHE HHHE THE R (FH #H HE H foo_pocard_probe() ## #H#HE #Hf foo_pocard_match()). #HE
HHHHHHHHE pocard product_|ookup() i # HHHHHHEHHHE HHHHHEHEE HHEHE HHEBHE HHEE AR HE
THEHHHHE 1 THEHEHHE 1HE T HHHHHE T I IR, T R HHEE T S
THEHHHHHHE T T S T HHHHHE T HHEHHE HHE T R HE
THEHHHE, HH HHEHHE HIHE HHE T TR T T T, HHEE T HHHE R 1
THEHE T HHE T HHHE HHHHE # Struct pocard_product #HE HHHE HHHHE HHHHEHE

FHHHHHH 1 HH HEHHHE Wi DOCard [XOCUCLS, FHH HHHHHHHHHE 1R T HHOEHE 1R I 10
HHHHE POMCIA_CARD(T00, bar, biaz). #H foo #HEEHH HHH HHHHHE HHHHHHEHHHHE 1 HHEH pocarddevs. #HH
Dar #HEEEEHE HEEE HEEEHE HEEEHHE 1. Dz HEEEEE HEEEHEAEAHHHHE HHHEEAAEHE A HHH HHEEEE HEAEAEH O
HHHHHHE H I THHHHHH R 1 H I HHHHH e HHHH 1
HHHHE R O H R, HHH 1 1 POMCIA_CARD D, #HHHHE HHHHHHHN Hith -
HHHHE HHHHHH HH Docarddevs. HHHE HH HHH #44 POMCIA_CARD2 ### PCMCIA_CARD2. D
FHHHHHE HHHE HHE SN HEAEHE HEAEHEHE FHHE S HHE HHEEEE HEEEHEAEAEAHHE S A Y,
HHHE S HEEHE N HHHH S HEEHE HHHH FHHE H S A H
.
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HHHHH 16, #H HHH

16.1.4. HHHHHHH HHE Hit HHHHHH

HHE HHE H HEHE HHHHA, T HH HHRE HRAHH HH SRR TR T
FHHTE TR, T TRAAHRAT TR H TR 15 TR T AR HRE
HHE HHHHE T HHRAE devinfo -v. HHEHRHE HHRAH

cbb1 pnpinfo vendor=0x104c device=0xac51 subvendor=0x1265 subdevice=0x0300 -
class=0x060700 at slot=10 function=1
cardbusl

pccardl
unknown pnpinfo manufacturer=0x026f product=0x030c cisvendor="BUFFALQO" -
cisproduct="WL|2-CF-S11" function_type=6 at function=0

manufacturer HHH product HHHH HHH HHHTHHHHE HHHH T THEHE R, $H-# dsvendor #H# cisproduct
THHTE T AR AT TR AR SR G 1 10T

T HHE HHHHE HHHH B HHHHHRS HHE TR HHHH, TR TR TR AR
R 1HE HHHHE. TR BRI TR B R R TR HHH T TR i
FHHHH HHHHHE. HIHE R T TR, HHHH 1 R HH

vendor BUFFALO 0x026f BUFFALO (Melco Corporation)

FHHE FHEHHH HH HH HHH HHHE R TR TR TR

/* BUFFALO */

product BUFFALO WLI_PCM_S11 0x0305 BUFFALO AirStation 11Mbps WLAN
product BUFFALO LPC_CF_CLT 0x0307 BUFFALO LPC-CF-CLT

product BUFFALO LPC3_CLT 0x030a BUFFALO LPC3-CLT Ethernet Adapter
product BUFFALO WLI_CF_S11G 0x030b BUFFALO AirStation 11Mbps CF WLAN

HHE T HHE TR, 157 AR TR HRA ## pecarddevs:

product BUFFALO WLI2_CF_S11G 0x030c BUFFALO AirStation ultra 802.11b CF

HHHHE THEHHE HHRAE HHE R, T TR T T 7 T THEHRE. R #
FHHHHI HHHHFHRATE HH HHE T

static const struct pccard_product wi_pccard_products[] = {
PCMCIA_CARD(3COM, 3CRWET737A, 0),
PCMCIA_CARD(BUFFALO, WLI_PCM_Si1, 0),
PCMCIA_CARD(BUFFALO, WLI_CF_S11G, 0),

+ PCMCIA_CARD(BUFFALO, WLI_CF2_S11G, 0),
PCMCIA_CARD(TDK, LAK_CD011WL, 0),

{ NULL -}

Ii;

IR HHH B BHRT HHERRRRE o T AT TR TR B TR TR R,
R B SRR B AR T TR 1 T T 1 FrH TR HHRR . R T
R HHHHR T R, HHHE (R TR HH BRI THE PR A G . 1 1
R 1 HIFRRTRIHHR T B, HHHRR HHTHHR H R 3 1 TR Bt BT
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BRI # HH B

THHHHFT THHTE HHHHE 1 HRAHHE T R T R THEHERE 1 HERRHE 17 TR TR
THHHHHHTHRAT HHE HHE, HHHE T TR HRAHHRH TR T HHTHRHE SRR R

FHE HHH HHHE 1 TR HHH IR, HAH TR AR R TR,
HHHE HHHHHHE TR HHHHRR HIE 1 B, TR, HHR HHH HRH T SRR AR
HHE HH HHHHAHHHE. pocarddevs HHIHH HE THIEHHHHHI HHE HHHE HHHE THRAAE. HH# pecarddevsh #HH
FHE HHHHHHHR I T HHHHRH T H R R, TR HHH TR R R
HHHE HE 1 HHHE BRI HHHH. HRAHHR, HHHHR TR SRR 15 35 TR

16.1.5. HAHHRHAHH # HHH

FHHHHHE 1 T R SRR T TR 1 1 TR TR R, HH—
FHHT HIHHTE 11 1 T HHE HHHE HHR TR T T HRE TR HREER. TR TR
FHHHE HHHRHHHE HHE T TR TR TR # A, 1 1 HRHHHRAE 1 AR
pecardevsh HHHIHE HiE HEHE HHHFE, TR HHHHR HHHE SRR 157 AR
FHHHHFHH H TR H R, T TR HH R 1 SR TR
HHE HHE THE THEE THEHE T HHH, HEE HEHO0 H#E HiH HHHE, i #HHE SHHERH T SRR
FHIHOO HHHHHHHHHHE HHHHHE HHTHHEHHHHHRRH, SRR SRR T A 00, #HH
FHHHHFH HHHH HHH TR HH TR T R TR TR
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HHHAH

i

##97, 342

HH#HE, 326

R HIHHHRRAHRR, 213

HHEHHHE AR, 21

IR TR R, 23

#

FHRHHHHHH BHRAAE HHR, 39
FHIHHHHE HHHHEAHHHHRAE, 25
H#HH#HE, 5, 302

HHHH HHH, 5

HHEHHE A, 238, 329
#HHO, 5

HHAE2, 5

A, 5

##H#, 9

HiHt A, 241

#

HHHHHHE, 345

HHHHHAE, 283

HHHHHHHHI A, 235, 329
#H#, 345

HHAH, 25

T HHHHI I (B, 283
AR, 213

HHHIRAT SR, 216
AR, 220

IR faa, 217, 219

#

I, 345

T HHH HHHH, 39

#H, 16

HHEHHHE HHHHA, 233, 329
AR, 329
H#iH, 241
HHHIHRT, 246

HHHHHRE HHHRAT
HHHHE, 336

HHHHHH HHHHHE, 233

HHHEHHHE HHHHHE HHHHHHE (), 259
Hitt B, 247
B BRI, 43

#

H#iH, 12

#
A, 41
HEHHAHHH, 5

#
THHHHHE HHHHHHHHHHHE #HHHHE (HH), 15

#
TIHHERA AR T, 291

#
#H#H#32, 5
Hi, 283
HHHAHHHHA, 25
THHHHHHHHE HEHHHHHR S (), 15
HEHHHHHHHE AR, 273
R AR, 215
HEHHHHHHHE AR, 215
i, 244
HiH, 241

R, 244

#

HH#H#H, 31, 220
HHAHHE HHHHRAHHHHA, 33
A HARAH, 31

#

THHHHHE HHHRHHHAHR T
WAL, A3
HEHAHH HHHHAE, 43
IR TR
HiHAHHH, 233
THHHHHE HHHHHAH T (), 233
HEHHHH HHHHHHE, 242
IR THERAH, 43, 221
HHHAHHH, 233



R, 233
A, 233
IR IR, 25
A, 27
R, 206
HHAHH, 28

IR HHRRRRA AR, 213

#

HHHHHH, 215
HHHHHH, O
HHHHHHE i, 43
HHHHHH, 345
HHHHHE, 5
HHHHHHH, 21
HHHHHH, 21
HHHHH
HHHHH e, 23
HHHHHH i, 20
HHHHHE, 22

IR, 23

HHHHHE i, 22

I HIHHHRAA, 23

HHOBHHHE #HitH, 22

#
#it, 221
i, 7

I HIHHRAA, 213

HHAHH, 25

FHHIHHHHHRA AR, 21

HHHAH
HHHHHE, 226
HiHH, 226
HHIAHH, 21
A, 217

#

i, 317
A, 345

HHHERIRAT TR, 239

A, 222, 329

#
I, 25
HHHHHHHHRHHHHA, 25
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B, 241

HiHH A, 209
R AR, 208
HHHHHHHA, 14
A, 345
HiHHAE, 348
HHHE HH#, 275
HHHE HHEHHHH SRR, 279
HH, 281
HEHHHHHHHA, 281
HHHHHRA, 279
HEHHHHHH #HHEAA, 207
HH, 243
HHHHE, 5
HHHHHRAH, 215
HEHHHHHHA, 39
AR, 233
HEHHHHHHHERHHH, A3

HHH tHEHH, 214
HRHHRA, 246
HHHH, 31

HEHHAHHHHE, 222
HHHH, 283
HiHHHHH, 286
H#HHH#, 303
#iHt, 285
Y, 313
HiHHHHHHA, 307
HHHRAH, 31
HEHHHHHHHA, 38
IR AT, 38
HiHE HHHA HEHHHHERA, 213
I T TR AT T, 21
HEHHAHH, 38
HHHHHE, 242
HHHH AR, 335
HIHHE R, 217
HiHH A, 211
AT, 33
HEHHAH, 43



HHAH

R R, 17
HHIHHHE HiHHE HHRAHHE, 335
R IR, D
HHHHHHE # HHH, 37

#

HHH#, 283
HHEHHH AR, 218
IR, 220

#

FHHHHHHE S Y, 208
HHHHHHH S i (), 317
HHHH

HHHHHH Y, 324

HHHHHH, 326

HHHHE HHHH R, 318

HHHHE, 320

HHHHHE, 324

HHHHE, 319

#

HHHHHHH i, 207
HHHHHH #86 HHH, O

HHE R e, 208
I Y, 207
HHHH, 208

#
HtH, 227
B o, 214
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