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Figure 3-1. Application Space Taxonomy
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AR, Linux %F USB1.1 1 2.0 # 2 #5 1K), i i ¥ drivers/usb/host H 5% R ] Kconfig
SO, BRATTAT LAAIE P AZ B SRR R 2 DL

7 config USB EHCI HCD

8 tristate “EHCI HCD (USB 2.0) support”

9 depends on USB && USB ARCH HAS EHCI

10 ——help—

11 The Enhanced Host Controller Interface (EHCI) is standard for USB 2.0
12 “high speed” (480 Mbit/sec, 60 Mbyte/sec) host controller hardware.
13 If your USB host controller supports USB 2.0, you will likely want to
14 configure this Host Controller Driver. At the time of this writing,
15 the primary implementation of EHCI is a chip from NEC, widely available
16 in add-on PCI cards, but implementations are in the works from other
17 vendors including Intel and Philips. Motherboard support is
appearing.

18

19 EHCI controllers are packaged with “companion” host controllers (OHCI
20 or UHCI) to handle USB 1.1 devices connected to root hub ports. Ports
21 will connect to EHCI if the device is high speed, otherwise they
22 connect to a companion controller. If you configure EHCI, you should
23 probably configure the OHCI (for NEC and some other vendors) USB Host
24 Controller Driver or UHCI (for Via motherboards) Host Controller
25 Driver too.

26

27 You may want to read <file:Documentation/usb/ehci.txt>

28

29 To compile this driver as a module, choose M here: the

30 module will be called ehci—hcd

XHAEIH 2 2.6.22 [RAKINZ. FTH 5 USB AHCHIAUSHLE drivers/usb H 3% M.
L1 ) Keonfig SCAFBEIARTE 4, ehci-hed BTSRRI USB2.0 # il 1 md i, &
KRG IEA LA BOER A, S B USBL.1 W& MSCHE, Zilid ohci-hed &
uhci-hed #it. WERIATABCE T EHCL, Bk A ImE A usb (1 BUAREE A . 0 R AR S
T usb BAL IR AGE KIS L0, AR TTREWUE OV BCE EHCI [ [R5y 5 0 B OHCI 5
UHCI. 2 /D4 DL HIE A2 AN 15 T A0 8 A Il 38 ) 13X A )

87 config USB OHCI HCD

88 tristate “OHCI HCD support”

89 depends on USB && USB_ARCH_HAS_OHCI

90 select ISP1301 OMAP if MACH OMAP H2 || MACH OMAP H3

91 select 12C if ARCH PNX4008

92 ——help—

93 The Open Host Controller Interface (OHCI) is a standard for accessing
94 USB 1.1 host controller hardware. It does more in hardware than
Intel’s



95 UHCI specification. If your USB host controller follows the OHCI

spec,

96 say Y. On most non—-x86 systems, and on x86 hardware that’ s not using
a

97 USB controller from Intel or VIA, this is appropriate. If your host
98 controller doesn’ t use PCI, this is probably appropriate. For a PCI
99 based system where you’ re not sure, the “1spci —v” entry will list the
100 right “prog-if” for your USB controller(s): EHCI, OHCI, or UHCI.
101

102 To compile this driver as a module, choose M here: the

103 module will be called ohci—hcd

160

161 config USB UHCI HCD

162 tristate “"UHCI HCD (most Intel and VIA) support”

163 depends on USB && PCI

164 ——help—

165 The Universal Host Controller Interface is a standard by Intel for
166 accessing the USB hardware in the PC (which is also called the USB
167 host controller). If your USB host controller conforms to this
168 standard, you may want to say Y, but see below. All recent boards
169 with Intel PCI chipsets (like intel 430TX, 440FX, 440LX, 440BX,
170 1810, i820) conform to this standard. Also all VIA PCI chipsets
171 (1ike VIA VP2, VP3, MVP3, Apollo Pro, Apollo Pro II or Apollo Pro
172 133). If unsure, say V.

173

174 To compile this driver as a module, choose M here: the

175 module will be called uhci—-hcd
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Figure 4-1. Bus Topology
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TP E AR s KBl o 102 PR R B A OG,  Bll xe I  E BEA K s R
USB SRS iSRS AT A IR L. XHLKIA A RIRENT, —HWERER)L

13



RGEL MR, ORI DX L[S DA AN X A 5, FZATRIR T T RIS .

A A UK A B LR, AR EATHT 2 0] 2, F2eIE S I AR AN .
FEHXIL X =)=, Host Controller HMERAGE, HMELEEA USB IESE, 7RI
USB B EMURIEAER], HoEfRm eI, Bui2 eI, SRR, BRI .
BAMBARIRZ, AFFERESR, AFERAOIE T AR E.

USB WHL R & IXINEE GRS T =), HSLATT DR AT E R —FE AR AR, HEhT
SR T ENLZIAAE E YK, Host Controller & Fff)&— 4 hub 47 hub FEff USB
device, II7E RS HIHR LB A4 21818 )L, hub I8 &M &A1 A #HE—ANAN ) usb
AR, HRAE BN BRI Th AL . B FORIE A ULE]. SEARI = A BN
IR, AR A2 I — 2 2 2 DR

LBl TH ML 265 1) 2 S0t o PR FRAT TN I AR 25 5 (il Y 5 B0 R e ot UK A7
Host Controller 1% #%#) Bus Interface 2 [f], & e Lr, Wi eRm, w
FAES BATUA T 2t 2285 LAAER), e e st & Rm, s T @ LR T —
BRI T, G4, Gks, R, mHEREm 2.

FH USB WA SR At Th R A B, (HZT I EHLE) Bus Interface #12&—31, FHLE
AERl, AT H T DURTE RS RS, BrLL, ST 5 A B IS I R A F A A
COm G R, XUE BB AT R ILAT ), AR AR, FAIAOE LS E A
R, A2AMAELET, AMAIET

R BN B AERAE— A ? BTSN O IR TE S T, ANk SR
H 1) compound device #5EMELL T . A, JIRAAFERT], S ARSI,
compound & XA AR & ? S, A USB itk A, AMUNAH compound
device, i&fi composite device, fijf i F OLTIETERMEER AT A, 5t
WA EATR S5 4 T . compound device 2 FE4H hub Fi%AE hub _E i % da 5
e BT KM%, 1 composite device J {0 &I 2 AN B A . M EERL
A EE, —4 compound device FIHMF— hub $RJ5IEHE T £/~ USB 452k
1), ERMIAET hub A& NS A& A COLHE, i—4 composite device 1
NEHAGZ DO, BERAT— Mt
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Figure 5-5. USB Physical Bus Topology

LT A& ¥ 4E host controller /2R L, SIS SESEAELE MBS b, KT RG AR,
WHRX AR, I hub MR & #ecE & — M MEE®R S, R elA ki ks
FefE root hub bF—Ff, Sh[lkE, FHIEGE, PRORWLRE R, TS T .

Figure 5-7. USE Logical Bus Topology

—AN USB A5t & — B S (endpoint) HI4ES, &5 BHLZ A R4S R AELE 1AL
(1) — AN P DX RN 2% b 1R — ANty s 2 [A], T8 7 R AL S At o = SR A 8 T 1) — i 2 R AL
AN, g A IR A
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Figure 5-10. USE Communication Flow

KT Interface 2B ARIH? 3X BT GLUIE, SOEACHS B A (1S 2 FaE 3] . USB
Ui R ARG N T Cinterface), —AMEOMRER—MEARYEE. ARRSERAZANED, &
USB 75 ds it 05 — AR VR — /NS i Bz 1 o 6 PAZ L — AN 1 2006 N — /N IR B e
J¥, USB #5251 linux HLf AR SIFE T . BIHAC 1, vRAX A, —A
WA AT LLELE 2 AN 10, — AN AT DLEAT 2 /N0 5, 28R LU FRA 12 RIFEAMUAE Tt
AV A2, AU IR S, B R B AkHE.

PAEC LU T USB I SR AR R AR S LU A K 22, b2 U AT L=, BE2
ARZRIE S R CRS — BRI . 0 T 20X A D SRR 21, 7 f S R G e i 1) «
UFRTTUR T

TFRRITIE T

FHE B A AR T, RATSOME T, ABJEERWATLR Z /MR B SRk 7. 2
L EZAPINER

B REORFHHAS AN, B RABTE—FE . WERZRE, A RIMBILH), LTl
DLAIAK T NAER IS — KBRS . DT K

A TR AL HRIA AT, AT AR IZ TG T

KUVEMS H B, TR S A LI T, 298, B G Z AU, s B 2.6.22
FRAKIARZ T« BB EIHIE, A, BRRIIAS, ARIHAS,
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FERXAT A AR R LB Rk D S i 2], BRI AR FE LI s B, A2 sid B3 CEI
TRTAr 4, Frbl, Hst3dk drivers/usb H¢ FiE—EEF—F-

atm class core gadget host image misc mon serial storage Kconfig
Makefile README usb-skeleton.c

I 7iv 4 [0 485 Sl TR 10 AN H s A1 4 4SS0 . usb-skeleton.c /& —AN#j #. (¥ usb driver
ORESE, BOGER M LLLBE, BRI, ClR T A T RMARER . 84 B 5 M iZ A4 2
WRMEE R A ppmm, RESEEER . BEEHE? R E RGN NI &G
AN . AN IX B ) N % R — A%, B2 Keonfig. Makefile. README.

README LA 5% T IXAN H ok T WA — BeEfiig, ©ARCH, PRI 7 if. HUT,
AT 152 M 15 P MK 4 AV FR TR P, 35 LK BT AN T RETE SN+ 210, T LUK A G
IR LA A2

23 Here is a list of what each subdirectory here is, and what is contained in
24 them.

25

26 core/ — This is for the core USB host code, including the
27 usbfs files and the hub class driver (“khubd”).
28

29 host/ — This is for USB host controller drivers. This
30 includes UHCI, OHCI, EHCI, and others that might
31 be used with more specialized “embedded” systems.
32

33 gadget/ — This is for USB peripheral controller drivers and
34 the various gadget drivers which talk to them.

35

36

37 Individual USB driver directories. A new driver should be added to the
38 first subdirectory in the list below that it fits into.

39

40 image/ — This is for still image drivers, like scanners or

41 digital cameras.

42 input/ — This is for any driver that uses the input subsystem,
43 like keyboard, mice, touchscreens, tablets, etc

44 media/ — This is for multimedia drivers, like video cameras,
45 radios, and any other drivers that talk to the v4l
46 subsystem.

47 net/ - This is for network drivers

48 serial/ - This is for USB to serial drivers

49 storage/ - This is for USB mass—storage drivers.

50 class/ — This is for all USB device drivers that do not fit
51 into any of the above categories, and work for a range
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52 of USB Class specified devices.
53 misc/ - This is for all USB device drivers that do not fit

into any of the above categories

drivers/usb/README SCHEsi ik TR 1s 4 H I8 10 AN SCERE. a4
usb core? Linux WZJFRFAT, L1157 24805, Hosiil—20mige, huli
WA IR R PP RS, LLan g A7, LRSI — S8 i (1) B 4 A0 2 75 BRI A JL 1 R 2L,
IEHAE usb core. WHRETERIE, MM ST IRFERIE B 52, T an 4 AT TREL I
e MR E IR BE RS A [FRE, SR Linux W, JLERIIEAR R INA RXBA R IR
I, EAME A RIX A B I drivers/usb/iX AN H ok R TR 218 £ X4, usb
core 5 H A KA G A& KSR P AR HEMIAE X BL, 5ok, BRI TMAEL], BZ
EH NPt . T 27 drivers/usb/ H 3 NI K T —A core Hk, @t &1L
CaARES,  EEandIAHEA usb R4, #IUR1E root hub, #J4H1E host controller RS,
Ak 24 host controller AHSCHACR L IEAEE T— A Hk, M host H3k, XZKN
usb host controller FEE MK JE, WA T 1 JLF, AFRRITTE IR A —H,

B LAWE , 1134 T4 — 4% host controller A 3L [RS8 B 7E core H3& T, Ifi—%4 % host
controller BRSNS 2] host H 3 F (il 71 51 %%l host controller [P A L4E47,

JE4 usb gadget J8? gadget [ 7 Uit &R A, FEpe N FNEAT linux ik
AR W%, W PDA, &&AGA USB &= Hl# (usb device controller), w]LL¥ PC,
Wit 2 AT host 124 master i, FHIXFE B %AEA slave difil PC ik USB @471
f&. M host B EKE, TEHLRZN USB WA F#HE AL P 1) USB %4, I usb
gadget [FEXZFE 74 fil S B A& Wl /R 5 —A> USB W& M ENLE S . thdn, FRATHIRA
AT E3CFF SD R, W RIRA A B TiE I USB &3] PC 2 )5, XA~ SD R
AR U 3%, A8 amt 2l usb gadget 244 5K 50 .

gadget Hsx T RMERERS 73 A PIABIER, —AN& ude B8, AR E AR cpu 1 &
1), WERFRANBIIL R, B2 A ASEH. Hoh—AVwi g gadget K5, 247 file_storage.
ether. serial &. H4MNAFET USB gadget API, Rl USB ¥ 45 #3ffi{4:F1 gadget
IKFEAE L o PC JJIRSs 48 HA USB NI GIZAELE, EM1IFAGEE N USB gadget
FELE, A TR, USB W&l i g AR s B b s g v, A& A ohee, U
B WRSE, HHBIX RN USB Wil ae ok 5 EMLER:, JF H&r&mhIae 2 mnr LAY
e, Eotnm] DUREEIEREAE N U FEm R4,

T F LA H 3 11 RIZE 80T %55 USB e 1K), U BLI9K3I7E storage Hak 1, fill
F5E AT USB B BRI IR BN 7E input H3x F, 2585% . ZUl-— FIZ&, Usb Bl BT
R BB f S LRSS, 05 T & AP FE ) Class Phill, FR A AR DyGEE X%
H RS DV BAR ) B2 I EdE A HAs AN 2. 1X2E Class PR AER 2, &
WL EL SR U S IhfRER) Mass Storage Class, PRI ] %8s 22 #:00i% : CDC class.
HAMAEFE Audio Class, Print Class 4555, #ig L, R IXLE Class, il % H
IR BEAE SEIN A Fh AR N BhE. {HaE, 1EWn Mass StorageClass KM, fifg%
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AN TR U SRR I A R G I I IKEN R R A, 6 U AR A
THCRIIHESNE, il HEiX 2 Class &4 T [RFER) H .

FAT T README [FWFRR, " AF45 T T A TR, ik e AT T ## T usb H s B
AP R IRATE AT ARERI . BIIAENE, AR Keonfig. Makefile Wi/~ 3Cff T,

EAT IR EE A AFE A IR ? AR TN AR VY SR XA B iz 1) B A B Jm 52—, 3Rl
TR B B AR b n BRI BB AE Linux WRZITEFEAUS LA 2] —42
BESGI KL, K AT A A AN 4y o FRATI 250, I i R i, s
A o B B &P B A, AT A E T IR TA A 2 TSk A Wi Bk AT AL e B AR 1)
ErIE b o BPSEAESE P HH 25 U0 (R IS i — ok it SR s i Se R ], AR T, XA B
2K, EREAZIN, AR AR, Ada, MARREERS, TR
R AR, AR R Pum Sk, TR SRR 70 AR ST, AL BRI
W /DR T, BAEEILGE R, — AN AN s TRk, g gl ARk T
Kconfig. Makefile g /Z linux kernel K& BLAHLE], AT 1RERN I kernel S8 T H G
(RIS — B ACRS N, #ENAZ 1 56 B F H s T RIX A3

Ak, XEARBAE, MRS H EstaT DUE Hk, usb core & MR ZOGHE ML,
WA Keonfig. Makefile SCAFIINZ T .

AN—FEH] core

AR R AT LRSS B S V7 RN R A AT RS . MR

HIESRALEM R YN A TR R S . BB BRERE. KBPEEGR IR e, —
H EALAEIRI L IR, AEERIEXIE L A . B I RO T AR [R5
PRI R CDAPCEE M RAE, —MCKE LT AR A —HE
Mg, OIS AR L BeA—FEK core, BEIA—FERIR !

TEAEAR) s W, TSR, ORI AR 1) o A A ARIERE R ?
R, A T, R U NS AEULUE T S 2 E R RS, NRE RIS T . I core
T W, ARG, RGBT R ORI R L Al DI FER

fERIf 4 Ismod, BHEHH, RIFHIX 4B usbeore, RNEUIRIEAE, AL
HIER . ERAA? St &R BB usb REMZ0, R EAE linux BAEH usb,
XML AT ), 34k, R 1%4E usbeore A —47 1) 5 i & £ ehci_hed 5% uhci_hcd
KEERIZR AR, EAIE RT3 usb host controller [IBKANRILE, #RiK usb ¥4 2 1 4F,
£riG Y usb host controller FEE A ENATT D, Aik, TAATIX B 3 A 142 usbceore.

usb core 37T SEHL— KL HITIRE, ol A& ISR PR AR 5%, R A— DT U5 IR AN
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e USB BRI L, AN 7% 1B R 40 4R /2 /E WA host controller. % T core. host
controller fl driver =34 2 [M[F15¢ R, &M 1dd3 BT KR UL E .,

Vs blod: Het (har 1T

la [ layer | layer o
wla:relm :mer.ﬂ. ' Keana

LIS Deice Drivers

5B Cora

1I5B Host Contradlers

Hardaare

driver #il host controller A4 core I AMREE? W IMNE, IXT A& core W, PRl il
Ut 1, host controller (33} (HCD) @4 T USB A N2, AE/hisfiiid 1,
WA ZRA T g M P X ANE 7 (4 B — )2 . HCD #24t host controller i#7EH%, K
WELEII 47, 45 host controller 2 R &#3 ) USB KT i 5 2 #4211 USB # 4. I HCD
WA, W= AN0n50, #Ef1r USB core, USB core ¥ /7 1 sk w5 21 4H
K HCD, M AGEAE#EVI I HCD,

WHAI1S USB KB Iz, KA T core M2 11, core 22 MEA 1)1 Sk K IX 45 A1V () HCD,
FHAE AR RAIXA—f =4, core MWANIZERR T R4S TAE, linux [P
FEAERANVETE TP AN K —FEI0 2

sE# drivers/usb/core ®.%, ffil Is G —F,

Kconfig Makefile buffer.c config.c devices.c devio.c driver.c
endpoint.c file.c generic.c hcd-pci.c hcd.c hcd.h hub.c hub.h inode.c
message.c notify.c otg_whitelist.h quirks.c sysfs.c urb.c usb.c usb.h

1 we =l 241l — 1, BT AT, core A core, I RFERERIMMOX A%
3, NI AN ISR, 34 F— UL O 2 R Z BRAR R 1E) Y /O TR R AR PR A HA 1R
Linux & Ja B2 2F e AN 2 NRERATTAERE P AN —FE 2

AR A2 S A R AT T O, W AE ) b, e E kR B A
P NokiZE4E. SEEE Keonfig SCIF

config USB DEBUG

4
5 bool “USB verbose debug messages”
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depends on USB
help
Say Y here if you want the USB core & hub drivers to produce a bunch

of debug messages to the system log. Select this if you are having a

|»—A |© [0 [ o
(e

problem with USB support and want to see more of what is going on.

XJE USB iIX tag, WIARIRES USB W dkshiih, mifitedTren, Ay
WA TATIERE LT

15 config USB_DEVICEFS

16 bool “USB device filesystem”

17 depends on USB

18 ——help——

19 If you say Y here (and to ”/proc file system support” in the “File
20 systems” section, above), you will get a file /proc/bus/usb/devices
21 which lists the devices currently connected to your USB bus or

22 busses, and for every connected device a file named

23 ”/proc/bus/usb/xxx/yyy”, where xxx is the bus number and yyy the
24 device number; the latter files can be used by user space programs
25 to talk directly to the device. These files are “virtual”, meaning
26 they are generated on the fly and not stored on the hard drive

27

28 You may need to mount the usbfs file system to see the files, use
29 mount —t usbfs none /proc/bus/usb

30

31 For the format of the various /proc/bus/usb/ files, please read
32 {file:Documentation/usb/proc_usb info. txt>

33

34 Usbfs files can’t handle Access Control Lists (ACL), which are the
35 default way to grant access to USB devices for untrusted users of a
36 desktop system. The usbfs functionality is replaced by real

37 device—nodes managed by udev. These nodes live in /dev/bus/usb and
38 are used by libusb.

IXANTEINSE T usbfs ARG . usbfs ARG+ 44 /proc/bus/usb . (mount -t
usbfs none /proc/bus/usb), ZIR T UFNEEN USB W& K SIS B, R Es
1) USB WAL — /N R AT HIE . e SC - /proc/bus/usb/xxx/yyy, xxx
FoRBEIFS, yyy B BEAAE Rl AN ARGE U S A R R e M 1) ¥ 4%, A
R TRl 2% P R FNS B (8 SCAE T RE S ANIR], b, 28—V — AN s i, e nT g
002/027, —EWFA]JG FIERE, BT Rt 4 sUEh 002/048. Hilf L F AT 5 i
() mim AR ARG R4 T AN GEAR, JROAERTI, R 22T 100 SR SR, $1I58
TR ILE G A, Wt R BUR A YER],  ARARIRARZE T TR 100 RS, BiE—©
IR, BRI ER. usbfs if UFFASL RIS T, USRI HF RIS 2 M 1
7 L
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74 config USB_SUSPEND

75 bool “USB selective suspend/resume and wakeup (EXPERIMENTAL)”
76 depends on USB && PM && EXPERIMENTAL

7 help

78 If you say Y here, you can use driver calls or the sysfs

79 “power/state” file to suspend or resume individual USB

80 peripherals

81

82 Also, USB “remote wakeup” signaling is supported, whereby some
83 USB devices (like keyboards and network adapters) can wake up
84 their parent hub. That wakeup cascades up the USB tree, and
85 could wake the system from states like suspend—to—RAM.

86

87 If you are unsure about this, say N here

KT A7 K usbh WA IR AKE . IFRk USB I AHZ 5 U BEII LA 4% 1, T ARSI
HUME 175 DA B b IS RS AR, R O TIERIT A K, B R AE 4R E 1Y
I, 3ms I, WEREAT A A B 2t 2t AR . e i) non-idle 1)
FOSI, e, X HLPIE N, AR AR IR, DR B B iR
MANGEF s AR, RNAZWIRA BOZX ), UM ROEATK A FAR . LM USB
RS o ANIE H R U8 YA HEES IR 0 S5 M AR AN KL, 1Mo HLVF 22 1) USB B kA1 2
R, B HAAELT .

R EEEAT LI AR SEAIERREAKR, MERHEEWE, E2HS Makefile. HiTh,
7 AT/ Makelove, FHXANKISCEER T, KRR SRERAEEIIN, A,

5 usbcore—objs := usb. o hub. o hcd. o urb. o message. o driver.o \
6 config.o file. o buffer.o sysfs.o endpoint.o \
7 devio. o notify.o generic.o quirks. o

8

9 ifeq ($(CONFIG PCI),y)

10 usbcore-objs += hed-pci. o

11 endif

12

13 ifeq ($(CONFIG_USB_DEVICEFS),y)

14 usbcore-objs += inode. o devices. o

15 endif

16

17 obj—$ (CONFIG_USB) += usbcore. o

18

19 ifeq ($(CONFIG_USB_DEBUG), y)

[\l
o

EXTRA CFLAGS += -DDEBUG
endif

N}
—

22



Makefilen] LtKconfigfiiig 2 T, FrllGEKWERDI A, IS EE I money i £ Bif,
B ARGt . X L2 B L4 HEBLCONFIG_PCI, &K i USB(#root hubfu &7
—/NPCHE &, B B T . hed-peifhed B4 1y & st 41iE & ihost controller
(1, AT T host controller A3LER 73, #2Uh UL UL EATH ZHCDI (HCDI A 3%
1), hostH 3¢ FISZHL T & FAS[H (i host controller, FAATX AR E 4 21 3] B fAhost
controller {523l . CONFIG_USB_DEVICEFS i [fij f) Kconfig X {4 Lt WL 5] 1, =T
usbfs(f), T4 TXEAHHL LKA E, il inode.cfl devices.c AN SCAF R AT LA
HET.

EAFENK, &4 core MRS JLT-#0 75 BOGE IR T, IFRAWEZ KT, A
HE, XHEAGHZE usb ) core #B4r, JEEMIRZ KIS MANIar, Frel s gnr bl
AR

MX B ITI

AR/ IRAT T D O ik ADRAE T4 VRS8N 5000 kiTT 4R« fbAl T T 4R 75 22 AT Y
BAR, BMITHOREE -GN, Rk, FEEILSOMIL, AR RS
WM. ARG, WES, TEWARS, BYEITHR.

USB core )\ USB 7 RZMAIIALIT 4G, FATRREMM LI, S fml a2 X
eI S, S B AR P AR L, IR BAAT] core USRI A RS
BT T 74t

usb T REHIIEAAE L drivers/usb/core/usb.c B, DR MEATTIX LI 3= 8k 42 usb
core, AR H G423 core T HPIMBAN S, WA drivers/usb/core/iX 4 —
KBEHXAT .

938 subsys initcall (usb init);
939 module exit(usb exit);

FAE 2]/~ subsys_initcall, ‘&2 A%, AT S 2 f# A module_init, HALE
PR AR L R L, TERENTHEEEE DT RE, MAAUE — M, X AR I
Hif#, usbcoreiX MREHUERERIIA RIS, 2T usb i £ i UL A7 I ik,
Linuxth, BUIXFE— NN ERAEISBIHEEH— T RG. pei© R4, inscsif &
gt, KA L, drivers/ B N —JZA HRHH DT RS, BEYENGET K%
#% . subsys_initcall(usb_init) & flh 2 5 Vs A Tusb_init2 JATT 5 E )46 40 R £,
Musb_exitQ)¥ &N usb 7 RA ML R G EER L T2 AT Musb_initHFiaA i .
ETFRGANZEEARIE, 20 2linux i &80T, nTULAEIddS, s EEEg .
Harkit, HANRATFEMNE T REET BonfEsysfs/r 24P IImE, Wik &1 R4
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X vi/sys/block, HARMWA—5E, usb T RGN k2 /sys/bus/usb.

860 /*

861 3 Init

862 */

863 static int  init usb init(void)

864 {

865 int retval;

866 if (nousb) {

867 pr_info("%s: USB support disabled\n”, usbcore name);
868 return 0;

869 }

870

871 retval = ksuspend usb init();

872 if (retval)

873 goto out;

874 retval = bus register (&usb bus type);
875 if (retval)

876 goto bus register failed;
877 retval = usb host init();

878 if (retval)

879 goto host _init failed;

880 retval = usb major init();

881 if (retval)

882 goto major init failed;

883 retval = usb register (&usbfs driver);
884 if (retval)

885 goto driver register failed;
886 retval = usb devio init();

887 if (retval)

888 goto usb_devio _init failed;
889 retval = usbfs init();

890 if (retval)

891 goto fs init failed;

892 retval = usb hub init();

893 if (retval)

894 goto hub_init failed;

895 retval = usb register device driver (&usb generic driver
THIS MODULE) :

896 if (lretval)

897 goto out;

898

899 usb_hub cleanup();

900 hub _init failed:

901 usbfs cleanup () ;
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902 fs init failed:

903 usb devio cleanup();

904 usb _devio init failed:

905 usb _deregister (&usbfs driver) ;
906 driver register failed:

907 usb major cleanup();

908 major_init failed:

909 usb_host cleanup() ;

910 host init failed:

911 bus unregister (&kusb bus type) ;
912 bus register failed:

913 ksuspend usb cleanup() ;

914 out:

915 return retval;

916 }

B B L SR __init FRd B, B IRENNAZ AL, e AR B S — R R,
R s BAAERT IR AR, AERER B2 5, e T I DR S B T A e A
ERRRIRE, TTORKIE R, A A, Ak N, e A e —E
- H MR AR, wgfg st e R, BN USB 7RG ER.

ZIXPRE TR, FRAAFIE ST LB UL 2, 21 A R AT /NG, SRR
RN X init 12 XAE include/linux/init.h 5

43 #define  init _attribute  ((_ section  (”.init.text”)))

IHEX R B 2, At inithlb, XS5t A, RAIEE RIS/ R
REVUGHM. B4 attribute A4 ? Linux WAL H T KERIGNU C R,
PLETGNU CHCM BB 4n 3 WAL I ME— 4w i 5%, GNU CHIIX Ly e xRSt HArLS
AiJas Ay gt TR S fF . 1 __ attribute_ 52X Y A,
v A R P ] R R 1) v, X e M AT SRR s g B B B A TR v T T (A A AN
FAFAN AL R A . GNU CZHHJLANE M, sectionZ i l—4, i1 & A geel Tt
A LA B R T R

‘section (“section—name”)’
Normally, the compiler places the code it generates in the text’
section. Sometimes, however, you need additional sections, or you
need certain particular functions to appear in special sections
The "section’ attribute specifies that a function lives in a

particular section. For example, the declaration:
extern void foobar (void)  attribute  ((section (“bar”))):
puts the function ‘foobar’ in the ‘bar’ section.
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Some file formats do not support arbitrary sections so the
‘section’ attribute is not available on all platforms. If you
need to map the entire contents of a module to a particular

section, consider using the facilities of the linker instead.

TH O 1 2 pR BB  text T, AR Y . data 5 .bss 7, {1iH] section JE{E, AILLiE
G BE AR R B SRR FR E I IR A RTINS _init 158 SR e AS 1 AR RS ik
FE.init.text Y7, EEz A AT DUEAH R RS s s e HEE i, thn_init (B T AR
T HR oA init.text 7 H, YIRS U5 5T LUBSICZ B 73 N AF -

TRAAZ S T i XL init 2GR B 2 drsr DR R EIN IR B T, ZR iR
HURIX A RORN, iR XA Ok, _init §EME A EASWEANEAE, K
UMV T, FPhbl, T HHERBINELE T, A AR Z DR B CE 2 R
I e A, XM R, IR rp, RIS M
AR Z M AT DN IFI T4

BRI IXAN )8, I FF 2RI — T~ ki 938 1T A, AR H O 44 3] subsys_initcallth &
—AN%, Bt AfEinclude/linux/init.h B 5E X

125 #define subsys initcall (fn) ~ define initcall("4”, fn, 4)

KHENBIL T —4% _ define_initcall, ‘&2 HK¥ 45 @ 1 R EdRE fnji Blinitcall.init ™y
H, WAEinclude/linux/init.h XA HE L, XEBAZ UL T, ARSI Bl T . xS
T-HAKM subsys_initcallZ, W24 fnjd#].initcall.initf) 175 .initcall4.init B, 27
4 .initcall.init. .init.textfl.initcall4.initiXFE AR 4, BATEFTE T fE— AT AT
PEAHOC IR o

PIAZ AT AT ST RV 22 B e — I I S SRR e S SCPFEVE 27T, WSCAR . i« init
Hdhi . bass S5, IXEE GRS H— MO REEE AR A IR SCAFRE B R RN 1) o XA
I A5 TEIAS 1) D) BE A AR G SCA IR 4415 LS 2100 H SR s R0 ilm B, e T A A %
SCAH S A ) R — R AT AT SR, A% R BT SO I A% T N B R e bk AL .
vmlinux.lds JEfF#E T arch/<target>/ [N IIA, B R oTaE LI %
AT TN N AE TR E I AL

WA B RTGER R Z T 2, R, PN, U E I 5 BT T
arch/i386/kernel/vmlinux.lds 3CfF, fRmh4 WAIFT AT A WL S % . 3T LA ST,
P T IXA A T/ R, AL RKEZIEAN, B, BT DR T A
(R4 2R initcall.init, AR5 82 BB AR A 2%

~_inicall start = .;
.initcall.init : AT(ADDR(. initcall. init) - 0xC0000000) {
*(.initcalll. init)
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*(.initcall2. init)
*(.initcall3. init)
*(.initcall4. init)
*(.initcall5. init)
*(.initcall6. init)
*(.initcall7.init)

}

~_initcall end = .;

XHF_ initcall_start &5 H.initcall.init 4G, _ initcall_end f5In'E 4R .
fMi.initcall.init 75 X458 T 7 N1, 502

.initcalll. init
.initcall2. init
.initcalld. init
.initcall4. init
.initcallb. init
.initcall6. init

.initcall7. init

B subsys_initcall 2 & K45 i 1 s Ed R 51 e T initcall4.init+15 . g b
core_initcall ¥ & %t 45 £ % 75 .initcalll.init 7= %%, device_initcall ¥ & %% 48 &1 % 75
T .initcall6.init 715445, # Al Ll include/linux/init.n SCAR B eI e Lo AT
(NG 2 1, BRI A L initcal | L. init (1) p& 25 750 H L initcall 2. initH 1 e 2 FR 1
S, INItIBIRI YIS R B P AZ I b R R R U AL initcal L init 1y B pR 2 d
BRI AT G, AR IR R B e A R 7= b, Bt dee T e T .

TSR HAT R ECH FH L TT, siAE/init/main.c ST, NIV 4, A7ETR Bk
REAEMBIL, T do_initcalls % HEH 21X HL¥)__initcall_start. __initcall_end
KAATHIW, AZULT . S CENBEIAKZIERCR T, d2m 2 AR usb_init
PR LR

[Tk

FEZNG . WIS IET e H LIV, kD TR S SR 2 )5, AR A I T
20 NI IR AT 2, LRI B T AN RORE Pl 2 6

[ R FAEREZ AT CIH2h), AL MRS, EREMER—F. MtAasBEE,
RAEFFOHERON . AT T AA 2, A 3] usb_init, 4358 usb MZh R HRs %
PUIRIE . 28R, A EATE LRI RN OIS0, s 28 P o 252 i i KB
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NCHLIE

NAEAE W AHE R WIS, (HARANRER Dy i 2 Lo DOy init 450] 1, usb_init 7£
A 2 B D7 R A I IR, AT R, EE iR H et A1 T ## usb
T RGN ML i N BRI, T, AR R, RATAS MR- RN, AKZ
(KPR Rk £ 25 A o

865 int retval;

866 if (nousb) {

867 pr_info("%s: USB support disabled\n”, usbcore name) ;
868 return 0;

869 }

866 17, % C i 5 M A#AHIE nousb f2— Mk, HERHEIRER R —FERRE,
XL nousb A& AR LETRATITE JA 21 A% B IHgE it 9 A% 280 -0 USB ¥ R 481, linux 4k
SR MRNEA S, eSS LB A USB, —P)# A OCTFIRATH AR 2L

AN BARTRATT— ok i A2 245 52 nousb (IR, BESEE B A R AW % . WERIR TR
5E T nousb, A &AL —f) “USB support disabled”, #XJ5iE H usb_init.

867 17, pr_infoll & —NTEUE BRI, printkifI284&, 7F include/linux/kernel.h L&
M

242 #tdefine pr info(fmt, arg...) \

243 printk (KERN INFO fmt, ##arg)

AW ARSHOZEALG N7 MBS T, A2 Mg, A7 2i0E. 99
(¥ 1SO C #rifE ME T IS Kk, M EnHiER el 4011

#define debug(format, ...) fprintf (stderr, format, _ VA ARGS )
B <7 siRon] B s4, HHN, el a RS ARER_ VA_ARGS__. GCC &
ST WAFRE AT — L8, SRR AL, WU ARSI LT, A NIXMIE R
LTINS

#define debug(format, args...) fprintf (stderr, format, args)
AR WAFHR G T T 7 T4 FERRBES T 2 AR HEAIT pr_info LB
T2 BT CHAE, BTERHNES N BRUE AT RS, ML SR
LA, BRI 2, 2RSS, BOl X FEEE RS SR R ##
3877 Z A s e, Ee

debug ("A message");
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FIETF G, WK PR R IR 2N 2 RINE S o XM GIRNAZAR N, B R
T A WS PGS LA 2 RIE S

871 retval = ksuspend usb init();

872 if (retval)

873 goto out;

874 retval = bus register (&usb bus type);
875 if (retval)

876 goto bus register failed;

877 retval = usb host init();

878 if (retval)

879 goto host init failed;

880 retval = usb major init();

881 if (retval)

882 goto major init failed;

883 retval = usb register (&usbfs driver) ;
884 if (retval)

885 goto driver register failed;
886 retval = usb devio init();

887 if (retval)

888 goto usb devio init failed;
889 retval = usbfs init();

890 if (retval)

891 goto fs init failed;

892 retval = usb hub init();

893 if (retval)

894 goto hub init failed;

895 retval = usb register device driver (&usb generic driver,
THIS MODULE) ;

896 if (lretval)

897 goto out;

871 F| 897 XLLAT ZAML HLAGHELL A, AHALE init AFHRLA N A, IR BARHAGRAESE 18
Pihate, W2 usb_init AESTARASIT AT I 4. IR HLERIAKIB T,

871 17, WIHE BT . WIRAEGEN N KA TP BRIEE B, mat e ik e X
CONFIG_PM, ‘Etfla A,

874 1T, 1 USB gk, HNAMINEE USB Mg T A EMA ARG, IA1A T LA R IX
DRI IN USB Bi4%. T BB RVLmIAL, ey HEsSur iy T, 8o
T, XANEEBERFRIEILL linux B2 RS .

877 1T, W4T host controller fCHIL54k. .

29



880 17, —MEfrfpgthit — B, LAURMGEM, [N USB il i ik #3471l 5k
D, XA IR T AR R

883~891 17, #E4E usbfs K HIWILEL
892 17, hub ¥&tL, EANKANIET .

895 17, /M USB device driver, $UFiREEEE T, /& USB device driver IfiA &
USB driver, Hiffiiid, —MR&ITUA 2N, AR O NAE WK FE, X5
JTIE I device driver X &8N B4, AR D . WIZER 434, Ht USB
XIUAEINZ

T (0 JUATARRS AR A2 AT SR IR BR 1, ushb_init 1X AN 1) R AI0CE 7 2808 FRATT 1 A5 B2 1 e
ML ARTI L T, ARV ZAT A7 B E : IXWIEE FBe Ui A0TF 28 (M. & RS 73 S
BB, REHE AR, H2 DA BT R

B, SOAERY

FIRAE, A A PIRE ARV il NS, — N2/, — AN linux (B8 f

A,

BEA 21 2, N RTJC AR E SO RO, B TR AR, A linux (1
AT IR O S — A, Lk N i ) 2B AR VF 22 4 ok

L3 usb_init 5 BATTR R T LR O, RERARGOE AN, AR AARIE AR IS,
WA ARk BEMMORIEDIL, EABERZSCI— T linux BEEHM . K405 H
Wil 7, R ARAR NSRRI D TR, AN AR BIEARATRI T BE -

Jo A7 i S SO T e A AR S0 T B ORI, RIEATTS SRS AN AN S SR i) AR, %
IR A BV e A S FAHIE 25 P2 170 FRUBRIB) I A8 e S e 2 Rt o e 2k 0
BIVHENL R0, iy LR R NSRBI A BT, R R W R B A 1, B SR W
ANBRBR NEALAT, BT LR SRR AOXR A 4R 2 iy FLAE AN, e AT AR T, 13k
T Z RIS ] =T DU AL, X8 o) AN AT OG0 15 SPGB0 . Zeid v
5 T8 1R WEAT T3 BE 6 1 ) A DL, B ] (10 v JEVARL PR DBV A0S 5 2L e 2 AR ),
ek, EAIHGEIAA T B linux B B 44 4

Mk, WAL IKE), WEtE bus. device. driver, FESRIE4M, (ENEBEHSHEIIA
CE B4, 1F include/linux/device.h H5¢ X,
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52 struct bus type {

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
drv) ;
71
72

const char

struct

struct
struct
struct
struct

struct

struct

struct

struct

struct

struct

struct

int

int

buffer size);

73
74
75
76
77
78
79
80
81
82
83 };

int
int

void

module

kset
kset
kset
klist
klist

* name;

* owner;

subsys;
drivers;
devices;
klist devices;

klist drivers;

blocking notifier head bus notifier;

bus _attribute * bus_attrs;

device attribute * dev_attrs;

driver attribute * drv attrs;

bus _attribute drivers_autoprobe attr;

bus _attribute drivers probe attr;

(kmatch) (struct device * dev, struct device driver *

(kuevent) (struct device

int num envp,

*dev, char *kenvp,
char *buffer, int

(kprobe) (struct device * dev);

(kremove) (struct device

* dev) ;

(kshutdown) (struct device * dev);

int (ksuspend) (struct device * dev, pm message t state);

int (ksuspend late) (struct device * dev, pm message t state);

int (*¥resume early) (struct device * dev);

int (*resume) (struct device * dev);

unsigned int drivers_autoprobe:l;

410 struct device {
struct klist

411
412
413
414
415
416
417

klist children;

struct klist_node knode parent;
struct klist node knode driver;
struct klist node knode bus;

struct device

*parent;

struct kobject kobj;
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418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461

char bus id[BUS ID SIZE]; /% position on parent bus %/
struct device type *type;

unsigned is registered:1;

unsigned uevent suppress:1;

struct device attribute uevent attr;

struct device attribute *devt attr;

struct semaphore sem; /* semaphore to synchronize calls to

* its driver.

*/
struct bus type * bus; /% type of bus device is on */
struct device driver *driver; /% which driver has allocated this
device */
void *driver data; /* data private to the driver */
void #platform data; /% Platform specific data, device

core doesn’ t touch it */

struct dev_pm_info power;

#ifdef CONFIG_NUMA

#endif

int numa_node; /* NUMA node this device is close to */
u64 *dma_mask; /% dma mask (if dma’ able device) */
ub4 coherent dma mask;/* Like dma mask, but for

alloc_coherent mappings as
not all hardware supports
64 bit addresses for consistent

allocations such descriptors. */
struct list head dma pools; /% dma pools (if dma’ ble) */
struct dma coherent mem *dma mem; /* internal for coherent mem

override */

/% arch specific additions */

struct dev_archdata archdata;
spinlock t devres lock;
struct list head devres_head;

/% class_device migration path */

struct list head node;

struct class *class;

dev t devt; /% dev_t, creates the sysfs “dev” %/
struct attribute group s#kgroups; /% optional groups */
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462
463 void (xrelease) (struct device * dev);
464 };

124 struct device driver {

125 const char * name;

126 struct bus_type * bus;

127

128 struct kobject kobj;

129 struct klist klist devices;

130 struct klist node knode bus;

131

132 struct module * owner;

133 const char * mod name; /% used for built—in modules */
134 struct module kobject  * mkobj;

135

136 int (kprobe) (struct device * dev);

137 int (*remove) (struct device * dev);

138 void (*shutdown) (struct device * dev);

139 int (ksuspend) (struct device * dev, pm message t state);
140 int (*resume) (struct device * dev);

141 };

BTN IR AT 4K, P LU ok T, AT RBVENTRSEIE R AT A7 X, #IRE
AR, P IE A KB H R K. ATHE SRR EARG, linux A WL 2
SR BAREER, ARSI AR KMEN T, AREAFKITFRA K . X248
AR LR T2 T, Bl Q AT AT 80 Ja F5 K DTk«

PHERNT 20 A, EEREaEi e, AR LT A I, AR AR A
B o A BB A Tk ) — AN, AR T, i8R BP0 = — R ki
45, A2 &I, struct bus_type it 47 i bistruct kset drivers Histruct kset
devices, [f] i struct device &5 14 1 4 P4 > i i struct bus_type * bus filstruct
device_driver *driver, struct device_driver%:iy i ¥4 fistruct bus_type *
busfiistruct klist klist_devices. JcAPifl4 iEklist. kset, Yo M& R I% T, EA1H
MR =R R BATEEDN N AR ? — i, — DI
i

AN NGB, RATATLLANE, struct device J flbus e /mix AN ¥ 23 SRS s 2k |-,
driver® /Rix N US4 4, struct device_drivert [{ibus& 75X AN S J& T4
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4k, klist_devices /X MIKF)H L HFRLE k2%, PKIh X Hdevice 2 B H, M ilist,
KA — AN IR ] ISR 2 AN e, T — N L RegE e — AN 9K3). 48R, struct bus_type
Hiffidriversfldevices A 7R T IX /N Ze A7 W LE 1 25 R AL UK )

BAEHE G, REEHA T . BATETTEER FH 442 klist. kset. i&47 L[ device il driver
iR LI kobject ZEME A2 MR — AN TR FKRIEZ T, BaTLLE 2% JF
I8, kobject fil kset #fi & linux & A& LA P R BE A I 0 55, 2R W% IRB & PE IR, kobjcet.
Klist MR, B HG RN KA SHE R TE R, AT RE 018 75 R
FOTE, EEEERT BT, kobject F1 kset AN TEE A O H CHIRK, BAHAAERE
SCAE TR LR L VA RBR B IR R ()0 G 2 B W A B b R AN AR 3 B 2RV TK,
fE R PR AN RIS & (1 PE .

— MR BNV AZIX A AR, A linux [ A RALUE—A OO0 IR RN, Mk, W& RIKE)
RS R AATE N S, kobject & EATTIIIESS, Prscilm Hog— S AL, kset
JE [T kobject RIS, AT LABEXT SR 4. FURPY C EATRESAT C++
HMK) class k7K. 4IE25 M, R kobject N BN % 45 Hy RS IXFE,
WA H] kobject &AM GOEIE R T — My 2 A AR, sl goEid 5513 X
WA A3 NBIER R T — N 2t A R —FF . kobject 45 1AL T parent 4,
717 T 75— kobject £51, HHEX/N 7 Z4 MM E—245 5. 1 kset J& il o B % ok sk
L, IXFERLRTCAR T, struct bus_type 5T IIEL G drivers FI devices R T—4%
MEAPISREER, —FREWRREER, SRR FAVAIE T S Zn W 8 454,
A AR BX AR BRI T 208, AWK RS FIX R

M aklist? Haze st s 7 ANMERM— Alest, 019 Bite G idER B LY, &
KAEF LN A, struct device_driver4i i) fdevicesil bt — ML, X
2k, PAAT I E SRR EAAT, WA, PO R HA IR A, IRIAE
WSS A7 AT /N R AT T 2 A MEE (1 63 Lo

A 21 A ARENE, —MAKRRMEAL, ANEUH AR = MR, Bz Rk %
DA BT o 2 2y B FHIRE) E AT WS W R AR AR 2 3404 5 B U 2R b R Y
SR IE B AT I o X BRI — N 2 ) R VR, B i, R IR
— AR, BB SRR, B M. L RGN I, PR T R £
H R A& E A struct device (48, &—XKH — AWK, siZfE%—A
struct device_driver &5 MA8 &, U1K LEAR B S 4 it AN AN (155 R, device i A
devices ##, driver #fi\ drivers 5. XFEEL DL BN RS, B K
8o AR, ARWTHE LR UG WA ENE A N IR S, AR &L TAE. ik, fifss 2
A IS HIAAT % s IRENALAS T AT o A6 A AT 138 WA 2 617, 0075 408 a [ i 38 (1) B
—ANPUBTER, — ASREBRE, YER A ETE AR, K Ae/e e ar i WL . T84 BN
Pk R Bt i (st L T IRVEZ AR R 3. devices TT4f% T, drivers JF4G% T, it
AP K AT, devices 1147 LEEE, drivers fi1—#2FEXK, (HAWATH — SEAF T,
ORISR E T A S
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WAE, B LMW RHROET T, XN MRAREDILCEH THAS, FRIBAIE? 5
FH 1Y device Hl driver MR IR R I ? 454 device it 2454 driver? 1RAJE A LLHT,
RS2 H AL, e 2 device, & A2 device ETHHNGshZ it
SAELF T, ISR E ARAERAE b, RETHRVUES), REERAIERGITHYIMG, BTt
RS, MBI, O HITE—A struct device 454, I HEEARZ T
devices #ER K, RET—ANIRNFETIGEVIGL, TFHEF ML struct device_driver
gk, REE RN devices #ER T AT, 2GR —AIEERAYE driver [
%%, Bl struct device H ] struct device_driver 851 A TR 4, RGBS LW EE
KA A MREIE, BRESEMPT XM R LS, WRE, B2l
device_bind_driver %L, RGNS N TR 2 0F. #rjufivi, 4 struct device
H1#) struct device_driver driver $g[71X4> driver, [fj struct device_driver driver 3t
struct device AR B TK struct klist klist_devices #E# 1K . #iXFE, bus. device
Al driver, X =3 Z [ v TP PR 2 0], SREGIER BT . miE bz —, wiagdk
BTN IR, RS

EIAERSNA T, EROER R HFR, AR5, BT —MHi 4,
nFHAddk . device W LATETHENLE ) UG EFR ABLE SO THEENLT o BRIk, AR MEFT A2 58
i device i 51T driver T A T fig. device ] LLLEATAT IS %I, 1M driver {5
A CATEAR I 208 gk, Brel, HELIIIG Olie, &% —4 struct device HEAE, "Bt %
bus [f] drivers B & S4B A Hn—F, RZ, % —4— struct device_driver it
A2, EEi 2 bus [f] devices iR T TR E IBLL R % WIRIKE] T HIEM, 4 ok, FZ
HOBFE WL — &, 1 device_bind_driver g8k, WIERAR], BWHKEFR, SHmW,

SR EACFTT, SRIXEEE, OFHGE, R LR AN NRIRFTER, FOEEEA 8
Ff e

B E MG KAERCHE RV, W PP B 2 30 ZHESEAENE: “H N HFERS
R, WOCINEL, SRR, AR, & T CSOEUET, AEEINCK,
St S SRR 2t i BEASE =4, SRS IR, AT Bl 1
BrBL FIEARRE T 25k

IRAARALART, £ A QIR /NG LB RO IR, M 202 AR T R KR
MG, KAHT, HKER. FiLT Linux &&RBRFEELE, 2Rk Rz
SR T

Linux ¥R ) Sk V% SE7E USB T A4 B /2 usb_bus_type, ‘B1fE usb_init %k
i) 874 1TV EME, #E driver.c 30/ H g X
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1523 struct bus type usb bus type = {

1524 .name = “usb”,

1525 .match = usb_device match,
1526 .uevent = usb_uevent,

1527 . suspend = usb_suspend,

1528 .resume = usb_resume,

1529 };

BRAZEMIEANSGE T, BEARBA LM, SECT O, IS E R, name 144
BEusb Rk Meis T, HIERMM—RIE =, AELH, A M. matchix /> k5 s
BB BT, BN T AR, RN B TIIRE) Z (M A2 P50y, AT AL
KBBS EHIESHR, AR EATT FT 4 A AR BRI H 1, (2RI E match 145 A A2 A8
ANWEF R, EESEZEREE . matchfg i T B4 usb_device_match

540 static int usb device match(struct device *dev, struct device driver *drv)
541 {

542 /* devices and interfaces are handled separately */
543 if (is usb device(dev)) {

544

545 /* interface drivers never match devices */
546 if (lis usb device driver(drv))

547 return 0;

548

549 /% TODO: Add real matching code */

550 return 1;

551

552 } else {

553 struct usb_interface *intf;

554 struct usb driver *usb drv;

555 const struct usb device id *id;

556

557 /% device drivers never match interfaces */
558 if (is usb device driver(drv))

559 return 0;

560

561 intf = to usb interface(dev);

562 usb drv = to usb driver (drv);

563

564 id = usb match id(intf, usb drv->id table);
565 if (id)

566 return 1;

567

568 id = usb match dynamic id(intf, usb drv);
569 if (id)
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570 return 1;

571 }

572

573 return 0;
574 }

540 17, @i T linux BRI, SHIANTE CLMRAZT T, IS B LPI%
BER LB R AIKS), B nT LA B R A EERR AR AR o S A T e B0 (K 3K 3
AN, XA RS IE SRR, WUERSRE I B8 AL B E IO BEA%, 2 UL &2,
PRAGRIA 00 BREUEICLFY, DUSCZIRIEN, VLBCR AR LI, LLIRFES T, XA L
R AR SEAE BT ML

543 17, —iEE]if Al else, FATHLANIE ACEMNESL T, RS ERAMTERMRZ, &
WA, A, KOk, TS, R EH A A R CMBE S aris L. XEIE
B R AP, 44 USB Wk, 4% USB #:105E, SESRIE, 277, A
FEAH L

Ezm
R IE IR AT BRI 1 R
gk KUk e FE K R
AT/t e AR DS 1

AR AU T, IR n . w&TUa 280, M 0RE I,
T L N — AN IS . Linux &) device % SEE USB R4, T A4,
—/M 2 struct usb_device, —/M& struct usb_interface, — /M4 SkAll T AN, 32
O R HURRE, RULEREAEE . BB EVTTE BN HFE AU, —/> usb &4, MR
hig, — AR, B AN S, WAL, XA e BN A IR, A e
BEOKBIRET s — AN S IR BN FE T o 38 11 Ol o B AR I P AN B E — R 1) AR VG Al —
AN, ML, At Z e, FRATH interface SRIX X E4T TR . T2 H 7 X HL 25|
AN Bl 4589, struct usb_interface.

90 /e
91
92
93
94
95

*

struct usb_interface - what usb device drivers talk to

@altsetting: array of interface structures, one for each alternate
setting that may be selected. Each one includes a set of
endpoint configurations. They will be in no particular order.

@num altsetting: number of altsettings defined

37



96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

% @cur_altsetting: the current altsetting
% @driver: the USB driver that is bound to this interface

% @minor: the minor number assigned to this interface, if this

*

¥ K K R X X % % K K K K K KK KKK KKK R K% K K K K KKK KKK KKK XX

*
~

interface is bound to a driver that uses the USB major number.
If this interface does not use the USB major, this field should
be unused. The driver should set this value in the probe()
function of the driver, after it has been assigned a minor
number from the USB core by calling usb register dev().
@condition: binding state of the interface: not bound, binding
(in probe()), bound to a driver, or unbinding (in disconnect())
@is active: flag set when the interface is bound and not suspended
@needs remote wakeup: flag set when the driver requires remote—wakeup
capability during autosuspend.
@dev: driver model’s view of this device
@usb dev: if an interface is bound to the USB major, this will point
to the sysfs representation for that device
@pm_usage cnt: PM usage counter for this interface; autosuspend is not

allowed unless the counter is 0.

USB device drivers attach to interfaces on a physical device. Each
interface encapsulates a single high level function, such as feeding
an audio stream to a speaker or reporting a change in a volume control.
Many USB devices only have one interface. The protocol used to talk to
an interface’ s endpoints can be defined in a usb “class” specification,
or by a product’s vendor. The (default) control endpoint is part of

every interface, but is never listed among the interface’s descriptors.

The driver that is bound to the interface can use standard driver model

calls such as dev get drvdata() on the dev member of this structure

Each interface may have alternate settings. The initial configuration
of a device sets altsetting 0, but the device driver can change

that setting using usb set interface(). Alternate settings are often
used to control the use of periodic endpoints, such as by having
different endpoints use different amounts of reserved USB bandwidth.
All standards—conformant USB devices that use isochronous endpoints

will use them in non—default settings

The USB specification says that alternate setting numbers must run from
0 to one less than the total number of alternate settings. But some
devices manage to mess this up, and the structures aren’ t necessarily
stored in numerical order anyhow. Use usbh altnum to altsetting() to

look up an alternate setting in the altsetting array based on its number.
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140 struct usb interface {

141 /% array of alternate settings for this interface

142 * stored in no particular order */

143 struct usb host interface *altsetting;

144

145 struct usb host interface *cur_altsetting; /% the currently
146 * active alternate setting */

147 unsigned num altsetting; /* number of alternate settings */
148

149 int minor; /* minor number this interface is
150 * bound to */

151 enum usb_interface condition condition; /* state of binding */
152 unsigned is active:1; /% the interface is not suspended */
153 unsigned needs remote wakeup:1l; /% driver requires remote wakeup */
154

155 struct device dev; /% interface specific device info */
156 struct device *usb _dev; /% pointer to the usb class’s device,
if any */

157 int pm usage cnt; /* usage counter for autosuspend */
158 };

AEAELLHE N, KAE 21 AL, AT THERFRN, BB ML L AL 2 JE = HALE VRN
Yo DT BN T RIr AP E AR 2D, REEHGERULE S, ARG MRERNE S, S
AFEWA B R T, BT, RS, EIAE. A, —EAH
LR, eGSR E AT G, AME TRk E AT, AU IF AR A5 1)
H, BRI Z, SAR ML,

WEATTIX HLIRKARG, XA KSR, AR — B AR NI AR T, ADe i KRR,
SRR, S R K ARBEER, ARSI RS (1 USB IXERKHY,
AR A LA By, AR S T84 2 (R, HRAGE U E BRI T R E AN B Ay,
DRI Ay I )RR S AL — R AN R R AT 7 i

143 17, XA altsetting B b, JUHFE 2 — ANk 4i i wlh vl LB B & i R
alternate setting, ] ik & . 4 FFE 2 — AN w40 i gk o] DL JniE 145 471
cur_altsetting £/~ 4T IEEMHMBE, 147 170 num_altsetting F/RiX M AT
AR B AT USB T AL E, 01X HL (1 B2 R S 2 X AN SR FE 2 —
PHAN o 40 sk T AR 100 1 ASIEASEENT, BRI A0 M AN v AR R0, (HIFAN & 2 5 5t
IRAR, ANIRWET SR IR E AR IS, A W T3t

WA RIIRILTAE T, A EX N EIEA BE AT A, E I I8 M S e

WAL FAIXAS, HZIMA—FE, AT TAFITE A FTE AT, BT L SIARAT A 3 LiX
A, 5 T WA, BCE 2 configuration, W & setting. JCUACE, —NFHLT LA
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ZRICE, Ll DIERR, AR I A U R ISP DU R AN R (1
BCE, AETHUHLITAT AR (R PRSI, PRIESE T WEMHE st WP e B2 AT T4, PARE SR
AL E o AR AR, ARG I AR AN TT LLYT X e U i, MR V5 [RBX B U BRI
TRARANTT ARG, RO IRI T2+ 28—, BEAR— DMECEACE AR I IRE, AR,
ANTF AR T RE T S 4 VA — R, AR AL R Bk — 36 B Mg,
AR REIRBCE K U SLAHEE R EH R0, AR B RS &R 1k, En]
REN T E IR SIS AN L, AT REURIEA AL E, AR5 IR AT Reml 2 HT 20300 AP A2 1

PR, — N THLT RS R ML E R T, RIREE RS CARE T, %M IR HIH
T AR AR /N TT LU, S LA R RS, ML 5. 6 1%,
23X A T LA setting I

ANIEARIE AN B I R P B BCE AT, LA RN SRR ORBAR A 1, BR S K SO0 AN
IR R AU 28, ANEBIANE, B mmOERDRIGIN K, IRIIRI 221
TR XAy, B&KTHE, IERNTERD, BORTRE, HAEMK UL R T LA
ZANE, BCE RS - AESE R RN, Wik Ol A AN U2 R

149 17, minor, R4 IRBER S . IR AFRAE, linux T HTA HREPFB3E & #8 2 H]
SRR, ARV SO, fE/dev Haxk ML, b T on A CIFAE SN SO, &
M —A L SRS,

brw-r-———- 1 root disk 8, 0 Sep 26 09:17 /dev/sda
brw—r———- 1 root disk 8, 1 Sep 26 09:17 /dev/sdal
Crw—r———— 1 root tty 4, 1 Sep 26 09:17 /dev/ttyl

KRR AGIAN Is - dr S &R, HRIVER R THAR U RE R EmmE. 1k
N TSR WIARHE R IH— RN, IR H A2 B U, —IRBRE R 21, 7E5F
— AT E I AT AN S R IT BT, R T8I SO I 5 AL B s R SO R
A T4 S0, X B BRI AN ROR T I B SRR~ — ek, &
B R T WA IRE, RN T Bt N A MRS SKE AR, 10K BE 265 W D O — AN
ENREF SR 2 A et o T AL SKEIRE 3 D e T BB Y o Attt 32885 AR AR
FREXE N I IRBIRE Y DB S 43 PR A 9K SR P RS BE A& BEAT A o T A s 1 48
MRS Lo 50 8, RGH tty WA L&A 4.

WA TAALE linux LM — N ERSS, ANV LA, WHFREMAKSN, Eigs 5
VA 245 RGBT, (O 7 BB A e AR IR B L Rl IR13 R AL HE A REHH
A=A BA—B0 1 R & CAPESINTETR e TVFE W W&, IR R
FURETFEAT, RN TLIBA SR 1), Wt SRR A B0, AR, AR A
IRANTELEI . IX L 84 7 Bl 3 45 #8517 Documentation/devices.txt SC {4 5.
AR, I RARE AT E S, BT DA LB LE, AR RGN IRIES, BRIERE
— AT,
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IREAR, ATAT AN BEEAT RS I NEB 230 USB & 2105 LI, linux BN b & 7 b
T—ANEEKS. FE include/linux/usb.h 3 ff
7 #define USB _MAJOR 180
8 #define USB DEVICE MAJOR 189

TR PR, R, RNERRE, FIEMEE, KITHEIEEZ . HEAE T
BT, PR S AR RR T 4R USB I B ES I, BA AL LA E R i
AR A BA G T ?

PRATLATE AR LA R AT G 2 A ATy, B s BRBE 3912 usb_init BRI,

880 retval = usb major init();

881 if (retval)

882 goto major init failed;

883 retval = usb register (&usbfs driver);
884 if (retval)

885 goto driver register failed;
886 retval = usb devio init();

887 if (retval)

888 goto usb_devio _init failed;
889 retval = usbfs init();

890 if (retval)

891 goto fs init failed;

AU 42 T ) 883~891 J& HusbfsAHCHIR i Pt 7, X EBSIMUiK 2 1. usbfs
SOREATIERAE T AR e () VG i usb R A 1 1, (R IR BB R R, B
TEN R K J) 3 FF, usbfs_driver it & FH ok 58 03X AN 6 SR AT 55 1K . BEATT AT BL 23
usb_devio_initii L E—F, ‘Eftdevio.cIFHE X

retval = register chrdev region(USB DEVICE DEV, USB DEVICE MAX,
“usb_device”);
if (retval) {
err ("unable to register minors for usb device”);

goto out;

register_chrdev_region i # 3k 73 7 % % usb_device XN ¥ % 4 T, W&
usb_device %f N [{IRE) 4 4Rk /& usbfs_driver, Z%{ USB_DEVICE_DEV 7t [R—4
SR E X

#define USB DEVICE DEV MKDEV (USB_DEVICE MAJOR, 0)

AT HXWE T USB_DEVICE_MAJOR, A THIAHEENT usbfs iz, KTk, kK
N EBEARERSAE ] P 28 1) B AT usb WA B s Az DL, &I BRATT AT 2 3R 1K
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ML AR T, USB_MAJORSL & MEAT e - IR, 52 linux A USB s 4 T fl
P Fw& T, FLE, Fiiiusb_initk %% 880 17, usb_major_inites i £ 1 H
USB_MAJORVEM T — ANk %, 47 atiusb. FAi1al LAE S fF/proc/devices .5 £
BT,

localhost:/usr/src/linux/drivers/usb/core # cat /proc/devices
Character devices:
1 mem
2 pty
ttyp
/dev/ve/0
tty
ttyS
/dev/tty
/dev/console
/dev/ptmx

VCS

N O1 U1 O = W

—
o

misc

—
w

input

—
N

sound

29 fb

116 alsa

128 ptm

136 pts

162 raw

180 usb

189 usb_device

/proc/devices L R THA MAT R OLN R LM ER &S, SR LiUES)
T 5% %, Block devices #iAA R T, RUE, MAMIRTHITEE] usb_device
1 usb #BLE BT

A BX R ESE, USBRARIRZ R, AR HBEIXA T M k&S, WinfEr
Bl it o ok E R &5 8, MRIMERGESKIEInUX B s 1 3 B & S AR A & i
H ) USB_MAJOR. $HEMHE, PAMIZHEE R K 2L Husbi & #i< Sinput. video%s 1
REGKHE, AR IURE A usb B &M A74E. W usb i % WA 5 H e T 1 RGO,
sk T A5 0 B 5K 5 ¥ probe B8 £8 B 48 H usb_register_dev i FUR I M I3RS R A S
USB_MAJOR, 1k 1] LA 7F drivers/usb/misc H 5% N & %] — £ 4] ¥, drivers/usb/
usb-skeleton.c X )JE T XA, WS usb B & T e F RS, WIFE AR N IKEh 1)
probe & % B8 FAH R (33 M B8, USB.MAJORM B Z T8 T8 22, HIAE S T . Eot,
usbf % I T input 1 5240, W& N drivers/hid/usbhid H 3% T ffjusbkbd.c3C 4, 76¢
ffJprobe & £ H v LUF 2 H Tinput_register_device XKiE M — A& % .
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HERf 3, X HUSB I % NV 3 USBE: [, MUSBE N XA e 7 R4, Wit
AMER USB_MAJORTE N i &5, struct usb_interfacef 7 Biminorn] DL #Li) 2
. minor 75 USB_MAJORGE A R /E ]

Yioe TS5, 93] struct usb_interface ) 151 17, condition 7Bt~ DIRIBRE) )
4852 R4, enum usb_interface_condition 2874, 7 include/linux/usb.h H.5E X

83 enum usb_interface condition {

84 USB_INTERFACE UNBOUND = 0,
85 USB_INTERFACE BINDING,

86 USB_INTERFACE BOUND,

87 USB_INTERFACE UNBINDING,
88 };

B I BElinux i g SRR I i T, B4 FIRBI R AHAE AR IR OC R, 4 IR £ R IR
AR AP AN, B T, T T RS, AR, SGERAT LUK . enum
usb_interface_condition/E % iz T XA R LA o, 0 AR, S24E.
IIF, NAESAM 22 AN an it ?

152 17, 153 1755 157 AT#R & ¢ THEE TR o Phis e, T [ usb Bas R 2 5L
FREEEDIRZS, 2000 TIRRT R H ), MR &R e M E K, 3ms i, aifgfak
R, MBS 9B EI— non-idle FIfE ‘S, s, 152 17
is_active F/RiE L EA LA THEIR A . 153 17 needs_remote_wakeup s & 15 i 5
F1 FF I FEM [ T B o 20 FE M A VPR IR B & 20 ENLRAE 5, AN WL E W MEERDIR SR A,
HER R I BT HERDIRES, LMl AL, AR ENRIERES, & BBk T
M. PSR R R USB ¥ — 8 S IS R e iR (Y Th B, BIAESZBL T, M EHLXL
JLB AT AT T E S e . 157 47 pm_usage_cnt, pm St H, usage_cnt e {f
-8, 24k 0 InF, #2110 A4 autosuspend. 140 autosuspend? Ji i 2EiC AN,
M — & DELL, MELEAEIH 54 DELL, WFIEZW, AfhaAN /N Eo/ NG ?
HA EEWEAE, B2 KRR, X autosuspend. {HA BRI AEZXFER,
AR IX B HA Y pm_usage_cnt 24 0 B A4 4 a1 1 autosuspend. 2 T IXANTHEC/E MR
HEvh, B 2 e,

B2 R~ 155 17 1¥struct device devAfl 156 17 [fjstruct device *usb_dev, &%
struct device#:, EATHElinux i & B8 H [ devicetik £ X LTS, AT Lo ] 1
AR AN I 2 A 8RS IEAA TR, PR HL T U devA 258 B fdevice ik 7E1X LI,
usb_devIlIAZ. 4% 1 USB_MAJORME AN T 4551, usb_devA <M F|, Rkl
AN, W {Eusb_register_devillusb_deregister_dev 4™ of % HL A F e,
usb_devik i Zusb_register _devek Z B A% [fjusb class device.
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wE

AR T L A SRR, AT A SRR ? 2 R ) LI B 2 I W SR AR S B ) &5
F AU PRI TR, BOREE R AR 20 20 Bh, HIRESENET, HIEATH
iU 2 RIEE T LRI A RE S R R 2 .

WELATTAE AR R AN A IO R ) B e A i, AT U IR N, EBER NS, T
BN SBIEIAML T 22 DOk H ARSI g 7 21 7K B, RS AT 5GE 1
[ o

AN IX BRSNS, BT struct usb_interface B % 4% L E ) struct
usb_host_interface M A B LERN WL T, WMAEXEEE W EIME, FFEAE
include/linux/usb.h SO HE X,

69 /* host—side wrapper for one interface setting’ s parsed descriptors */

70 struct usb host interface {

71 struct usb_interface descriptor desc;

72

73 /% array of desc.bNumEndpoint endpoints associated with this
74 * interface setting. these will be in no particular order.
75 */

76 struct usb _host endpoint *endpoint;

77

78 char *string; /* ilnterface string, if present %/
79 unsigned char *extra; /* Extra descriptors */

80 int extralen;

81 };

7117, desc, #HMHERTT. A AMFETT? FATAETTHE D ABKEE RN
R, AN RREER L, AL NIRRT AE AT AL, Bl USB 1A TS .
Sebr b, usb [RHIRATE A TOE SO I B 454, HIORAFE T usb B 1025 Fh s
PEEAT IR S, W EL AL UEN], wf LA (M 2545, AT AT LR 1A i 4 15 SRR E T A
FEARRZNN T IREEN—A> usb ¥t A VIRl usb MR 7T, WAL, BEMIEAT,

P CRSA R R s AR AE, PSR RUE — A usb WA R L ECRRIX VY KRR R, R4
ALY LA TR L B T DL AT RS, EX U IR AT 2 — RN RE D 1 o

IXLEHA RO )L ? 2R AR B B o AR AR BT S I E 5 B DL AEml L0 £ 1
(KTHCD I BB I AR ) 2 (0 NE SR 2 FF, IR ERBAAT TR LIS, 85 fEAR AT
DIZAEI RARAE T, & YR A TR A AR LA, IR R U SO M AR SR,
FAFNE, FAREA ARG EITRRR T AR B B, 2835 AL LS. RAMAENEIL?
usb & B A SI EEPROM [RZRZR, Bekl, g e e il L, et FHORA il e %
AR B S o U SRAR A LR B A7 A — 22 K2 HL AR SR A I DL A, W% 231213 EEPROM
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ALt AT A i BE ROM, ‘€ 55 Flash AR EHLEERRIN, (B'e w] LU 717 2B, Flash
HBE— R —A> block, it DL F 22 sl LD s (1%, A el e Lh A &E g, M
St B TEREARVE, YA Flash teitm, Frbh—Mckidt usb w4 L & E
RAFAE— LEARPRAT IO B, SRR, 62 Flash IE.

HARB: ORI T, & R MR O ARG 1E B —MEOnT LA 2 0E, A
[T, A O BE B aSf EeA ], B LA DR F7 9% A T struct usb_interface
g5 R L, A AR s 10 B K struct usb_host_interface 45 B . E X
include/linux/usb/ch9.h S ffH

294 /% USB DT INTERFACE: Interface descriptor */

295 struct usb_interface descriptor {

296 _u8 blength;

297 __u8 bDescriptorType;
298

299 __u8 bInterfaceNumber;
300 ~ u8 bAlternateSetting;
301 ~_u8 bNumEndpoints;

302 ~u8 blnterfaceClass;
303 ~ u8 blnterfaceSubClass;
304 ~u8 blnterfaceProtocol;
305 u8 ilnterface;

306 }  attribute  ((packed));

NEH T __attribute_, AidXH kIR T _ attribute_ ((packed)), & EHLZ
LR IR, XAGEMITREAE 1 TR, AEFRIERN T KO EA S5
specf fJTable 9.12 &5 4 —31), WHFERIKE, WRAGHRFERXZMNR, ik
AL S KIR AR T 5 (PR G5 AN TC 3R 2 AR N — & (LA 407, A SRR S AN N 17 35
FONT A1) 25 ) WA T SRR AT, RARAR S AT A 45 IR

296 17, bLength, iR FHKE. WHUEME, BMRERF LML AT koK
RYHATF IR . AT LA 4R K80, O AT bLength i%it 9, PIASELE
SUEE T, B, ch9.h SCPFHUSRAE B 1 R AT (K58 SOl SC T XA

308 #tdefine USB DT INTERFACE SIZE 9
297 1T, bDescriptorType, il FFIK2EA, SRR IZILERLEch9. h 3 A 2 X,

XfNspec H'fTable 9.5, % TRk, {55 USB_DT_INTERFACE, i
0x04.
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Table 9-5. Descriptor Types

Descriptor Types Value
CEVICE 1
COMFIGURATION 2
STRING 3
INTERFACE 4
EMDPOINT 5
DEVICE_QUALIFIER G
OTHER_SPEED_COMFIGURATION T
INTERFACE_POWER' a

299 17, blInterfaceNumber, #1015, fAMETUAEZANED, EAMEHZENM
KIMH

300 17, bAlternateSetting, % SN AT L & . PR E, 2 10 BRAE
WEMN O SEE,

301 17, bNumEndpoints, £ FHIA R R 80 XIS 0, sl O Z2PHT
B AL G SR, BT LLIX LB 22 i — 2 e 1.

302 17, binterfaceClass, 303 1T binterfaceSubClass, 304 17 bInterfaceProtocol.
EAMEFR EHVFFZ 210 usb W&, BN A SRR A, S T EA], usb e, =3
Ut usb i, 48 usb WA TIRZ K, RGN, XIREEME, FTA1—1
REFARZ UL, B2 AR Z A0, RGN0 XA WIRZ AR, RIE TR R T
NG T HAL, usb Pl & X111, 1 565> Device & Interface J& T-—Class,
#XJ5 Class i X437 SubClass, 5¢ T SubClass I 3 A% 4% &% % BTG i AS /) i 15
PR SAR LA 5 . usb PR IL K AF—Fh Class, #F—Fk SubClass, #f—Fh Protocol & X
—/N{i, Lkl mass storage ) Class it/ 0x08, hub [ Class i /& 0x09.

305 17, ilnterface, XN RRBFFIIRGME, 56?7 X FEA R/
FFRFIRTT AR ? AR E IR AL ULES, B T AT 20 PURHGR AT, 20 7457 5 ik
5, AP KR FF IS BN & DAL RE, XA PR R R AT 2 v A G, 3 TR
W FRAIRE, WHWA LT AR, /] Isusb & FH— T
localhost:/usr/src/linux/drivers/usb/core # lsusb

Bus 001 Device 013: ID 04b4:1081 Cypress Semiconductor Corp.
Bus 001 Device 001: ID 0000:0000
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AT RN AR T LK Cypress USB 1k, F BLHI[f) Cypress Semiconductor
Corp., XA —KHBMARRMNIBEAR? EAZNAZ MBI ? B I LR AERR FT,
BARERFF R DEA— AT P A —K i, Prol, SR &L T T e 5 B ik
#F (string descriptor), #HtHRICIXEA BRI . FAF R AT 2 R et — e &%
B OAHOR I RER P AE B, B RS, 7= i w8 5 5555 . AT R HR AT R T LAY 24,
R G ME S R X eI .

Pk T IR R, [ #struct usb_host_interfaceff] 76 17, endpoint, — /¥4, %
TN VBEE BT B . & T s S fstruct usb_host_endpoint, KX 4#, ik
S6— 1 )Lt R PR IE, AN R g, vl DL BRI e AN, PAATT S  SE struct
usb_host_interfaceff 't .

78 17, string, HIRORAT B TR 10745 B SR fE BN, BESR 74 R R 15 AT
G, AR AR A T REA A T .

7917, extra, 80 17 extralen, fCHSMUFATT K. BR T AT T2 2 (1 DY IR AT EAT T
PR AT AL, AT — A s Bt — IR SR AT, M) 7 B SCA
WFF, extra FRIHLEEAN], extralen Fow eI, o RHRERUE T, AR RDAIFAZ
2oz, RREZ LD, ADRIRKIEH], LR KD, SIRZAZL, R4
S, EATEHL, SR AT, (R 55 DU AMRFERAT LR 0 550 55 T 1K), RN
AT AME S AR, BERLE T 0SB, A VREFIRAT N R FE R 22 ), 48R A KAt
ARV TH T, ARG T .

TP, AEAE, NS PN
TP ASAREZNAE, TR 0 FIHRE S PR AR S B LA, It hibe
W Bl T IRRAS, 3 XU T T WA UAEREA T KIS, A e (T

OF) RS T AN E S, RIXILGH T,

SR, AT AAAE— B EERRRERISE 80 2. XK, PN NIRIIIR, i
TAEME, AT T .

SURITRDCER RS R, AR IR T, U8 —8dF R TeHERRIRI. S

Faf, JHnICHE. TEH 20 BRI, TR mERMRET. WARE, RELHUAE
20 #%, W AHEE SR EN TR, I NREAMRERAS, USSR ST e
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€3 40 #EEHE, WACERRT, BGOSR TT. JFEFUt: R AANEl
B2 SRl BB T EEAIXME, REANFEREIRIE? WA NG IXAEVD D [, — b
F 60 2.

B TIRXIE, PANSEAERE A, ZTWEn 7, SARI R NA% L L AR SRk .
MABATA TS T in 20 )=, %EUT%‘&I]DB’JHM%, PN N, AAFERE T
PR YIS 20 T, A AE

sz, XAt N —2E.

RTINS, IAATIANE, hATAA IS 12212k 1, WA AR CRE, BiR
TE Ul B2 B AR, BURKMIC T 20 )5, KIMAART LR TAR, 7 ZER, 752k
Bir i, R E RN, BEE PRSI RRE S B F, ORI A
FIE, ez 40 4. 60 HFEAM? AHEME, wi—4 7, B, WA, RER, =T
FEH R, AT, BIANT .

Pl USB spec (RS RAZA S B 1, WAL HE TIHIA A, 750\t k038 b a3
T s T USB Bl & . BAEAENZEIE X

46 /%%

47 * struct usb _host endpoint — host-side endpoint descriptor and queue

48 * @desc: descriptor for this endpoint, wMaxPacketSize in native byteorder
49 % @urb list: urbs queued to this endpoint; maintained by usbcore

50 * @hcpriv: for use by HCD; typically holds hardware dma queue head (QH)
51 * with one or more transfer descriptors (TDs) per urb

52 % @ep dev: ep device for sysfs info

53 % @extra: descriptors following this endpoint in the configuration

54 * @extralen: how many bytes of “extra” are valid

b5 %

56 % USB requests are always queued to a given endpoint, identified by a

57 * descriptor within an active interface in a given USB configuration.

58 */

59 struct usb host endpoint {

60 struct usb endpoint descriptor desc;

61 struct list head urb list;

62 void *hepriv;

63 struct ep device *ep dev; /* For sysfs info %/
64

65 unsigned char *extra; /% Extra descriptors */

66 int extralen;

67 };

60 17, desc, i iR T, KBTS -~ ABEEEY 7. EBAE
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include/linux/usb/ch9.h §. 5 X

312 /#* USB_DT ENDPOINT: Endpoint descriptor */
313 struct usb endpoint descriptor {

314 __u8 bLength;

315 __u8 bDescriptorType;

316

317 ~ u8 bEndpointAddress;

318 __u8 bmAttributes;

319 ~ lel6 wMaxPacketSize;

320 __u8 blInterval;

321

322 /% NOTE: these two are only in audio endpoints. */
323 /% use USB DT ENDPOINT#* SIZE in bLength, not sizeof. */
324 __u8 DbRefresh;

325 __u8 bSynchAddress;

326 }  attribute  ((packed));

327

328 #define USB DT ENDPOINT SIZE

329 #define USB DT ENDPOINT AUDIO SIZE 9 /* Audio extension */

XA Y spec 1 Table 9.13 J&— XM, O Zim SR ORERE SRFIRIIMAL, &
B B O s AT .

314 17, bLength, RFFIIFNKSE, B—F, WJLH 74, JFLILLE THAFET,
HAEE TR &Y A, AHEE, %% struct usb_host_endpoint 5 S g2 P
AKX

315 17, bDescriptorType, #i FF2AL, iX B4 T3 &4t /& USB_DT_ENDPOINT, 0x05.

317 17, bEndpointAddress, X7 BAMIRIE BHEZ 1,  BLUmx A a2 5 A\ i UL
JEH I A, IX A s I, DL AN AU AU . B IRIbits 0~3 SRR IR L Ui A
Al OXOFFI e AH 5 3t il LA 20 o5 5o AL, TR A% I RS ARG R B 21, o SLiF T
—ANELUSB_ENDPOINT_NUMBER_MASK, & HI{E#/E OXOf, 44%, X &0 TikmAq]
R TS, oA T LS. BAh, Eibit 8 KR, AL,
[ R fEfS USB_ENDPOINT_DIR_MASK, {fiy 0x80, ¥ flbEndpointAddressifl
5, 3F454USB_DIR_INFIUSB_DIR_OUTAEHI Wik n] LAFS 313 5 1 5 1) o

42 /*

43 * USB directions

44 *

45 * This bit flag is used in endpoint descriptors’ bEndpointAddress field
46 * It’s also one of three fields in control requests bRequestType.

47 x/
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48 #tdefine USB DIR OUT 0 /* to device */
49 #define USB DIR IN 0x80 /% to host */

318 17, bmAttributes, J&, &1k 81z, Hrbitl FMbit0 JLFIFR A Transfer Type, i
LR, 00 Fonfihl, 01 FonsEnf, 10 FonilbiE, 11 LoRrhWr. A as S 5k
A g 1 ) AR O L HERS, X B4R AT, B {Estruct usb_endpoint_descriptor &
SCHYR T

338 #define USB ENDPOINT XFERTYPE MASK 0x03 /* in bmAttributes */
339 #define USB ENDPOINT XFER CONTROL 0
340 #define USB ENDPOINT XFER ISOC 1
341 #define USB ENDPOINT XFER BULK 9
342 #define USB ENDPOINT XFER INT 3

319 17, wMaxPacketSize, i — K] LAALEE 5 K7 14 FLanfRER L AR,
—IREERAERT JUAMMESS s TR HERNT, A, 3R— R, SR A )
1, B, IIEI AL, — NN TP i A, SRR A K T
RLHEXAME, WA IR —IK— R AR . KGRI —F, XANFBOL A il 1Em, Xt
AFA R A AR LR, HEREE T F .

32017, binterval, USB 2 isNE 2k, XAMERIL T o ni— RS ey, 81
BLEE I B CUAR IS Ta] [a] B, (H Sy EHEHEAIERERLE host (18 1. A K4L458 M binterval
WAARPES, EHNHRX AT, R EE RN T HEE. AR
B, MR Lt AKX TR R A KALE, XGRS, A% AL,

[n]%struct usb_host_endpoint, 61 17, urb_list, i S 34N jurbBA% . urbiEft4?
AL VA Z U B ILZ , AH A RIER A, Adurbrl Zusbili 51 E 4,
EAE THATUrbE R FHEZR A E R, WEARRusbiEF, smaeld—4urb, I
HAEMREE, L4111 usb core, B4k 2|5 &R host controller, M AT H A&
Bk, v R AR 0] LUGREE— A urbBA I, 4R, urbiE A X usb & i 4L
P B e, PSR a AR AN o FEFurbREBR I, e N R — AN B IE
HHE, TS ERPR.

62 17, hcpriv, XEH#HE4 HCD (host controller driver) JH . HGan& it s 27 JL
)L ehci_iso_stream, A= E? & URBRATEMERFHILR o

6317, ep_dev, XNFEBUEME sysfs ). ARGl E/sys NE—F

localhost:/usr/src/linux/drivers/usb/core # 1s /sys/bus/usb/devices/usbl/ep 00/

bEndpointAddress bmAtributes direction wMaxpacketSize
bInterval dev interval type
bLength power uevent
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ep_00 i i H & IR Le s I JLoR 1 2 5t /& 7E usb_create_ep_files p& %L 5148
ep_dev Gl H,

65 17, extra, 66 17, extralen, ok — & /F i 1§ A FF 1K, Al struct
usb_host_interface L =A%, JJEIX BRI B i sl 1, AR AR SR B FAR TG A
FrE B, EAT 2 FRAERRUE R o 5 F IR FF 5 TR B 250K

B

IR A Fstruct usb_deviceiX Ny, A7 E G T 110 B IE L, AT SR L)
FIFF, AR .

AERHA] T ILEE, Bk T SORAEAE A AT MR ML S b, Wy AR EOE L &, SIRSIEA
i 10 Zop8h, FHEIA L AT AR L. SR R B LL AL, L TR,
A AL SEIR B T AD, U OREFIGE A, TRAH S £, R
FUTE IR LT, WA R R AL R o BRI R AGE . EEEE S
AL, A7 I8 BV 2 24 NAET LR 2B /N3 L& R SRR B, (e 5514
— A, BARIEAIER] 60 X, TEBPA AR L0 AT AT (. AT AT, Bl
LB FF I AR AL, BRIEE— T IR O o A I PR AE S50 L2 i 1 B AL E E .

7 L1 R R 2R LT LUK, struct usb_deviceZE ) TU KT X kL. 7 1L BRI 4 25,
struct usb_deviceit /&3 .

328 /*

329 * struct usb device — kernel’ s representation of a USB device

330 *

331 * FIXME: Write the kerneldoc!

332k

333 % Usbcore drivers should not set usbdev—>state directly. Instead use

334 * ush set device state().

335 %/

336 struct usb device {

337 int devnum; /* Address on USB bus */

338 char devpath [16]; /% Use in messages: /port/port/... */
339 enum usb_device state state; /% configured, not attached, etc */
340 enum usb device speed speed; /% high/full/low (or error) */

341

342 struct ush _tt  ktt; /% low/full speed dev, highspeed hub
*/

343 int ttport; /% device port on that tt hub */
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344

345 unsigned int toggle[2]; /% one bit for each endpoint

346 % ([0] = IN, [1] = 0UT) =/

347

348 struct usb _device *parent; /% our hub, unless we’re the root */
349 struct usb_bus *bus; /% Bus we’re part of %/

350 struct usb_host _endpoint ep0;

351

352 struct device dev; /* Generic device interface */

353

354 struct usb device descriptor descriptor;/* Descriptor */

355 struct usb host config *config; /* All of the configs */

356

357 struct usb_host config *actconfig;/* the active configuration */
358 struct usb host endpoint *ep in[16];

359 struct usb host endpoint *ep out[16];

360

361 char **rawdescriptors; /* Raw descriptors for each config */
362

363 unsigned short bus mA; /% Current available from the bus */
364 u8 portnum; /% Parent port number (origin 1) */
365 u8 level; /* Number of USB hub ancestors */
366

367 unsigned discon_suspended:1; /% Disconnected while suspended */
368 unsigned have langid:1; /% whether string langid is valid */
369 int string langid; /* language ID for strings */

370

371 /% static strings from the device */

372 char *product; /% iProduct string, if present */
373 char *manufacturer; /% iManufacturer string, if present %/
374 char *serial; /% iSerialNumber string, if present %/
375

376 struct list head filelist;

377 #ifdef CONFIG_USB_DEVICE CLASS

378 struct device *usb_classdev;

379 #endif

380 #ifdef CONFIG USB DEVICEFS

381 struct dentry *usbfs_dentry; /% usbfs dentry entry for the device
*/

382 #tendif

383 /%

384 * Child devices — these can be either new devices

385 * (if this is a hub device), or different instances

386 * of this same device.
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387 *

388 * Each instance needs its own set of data structures

389 */

390

391 int maxchild; /% Number of ports if hub */

392 struct usb device *children[USB MAXCHILDREN] ;

393

394 int pm usage cnt; /% usage counter for autosuspend */
395 ud2 quirks; /% quirks of the whole device */
396

397 #ifdef CONFIG PM

398 struct delayed work autosuspend; /* for delayed autosuspends */

399 struct mutex pm mutex; /% protects PM operations */

400

401 unsigned long last busy; /* time of last use */

402 int autosuspend delay; /% in jiffies %/

403

404 unsigned auto pm:1; /% autosuspend/resume in progress %/
405 unsigned do remote wakeup:1; /% remote wakeup should be enabled */
406 unsigned autosuspend disabled:1; /* autosuspend and autoresume */
407 unsigned autoresume disabled:1; /% disabled by the user */

408 #endif

409 };

337 17, devnum, @&l dhibhEAR L, FOREATE R I U M b A —FE 1,
devnum HJE usb &4 7E—4% usb B4k ERgh 5. R usb w&4d%] hub LI, hub W
SFNX AR, TR TR, S — A K X P 16 b 21k FE A — AN 44y
choose_address W%, NAREIBAER— bk, SUSAEIANIRIE 1T — MRS
() RF, ARZGHEIE N LIRS b %, [FIFESS S — N8 T A S 5 55 Ak B St —
AN KRR . 5 AN FRBAT ] hub, &I usb #4 HLEAE R AU usb #20 F T . T,
REA/R AT H hub, BB ZEH] A EHLEE 244 root hub (448, AN & —H hub
& root hub, R usb ¥ & W B iEE— hub A REFE usb FITH A HLAENT .

AR — T usb 1RG0 B¢ Tk (R . 75 usb AL, — 45 Bl e Km)
7 P N 2 11 L v el WS R B w618 8 < (1 S 1 e R D W 52 S §575 = B b
HEWL 2, B struct usb_bus &5f 7K BTN bt struct usb_devmap devmap,

268 /* USB device number allocation bitmap */

269 struct usb devmap {

270 unsigned long devicemap[128 / (8%sizeof (unsigned long))];
271 }:

14 tusb_bus? BiHIAZEELH T struct bus_typeZi#!(F) usb_bus_type T 47
WA, fEusbT RS MHIIGL R Fusb_init B 283 T usb_bus_type, A EiE RS
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HTEAT IR A— DRI R o T — NSRRI — 4 MRS P00 735 Lo ABELF Lok, —
A~host controller it 23 3% th — 4 usb il &k, T A AT EokE, A& R £ />4 host
controller, B i £/ D4 MEL, E1EME)E Tusb_bus_ typeix4—AH, HEH—
RN N — struct usb_bus&i ik, XA {Ehost controller 3R s #2711 2

HIi o

L) devmap il BUSS R R OR T — A& R B IR &EZMN ML, KX unsigned
long=4bytes, J4 unsigned long devicemap[128/(8*sizeof(unsigned long)]]4t
2y T unsigned long devicemap[128/(8*4)], it ifj 2 # T- unsigned long
devicemap[4], ifi 4bytes it /& 32 4 bits, KX ALK LRI L 128 4 bits.
X T— 4 Mk LLERE 128 4 usb 4%, Z LI B sizeof(unsigned
long), @2 TEFEMNA, AN unsigned long #IJE 2L, A2 IX/ devicemap 41
AR AIROR 128 £, Wl i sE sk e L2 n LU | 128 44t

33817, devpath [16], ERARZAKICK —DFRFHRE, ZADTRREEIE? HIRED
EERNIFNET]

localhost:” # 1s /sys/bus/usb/devices/
1-0:1.0 2-1 2-1:1.1 4-0:1.0 4-5:1.0 wusb2 wusb4
2-0:1.0 2-1:1.0 3-0:1.0 4-5 usbl ush3

Sysfs MRS T, TAVE BIXLEEL L) KR AR T, EANTERERE? usb1/usb2/usb3/usb4
FORFHIOVESENL L T 4 45 usb K2k, B 4 4> usb BN, WL T AR ES S,
WUER AT P2 B U 25—, U2 T X 2 DAME, T 4-0:1.0 Ropflh4a? 4
TR 45 Rk, ®#H P45 Root Hub, O g2 X LEATELH devpath, 1 F"EE N 1
T, O RN SH 0. WHEYL, 4 5840 0 Sui N Mmis, MHME 1 SIE, &N
50 0. 784 devpath & 5 gl & i 145 e 2 BARA A, X LB Sk fix ANl 1 & 2 A Root
Hub %A 25 Hub M58, W AE Root Hub | X 3% T I Hub, SRjG—% 2% T %,
TN, N, T, XA TN, BB A sysfs Bl
RFRALXIEA K F N ? X wl e devpath [1FE T, THZR 1) % % H devpath it & Hi% 7 Root
Hub b 05, kg2 542 Hub 1) devpath Jaifin B 45, Rifnig
4-0:1.0 WA E— Hub, MAE NI 1 50 1R & ] LUE 4-0.1:1.0, 2 55 H
(B2 T LA 4-0.2:1.0, 3 ST LR 4-0.3:1.0. JAMSRYE, i S —g—
PAET e XA AR AR TS, B AR ARSI

339 1T, state, W&MPRA. XiEMESIEM

557 enum usb device state {

558 /% NOTATTACHED isn’t in the USB spec, and this state acts
559 * the same as ATTACHED ... but it’s clearer this way

560 */

561 USB_STATE NOTATTACHED = 0,

562
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563 /% chapter 9 and authentication (wireless) device states */
564 USB_STATE ATTACHED,

565 USB_STATE POWERED, /* wired */

566 USB_STATE UNAUTHENTICATED, /% auth */

567 USB_STATE RECONNECTING, /% auth */

568 USB STATE DEFAULT, /% limited function */
569 USB STATE ADDRESS,

570 USB_STATE_CONFIGURED, /* most functions */
571

572 USB_STATE SUSPENDED

573

574 /% NOTE: there are actually four different SUSPENDED

575 * states, returning to POWERED, DEFAULT, ADDRESS, or

576 * CONFIGURED respectively when SOF tokens flow again

577 */

578 };

e X T 9 RS, spec BLH % X T 6 ff, Attached, Powered, Default, Address,
Configured, Suspended, *{iT Table 9.1.

Attached F/R 14 CERE usb #1017, & hub & E15 & B RRE . B4
HFriEH USB_STATE_NOTATTACHED i /& %78 B % J£ %47 Attached.

Powered JEIMHVIRZA: . USB %% 1 HLYE P LK H AMES s, s n 4% self-powered,
WA LK E hub, Y bus-powered. /L4 self-powered 1 USB ¥ #% 1] G 7r%#% I USB
PO &% b, (HE1ERE - USB #1054 BEf G 1E /2 Powered [, 53 e
2 F W T AR EARIME R, RIEIRE TS usbeore, T LLELBE AN AN B,
451E core [ .

Default 4 R4, 7E Powered 2 )5, WALAHEWRRI—ANEAL (reset) {55 MIhE
PrJG, A REAE I Sag Huhik (0] 5 = B 3o ok ) 8% 46 FTE ' i A4 i oK

Address JREFRENE T —ANME— [ HUHEZS 5, N B 4% ) LAAS FH S22 425 26 g 1 3=
ML R . FRSEIX e ush 3%, (MM AGE B RCT, WG AN e — NS
WA Rk 3] Address R34

Configured IR /R EA& DB ENECE L T, WEtehBUR SRR T4y 9E 0 1
1) SetConfiguration()ifsK, ML =AU LIS FH s s 3R A B D e

Suspended fEERA, A THEH, WAETREHKBEPAN, 3ms I, WA KSR %
B, SRR ANFERDIRAS . U, usb WA R H O RS bbE . BOE AN G .
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USB B MESIFEHAR EHL IR 4 JLAMRAS, BHRIZ A — Dl i EA RG34t
PR AS 1R B 58— FEBRER SR A R

340 17, speed, WM, X EANMEAL R

548 /* USB 2.0 defines three speeds, here’s how Linux identifies them */
549

550 enum usb device speed {

551 USB_SPEED UNKNOWN = 0, /* enumerating */

552 USB SPEED LOW, USB SPEED FULL, /% usb 1.1 %/

553 USB_SPEED HIGH, /% usb 2.0 %/

554 USB_SPEED VARIABLE, /% wireless (usb 2.5) %/
555 };

Bk NERANIE, USB W7 —FPl)E, i, 40, midl. USBL1.1 & LI, 4
W, G RA LT mE, LTS H 480Mbps/s. iX it 54> USB_SPEED_VARIABLE,
FETCEE USB 1), 58K usb 2.5, IERET, Paui/hEK T61 LA ZH T, MfE ing.

USB_SPEED_UNKNOWN H & LRI BUL AN FIE XA B4 70 AT A3

342 17, tt, 34317, ttport. HiE tt TWRIYIS? tt IYfi transaction translator. fRT]
DU E AR — B R Fe S, 2 hub HLTHI AR, D) 00028 R hub WP ik, A4
18 usb W = FHER), 292 low speed, full speed, high speed. BIJTiH I
A, PrH SIS, XMHSE E IR F low speed/full speed [ %, %A high
speed ¥4, JaREBUG, B RAP DRIERSETHEAE T —® high speed % %,
IR, AT A PR/, OHCI/UHCI, IX#(E7E usb spec 1.0 fHHix,
Jidk 2.0 #EH T EHCI, i & Mg A . Hub 4 ik hub it 2311 hub, {HZIXH
A HEENE R T, S hub 2 75 B ORI/ Al B e 2 — ek U AN S Hr
1, TRAT MM TT K, eBtfor sl AR/ e e, T2, Wl—
AR A A A TT, IBAmn] DOERARH/ 2 es, WA, A/ 2 &
Wik, HAEIERE] OHCI/UHCT AL HK I hub TTHL,

345 17, toggle[2], XA RAMANICE, 400 IN T OUT i i, BN iy
—Lo LA BARAE S T AL, BRRE RN, A2 A Em, WaXAEL A
TR RAT A7 — SR, BORIEK, I KIs KU 1.

WEATTRT I L, PREEARFIORIY usb 15, G —> urb, A EREFHE, L4 AT usb core
BEATLAT o IXAS urb JESTEVANTRI A RS, SEFr FAE usb cable BN PIAR A A & HE 4 ]
H)L, MENIREAZHE urb, usb cable By A& — N HIEHE (packet), HAZMHA]
WE IR Ao 32 SO, B3 A4 BLGR0G (1) 2 e B R B B ol o PELAT TGP B R ) i B, B AN
555 72 W Pt A ), AR ISR V2 sy — & SR, usb JEJZ 14 packets t—
Ffo
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WA TR TN A A NS — 75 BT 4R, T 11 packets #8M—/~ SYNC [Al20 7 BUIF R, SYNC
Je—A 8 K b, FURHERFERE P, ErEEPAARET SYNC 45 A PID

(Packet Identifer) [{J7F4h, SUEPEATIRRIUbRE T 28R 45 GCILSE K 46 . PID the
—AN 8 LI B A, mT DU SRIX AR packet 2R, T PUA SR FT DAL A,
KRR . packet 2R A5 VUFN, 7F spec H1(1) Table 8-1 H A 1]

Table 8-1. PID Tvpes

PID Type | PID Name | PID<3:0=* Description
Token ouT 00016 Address + endpoint number in host-to-function
tranzaction
I 10018 Address + endpoint numier in function-to-host
tranzaction
SOF 01016 Start-of-Frame marker and frams number
SETUP 11016 Address + endpoint number in host-to-function
tranzaction for SETUP fo a control pipe
Ciata DATAD o011B Data packet FID even
DATAT 10116 Data packet FID odd
DATAZ M11B Data packet FID high-speed, high bandwidth isochronous
tranzaction in a micraframe (see Section 5.9.2 for more
imformation)
MDATA 1111B Cata packet FID high-speed for split and high bandwidih

izochronous transactions (see Sections 5.9.2, 11.20, and
11.21 for more information)

Handshake | ACK 00108 Receiver accepts ermor-free data packet
MAK 10108 Receiving device cannot accept data or transmitling
device cannot send data
STaLL 1110B Endpoint is halted or a control pipe reguest is not
supported
MNYET 01108 Mo response yet from receiver {zee Seclions §.5.1 and
11.17-11.21)
Special PRE 1100B {Token) Host-issued preamibzle. Enables downstream bus

traffic o low-speed devices.

ERR 1100B {Handzhake) Split Tranzaction Error Handshake (reuses
PRE value)
SPLIT 1000B {Token) High-speed Sglit Transaction Token (zee

Section 8.4.2)

PING 01008 {Token) High-speed flow control probe for & bulk/control

endpoint (see Section 8.5.1)
Reserved ooooB

Reserved PID

FHUFIE &R AVE I 44, 2485 PID kAKX kK packet A [ T2
(17, AEIEAAT], PR Z XA —AN R AW AR e, ANHiE B O 3E T Z R et 4. PID 2
Jo BRAE ) HhEB, BEA packet #RTFELANE H CEARMR I 2, A AN HW]
iR R, ATELE usb cable B, TWFATHIFIT7/EMEE 2 XA IR bR EALFE RSy, 7
PrRIR T Bk LB B4 ali B D Hbhl, 4 A7 Rl S HhE, X At 4 mih vl a4
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usb S22 HAEA 128 Mkt WIS M &R T 0 S mithim 2 H Ak 15 4™ in i
MR 15 A4S out i st . MU FBEFA S 2 11 2 1mis (frame number), {HIAZE] 7FFH
A, AR A CI R — PRI E R . XA WS IEA R4 packet i1, BEH
LEREMTE T (Mircoframe) JHfF) SOF Token i HL A% . Wi 6 T A4 i A X ok
YL, — Wi g Ims, AT R B R R, — AN 125 1, REE Y
A Lt —> packet. Wi FHAE G e T-0F J7 et ok W Data 7B 1, ‘& /LI O
3 1024 MFEHASE. Ak CRC K7 Bokfil e T1E.

WA EE22 2) packet, fit—/NMEEAE HAsA, FrLlix B HEF Data KA packet. i
[ Table 8-1 HLE R, A VYFZAYY) Data £, DATAO, DATA1, DATA2 il MDATA.
ARG UER), XA R 4 Mgl a0 A AR BLI e 2, b DATAO Hil DATAL 5t r]
LI K523 data toggle [F)25, &3 toggle, UG BT AAZ AT FISER T .

R AR A R A WL Rk U, BE R IT IR BRI dn e DATAO (1, X5
N T AR R, st DATAO, —ikfk DATAL, — BEWRISTHE 1 iXp-f-r, EHL
AL AR RS T o 0 AR AL ik U, data toggle JFARE SR, USB sl 2 /Al FHixX
Fof i S PP A RPN T, I BRAT AT A B U R, B —AME SR AR RE S DS — AN
e % .

Bulk [ out || outew |- | outpm |

Write DATAD DATAT DATADA

Read [ wwm || we | omenm
DATAZ DATAT DATADGA

Figure 8-35. Bulk Reads and Writes

BAIHY struct usb_device H %4l unsigned int toggle[2] /& 4 T 2 R Bl iy B 27
RN, S R AR AL R R A S i AR BRI B B & DATAO ik 2
DATAL.

348 17, parent, struct usb_device Z5i#J{4[#] parent H4& & —4 struct usb_device
F8%F. 4T Root Hub, ®il#iid, & /&M Host Controller /48527621, B parent
FRE{E Host Controller fEKEHFEFE sl MR T4, XAME L E NULL, #ea)ifid, X1
Root Hub, ‘EAFFEMARIRE T, X4 N\ Root Hub % HK I s .
USB # % /& M Root Hub JT4f, —AN—AMESMIER, il Root Hub £ 4 AN, A4~ H
AN USB %%, ity —/E Hub, HBAXA Hub fnf USRS 240, T2
PR FIE, BEERT —HW.

349 1T, bus, WFABLH, ¥ FIAEs L.

350 17, ep0, Wil O MIBFHHURL P T s Hs 2 SIRF R0 538, 26 struct usb_device
7 L R 2 A B A
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353 17, dev, ik A%l struct usb_device 454 HL[¥] struct device 4514,

354 17, desc, WA IR, TU KGR AT I 5 = /ANt >k . ‘& 4 include/linux/usb/ch9.h
e X

203 /% USB DT DEVICE: Device descriptor */
204 struct usb device descriptor {

205 __u8 bLength;

206 __u8 bDescriptorType;
207

208 ~_lel6 bcdUSB;

209 __u8 bDeviceClass;

210 __u8 bDeviceSubClass;
211 ~u8 bDeviceProtocol;
212 ~u8 bMaxPacketSizeO;
213 __lel6 idVendor;

214 ~ lel6 idProduct;

215 __1lel6 bcedDevice;

216 _u8 iManufacturer;

217 _u8 iProduct;

218 __u8 iSerialNumber;

219 ~u8 bNumConfigurations;
220 }  attribute  ((packed));

221

222 #tdefine USB DT DEVICE SIZE 18

205 17, bLength, i@ KA, ATl H O, &6 REENE X
USB_DT_DEVICE_SIZE.

206 17, bDescriptorType, XX T &IAFT N 1% /2 USB_DT_DEVICE, 0x01.

208 1T, bcdUSB, USB spec HIMAS, —AN & KA T i AL dn, A s fil
R HL ) bcdUSB X —I0 5 WV % 4 0200H.

209 17, bDeviceClass, 210 17, bDeviceSubClass, 211 17, bDeviceProtocol,
OB R EAZ, B T EERARTERT .

212 17, bMaxPacketSize0, i O — 0] DAACER ) e K80, i sl O B @ R0 3
WA 22T, N T e R RTLmsr, e aples A AFCEALEE A Sonny,
K 1AM 0% A — R ) —FE i —JE .

B g AR IR T o O JF B — L TS IR 7T, DU 2, JeAR REpTfy
IR PEAAE spec HLPUE L TH0, SR, IS TR BN “HA L7, A7 DREEA
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—FE, XA maximum packet size, &AM REAT IR A AR, RIE RUR 0 A
RS R 18 B ST ) A PR e KA o O T30 )i R0, XA B DR A7 A 1ty i R 1 o )
wMaxPacketSize IX— field, 1A Tis O §iA—FE T, T8 HORH MR,
MR B XA XA — AN AL P LM B R T &SRR FT L, Bt AFRA TR %
FIR 7T ] LUE RIX 4T, bMaxPacketSizeO. ifif H spec i#ilE T, XM AR 8,
16, 32 8i# 64 XKUHZ —, R LIEEmEE A, XAMEIE Haeet 64, ik
e TAEEARE RS, W REE 8, HUMMEASAT

213 47, idVendor, 214 47, idProduct, 435l4&) FIFS S 1D,
215 1T, bcdDevice, & HIAS .

216 17, iManufacturer, 217 17, iProduct, 218 17, iSerialNumber, 435l Fi,
P AR B 5 N R 5 R IR R I & 5 M

219 17, bNumConfigurations, ¥ iR T CRACE SR . A 1 LLE
ZANH RN ERAE, X RS UR YIRS NI ESEH, ARSI ESH .

Xl WA, ‘B Rispec Table 9-8 J&— X N[f. FA{1E|%]struct usb_devicelt)
355 17, config, 357 17, actconfig, 75nlZ&7s I 1P A Be E A Y aTEeE v,
SEELEE ARG E . usb i 45 KL & Hstruct usb_host_configZif#y k£, I,

358 17, ep_in[16], 359 1T, ep_out[16], [ T s 0, — ANV BIAd7r m i =
% HAETAT 15 4 IN 3 5 15 4> OUT i A, B i O KHFIE T, X R[4 16 /& Message
EIE, AERESCRE R BE I RER ISR, FTLLX LY ep_in FIl ep_out B A 16 ME.

361 17, rawdescriptors, X &/ FREC AL, Fdl B R — DR 4 ) — AN
GET_DESCRIPTOR i 3K L3k AL E /R FFI T A R2I45 8 . BT, AT R b3
S5, A EHE UL B 0L B IR T 2 A0 SR B E Be B R A4 7 3K R AR A H
GET_DESCRIPTOR 3 KELERIRFTIG, W& RFBIGIRIAA AR ER BT, e
PG E T LR IR T B 1 O VR AT, A 10 R g s 1) g s A 1 JRE i 1 A FE 45 R
T o BB AB I AR E PR XA E A RF, AR5 XA L TH b o5 1 v S A
FF, WREEH H e 0, ST D RR R R SRR R S, X L, B —
FV A% 8 S HEIRTERN) 18 52 SCRIRRAF ERAE ©ATIN I (R FR 108 155 i T o S R FRAT ] 25 35K
BT 5 R EN AT 5 ANESERIE Y B, IS AR I A USB A AR 3] T R

ZXHEF T GET_DESCRIPTOR i3k, #ilifffij it —F USB Mk iE=k (device
request). PHCHLUL T, A I A A I i A 10 4 o R o B E LI SR, EARAE 1)
S HEE, AR T, XEEKIK)E packet JE T Setup JRAY, [iTHIMK
Aok R BT LLEZIE, 16 Setup R AR T USRS FISE. PhpUR RN e LT —4%
PRERI T 350 SR, R T I B A 2 AT, B EATTie b T Default 5% Address
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IR XEERRUER B AR B, GET_DESCRIPTOR Bk #E41

36317, bus_mA, X/MEZTE host controller FIEKEHFEFE BB R, WHRE, ML
(7 usb i 1 7] LAFE L 500mA R HL .

364 17, portnum, A& root hub &2 —f1f hub, R USB B4 M HZH{E—A
hub i 1 EA G, portnum w28 5. 248K, XFF root hub X/ usb 4%k
PEARASHA portnum X4 —MEE, BOIEAEEMNN Hub BT —ANE . FreAky
T Root Hub ki, ‘&1 portnum 7 Host Controller UK FE T A EE K T 0.

365 17, level, 2, WAl &Z050], FAE usb B ZE R . Root Hub 1) level
MR O, H NI — 282 level 1, Nl — 252 level 2, #Kitk54E.

366 17, discon_suspended, Disconnected while suspended.
368 17, have_langid, 369 47, string_langid, usb ¥ & 51745 b F R 2R 1 2
UNICODE %ifi%, wf LISZHF£FiE S, string_langid gl F R 45 52 4 FH MR R % & 1,

have_langid [k W string_langid & 75 A %1

372 17, product, 37317, manufacturer, 37417, serial, 73 RAEAE7 50 T R
USRS PO A MR i BU YR = S

376—~382 17, usbfs I, ANAIEIFAK D usbfs FRHE RIS A .

391 17, maxchild, hub [Fu 0%, F e AHE F47u .

392 T, children[USB_MAXCHILDREN] , USB_MAXCHILDREN I
include/linux/usb.h B.5& X—%, {Hk 31

315 /* This is arbitrary.

316 * From USB 2.0 spec Table 11-13, offset 7, a hub can

317 * have up to 255 ports. The most yet reported is 10.

318 *

319 * Current Wireless USB host hardware (Intel 11480 for example) allows
320 * up to 22 devices to connect. Upcoming hardware might raise that

321 * limit. Because the arrays need to add a bit for hub status data, we
322 * do 31, so plus one evens out to four bytes

323 %/

324 #define USB MAXCHILDREN (31)

52 hub T RA%—3E 255 AN 1, AREshr i@ 21 usb hub &2 W ALE UL A O SR
10 Mim I, Bl 31 A LG T .
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394 17, pm_usage_cnt, structusb_interface 5t B4, AN ? AHA0E )L
FIE,

396 17, quirks, ZHEIANEE S REGE R, BMEEL, O TS KKK HEAE “B
Ti7e ASKIRE usb spec WUt iE KK BIL— B Ipg, (HEZALE) ARSI, =i
U B S AT, RS R, A, R MEIX LI X R R,
YRRER, OB SR Lo AUIE T, s ZIXHL Y quirk e R FINHX L84 B0
B I  WEL SN Y AMGIAA TR EE U, ST RS ERITIE BOX AT, Rt R A
W~ 5¢ )L, MEATT usb X LSEAT IR 2 DoARR], AR B 4Rl LI L5 ot st /23 hub
LW, HAEZ LT .

397 17, FHIl#ifdef CONFIG_PM XAk, FATTAE M IX B 25 5 18- #endif
HRIE R T HYE B . iEFRAE KIER 288 EA], struct usb_device X4ty & il
FAVERE T, e BRIE,

[

HOR BT USB (i Fog — DM EAULIOIE S, FEH, — D BRGE AA Z2FEE, A
g, AFERER, MEAT R ERIE AT A, WERPE, Bk, PFrifizZsm
FE, WOLIESE, ERERL)E G, LTI EAT PR 1 ) AR SR, o 3RAT]
PRI AR BRI %, RN BRI E T AN, IRIDIE, AR,
PREGDT R, ARIIERIR R AN 2 VR 2 B R IR BT AL 6 9% o

AR A, TBLWAEBORNHABEN AR B2 LN EE, TARBLAE )
T LA, BRRREER . ALAEERAEF, MIEEUR)E, SRR EENFAGE AT
WL AR o XA T AE — 2 Bt S, RO A RRTE AR (55 I HAEAEDT, (B
WIEAIALSS Ty, R PTER RN,

bW NRET, BEEEE usb WAMBLEIE, 7F include/linux/usb.h H5E X

206 /*x

207 * struct usb host config — representation of a device’s configuration

208 * @desc: the device's configuration descriptor.

209 * @string: pointer to the cached version of the iConfiguration string, if
210 * present for this configuration.

211 * @interface: array of pointers to usb_interface structures, one for each
212 * interface in the configuration. The number of interfaces is stored
213 % in desc. bNumInterfaces. These pointers are valid only while the
214 % the configuration is active

215 * @intf cache: array of pointers to usb_interface cache structures, one
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216 * for each interface in the configuration. These structures exist
217 % for the entire life of the device

218 * @extra: pointer to buffer containing all extra descriptors associated
219 % with this configuration (those preceding the first interface

220 % descriptor).

221 * @extralen: length of the extra descriptors buffer.

222 %

223 * USB devices may have multiple configurations, but only one can be active
224 * at any time. Each encapsulates a different operational environment;
225 * for example, a dual-speed device would have separate configurations for
226 * full-speed and high-speed operation. The number of configurations

227 * available is stored in the device descriptor as bNumConfigurations

228 *

229 * A configuration can contain multiple interfaces. Each corresponds to
230 * a different function of the USB device, and all are available whenever
231 * the configuration is active. The USB standard says that interfaces

232 * are supposed to be numbered from 0 to desc.bNumInterfaces—1, but a lot
233 * of devices get this wrong. In addition, the interface array is not

234 % guaranteed to be sorted in numerical order. Use usb ifnum to if() to
235 * look up an interface entry based on its number.

236 *

237 * Device drivers should not attempt to activate configurations. The choice
238 * of which configuration to install is a policy decision based on such
239 % considerations as available power, functionality provided, and the user’s
240 * desires (expressed through userspace tools). However, drivers can call
241 * usb reset configuration() to reinitialize the current configuration and
242 * all its interfaces

243 %/

244 struct usb host config {

245 struct usb config descriptor desc;

246

247 char *string; /% iConfiguration string, if present */
248 /% the interfaces associated with this configuration,

249 * stored in no particular order */

250 struct usb interface *interface[USB MAXINTERFACES];

251

252 /% Interface information available even when this is not the

253 * active configuration */

254 struct usb_interface cache *intf cache[USB MAXINTERFACES] ;

255

256 unsigned char *extra; /* Extra descriptors %/

257 int extralen;

258 };
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245 17, desc, VUK A AF TAL R 09— AT BLT L RE R 08 AT 1 2 AL
include/linux/usb/ch9.h B3¢ X

250 /* USB DT CONFIG: Configuration descriptor information.

251 *

252 * USB DT OTHER SPEED CONFIG is the same descriptor, except that the

253 * descriptor type is different. Highspeed—-capable devices can look

254 % different depending on what speed they re currently running. Only
255 * devices with a USB_DT DEVICE QUALIFIER have any OTHER_SPEED CONFIG
256 * descriptors.

257 */

258 struct usb config descriptor {

259 _u8 blength;

260 __u8 bDescriptorType;

261

262 ~_lel6 wTotalLength;

263 __u8 bNumlInterfaces;

264 ~u8 bConfigurationValue;

265 ~u8 iConfiguration;

266 ~u8 bmAttributes;

267 ~u8 bMaxPower;

268 } _attribute  ((packed));

269

270 #define USB_DT_CONFIG_SIZE 9

259 17, bLength, #iibAFFIIKSE, {5 USB_DT_CONFIG_SIZE.

260 17, bDescriptorType, #iidfiif2E4, {Hh USB_DT_CONFIG, 0x02. X4 bixf
ANKE? e AT T4 VROR T I sURER R AR S IR AT I ST UG, NAZ &% . (H2,
EmRRESAERMNCE B el R, B KE D IFAA ALY
USB_DT_CONFIG, &Ll JUSB_DT_OTHER_SPEED_CONFIG, 0x07. iXH iif¥
OTHER_SPEED_ CONF I G 1 fF i [ 42 it 15 2% 5 AF 7 A T8 B A B o I Py e 145 S
MR ERIR TSR se iR, DO FOERIRFFR RN, 2R T & F AR A .

262 17, wTotalLength, {#iJ]] GET_DESCRIPTOR i3k M ¥ £ HL 3R AL B flik 7515 S )
R ] E B, AR A O B R P R R AT B IR L R A, class- Y
vendor-specific fiR FF7E N KT A AR E TN sk

263 1T, bNumlinterfaces, XHCE S O%H .

263 17, bConfigurationValue, *f T-#i# ZAMHLE K FIs B &K UL, W LAEXAME NS
¥, {f H| SET_CONFIGURATION i 3k >k o 4% 1E 76 #% ff A 19 USB it &
bConfigurationValue #tiEH] 7K ZEGEWEANELE . PRI B4 BAR T LI ZAVELE, H
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[ — M T A R B —MC B G . HarEHe— 1, SET_CONFIGURATION ik i /&
PRUE iRz —, BT THKR & E R &N E .

265 17, iConfiguration, il E (5 B4R BB RS ME

266 17, bmAttributes, XASTFBRAE T ECE LR, il bit 6 4 1 EoR
self-powered, bit5 N 1 K/RIXAFCE SZRFEFEMEE . S4b, & bit 7 Lk 1, Kfl
22 MR IX AU, RABAEE, XA EIEA A A FE KA B R ch9.h
A LA E X

272 /* from config descriptor bmAttributes */

273 #tdefine USB CONFIG ATT ONE (1<« /* must be set */
274 #define USB CONFIG ATT SELFPOWER (1 << 6) /* self powered */
275 #tdefine USB CONFIG ATT WAKEUP (1 << ) /* can wakeup */
276 #tdefine USB_CONFIG ATT BATTERY (1 << 4) /* battery powered */

267 17, bMaxPower, & IE IS, WSR3 B KR, LA 2mA A7,
WA DM IX AN T B ) hub R H O RSB HG, Ha R &Rl THER, 15Kk
T hub iThess 71, hub SiS BEALRLE, A0, IREERMGIRE — s m%Z, o)
WORKTIN, BHZHSEMRG B, TREAN? LR, ABUZE S 2 A%E, X
AT R LSS . 89045 struct usb_device 45K B bus_ mA %2 ‘& i &~ hub Bt
REfg 45 F ). Alan Stern K2 RTRA

(c->desc.bMaxPower * 2) is what the device requests and udev->bus_mA
is what the hub makes available.

BN IE, PUKKRERNR ST e M8 5e4H T, 2Rl Fstruct usb_host_config4fit
(1) 247 17, string, XANFRFHBRAE T B E A fFiConfiguration 7 BObS B 7477 ik
R R

250 1T, interface[USB_MAXINTERFACES], F& A & a0 . R B A 1R W,
TXAEZH R A A 2t 42 HEUC 5 L 15 R , Pl DA BEARAG 21 FAN 4 115 0 B 1) struct
usb_interface 5% %, st Z{E A usb.c L5 LK usb_ifnum_to_if B3,

65 /*x

66 * usb ifnum to if — get the interface object with a given interface number
67
68
69

% @dev: the device whose current configuration is considered
*
*
70 * This walks the device descriptor for the currently active configuration
*
*
*

@ifnum: the desired interface

71
72
73

and returns a pointer to the interface with that particular interface

number, or null.
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74
75
76
7

* Note that configuration descriptors are not required to assign interface
*
*
*
78 * However, you should make sure that you do the right thing with any
*
*
*
*

numbers sequentially, so that it would be incorrect to assume that
the first interface in that descriptor corresponds to interface zero.
This routine helps device drivers avoid such mistakes

79 alternate settings available for this interfaces

80

81 Don’ t call this function unless you are bound to one of the interfaces
82 on this device or you have locked the device!

83 x/

84 struct usb interface *usb ifnum to if(const struct usb device *dev,
85 unsigned ifnum)

86 {

87 struct usb host config *config = dev—>actconfig;

88 int 1i;

89

90 if (lconfig)

91 return NULL;

92 for (i = 0; i < config—>desc. bNumInterfaces; i++)

93 if (config—>interfacelil—>altsetting[0]

94 .desc. bInterfaceNumber == ifnum)

95 return config—>interfacel[i];

96

97 return NULL;

98 }

XA BRI AR B, R SRR E S, AR E AN Ok E 0 B
FIH: AT binterfaceNumber 7Bt bb i, #5577, ISANME OB e /8 T4, #
ANHIEE, XA, e AErRESR, BREEERNT.

WRIRE T, WRESTE 9.6.5 BER, W REEHIBFFR, B BTG DR
ST — AR B o TR A2 0% B AU, LA I B IR et & e B 1151
Ji e A8 2 S AR AR A LA IX B I AN R X 4 Ul M, e ml X S Bl ik |
0..desc.bNuminterfaceslii/7, {H[F]H il 75 2l usb_ifnum_to_if ik HCk 3k 4
SEFEN SO S, Alan Stern KARITSEE T XM L0 JE Uik, T2David Brownell
KA S SURIAERXAFET T, At ack? R BUREML, | ) #, L) wate
BARESF R LF, EAEEEIR MO 1 RO O, MR, BT LU AT AR N
usb_ifnum_to_ifpR%k.

USB_MAXINTERFACES # include/linux/usb.h H.5E XH—AN%, ok 32, REHA
R, HEWIS AR 24 & 2

176 /* this maximum is arbitrary */
177 #define USB_MAXINTERFACES 32
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254 417, intf_cache[USB_MAXINTERFACES], cache j&ft4? Z64f. &0t T, AR
REVUSEEA RN T2 E N T - X &4 struct usb_interface_cache X4 14544
4, usb_interface, usb #11, cache, Zff, JJiLk usb_interface_cache /& usb 4%
LA . BBAE8tt 42 B include/linux/usb/usb.h B 5% X

179 /%

180 * struct usb_interface cache — long—term representation of a device interface

181 * @num altsetting: number of altsettings defined

182 % @ref: reference counter.

183 * @altsetting: variable—length array of interface structures, one for

184 * each alternate setting that may be selected. Each one includes a
185 * set of endpoint configurations. They will be in no particular order.
186 %

187 * These structures persist for the lifetime of a usb device, unlike

188 * struct usb_interface (which persists only as long as its configuration
189 * is installed). The altsetting arrays can be accessed through these

190 * structures at any time, permitting comparison of configurations and

191 #* providing support for the /proc/bus/usb/devices pseudo—file

192 %/

193 struct usb interface cache {

194 unsigned num altsetting; /* number of alternate settings */
195 struct kref ref; /* reference counter */

196

197 /% variable—length array of alternate settings for this interface,
198 * stored in no particular order */

199 struct usb host interface altsetting[0];

200 };

199 1T altsetting[0] & — > n &2 K 4l , % 7 40 B 19 8 Bl , AR X ¥ 2% Ul
GET_DESCRIPTOR [fJ I fiz , A £ ik AR 45 &[] 1) R AN 2 11 0] 36 % & 1 80 H 2 Bid 45
intf_cachef A AN )45, A2/ DHEZ /DR E D, IS A —Bmmar -+
KA, X HLCZRATS A T I X

I A BEGAFIX IR s AEAL, M AEAS, WA L B AR AR, IR X AN B A] Re il A
AR, e et e B S U5 E 2y, KM G, WA
RRURIACR I T8, st Aok 17 3 O 2 Yt — I — I o 4 7 AERC B A
R JG VR AERE IR 1) — L5 5, it H G nT e 7 21— L8R R T intf_cache %k
4l fstruct usb_interface_cacheX} % B, #ES T ? X AUIE, RilidsysfsiX /e
HEEE BB 9T & 125 5, RSN E M, W EeE 24 L e/
B AE BCE R S, TR EREEIE LM, Badr, WHORNT, WTUBTEE,
usbfsHtE XA, B R IR I R G P usb e £ 1) g i B R m 5 6L, el 2 Al
Hintf_cacheiX M4l 22 A7 1 4 2R SR IT
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256 11, extra, 257 17y, extralen, 5 X%l 4h 9 k& 1 Hf & £5 10, Ml struct
usb_host_interface . 1] 2= A~ £, M & iX B0 2 B0 R 09, AR A A
GET_DESCRIPTORI# sk 1 £ BRI B /A RFE B, BT 4 SRERAE AR v 1) IC B 4R 1F
Jii TR A 25 47%

MZERE, MAE
AT R IRAR W T2 A RS AT IATE
IXFEIIRAE RSN Y, (HARK)TE S B ST
AT AR, BT LABATwE , AR RS
B BATIE FEBL . REEALR AN TS,
ABATTR VFE R i — i T T ?
FAL AR AT AT
FETERE T T AR,
B AE N IR YO AN 7,
SR AE R ) 53— i T S (4T T
HiE, FFEEER—
R, ARTIFAILE
AT AR A S, Rk Sy DRI ATI 2 4,
I AL A A AR AR AT firis o
ey, RAATIHEDE . UXET, BHASAATT X
BT,
RN E] 5%,

R A VYSE R 7 S22 R T I AN 8 R RE IR 3 e DRIy S [ AR AN T T, K I
WIT K TEE, K=, AT TR, R T AT, ORI, AR b T R
(FreaiE, RABAEMF R T 2RI, ta T 20 R0 )5, #E T2 /M)sE 2 T
2B AT, TRANE TILK, Tt 7kt b sy, =28 THEZ LK. ke
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AFHE T 2, FERFILRTFEI AT T JLRI/N T 20, T2 3% TA ML A,
ARBATIE NS, MR HRE 5t JLRKEEANTELE, JUKI T Z A AN
WA LR B AREEGE T2 A, A7 T ARSI SR i B M ADE, XA AL
I8 Z DI GE, AERE R RIE T SRR SR b fR 08 v 5

PEEX TR, EBATI P EIR AR A CARTEE 20 1 p6 1 usb_device_match, 2§ i) o6
B, HENTHEHIAMNL. EEBAT A7 “TALIATERBEOS, +=FL5, EARH
W2 PRNE - AR ARG, AR R =4 5 B W B AR LW o an R = AR WA,
ARk = AE A DA B e, e EE R WA R

540 static int usb device match(struct device *dev, struct device driver *drv)
541 {

542 /* devices and interfaces are handled separately */
543 if (is usb device(dev)) {

544

545 /* interface drivers never match devices */
546 if (lis usb device driver(drv))

547 return 0;

548

549 /% TODO: Add real matching code */

550 return 1;

551

552 } else {

553 struct usb interface *intf;

554 struct usb driver *usb drv;

555 const struct usb device id *id;

556

557 /* device drivers never match interfaces */
558 if (is usb device driver(drv))

559 return 0;

560

561 intf = to usb_interface(dev):

562 usb drv = to usb driver(drv);

563

564 id = usb match id(intf, usb drv->id table);
565 if (id)

566 return 1;

567

568 id = usb match dynamic id(intf, usb drv);
569 if (id)

570 return 1;

571 }

572

573 return 0;
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574 }

USBIfTH A, @ IR S AN AT 18 A G A E S B, S T IRATTR BRI
FEIZHL, ST ek H & usb_device_match e 3P . usb_device _matchifi %t
JEATR B I A B IR SR AT L, e TR A A e A T A IS, T ERATT I AR T BLAD
ANSFXFER—A A, PRl R TOE “ WRAR SR Ay ), FReTREAR I, — D)k
WA 7 KRR B

54317, H—UCGRRIXAS B, Bl TIXEATARE, 44 USB WAl &G
USB £ H5E. BT e L, K pigct Bl e 2 B2 A O AN H TR, el
AT Py W 4 P 53 273 L R AT 8, R S BOR EER 2 I AR JERE B e A 1Y
R, LU WA S, ERECFERZ, AL R ERR LRI .

85 static inline int is usb device(const struct device *dev)
86 {

87 return dev—>type == &usb _device type;

88 }

usb.h HLE IEA BRECE KAHSUEAMETTLIS A, GH IR TS = X TR, &2
PR [ = 43 ) T — 4 5 SR R0 SRR 2 25, AN Sk AR, ke A Readl, SR —i)L
F . EANREOR S AR, & usb_device ABEFTIX LI, AWk ) LT 2

H DG ) A 2 S LA REE, T2 S EASEREA 2 usb_device, HBLE] g1
AR & 5 R 2 BT, 5 ) B B e kANt oy LR 2 T, Bl A2 21 4,

P LE LR AT I AR, 2 JLE A et PR B AT AR A4 1) L T o B LAPAATTZE 7 X 1L
T EAMBIEMBEA T, RESAE T XA dev->type, WAMER, HEREANEETH
i1 XK usb_device_type, il & i usb W& 2RM, MG, AUFi, fhgitirit 2,
AAHEE, IBHCESASZ N ARIFI, AR KR .. usb_device_type 7& usb.c B & X

195 struct device type ush device type = {

196 .name = “usb_device”,
197 .release = usb_release dev,
198 };

EAAATHT A 2IAAS usb_bus_typeZE A%, — MNERIRBZMRE, —DRRBRN
M, BB BRI, WA A, MU BAE AN Lot IR L, AR
PR L, o EW B ANRER 23T P RISy IR, 4SS JLardi i, &)L
W T ILAAIEME, SEREUN T /DY S N R T (b =2, 5 bk 4H
THEEE A, WABEREILAME, 45 REHT SIRIS AN T A 57 807, AT B AU
W& A i 2 4, WA S TN AROREE L A L L ROL, WBHEANE T, e
BEMI TR,

BB R — Bk, i A, EEOE MR BRI, Wb, XABEN type
TBUE MR AR ush_device_type T . W, KPR RE, AL FEAR, 4%
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BRI, P EBE I L.

546 17, XWE|—A~if, —MEIDJLE, XFELIL, s R RZ, ENARPAKIE
HF 2 AR R ali kN R . SEE B A TR, &G, atiRTE L
is_usb_device BEUa fIE usb.h SCFH 52 X

90 /* Do the same for device drivers and interface drivers. */

91

92 static inline int is usb device driver(struct device driver *drv)
93 {

94 return container of (drv, struct usbdrv wrap, driver)-—>
95 for devices;
96 }

XA RGeS 25 B TR I A2 usb device driver £, ASIEAT AL E ) ) A4
& usb device driver? FyfiAZE —EHAZ U usb 8 L0 N—A> usb W54 2 fER—
AMZ RS F SORKR N, Fen] LA G ST I 25 VR R BT T U8 19— s B A, — /MR D e 22
XEN AN usb BREN, ALZRERATANGE SN BB O IRAS B L,  BATTN IR 6T S I
fElde, BUTERE OPE usb WA IR ZR, B R UEARCE, EF k&, ek,
RN T —ANMOL I DhRe, RTREL T TIREN A S AT, (HA2 3 O RS E 1R A
—A> usb WAMAFLER, AR DI ARIECE, FRATIE W] LU B & 45 8 R L

TRUERAMOX A G 2 O REN A ? EIEAEH], &R R R N SRR XA
A~ usb W AT ST TN RAT A A8 45 T struct usb_device _driver, Rl usb 4
UKZY, BT usb [ 108K 5) struct usb_driver #5534 include/linux/usb.h SC#FEH

784 /%
785 * struct usb driver — identifies USB interface driver to usbcore
786 @name: The driver name should be unique among USB drivers,

187
788
789
790
791
792
793

*
* and should normally be the same as the module name.
*
*
*
*
*
*
794 * @disconnect: Called when the interface is no longer accessible, usually
*
*
*
*
*
*
*
*

@probe: Called to see if the driver is willing to manage a particular
interface on a device. If it is, probe returns zero and uses
dev _set drvdata() to associate driver—specific data with the
interface. It may also use ush set interface() to specify the
appropriate altsetting. If unwilling to manage the interface,

return a negative errno value.

795
796
797
798
799
800
801
802

because its device has been (or is being) disconnected or the
driver module is being unloaded
@ioctl: Used for drivers that want to talk to userspace through
the “usbfs” filesystem. This lets devices provide ways to
expose information to user space regardless of where they
do (or don’t) show up otherwise in the filesystem.
@suspend: Called when the device is going to be suspended by the system.

@resume: Called when the device is being resumed by the system.
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803 * @pre reset: Called by ush reset composite device() when the device
804 * is about to be reset

805 * @post reset: Called by usb reset composite device() after the device
806 * has been reset.

807 * @id table: USB drivers use ID table to support hotplugging

808 * Export this with MODULE DEVICE TABLE (usb,...). This must be set
809 * or your driver’ s probe function will never get called

810 * @dynids: used internally to hold the list of dynamically added device
811 * ids for this driver.

812 * @drvwrap: Driver—model core structure wrapper.

813 * @no dynamic id: if set to 1, the USB core will not allow dynamic ids to be
814 * added to this driver by preventing the sysfs file from being created.
815 * @supports_autosuspend: if set to 0, the USB core will not allow autosuspend
816 * for interfaces bound to this driver.

817 *

818 * USB interface drivers must provide a name, probe() and disconnect ()
819 * methods, and an id table. Other driver fields are optional.

820

821 * The id table is used in hotplugging. It holds a set of descriptors
822 * and specialized data may be associated with each entry. That table
823 * is used by both user and kernel mode hotplugging support.

824 *

825 * The probe() and disconnect() methods are called in a context where
826 * they can sleep, but they should avoid abusing the privilege. Most
827 * work to connect to a device should be done when the device is opened
828 * and undone at the last close. The disconnect code needs to address
829 * concurrency issues with respect to open() and close() methods, as

830 * well as forcing all pending I/0 requests to complete (by unlinking
831 * them as necessary, and blocking until the unlinks complete).

832 */

833 struct usb driver {

834 const char *name;

835

836 int (*probe) (struct usb interface *intf

837 const struct usb device id *id);

838

839 void (*disconnect) (struct usb interface *intf);

840

841 int (*ioctl) (struct usb interface *intf, unsigned int code,

842 void *buf) ;

843

844 int (*suspend) (struct usb interface *intf, pm message t message);
845 int (*resume) (struct usb interface *intf);

846
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847 void (#pre reset) (struct ush interface *intf);

848 void (#post reset) (struct usb interface *intf);
849

850 const struct usb device id *id table;

851

852 struct usb dynids dynids;

853 struct ushdrv_wrap drvwrap;

854 unsigned int no dynamic id:1;

855 unsigned int supports_autosuspend:1l;

856 };

WA E, BAH AL - ADNIORKS, SANSusbIKzh AP EE A
usb_driver. —fkul, AT FTIE 9 S usb R80T e S usb: O EKE), # %
PL—A struct usb_driverZE /it % Ay rbty, LA & i 3L T BE 3k al, TP usb
Liei]iafies a8

834 17, name, WENFRITINAF, XN T 4E/sys/bus/usb/drivers/ i H &4
MPATEEAN N, & FR B — T, AR AT AR 2 A 5K = 0 4%
VY, HX B4 FAE BT 1) ush 3R] b 250 ME— 1)

836 17, probe, HIXEH XA usb WNalE R HRZ AN Z OIS SEANIKE) B EE
i, Bl CARE T, XA s A RTINS KA. 244K,
XA AZAEAATT, D NIRRT PSR 2 AR

839 17, disconnect, MK EEER, Bl HrmmodEl # R H4 & Fld 1 am AT 70 i
XA SO

841 17, ioctl, YRHIIKENA L usbfs M ™ 22 AT 75 ZE I, AL e e .

844 17, suspend, 84517, resume, il 7E B 54k s E R e s

847 17, pre_reset, 848 17, post_reset, N A{ER A ELNL (reset) MICEEN G
.

850 17, id_table, WXz=CRFRIITA BEIIACHME, AT =5 /N B ZEAR 52 21 T 7 A EAE
XHEC . BRI KR LR PR A SR B 1, WERANE 3Kk, Al
WL,

852 17, dynids, ZFFEIA id ). A 2aha id? AT R AEAN SR ) 1 A IS 1l () ) —
“FAE id_table BEtC e 7, AEHERNDE T LM € ZMN gk T, A2 I
RECEFTRIE, Wrrdb IO e BRI M, 8, BRI A7, Greg Ktk
WARBYTR] T, TORAE AT ANIERGIN I H 5 AL, A T3l id L
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il BMEIXS a1, WA LA Insn i id g5, HE0H id AR SRR, Xl “ R
A JESGRESE”, Wt A g0 e ek .

EAUSIUETI id? B 5K AN FrAE 3y IRKIEK, 5k & /sys/bus/usb/drivers H sk R il L, AP
HAH A B AR T —A usb 3K3)), RfEiE—AMEE%, BEWHE2—1 new_id
e, ffH echo ) A5 id BREEEATLAT o FHA Greg 51—/l T

echo 0557 2008 > /sys/bus/usb/drivers/foo_driver/new_id

Wl LUK 16 HEI{E 0557 A1 2008 5 F| foo_driver BX sl 1) ¥ £ id & FLHEL.

853 17, drvwrap, XA F B A B, struct usbdrv_wrap 45 ¥y (), W7
include/linux/usb.h 5 X

174 /%%

775 * struct usbdrv _wrap — wrapper for driver—-model structure

776 * @driver: The driver—model core driver structure

777 * @for devices: Non—zero for device drivers, 0 for interface drivers
778 %/

779 struct usbdrv wrap {

780 struct device driver driver;
781 int for devices;
782 }:

IR B ERE— FIXAN GG, BRI AR R =1, HA—4struct device_driver
SERIN B —ANfor_devicesIE R 7B, [IA— Rlinux ¥ &8, AT O kst &
FEALXRERSE ], X L Ystruct device_driversy %A N iZ ik A Flstruct usb_driver4
M2, BAKXENAEET —2? HAEXA—ZE RN T EW, SREMEHMTLEIX
AYRR, X T R R A AR HE P4 1 SR B AR usb I TH A FLASES £ i T 8 46 9K sh ANz 119K
FIFF, T XX PRI, g RN TIX A2, i T Mor_devices i i ok & b
Flte RERIMB, AT WA S, RZAZ 1 82 O Mbr&EMH 2B, Rl
& JLANIXRERI bR & — B LRI, 17X B for_devices BAR B HAEH M, (HEIEA
AL FBL, AT A7 TR A X BB I AL, RS P A7 7 B i) 2 LA e — 3L,
ATLA A R LA, X IR A —A, N FBRE AR T, SiAHZ I —
KT, EIAKZEIIE, A SZUT, SR T8 90X 23008 7 A FIWs &
AR A ) FEIX 4 — 28, RS S, A, HETBOAEL, X ANdrvwrapiffl
UG B B8R, XA S, IRA TR, SRR —Z], RAERSH
FIE RO,

854 17, no_dynamic_id, AJPLHREEILAA id 19, WE T2, Wl —m&,
BT .
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855 17, supports_autosuspend, X} autosuspend 57 F:, 1B E N O G, A
P ARVFRE BIIX AN RSN 4% 1 autosuspend.

struct usb_driver Zi{ B TF2IX E, AT REETIER usb W &IS58 1K
RN 2 KA

859 /s

860 * struct usb device driver — identifies USB device driver to usbcore
861 * @name: The driver name should be unique among USB drivers,

862 * and should normally be the same as the module name.

863 * @probe: Called to see if the driver is willing to manage a particular
864 * device. If it is, probe returns zero and uses dev set drvdata()
865 * to associate driver—specific data with the device. If unwilling
866 * to manage the device, return a negative errno value.

867 * @disconnect: Called when the device is no longer accessible, usually
868 * because it has been (or is being) disconnected or the driver s
869 * module is being unloaded

870 * @suspend: Called when the device is going to be suspended by the system.
871 * @resume: Called when the device is being resumed by the system.

872 * @drvwrap: Driver—model core structure wrapper.

873 * @supports_autosuspend: if set to 0, the USB core will not allow autosuspend
874 * for devices bound to this driver.

875 *

876 * USB drivers must provide all the fields listed above except drvwrap.
877 */

878 struct usb device driver {

879 const char *name;

880

881 int (#probe) (struct usb device *udev);

882 void (kdisconnect) (struct usb device *udev);

883

884 int (ksuspend) (struct usb device *udev, pm message t message) ;
885 int (kresume) (struct usb device *udev);

886 struct usbdrv_wrap drvwrap;

887 unsigned int supports autosuspend:1;

888 };

B Nppmm A EE R, TRAEHBOGIIIRES b B R N, XA usb i & s LT
MRS B 42 T, BT TRZARWS, FFESHE struct usb_interface
#eplistruct usb_device G JLT—#—FF T AR —T, XEUKZILT, AR
4x, XAEPF hprobe, ‘BIMSHUE 51 19K 2) B ¥ probetf b/ T AN & e M, sk
JEULE AR E A MR AIWE AN S BB Z — N usb i % . IARXBEREFA? &E
KHANE, FZIAMusbi s ? 2 MBIR B ARG N2 RS2, A
SRIXAUSh I IR e A LR T, X EAGATTBUF KBL, A2 EER AR
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RAFAE . T HIRATAE N AZ ok 4k 25, Rt K RE4k 1535 & #E generic.c U L g L T

usb_generic_driverix 4 —/%

210 struct usb device driver usb generic driver = {

211 .name = “usb”,

212 .probe = generic probe,

213 .disconnect = generic disconnect
214 #ifdef CONFIG_PM

215 . suspend = generic_suspend

216 .resume = generic_resume,

217 #Hendif

218 . supports_autosuspend = 1,

219 };

B IX A —AME )L, B 57E usb_init [¥) 895 17k D& MH4h usb F R4 T . AT
ZHAT AR S ERIA A QB2 ? BTIEI usb B IR E e — MEZ M )L, Al
(¥) core HI'ERL BT 1) usb BEAREAT AU, EATHATHLEM A7 BHE AN — B\ K
Ly, ARGEJEE, BT URRI

ANEBAYL, DEE usb B OIS IR & I REN G I T — K, M2 M2 TF 3k LI
usb_device_match %, HREINIE, WAIXEAKR CEBIEW T . Jo st kT,
BT WX, R EAIM P IR A WA IS, A EE RIS, WA
G, XA, HARIXAAHGEN T, nEATXAAN, WAERABI NS, VLA L),
EAEIRET, AR SRR A S e B KB ? AR L H R 1, RORVEECREN T,
BAT AL RN 2 — s LIRS g

ARHKIX LA 12 0] LT, W] BRI S AANE AR VR, AR RS H B H 2 i R AR
AR Istruct usb_device_driveriXFt— K /nusb B4 WK SN I Z5 R 1), T2 H
Fe X T struct device_driver4i A1 — AN %% usb_generic_driverk b B 5 #EA
WM TN, XN, usb_device matchixANUGRE ek Koty H AT 17 17 8 B i — 4% ik
TEFZE VRO N (R 3R Bl 2 AR UE IS, AN 3 A usb i % (10 2 dEE . (HJE/E 2006 4F (1)
AR, BTN RR, AR, BRI TR %, S RA S — A AR
Alan Stern KA ZE—N NTER ), TRNZEZ T struct usb_device_driver4its,
usb_device_matchix £ T —4c45 W %L 1%

NAFA? Wik, RARBRAR M . Z R A D EX] usb 4 7E usb 7 5L A

NAETRFAN DT . 5 usb_device_match 55 & AHIEEE IR IF, Ak, REErE
JIREEE
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EAEWL (—)
A UREAT, A A A — BRI L, RN AT I — 4 k.

Google —F, KENXA—f): MHEMLHGE B AR IR PR, WER XAy B E
IR, ERERGOAT I C AR g, N Ay 255 0, S AT K. FHFAEE A 2T
KRG T UHR S BRI RIEE E 08 oK, thATEHE T4 08 fE RIS uF IRk, dkifera A
JT KR B /N g )L Jm, R TAT T RIZER, A7 TORMAE . A I RIR
N2 XAG AR FE, SRR ZLLN, i AT O L o (T AN A, 182
LB FEAR .

BH [ AEAT BH [iE, WA e s, S ma el artat, ante
¥ hub E4f, ARIEEMN hub BN RE, Sl L2855, e —4, &
A ISR BRBRZEIR A — 42 BH MU NAEATERE, e N AR AL 2.

FAVEREAAMUE AT, HE R A B =) 2 58 AR B R S HL UG, SRR RIS .
WEATTEAE AT BRI B dr ol 8, BRILPHRETH 4.

AR usb B AR hub I2EN 1 F, hub &SI Bk Tk, et
HEA M EE T RAINR T TR sk )Lt [k T, st A L2 W& i 4. €4
KBS —A struct usb_device 5N G IERIGRIL,  FEIE T & A BRI ) 32 1 H
BAVRINE] usb M FIFREL, SRJG usb M Zax iy Wk sh 51 2 AN IR 3, W H
O match sECE EA TR &8 R EILAL. XA, GER] match T, Ab#EE
ORI, SeB BTN, S5 I R 1R 3

KAV A RARATE? AP WIS OFE D DIULEE I & BlElca KR L, 8PR AR
BT AMESLAN A BRI R 28 T BRI R i, R A
PRANGRMT,  PERAT A0 L2508, BERIRTUN 1

hub 2l 2] B S SN o DA &R Tk, e core I usb_alloc_dev
Bk struct usb_device Z5F 6% I N AT, IXNEREZE usb.c SO L X

226 /**

227 * usb alloc dev — usb device constructor (usbcore-internal)

228 * @parent: hub to which device is connected; null to allocate a root hub
229 * @bus: bus used to access the device

230 * @portl: one-based index of port; ignored for root hubs

231 * Context: !in interrupt()

232 *

233 * Only hub drivers (including virtual root hub drivers for host

234 % controllers) should ever call this

235 *
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236 * This call may not be used in a non-sleeping context.
237 */
238 struct usb_device *

239 ush alloc dev(struct usb device *parent, struct ushb bus *bus, unsigned portl)

240 {

241 struct usb _device *dev;

242

243 dev = kzalloc (sizeof (*dev), GFP_KERNEL) ;

244 if (ldev)

245 return NULL;

246

247 if (lusb get hed(bus to hed(bus))) {

248 kfree (dev) ;

249 return NULL;

250 }

251

252 device initialize (&dev—>dev);

253 dev—>dev. bus = &usb_bus_type;

254 dev—>dev. type = &usb_device type;

255 dev—->dev. dma mask = bus—->controller—>dma mask;

256 dev—>state = USB STATE ATTACHED;

257

258 INIT_LIST HEAD (&dev—>ep0. urb list) ;

259 dev—>ep0. desc. bLength = USB DT ENDPOINT SIZE;

260 dev—>ep0. desc. bDescriptorType = USB DT ENDPOINT;

261 /% ep0 maxpacket comes later, from device descriptor */

262 dev—>ep in[0] = dev—>ep out[0] = &dev—>ep0;

263

264 /% Save readable and stable topology id, distinguishing devices
265 * by location for diagnostics, tools, driver model, etc. The
266 * string is a path along hub ports, from the root. Each device’s
267 * dev—>devpath will be stable until USB is re—cabled, and hubs
268 * are often labeled with these port numbers. The bus id isn’t
269 * as stable: bus—>busnum changes easily from modprobe order,
270 * cardbus or pci hotplugging, and so on

271 */

272 if (unlikely(!parent)) {

273 dev—>devpath[0] =7 ;

274

275 dev—>dev. parent = bus—>controller;

276 sprintf (&dev->dev. bus id[0], “usb%d”, bus—>busnum) ;

277 } else {

278 /% match any labeling on the hubs; it’ s one-based */
279 if (parent—>devpath[0] == "")
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280 snprintf (dev—>devpath, sizeof dev—->devpath,

281 "%d”, portl);

282 else

283 snprintf (dev—>devpath, sizeof dev—->devpath,
284 "%s.%d”, parent—>devpath, portl);
285

286 dev—>dev. parent = &parent—>dev;

287 sprintf (&dev—>dev. bus id[0], “%d-%s”,

288 bus—>busnum, dev->devpath);

289

290 /% hub driver sets up TT records */

291 }

292

293 dev—>portnum = portl;

294 dev—>bus = bus;

295 dev—>parent = parent;

296 INIT LIST HEAD (&dev—>filelist);

297

298 #ifdef CONFIG PM

299 mutex init(&dev—>pm mutex) ;

300 INIT DELAYED WORK (&dev->autosuspend, usb autosuspend work) ;
301 dev—>autosuspend delay = usb_autosuspend delay * HZ;

302 #endif

303 return dev;

304 }

usb_alloc_dev pREEAT ST usb Bk A, S8 HIAL)L, parent j& B IE#LIT
A hub, bus Z¥AIERIIBA R, portl WA ERAE hub E RIS

243 17, H—A struct usb_device 4RI % g NAZHEVIIHE R 0. HEIAERTIX—
ITHIRT—K, IRE5LEA ] kmalloc fil memset i) L HRY 2k B ) AE R 4a4k, 5
JE1EFE R kzalloc 2 &, FRANE TITILARARAE N, B4, S04, SeAARKEEKIE
B, HENRL 90 JEMAAEEI ST 80 JEHIA%NE kzalloc T 4. kzalloc BHEZHART
kmalloc/memset, — A REGEF] T A RERIER . XA SR 2 ST NI T,
it AL IRAE AR L 155 [y b e AT A SR LIRS AP A s A2 2, KBS ARSI
Ay, R A, SIS SRR R T, W B LA g 3k

SR A2 AT P AE FRIE ) T 3%, AR NET o IBAEX A JUAT, AR %I
PN LR, MR RAEA kmalloc/memset 414 HiiE W AF IR I, i kzalloc AT,
JUAE FE IAE, ANZEE T AIWEAIE SR T o BATI 0o B AT B S ML 4 e 1A
DY 00 5 A JE ) — A P AT

247 17, XHEBNAEECEhed, TEHERIGKSI R, BAREATE, R E5iEusb it st
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B —A B I N —Scusb 2k, EHEEHIE I3 Hstruct usb_hcd45 %R, —
4 M2 Hstruct usb_bus#ityE o, Hifibus_to _hcd &k T 3R1G MR R i L5 2%
K5, ik Estruct usb_hcdZifxt %, wi¥usb_get hed H 2 #1533 1ix 4 usb_hed
SERIT R RIS EON 1, b a? B RE B2 T AN, WA rE B H 5 1 50 45
FURASAE, R e g V8. W R M s B0 A IR A s i B IR TS, ARsEAs
usb_alloc_dev & HH it B A Gk AT N LT, ¥ 2 1 A struct usb_device4: f4 Xt
S I AR B SR B

252 1T, device_initialize J& W &AM K 4k, X B2 K struct usb_device 454 H
RAIBAS struct device g5t EVIa s, LU, WIS A2 DI AR T
RO G R P AN G 55 Ny, BAE D 7= 1 7 nT 40 s P AN 1 kA, iR T T 3 AN
A EFR

253 17, KA FTER ML R E 4 usb_bus_type. usb_bus_type MR FAR G ik
BRI T, usb TRV K% usb_init BTSN T, B0 50 B4 (1) i
UL A 2 = MR RN, KHEH RS ARLIXLDILAHE LT RES
TR e S

254 17, ¥ %A 2K MY A1k usb_device type, X & MAATT BT Uk GE )
usb_device_matchpf%l, L&k, FH is_usb_device Wi @A Eusbiz % i &
FEER, LR AR LR & SRR W) ah 4k usb_device_type T .

25517, XA w2 S DMAfERIHICH T, WA REARERET dma t&, 7978 EHLEEHIRE 1
frth, EHUEBIRSASC R G B BE SRt BT M. PrLUZX . dma_mask #E N

host controller ) dma_mask.

256 17, ¥ usb W& HPIRA R B A Attached, FR A& ERS usb #10 E 7T, & hub
o 21 4 4% N (T LR A . PEATRTTHIUE T, USB ¥ 8 MAE BIBE BB 4 B4 LAV RS, IX
W LM BHTAN, TETTEE BB RS e 421 .

258 AT, Uiy i O SEAEAE AR NKEFIR T 5 X ASIAATT 2 — 1M P 7 11 = #7200, struct usb_device
HEHEMA XA ep0, X470 epO i urb_list Z541ia R . TR 42 T Kl 3 )
TG T A R R AT T AR TR A Ul T, PEATR AN PRl e AT R IR T, S T G ] LA R Y
MEE.

25917, 26017, 7rmlWIAAAE T % i O IR AT K FE AN A 75 2820

260 17, fii struct usb_device 45K 5 (¥ ep_in Fl ep_out FREFEALIN S ANk 4R
ep0, ep_in[0]A ep_out[O]A K& /R It A& iy &4 O

272 17, XHEPFALHEMZ H TA unlikely, ANEEf 4 E? BF/FEENE
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include/linux/compiler.h )5 X

54 /*
55 % Generic compiler—dependent macros required for kernel
56 * build go below this comment. Actual compiler/compiler version

57 * specific implementations come from the above header files

58 x/

59

60 #tdefine likely(x) ~ builtin expect(!!(x), 1)
61 #define unlikely (x) __builtin expect(!!(x), 0)

unlikely A& — M ALER 2F, EHA likely. & HIBAMEE_ builtin_expect & GCC
AR, B EMR T LUEE GCC Tt

long builtin expect (long exp, long c)

You may use  builtin expect to provide the compiler with branch prediction
information. In general, you should prefer to use actual profile feedback for this
( ‘~fprofile—arcs’ ), as programmers are notoriously bad at predicting how their
programs actually perform. However, there are applications in which this data is
hard to collect.

The return value is the value of exp, which should be an integral expression. The

value of ¢ must be a compile—time constant. The semantics of the built—in are that

it is expected that exp == c¢. For example:
if (_ builtin expect (x, 0))
foo O;

would indicate that we do not expect to call foo, since we expect x to be zero. Since
you are limited to integral expressions for exp, you should use constructions such
as
if (_ builtin expect (ptr !'= NULL, 1))

error ();

when testing pointer or floating—point values

KB B 18 23 5 AR B AE 23 ST 5 TR P A RIS, T DL GCC 4t T ax A
P IR BR BOR 35 B AL 2y S 0, ARAERR)Y, BRSNS exp A MERIRIEL,
RIPHEHREIZA exp, BNHE NS ¢ MELIUE DN &, XA N E R %
R EE exp FIHUHME N ¢, gaids il DURME X AME B U 1 S HE A AR R B Y ,
TR B XA A 153 SOBAE A T7 o HAKRE] unlikely ()& 15 VR gm B #5411 x R AE)
BEMEAN K, IEAIAN A LELTE A1) B bRAS n] BER A B — AN LA (0 2 1, DLARAIE
S PATIOH RS % . likely WIAR o 75— H B BRI, R )R A 28 TF 84 4 350 T
LRBEARE mm £, dh e 2 AR

I

if(unlikely(IRULG & T, AEIEEN, S04, AERE))

WELATT R T A 2540 )L
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PRVEAFIRIE WA IR ANN % 2% 7 WX IR L i ORI S 1 AT s 125 T IR mT e
PER/ANT A AR, B 5G MBT 5 AT 221K ARRE T A%, ARBEANE I R AL
T IR, AR WAFLUG D T4 TIeAZ/ case. JTbl, IXHBUEI—F, MAKEZ 4
LW,

IR R AR T 0, A, i TR URIRUN, JURIERAREAT if 26000 1 mmT etk
ORI, W LR S RL A ke — A likely () 2 R AT RENEAEF /N, W] unlikely )
Whto WA 272 TR MEARNIE T, B2 3S WAL BT LA IR usb B4 4%
23] root hub ERYRTEEYE LB, R0 parent 45 A USRI B & IE A hub.

272~291 AT PARRD L 2 S FIWT IR IR 1 25 AN HERIE 2 root hub L), Wi jE,
¥ dev->devpath[O]M{{E 4 ‘O, LAR%ikk, R &EA controller, [A]H 4t
dev->bus_id[]¥'E H1% usbl/usb2/usb3/usb4 XFE 1T 8 o a1 FARIK) B 4% A B
R root hub B/, FMWAEDL, 1 FAR )R AERL I hub /& HH3%E %) root hub |
1), W dev->devpath %5 Tt 15, 150 dev->devpath %5 T 742 hub [1) devpath
B En—As 0 WA IS, )R bus_id[QWE k& 1-/2-/3-/4-XFE A G
& # I devpath.

293~295 17, BATAUH, BRI,
296 17, #iHtk—AB\%, usbfs H¥.

298~302 17, WYL, iR .

BARINEmE ()

PLAE W41 struct usb_device Z5MACAHER L T, JURIEAE A, hub 3 Nkt
S UMM RTAR, HRBILE R4, RE—HNE, L BFRAIIRERER
Powered, A& FEAIRAS; RN IR ANSIIE W5 TR, TR 4511 speed B
R ERE ) USB_SPEED_UNKNOWN; B4 112000 level 4R &4 E ) hub 1
level Nt 1 7 @&HAEAEHEEN hub HEHEIRG ) BRRIRME: b T RUBEE%E, hub
o AR B FIEF— M —TC I ik

LT ILT BB A A, JBTR&KIA struct usb_device 45 AL AT T 2 /DK
a5 17 kR, S s 7R EIH AL, W& SRR B O3 IR, X BN
W, AT, NN T A4 B taken NUERRBRIE T, AR AT
RERGTAHY, KB ppmm EBRFL, H—NRPMHET AR “Is this seat
taken?”, REAFIZ? MRIE “No, No, please.”, A FL A4S 1 B A U046 55 )
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W2 AREIZAT 27 X3k, taken HUEIXANEE . AR 7207 B BEIE KR A EA,
AN AR, AR L, NSRS AR

devnum taken

devpath[16] taken

state USB_STATE_POWERED
speed USB_SPEED_UNKNOWN
parent WAEZEKIEA hub

bus WEERRRF L&

epo ep0.urb_list, HIRFFKBEIRAY
dev dev.bus, dev.type, dev.dma_mask,, dev.parent, dev.bus_id
ep_in[16] ep_in[0]

ep_out[16] ep_out[0]

bus_mA hub->mA_per_port

portnum WARAERETE hub LI IRANR O
level hdev->level + 1

filelist taken

pm_mutex taken

autosuspend taken

autosuspend_delay 2*HZ

EAICA I TE AR ? PR e, PR, X2 &R Lt AR A
PGB AT IR o OIS BG4 it ACHRKRRL RSN TE PR 1K) e IAE R AL AE T Powered RZS. Tl
MR, B ZAUN Powered IR JEE] K —/MIRZs Default, 2SN RAE S
HRI AL AR EARR mm IR ICZR A FE BIPRAS SR LUK IR LS AV S, AN
FEREREE AR AT LA, 51 money —AMAEAEED . I hub £ M RIZIERRME T, &
frvest, BAEIE, B aE A Default JR3s.

AR, HE B, AN TR, AN, TIPSR RS, R AR 1 (I
B, MREn, ®EE, —HEAE. WEEMATE -FTERAA, MAITHEEAR, R
WA 2 L2 R, #AMERE S F o AR, Ea22ul)LIR, MHER
B mm i, R RAEIOR T2 R T, AR TR AZHERT . AR
W T ILRASR AL, AR T, X R A& i e LT . [AFEIEE,
UERARE 1 TARZ HEAN G LA HARIE, B R IO DA i, P4 A 5 FFANAT A,
HA A 2 b g th R T2 T,

IAERE BRI G T, KPEHT Default IRE&, [FES, hub 43R5 % EIE
FE, AR, Ay, mEd s, RMEUEFEHUKE T, speed MATAIE T H K IIES
i, AHIHEZ UNKNOWN 1o SRS IXANIEE, WAATTRERIE L A2 7 A REW i 11 O
—IRBEMS AL B S KB A B, BRSO, Tl e, XAMEA N 64 715, X THIG
WA 8 T, M T ARSI REN 8, 16, 32, 64 A BEIXFER P
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g, SRR ULASAL, TR ALAL, Pril hub idEZ5E A gigE i
MR LR ME, B TEANMITEIL, eibirng 2008 7o

hub -5 AT, w&MIZEAN Address IRAT, WZABERPT . b BAT/N A1
W T ANG TIRAZ T2 )5, @GR, RITHREEA Address IE, AR ILHATHEA
NET, BIREATr, ER=D A ONFIERM, 2 21 AR5 ORI
I

MAATT v 2 B AEE N Address IRESE B4 220 )L, N E hub fi ] core B L —A ik
usb_control_msg, %1% SET_ADDRESS ii53R45 ¥ 4%, Bt > m KU iL 3k Address
T IBAEEIIXA address ZA14, wid LI devnum W, Uit i, AHRESEEATR
A, & T 104FE, HAE, T4, AT Address 1.

HASELAE ME K 361X 4> usb_control_msg K%, ‘E 4 message.c HE X

94 /%%

95 % usb_control msg — Builds a control urb, sends it off and waits for
completion

96 * @dev: pointer to the usb device to send the message to

97 % @pipe: endpoint “pipe” to send the message to

98 * @request: USB message request value

99 % @requesttype: USB message request type value

100 * @value: USB message value

101 * @index: USB message index value

102 * @data: pointer to the data to send

103 * @size: length in bytes of the data to send

104 % @timeout: time in msecs to wait for the message to complete before
105 % timing out (if 0 the wait is forever)

106 * Context: !in interrupt ()

107 %

108  * This function sends a simple control message to a specified endpoint
109 % and waits for the message to complete, or timeout.

110 =

111 * If successful, it returns the number of bytes transferred, otherwise

a negative error number.

112 *

113 =* Don’ t use this function from within an interrupt context, like a
114 * bottom half handler. If you need an asynchronous message, or need to
send

115 =* a message from within interrupt context, use usb submit urb()

116 = If a thread in your driver uses this call, make sure your disconnect ()
117 * method can wait for it to complete. Since you don’t have a handle on
118 % the URB used, you can’t cancel the request

119 =/
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120 int usb control msg(struct usb device *dev, unsigned int pipe, _ u8 request,

__u8 requesttype,

121 __ul6 value, _ul6 index, void *data, _ ul6 size, int
timeout)

122 {

123 struct ush ctrlrequest *dr = kmalloc (sizeof (struct usb ctrlrequest),
GFP_NOIO) ;

124 int ret;

125

126 if (!dr)

127 return —ENOMEM;

128

129 dr—>bRequestType= requesttype;

130 dr—>bRequest = request;

131 dr—>wValue = cpu to lel6p (&value);

132 dr—>wlndex = cpu to lel6p(&index) ;

133 dr—>wLength = cpu to lel6p(&size);

134

135 //dbg (“usb_control msg”);

136

137 ret = ushb_internal control msg(dev, pipe, dr, data, size, timeout);
138

139 kfree(dr) ;

140

141 return ret;

142 }

EAREFEEH e E@ - MEE urb, JHEERIEY usb B4, RIEERFEEMN. urb
AT A? BT 4, AridRE R, REAMEKE usb B, #MARHE—4 urb, JFH Y
IR IR, 254 usb core, ‘B2xFkF4iE ) host controller, Mifi#EAT BAKM B AL . 1
HBIEWAPE— NS N, e KPR BIAERANEIAEIEL H? A5, WAE
WA, =0k, B TSV, BT E—Traskm, XACH p Ao, S
W, URENERZER) rp AT A? W rp Sk T ] 25— HACE 0, AR5 S
i “HE, XBIBMAFNAGILI T -eee 7

12317, A—> struct usb_ctrlrequest £ & 113 T NAE, IXE I T —ASH A4,
PR ERBERERAT T, KR URAE. B include/linux/usb/ch9.h S H g X

123 /**
124 * struct usb_ctrlrequest — SETUP data for a USB device control request

125 * @bRequestType: matches the USB bmRequestType field

126 * @bRequest: matches the USB bRequest field

127 * @wValue: matches the USB wValue field (lel6 byte order)
128 * @wlndex: matches the USB wlndex field (lel6 byte order)
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129 * @wLength: matches the USB wLength field (lel6 byte order)

130 *

131 * This structure is used to send control requests to a USB device. It matches
132 * the different fields of the USB 2.0 Spec section 9.3, table 9-2. See the
133 * USB spec for a fuller description of the different fields, and what they are
134 * used for.

135 %

136 * Note that the driver for any interface can issue control requests

137 * For most devices, interfaces don’ t coordinate with each other, so

138 * such requests may be made at any time.

139 =/

140 struct usb ctrlrequest {
141 __u8 bRequestType;
142 __u8 bRequest;

143 __lel6 wValue;

144 ~ lel6 wlndex;

145 __lel6 wLength;

146 }  attribute  ((packed));

XANGER SR XN T spec B Table 9-2, ik 7 EMLIE ik 5 A& A 26 45 B4 1037 5K

(Device Requests). —H#M{ERGFEAN], X&) LB AR T, TR R &G
SRESAE EL A IR SR e #7102, AR LAY A BRI, mrafTsAs
— T, AHBUXAMEAME, R R RO RILEZE Y, R mm g B A AR
T o AR R, BUR N WA EE AR R 2 A, XS B TR 2 0
RS RIAWD, HEIXBIRE S AR Ay b, B R B B S 2 DA AR R, 40 E s
Hu = X ARAE DT K2 T .

XA SRR request #i7E Setup t LK1, Setup t T HIH:AL 3 2] Token PID
KA —Fh, N TREFBRAR, KP4 FEEHUEHR)Z 1 packet 1. 5L i >
B P B transaction, SETUP 1 STATUS, SETUP 1 STATUS Al (1184~ DATA
MBS WA WG . Transaction IXANE LAEIR 2 M 5 #0, A EANs h DX 5 24 R 44 ]
WYL T, FERXEARRR e NS WL, S, RG2S EHWEMIR4A transaction, 1 LA
it k) AR 2% Z ) T IR — IR SE3E AT IR, Eh i 2004 A/ NHIAER KSR M P38 P2 8%
T R 8% 7 32 T Wk A S 2 TR) P56 i

BN TR B,

Xt n] LU & —IK transaction, &5

LRI FE TR BEALRE

TSGR BT TR
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XL F T transactions, usb 1 transaction L i 6T 5 2, ASAS B ki,
val LadE— Token ., —/ Data ®f1—- Handshake fi.

Token. Data fll Handshake #)& T-PUF PID 2884 FR (g, iy T i3 30 ik 20 ) — AN 6 5L i R
L83y, G SYNC. PID. Hilibi. DATA. CRC, AR PID KA H 4 4 i A0 45
ff). Token {1 HAufk SYNC. PID. Hilitl. CRC, Jf¥%# DATA 7B, T4 FHERIIE
%, wi HRFRd i/t transaction B4 N kafER), X1 Out #l Setup Token fi,
FUH bR FR B T B ORI Data i AT, XET In Token 4, HihBIESEI TR
WA vty 5 B R 1% Data . 017, G ENAGBORIKIE Token 4, Bl BLHX 4 H
(1. 5k spec Ml K%, MAEIX)LEMILN, BA AR, AT EEHLIA 1 1)
AR RIS T, MRS wiEE s 8 A th, id)LDUM FidJLug, £l
TSSO A% BB Kick, JSME/NWE AR 8 FvESr? Wi BT KT, WERMIEEIKZVESR? IS
AR, PR WEIR? XA, AL, AEh R BARRHER S X LK
IEAEAESE 10000 Bl2EMfE 4, JRATLAEE 2L HR—F, ANEIEREE m WA,

L) Token tAfitl, Data ¥ Tk, £ T Data 7B, XA Data 7B TRH %
K 8 P, XA AR KN 1023 7, S ml ki ko 1024 775, LA
SAONETE 2, B RAE Token il LKA AR ¥ . Handshake 1) 4y itk 4 1
AT, A AR W RS2 ) RI —FERT 5, BT SYNC, et A& T —4 PID, it
PID AN [FE KR 15— transaction [PRAS,  HLIn$ds 4 i ah il 7 4%,

WGSE, R =/, ANF=58, EHEMT SETUP transaction — ok AT =AM EL,
e LR B k1% Setup Token il AR )5 k% DataO 4, Wi —YINH], B[ ACK
Handshake f.% 7~ OK, A ftaln E—f? ailkrpal{#84> DataO £ i T~ HERA o) % 8 2%
BN T, WA A BBA S BIN, SX IR B T SETUP transaction 2 )&, #T
e Ryt 44T DATA transaction (115, JFgh DataO. Datal ixXFfA8 X i) kb Hd
T U X A2 4 T 528 data toggle. i jiise STATUS transaction, [i] ALV AT T
SETUP F1 DATA BB Ifi4h R, Hnom EHL MR Mar A a8 7, 8 BN PR a4
WA, BB BT BB DR LS EHL L dr 2.

XPEL L SETUP. DATA. STATUS iX =4 transaction BB, — /53 i il ik i oe
T R FORATLURERI Rk i s AL S

PRAERT BB 2 AR S 1 5 B AR R T AR L, BEARMHRIG 2 252 00, PAATIIRAE N n]
PLE H 2 BTt requests #7E Setup LB RIE A WK, B4 Setup A G H-5 A FdE
FB RSN A% 2 /E SETUP transaction BB Setup 415 () DataO £, 5 %
KW, A RIR? R, L ANZE, ETEMRILATN: HAZE, ETUMAEH R =
WK, ETWEh BB 2%, ETEAN—KkZK. IEasE %K FEIE, f§E
SEMABTFEWIM— Ko

141 17, bRequestType, XNFBOIEM 71, WRREEN, EMEEHROES
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RN T o eI bit7 RO T L DATA transaction BB 5 ), 248K,
RF DATA MBIl bit5~6 o~ request [IZRAY, bR, class-specific i
vendor-specific [f]. bit0O~4 L5 T X AMERES 2k es, 0, E&um. NiZAE
LT8G E M 7 — S, sE ch9.h SCAFE,

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

/%

* USB directions

*

* This bit flag is used in endpoint descriptors’ bEndpointAddress field
* [t’s also one of three fields in control requests bRequestType.

*/

#tdefine USB DIR OUT 0 /* to device */
#tdefine USB DIR IN 0x80 /* to host */
/%

% USB types, the second of three bRequestType fields

*/

#tdefine USB TYPE MASK (0x03 << 5)

#tdefine USB TYPE STANDARD (0x00 << 5)

#tdefine USB TYPE CLASS (0x01 << 5)
#tdefine USB TYPE VENDOR (0x02 << 5)
#tdefine USB TYPE RESERVED (0x03 << 5)
/%

% USB recipients, the third of three bRequestType fields

*/
#tdefine USB_RECIP_MASK Ox1f
#tdefine USB_RECIP_DEVICE 0x00
#tdefine USB_RECIP_INTERFACE 0x01
#tdefine USB_RECIP_ENDPOINT 0x02
#tdefine USB_RECIP_OTHER 0x03

/* From Wireless USB 1.0 */
#tdefine USB_RECIP_PORT 0x04
#define USB_RECIP RPIPE 0x05

142 17, bRequest, F/rHAALWEA request.

143 17, wValue, X/MFBi& request 1540, request KA, wValue A .

144 17, windex, /& request (5%, bRequestType 18] request 4151 & 54
(R AN B 11 s o5 OIS, wlndlex it FH SR 2 MR A 4% 11 Bt A4

145 47, wLength, ##1% % DATA transaction B B K &, 7510 C &7
bRequestType JJLIEW T . WIREXAMEN O, &K " fT DATA transaction FirBx,
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bRequestType 177 AL ETICA T -

Al struct usb_ctrirequest LS E L EIIX I, [7]2] usb_control_msg M%H . 1R
BTG, S sEAIE A struct usb_ctrirequest Z5 R4k, BT EiE SR IN 2.

129 #| 133 47l KAE H AL 28 1 R I S E I A IX A G5 AR 11 o 6 T NI 4 32 21 1
SET_ADDRESS i, bRequest [{H & USB_REQ_SET_ADDRESS, frifif=k 2z —,
ch9.h H5E 5. [Fly SET_ADDRESS iR I AT 2 DATA FrBt, FiLl wLength 24 O,

1M HIXANE K2 s 1), T windex t°4 0. IX4—3K, bRequestType [F{E
el O 1o PR BCERAHNLE, SR ERIIRS RE, MRS IEITE
— 3K ZIRAHNTE ENUEMANE I, LU RIS 4 wValue #l/& Z /i hub CEiR &R
SELF) devnum. 5 SET_ADDRESS 153K &AM 70 [11H spec 9.4.6 TLAA M E, wifl
PIXBY—FE, MEREESR-

PR oRSEHR 139 17, L RIX ) Ui £ /s AR P MO, M2 IXRIEME C& 58 T, B4 struct
usb_ctrirequest 5 MR T, B B AR P B LA T RS 7 45

B3k 137 17, RXZSIMIEIERLAE T, A, a2, WIE T ERgRoma
2L,

wEREmE (=)

P %usb_control_msgifi/fl T usb_internal_control_msgx Jiih 2c 3 ) LHE K5 T, IF
WEILEWE L, 44 usb_internal_control_msg 2t 17, XA RUE TR, ki
FADLWZ B IEAPAAIE T RIS XA T2 ROULTE, T NeEWERESSAR, I
TERFE VTR ), R a0 iis .

70 // returns status (negative) or length (positive)

71 static int usb internal control msg(struct usb device *usb dev,
72 unsigned int pipe,

73 struct usb ctrlrequest *cmd,
74 void *data, int len, int timeout)
75 {

76 struct urb *urb;

77 int retv;

78 int length;

79

80 urb = usb _alloc urb(0, GFP NOIO);

81 if (lurb)

82 return —ENOMEM;

83

89



84 usb fill control urb(urb, usb dev, pipe, (unsigned char *)cmd, data,

85 len, usb api blocking completion, NULL);
86

87 retv = usb start wait urb(urb, timeout, &length);

88 if (retv < 0)

89 return retv;

90 else

91 return length;

92 }

XARECHE L J, ATy — Ay, = AR, LA struct urbZ5 /44 s,
Ll usb_alloc_urb. usb_fill_control_urb. usb_start_wait_urb =" ¥k FA .

—Aruly: struct urb&5 A, FURAATET I 2 R EE R X 2 R, HEIE A A WL 15
Ui urb, 4Ffusb request block, WZEMAAINIMAIER, ushilfEFE M S B IX k.

BN EA R usb_alloc_urbid#l, GE-—urb, struct urbft i Ga ek,
‘BeurbfEusbt S MRAREE, FIORE—FER A .

B ANEA LT usb_fill_control_urb %, waath— M Edlurb, urb@i iz 5, {EH
ZHT LB E A IR AA A

B =NEAR A usbh_start_wait_urbii %, Kurb$E 251 1 usb core,  DAME /3 EL4HE
SE I ENAE TS IR S BEAT AL BE, ARG ERER ISR AL BEAE AL, Bl iy

963 /#*
964 * struct urb — USB Request Block
965 * @urb list: For use by current owner of the URB.

966 * @pipe: Holds endpoint number, direction, type, and more

967 * Create these values with the eight macros available;

968 usb_{snd, rcv} TYPEpipe (dev, endpoint), where the TYPE is “ctrl”
969 * (control), “bulk”, “int” (interrupt), or “iso” (isochronous)
970 * For example usb sndbulkpipe() or usb rcvintpipe(). Endpoint
971 = numbers range from zero to fifteen. Note that “in” endpoint two
972 is a different endpoint (and pipe) from “out” endpoint two.
973 * The current configuration controls the existence, type, and
974 * maximum packet size of any given endpoint

975 * @dev: Identifies the USB device to perform the request

976 * @status: This is read in non—iso completion functions to get the
977 * status of the particular request. ISO requests only use it
978 * to tell whether the URB was unlinked; detailed status for

979 * each frame is in the fields of the iso frame-desc

980 * @transfer flags: A variety of flags may be used to affect how URB
981 * submission, unlinking, or operation are handled. Different
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982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
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kinds of URB can use different flags

@transfer buffer: This identifies the buffer to (or from) which

the 1/0 request will be performed (unless URB NO TRANSFER DMA MAP
is set). This buffer must be suitable for DMA; allocate it with
kmalloc() or equivalent. For transfers to “in” endpoints, contents
of this buffer will be modified. This buffer is used for the data

stage of control transfers

@transfer dma: When transfer flags includes URB NO TRANSFER DMA MAP,

the device driver is saying that it provided this DMA address,
which the host controller driver should use in preference to the

transfer buffer.

@transfer buffer length: How big is transfer buffer. The transfer may

be broken up into chunks according to the current maximum packet
size for the endpoint, which is a function of the configuration
and is encoded in the pipe. When the length is zero, neither

transfer buffer nor transfer dma is used

@actual length: This is read in non—iso completion functions, and

it tells how many bytes (out of transfer buffer length) were
transferred. It will normally be the same as requested, unless
either an error was reported or a short read was performed.
The URB SHORT NOT OK transfer flag may be used to make such

short reads be reported as errors

@setup packet: Only used for control transfers, this points to eight bytes

of setup data. Control transfers always start by sending this data

to the device. Then transfer buffer is read or written, if needed

@setup dma: For control transfers with URB NO SETUP DMA MAP set, the

device driver has provided this DMA address for the setup packet.
The host controller driver should use this in preference to

setup_packet

@start frame: Returns the initial frame for isochronous transfers
@number_of packets: Lists the number of ISO transfer buffers.

@interval: Specifies the polling interval for interrupt or isochronous

transfers. The units are frames (milliseconds) for for full and low

speed devices, and microframes (1/8 millisecond) for highspeed ones

@error count: Returns the number of ISO transfers that reported errors.

@context: For use in completion functions. This normally points to

request-specific driver context

@complete: Completion handler. This URB is passed as the parameter to the

completion function. The completion function may then do what

it likes with the URB, including resubmitting or freeing it

@iso frame desc: Used to provide arrays of ISO transfer buffers and to

collect the transfer status for each buffer.

This structure identifies USB transfer requests. URBs must be allocated by
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1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
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1040
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1042
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1044
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1054
1055
1056
1057
1058
1059
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1061
1062
1063
1064
1065
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1067
1068
1069

calling usb alloc urb() and freed with a call to ush free urb().
Initialization may be done using various ush fill * urb() functions. URBs
are submitted using usb_submit urb(), and pending requests may be canceled

using usb unlink urb() or usb kill urb().

Data Transfer Buffers:

Normally drivers provide 1/0 buffers allocated with kmalloc() or otherwise
taken from the general page pool. That is provided by transfer buffer
(control requests also use setup packet), and host controller drivers
perform a dma mapping (and unmapping) for each buffer transferred. Those
mapping operations can be expensive on some platforms (perhaps using a dma
bounce buffer or talking to an IOMMU),

although they re cheap on commodity x86 and ppc hardware.

Alternatively, drivers may pass the URB NO xxx DMA MAP transfer flags,
which tell the host controller driver that no such mapping is needed since
the device driver is DMA-aware. For example, a device driver might
allocate a DMA buffer with usb buffer alloc() or call usb buffer map().
When these transfer flags are provided, host controller drivers will
attempt to use the dma addresses found in the transfer dma and/or

setup dma fields rather than determining a dma address themselves. (Note
that transfer buffer and setup packet must still be set because not all

host controllers use DMA, nor do virtual root hubs)

Initialization:

All URBs submitted must initialize the dev, pipe, transfer flags (may be
zero), and complete fields. All URBs must also initialize

transfer buffer and transfer buffer length. They may provide the

URB SHORT NOT OK transfer flag, indicating that short reads are

to be treated as errors; that flag is invalid for write requests

Bulk URBs may
use the URB ZERO PACKET transfer flag, indicating that bulk OUT transfers
should always terminate with a short packet, even if it means adding an

extra zero length packet

Control URBs must provide a setup packet. The setup_packet and
transfer buffer may each be mapped for DMA or not, independently of
the other. The transfer flags bits URB NO TRANSFER DMA MAP and

URB NO SETUP DMA MAP indicate which buffers have already been mapped
URB NO SETUP DMA MAP is ignored for non—control URBs.
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1073
1074
1075
1076
1077
1078
1079
1080
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1084
1085
1086
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1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
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1106
1107
1108
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Interrupt URBs must provide an interval, saying how often (in milliseconds
or, for highspeed devices, 125 microsecond units)

to poll for transfers. After the URB has been submitted, the interval
field reflects how the transfer was actually scheduled.

The polling interval may be more frequent than requested.

For example, some controllers have a maximum interval of 32 milliseconds,
while others support intervals of up to 1024 milliseconds

Isochronous URBs also have transfer intervals. (Note that for isochronous
endpoints, as well as high speed interrupt endpoints, the encoding of
the transfer interval in the endpoint descriptor is logarithmic.

Device drivers must convert that value to linear units themselves.)

Isochronous URBs normally use the URB ISO ASAP transfer flag, telling
the host controller to schedule the transfer as soon as bandwidth
utilization allows, and then set start frame to reflect the actual frame
selected during submission. Otherwise drivers must specify the start frame
and handle the case where the transfer can’t begin then. However, drivers
won’ t know how bandwidth is currently allocated, and while they can
find the current frame using usb get current frame number () they can’t
know the range for that frame number. (Ranges for frame counter values

are HC-specific, and can go from 256 to 65536 frames from “now”.)

Isochronous URBs have a different data transfer model, in part because
the quality of service is only “best effort”. Callers provide specially
allocated URBs, with number of packets worth of iso frame desc structures
at the end. FEach such packet is an individual ISO transfer. Isochronous
URBs are normally queued, submitted by drivers to arrange that
transfers are at least double buffered, and then explicitly resubmitted
in completion handlers, so

that data (such as audio or video) streams at as constant a rate as the

host controller scheduler can support

Completion Callbacks:

The completion callback is made in interrupt(), and one of the first
things that a completion handler should do is check the status field
The status field is provided for all URBs. It is used to report
unlinked URBs, and status for all non—-ISO transfers. It should not

be examined before the URB is returned to the completion handler.

The context field is normally used to link URBs back to the relevant

driver or request state

When the completion callback is invoked for non—isochronous URBs, the
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1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131

1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156

* actual length field tells how many bytes were transferred. This field
* is updated even when the URB terminated with an error or was unlinked.
*
* ISO transfer status is reported in the status and actual length fields
% of the iso frame desc array, and the number of errors is reported in
% error_count. Completion callbacks for ISO transfers will normally
* (re)submit URBs to ensure a constant transfer rate.
*
* Note that even fields marked “public” should not be touched by the driver
* when the urb is owned by the hed, that is, since the call to
* usb submit urb() till the entry into the completion routine
*/
struct urb
{
/% private: usb core and host controller only fields in the urb */
struct kref kref; /* reference count of the URB */
spinlock t lock; /% lock for the URB */
void *hcpriv; /* private data for host controller
atomic_t use count; /% concurrent submissions counter */
u8 reject; /% submissions will fail */
/% public: documented fields in the urb that can be used by drivers */
struct list head urb list; /% list head for use by the urb’s
* current owner */
struct usb device *dev; /% (in) pointer to associated device */
unsigned int pipe; /* (in) pipe information */
int status; /* (return) non-ISO status */
unsigned int transfer flags; /% (in) URB SHORT NOT OK | ...%/
void *transfer buffer; /% (in) associated data buffer */
dma_addr t transfer dma; /% (in) dma addr for transfer buffer */
int transfer buffer length; /% (in) data buffer length */
int actual length; /* (return) actual transfer length */
unsigned char *setup packet; /* (in) setup packet (control only) */
dma_addr t setup dma; /% (in) dma addr for setup packet */
int start frame; /% (modify) start frame (ISO) */
int number of packets; /% (in) number of ISO packets */
int interval; /% (modify) transfer interval
* (INT/IS0) */
int error count; /% (return) number of ISO errors */
void *context; /% (in) context for completion */
usb _complete t complete; /% (in) completion routine */
struct usb iso packet descriptor iso frame desc[0];
/* (in) ISO ONLY */
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1157 };

R R —— P WA T B RS A S ORI DI S Rk,
B T SRR

R RREN —2 TSN A, AT B RO, AT struct urb s

112917, kref, urb 514 A E2RGEAE urb A AR AR /M, HAN
MEMOCHN, EkE T > urb (ZAESEAF TS —> urb BRI, R4REEZEUEATIE 2
NS ER E . A REHOR T, 44 urb LB SEIRAEIXAS /N
ST BLILL?

IRFARFAR FAR R LARTE B, LS A 2 )i e 5 i R AR A A, 9 1 — o 2L b
P ANEPRIX, T e g LRt oo B8 2 IR sh B, AE SR T R 3 4% B Ko
— > packets, {EMATEREE urb. BRI, I sl 2 s 84— A%, 1Y urb A,
ik, KIFARE A urb HEERIECET N A0, 8 Rl AR i AN [ 1 8 T8 R O 45 A 7] 1R
R IS AGKRE—K, FRATWH F1IE XA urb IEEREZ DA SR, A AR XA urb [
Fdr 02 over? WREA AT AN e e, MIRATIEFIBIX Mg oL, etk
WA TE usb AR, PRGN R s A7 2 SR AP AT i
BUF TN, XUE s . R —AMER T, e XA g RGN 1,
R —AME R, STRTPEOI—, s 5 — M E AR T XA urb, BT
e T, el aRmeEs TRk, &AM,

TR RS AN, WA SRR R IXAN AT I 5 T H S 2 — A struct kref 251
&, 7 include/linux/kref.h H5E X

23 struct kref {
24 atomic_t refcount;
25 };

XA RS struct urb AL BIREC T, 8] BRI VAT ISR 1K o ANid 5 B
B, AZ LR AT R AN SR AT B . e ) LS T AN R PR R, N
22 R AR 2 BEARAAT T 5 V8T, A UE A AT R RIS R X AN X4,
W R EATR B SOX A VB AT RETENE, BRI R Vi, IS A8 A
BE? ORI A — AU L T TINAN R S e /N TS, BT LA TR AR . 2RI
ANk, WG E LT IJLNETES T RTH S g, e A117E lib/kref.c HLE X

17 /%%

18 * kref init — initialize object
19 * @kref: object in question.

20 */

21 void kref init(struct kref *kref)
22 {
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23 atomic set (&kref->refcount, 1) ;

24 smp_mb () ;

25 }

26

27 /sk

28 * kref get — increment refcount for object

29 * @kref: object.

30/

31 void kref get(struct kref #*kref)

32 {

33 WARN ON(!atomic read (&kref->refcount));

34 atomic inc (&kref—->refcount) ;

35 smp mb after atomic inc();

36 }

37

38 /Hx

39 sk kref put - decrement refcount for object

40 * @kref: object.

41 * @release: pointer to the function that will clean up the object when the
42 * last reference to the object is released

43 * This pointer is required, and it is not acceptable to pass kfree
44 * in as this function

45 =k

46 * Decrement the refcount, and if 0, call release().

47 * Return 1 if the object was removed, otherwise return 0. Beware, if this
48 * function returns 0, you still can not count on the kref from remaining in
49 * memory. Only use the return value if you want to see if the kref is now
50 * gone, not present

51 %/

52 int kref put(struct kref *kref, void (krelease) (struct kref #*kref))

53 {

54 WARN ON(release == NULL);

55 WARN ON(release == (void (%) (struct kref *))kfree);

56

57 if (atomic dec and test (&ref->refcount)) {

58 release (kref) ;

59 return 1;

60 }

61 return 0;

62 }

A Kkref.cCHEHUE L T X4 =AW, kref_init#1t44k, kref _get¥ 5] i %om 1,
kref _putf 5| H - Bos— 3 RIWHE AL 0, S 0 st i 25U release B B 45 418 1)

(&

HHER A B ST AT ) Lrefeount (i #/E #d 3 d J 1 AR B Ap AT (R B A R
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FLSSXA) I ] LS Y H B KR, SR AR B AR ] L TR E R T, iR e A
OO AL, A E A — AR R T LT T IR A R AR, AR R LA,
VLWTHR R B R — B B — FEXT AR, iR gt B/ R ARINAT R, EIEGRA
error(f. K —T, kref_inithliG1bn, ZEftrefcountERILGIL N 1 T, A2 0.
WA — REURE kref_putZZUR A R AR5, A BRI — P NULLE 25, B IIX
AUV PR, MR T AR H I, B BT EAE XAV AR O B
Bt NIX A5 Brstruct Kref 5 Ky 44 (1) 6 S 45 85 8cdst, Bt LLIXAS B3R £ R fig A
kfree, [RNIXkERTEEEH ZHIX Pstruct KrefSE MRS R8T, A EHEA RS,

S AN, el struct kref S5 Rk AT Rt 3807 R TATT 757 B A — A 45
R RN BIR AT B T B0 G2 L, ANSRARAR AR 50 G200 0 G A e AN A i Jo) S0 L 1 A FH A7 400
FEH AT, METE IR FLHRELAY Linus J2& linux B KR, GOK B ARBT 27— R de — St i
YEYELEME LA, IRAEAETR L o AR TRATTN %02 I LT WA A A% Bl ) LB HAi A B 8 LA
BRECK X G, TR RN % GE T B AL S TSR %, EanrEATI urb,
7E urb.c Bz X

17 /%%
18 * usb init urb — initializes a urb so that it can be used by a USB driver
19
20
21
22
23

% @urb: pointer to the urb to initialize
*
*
*
*
24 * necessary to call this function. Only use this if you allocate the
*
*
*
*
*

Initializes a urb so that the USB subsystem can use it properly.
If a urb is created with a call to usb alloc urb() it is not

25 space for a struct urb on your own. If you call this function, be

26 careful when freeing the memory for your urb that it is no longer in
27 use by the USB core.

28

29 Only use this function if you really understand what you are doing
30 */

31 void usb_init urb(struct urb *urb)

32

33 if (urb) {

34 memset (urb, 0, sizeof (*urb)):

35 kref init (&urb—>kref) ;

36 spin lock init (&urb—>lock) ;

37 }

38 }

39

71 /4%

72 *usb free urb - frees the memory used by a urb when all users of it are finished
73 % @urb: pointer to the urb to free, may be NULL
74k
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75 * Must be called when a user of a urb is finished with it. When the last user
76 * of the urb calls this function, the memory of the urb is freed

77k

78 * Note: The transfer buffer associated with the urb is not freed, that must be
79 * done elsewhere.

80 */

81 void usb free urb(struct urb *urb)

82 {

83 if (urb)

84 kref put (&urb—>kref, urb destroy);

85 }

86

87 /sek

88 * usb _get urb - increments the reference count of the urb

89 * @urb: pointer to the urb to modify, may be NULL

90

91 * This must be called whenever a urb is transferred from a device driver to

a
92 * host controller driver. This allows proper reference counting to happen
93 * for urbs.

94 *

95 * A pointer to the urb with the incremented reference counter is returned.
96 */

97 struct urb * usb get urb(struct urb *urb)

98 {

99 if (urb)

100 kref get (&urb—>kref) ;

101 return urb;

102 }

usb_init_urb. usb_get_urb. usb_free_urb X ="~k % 5 511 T i HE 21 struct
kref 5t 1) = AN EAE R ECRIEAT ST HTHERIaa4e . i 1. 98— AHanyE:i3e? iXmhny
%é. usb_init_urb fl usb_get_urb #¥ AT A GF 3L, HAUKDGER 1) /& usb_free_urb H
# kref_put f£3E RIS K% urb_destroy, ‘&4 urb.c BiE X

9 #tdefine to urb(d) container of(d, struct urb, kref)

10

11 static void urb destroy (struct kref *kref)
12 {

13 struct urb *urb = to urb (kref):

14 kfree (urb) ;

15 }

XA~ urb_destroy H5EIHH T to_urb, 52Br Eit&—4 container_of K315 5| HTHEOS
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RIS urb, ARG EH kfree ¥ &4 5%

B, HEAAIOEN, SIS R, AR A

113017, lock, —CHEEH. FMEFHE T, &4 urb #47—3L A

113117, hepriv, ESR, RWIZPHIZXA urb i 20d 2 BHRAZ G AL 29K B 1,
AT BUE urb NGNS B B3, AT ST T

113217, use_count, XHIGE—AMEMTEL AU SR, B BN R
IBES urb L dr AW kref — ) LM R MBAT, HERIRHAAIE . A E R ARAAT A1,
FEAT AAEMERT Y struct urb ANKTAE L8 5 1IN e A A — 5 2 3 2

JE TR A urb SR — IR SE R usb A5 AR ELE JIBLEY B, B oG, SRENFET RN A
O 5 usb WA TS, TREE— urb, FH4REER H ML & LR 5 5,
RIGHRACYE usb core, usb core S BEAERMI IS KA 2 5 TR AC 25 ML 4 11 9K
FESF HCD, HCD & LEHTXAS urb, T HKZT A, 15 usb W& HEATH N
ACW, FEASTEE R, urb B H LS 5, HCD FHEXRAS urb (K FT A A AL R IR SN FEFE .

X Hf#) use _count #i /&7 usb core ¥ urb 54y HCD, rFEBAT T-L:rmeE, 46 ET
MW, 48R4, ERES 1. A MHER 12 76 HCD T Er# urb T4
BOEAZ [P 9R SR 7 I Ik o SXAEUEIE, B HCD #1143 3XA urb T AL 4% urb (1)
use_count Hi A& 0. X4 —it, 17 use_count 115 AUEEE urb A= R HIIRE T,
MU HMERT O I, #hR R AT HCD IEAEARER Y, R kref MES B2 I ES,
A, WAREATZ MR R, BRI EEIX LT E AL, AR LR A4 .
RIIAS kref LT A S NAZ G — 15 VLR, o080 O I, urb X% bk
urb_destroy 444455 7 . XH ) use_count HUEFSRGEH S HTIXAS urb JEANSE IFAE R
A~ HCD 42, BMEERER O, W2 UM%A HCD EfHem e, AR E
RS, LUt HCD FIHSE T urb, $EERS TIRE), XIS RENE AT AXAHXAS urb &
BRfE, MR A HCD £4TH .

T ) R B AR AN S L E U 22 H ke, IR ST A FH R T IR 2 3 AN IR 2 1 T
JUIABY Bt . urb BB AN 1, AT T, HCD IEAFES, WK 1, &
AR AKX UGBS T, A IXAS urb 45261145, BRI R usb core R 45 IR e it
T PR R A IR PR 5 2 o AN AN 7 28 S AR R 5T LA 73 P, —Fi2 Dk a)h
HALE T usb core 5 1F HCD — 74, $LiX/™ urb FARL b4, om0t 7, W5
AR EELE HCD B, Him L, XmeEmmemd, Ve 2
usb_unlink_urb &%, 48R0 N [REA R DR, IXE) s fE 0 B 48 4 HCD [ Ab 2
R, SRR urb gk, MR SE usb_kill_urb %, 1 HCD BiXyGifE&ib)G, 1A
FESsHt urb T AR AC[RIK S o IS4 KBk A4 H W HCD C4 281k TIX G E ? Sl
I IX B use_count, IXzh4xfE usb Kill_urb B— H 2 G IXAMEAE N 0.
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1133 17, reject, H4, fHLifhA? AL ppmm ILBEM A AR LE, AR IRERE
TEZ IR /€& EL U Y@ Y £

EHRTAR M NAZ S, AT usb_kill_urb BEARBTERHTES, B4, B reject
5 LU urb ZEH KT . A A urb.c B HIX AN K5

444 /%

445 % usb kill urb - cancel a transfer request and wait for it to finish
446 * @Qurb: pointer to URB describing a previously submitted request

447 * may be NULL

448 %

449 * This routine cancels an in—progress request. It is guaranteed that
450 * upon return all completion handlers will have finished and the URB
451 * will be totally idle and available for reuse. These features make
452 * this an ideal way to stop I/0 in a disconnect() callback or close()
453 * function. If the request has not already finished or been unlinked
454 * the completion handler will see urb—>status == —ENOENT.

455 %

456 * While the routine is running, attempts to resubmit the URB will fail
457 % with error —EPERM. Thus even if the URB's completion handler always
458 * tries to resubmit, it will not succeed and the URB will become idle
459 %

460 * This routine may not be used in an interrupt context (such as a bottom
461 * half or a completion handler), or when holding a spinlock, or in other
462 * situations where the caller can’t schedule().

463 */

464 void usb kill urb(struct urb *urb)

465 {

466 might sleep();

467 if (! (urb && urb—>dev && urb->dev->bus))

468 return;

469 spin lock irq(&urb—>lock) ;

470 ++urb->reject;

471 spin unlock irq(&urb—>lock):

472

473 usb_hed unlink urb(urb, —ENOENT) ;

474 wait event(usb kill urb queue, atomic read(&urb->use count) == 0);
475

476 spin lock irq(&urb—>lock) ;

477 ——urb->reject;

478 spin unlock irq(&urb—>lock) :

479 }

466 17, 4 usb_kill_urbpf HCE — HEFEHCD K urbZ b, & L2 vl AKRHR T,
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ABRBURAE T G LE IR 22 S UM, A ARG I ppmm BRI, Lkt B [R5
MIRARN SRR il b, KA IR SIS, ATl R 2, ZEA RN
A, BEALENBER, PTLABIR A — AN E i L W6 . BT LA usb_kill_urb
ARERIER W BN, I ARESIRIRRS B O Ay A BEIRST L H K

A EHTD LA ME VR TIL, MRZAS R KRS FRATRESS, TR T
might_sleeppi ¥, HI'& R AW — R XA B EACEA R AAEREBS RIS 00, WERAZ, Bl
SATEV Y — RHERI AR B, FEIIRAE T W B R SO T IZAN R8O A, st 2k T
P H I — R, 5 a8, IFASRESR IR bR 8t B 2 BN S B RbE T
B R 2, ERRUE ARE R EIR, R DO b B IR T A, AR 2 kR

467 17, EXHLAFUE AR —F urb, urb EREPEAN B, EAIRN RSN SLARA, W
RO, Uk IR B[

469 17, EIRMFEEANurb#A WS, R rejectin 1. i 1 A4 ? HaL H oA
(12 B PN B T IXANME AT HIWT . 25— AN by i fEusb corefurbfgAL 4
HCD, IEfEIMEART-LLMImE, Witlreject K+ O, BIATEAEREA T, Huigiiix~urb
WHCDEA A T o X2 R T By 1EIX ) LIEAEZ IR Nurb, AR LN s 50 S 2 A8k XA
urbFE &L 4HCD.

473 417, XA JFHCDIRE) 2 FiXNurb T, usb_hed_unlink_urbpg %t 2 & 25 JFHCD
— 7, RIGAEHCDEA LB IR T .

474 17, LM usb_hed_unlink_urb/Ziz 8 7, HAAREKHCD O AKurbs 2l T,
HCD "] BEVEAS 4B, LU I usb_kill_urb /K BAKE, 25 NB4e. XHEMH T
wait_eventZ K SZHURIR, usb_Kill_urb_queueftfEhed.h B g U — NSRS, &
125 usb_kill_urb B 1. 7523 S 2 X E i 4 1F, use_countlZi%sT 0, %4
THF| use_countSZik K 7 T .

JU £ W6 HEL R R G A0 B R 1K) usb_Kill_urb? 3XZEHE3] T8 ANl FH reject i 4] i i) 4
J7 o TEHCD¥Gurb P A BORIG LG KA I iz, X rejectilf 7T #IWr, Wilkreject KT 0O,
i Hwake _upMe /e usb_kill_urb_queue A G/ usb_kill_urb. thiF¥Ef#, HCD
B urb K A BGR [R5 3R EN T, I8 458k 2 DA BE5E T, IE X Lt & L4944 1X ~urb
Zb T, usb_kill_urbfE 2 IX —RIZEIR, R EM kGRS N E T .

476 17, FHRFRAT urb FIREEL, 4 reject WA BN 1 459845, urb #iC & &1k T,
WHEANFHLSEIBLE T, reject i FFUHTARE ) LGS R IHE AT 2 BRI

RIER usb_unlink_urbpg £l 1K G B e A 12 A 4 X e

435 int usb unlink urb(struct urb *urb)
436
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437 if (lurb)

438 return —EINVAL;

439 if (! (urb->dev && urb—>dev->bus))

440 return —ENODEV;

441 return usb_hed unlink urb(urb, —ECONNRESET) ;
442 '}

% usb_unlink_urbiX )Lt .2 17, A CREESVFHCD, SR80 atIE i ik
[E g

struct urb 45K BRI LIX LA, H A2 usb core AN G2 X5 T 250 ), SERRAY
WKE AR AE WAL, CATEE usb 1 HCD HIJE A6, ARl AT A ARl sS4 4 #5 i
HIXH LA BT L bk , AT TE HLTH 6 4 08 BITAR A #8AS AR 'S R B s = . usb 7E linux
FUEEMRRX 224, A7) LR A5 Rt 2 /D0, BAS IR A R B EE, 2I09%
TREIMEREAR T, Ak, e, AR EEE, RS F A — A
urb, RJEWILHNL, FHEEIRACY usb core EATLL T, (AT 51V, A nEi s
) — EHAS ] 2450 . i David Brownell, &t Alan Stern, &+, WA AT
LA usb £E linux B4 K.

waEREmg (10D

Vet el s, AN B HUERINAR A, ez B WA NS . e Bk

o

NJUXLEE, RS usb BN EOGLN T, AKX JLE T ZFR, struct urb 4
FethoRIXA— ML QR ZHT, S5, e —F, RS/ N RN EA? IR
AW EUNEGEATA?

1136 17, urb_list, Mg LA SAT A urb BAFIA? HEASBAA A X B (1)
urb_list — A —MIFERGEE K. HCD S| —4> urb, e iR InEIZA> urb $55E 1

AT A urb BAFIE 2o SXAMERISKLFEME )L ? a8 e B, i o LA A
struct list_head %5 ¥4 5

113817, dev, REmARKIE, ERARME urb ZEIIEA usb B4

1139 1T, pipe, urb ik (i 1, TFEEE AW A PEE, X pipe. B
BoARE, Bakms A pipe? NAEFAW, EIEA M, it B ERgx, —
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S Yot LA R BEARAT P, REEAANT I, AR urb SRR IE IS PTE A
KK TR, SOZAEMPHL 27 My H e v, S iy PURFSRAY, 84 L s s A A AT
WHVE B RN AZAN I — P X ABOK, e — 48 82D BRIE P S bk 5 1 Ay
T AR I S B B A Y, i A E IR U I B X I B A g k. IS A
KX e ARG ER RS DEITE? DS TSRl GE VR 1k I 2281 e
2 ZASERMEEE, HEATHEX AW, SAEKEIDARIMNESFEZARZ, 26
A, —AEERMEAE N LR T

SEEBEIE, WS X AN, bit7 HER T, bit8~14 Fomik&Hutl,
bit15~18 FoRiii kg, Fobviinl, @&AHhH 7 fkEoR, A5 4 fiskEoR, #T
K bit30~31 £nEIERM ., HAERHLSEEIEW LY, 7E include/linux/usb.h ¢
X

1388 /*

1389 * For various legacy reasons, Linux has a small cookie that’s paired with
1390 * a struct usb _device to identify an endpoint queue. Queue characteristics
1391 * are defined by the endpoint’ s descriptor. This cookie is called a “pipe”,
1392 * an unsigned int encoded as:

1393

1394 * - direction: bit 7 (0 = Host-to-Device [Out],

1395 1 = Device-to-Host [In] ...

1396 like endpoint bEndpointAddress)
1397 * - device address: bits 8-14 ... bit positions known to uhci—hcd
1398 * - endpoint: bits 15-18 ... bit positions known to uhci-hcd
1399 * - pipe type: bits 30-31 (00 = isochronous, 01 = interrupt,
1400 * 10 = control, 11 = bulk)

1401 =

1402 * Given the device address and endpoint descriptor, pipes are redundant.
1403 */

1404

1405 /# NOTE: these are not the standard USB _ENDPOINT XFER * values!! */

1406 /* (yet ... they re the values used by usbfs) %/

1407 #define PIPE_ISOCHRONOUS 0

1408 #idefine PIPE INTERRUPT 1

1409 #define PIPE CONTROL 2

1410 #define PIPE BULK 3

1411

1412 #define usb_pipein(pipe) ((pipe) & USB_DIR_IN)

1413 #define usb pipeout (pipe) (lusb_pipein(pipe))

1414

1415 #define usb pipedevice (pipe) (((pipe) >> 8) & 0x7f)
1416 #define usb_pipeendpoint (pipe) (((pipe) >> 15) & 0xf)
1417

1418 #define usb pipetype (pipe) (((pipe) >> 30) & 3)
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1419 #define usb pipeisoc (pipe) (usb_pipetype ((pipe)) == PIPE_ISOCHRONOUS)

1420 #define usb pipeint (pipe) (usb_pipetype ((pipe)) == PIPE_INTERRUPT)
1421 #define usb pipecontrol (pipe)  (usb pipetype ({(pipe)) == PIPE CONTROL)
1422 #define usb pipebulk (pipe) (usb_pipetype((pipe)) == PIPE BULK)

LA AR S, ARV T , ARNE R T DL LBk R m R T o BTSSR H g X AR
sk, il B A0, EIRASKR D Ed i Bk TR ER 2

WAER R AW, Wl g —ANMEIE? EMNBRES A EAK T, Wil T B A
A, E”mMﬁLTBﬁ,%MﬁHm% NEIEY urb, A MIER EAL. AdfE
VB AR —ANE AT, Je U AN S T IR, PR 0 TE 0 A TE X A I T LR
WESR I

1801 £, FAMIFHSI /LA, A7 P4 IR S MG R IR, AIRBLE R
“ﬁ%E%Wﬁﬁﬂ B AT SR KB RO T R E AN, 1K, HER
S R R Y, AT R A e B OR T o A L ERE i A AR BRI B K B
KL 2L, AR 7 52s 52 HLRes, A2 TR, “3de K, Hlltih—73
B, iR 10 MK D, B 2kl R —ahiAK — Ik 51
%//[\%—6%,4,{:?%,{: ...... %E’:,bp_tl—kjk ...... HF, = J\oeeeee ﬁaﬁ”ﬁ"ﬁg ...... %iﬁ*ﬁ,'/\# ......
BEZLN, Goeee” AEREEINEEE . (AR P HEE KA LRI, @2
EFERFIPEIK, TG — BRI 5 BN R LAT T Tt i R BRI K,
MRPEE TR, K TY, BARTIRIAREMIAR DS, HELWEELT Mg T, m
e D BE RIS R 8 0 PR (I 1) 54280, AR NN, 42787 T 1 [ o 245
AR 2 Nt E SIS . RS, M D IAEIESE T T, AKMEME R FAT A HLE, Bt
AR ELAT AR LR, i e I A 5 T e e A I T R B A A R 4 o (R S T 0 A SO AR Y
&T%ﬂ%@m%,%&ﬁﬁ%%@@%m,mﬁ%E@LE%%Eﬁ,@ﬁﬁﬁﬁ%ﬁ%
WO T AR B TE S, AR S TE FL Z RO AR T, JiAf T4 ER.

EANRFEVRRRAT, EEREEW R EAT. B8, SRR LEIRZI R B T i N
P, FRNZK include/linux/usb.h If*i%Tﬁ%?l]ﬁﬁﬂ%ﬁULTﬂ ESELHP/RP

1432 static inline unsigned int  create pipe(struct usb device *dev,

1433 unsigned int endpoint)

1434 {

1435 return (dev—>devnum << 8) | (endpoint << 15);
1436 }

1437

1438 /* Create various pipes... */
1439 #define usb sndctrlpipe(dev, endpoint) \

1440 ((PIPE CONTROL << 30) | create pipe(dev, endpoint))
1441 #define usb rcvctrlpipe(dev, endpoint)  \
1442 ((PIPE CONTROL << 30) |  create pipe(dev, endpoint) | USB DIR IN)

1443 #define usb sndisocpipe(dev, endpoint) \
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1444 ((PIPE TISOCHRONOUS << 30) |  create pipe(dev, endpoint))
1445 #define usb rcvisocpipe(dev, endpoint)  \

1446 ((PIPE_ISOCHRONOUS << 30) | _ create pipe (dev, endpoint) | USB DIR IN)
1447 #define usb sndbulkpipe(dev, endpoint) \

1448 ((PIPE BULK << 30) | create pipe (dev, endpoint))

1449 #define usb rcvbulkpipe(dev, endpoint) \

1450 ((PIPE_BULK << 30) | __create_pipe (dev, endpoint) | USB_DIR_IN)
1451 #define usb sndintpipe (dev, endpoint) \

1452 ((PIPE_INTERRUPT << 30) | _ create pipe(dev, endpoint))

1453 #tdefine usb rcvintpipe (dev, endpoint) \

1454 ((PIPE_INTERRUPT << 30) |  create pipe(dev, endpoint) | USB DIR IN)

Uiy A DU, 0 A TE AR DR, (A i s 2 A IN AT OUT IR, AH NI 7 3 ik
AT, T2 P04\, Bt Bl T\ B E R 2. £7 T struct usb_device

ghRpR, At 2 RS T Rk, PR b s, ARt n] AR BT A A A A TE .
__create_pipeZ 22— MREE A, FRRE Beas b Rl 25 e EIE R AL & .

1140 17, status, urb 2 HPIRZ. urb RS T LI ZRRZSI, BRIATIXFRER T =%
RO = SR A BT RS R RRES, IO usb SEAE I TERAE urb. I
MIRPIRARBN T A I H, RN EWRE 3 BRI THE, ROafE% T A E
FEBERAZD mm T, ARIMREIREH 2 SSRGS 2 IR T A7 A
HIRAZN mm SRR OUEIR T, NFE UL X AMESL, @REEATI urb
g 5, AT 2RSS AT TR T A BT S M RARPIRSAR T Az,
Bl 21 T FF L

1141 17, transfer_flags, —%&4xid, n HBIME#ARLE include/linux/usb.h B4 5% X

939 /*

940 * urb—>transfer flags:

941 %/

942 #define URB SHORT NOT OK 0x0001 /* report short reads as errors */
943 #define URB ISO ASAP 0x0002 /* iso-only, urb->start frame

944 * ignored */

945 #tdefine URB NO TRANSFER DMA MAP 0x0004 /#* urb—>transfer dma valid on submit
*/

946 #tdefine URB NO SETUP DMA MAP 0x0008 /#* urb—>setup dma valid on submit */
947 #define URB NO FSBR 0x0020 /* UHCI-specific */

948 #tdefine URB ZERO PACKET 0x0040 /#* Finish bulk OUT with short packet
%/

949 #define URB NO INTERRUPT 0x0080 /* HINT: no non—error interrupt

950 * needed */

URB_SHORT_NOT_OK, iX/Mric SR H SR IN S s B2 O 16 urb B2, =82 Ul
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WM IN S S8 B T — A B B, T LA BRI . B A
short 7% short {42

U g iR IR, LN g S AR AT AT — ] wMaxPacketSize X R AR AR, TR
T v s IR BRI AL PR B K. ARG, RSN T A T, AR usb AR ELE A
IRZ AL, VYA PID 282, HAh PID ML) LILAT —L84i 73 () A e X PUFF PID Bk, 4
—A Y Data i, A AERGLILAE NI FEB, BILER, Token. Handshake 2 25 [1)
PID RAVER BT XA FBE, Bl B AMNERLZ:, 6115 Data PI1D 288 (1)l 5 SEAE,
U R RAE SRR 1, (e B A 2 A — N 7B, 16 SYNC. PID. #ihilk.
CRC ZERE e 8ds 2B A e Bk iR TIX A%, IRBLE—/ Ntk T, fA4 i
MR TTHL) wMaxPacketSize JIT 37 15 K 1 HGE LTS T IRLEER 4> 2 224 packet
MEJEA? BT TS R, & a4 T Data B HEH 7B, A data
payload, HEBLEL KAl J\RBEA A BHS AL P 5 F E 0005 5, A TCP/IP Bk 7%
ZEZR

wMaxPacketSize 5 short H 4 K& ? KREL A/, short A short #t &5
wMaxPacketSize FHLLT, Qi A IN i 25098 ) LR T —AN t wMaxPacketSize ZE5 1€,
[FIINE 5 E T URB_SHORT_NOT_OK XAMbrids, HBAminl LA LR A 7. Akinf
B — A PR ) B0 2 R A X IR AR B B e A 13t 45 R T, /- A8 data payload 1)K JE %
KALZh wMaxPacketSize 1XAMHEE AN FETT I 1, (H 2w F i s ARZS AR (1 s AN 128
K%, BaIr? STRES % wMaxPacketSize K/ data payload it i, Fifh A
A28, WILFRE T 2 A0y, X, ffi—4 data payload [KJEm4 Ll
wMaxPacketSize Z /), IXFpGEOLAK BEIRAE Ui il D4R 58 T B AL, BGE T HAm
Wk, XUPAERRAE K T, AR REE T URB_SHORT_NOT_OK #3i#, HCD iX
RS W HETR K AT

URB_ISO_ASAP, XAMbri FUE N T 7 (BSR4 16 . S5 I AL A o Wi A4 4 E spec L
WA periodic transfers, Bt AWML, TAMIEANELE usb [H A FLHZ AL
bR UL, AR AR E R, BRI R R WA, i e n] LG LR IE
H O MU e, A5 EHLAERR 2 KR T ) A O — U, 3R AN T (0 e 1) st 2 3 L i3
PRI 48K, WHE SISO —BEEr), R IEMA R SIS, HATERHFT usb
T, A L BR AN R g Y T, T R [ R A b [ BRI
R, AL RIE SR SLILXAN HAR Y B T o i s XN R BE AN RE A 210
B, TR EHRHIR BN AR ST, — okt —mil B —Ik, NI
JUBART, FFZAIAS I 2 )Lk I8 A W SRARAG AN 0L 46 urb, FRk$23545 HCD 1)
A%, 195 UF HCD ‘& R A% MR R ), st B NI Z S A start_frame IR {EH,
& Ui If HCD 2L S AR an 1A — Wil (R 15, AR 0, N AZIE 25 e A3 i
v EREWE T (Mircoframe) TR A 1> SOF Token fd, XAMU &4
WS FB WS T IS . XRERAE, R EEL Eh A BA, B LOA
2T, PE—RUE—KMEH, WTEAREARSR, BELEREX start_frame, 1§
POAN, 2 BPR BB W 0, 40 SR B H L s e S =S T AR5 Ak 4, RS 4 70,
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ZHNE usb (ARSI Z K. T2, AHIL T URB_ISO_ASAP, ‘I Mul 2 & iF
HCD W& A N T4, SR EA A THGRIWES T, ZAZEER A ? Bl
Yo AR T A I AR A, SOANERRBT SR A0, B R IT A R E T,

URB_NO_TRANSFER_DMA_MAP, i&f URB_NO_SETUP_DMA_MAP, XM Frik
#2 K DMA ], T4 DMA? w24k, LLnmafin usb 545k, N A2 i) H
ITH A, 8 CPU 4il—14)L T, Ak, eI E, CPU HINAZEER, fH4aH
OB LA — I, AL e LR AREE, FIHLERR (TN SERN IR G AR E ZEAZ o n]JRIXFE
A T AR AR R, R A B 2L, HERTEEAS mm AR T,
Tk H O B2 RSB, BRI R W iR bt %, 453 E 2 W et )2 W i
YL PLAZAE T, ARG A RERI AN KGR W T, IX 2180, WMRILAE, 22 WA MmIENR, T
—RUTREH C AR F K T, 4 DMA ¥ DMA X 5 feix 4 K.

usb [ AR EE S IHRGE, ZAIEANEALS T, Frel dma /DA T, Ok,
HE IR AL T kmalloc & BLIZEM X, HCD fit—3E ") DMA WL 4 EE, DMA Wi
ST ? AN N A7 Z TR EAT B A4, VT AR, HMEAN R R 46 L% )P NS
SAANNEI mm SRR, MR &R S IE R EHLURLILI, AR B4
Huhk, T A A () RE AL, S AT TRV ASR AL AL W 4% BLANAHAT (1) AT4e, ik e AT ]
PR AL, ARG — AN A ANk, IXFEA REERAS BN T, A REHOEAA TG,
1 DMA BRLS e XA o X HO2 R MR 'S = 5 WIB RIS B, SEbr BRI T 505
EATEW . Bl &mBAR T EREIL, AREERAEEA, FFIFSIEE mm glaehen,
PRS- & ARSI 2 0, 8 TS HCD ), TR TR,
FUF HCD AEEFE H A DMA B T, JREDAE urb B E 452 DMA Z2 b X s,
AT I AR AE AL PAATTIX SN T 2k A AR G o ARSI T UREE DMA 220X 2 i e 3
N transfer_buffer, transfer_dma, &4 setup_packet, setup_dma XX} L
T

URB_NO_FSBR, iXJ&4 UHCI HI11.

URB_ZERO_PACKET, X&) OUT f&4iZiifli H —/> short packet k4
oo R S B O T S wMaxPacketSize I, TEEE R E AN Data kAL,
I Jg—/~ data payload [ /¥ n] % T wMaxPacketSize, tHrffE/NT+, [+
wMaxPacketSize I}, Wi [EF13E T URB_ZERO_PACKET frik, i B AE K
FE A O BB Aok 45 AUX i, Witk /T wMaxPacketSize st B2 b —28 T, fREL
W], Yt AL E N T wMaxPacketSize B ? 1AL B &% O KB, Y
WIS 2 R IX AN s B A B i )2 — 4 short packet.

URB_NO_INTERRUPT, XAbrEHKEF HCD, £ URB 5EJ5, AN iERK— Mk

Wi, IR RIS TR S5 RAC PR BT REAN S AE urb SERURSERIBERAL, TR AEZ e
KA M, AT usb core 2 fRAE RS urb I I — V4 RAL BE R 4K
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1142~1144 17, transfer_buffer, transfer_dma, transfer_buffer_length, i
T — At FHL ERZEIX, — ot e B A, X AN AR R AL E A
ZEPIX ). transfer_buffer 21l 1] kmalloc 7} HIZE0 X, transfer_dma &1 ]
usb_buffer_alloc 43 E [t dma 22X, HCD A2 AN FEATAS, W AR urb (148
T transfer_dma, %A %% URB_NO_TRANSFER_DMA_ MAP k45if HCD — 5,
AHE 20 DMA B T . transfer_buffer &8 &K, KOWASE G 1) F 0L
AR RERZ AL ] DMA (1), J7—iERX PO, hiFA A% . transfer_buffer_length
FeIEt 2 transfer_buffer 5 transfer_dma 1K .

1145 17, actual_length, urb &R 5, MBS URRSERR EAE R 1 2 0% .

1146~1147 17, setup_packet, setup_dma, [FFEMNNZEMIX, —4~Ekmallocs:
Befy, —A2Husb_buffer_alloc/rfeity, And, XAt X2 dilEdmE F, 043
struct usb_ctrirequestA? ‘A IRAEFHE — S struct usb_ctrlirequest&ifa g, g
RI(Gurb ¥ & T setup_dma, FFEE# EURB_NO_SETUP_DMA_ MAPHE K2 FHCD.
RS T G i, setup_packets2 L BCE ), W& 1 B 1k B B Hl g A
fe At I DMAF) 5 I o

1148 17, start_frame, WIARARE AT URB_ISO_ASAP frik, sl f ik
start_frame, 5@ 5L 7B MIEMIIT 4R . R FEE T URB_ISO_ASAP, urb 451
i 2 A8 3K AR [ S B 1) T 4o 5

1150 17, interval, ZEmEAIdWiLS4% H . interval [a]FgIHa] i L, A4 1) Ta] R s ) 2
A T P g A B AL VR 1 R ] (VDB o 3K AN AN i s A AT HLY binterval A —
FEMY, URARERAME ) LITRE —A, ARG MR ROCEE, A B ) 7 & B 44 2R 36 4
LR, RSO R REFR B IR A VS R0, 6 T Wik e, A, XA DY
1~255ms, {K# /&% 10~255ms, b 1~16, X4~ 1~16 HJE binterval 1] LU
(A, SEPRI R BRI R 25—, 4 2 1 (binterval-1) XJ77Ebl 125 fid,
J& 2 1) (binterval-1) 7M. TS50 L4, WAAIRE T, AR A A LK
TP NEEEG RN SE DN RN (EPNE PN EE N [E5: L S A NER I E ALY AREZAb U i
AT I, X AE R h 1~16, [MFEERH 2 1 (binterval-1) X578 K,
LA A I ER T IXAEE R, R B, AR i 2 R A — RS I R A e, A
el Z T, ARk A, BRABE U, SRR 75 T, el Eadt
A7, BRET, RAERRE NS T INEE A, PrCARAI 2% E], Bk ZF 6
AT /NG AT TR [F) 25 AT o

NI B SE 4 BB T VG LR, R PRS0 Bt AN gl 175 Pl BASIZEILR) - DR DA X1 ok
Ui, wmEH 80%ME LI M4 X P AL R ], R TR AW E L )L, A5 90%, X
AN TAVE 250 BE, # b LB FE 24, B DUURIF B RE AN e SEBLIG 2R LI BRI AR K i
L, BOIWE, EMATIIMBUS) o AT S ALK P S A RR L, A A2 BT,
I T, DHERARKATHET .
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1153 17, context, WKAJUCE T 45 NIl 4 AR BOHI . ELlirm] LAKS 5 CORE) LAl IR
B OB I A MR B L, 5 25 RAR B R B3O 3 vl B K

1154 17, complete, —/MEMSE AR ACBE R EFRE, ARSI e B ) A AR A
IS E, W IEIX iU A urb FPIRZS, JFM—284b s,  bhanny ORI
XA urb, BCE HEFIEARLS HCD. S UL SLIE, R HCD 248 T AN 1#) urb A
SIS B R AR, A% 5 P ) I e T I PR BRI 5 AR A P ek 4, AR BL I T
urb BRSO EAR AT ISR, RFEAE? BASE—A urb S EE s /R
I mm LTI, PRI GG v LR AR AN, P URE 2345 5 2 1508,
BRI B AT 20 WA — N SER urb T, BESEF55 B E I i NS T8 445,
HY S MRS AN W AR TR, 8K B AR 2S4S HCD T BT o XA R RS E X
1E include/linux/usb.h

961 typedef void (kusb complete t) (struct urb *);

A =AY, WO F AL G, S 5 e AL A+, vl AR e fin 2 > 1-packet,
A packet 1 ] struct usb_iso_packet_descriptor %5 ¥ & # i& . 1155 4T (¥
iso_frame_descri s T — MK [fstruct usb_iso_packet_descriptorZ; f A%,
M 1149 17 inumber_of _packets$i & T EIX /NGRS 1K/, ol & B AL 22 /A
packet.

T B X L i packe t AN & LR AE — IR EE I AR 4 AL M T 24 -Data packet, /2t
PREE—Aurb IR e T 2 IR INEE L4, &4 struct usb_iso_packet_descriptor4t #) 44
HARE T — IR EENAE . X BB T S AL R )2 M packet il . ANMGE il ik fi fee /> B
SETUPFISTATUSH AN Bt [Ftransaction, 25K 4£%i - 45 I1sochronous transaction, Hf
S5 If transaction — AN B B, AR AR B it A2 — IR A5 N transaction [ 1 B o T 2 I
transactiontd AT EL, U EHLN B % K EOUT Tokentd, 285 ki%k—/Datatd,
Bt F AL B KL IN Tokentd, SR 5 B4t ) EHLK L — P Datatd, iX>Datatl Hdata
payload 1] K £ H g /N T 8 & 55 T 55 i iy 55 (1) wMaxPacketSize fii . X KA T
Handshakefl, POAATTE, S5NALHE A RIS 562 B G R I 2R, BT A4
wEAANLE], WA T ZE A I Handshake t KR OKAOK . e SHe 1 55 I 22 LY 1 A v
BN, IRINBG B DR — M2 4R —t, AT AR A, 0 R IRIEEA L
o i WA T .

BT LIS T2 AL ok, fE5E T number_of _packets iAE42 o, SR MARIEEHR
AEEERR A, A D B AR B, 1 1152 1711 error_count 183k T IX A 2 AR R A
BRI EL

e & Fstruct usb_iso_packet_descriptor4i#4(f) 5 X, fEinclude/linux/usb.h &
X

952 struct usb iso packet descriptor {
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953 unsigned int offset;

954 unsigned int length; /% expected length */
955 unsigned int actual length;

956 int status;

957 };

offseti%/T\‘transfer buffer L wBALE, (RA ST € T ZidTnumber_of_packetsik
SRR 2 T2 BEHE RS 1K A 22 AR I 22 DX R, SRS A2 U L AR e 2 2 AN X
BB, %‘Kﬁﬂltransfer buffersi# transfer_dmafifilf 17, | %lﬁ%ﬁ\%iﬁ?ﬁﬁ‘”%iﬁ
PP BT Lo length & T I v S5 I AL i Data i LA A B, 3 I L i) A T

BRI by SI2 B A g B D) A o B DR DR AT BE AN 2 A7 I8 4 2 Bl . urb &5 R, /l\struct
usb_iso_packet_descriptor 4 i {Afjactual_lengthili & 7~ T 8 Uk &5 A% a5 s A4 i i)
BEK R, 1 status/Hlid sk TEMPIRES

7/

ANERE A E, struct urb #EE Hul3XH T, H&AUrdr David Brownell Kk
Wy e

I'd rather see 'struct urb' start to shrink, not grow!

N AEmL (1)

NI AE IR, ATRHRE LS50 T T okt HU— M

BB F, DA% T, BIEE R N T, A e struct
urb A ULEBSE, FIBA RIS AEA AL B2, PO, MR 4
12

MR, usb_alloc_urbi#, Gdturbi L %, h—Aurb i NAE IR 46
1k, fEurb.cHE X,

40 /*x

41 * usb_alloc urb - creates a new urb for a USB driver to use

42 * @iso packets: number of iso packets for this urb

43 * @mem flags: the type of memory to allocate, see kmalloc() for a list of
44 * valid options for this.

45 %

46 * Creates an urb for the USB driver to use, initializes a few internal

47 * structures, incrementes the usage counter, and returns a pointer to it
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48

*
49 * If no memory is available, NULL is returned.
50 *
51 = If the driver want to use this urb for interrupt, control, or bulk
52 * endpoints, pass '~ as the number of iso packets
53 *
54 % The driver must call usb free urb() when it is finished with the urb.
55 %/
56 struct urb *usb alloc urb(int iso packets, gfp t mem flags)
57 {
58 struct urb *urb;
59
60 urb = kmalloc (sizeof (struct urb) +
61 iso packets * sizeof (struct usb iso packet descriptor),
62 mem flags) ;
63 if (lurb) {
64 err ("alloc urb: kmalloc failed”);
65 return NULL;
66 }
67 usb_init urb (urb);
68 return urb;
69 |

R PR LE B, EASRRIA A, T PFHE, Ekmallock hurbHiig N
7, SR usb_init_urbIEATHI4AL . usb_init_urbeg e T I distruct urb (¥ 51
TR O M T, & B SUE G urb 5 T, EFlmemse i {E 11X
H5urb g N PG %

B AU T 4?7 usb_alloc_urbi: &R H, FUZIRA WL SLHH— 1,
B — A2 4 iso_packets, F R [ A& struct urb 45 ) 5 5 AN AR K 4l
iso_frame_desclf &£ EH, i/t iZ%S5number_of packets({{EAHA], AT LUK
/PR AR, XS BN Z R 0o XABERL AT T R KB EAN L, A
% B B AbH R C I sYE TRE .

AN EE S K imem_flagsiZRAY gfp_t, FULMNRASHI AL, XHEEEInt, HRIXH
Bk ofp_ e kmallocZ 8 B I MR ES KRB Nint B % ofp_tT, REH
kmallock i A7, st sr e i) . Akl B A iEkmalloe, &gfp_t, &
FETT EAR BRI A, S50 BAT IR, IRZAAT M, MATRIHE — FErE . EffF
include/linux/types.h . 5& X

193 typedef unsigned bitwise gfp t;

IREAR, TR ofp_t, FKEEE T bitwise_, T 7L types.h HLE X
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170 #ifdef _ CHECKER

171 #define bitwise  attribute ((bitwise))
172 #else

173 #define bitwise

174 #endif

_ bitwise_ 1 & N X Bk T2 A8 X T __CHECKER__, W R & f & X
_ CHECKER__, #__bitwise__ g tiA & WEHLE LT CHECKER___? Z NI,
B, bR, AT, B R AR B A A B e LT
__ CHECKER__, Estf X Sparse LH[I, Wik Is8ke T A2 H Sparse
T HORMERAR . I Sparse X &4 ? ' —FhE#& i 1 H(static analysis tool),
FFAE linux A AZIEARAD AR IS RSB IR , — HAR S LR AR 1) f €8, W] Linus
Torvalds 511, J&k linus WAA4kE4Ed, BHBIZLFMAR, ©A4 XA THN4EY Josh
Triplett. 17K Sparse FiZ R4, PAATILE S H EMNE, KXEAZH T .

AREIE S 5 =AM, usb_alloc_urb W A2 bS5, e AR LEnf ] B QAR 5 st ie
T, KA RS B — s A e R A urb AR ? $ IR C++ 1%, el 2 urb i
PRA, AL RO B B ME— T 2, RIAAT BECH++ HL1HT) LA F A7 #% D125 52— AN i o
X GLFN G AT A BR A, VRN HINTE,  C++ [ ARM HLAE I I R H4) 38 R B0PK 4y
trivial copy constructor. Fiut, IR EMIXLET )L, PUSIERMIXEEA? Al durb
LA, EMRERHBR T, I FRERE, DAENTE,

KENIE), 8RB MR RS, 895% urb 1), 7E urb.c B g X

71 /%%

72 * usb free urb — frees the memory used by a urb when all users of it are finished
73 % @urb: pointer to the urb to free, may be NULL

74 %

75 * Must be called when a user of a urb is finished with it. When the last user
76 * of the urb calls this function, the memory of the urb is freed

77k

78 * Note: The transfer buffer associated with the urb is not freed, that must be
79 * done elsewhere.

80 */

81 void usb free urb(struct urb *urb)

82 {

83 if (urb)

84 kref put (&urb—>kref, urb destroy);

85 }

usb_free_urb5 i, R kref_putiurbi s H-E0k—, T2 5 mEA 4 0,
W AT T, A urb_destroy¥ &4l dsi.
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PR AN, usb_fill_control_urbrk %, WIHAALKIA G i Hlurb, VREARE
HurbifArusbf&fir, AECAE G RNAFE R, (RIS EHIG, 7858 sUSESEAEAE )
WA, XA LR B A4, B S RN R I TE B — AR . & 2 fEinclude/linux/usb.h
HLE SCI P IBE pR 4

1161 /**
1162 * usb fill control urb — initializes a control urb

1163 * @urb: pointer to the urb to initialize

1164 * @dev: pointer to the struct usb device for this urb.

1165 * @pipe: the endpoint pipe

1166 * @setup packet: pointer to the setup packet buffer

1167 * @transfer buffer: pointer to the transfer buffer

1168 * @buffer length: length of the transfer buffer

1169 * @complete fn: pointer to the usb _complete t function

1170 * @context: what to set the urb context to.

1171 *

1172 * Initializes a control urb with the proper information needed to submit
1173 * it to a device

1174 %/

1175 static inline void usb fill control urb (struct urb *urb,

1176 struct usb device *dev,
1177 unsigned int pipe,

1178 unsigned char *setup packet,
1179 void *transfer buffer,

1180 int buffer length,

1181 usb_complete t complete fn,
1182 void *context)

1183 {

1184 spin lock init (&urb—->lock) ;

1185 urb—>dev = dev;

1186 urb—>pipe = pipe;

1187 urb—>setup packet = setup packet;

1188 urb—>transfer buffer = transfer buffer;

1189 urb—>transfer buffer length = buffer length;

1190 urb—>complete = complete fn;

1191 urb—>context = context;

1192 }

XA RBCR I A A, aRGE R KT AN, B2, RImt2 -+, Rithe
TRt AZ, PRELREIRA — DRI I N o XA BB BRI TE ), EIRES BT RE
MHETE LA WINIEE ) urb, urb UCERAMR L, KEIURTE 75, B FIRLEAR
TR A 1, wte BT 2T U 810

PRAGAR, —struct urb iy LA PURLASE A, RERLAmS AR AT /L A SR K2R,
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BSAYITRE LR T MRS, MM E W WRLC++IEE, XK
AN bR R AR, }Wﬂﬁ/\% urb, BB LU AL R A Y, L ipipe,
transfer_buffer4:, 14 /L7128, control_urb, bulk _urb%%, & N AT HAK AL
HA, WA A2 8 BB, S B 1A () 2% TR) T FE AN S 38 A 4 o (EE SEAE A BLIX A48,
AL LN E B A% 2 T, IREIEA A urb, s ARG — S5 B T,
H%Susb coreJ &1L & 45 PEATTER It T A [l 4% S 28 Y (w0 4 Ak ok 0, A48 BT
usb_fill_control_urb , X} F it & 1% % f5 usb_fill_bulk_urb , X} F 1 Wi {& 4 &
usb_fill_int_urb, —BCRELXEE T, TigiEHE usb_fill_control_urb & £ (1)iX i
AL

1194 /#%
1195 * usb fill bulk urb — macro to help initialize a bulk urb

1196 * @urb: pointer to the urb to initialize

1197 * @dev: pointer to the struct usb_device for this urb.

1198 * @pipe: the endpoint pipe

1199 * @transfer buffer: pointer to the transfer buffer

1200 * @buffer length: length of the transfer buffer

1201 * @complete fn: pointer to the usb_complete t function

1202 * @context: what to set the urb context to.

1203 *

1204 * Initializes a bulk urb with the proper information needed to submit it
1205 * to a device.

1206 */

1207 static inline void usb fill bulk urb (struct urb surb,

1208 struct usb _device *dev,
1209 unsigned int pipe

1210 void *transfer buffer,
1211 int buffer length,

1212 usb_complete t complete fn,
1213 void *context)

1214 {

1215 spin lock init (&urb—->lock) ;

1216 urb—>dev = dev;

1217 urb—>pipe = pipe;

1218 urb—>transfer buffer = transfer buffer;

1219 urb—>transfer buffer length = buffer length;

1220 urb—>complete = complete fn;

1221 urb—>context = context;

1222 }

1223

1224 /%

1225 * usb fill int urb — macro to help initialize a interrupt urb
1226 * @urb: pointer to the urb to initialize
1227 * @dev: pointer to the struct usb_device for this urb.
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1228 * @pipe: the endpoint pipe

1229 * @transfer buffer: pointer to the transfer buffer

1230 * @buffer length: length of the transfer buffer

1231 * @complete fn: pointer to the usb_complete t function

1232 * @context: what to set the urb context to.

1233 * @interval: what to set the urb interval to, encoded like

1234 % the endpoint descriptor’ s blnterval value.

1235 *

1236 * Initializes a interrupt urb with the proper information needed to submit
1237 * it to a device

1238 * Note that high speed interrupt endpoints use a logarithmic encoding of
1239 * the endpoint interval, and express polling intervals in microframes
1240 * (eight per millisecond) rather than in frames (one per millisecond).
1241 */

1242 static inline void usb fill int urb (struct urb *urb,

1243 struct usb _device *dev,

1244 unsigned int pipe,

1245 void *transfer buffer,

1246 int buffer length,

1247 usb_complete t complete fn,

1248 void *context,

1249 int interval)

1250 {

1251 spin lock init (&urb—>lock) ;

1252 urb—>dev = dev;

1253 urb—>pipe = pipe;

1254 urb—>transfer buffer = transfer buffer;

1255 urb—>transfer buffer length = buffer length;

1256 urb—>complete = complete fn;

1257 urb—>context = context;

1258 if (dev—>speed == USB SPEED HIGH)

1259 urb->interval = 1 << (interval - 1);

1260 else

1261 urb—>interval = interval;

1262 urb—>start frame = -1;

1263 }

Tt Lt usb_fill_bulk_urbFi i 534z #il4E ¥ usb_fill_control_urbfJ#H Lk, &
DAL T —A> setup_packet, R L E AL L% A Setup AL S, H WL R 5H,
JtLhusb_fill_int_urb Bt %A 91454k setup_packetix—iit. Aifusb_fill_int_urbtt i
PIANE 2 T HLN AR, BEAEAA interval, HeEshEmAatELinE TAEEACH
BEIRCR], 1258 170 T kI, W E ml it B A B A, SN EABAS, FHEE
e SR RG34 110 1) I ) B AN —H AR/ A T ) BT g ot s P BT R B, IR
23l 2 1) (binterval-1) T IXAH—F. £7F 1262 {rstart_frame, ‘&4 ML
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I, X FARE B E -1, KT A 4Bk R start_frame /& 55 i A& 4 H 13X FLd 2 B 0

PERg =380 E SGEYEN, ARt e &I usb_fill_control_urbffZ=4: s B, /b7
SRR N SN RR AL, = IR, FEME LSS AR . AR, eI
5, X TAERNAR L, urb BUE T DLR e 3T 2 AR, RIS — AN B TN K K 4]
iso_frame_descH N AHATHILAN, BT TR MEEREEARH — NIkt —AN1a
FH T4 Pl DL S5 AR S R AR AL R £ ? BOEANRE . W SRARAS Sk, A urb AT 45 i A& 4 11
A5, 3 A 2 2 S SRR BLTAF DG [ 7 B — AN — N B N 280 o 0 AR AN 55 W — 31
NAEVERILAI, TCA RN ECRIK S, 83 e usb & AR % MUK B H, A% B
HLE,

BUAE, URIAZIEICAFIAA R RO ZE R E W & Ik, ik 4 NAddressikAs, AT
usb_control_msg, 7 EFXH %] usb_fill_control_urbff], 2% setup_packet
a2 2 T ) A I ) struct usb_ctrirequest 45 /4 44, & % 16 Hi hik ©) & £ struct
usb_ctrirequestZifthwValue FZBHHE T, Xk ¥ HilfL % 45 DATA transactionfi B,
I AT ZurbE i1 4 transfer_bufferZz pf X, it Lhtransfer_buffer i iZ 4% 1% — 4>
NULL, *4%ktransfer_buffer_lengthtiift’h O 7, 1A = R JE I I i it ke ) 45 oAb
i %usb_api_blocking_completion, 1] LLF— T X ki filfE & 5o, sk
U B )G, AWM T84 4, Ere X{fEmessage.cH

21 static void usb api blocking completion(struct urb *urb)
22 {

23 complete ((struct completion *)urb—>context):
24 }

XA RBCE R, AU A—f0, BRI R urb, B ORI AL S, AR A
bt EFIL T, BT IR E IR ACS HCD, Rt PR Z ik, wEZ DR, R
AEfT— Mk, usb A RARBEB 7Y, ABdil— A2 Address L. AAEXAX
A LA T 280 A7 IR T

RIS = IHEA S, usbh_start_wait_urbeg %, H R 4T o8 155 6@ FRIaG Ak 1)
urbi&AZ 45T usb core, BB AT (1) AL T2 R BEAT AL 3, SR EEHRAR 2R 1)
SSAHCDHIR 25 4L, WA T T U IR A, A, ALK
1. 'Effmessage.cH & X

27 /*

28 * Starts urb and waits for completion or timeout. Note that this call
29 * is NOT interruptible. Many device driver i/o requests should be

30 * interruptible and therefore these drivers should implement their

31 s own interruptible routines

32 %/

33 static int usb_start wait urb(struct urb *urb, int timeout, int *actual length)

116



34 {

35 struct completion done;

36 unsigned long expire;

37 int status;

38

39 init completion (&done) ;

40 urb—>context = &done;

41 urb—>actual length = 0;

42 status = usb submit urb (urb, GFP NOIO) ;

43 if (unlikely(status))

44 goto out;

45

46 expire = timeout ? msecs to jiffies(timeout) : MAX SCHEDULE TIMEOUT;
47 if (lwait for completion timeout (&done, expire)) f{
48

49 dev_dbg (&urb->dev->dev,

50 “%s timed out on ep%d%s len=%d/%d\n”,
51 current—>comm,

52 usb_pipeendpoint (urb—>pipe),

53 usb_pipein(urb—>pipe) ? “in” : “out”,
54 urb—>actual length,

55 urb—>transfer buffer length);

56

57 usb kill urb(urb);

58 status = urb—>status == —ENOENT ? —-ETIMEDOUT : urb—>status;
59 } else

60 status = urb—>status;

61 out:

62 if (actual length)

63 *kactual length = urb->actual length;

64

65 usb free urb (urb) ;

66 return status;

67 }

3517, & X T —Astruct completion4it:{A. completion g iz —A L] [R5
WU, —ANBRE T DU I e ATl g 5 A — AN ARl DR 5E T o RIS R
LPEAR, R DA ERENTERQQEmMM T, FEE T B S AR, A
):1/’\*575 ot Bt AAE R AR A E A mm— G ik, A S REIR.
27 RIIBAN A R 858 TR BEEAR? TS5 SEEE A AN TR, 5 AN S0 1) K SR
ﬂkkf@T’ M FAE AL completionHLlill FIFEEIX AL, ARAGFRIEHAT B HEA
o, B AULILEN, SRR, b RNE, REANMERT AT, ManiE
LJUCFEME IR T, SUSERA M EE, WLIUEE Todm—Feam sy, T
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FEVRIFIACRS SCRT AGRELAE R 3E

completion L il Fl Z¢struct completion 4 ¥y 2 S2 8L, A WFEH 7, — 2
DECLARE_COMPLETION % £ 4 PRI 5t 81 i 4f struct completion(f &5k {4, 55 4h— Mt
& LHmIER, BT A GIEER, SefE 35 1758 X — struct completionZs 414, RIG1E
39 17# [ init_completion L #¥J4fitk. 2l struct completion(f g5 kR, e
2 WA AT 55 O 58 T, B A XS R 7 FEGE T T Ress - A & .
XPUFHESSE 2 Fh 7 A AR, [RIREIX B AR S0 2 58 T 1 BR Bt A H—A,

void complete (struct completion *c);

void complete all(struct completion *c);

complete HiB 4 — M EEIIZFE, complete_all 7] LUE 1T A 2k 2, KK H—
TEE A e, aAFEE A OB TR, AERFIREE, bl gEasft 2N AokeE
EHER T F5E.

AT eI RS T2, 21 AR A? mbty, MNAEaANIRE, BER T
B, Z2ILFATBEAEFET, YRSHILRETF WL N EE — BB REE, B
ST R TAT A8 LA, s BESEE R, —A ppmm 2ERATIR, IR H T %
T WA LIRGEAE T o LU XA R I B0, S5 (177 2Nl A7 4 LA, #87E kernel/sched.c
HE X

void wait_for completion(struct completion *c);

unsigned long wait for completion timeout(struct completion *x, unsigned
long timeout) ;

int wait for completion interruptible(struct completion *x);

unsigned long wait for completion interruptible timeout (struct completion

*x, unsigned long timeout):

I 47 4748 Rk 2 wait_for_completion_timeout, 5 NI BREE, SR 5 78 H
i, EBGRGEE, s nm. BERASERN T, RaRaEmEmmN-—Jre, AREAR
SEBERHE I ? HACE ) ETT L X A AR A, il A5 brin Wi H B R A 45 R AL BE ek £
usb_api_blocking_completionA~? A2, #53##C-E AN T, & BLinE—1
—f1) complete((struct completion *)urb->context) il /& H il &I B 1) 47 171 H
BEWM ARG 40 47, BRINIFILE i i struct completion 4 # fA done (1) 1 1k TR A 25 T
urb->context, 47 175 1iiLiX N done. & 42 17, usb_submit_urbp Eek X %
Hilurb¥Esc4husb core, ‘EEFDN, WHEUIL T Z G ASE LR R T A R [H .

DUAE S LB W T, usb_start_wait_urbed 0 urbiEAc 45usb core L AbPE G, wiiEAE
47 1755 %usb core FIHCD AL EESE 5L, M IX ANurb AR 14 AL i 56 e 2 G 2= R H 45 Ak
P B %t usb_api_blocking_completion , M 1 i F complete >k @ 40
usb_start_wait_urb %t A H % T, (B &% T, HRiEH P pe s
usb_start_wait_urb 0 £ 55 ¥ ik T i (] BRBE AR A B B0 0@ 50, A E 2R G O,
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usb_start_wait_urb#n] IAH 55, $hEEMET .

NILRAVE T, 4247, @A urb, JFIRFIAMERAGE BRI T, AR, I
AR KT R AT REdE s ANSRAIERE B8 5 AR (1 RFATT) LAT i) 7L, st gl A B AT 1) it
PR R RIKAI N B T unlikely, WERVRECIIBAZE, & E 7 /MERSESE, At doi
WHE AT ATAREAN T, HARR R LEE.

46 17, WEBNE. BIEASEEARCREL T 4, BIEAA? B, IREAESHUE
JETRE T H R 22 ORI R BR S, AT L ms AL, 1A —A Sk E ik,
WELAT TP BT TR AE A Bt AT 20 B ] b 2 B U] A4 1y, AN AR R — AN 2E7E linux BURE S/
HOeE, PEATT R MR B A B — NS R giffy IR AR, B R
wait_for_completion_timeout B B S HUE LA jiffy 5047 1

jiffy, @RS URRAT, EBER], AR SR, R R ARERL? linux HUERIR
FE PN OIS Bl BB (D TR0 s, It b W7 e I g PR A 0, SR XA Y, R AN
HABERRIARRRGE, JiE HZ, ERMERGHA KK B WISt T LT
TR ARAC SR WNR GG P IHAPT L [ jiffy {5, AR BP bW Ay, XA T st i
1.

BESR PR HE 2 B ) AT wait_for_completion_timeout 735 (It a) Sp A —3, o 75 224
#t—"F, msecs_to_jiffies BE ] L5ESOX AN TAE, ©4F ms (AL AN jiffy (. X
—47 HLiE A~ MAX_SCHEDULE_TIMEOUT Lt#FE4:, 7 include/linux/sched.h B¢
BE LA LONG_MAX, S KIKHERE, FRANE RS I AXA LONG_MAX 254 K1,
UF A7 50 U0 ORI, I AN E W F IR, ARG A, P LA AT B AR e TR e
include/linux/kernel.h L. 5&

23 #tdefine INT MAX ((int) COU>>1))

24 #define INT MIN (-INT MAX - 1)

25 #tdefine UINT MAX ("ou)

26 #tdefine LONG MAX ((Tong) (COUL>>1))

27 #define LONG MIN (-LONG MAX - 1)

28 #define ULONG MAX (“ouL)

29 #define LLONG MAX ((Tong long) (COULL>>1))
30 #define LLONG MIN (-LLONG MAX - 1)

31 #define ULLONG MAX ("OULL)

PRI S K AR B IMEARAEIX B T, MDA T30 i P SRl SRR UL, ~7 R dpr
WO, ‘UL RS KER, B4 ‘ULL" it 64 IS KEBE, ‘<<’ ERisH
Th e LA UM IIE AT R AR 2L AL, > AR R E S iR, T8
T B IS A AN, AT A ) L SR AE IR L AR o LUAC I B2, 20 F AT B 21 4 RO AR U,
f C LR oAt o AT 1 5 BB 2 I b 58, AERAMVE =B =+ HAEA R
225, ASHORIIEE G, X IEAT 5G4 O, X TR S, A ERFS AL,
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HEFE LONG_MAX kuig)L, il o ((long)(—0UL>>1)), OUL %47 HUk 2 J54s
H LRI, WA LA, e LA RIS 0, XA IS5 1 long
KUAFEN 4, (RHET long XA El L — TN A RS KR, CEERT.
T Z KM A RS — 0 yE s, #E AR 2 i

IRAEARTT AR B 1 1R 5038 S ARRS (R8T LAE 46 AT HB8C T Left 4, ARHE G IRIRR IS B[R] 48 4 4k
AT Jiffy {H, B0 BB BOE A i K long fH .

47 17, FrrEm, KM FEMEMLEE 2L HAMERFMLE R, B2
wait_for_completion_timeout HJik[FMEAFAMARE? —fBekil, —AREoRFET 0
RETHHE, — IR, R RIX 2 08T gt 7. wait_for_completion_timeout
RIA O AR RRIEINE R, FonHRHEE T B O A AR BRATY A Hz 2T A 1 [R5t
MM T —AKT O M NERRFERE R T, ) UAE 58 T 2 A T B2
KIS T, X AME B AR SOt BE AR B2 I BREE AT T 2 D). it A &iX
FE? kEEF wait_for_completion_timeout {5 SUAE T, FREANE T, ©iEind
schedule_timeout KSzILE MK, schedule_timeout [1i& [FI{E il A& X A4 .

IS ABAEFARI . T, WG 1T, AT e — 2Ll f5 B4Rl — 1, AR5 usb_kill_urb
ZRIXAS urb, FRRIR[PMEBOE — Fo WERWE] Tid A, AR T, EARBOE TR, it
AT E.

62 17, actual_length 2 M KidkEhrfefmm i KEmR, & Bk EkIL
usb_control_msg FFE 1. NELRKVIXME urb BACKHA RATF, (TUH 2R 5K
AN LE, KERE KK 65 1750 usb_free_urb XA urb 45455 TR, B AE
AR HERT, urb L EZEAIE urb, WEHIL 2 FRIXAME. actual_length J& M =3k LR BLAL
IR AR, BN LBCTIRAT, BB BN NGO, [FEEAT. B
PLX BB AW — 1 actual_length & A 2251 .

BiAE, HAF—A> usb_submit_urb ERIA B EICE M T, AT R B

wEAEWL (V)
AT, FARIPI P Y PR, i
GUASHT, T I, W R, M S T2

MR T, EWAFEIINE, - FHE S K

120



AR T, WIS RIS Y, AT A, R RE L e Y —

ST, BEARIFNE, —HKIMAERS X, — KW Cykil, i RALE
B4 RAREEANE AR 281X, TRl R8T B T 282008 Ak sk 8 B TG v 800

SR T, ARREEWA, —MERGUHB —ANEUR
HEPRAE B PIE 2= AN 2F 2, FTLAA usb_submit_urb s& T4 B0 L, IAE R
FRIEANLEATHI R

107 /%
108 * usb submit urb — issue an asynchronous transfer request for an endpoint

109 * @urb: pointer to the urb describing the request

110 * @mem flags: the type of memory to allocate, see kmalloc() for a list

111 * of valid options for this

112 %

113 * This submits a transfer request, and transfers control of the URB

114 * describing that request to the USB subsystem. Request completion will
115 * be indicated later, asynchronously, by calling the completion handler.
116 * The three types of completion are success, error, and unlink

117 * (a software—induced fault, also called “request cancellation”).

118

119 * URBs may be submitted in interrupt context.

120 %

121 * The caller must have correctly initialized the URB before submitting

122 % it. Functions such as usb fill bulk urb() and usb fill control urb() are
123 % available to ensure that most fields are correctly initialized, for

124 % the particular kind of transfer, although they will not initialize

125 * any transfer flags

126 *

127 * Successful submissions return 0; otherwise this routine returns a

128 * negative error number. If the submission is successful, the complete()
129 * callback from the URB will be called exactly once, when the USB core and

130 * Host Controller Driver (HCD) are finished with the URB. When the completion
131 * function is called, control of the URB is returned to the device

132 * driver which issued the request. The completion handler may then

133  * immediately free or reuse that URB.

134 %

135 * With few exceptions, USB device drivers should never access URB fields
136 * provided by usbcore or the HCD until its complete() is called

137 * The exceptions relate to periodic transfer scheduling. For both

138 * interrupt and isochronous urbs, as part of successful URB submission
139 * urb—>interval is modified to reflect the actual transfer period used
140 * (normally some power of two units). And for isochronous urbs,

141 * urb—>start frame is modified to reflect when the URB’ s transfers were
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scheduled to start. Not all isochronous transfer scheduling policies
will work, but most host controller drivers should easily handle ISO

queues going from now until 10-200 msec into the future

For control endpoints, the synchronous usb control msg() call is
often used (in non-interrupt context) instead of this call.

That is often used through convenience wrappers, for the requests
that are standardized in the USB 2.0 specification. For bulk

endpoints, a synchronous usb bulk msg() call is available.

Request Queuing:

URBs may be submitted to endpoints before previous ones complete, to
minimize the impact of interrupt latencies and system overhead on data
throughput. With that queuing policy, an endpoint’s queue would never
be empty. This is required for continuous isochronous data streams,
and may also be required for some kinds of interrupt transfers. Such
queuing also maximizes bandwidth utilization by letting USB controllers
start work on later requests before driver software has finished the

completion processing for earlier (successful) requests

As of Linux 2.6, all USB endpoint transfer queues support depths greater
than one. This was previously a HCD-specific behavior, except for ISO
transfers. Non—isochronous endpoint queues are inactive during cleanup

after faults (transfer errors or cancellation).

Reserved Bandwidth Transfers:

Periodic transfers (interrupt or isochronous) are performed repeatedly,
using the interval specified in the urb. Submitting the first urb to

the endpoint reserves the bandwidth necessary to make those transfers.

If the USB subsystem can’t allocate sufficient bandwidth to perform

the periodic request, submitting such a periodic request should fail.

Device drivers must explicitly request that repetition, by ensuring that
some URB is always on the endpoint’s queue (except possibly for short
periods during completion callacks). When there is no longer an urb
queued, the endpoint’ s bandwidth reservation is canceled. This means
drivers can use their completion handlers to ensure they keep bandwidth
they need, by reinitializing and resubmitting the just—completed urb

until the driver longer needs that periodic bandwidth.

Memory Flags:
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*

*
*

*/

The general rules for how to decide which mem flags to use
are the same as for kmalloc. There are four

different possible values; GFP_KERNEL, GFP_NOFS, GFP_NOIO and
GFP_ATOMIC.

GFP_NOFS is not ever used, as it has not been implemented yet

GFP_ATOMIC is used when
(a) you are inside a completion handler, an interrupt, bottom half,
tasklet or timer, or
(b) you are holding a spinlock or rwlock (does not apply to
semaphores), or
(c) current—>state != TASK RUNNING, this is the case only after

you’ ve changed it

GFP_NOIO is used in the block io path and error handling of storage

devices.

All other situations use GFP_KERNEL.

Some more specific rules for mem flags can be inferred, such as

(1) start xmit, timeout, and receive methods of network drivers must
use GFP_ATOMIC (they are called with a spinlock held);

(2) queuecommand methods of scsi drivers must use GFP_ATOMIC (also
called with a spinlock held);

(3) If you use a kernel thread with a network driver you must use
GFP NOIO, unless (b) or (c) apply;

(4) after you have done a down() you can use GFP_KERNEL, unless (b) or (c)
apply or your are in a storage driver’s block io path;

(5) USB probe and disconnect can use GFP_KERNEL unless (b) or (c) apply;

(6) changing firmware on a running storage or net device uses
GFP_NOIO, unless b) or c) apply

int usb submit urb(struct urb *urb, gfp t mem flags)

{

int pipe, temp, max;
struct usb _device *dev;

int is out;

if (lurb || urb->hepriv || !lurb->complete)

return —EINVAL;
if (!(dev = urb—>dev)
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229 (dev->state < USB_STATE DEFAULT) ||

230 (!dev—>bus) || (dev—->devnum <= 0))

231 return —ENODEV;

232 if (dev—>bus—>controller—>power. power state.event != PM EVENT ON
233 || dev—>state == USB_STATE_SUSPENDED)

234 return —EHOSTUNREACH;

235

236 urb—>status = -EINPROGRESS;

237 urb—>actual length = 0;

238

239 /% Lots of sanity checks, so HCDs can rely on clean data

240 * and don’ t need to duplicate tests

241 */

242 pipe = urb—>pipe;

243 temp = ush pipetype (pipe);

244 is out = usb pipeout (pipe) ;

245

246 if (lusb pipecontrol (pipe) && dev—>state < USB STATE CONFIGURED)
247 return —ENODEV;

248

249 /% FIXME there should be a sharable lock protecting us against
250 * config/altsetting changes and disconnects, kicking in here
251 * (here == before maxpacket, and eventually endpoint type,
252 * checks get made.)

253 */

254

255 max = usb maxpacket(dev, pipe, is out);

256 if (max <= 0) {

257 dev_dbg (&dev—>dev,

258 "bogus endpoint ep%d%s in %s (bad maxpacket %d)\n”,
259 usb_pipeendpoint (pipe), is out ? “out” : “in”,
260 ~ FUNCTION , max);

261 return —EMSGSIZE;

262 }

263

264 /* periodic transfers limit size per frame/uframe,

265 * but drivers only control those sizes for ISO

266 * while we’re checking, initialize return status

267 */

268 if (temp == PIPE_ISOCHRONOUS) {

269 int n, len;

270

271 /% “high bandwidth” mode, 1-3 packets/uframe? */

272 if (dev—>speed == USB SPEED HIGH) {
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int mult = 1 + ((max >> 11) & 0x03);
max &= 0x07ff;

max *= mult;

if (urb—>number of packets <= 0)
return —EINVAL;

for (n = 0; n < urb—>number of packets; n++) {
len = urb—>iso frame desc[n]. length;
if (len < 0 || len > max)

return —EMSGSIZE;

urb—>iso frame desc[n].status = —EXDEV;
urb—>iso frame desc[n].actual length = 0;

/% the I/0 buffer must be mapped/unmapped, except when length=0 */
if (urb—>transfer buffer length < 0)
return —EMSGSIZE;

#ifdef DEBUG
/% stuff that drivers shouldn’t do, but which shouldn’ t
* cause problems in HCDs if they get it wrong.

*/

{

unsigned int orig flags = urb—>transfer flags;
unsigned int allowed;

/% enforce simple/standard policy */
allowed = (URB NO TRANSFER DMA MAP | URB NO SETUP DMA MAP |
URB NO_INTERRUPT) :
switch (temp) {
case PIPE BULK:
if (is out)
allowed |= URB ZERO PACKET;
/* FALLTHROUGH */
case PIPE CONTROL:
allowed |= URB NO FSBR; /* only affects UHCI */
/* FALLTHROUGH */
default: /% all non—iso endpoints */
if (lis out)
allowed |= URB_SHORT NOT OK;
break;
case PIPE ISOCHRONOUS:
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#endif

allowed |= URB ISO ASAP;
break;
}

urb—>transfer flags &= allowed;

/% fail if submitter gave bogus flags */
if (urb—>transfer flags != orig flags) {
err ("BOGUS urb flags, %x —> %x”,
orig flags, urb—>transfer flags);
return —EINVAL;

/%

a power of two (so HCDs don’ t need to).

L SR R I G

EHCI can use smaller non-default values).
*/
switch (temp) {
case PIPE ISOCHRONOUS:
case PIPE INTERRUPT:
/% too small? */
if (urb—>interval <= 0)
return —EINVAL;
/% too big? *x/
switch (dev—>speed) {

FIXME want bus—>{intr, iso} sched horizon values here
supports different values... this uses EHCI/UHCI defaults (and

Force periodic transfer intervals to be legal values that are

Each HC

case USB _SPEED HIGH: /% units are microframes */

// NOTE usb handles 215

if (urb—>interval > (1024 * 8))
urb—>interval = 1024 * 8;

temp = 1024 * §;

break;

case USB SPEED FULL: /% units are frames/msec */

case USB SPEED LOW:
if (temp == PIPE INTERRUPT) {
if (urb—>interval > 255)
return —EINVAL;

// NOTE ohci only handles up to 32

temp = 128;
} else {
if (urb—>interval > 1024)
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361 urb—>interval = 1024;

362 // NOTE usb and ohci handle up to 2715
363 temp = 1024;

364 }

365 break;

366 default:

367 return —EINVAL;

368 }

369 /% power of two? */

370 while (temp > urb—>interval)

371 temp >>= 1;

372 urb—>interval = temp;

373 }

374

375 return usb _hed submit urb(urb, mem flags);
376 }

B REXAN B R FRZ R 2], S AT M RS SRk AR ECK A
K, HAREARE R, #x urb e w3 5 9545 HCD.

226 17, —UCARATEMERIAINT, B3 P =S URERAT]: AP0 A0 SCEE 1 ME— ARk
JIT LAIEA BB T S U2 JEAT — N LIRS, urb b, #EA VIS A T AR As 4
core [fJ, core R4, JaRIR™H, hepriv ARl T ¥4 HCD U, /RFFORIER %
PRI 8 2 T A, F CASRE T A 7, HCD RZEA, B RS E, complete,
FAS urb 455 T # R — Ik complete KR FIEEL, XEELEE, (R E AL

22817, il )LAX urb ARG IRK:, X HEEXT urb (1) H M usb B &KL . B&HTE
TR REANTEE, BEREARGATELE, R urb EWENgERs Tk L2 25, hoRIRYER
TIE? s A AR R IEN USB_STATE_DEFAULT JIRA:, Bl 57— ik #5445 45 1
o, Rz n T, EARRRARINAR, EiRigfFikE] Default JR&. W&G
5 devnum HERANREATAM T, WA O NAWAITA? BB, HERA# G T,
Token G HEEIR A 7 7 &R R B &bk, 2 U 2T LIS 128 AN bk ko filgy
W%, (HIEHH 0 SHhE S g R B AE B sk FI 0, AT — A4 4L T Default RA&IE
BN Address PR [ e H 7 B2 I X AN G Hu kb ke B PSR, BT O 5 ik
ARET AR — %, hub WA ESE— DML I ik, ISR AR T 0 1yt
bE, WAMEME A SYkel, A SERIXE, KX devnum SEATTRERARNZ A
Ofy, W% O Mk, ASmse b Ay mis EyER L T T, s B ET .

DR WA AT G 10X LS DR B B A i kb, 1R & HE N Address CIRZ:, BT LLER XS
SET_ADDRESS i K 5 & H XA devnum. WL % % Kk i% SET_ADDRESS i :Ki, 41
REEAT Default IRA&, #id e IAERRARE, o2 —E O fHl, &K Adress
IRAS, $8E O I, WHRURSAT Default RZS, FrLLUERIE XA AR, X HHY
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devnum HAZEANRER O 1], ARFUERMIRBF TS R B/ L4 T Adress
KA, TR AE O, WAUREAT Address kA, HE¥ B o B sk, —
ABeE HAE T ANk, 2B, HiEREEAEE, mREE T4 0 {5, Wi
#% ¥ B9 IT Address IRZIR [F] 31 Default qR735.

232 17, power, power_state, event, {7 PM_EVENT_ON #2& H 5 BAZ O L)
RV, X HLE) H RS AR e A B 26 BN LI il ee A A Hld, AR5 PRI i A A
B REAZAT Suspended IRAS, WIEHEER T H#HAYGIR, IR Z:AE 220 L, B2
27

236 1T, K EEMSE T, core il HCD CZ&A[A TiXA urb, Sl ErPRERE N
-EINPROGRESS, #/~MWILZETF4E urb #HIBG# 4F core F1 HCD THiJL T, Kshik
HOEFEANRXAIREN

237 17, XN EIT s, SLh AR KRN 0 1, KB IX A F, W
FEA T Bk LUE IR AR B T, OB BLAr R A

242 17, XTI E RIS A 7 .

246 17, {EW#HEA Configured ARAZ AT, AU BTG, WilohyigE, Wb
WL TE O RANBL AT AT -

255 17, 345 A wMaxPacketSize, &% include/linux/usb.h B 5E S FIX A k%

1458 static inline _ ul6
1459 usb maxpacket (struct usb device *udev, int pipe, int is out)
1460 {

1461 struct usb_host endpoint *ep;

1462 unsigned epnum = usb pipeendpoint (pipe) ;
1463

1464 if (is out) {

1465 WARN ON(usb pipein(pipe));

1466 ep = udev—>ep out[epnum] ;

1467 } else {

1468 WARN ON (ushb pipeout (pipe)) ;

1469 ep = udev—>ep_in[epnum];

1470 }

1471 if (lep)

1472 return 0;

1473

1474 /% NOTE: only 0x07ff bits are for packet size... */
1475 return lel6 to cpu(ep—>desc. wMaxPacketSize) ;

1476 }
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A BRECAE N IS AR . AT LAsE R R B O, AR 145 B an
FRAS— A s wMaxPacketSize ? 8K & 43 315 1% i s A RF, - FRATT A0 B4~
struct usb_device4t i1k BL#HT PN B4l ep_outFlep_infrAr T 8- i w6 Y [ struct
usb_host_endpointZ5 a4, L B1TE %550 s Y. T3P AN EeA BN T E ek n] LASRAS
CIRARE T, 300 75 B AN 1% PR s A g ), T A PR TR A R T R, i RS
hrEpipe IR H .

PRAEA SO ep_outsiep_inB AL A, B UL AT DRAE0 I 1R 3 s A5 S 2 314
FHOVE B2, BT B AE 3 4538 Wil L\ Powered i #| Default, 7R #52%, % H AW
Address#BA, (HIEAEM Husb_alloc_deviyiEix A~ #% [Fstruct usb_device [ i ik it
e B 4 O [Fstruct usb_host_endpoint4i i) {kep0 15 &4 ep_out[0]Flep_in[0]
7, i HJERiE N ep0 fiwMaxPacketSizeds i T {H. At W 3% N e AT i 2
ACEL RN i s A S, I E e SR A T, 8 TRNRII A, s AR,
WA FAREE T, 247 2 [,

268 17, WIS AL AL — LR b HE . 272 $] 276 X JUATIS KB R . = v i
& (high speed, high bandwidth endpoint). Fii# 3] interval [, i & i
i 2 UBE — IR EE AR S, SE R IREEI transaction, FBAIX A Ui 5 E A K I8 %
368 1) w3 v R A I g o e T O A N e e RN B ) DAREAT 2 B 3 IR EE
transaction, &A1& I v 1) X AHESEX )L, WL E LT Y ERA R TTIEA,
Ui MR 7 wMaxPacketSize FEN bit 11~12 5t o8 & ol LUAIAMNT JLIR S I
transaction ¥, 00 F£/REA S transaction, 01 XRFVNG 1 Ik, 10 LRFisGE
P, 11 1R . wMaxPacketSize FEBFTHT 10 A7 il 2 S B (1 5y a5 RE K RER A 1 1) 5 K
FATEG BT DA LAT R A i S R A I O e, IRTS S AR VR AIAMI AR R transaction
UL, RV RS AL B B R 2180 FREE ST AR IR AT 7 12255 ) sty o R/ Bl 1) T e A%
LIPS ONE SR TR

278 17, number_of_packets /KT 0 & asiX MEER urb SO 58 AR — A I AR 4T,
RoptPedk T, MERERA, ATRLEEGRIE T

280~286 1T XIAFN urb HLFRE )5 IR N AR 20 SASAC BE o SR AT T4 i 1) i 1<
FELE BT HOR K max e 2K, XA, BESRKS T, REE . SRR R E A5 bt
KA 0, IREHREHILHL A -EXDEV, FRIX R RAHAGE 5 T, A
A BIX LI A A A IR R o

290 17, transfer_buffer_length KEEAGE/NT O M, 45T O B & LA, HERARM A
I fige 8 A B AR 1

293 17, WRI#ifdef DEBUG FATHINIZIR 2%, XMW B2 F s N f#endif, 217
FARRLER T LLAE I I (S T, 2 N VRARIS ), 0 B 5 44K TG IR
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33817, temp & LHivHE R ERA, IR IKI&A case HE EE X PUFRL AR A
T e ARz st g, JATIT LRI, XHH case 1 4% A% Hi A W4y 4 3914
LA, AT interval [RAREE, It LUk Beas it At AL AT 24 3L T

342 47, XHARIFEE AT W urb (1) interval 4R KT 0 1), AR ENIRIL ) LE AR
KR 2B, SR EAE LY, AR O S AR, H BTSN ENLK
DFRFHRER

345 17, KB switch 45 H ¥ & 13 2 case, #EAT =4, case A7 =", il
A g vint, ARIMEE, urb->interval o] LA [F 3G, AN IR T BE2 RIS
(1) 5 AR Ll LR BRI — 28, 3 RO SO B, SEBRVASEB, Eean, XFF UHCI
vt WL interval ANGELL 128 K, s E s KAE N 255. 82 BAER ]
W, temp SR 4 I ? B3 5% urb->interval #8072 Miel & o, temp &K
TSN 2 IR, XN 370 475 T LLG K.

37517, % urb 3% HCD, #RJEHEEAN HCD A JLIX T .

Ak usb_submit_urb BEEILNZL R T, HE TSRSk EREE T, KahHE
T Rt 2 T A usb_submit_urb 3258 —ANEIE K urb 25T, SRS RIS

VSRR WA RIBR TR B E, BRI A UREE FORIALTEE, KRR usb UKEh L& —
RARZETHM, FUGE TAFNFE I 2R TS = RKIGHLIT, A1 2E s 2
HT N HE RIS B —E . U %I 0L,

Y SEIL R RIRIE—F, 76 Husb_submit_urbfE A URIurbZ B, — i WA A
Xe BRI, TRl /S L, corefiiF et T usb_fill_control_urbffJL
AN S BRI AT, TR O T2 — /O B B S urb A5G T
RN FEAage B2, RIurbyss 7RIS usb I ) GE A5 RS #5 .

5, KPSk, usb_submit_urb AU, o AN F S AR 5E A 50 IR 1]
T, HZE usb_submit_urb [MR[THER RN 0, MERRCEIZHI T, R urb L&
core Al HCD i\n] T, #% 12K core fl HCD B4 MH 2 CAIMEH T, Wahiz 1k,
FEA R AR PF T B =0 T I R B3R T, SR UE B, ARG A, SRS IR0 A 5
ANEMAVE 2 Ldw, A2kl e, IREMI FUE S5 W5 1.

HERIEAT I T AR A T 2245 A MUR 58 18, ARFR R 1 45 AR B R B 2 2 1
A BNXAWE, URA REW FH =2 urb FEHIR, WA e AR AR T, i BT 2R
TR R ERR AT RIS TRT, TR T AVE ER R R AR, AR LA,
LE, KRG 120 T OK, 8 ANl H A I8, B0 25K B i L b HER i 2R
DT AR IE TR I RERANF K, TS — R
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M2, B =R, AT AWM T ZEAE S AR AL BE PR U FOB A0 AN urb? LSz, AR )
X W/ AN A e, 2 A IR NG L DT IR e R 2 s IR AT B DR
S T IXAN BB A& BT )L, urb BABAT interval HiA TiXAN A B& AW, R IL, ol
WEATTRY) urb — R Sl A, BIMES5 I A At I 58 Ay BRIK IR A4, R /e 45 R Ak
PR HCRIR A T, urb RFEHIBUR S AR T UKEh 1, $R ORAG AL S AR 7 HEE
i urb ML St 2B R A 3K S fOEAS T2 OK, BIAIZIXFE T, JRIEAS 1 e
MAEWBHL, AR B A RAFBIX LK ?

Fosz b, RS AT IWTEEE IR urb IR, HCD <:AR4E interval All— T A O
TETTRENS W AT VR I 2, A RANRERS 2 HE AL W8 11T B oK 58 B Al RN i AR, B ANTT RE
SACHEORITERIN, WEREA R MR A S AL, wta AR OR B [ 98 (H 2K
FFAERERWITH R T, HCD SRR A9 T, AR OKEh A PR UEAEXT N5 sl ZEAE B K)
HAS urb BRI 2 AT urb, ANREZZE, XA IR B 1 58 B2 4 cancel $5i. A 1]
REERAR G, R T W/ AE I AR, T ORUE XS N 5K urb BRI SR AT urb? Xk e F)
IRITURI TR T, BN i A 45 ARAL P R S BT R A AR A WM 5E T urb, AT B2 1
— N, BRI ARAE interval BT, FNSEAFIR L BER . TR
W17 AT LLE G A Al 5r sl , SE AR n] UL R B RECL IS, B A E AR S RAL P R 5
LA T A AL URREIE T .

VALY S, O TR/ P WAL, Sebr AR 2 AR e DUASH 0 urb, AHXT
YA, A usb_submit_urb KRAL, core BIX AN RSB E AT
usb_control_msg. usb_bulk_msg #1 usb_interrupt_msg iX =/NpREHE, AJE )&
TSI PR, 4 LSRR e 24 . MEATEZ M usb_control_msg itk
(1), FrbAIX LG F 5MAAS, E#E XA message.c B

145 /¥

146 * usb_interrupt msg — Builds an interrupt urb, sends it off and waits for
completion

147 * @usb dev: pointer to the usb device to send the message to

148 * @pipe: endpoint “pipe” to send the message to

149 * @data: pointer to the data to send

150 * @len: length in bytes of the data to send

151 * @actual length: pointer to a location to put the actual length transferred

in bytes

152 * @timeout: time in msecs to wait for the message to complete before

153 = timing out (if 0 the wait is forever)

154 * Context: !in interrupt ()

155 %

156 * This function sends a simple interrupt message to a specified endpoint and
157 * waits for the message to complete, or timeout

158 %

159 % If successful, it returns 0, otherwise a negative error number. The number
160 * of actual bytes transferred will be stored in the actual length paramater.
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161
162
163
164
165
to

166
167
168

*

* Don’ t use this function from within an interrupt context, like a bottom half
* handler. If you need an asynchronous message, or need to send a message
* from within interrupt context, use usb submit urb() If a thread in your

% driver uses this call, make sure your disconnect() method can wait for it

* complete. Since you don’t have a handle on the URB used, you can’t cancel

* the request.

*/

169 int usb interrupt msg(struct usb device *usb dev, unsigned int pipe,

170

171 {

172
173 }

void *data, int len, int *actual length, int timeout)

return usb bulk msg(usb dev, pipe, data, len, actual length, timeout);

usb_interrupt_msgfg ik, WiEEF )L, A usb_bulk_msgZ:5g il T .

176 /*x

177 % usb_bulk msg — Builds a bulk urb, sends it off and waits for completion
178 % @usb_dev: pointer to the usb device to send the message to

179 =* @pipe: endpoint “pipe” to send the message to

180 * @data: pointer to the data to send

181 =* @len: length in bytes of the data to send

182 % @actual length: pointer to a location to put the actual length
transferred in bytes

183 % @timeout: time in msecs to wait for the message to complete before
184 = timing out (if 0 the wait is forever)

185 Context: !in interrupt ()

186 *

187 % This function sends a simple bulk message to a specified endpoint
188 % and waits for the message to complete, or timeout.

189 %

190 = If successful, it returns 0, otherwise a negative error number.

191 =* The number of actual bytes transferred will be stored in the

192 % actual length paramater.

193 %

194 =* Don’ t use this function from within an interrupt context, like a
195 % bottom half handler. If you need an asynchronous message, or need to
196  * send a message from within interrupt context, use usb submit urb()
197 * If a thread in your driver uses this call, make sure your disconnect ()
198 % method can wait for it to complete. Since you don’t have a handle on
199 % the URB used, you can’t cancel the request

200 *

201 * Because there is no usb_interrupt msg() and no USBDEVFS INTERRUPT
202 * ioctl, users are forced to abuse this routine by using it to submit
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203 * URBs for interrupt endpoints. We will take the liberty of creating

204 * an interrupt URB (with the default interval) if the target is an
205 % interrupt endpoint

206 */

207 int usb bulk msg(struct usb device *usb dev, unsigned int pipe

208 void *data, int len, int *actual length, int timeout)
209 {

210 struct urb *urb;

211 struct usb_host _endpoint *ep;

212

213 ep = (usb pipein(pipe) ? usb dev—>ep in : usb dev—>ep out)
214 [usb pipeendpoint (pipe)];

215 if (lep || len < 0)

216 return —EINVAL;

217

218 urb = usb alloc urb(0, GFP KERNEL) ;

219 if (lurb)

220 return —ENOMEM;

221

222 if ((ep—>desc.bmAttributes & USB ENDPOINT XFERTYPE MASK) ==
223 USB_ENDPOINT XFER INT) {

224 pipe = (pipe & ~(3 << 30)) | (PIPE_INTERRUPT << 30);
225 usb fill int urb(urb, usb dev, pipe, data, len

226 usb api blocking completion, NULL,
227 ep—>desc. bInterval) ;

228 } else

229 usb fill bulk urb(urb, usb dev, pipe, data, len,

230 usb _api blocking completion, NULL);
231

232 return usb start wait urb(urb, timeout, actual length);
233}

HRFEERIXE T, AHEXA KA EReasy 1, 1 5CHRE TR E M pipe k1S i £ ¥ 7 17 A
i s, AR JE MR #Sstruct usb_device 45t 1A ep_insiep_out# 4l HL15 18 v s Y 1
struct usb_host_endpoint&ifitk, #:35H usb_alloc_urbfij#turb. KIGIXA™ &£ 0]
fie /& M usb_interrupt_msg i B8 A I ok 89, B BL 3R R A I s R R 55
bmAttributes ¥ BORIULRIMZRAL, FIWI T & th Wit S At 4m, 2 h s ikl
WEAE K pipe 2R, Bk 7 — ki H U FHusb_bulk_msgkse i Wik s, B iR >

SOIRTCIN B IX P, T — R R B . AN T WA i e A, AR
H usb_fill_xxx_urb >k #J 4 & , & /5 ., A usb_control_msg — ¥, i H
usb_start_wait_urb%5.
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wEREmE (B
AERCRILI, AL, LIS RO

MARYPIH L85 R 2DV, SOERENT HCD M JLIX, X B KA & T IRk H A
AREGE )L, iR LS. C BIJE DA N 1Y, BEME R —/ Ny, FrErss, B
Sk L, e E R E0RA R LN s £, M — g, 78 HCD XA JLIX, XA
k)L, EhZ FHi hed.h B 5 X struct usb_hed.

49 /*

50 * USB Host Controller Driver (usb hcd) framework

51 *

52 * Since “struct usb bus” is so thin, you can’t share much code in it

53 * This framework is a layer over that, and should be more sharable.

54 %/

55

56 /* */
57

58 struct usb hed {

59

60 /%

61 * housekeeping

62 */

63 struct usb _bus self: /% hcd is—a bus */

64 struct kref kref; /* reference counter */

65

66 const char *product desc; /* product/vendor string */
67 char irq descr[24]; /% driver + bus # */

68

69 struct timer list rh timer; /% drives root—hub polling */
70 struct urb *status_urb; /% the current status urb */
71 #ifdef CONFIG PM

72 struct work struct wakeup work; /% for remote wakeup */

73 #endif

74

75 /%

76 * hardware info/state

77 */

78 const struct hc driver s*driver; /% hw-specific hooks */

79

80 /% Flags that need to be manipulated atomically */

81 unsigned long flags;

82 #tdefine HCD FLAG HW_ACCESSIBLE 0x00000001
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83 #tdefine HCD FLAG_SAW IRQ 0x00000002

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

unsigned rh registered:1;/* is root hub registered? */
/% The next flag is a stopgap, to be removed when all the HCDs
* support the new root—hub polling mechanism. */
unsigned uses_new polling:1;
unsigned poll rh:1; /% poll for rh status? */
unsigned poll pending:1; /* status has changed? */
unsigned wireless:1; /% Wireless USB HCD */
int irq; /% irq allocated */
void  iomem *regs: /% device memory/io */
u64 rsrc_start; /% memory/io resource start */
u64 rsrc_len; /% memory/io resource length %/
unsigned power budget; /% in mA, 0 = no limit */
#tdefine HCD BUFFER POOLS 4
struct dma pool *pool [HCD BUFFER POOLS];
int state;
# define _ ACTIVE 0x01
# define _ SUSPEND 0x04
# define _ TRANSIENT 0x80
# define HC STATE HALT 0
# define HC STATE RUNNING (__ACTIVE)
# define HC STATE QUIESCING (AisUSPEND‘AiTRANSIENT‘AiACTIVE)
# define HC STATE RESUMING (AisUSPEND‘AiTRANSIENT)
# define HC STATE SUSPENDED (__ SUSPEND)
#tdefine HC IS RUNNING (state) ((state) & _ ACTIVE)

#define HC_IS_SUSPENDED (state) ((state) & _ SUSPEND)

/% more shared queuing code would be good; it should support
* smarter scheduling, handle transaction translators, etc;
*% input size of periodic table to an interrupt scheduler.

* (ohci 32, uhci 1024, ehci 256/512/1024).
%/

/% The HC driver’ s private data is stored at the end of

* this structure.
*/
unsigned long hed priv[0]
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127 _attribute  ((aligned (sizeof (unsigned long))));
128 };

gl Tt ok, RETT AR TTIUEAL, RO IERROZA XSG I LR T, A4, EA
THETEATHETEAT L, GREREATE? A B L2 Bt — B 0%
AR, HAEIR, B A A SR LR TSI ? 2R, IXlbxt 17, ZR0E
SRR T AN T AR (K BHTTL— FEAES T o

63 17, N —ANgifgfAk, structusb_bus, &% Fiself, structusb_hcd it fiself, HX
EFAK e FHER), LLARER S —ANE O, e+ 8 BT R 2 XF R,
A MK R —A, WAEHERAE, —MROSEEAS T .

AT AT B2 X A — /R PE Rl self? skl Greg AT T #l J& HLAa SR 3 SRS Al 6 7=
Mrafmams ? MRS, AR B2 =B g, WA IA TG =B S o A A I ) S Ak B 380 it 70
2 A ENEEHEIS S IE - Susb i g, EHLEEHISSUKE) F struct usb_hcd 4614
TR, —4& R Hstruct usb_busgilFEoR, EAE AR BABAHEMKII LR, —4
HRRBEIEE — N B, — B ABET T H—ANER, SWr i i 17 A BR A B 3L,
WEREDL T, AAS SR T e K& 524 5K . struct usb_bus7Einclude/linux/usb.h
HE X

273 /*

274 % Allocated per bus (tree of devices) we have:

275 */

276 struct usb bus {

277 struct device *controller; /* host/master side hardware */

278 int busnum; /% Bus number (in order of reg) */
279 char *bus name; /% stable id (PCI slot name etc) */
280 u8 uses_dma; /* Does the host controller use DMA? */
281 u8 otg port; /* 0, or number of OTG/HNP port */
282 unsigned is b host:1; /% true during some HNP roleswitches %/
283 unsigned b _hnp enable:1; /* 0TG: did A-Host enable HNP? */
284

285 int devnum next; /* Next open device number in

286 * round-robin allocation */

287

288 struct usb _devmap devmap; /* device address allocation map */
289 struct usb device *root hub; /* Root hub */

290 struct list head bus list; /* list of busses */

291

292 int bandwidth allocated; /% on this bus: how much of the time
293 * reserved for periodic (intr/iso)
294 * requests is used, on average?
295 % Units: microseconds/frame.
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296 * Limits: Full/low speed reserve 90%,

297 * while high speed reserves 80%.
298 */

299 int bandwidth int regs; /* number of Interrupt requests */
300 int bandwidth isoc regs; /% number of Isoc. requests */

301

302 #ifdef CONFIG USB DEVICEFS

303 struct dentry *usbfs dentry; /% usbfs dentry entry for the bus */
304 #endif

305 struct class device *class dev; /* class device for this bus */
306

307 #if defined (CONFIG USB_MON)

308 struct mon bus *mon bus; /% non—null when associated */

309 int monitored; /* non-zero when monitored */

310 #endif

311 };

277 17, controller, struct usb_hcdF % T4 ~usb_bus, X TR T4 ~controller,
PRUVERA AL, TR (g [l A PR, R, SEALIR Y. JSILAE38 i struct usb_hcd
H¥selffiistruct usb_bus L [fjcontrolleriX Py EAG R 3= SCRE#l R3] )L, FREEANBEUL T
EATRE R A KRR Y ARGIR AT AU E — AN B EE TR, — MR — 4 R4, (HILS00)
TERM IR UE— D BN — R B AL L, A4, o] LA
DEEATIA A F AR LIRS0, AT A oy BT AN 51, AfEiE Greg b AT ILAE AN
FRMYFEXT?

XA L 5 S B ABARAE SIS, (HA0E T MREEARE? FIIE T URatae W] FUOAT A R L # AN
AR, Tt AW 15 BRI EOSE i Fe 3  ? IRANEENT I, BT LA L5008 170 AN
R T MARRINE], A A LR AENERIMA, 2 H BRI, XA
JUIS TRJ S REBE 22 /b3 T 2

AU B linux BLAVN R TIFF AU &AL T, usb BHEEHIZE MRS — M,
if HLE 2 B e e —A PCL W4, IBE BN AN IX NS BEREE 2 P, struct
usb_hcd 45y B i 453 ik A& 8L struct device B struct pci_dev XFE)— A gEFy ik, HE
PRATANBRKARK, REAS REAE & HLHT R IIX A — /M 2 ANRE, AT —Ngaskil, &g KA
). AR FEIRE struct usb_bus, #F— M EE A struct device 45Kk, tf, %
LR F e RIX )L

T FH XA 235 TR IS TR A FL AR ) AL 2 IR SR e R (28—, 5t UHCIH IE, #54E host
HX N uhci-iG SO, e A pei &, ZEH pci_register_driver 3 f—
struct pci_driver 4i#J4& uhci_pci_driver, uhci_pci_driver B XG4 #& ) probe,
XA probe H, ‘B usb_create_hcd KA —/> usb_hcd, WAL HH Y self,
WRHXA self B controller ¥ e A Hiid F ML HI# 1A pei_dev HLIF struct device
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ik, MM usb_hed. usb_bus 1 pci_dev, HEE&BMHER KT .

XM NAZIE A X A PO R 58, ISP A — T uhci-3CPF B e SCRIRLE R 4, A
HAECNNSE, RaERINSEEAZE struct usb_hced B/ struct uhci_hced, 413 /R A1
K—FRMERZH S, VRGBS s BRI LAT % 2 hed_to_uhci B0
uhci_to_hcd XFE) R EAE struct usb_hed Al struct uhci_hed Z A& . struct
uhci_hcd Zft4? & uhci HORA KA, BN IIM S NS EHE 1A
LN—FE, A AR EPEE TS X 2 — NI gtk . WRIRFCI— 7, M
T K hcd_to_uhci 3% uhci_to_hcd FE X, RSV, A EVEEHISRHXAFAA
S MR AERAE struct usb_hed g5 55 M4 hed_priv 28K £ 20 5

WX Mo, IRAeETE AT A7 RSk N R, AEURE BIAS KT, ISA0 - W 4 Ul 4
T o M HEARM BN BRI Sk U, SR B A struct usb_hced, struct usb_hcd
GERZ T NI 240K SN, HtnlA) struct usb_device B{ struct usb_interface 2 T usb
K5 . AT usb_create_hcd 4% usb_hed, A4 usb_bus IFEAE. XT linux
WKL, struct usb_bus JEEEE D) —28, [, fRAf LA struct usb_bus 4
fE SRR B struct usb_hed BN ERg 4K, B8 struct usb_hed 58 % — 4
TAERAT T 302, PR ERA — > EHE I R E 2 A, T2 JT T struct usb_bus iX
LA T TR AR sysfs 55, Xt & Mk )Lt x4 B JLIX, struct
usb_hecd A&+ FHRA.

RENE Greg A T2 EAMBRIXMHF DI LR A? A I/E HCD bus-glue layer,
HET flatten out it. XK RS BRI, DU ENEMLE, DU H 4 B0,

struct usb_hcd kil E & R7, struct usb_bus BSIEBGE 55 . SR IRAT— TG
JERHRM, ARG LiE N, B THESA T, FREH T GCD AH THi T E—F.

278 17, busnum, R&gw', RV R DA 2P, BRI g
Z4 usb BT, MRV UEZL, MERANS I ERINT . AR0&ES, WTUERE
X AF drivesr/usb/core/hcd.c B[ JLAT

88 /* used when allocating bus numbers */

89 #define USB_MAXBUS 64

90 struct usb busmap {

91 unsigned long busmap [USB MAXBUS / (8#sizeof (unsigned long))];
92 };

93 static struct usb busmap busmap;

PYfstruct usb_deviceffJdevnumitffiz, #i%]id—/devicemap, XH XA busmap,
MM iidevicemap—3EE 128 7, [FIEEAI%D, XH K busmap—3Lf 64 17, it
Ui 2 LA 64 4cusbiigk, WRARIEWAAAGE, 54, FHTAGIRELEN .

279 41T, bus_name, bus &%k, name %%, bus_name MZ 14T, HHAFERI4 T2
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TG K ZHCRE 0N B2 #82 — > PCI %45, A4 bus_name NiZgh e k4 PCI
M FARR usb BT 4T, PCI LA HFRMER PCI ID kAR PCI 4%, it
bus_name HLERAE N IZ 2 T TI# 0 M K) PCIID. UHCI 253 FH usb_create_hcd
B usb_hcd KRGS 2K e AT 1% R PCLID %5 T bus_name.

PLAE TR UL BEIX /S PCIID. PCI spec RV RN RG] LA £ 256 4% PCI B2k, XJiifT]
MIRERZ T, AHREX T AR, TSRO HE I RS0, T BB SE 1K AR AN T EK,
TIEPTE Y PCI 2k Xk %il43 4 domain, 4 PCI domain X 7] UL 234 256 4« M4k,
KT A% T, MRS R E AT DASRR 32 AN, XA HLI ) LB E W] LU 2 T fg
B BATEH T LR 2 3k 8 Flialft. MRIE AKX EFINGE? BZRE & AmA
domain, MR4ciE Lk, WA AR B, X AR R REL T, IR LLA Ispci i F— F

00:00. 0 Host bridge: Intel Corporation 440BX/ZX/DX — 82443BX/ZX/DX Host bridge (rev 01)
00:01.0 PCI bridge: Intel Corporation 440BX/ZX/DX — 82443BX/ZX/DX AGP bridge (rev 01)
00:07.0 ISA bridge: Intel Corporation 82371AB/EB/MB PIIX4 ISA (rev 08)

00:07.1 IDE interface: Intel Corporation 82371AB/EB/MB PI1X4 IDE (rev 01)

00:07.2 USB Controller: Intel Corporation 82371AB/EB/MB PI1I1X4 USB

00:07.3 Bridge: Intel Corporation 82371AB/EB/MB PI1X4 ACPI (rev 08)

00:0f.0 VGA compatible controller: VMware Inc [VMware SVGA II] PCI Display Adapter

00:10. 0 SCSI storage controller: LSI Logic / Symbios Logic 53¢1030 PCI-X Fusion-MPT Dual Ultra320
SCST (rev 01)

00:11.0 Ethernet controller: Advanced Micro Devices [AMD] 79c970 [PCnet32 LANCE] (rev 10)
00:12.0 Multimedia audio controller: Ensoniq ES1371 [AudioPCI-97] (rev 02)

BEATHITA AT w2 FriE ) PCL ID, 4 PCI ID i domain 5 (16 {7), MZk4s's (8
i), WS (540, ThiEs (340) 4k, AdiXH Ispci %HHrH domain 5, {HX}T
—&GWE PC S, — M HA— domain, 0x0000.

N

28017, uses_dma, KX TN HIRE SCREA LR DMA. - H L5 il 1 — 20 i 22 1A%
FURAE WAL R USB 2k 2 LR, XNl FE T LA H DMA s A8 DMA, Al
DMA (1175 2 BIFTiE Y P10 5 2. DMA {{# % Direct Memory Access, El N7 i),
AN CPU 1. HAKII2:EF PCI DMA [ ZRIE, R4 — Bk 3 B AL HI 2 42 PCI
4%, uses_dma #7EEA1H 1 probe BRETH % HE T .

281~283 17, fiXotg (¥, Hiit,

285 17, devnum_next, 288 17, devmap, - utiitid devmap X5k#% T, devnum_next
Hd s S X TR R BN AN O IUAL, HLh 1 BIAHR & DX 5 2 EIY usb W&
s T, e

289 17, root_hub, HulfH&im sl O 7EHTAT B (13 5 HLIS A IS XS B #F, root hub
FEFTAA ) hub BB RIS A R, 301043 usb RIRRR 4, &t 2 R AR, AT usb
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THFEHIg P A, LEM hub A& &AL e X JLREM H 25 TE A& IR R X PR ik
FIRAR, BAEREITD L RA A Z L, B EERK EE T struct usb_bus 25/, il
AR ASE . ush ENLIEHI#E, usb M4k, root hub, 11tk 1.

290 1T, bus_list, 7t hed.c e XA —442JRBA usb_bus_list

84 /* host controllers we manage */
85 LIST HEAD (usb bus list);
86 EXPORT SYMBOL GPL (usb bus list);

EHEPTH usb BEMAL. BRIk K BLPS IR, FRE XA LGE N, A
bus_list 7 BHERAEIX AN A L

292 17, bandwidth_allocated, %W} sHIWLaMEI L4 1T 2 D58, Bl
BT, AT mEckvl, w2 80%, A TRHEHM AR L 5L, WTLLAE] 90%.
E ALY, s It N AT 22 A Sl DA 45 v /S I AR

299 17, bandwidth_int_reqs, 300 17, bandwidth_isoc_reqs, 7337~ 245 Wik
S R 8 T A i ) B

302~304 1T, & usbfs [, Bk RZLAX N T/proc/bus/usb FH—AH . IRICII
T L2 WK

305 1T, class_dev, iXH XA R AR —MRES, B4 1 class, B &8,
BT B B AR B R 2R . A IR = MO MRS, AR NS SRS A R 1
T RS2 1) T linux (7 KR, SRR A0, BakiEs, e
PR PR BE T A2 hfg, —A> SCSI R —A ATA ST 3Rk i )\ 4T A
HIIWARI, (EEXT 7RG, eI R R, #0200 SCrE, &0 &R N,
X T LA N LI )

WM 5 sysfs /&> ATIT, class {E sysfs B\ &Il E/sys/class R, W LLEEE

atm dma graphics hwmon i2c—adapter input

mem misc net pci bus scsi device scsi disk
scsi host sound spi host spi master spi_transport tty

usb device usb _endpoint usb host ve vtconsole

FFI B usb_host T, ‘E /2T usb EHUIEHIZIIIE, XKLL H RA L BAKMIE?
EATTE 26— & usb T RGP E usb_init, EHREAXA B

877 retval = usb host init();
878 if (retval)
879 goto host init failed;
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2 R R B I 2 SR W UG 4L host controller (1), BR{ESS B S L EE, 75 hed.c

671 static struct class *usb_host class;

672

673 int usb host init (void)

674 {

675 int retval = 0;

676

677 usb_host class = class create (THIS MODULE, “usb host”);
678 if (IS ERR(usb host class))

679 retval = PTR ERR(usb host class);

680 return retval;

681 }

usb_host_initFr{E 11— Ut & A H class_createfi]id T —/usb_hostiX#£ 112, /R HE
In# T usbeoretibgifit ft/sys/class K i | usb_host H s tH L. BE#Rusb_host H 5
FoR M usb TN B2, R4S N N AZE N A BRI B HIRE T, HIs r
Alook— FHiAEE Flusb_hostl. usb _host2 25X PR H 5%, ST EBR NV —ANEDR
RGBSR AEAE I LS, S2Pr F7Ehed.cH ffjusb_register_busp& 55X 4 JLAT

735 bus—>class dev =class device create(usb host class, NULL, MKDEV (0, 0),
736 bus—>controller, “usb host%d”, busnum) ;

XWATE 214 class_device createfr/sys/class/usb_host Fifi b4k gk il 7 —
MHZ, HRELRWECARREERK B LM%Y, usb_register_busei HUE RN L
PR 2RI E e probe L I IF), [Musb corelEMl—4c 2k, ol LA M—> EAL &
o

307~310 17, CONFIG_USB_MON & T H 1 ? iXZEF drivers/usb/mon H& T
Kconfig

1 #

2 # USB Monitor configuration

3 #

4

5 config USB MON

6 bool “USB Monitor”

7 depends on USB!=n

8 default y

9 help

10 If you say Y here, a component which captures the USB traffic

11 between peripheral-specific drivers and HC drivers will be built.
12 For more information, see <file:Documentation/usb/usbmon. txt>

13

14 This is somewhat experimental at this time, but it should be safe.
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15
16 If unsure, say Y.

A RRIX A2 A2, AELIIAATT AT LLRNIE, anRE T CONFIG_USB_MON, —MfTif
) usb Monitor, /& usb ALE AR RSt Wi . XA~ Monitor & H KL usb
M ERR RS, OISO ERE drivers/usb/mon Fifii. 2005 4EHE =,
Greg Ktk L ), T R4 E H 71X usb Monitor.

BER ML O

AT AT EELS ) GeAS B AR VG UG —FF, B2 E . B LB AR R, (93]
struct usb_hcd, 4455 HIE N

64 17, M. kref, usb EHIEHIAIT I struct usb_hed B A LT HT
k%, & hed.c X/

1526 static void hcd release (struct kref *kref)

1527 {

1528 struct usb hcd *hcd = container of (kref, struct usb hcd, kref);
1529

1530 kfree (hed) ;

1531 }

1532

1533 struct usb hed *usb get hed (struct usb hcd *hecd)
1534 {

1535 if (hed)

1536 kref get (&hcd—>kref);

1537 return hed;

1538 }

1539 EXPORT SYMBOL (usb get hed);

1540

1541 void usb put hed (struct usb hcd *hed)

1542 {

1543 if (hed)

1544 kref put (&hcd—>kref, hed release);
1545 }

1546 EXPORT SYMBOL (usb put hcd) ;

i

F struct urb AR LKW RE T, QAL
EFEFHW struct urb [z S 4 I,

BENEENT, WERAY

el
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66 17, product_desc, FHLEE I~ MR AR R, X UHCIH, ‘&4 “UHCI Host
Controller”, X}+ EHCI, ‘&4 “EHCI Host Controller”,

67 17, irq_descr[24], XHBilJLARAZRZE “ehci-hcd:usbl” ZRFFFFEH, WL
IR TN LR dm S

71~73 17, HWHIEEHR, WL,

78 17, driver, BANHNOFEA MRS, AL A0 BEE —NSIE, BT
FEHIZS IR # 4T — > struct he_driver 4ikik. FHH A hed.h H#)E X

149 struct hc driver {

150 const char *description; /% “ehci-hed” etc */

151 const char *product desc; /* product/vendor string */
152 size t hed priv_size; /% size of private data */
153

154 /% irq handler */

155 irgreturn t (kirq) (struct usb_hecd *hcd) ;

156

157 int flags;

158 #define HCD MEMORY 0x0001 /% HC regs use memory (else 1/0) */
159 #define HCD_USB11 0x0010 /% USB 1.1 */

160 #define HCD USB2 0x0020 /* USB 2.0 %/

161

162 /* called to init HCD and root hub */

163 int (kreset) (struct usb hcd *hcd);

164 int (kstart) (struct usb hcd *hcd);

165

166 /% NOTE: these suspend/resume calls relate to the HC as

167 * a whole, not just the root hub; they re for PCI bus glue.
168 */

169 /% called after suspending the hub, before entering D3 etc */
170 int (ksuspend) (struct usb hcd *hcd, pm message t message);
171

172 /% called after entering DO (etc), before resuming the hub */
173 int (*resume) (struct usb hed *hcd);

174

175 /% cleanly make HCD stop writing memory and doing I/0 */

176 void (kstop) (struct usb hed *hed) ;

177

178 /% shutdown HCD */

179 void (kshutdown) (struct usb hcd *hcd) ;

180

181 /% return current frame number */
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182 int (kget frame number) (struct usb hcd *hcd);
183

184 /* manage i/o requests, device state */

185 int (kurb_enqueue) (struct usb hed *hcd,

186 struct usb_host _endpoint *ep,

187 struct urb *urb,

188 gfp t mem flags);

189 int (kurb dequeue) (struct usb hed *hcd, struct urb *urb);
190

191 /% hw synch, freeing endpoint resources that urb dequeue can’t */
192 void (kendpoint disable) (struct usb hed *hcd

193 struct usb host endpoint *ep);

194

195 /% root hub support */

196 int (khub status data) (struct usb hecd *hed, char *buf);
197 int (khub control) (struct usb hed *hcd,

198 ul6 typeReq, ul6 wValue, ul6 wlndex,

199 char *buf, ul6 wLength) ;

200 int (kbus_suspend) (struct usb hed *);

201 int (kbus_resume) (struct usb hed *);

202 int (kstart port reset) (struct usb hcd *, unsigned port num);
203 void (khub irq enable) (struct usb hcd *);

204 /% Needed only if port-change IRQs are level-triggered */
205 };

Flusb_driver—#f, Flpci_driverth—FE, BT xxx_driverdif—HER Ed55r, HAKK
TR KB EE ARG, AZUT, KRN T, ARG L, X EEUT
PR EN 2 AN AV, WU TFSL LR =4 . description B [ & Bt K K44, T
WIXFFUHCI, ‘&2 “uhci_hed”, % TEHCI, ‘&t & “ehci_hcd”. product_descHlistruct
usb_hcd A& —FE L. hed_priv_sizeit f& 5 L B, Fi T e AR FR 4% (1) )i
R, B ENERISR RS S — N RAE SR, s {Estruct usb_hcdi 5 14N 32
KEH L, XA WA, el dush_hed MR B4 e fEA 2K, AR WESNE
BTG Z /D NAER, XA thed _priv_size.

8117, flags, J& T HCD J—%&ts&, nIHMESAE 82, 83 1T. eAiftaEE? 12K
TR, flags FH A W40,

69, 70, 85~91, XJLIT#l/&% N root hub RS 1. Bhi, —fe—t5, —m—ak,
—> host controller %} —/ root hub, BI{fi etz XX R4 -, 184+ I host controller
BN root hub, #fF EWFFZEL— Nk, Wi 2friEm virtual root hub. ‘&1
EERFR T, (H T R I RE R LT hub 2 38 4 ZE R, UL AEZERT host controller
PR B2 A — e R e« BN\ ayawawa /B4 H O 2485k,
WA UEse BAWMBME, IR BA NI, WA 2R N TR E S N LN,
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root hub F/E AR AHIEZLSE— hub, J&— usb %4, WASHEN S usb XN KFE,
WE R HZ0A M, A A O R S M, BRXEER] T, Bk e Xk,

* root hub K/ fiv4k

W ESE W] —F, root hub (AR &I URMAAI LB — A D, ASIEE LT
ML, RERENMHIREERE R — T WRAWEERAY A, L5 TIR& T, ki
[P SORE AR 2 FR A AR FATTE AR (R AW T

%7 root hub #1 host controller IXFil A WBZIRHCA R IR HR, UHCI, EHCI F5 ML

A ISR AE B ORI A A RRS B A K = (1.0 B AETE root hub ETiT. AN

J& UHCI, it /& EHCI, —fekui#l& PCI 4%, J& PCI A5 #5 V1% 414> struct pci_driver

LERIK, JN %A — N E T A O probe. fEIX > probe B, #8414 ] usb_create_hcd()
KAl#E—AE T H K usb_hed, A2 A usb_add_hced() K iX 4~ K KI A1 2 ()

usb_hcd 7EMF] usb 12 . T/ root hub {E#E B4 1HEE, EEM L ES T . KB

HUIE) root hub AH G 148 32 ZARY

1580 if ((rhdev = usb alloc dev(NULL, &hcd->self, 0)) == NULL) {

1581 dev err (hcd—>self. controller, “unable to allocate root hub\n”) ;
1582 retval = —ENOMEM;

1583 goto err_allocate root hub;

1584 }

1585 rhdev—>speed = (hcd—>driver—>flags & HCD USB2) ? USB SPEED HIGH :
1586 USB_SPEED_FULL;

1587 hed—>self. root_hub = rhdev;

7t usb_add_hcd REE, eI HEA]C 4R % E AL 1 usb_alloc_dev() k>4 root
hub #E#—> struct usb_device Zit4{k, M4 FIZXIN root hub ¥4
RABIRAE S usb_device_type, P& S 4ISMRAE N usb_bus_type. X5 &4>
host controller fSEZBrIFHL, BEE TR, ILAEIRNZH11E struct he_driver H 1A
JRRL i) flags & T 7IE, &4 F HCD_USB2 I & /~iX /™ host controller 455E ) root
hub & =& hub, 557 HCD_USBL1 %7 2&{K#/4 14 hub. struct usb_device 4514
RS 21 2 )5, SRS struct usb_bus ) root_hub JG 2 . X EEHE AN S vES TAE,
LR ARAE usb_add_hed() &5 H 1 register_root_hub() HLfi.

register_root_hub)dEH & & ¥ root hub (1% %5 devnum &E N 1, TAMDT
R E B b R, root hub BBk A K& JEHEN T Address 4}( A, PEATRED LR
N WARFEH4EA RESE IR 25, root hub BB S 25 IR SEBL T 244K, 2 AFRAIEAE
Address RE&ZUAZ ZERZ 21, AREHZHSAEARK T o FAIX I a] LR 77 {5
(113543 root hub [F &R ST, ATLLA usb_new_device ¥ root hub 145 CH A fE
B, LT HRE ).

817 retval = usb new device (usb dev);
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818 if (retval) {

819 dev_err (parent dev, “can’t register root hub for %s, %d\n”,
820 usb _dev—>dev. bus _id, retval);
821 }

i X Le# — P F) (1) 15, register_root_hub() 7F fix & st <% struct usb_hcd (1)
rh_registered & N 1, F7x root hub B K FNIHLIF A B FarAMILE T .

Linuxi% & B i root hub T )& 1) 5 228 M usb_bus_typels & i In#lusb & £k 178 4
AN RATERE, ARG Musb B2 i ah— 4G A MR EER, Fr R 30K 9K 5)
228 FH usb & 26 () match &8 %, B gk 2 0 AT BLAT — 7l 2 DL S A W 2]
usb_device_match(), “Aroot hubZzZ #5434k 5 —ANLECH) . 293 &, root hub
42K usb_device _type, FTLI7E usb_device _match() B E ¥ £ I8 4 4%, VUL
FCIH &N 4 BT usb_device_typeS Y [ e & ARk B A 4 RS b, usbtth it
ME— A8 AN usb B 4 0K 8 (A 2 usb 4% 3K 5 ) struct device_driver 4% {4 14 % %
usb_generic_driver . Fr PL$# ok 2 i# H 7 5k & usb_generic_driver [#) probe f #§
generic_probe(), Zfil&Eroot hub, #XJhroot hubgli kL T Configuredih 4.
Jroot hub 5 —MECE , Frblgeneric_probe ()R & root hubItf JF 5 £ /b ik £ Rk,
WA FrSER, v Lhlook Fhed.cl TSkl CL48 1€ i i root hub i £ ik 1+F

119 /* usb 2.0 root hub device descriptor */
120 static const u8 usb2 rh dev descriptor [18] = {

121 0x12, /%  u8 bLength; */

122 0x01, /%  u8 bDescriptorType; Device */

123 0x00, 0x02, /*  lel6 bcdUSB; v2.0 */

124

125 0x09, /%  u8 bDeviceClass; HUB CLASSCODE #*/
126 0x00, /%  u8 bDeviceSubClass; */

127 0x01, /%  u8 bDeviceProtocol; [ usb 2.0 single TT J%/
128 0x40, /%  u8 bMaxPacketSize0; 64 Bytes */
129

130 0x00, 0x00, /*  lel6 idVendor; */

131 0x00, 0x00, /%  lel6 idProduct; */

132 KERNEL VER, KERNEL REL, /*  1lel6 bcdDevice */

133

134 0x03, /%  u8 iManufacturer; */

135 0x02, /%  u8 iProduct; */

136 0x01, /*  u8 1iSerialNumber; */

137 0x01 /%  u8 bNumConfigurations; */

138 };

KKK const [1], Bl BAEREA usb (S B #EGE L g R e R B, 2™
BRI L XS F root hub. IR — IR L REF 2IBE € f 5 A4S 001, IX i /2 root
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hub R E SR .. 6 i) LR 5% usb 1.1 1) root hub &R ET, KE/N R
AN T .

BESREAN T Configured IRas, wirl LUGHIE AR KAEH root hub #2L pro7 Dhie 1, Axd,
XPT AT usb B9 57 8 R AR K U, SEBr e EE e 2w & B n, il
generic_probe()# Nkt &R #E root hub I HEE, AE A M OUES struct
usb_interface Z5fAX %, XIS O JE MR 2R TA59R g usb_bus_type, #4257
WA—FET, husb_if_device_type, FJuulid MR A) S EAT BL MR, REAAEREN
FM B g NAZ N E—A), #OAHE:0M28%. usb_if_device_type 7& message.c
e X

1382 struct device type usb if device type = {

1383 .name = “usb_interface”,

1384 .release = usb_release interface,
1385 .uevent = usb_if uevent,

1386 };

4 root hub 32 H#ES struct usb_interface 45yt & 2 K KTh R, Kk spec B
SE T hub EFR T A 0, s W IN Sk, IEAIUERS KZ 4. root hub

RIECERIA T A AE hed.c IFLJUIRERF T, M T — D, —PRE, — i
M, Z%look —F

166 /* Configuration descriptors for our root hubs */

167

168 static const u8 fs rh config descriptor [] = {

169

170 /* one configuration */

171 0x09, /%  u8 bLength; */

172 0x02, /%  u8 bDescriptorType; Configuration */
173 0x19, 0x00, /*  lel6 wTotalLength; */

174 0x01, /%  u8 bNumlnterfaces; (1) */
175 0x01, /%  u8 bConfigurationValue; */
176 0x00, /%  u8 1iConfiguration; */

177 0xcO, /%  u8 bmAttributes;

178 Bit 7: must be set,
179 6: Self-powered,
180 5: Remote wakeup,
181 4..0: resvd */
182 0x00, /%  u8 MaxPower; */

183

184 /% USB 1.1:

185 * USB 2.0, single TT organization (mandatory):
186 * one interface, protocol 0

187 *
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188 * USB 2.0, multiple TT organization (optional):

189 * two interfaces, protocols 1 (like single TT)

190 * and 2 (multiple TT mode) ... config is

191 * sometimes settable

192 * NOT IMPLEMENTED

193 */

194

195 /* one interface */

196 0x09, /¥ u8 1if bLength; */

197 0x04, /% u8 1if bDescriptorType; Interface */

198 0x00, /%  u8 1if bInterfaceNumber; */

199 0x00, /% u8 1if bAlternateSetting; */

200 0x01, /%  u8 if bNumEndpoints; */

201 0x09, /% u8 1if bInterfaceClass; HUB CLASSCODE */

202 0x00, /%  u8 1if bInterfaceSubClass; */

203 0x00, /%  u8 1if blnterfaceProtocol; [usbl.1 or single tt] %/
204 0x00, /% u8 if ilnterface; */

205

206 /% one endpoint (status change endpoint) */

207 0x07, /%  u8 ep bLength; */

208 0x05, /¥  u8 ep bDescriptorType; Endpoint */

209 0x81, /%  u8 ep bEndpointAddress; IN Endpoint 1 */
210 0x03, /%  u8 ep bmAttributes; Interrupt */

211 0x02, 0x00, /*  lel6 ep wMaxPacketSize; 1 + (MAX ROOT PORTS / 8) */
212 Oxff /%  u8 ep blnterval; (255ms —— usb 2.0 spec) */
213 };

174 171 Ox01, 199 17 Ox00, 200 17 Ox01, ZrilfaE TR ¥, M E, i
HIEH . W, i B 0, root hub HA N A, A Ah— AN IN
Uty e, St 5o L, FRIRERAY, REROAT DAL B OB 2, 3 host controller s
) E O )RR 256ms o 31X BLFT AN B AN ), O A A B AN T g A
wMaxPacketSize Jj 2, 211 {74 &S 0x02, 0x00 4 ? Wi, HHill it T, usb
WA 1 B PP R IR FF e 44 little-endian J7 U4 TP AAAE IR, S8 2RI AR JE e i 1o

Jyroot hubfF BN ) L4 T HME S i struct usb_interface 45 ik 2 Ja Wiz E A ? X
Ui T, AR AR, HE R AR S AR R A AR 2 SR E i e K T .
SR IEAL s 2008 7, X3 T usb_device_match(). ASEEAREIXAN I 5 25 F4E 11
S B NV AZE MRS ? e SRR O 4 ¥ E lusb_if_device _type T, A IBS AT LIAR
AEASI e, Frelensngs 2B noI k.

HRAZ NS FEEALT®RS )L, MIEAZ I, HEAEFLE N, MERRD
AT MHE— T . E5EMSLE R root hub &K, ©1 bDeviceClass #155% N
0x09, 7 include/linux/usb/ch9.h %, ‘EXfN & USB_CLASS HUB, ff[FISkEFE
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root hub Al &R % 201 17, blinterfaceClass 5 & % 0x09, kst it [FFE N
USB_CLASS_HUB. &{§2: hub 3% N hub.c SCfFHEE AT hub_id_table,
FEAFENAZ I ST A T ? %3k, root hub B FHBANEE L FT G N IR SRS 5 72 hub BXZ), 5
RCAERR, e EA hub I, root hub —iZ Al host controller FZEMIMK, —iZF1
hub K8 JERHR LACHTH T, 24 E KRl

PR R E A 2 8 hub B30 B hub_probe(). A% & root hub if 2 — % hub,
FERX BRI, AR T root hub 78 host controller #J#A1L i e b st 2
2 hub_probe(). 4% 2008 75, hub_probe(Qifiid hub_configure() I
WG T —AN i urb, 4R )5 78 hub_activate() BLi /T usb_submit_urb Q¥ & 4284
core, #A X FIE] T HCD. 41 31408 T IX A ZAMRIRANI, Ak i 56 & (32 hub)
me

A hub AT BT R W LRI hub FRIRSZRE, AR hub BXE) IS5 24 1)
hub_events FiGA F LT, MRELE hub L1 usb & RA MM RAR T, RBEAGE
H usb #5LKH mm T, e s K E N —IER RN, #ERT 21 Hel, HRiE
H#AF] 300 KT, N IZATE P WA SRS — e HI)L T, X a—katse s )L hub

N BTN L NIRRT AR 1) 45 AL B pR A 2 52 AT 14 AZ, host
controller #ABI, VRBUT AT o e 4 e A A T BRI RN, XA TR AN AR e
WA E, AR EERE, YEMAE host controller JXH . host controller #f ¥k
T, X7 root hub 245k 250ms 25—, 1R{E LI root hub AR RT, HLf
NEMAFEIIS R, Oxff, thal & 256ms, 250 5 256 th AT £/, root hub 3 %3
BT o XA E MU 4% host controller 284S ? #it/Eifid struct usb_hcd A
FIAAS E I 4% rh_timer, EREHUE LT TXFE LY, root hub &4 —X urb, fE
HCD RS XT R —Ik, Fax 250ms 2 )5 £3kfF root hub [FPIRZS, RJ5HEELE urb
IR[F%; root hub, TJ& root hub Fi25%, F 250ms JiFiR[A], -« .

{H X6 root hub EEHIHLEDE R e AT, IAESA—FE T, HEET, AL
i 7 . struct usb_hcd B LT uses_new_polling, &4 FtAniE & —MogbLE LT .
XA 2 Alan Stern 71 2005 E IR = H AR Ol 245 R 1), = H B0 —4F B Ui .
IH#ESs FEEERIE), Brdt o BERERER, IHPLH] 3 B5E5000, Hbl] E 225 . e8Il
HIHL, root hub 34R & BHEAT — AN urb (87, AN I I AT DA FA 58 I 2ok
fIo, 7E B4 i A B, host controller &7 H C 11 7 Ab 3 el 20 8L FH — A~ 4y
usb_hcd_poll_rh_status [ %5345 root hub FPIRZA IR urb FTHAUTES hub
e

AL S AT LR T BE I 4% rh_timer 72 FHEBOX A8, WAREHUIX AL #5465,
THRLEATFARW SRR, FoRIPLRIL L3R A, 45 AR host controller A .
Sy 7 Ak B IH AL EI A i is 4E, usb_hed_poll_rh_status £ 7 — %, s &1E N
rh_timer [ 5E I8 2% 55 %%, 11 H. struct usb_hcd H.f2 T uses_new_polling Z /bt X £ T
poll_rh Z& LA %. Wi uses_new_polling % H #% &, T— & 2% IH EHHLH,
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Wi uses_new_polling C&MWE T, HIAR XiEE T poll_rh, 2T KA IHALH,
R o2 FLEl . 2T status_urb, HSZEZ root hub #2454 urb.

root hub (4 fiy 2 agtid i U 23X HLIE, 3w i b m] i ok

*/
[0 #] struct usb_hcd, & 9217, wireless, &AL usb.
94~97 X JUATHI & S ENFEHIZS MR PClL 610, 33 PCI st AT UL BN 5K 3 44 11

#*. PCl spec it 1, ZASEIRIXILE, HEARLIIARED TRk . BUF AR 17X — S\
ECHF UL LRV, DAV LR, FEIR EREFIZ I A, Btss IR 2 I 18] (R U o

Ox0 0x1 0x2 0x3 0x4 0x5  Ox6 0x7  0x8  0x9 Oxa oOxb 0w 0wd oy oxf
Vendor | Device | Command | Status | Bevis-|  Qlass Gode Cathe |Latency | Header | BIST
0x00 D 1] Reg. Reg. ||l'.l line | Timer | Type
Basa Base Base Base
hxlo Addresso Address 1 Address 2 Addrass 3
Basa Base CardBus Subgytam
0x20 Address 4 Addresss ‘ CI5 peinter m ‘ Device 1D
Expansion ROM | Ry | RO | Min ot | Max Lat
30 Base Address ] line ‘ Fin -
- Required Register
- Dyptiancyl Rl fer

AN B A — s IR L, EIIX KRR AE, W5 TSR 22 7 FH 1) 4R P AR B i v
HUFT, ATXEEIL, 5 PClI RSB ILLE, WA ILE. 94 171 irq Migkdr L1
F)LEMEECE YA byte, HCD nf A EFEE R, WAMA T LHE, 330 HiEAMt
2, WEERENER A2 A—AREWERE . # 8 kIM regs, rsrc_start, rsrc_len g5 ]
115 )L~ Base AddressO~5 i AT G R T, Al 2 FTiEK 1/0 WAEFI 1/0 i1, fi Bl
—TF.

KEAEE CPU 4 X, ZANIEH WAL, 2 E WA — NN, s &
MEHIH, RG—NRREAEN, EHRZ THARIIMNE. FREHFEAGEMNA D
AR B0 1T, TN, e &, ACH, CPU W Fg ZEER & FhAMA LA 28
s BT BT ) A HL IS S A A R o AT . IR ZE I ok T, EER A I £, —
5 CPU S A M IE], B 1/O AN N AE2E ], S it 5 11U [l A 1/0 i 4R 4,
M5y Ah—S8 AT — A=), RENAER ). MR 1/O 3 VAT LABRESE 1/0 2% R0 m] LA G
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FINAFAEA], CPU JH ik Vs il ik A3 (B SR U ] bk, 1/0 23 [a14T 1/0 S5 il (1411,
A2 A AR G ) B35 1o AR IEBRAME B AT A7 A7, A WA, e 1710 W17,
bt EHCI/OHCI, “EAT 15 B ML 2 P A7 25 1) o E NG SR BWRAN 25 1), V5 ) 1/0 i 1 3R
JE 1/0 WAE, CPU WZAITE CA TS f5 Btttk ASREA IMNERLA i

TR 2R B R (0L Base Address fRIZIFIEE S PCI 345 5L 1/0 PIA7EE 1/0 ity I (¥ 8 AL
BT KR, KN BT S e e e AT TA e ok, R B 170 A3, I EAR
FIFME R RS 1/0 i VYR, dn SRR BN AF ], BR T S N AR B, R A
i ioremap Z5EA T WL .

96 171 rsrc_start 1 97 171 rsrc_len fRA7 AU AR FLEL K host controller
170 %t DB A A7 o Ui A B, 95 471 regs TRAZHIJE ] ioremap_nocache WL} 5
1) A A7 Rk o

98 17, power_budget, AEMEIRALIKHLI .

101 47, *pool [HCD_BUFFER_POOLS], JL/~ dmaiti. % HCD_BUFFER_POOLS
7E 100 47 XA 4, Prllix Hgt R om A EPHE SIS T LA 4 A dma it

PAIHNE F ML 48 A2 1T LLEAT DMA A8, Be Sk 7RI 2§71 1) struct urb, ABHEAAHIA
Hid transfer_dma fl setup_dma, i 2 iR LEH usb_buffer_alloc 4)fic 4&F
dma Z X4 eA1, RG-S UF HCD #RIF urb B4 T, HCD st n] LAA F FEE47 5 4211
DMA BLF T, JERA IR BMRIX A TREUE dma 22X W B SR A BRI 7 13X Fh b A
T URHR AR BESE Hok 2 WX BT UL dma it T BRI T .

TR TIX AN, MRt 738 AT U U K RIZ 1, SESR TRl SRt . K e i it 45 4%
M1, PR LRI bl PP S R A (1 B S B B IR R AN LR AL IR RE BRI A, S G dAit 1 T
So B — LA AL L, PRI LTI R, AN BRIl L T,
B OB PR, S R S AH ) 23 1o R 2 IR AR AR 2 B3, AR/ DURPAN I B
20 WA, AT IR A0, 20 B8 Sk Bt S T LIRS R e, A2 0
SORAEMR) LA TG T, R AT IR 22— AR BRI UL, /NS L A B AR 04 3
WK . Brili, e 2 AR 2,

MR, dma HWBOX AGHE, B HE M AR. —BOKUE DMA B SRR S BL Ty H
FLIINAE, urb TEA TR AR, WRFLELILEN DMA X, sE A DMA T .
W EA TR X LN 2B AR, /& buffer.c SCFHL

40 /sek

41 * hcd buffer create — initialize buffer pools

42 * @hcd: the bus whose buffer pools are to be initialized
43 % Context: !in interrupt()

44 *
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45
46
47
48
49
50
51

¥ ¥ X X X X

*/

Call this as part of initializing a host controller that uses the dma
memory allocators. It initializes some pools of dma—coherent memory that
will be shared by all drivers using that controller, or returns a negative

errno value on error.

Call hed buffer destroy() to clean up after using those pools

52 int hed buffer create(struct usb hcd *hcd)

53 {
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72}

char name[16] ;

int i, size;

if ('hed->self. controller—>dma mask)

return 0;

for (i = 0; i < HCD BUFFER POOLS; i++) {
if (!(size = pool max [i]))
continue;
snprintf (name, sizeof name, “buffer-%d”, size);
hcd—>pool[i] = dma pool create (name, hcd->self.controller,
size, size, 0);
if (thed—>pool [i]) |
hcd buffer destroy (hed) ;
return —ENOMEM;

}

return 0;

XSGR R IX A LIRSS SCREAR S DAM, WA SCREIE A1 T4 DMA b
WA LR 2R T . WA SR DMA, #tiZ4~iEH dma_pool_alloc kA% DMA i, i
BRI T, WO Rl SO L hed_buffer_destroy Kol O 20108 I (it 145

e

75/
76
7
78
79
80
81

k%

* hcd buffer destroy — deallocate buffer pools

% @hcd: the bus whose buffer pools are to be destroyed

* Context: !in interrupt()

*

* This frees the buffer pools created by hcd buffer create().

*/

82 void hed buffer destroy(struct usb hed *hcd)

83 {
84

int i;
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85

86 for (i = 0; i < HCD BUFFER POOLS; i++) {

87 struct dma_pool *pool = hcd->pool[il;
88 if (pool) {

89 dma_pool destroy (pool) ;

90 hed->pool[i] = NULL;

91 }

92 }

93 }

X B ) dma_pool_destroy F1 L] dma_pool_alloc & F MLk, # & DMA it
s e AN S e T 2 7 N ol e U S S N NG 2 15 1 Y /NP g A S T
TARIREREZWN, HEEAREREZRIN, EUARILE RN EUL T, & DMA
W AR B DA R A, — ARG, — AR, — MR AR, — DRI £
LGB ST GRS, D PN EBORTRR), T2 R AN SO R R

96 /* sometimes alloc/free could use kmalloc with GFP_DMA, for

97 * better sharing and to leverage mm/slab.c intelligence

98 x/

99

100 void *hcd buffer alloc(

101 struct usb bus *bus,

102 size t size,

103 gfp t mem flags,

104 dma_addr_t *dma

105 )

106 {

107 struct usb hcd *hcd = bus to hed(bus);
108 int i;

109

110 /% some USB hosts just use PIO %/

111 if (!bus—>controller—>dma mask) {

112 *dma = " (dma addr t) O;

113 return kmalloc(size, mem flags);

114 }

115

116 for (i = 0; i < HCD BUFFER POOLS; i++) {

117 if (size <= pool max [i])

118 return dma pool alloc(hcd->pool [i], mem flags, dma);
119 }

120 return dma alloc coherent (hcd->self. controller, size, dma, 0);
121 }

122

123 void hcd buffer free(
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124 struct usb bus *bus,

125 size t size,

126 void *addr,

127 dma_addr t dma

128 )

129 {

130 struct usb hcd *hcd = bus to hed(bus);
131 int i;

132

133 if (laddr)

134 return;

135

136 if (!bus—>controller—>dma mask) {

137 kfree (addr) ;

138 return;

139 }

140

141 for (i = 0; i < HCD BUFFER POOLS; i++) {

142 if (size <= pool max [i]) {

143 dma pool free(hcd—>pool [i], addr, dma);
144 return;

145 }

146 }

147 dma_free coherent (hcd—>self. controller, size, addr, dma);
148 }

Xl LA ##4~dma_pool_allocfidma_pool_free, HiZEn LLEFIUAD T . A HAIA
ME BTN BRA A KA, REETTRES T3 LRt T, X EE e LA R, 35—
A ZERMER EHLIE B A SCFEDMA, X)L R 2 T U, ARG A EDMA
T, AHEAEDMAZ X, i, DMAL T AAA{E, hed_buffer_allocsk B H &S
H kmalloc Hi 3% (1) 35 38 N A7, 48R AH B 1), R0 2007 e 38 A R O A 1 I i A5
hcd_buffer_free & B il dsi .

FA R size (1R, AR TN LN B 2 AT R # AT > pool _max I,
LI A] AN SCE L E Al

25 /* FIXME tune these based on pool statistics ... */

26 static const size t pool max [HCD BUFFER POOLS] = {

27 /* platforms without dma-friendly caches might need to
28 * prevent cacheline sharing..

29 */

30 32,

31 128,

32 512,
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33 PAGE SIZE / 2
34 /* bigger —> allocate pages */
35 15

AN B E e PUAS I - RN 7 BLORAE I DMAZE T X (¥ size . i E0IX B A il 2
& X T PUFhsize, {HAE I AR H hed_buffer_allocik BFXDMAZE i X () I A REFE &
W oKMsize, WRWERERTLO T, ACEKMEL T, X)L E A T b2k, s
{f HHdma_alloc_coherent il id: 37— Hi FIDMABLS . 1847, R4S N BTG DLERA—FF,
AT BEHS S e A U AN i s S DY Flrsize— 3, ISR, XA WG, (X sizedk
I DMAZE X R, It 723 ERE— NI R — 2L [ml it 25

SSELEMAL 1 IT size, 93] struct usb_hed F13k, 10317, state, THIEHILSFPIRE,
SR E I AR LLAT 52 ARSI T A AN 22 Lo MAATT B CRPRASIE#M BLRIER 1), 5ot
AUEATT .

126 17, WERAEA R RAICAESEFENERACIE RIS, S FIIE AT A R R 1

&R ML L

Wi5¢ T struct usb_hcdFistruct usb_bus, 54 M HCD A JLX Z RATFE sk T,
¥R ok EtiZE Busb_submit_urb )& AN ) @usb_hed_submit_urb() 7T, %
HOMRES, AN —H2ATRRMAE. WENZEAMEAE WIS, &g Eas,
HREILK. BN EEOKE: BANRTE RPN A ARG, BE 2, K
ZEM, RN, ME AN L IRIEFRO R, (HRIE A U] . AN B 1 # 2
BAT, WRARGRAD B NG, SR E R L E SHATE, R LSRN
T RRRSLAE N A, ORI, hER S RIL.

916 /* may be called in any context with a valid urb->dev usecount

917 * caller surrenders “ownership” of urb

918 * expects usb submit urb() to have sanity checked and conditioned all
919 * inputs in the urb

920 %/

921 int usb hed submit urb (struct urb *urb, gfp t mem flags)

922 {

923 int status;

924 struct usb hcd *hcd = bus _to hcd (urb—>dev—>bus) ;
925 struct usb host endpoint *ep;

926 unsigned long flags;

927

928 if ('hed)
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929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951 doit:
952
953
954
955
956
work
957
let
958
959
960
PM_EVENT ON
961
962
963
964
965
966
967
968
969

return —ENODEV;

usbmon urb submit (&hcd->self, urb);

/%
* Atomically queue the urb, first to our records, then to the HCD.
* Access to urb—>status is controlled by urb->lock ... changes on

* i/0 completion (normal or fault) or unlinking

*/

// FIXME: verify that quiescing hc works right (RH cleans up)

spin lock irgsave (&hcd data lock, flags);
ep = (usb pipein(urb—>pipe) ? urb—>dev—>ep in : urb—>dev—>ep out)
[usb pipeendpoint (urb—>pipe)];
if (unlikely (lep))
status = —ENOENT;
else if (unlikely (urb—>reject))
status = —EPERM;
else switch (hcd—>state) {
case HC STATE RUNNING:
case HC STATE RESUMING:

list add tail (&urb—>urb list, &ep—>urb list);
status = 0;
break;

case HC STATE SUSPENDED:

/% HC upstream links (register access, wakeup signaling) can

* even when the downstream links (and DMA etc) are quiesced;

* usbcore talk to the root hub.
*/

if (hed—>self. controller—>power. power state. event ==

&& urb->dev->parent == NULL)
goto doit;

/* FALL THROUGH */
default:

status = —ESHUTDOWN;

break;
}
spin unlock irqrestore (&hcd data lock, flags);
if (status) {
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970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004

INIT LIST HEAD (&urb—>urb list);
usbmon urb submit error (&hcd->self, urb, status);

return status;

/% increment urb’ s reference count as part of giving it to the HCD
* (which now controls it). HCD guarantees that it either returns
* an error or calls giveback(), but not both.

*/
urb = usb get urb (urb);

atomic inc (&urb—>use count) ;

if (urb—>dev == hed->self.root hub) {
/% NOTE: requirement on hub callers (usbfs and the hub
* driver, for now) that URBs’ urb—>transfer buffer be
* valid and usb _buffer {sync,unmap} () not be needed, since
* they could clobber root hub response data.
*/
status = rh urb enqueue (hcd, urb);

goto done;

/% lower level hcd code should use * dma exclusively,
* unless it uses pio or talks to another transport.
%/
if (hed—>self.uses dma) {
if (usb pipecontrol (urb—>pipe)
&& ! (urb—>transfer flags & URB NO SETUP DMA MAP))
urb—>setup dma = dma map single (
hcd->self. controller,
urb—>setup_packet,
sizeof (struct usb ctrlrequest),
DMA_TO DEVICE) :
if (urb—>transfer buffer length != 0
&& ! (urb—>transfer flags &

URB_NO_TRANSFER DMA MAP))

1005
1006
1007
1008
1009
1010
1011
1012

urb—>transfer dma = dma map single (
hcd->self. controller,
urb—>transfer buffer,
urb—>transfer buffer length,
usb pipein (urb—>pipe)
? DMA FROM DEVICE
: DMA TO DEVICE) ;
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1013

1014 status = hcd—>driver—>urb enqueue (hed, ep, urb, mem flags);
1015 done:

1016 if (unlikely (status)) {

1017 urb unlink (urb);

1018 atomic dec (&urb—>use count);

1019 if (urb—>reject)

1020 wake up (&usb kill urb queue):

1021 usbmon_urb submit error (&hcd->self, urb, status);
1022 usb put urb (urb);

1023 }

1024 return status;

1025 }

usb_hcd_submit_urb /& hcd.c M1, HAFRRH, #aiiescid >k urb 18RS S
E NI ZS K SIFET . core H FIEA hed $73k LA ST ™ kSR AN RE ST /& HCD,
HEES HCDI, BRI ENEEHIRIRah B 2, FRATE AR EMEEH 2 K80 F1 usb core
()

924 17, bus_to_hcd 7EMFH IR —F, ZHKIRA struct usb_bus S5 H ARV
struct usb_hcd Zifg1k, urb BN B TR R B St A B AR e i Ik ) Lt Wl 4k
R T, & T AT LESR I — R . bus_to_hed &5 hed_to_bus, #57E hed.h
HoE X

131 static inline struct usb bus *hcd to bus (struct usb hcd *hcd)

132 {

133 return &hed->self;

134 }

135

136 static inline struct usb hcd *bus to hed (struct usb bus *bus)

137 {

138 return container of (bus, struct usb hed, self);
139 }

Xk R AR R R M, k8 928 1T, WIE KZHRBOT L)L e# 18 AL, R
usb_hcd #id 2 A1, AT E B T, R EE.

931 17, usbmon_urb_submit giE 511 Greg 42 & Hi>k usb Monitor ¢,
ARG IFNAZ I A B E | CONFIG_USB_MON, ‘Bt A, —I=ms, —H

%%0
941 17, ZPFA—IH, XIBHE hed.c NTFL LSV T, B DAt 234 et
102 /* used when updating hcd data */

158



103 static DEFINE SPINLOCK (hcd data lock) ;

HL)LZ JGB I A e, A —ERIIRu e, WM RN T EMESE, &f
BT #2211 completion —FE#0E linux B RIEAT A RIS (1, AT A BT RD? JRE
FEAE linux XK TTHIHEFH, AZRAGRDNAESSE, wRERNAT 2R, £
FHABAERL s A R EABAT AN Z 1847 — € (3L, b B RAE— D AR XA S I I
AL NKE, KA, ARAS AN NP AL R T L BE s, 45 Rk M.
BOOEE R, SeE TSk, R PR R e e T, IR EAERIT T,
RFEZMERIR SN, HLLFHEAOK, SRSt —HE e, WERARAT A#AN DL, Aot 70
BIE Al TR, RBEANILES T, I LIEFT A REREEAEHE S )L 2 R
SR L HEWT . P AL RS e 2 H ], fREFICEAUE RS B 2 A BN,

B e85 R R —A, BRI R A, enl LA AR B SeeliE vl R+ b
FAEA . BRSO AR IS AT IR, linux IEX SRS o0l DL P R, fiE
W () A B AN REIEBE (K A5 . 1845 5 /A completion sl JL g FH7E AT LURESE (38 5%, 1 H
FEAI T AEASBERE S (A 5E B . 1iiPEATT) usb_submit_urb i£45 usb_hcd_submit_urb
WAAAFAE PR RN RS AR RS AT, Py LA 2 A e, IR AEAT A I g AN e HEE 3 T 3 A
LA EAR? 84 urb B2 AR RS, e R AN REIEDE (1, (He B L2015 g
g FOFT AT urb.

A3 hed_data_lock X8 B2 R R LeA A1, A ABAUEHE? FHIEHIR
struct usb_hcd Z5 TR & IR R URATaEE 1, I A—A, (H[FE— Z)2 ] g
Z/~ urb [0 [Rl— AU A P AT, P REAT 2 AN s A U7 e HLET Y A 2R
Ebln 948 1711 state oz, WARMEEL T, hed_data_lock iXEa &% 1 REY =
BLF 35 R I AN G AR )

942 17, BFIZ WL Z KT, MiE T pipe, HAT LA struct usb_device B PIAEL
41 ep_in Ml ep_out HL4 %S N 25 ) struct usb_host_endpoint £, 5L I &F
AL ATERAI S 2k T, i A AT T,

944~973 XEATHOZMAT I, BHAMUSE )L, PIACARH T, B EAR
WUFAR LA LLRTIE AL T AR AR I A, TSLRIGARA, 23—k, KA T 2 /baram]
DL ISR HR BN 4, SAUES A AU I R 4 T

944 17, WARHEGERIX—2 T, Hi% s o SRRt /N T, Brilin BT unlikely.
946 17, WG T A&, urbH XN reject, 25 usb_kill_urbfHBUEHCE,
WHGERX RIS ER T 0 7, 8wt WL H T usb_Kill_urb#22 26 113X Ik 4 5,

JIT LA SR B, AN X P a] Gk LA /N, AN TCIM B A D, SURNIBRA 281k,
FHEGIEEE O, FrepsRin Eunlikely .
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948 17, R LIBMAIAGEE T, A case — N ENEHIGIRE, WA
HC_STATE_RUNNING 5 HC_STATE_RESUMING 3t i3 ] W45 bl asax i1 13 o) 1, 2
ERBIXAS urb A s RS urb BAZI R ZELF T, 952 AT 5t 5E X /M, struct urb B4
BAEMLEEMEMBEEL R T, XAT AN case T . WHREHEH[AREN
HC_STATE_SUSPENDED, {H'E[ FATHEEER T4F, HiXA> urb J£151E root hub [1],
P % %) root hub (7] urb PAI HL .

SRJE PN B LU I A 2R, PR — VIR, WARSAE 58, A5 W (] ke o
97917, FMmHEN 7, WRUSCL g urb S HTHECT .

980 17, ¥ urb ) use_count W4 1, £ urb C&E# HCD #5217, IEFEMALEEE .
PR R AT BT A 220 e, SR EE — NEE U struct urb IFFE .

982 17, HAWrXA> urb AL root hub [, W2, EHUE T root hub [/ firg .
A, EEFEAREERIE 2RI usb BE#, WAZRADAHLS AR HEZA root hub gLt
/Z\ o

995 1T, U1 JLIX /N EH LI il 25 S FF DMA, /R H1BA 5 1f'e URB_NO_SETUP_DMA_MAP
i URB_NO_TRANSFER_DMA_MAP X AR, et A IRTE urb B4t DMA
22X, w4 dma_map_single ¥ setup_packet &k transfer_buffer B 4 DMA
ZerpIX .

1014 17, AT ALK urb $525 BAKK) EAE BB IS FL > T, urb m] LUYCHR i RS R,
UHCI, OHCI, EHCI, k71!

N L urb ZOEME, MEAIRERX R IREL T, @l TR AR, BE TRAZA,
TIGLHAREL M H Cot NBCE B, 1% SET_ADDRESS 15 5k 45 LI HIE: T 46,
Koa—E ok, 2UE, B n] A Address IRZs, EHELEC T, 24K EE
B IR AT T o

BRI AR (1)

EZSURZE
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e 4= EEpupINE

BUE PR B AR — 2

(s

PRZART 5t 5 G

A A 2

SEY RNV

PRI A 2>

AL A — i

WY H AR AR 525 PR W R A A5

T TS

PR T
PRA B IR A SOE BIBLAE, BEEWIA T, AT A AR DU A SR A B B S ST 2,k
BN —FE, M Attached 3EF| Powered JUE 345 4%, M Powered 1% Default &
PWELA—F, WHR=FHRTT, 1M Default 23] Address i ELZR0Z Y55 ) LARL H
KT, ROZAERT Q Pk K&WIW A “Address? FT#k! Sk T —REULME, M F], Address,

Address, Tt Address T .7 P4 IK/NR, BE DA UK HBLI g A 422
e

state USB_STATE_ADDRESS

speed taken

ep0 ep0.urb_list, #ARFFKE/REL, wMaxPacketSize

BRI H AR M8 & Configured 17, My god! X E& 2 /b5, @2/ N2 W

i
RSAERAET, ATRLR G IR, RO 2 it s E e T BARENE I A2, W bk
7 ok !

Bk Configured RA, RAFERCE K&, MRS H HIANE, ZLA0HE B2 hE
HEAEEN, FTUREAEREA HINGPBA TR LS, SR E—AN A H A, 5t
B LI A &R 77, message.c H ) usb_get device_descriptor() il &
core L[ TFIXAM

842 /*
843 * usb get device descriptor — (re)reads the device descriptor (usbcore)
844 * @dev: the device whose device descriptor is being updated

845 * @size: how much of the descriptor to read
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846
847
848
849
850
851

* Context: !in interrupt ()
*
*
*
*
*
852 % the device descriptor directly, they can call usb get descriptor() with
*
*
*
*
*
*

Updates the copy of the device descriptor stored in the device structure,

which dedicates space for this purpose
Not exported, only for use by the core. If drivers really want to read

853 type = USB_DT DEVICE and index = 0.
854

855

856

857

858

859 */
860 int usb get device descriptor(struct usb device *dev, unsigned int size)
861 {

This call is synchronous, and may not be used in an interrupt context

Returns the number of bytes received on success, or else the status code

returned by the underlying usb control msg() call.

862 struct usb device descriptor *desc;

863 int ret;

864

865 if (size > sizeof (*desc))

866 return —EINVAL;

867 desc = kmalloc (sizeof (*desc), GFP_NOIO);

868 if (!desc)

869 return —ENOMEM;

870

871 ret = ush get descriptor(dev, USB DT DEVICE, 0, desc, size);
872 if (ret >= 0)

873 memepy (&dev—->descriptor, desc, size);
874 kfree (desc) ;

875 return ret;

876 }

XA RE LR RS 1R, Je VS T struct usb_device _descriptor 544, SR 5wt
‘© 21 message.c HLff) usb_get_descriptor()3k 1 £ #iA T, K1F2 5 FHEAS R
R TF R H 215 7% struct usb_device 5 KA1 descriptor i 51 . Kk, XA R8T
535 0%t 45 usb_get_descriptor() . H S X FEH WA ok UL, R EERA
usb_get_descriptor()%fi usb_get_device descriptor()ft], AN URAEFRAFMERE A
FrHs L usb_get_descriptor(), i usb_get_device descriptor()/& % )& A% H
1,

596 /%

597 * usb get descriptor — issues a generic GET DESCRIPTOR request

598 * @dev: the device whose descriptor is being retrieved
599 * @type: the descriptor type (USB DT *)
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600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*/

@index: the number of the descriptor
@buf: where to put the descriptor
@size: how big is “buf”?

Context: !in interrupt ()

Gets a USB descriptor. Convenience functions exist to simplify
getting some types of descriptors. Use

usb get string() or usb string() for USB DT STRING.

Device (USB DT DEVICE) and configuration descriptors (USB DT CONFIG)
are part of the device structure

In addition to a number of USB-standard descriptors, some

devices also use class—specific or vendor—specific descriptors.

This call is synchronous, and may not be used in an interrupt context

Returns the number of bytes received on success, or else the status code

returned by the underlying usb control msg() call.

618 int usb get descriptor(struct usb device *dev, unsigned char type, unsigned

char index, void *buf, int size)

619 {
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640 }

int 1i;

int result;
memset (buf, 0, size) ; // Make sure we parse really received data

for (i =0; i < 3; ++i) {
/% retry on length 0 or stall; some devices are flakey */
result = usb control msg(dev, usb rcvctrlpipe(dev, 0),
USB REQ GET DESCRIPTOR, USB DIR IN,
(type << 8) + index, 0, buf, size,
USB_CTRL_GET TIMEOUT) ;
if (result == 0 || result == -EPIPE)
continue;
if (result > 1 & ((u8 *)buf) [1] != type) {
result = —EPROTO;
continue;
}
break;
}

return result;

ZH type s RIX A FRWFARTT, 8 Ui 7, GET_DESCRIPTOR i3k =25t
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FEIE T =R AT, WA IASY, FCE RS T AT AR AT . ZE index SRR
FRIRAT K75, W SR A BEAG 2P A 15 B4 B T AT 24, AR B4R e SRAT L w4,
EE AR S B R T ] LIAT 24>, AN I IR AR, 2 AT AN, BT EOX ) index
% 0. 24 buf Al size BiE fliid (i R BCE SRAG KR 1T 1 S b I o

XA BRI N BE R 1, AT A T —> usb_control_msg(), R 2IILAEIE 5
#3 usb_control_msg() H M RBRIFE AN, AR R T o 1% LR S A ) 3
RER—HSH, XMFEINEL T — T spec 9.4.3 H{iX5k%E

bmRequestType bRequest wValue windex wlLength Data
100000008 GET_DESCRIPTOR Descriptor Zeroor Descriptor Descriptar
Type and Language 1D Length
Descriptor (refer o
Index Section 9.6.7)

GET_DESCRIPTOR i 3K i %t A% 4 /7 1) R W (7 device-to-host ), Ml HLI& /& Hps i
FIE T 4 HB B SRR AR BT SR, ABAS B ity OB A A, TR B X% 10, B
L bRequestType HfEk 0x80, /& [1fi# M () 100000008, % T 628 17[f
USB_DIR_IN. wValue i 15 Zaidfr a8, 715 RonMd /iy 5, B
DAt 629 1T (type << 8) + index. windex %f T 777 d ik 75 N 1% % B A 135 5
11D, ST R R R % BB 0, BT LABAT T 629 47 (A A4 0. & wLength,
BRI, TR RR AT, — ekl faE A USB_DT_DEVICE_SIZE
ne,

USB_CTRL_GET_TIMEOUT # & X4 include/linux/usb.h H{{j—4%, {4 5000,
Ko 5s B I E] .

1324 /*

1325 * timeouts, in milliseconds, used for sending/receiving control messages
1326 * they typically complete within a few frames (msec) after they re issued
1327 * USB identifies 5 second timeouts, maybe more in a few cases, and a few
1328 * slow devices (like some MGE Ellipse UPSes) actually push that limit
1329 %/

1330 #define USB_CTRL_GET TIMEOUT 5000

1331 #define USB_CTRL_SET TIMEOUT 5000

AR AT ASAT 3 KA XA RGN R T, AR B
AT HE RN, teln—2% usb BRA, —UOEREAN TR, HERARIRTTEA T
PRABGETAE T, PO Z LR, HAE, #URAR T . 2T 631 2] 636 112 W1
AR HR S W AN S DDA B SR I FRIE T IR, AN RRCAS 1Y) A A X L (1 P e LU AT L it
AZUT, ARHEANE((U8 *)buf)[1] = type J& FISkAIM AT A 15 e A i R iy 28
HRTLLT
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ARSI CEH T, (e A RARRFT S S 1), R MBS RR AT H K feaniE
SRR E, AR E R AT e, &AM B EE, RERE A
WA DFANEIX L, SRR AU “ LSO R HETE A, RIS 2D ) LA 2 AR
A2k Prlh: PRt 23R S AN HLE AL B MR 7, H =g R L sl struct
usb_device [ config. rawdescriptors 51Xt % . core WA H A L
usb_get_descriptor() % 5% & X A 1L % ., i & W M config.c H (1
usb_get_configuration(), N4 ? core FJETHEME 2 M FtE, ASREAN core T,

474 // hub-only!! ... and only in reset path, or usb new device()
475 // (used by real hubs and virtual root hubs)

476 int usb get configuration(struct usb device *dev)

477 {

478 struct device *ddev = &dev—>dev;

479 int ncfg = dev—>descriptor. bNumConfigurations;

480 int result = —ENOMEM;

481 unsigned int cfgno, length;

482 unsigned char *buffer;

483 unsigned char #*bigbuffer;

484 struct usb config descriptor *desc;

485

486 if (ncfg > USB MAXCONFIG) {

487 dev_warn(ddev, “too many configurations: %d, ”
488 “using maximum allowed: %d\n”, ncfg, USB MAXCONFIG) ;
489 dev—>descriptor. bNumConfigurations = ncfg = USB MAXCONFIG;
490 }

491

492 if (nefg < 1) {

493 dev_err(ddev, “no configurations\n”);

494 return —EINVAL;

495 }

496

497 length = ncfg * sizeof (struct usb host config);
498 dev—>config = kzalloc (length, GFP KERNEL) ;

499 if (!dev—>config)

500 goto err2;

501

502 length = ncfg * sizeof (char *):

503 dev->rawdescriptors = kzalloc (length, GFP KERNEL) ;
504 if (!dev—>rawdescriptors)

505 goto err2;

506

507 buffer = kmalloc (USB DT CONFIG SIZE, GFP_KERNEL) ;
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508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548

549
550

if (!buffer)
goto err?2;

desc = (struct usb config descriptor *)buffer;

for (cfgno = 0; cfgno < ncfg; cfgno++) {
/% We grab just the first descriptor so we know how long
* the whole configuration is */
result = usb get descriptor(dev, USB DT CONFIG, cfgno,
buffer, USB DT CONFIG SIZE) :
if (result < 0) {
dev_err(ddev, “unable to read config index %d ”
“descriptor/%s\n”, cfgno, “start”);
dev_err(ddev, “chopping to %d config(s)\n”, cfgno);
dev—>descriptor. bNumConfigurations = cfgno;
break;
} else if (result < 4) {
dev _err(ddev, “config index %d descriptor too short ”
” (expected %i, got %i)\n”, cfgno,
USB DT CONFIG SIZE, result);
result = —-EINVAL;
goto err;
}
length = max((int) lel6 to cpu(desc—>wTotallLength),
USB DT CONFIG SIZE) ;

/% Now that we know the length, get the whole thing */
bigbuffer = kmalloc (length, GFP KERNEL) ;
if (!bigbuffer) f{
result = —ENOMEM;
goto err;
}
result = usb get descriptor(dev, USB DT CONFIG, cfgno,
bigbuffer, length):
if (result < 0) {
dev_err(ddev, “unable to read config index %d ”
“descriptor/%s\n”, cfgno, “all”);
kfree (bigbuffer) ;
goto err;
}
if (result < length) {

dev warn(ddev, “config index %d descriptor too short

” (expected %i, got %i)\n”, cfgno, length, result);
length = result;
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551 1

552

553 dev—>rawdescriptors[cfgno] = bigbuffer;

554

555 result = usb parse configuration (&dev->dev, cfgno,
556 &dev—>configlcfgnol, bigbuffer, length);
557 if (result < 0) {

558 ++cfgno;

559 goto err;

560 }

561 }

562 result = 0;

563

564 err:

565 kfree (buffer) ;

566 dev—>descriptor. bNumConfigurations = cfgno;

567 err2:

568 if (result == -ENOMEM)

569 dev_err(ddev, “out of memory\n”);

570 return result;

571 }

DA TS Ul s BRI, AR B IX A AR AR LA TR 3] T o A 2/ JLIE 2, 25
BINCERIRTT, S A Tl G 2 1) % k% GET_DESCRIPTOR i3k, X Htis ZE LA
USB_DT_CONFIG A Z%iilH] usb_get_descriptor %, Wl ZANIEZ M IR
RFFUESS 2 K —ANEIRIX, AKX NI IR I 1F 5 USB_DT_CONFIG_SIZE, &
FEOR PSS AL BRI AT RN, RSk EA X 4L, USB_DT_CONFIG_SIZE
HEREERR A S AN, - AF R GET_DESCRIPTOR i sRiR A48 B AN . KA
n) 1 £ K% GET_DESCRIPTOR 3K I, e8¢ FEA IR [ — /N E A AT T 5, 12—
JREI JLIRPHE IR AN L T T B T B DV RER AT, o pidiIA, 18 class- vendor-specific
IR HR ] T 4, X B L R i BLUIBLESC 300 2% 100 AL E KL .. AR BK
FEGQATAS 20 2 A0 AR (R C B RiR 17 H AT XRE — MR K - Bt wTotalLength, & HLffiid 5
PR BKE, A RBRE R T, oL Jekit USB_DT_CONFIG_SIZE A~5-1f
Rig Rt 2, RIFEABCERB TN, MR SR, R E DAL FE K —
U IXFER AT DLSRAR —NBCE A R TN 2 T - BT usb_get_configuration()
K B A XA 3 5 v

AT AT, AR VA BEAC B R IR T A
486 17, XL NOK T, IR Z NSRBI )32 2 5OR S IR AL AR AN FOEIE,

EX S0 ABATT R ARAT TR AR, ARIRIAA 1 T4 . USB_MAXCONFIG /& config.c
e X1
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14 #define USB MAXCONFIG 8 /% Arbitrary limit */

B T i i HBESCRE 8 MHECEIA 8 MECERMATT, WA 17X/, 489
ATHUR N A XA KE, R — AN & ZARAE linux HLIR USSP X AR, AR ERE
FAXI e AR B BT — D RCERGRTT, A AMEHBA, AR SRR,
HGEATTREN), 492 ATIXIMIEA L, IRBEE IR AR BA, W HORG NG A T,
R ARAESNMEGE R EYEE, DO B AR 00 B e T LB A 0], AN S0 T A
S R BRI R A

498 17, struct usb_device H.[{] config #/R e A MA M AL E, RK&EH 2O
TC B Ak HE £ 22 ORI (]

503 17, rawdescriptors i\ PRI, X JE AN AT B 1) R — TUASES ) — AN
GET_DESCRIPTOR 13K 2: SR HUC B 38 77 IS Jr 49 38 (1) 45 21
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wEREmE ()

WA AT H GET_DESCRIPTOR i SR HU 21 18 & —ANHCEL HL A A OCHh IR 7 P9 25 1 — HE
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10, B DA AR IMER A48 90 FF, T & T U2 R, & usb_parse_configuration()
A B AL PR — 2 6 B TS BE G, AR B ATTI AN ANE S VAR T R LA st g e
SEANTTRER, AWEA 20T, HEALS, HEASA? Mlmm fT488E, Zdfd—m:
AR, wiems, wihAs, AWIEASA?

264 static int usb parse configuration(struct device *ddev, int cfgidx,

265 struct usb host config *config, unsigned char #buffer, int size)

266 {

267 unsigned char *buffer0 = buffer;

268 int cfgno;

269 int nintf, nintf orig;

270 int i, j, n;

271 struct usb _interface cache *intfc;

272 unsigned char #*buffer2;

273 int size2;

274 struct usb _descriptor header *header;

275 int len, retval;

276 u8 inums[USB MAXINTERFACES], nalts[USB MAXINTERFACES];

277

278 memcpy (&config—>desc, buffer, USB DT CONFIG SIZE);

279 if (config—>desc.bDescriptorType != USB DT CONFIG ||

280 config—>desc. bLength < USB DT CONFIG SIZE) {

281 dev_err(ddev, “invalid descriptor for config index %d: ”
282 “type = 0x%X, length = %d\n”, cfgidx,

283 config—>desc. bDescriptorType, config—>desc. blLength) ;
284 return —EINVAL;

285 }

286 cfgno = config—>desc. bConfigurationValue;

287

288 buffer += config—>desc. bLength;

289 size —= config—>desc. bLength;

290

291 nintf = nintf orig = config—>desc. bNumInterfaces;

292 if (nintf > USB_MAXINTERFACES) {

293 dev_warn(ddev, “config %d has too many interfaces: %d, ”
294 “using maximum allowed: %d\n”,

295 cfgno, nintf, USB MAXINTERFACES) :

296 nintf = USB_MAXINTERFACES;

297 }

298

299 /* Go through the descriptors, checking their length and counting the
300 * number of altsettings for each interface */

301 n = 0;

302 for ((buffer2 = buffer, size2 = size):
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303 size2 > 0;

304 (buffer?2 += header—>bLength, size2 —= header—>bLength)) {

305

306 if (size2 < sizeof(struct usb descriptor header)) f{

307 dev warn(ddev, “config %d descriptor has %d excess ”
308 "byte%s, ignoring\n”,

309 cfgno, size2, plural(size2));

310 break;

311 }

312

313 header = (struct usb descriptor header *) buffer2;

314 if ((header—->bLength > size2) || (header—>bLength < 2)) {
315 dev_warn(ddev, “config %d has an invalid descriptor ”
316 “of length %d, skipping remainder of the
config\n”,

317 cfgno, header—>bLength) ;

318 break;

319 }

320

321 if (header—>bDescriptorType == USB DT INTERFACE) {

322 struct usb_interface descriptor *d;

323 int inum;

324

325 d = (struct usb interface descriptor *) header;
326 if (d->bLength < USB DT INTERFACE SIZE) {

327 dev warn(ddev, “config %d has an invalid ”
328 “interface descriptor of length %d, ”
329 ”skipping\n”, cfgno, d->bLength);

330 continue;

331 }

332

333 inum = d->bInterfaceNumber;

334 if (inum >= nintf orig)

335 dev warn(ddev, “config %d has an invalid ”
336 ”interface number: %d but max is %d\n”,
337 cfgno, inum, nintf orig - 1);

338

339 /% Have we already encountered this interface?

340 * Count its altsettings */

341 for (i = 0; i < n; ++i) {

342 if (inumsl[i] == inum)

343 break;

344 }

345 if (i < n) {
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if (nalts[i] < 255)
++nalts[i];
} else if (n < USB MAXINTERFACES) {
inums[n] = inum;
nalts[n] = 1;
++n:

} else if (header—>bDescriptorType == USB DT DEVICE ||
header—>bDescriptorType == USB DT CONFIG)
dev warn(ddev, “config %d contains an unexpected ”
“descriptor of type 0x%X, skipping\n”,
cfgno, header—>bDescriptorType) ;

} /% for ((buffer2 = buffer, size2 = size); ...) %/
size = buffer2 - buffer;
config—>desc. wTotalLength = cpu to lel6 (buffer2 — buffer0);

if (n != nintf)
dev warn(ddev, “config %d has %d interface%s, different from ”
“the descriptor’ s value: %d\n”
cfgno, n, plural(n), nintf orig);
else if (n == 0)
dev warn(ddev, “config %d has no interfaces?\n”, cfgno);

config—>desc. bNumInterfaces = nintf = n;

/% Check for missing interface numbers */
for (i = 0; i < nintf; ++i) {
for (j = 0; j < nintf; ++j) {
if (inums[j] == i)
break;
}
if (j >= nintf)
dev warn(ddev, “config %d has no interface number ”
"%d\n”, cfgno, i);

/% Allocate the usb_interface caches and altsetting arrays */
for (i = 0; i < nintf; ++i) {
j = nalts[il;
if (j > USB MAXALTSETTING) {
dev warn(ddev, “too many alternate settings for

“config %d interface %d: %d,

”

”

“using maximum allowed: %d\n”
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391
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432
433

cfgno, inums[i], j, USB MAXALTSETTING) :
nalts[i] = j = USB MAXALTSETTING;

len = sizeof (*intfc) + sizeof (struct usb host interface) * j;
config—>intf cache[i] = intfc = kzalloc(len, GFP KERNEL);
if (lintfc)

return —ENOMEM;
kref init(&intfc—>ref);

/% Skip over any Class Specific or Vendor Specific descriptors;
* find the first interface descriptor */
config—>extra = buffer;
i = find next descriptor (buffer, size, USB DT INTERFACE,
USB_DT INTERFACE, &n);
config—>extralen = 1i;
if (n > 0)
dev _dbg(ddev, ”skipped %d descriptor%s after %s\n”,
n, plural (n), “configuration”);
buffer += 1i;

size —= 1i;

/% Parse all the interface/altsetting descriptors */
while (size > 0) {
retval = usb parse interface(ddev, cfgno, config,
buffer, size, inums, nalts);
if (retval < 0)

return retval;

buffer += retval;

size —= retval;

/% Check for missing altsettings */
for (i = 0; i < nintf; ++i) {
intfc = config—>intf cachelil;
for (j = 0; j < intfc—>num altsetting; ++j) {
for (n = 0; n < intfc—>num altsetting; ++n) {
if (intfc—>altsettingln]. desc
bAlternateSetting == j)
break;
}

if (n >= intfc—>num altsetting)
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434 dev warn(ddev, “config %d interface %d has no ”
435 “altsetting %d\n”, cfgno, inums[i], j);
436 }

437 }

438

439 return 0;

440 }
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306 17, X B B — A B M 45 K struct usb_descriptor_header , 7
include/linux/usb/ch9.h H.5E X

194 /% All standard descriptors have these 2 fields at the beginning */
195 struct usb descriptor header {

196 _u8 blength;

197 __u8 bDescriptorType;

198 } _ attribute  ((packed));

XAGE R LLEIL o al, SAHE TSR, PRI — R T IS LR HERE R 1, 25 4R
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REEREE, WM AE G TRAEERAAHA LB 5 C REEHLY,
P BLE S s 1) — EREGE . 313 AT T /MR RS, 8 buffer2 $8EH446h struct
usb_descriptor_header 45 FRE, REHM TR ->" kI bLength #1
bDescriptorType, X5 AMLERANE Q. IRERE KK L.

M4 306 1Tt E W H: GET_DESCRIPTOR 3K [0l i % Bk 7 03— M & f iR 15
A, ERA T, U IR AN BB TR T N EAR, REEAGER .
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384 17, f—A4> for #i§¥F, struct usb_interface_caches Wk (1) 5l i it T
USB_MAXALTSETTING 52 X & config.c
11 #define USB MAXALTSETTING 128 /% Hard limit %/

—AMEORZ AL 128 MEE, AT . 394 ATHEARRNE LA 3B E H RN i
intf_cache Z41 10 H1iE N A7

403 17, BLERM BTG ERMW A —E L O A R, & G class-
vendor-specific #idfF, WRAWWE. AEGAERA, L buffer [FHUERS: extra, W
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22 static int find next descriptor (unsigned char *buffer, int size

23 int dtl, int dt2, int *num skipped)

24 {

25 struct usb _descriptor header *h;

26 int n = 0;

27 unsigned char *buffer0 = buffer;

28

29 /% Find the next descriptor of type dtl or dt2 */
30 while (size > 0) {

31 h = (struct ush descriptor header *) buffer;
32 if (h->bDescriptorType == dtl || h->bDescriptorType == dt2)
33 break;

34 buffer += h—>bLength;

35 size —= h—->bLength;

36 ++n;

37 }

38

39 /% Store the number of descriptors skipped and return the
40 * number of bytes skipped */

41 if (num skipped)

42 *num_skipped = n;

43 return buffer — buffer0;

44 '}

A BRETT BRI IR TR S, A L) LS AR F MR, A L2810
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dt2 Jy USB_DT_ENDPOINT i, HZERem8 348 D HIA R ol s s f5 h i —4>, XA
pRE IR M. usb_parse_configuration %L1 404 17 TR B T3 F — /MR AT, B
DL dtdl A1 dt2 #i% & USB_DT_INTERFACE.

RAREE ARG, num_skipped HUCSK R R TE T 2081 dtd A1 dt2 Z AN ik
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(B 5006 58 SR T AN ) buffer, FTLLIACH buffer &35 M) T 54k 2 104 DR . H 2
BB RO ST “EmANEZ )L, AR F S S A A R,
find_next_descriptor &N ESHIE buffer I, JFEGBSCERMAZR, Xt
FHUREA SR BT AR W BE S Fe At AL, BB R AN s £ oh i, FTLAX L 410

176



TR EENT buffer 47 B SHATEIE .

414 17, FHAL =, =A for G52 T —4> while 53, Wik size X0, #iiiH
B E R IR ST R 2] T — AN DR, AR XA ORI K, & n] LUgHT H—4
SR CVHEIR T T, AR AT AR BRI e, 3%z LR IR A I T4 2% BR A — 1 ity A4
BFE, HARERSHIEMEORA, MigeilEu s, AMNE LR, il
Wk T MR K usb_parse_interface, A XANME KA AT, HE
usb_parse_configuration Q) tR 2k JL T, & H A ZEATE TR Bl %, buffer (47
HOAE P MEOMABAFBE T, @2 AL, X buffer ik & K US4 {E1E 1L 1,
Jr LA 420 47 ZERFX AN B A B AT T IR LUE N BT E e IBAX A while fFR 1= 8t
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usb_parse_interface()

158 static int usb parse interface(struct device *ddev, int cfgno,

159 struct usb_host config *config, unsigned char *buffer, int size,
160 u8 inums[], u8 nalts[])

161 {

162 unsigned char *buffer0 = buffer;

163 struct usb_interface descriptor *d;

164 int inum, asnum;

165 struct usb_interface cache *intfc;

166 struct usb _host _interface *alt;

167 int i, n;

168 int len, retval;

169 int num ep, num ep orig;

170

171 d = (struct usb interface descriptor *) buffer;
172 buffer += d->bLength;

173 size —= d->blLength;

174

175 if (d->bLength < USB DT INTERFACE SIZE)

176 goto skip_to next interface descriptor;
177

178 /% Which interface entry is this? */

179 intfc = NULL;

180 inum = d->bInterfaceNumber;

181 for (i = 0; i < config—>desc.bNumInterfaces; ++i) {
182 if (inums[i] == inum) {

183 intfc = config—>intf cachelil;
184 break;

185 }

177



186 }

187 if (lintfc || intfc—>num altsetting >= nalts[i])

188 goto skip_to next interface descriptor;

189

190 /% Check for duplicate altsetting entries */

191 asnum = d—->bAlternateSetting;

192 for ((i =0, alt = &intfc—>altsetting[0]);

193 i < intfc—>num altsetting;

194 (++i, +talt)) {

195 if (alt—>desc.bAlternateSetting == asnum) {

196 dev warn(ddev, “Duplicate descriptor for config %d ”
197 “interface %d altsetting %d, skipping\n”,
198 cfgno, inum, asnum);

199 goto skip_to next interface descriptor;

200 }

201 }

202

203 ++intfc—>num altsetting;

204 memcpy (&alt—>desc, d, USB DT INTERFACE SIZE) ;

205

206 /% Skip over any Class Specific or Vendor Specific descriptors;
207 * find the first endpoint or interface descriptor */

208 alt—>extra = buffer;

209 i = find next descriptor (buffer, size, USB DT ENDPOINT

210 USB DT INTERFACE, &n):

211 alt->extralen = i;

212 if (n > 0)

213 dev _dbg(ddev, ”skipped %d descriptor%s after %s\n”,
214 n, plural (n), “interface”);

215 buffer += 1i;

216 size —= 1i;

217

218 /% Allocate space for the right(?) number of endpoints */
219 num_ep = num _ep _orig = alt—>desc. bNumEndpoints;

220 alt—>desc. bNumEndpoints = 0; // Use as a counter
221 if (num ep > USB MAXENDPOINTS) {

222 dev warn(ddev, “too many endpoints for config %d interface %d
223 “altsetting %d: %d, using maximum allowed: %d\n”,
224 cfgno, inum, asnum, num ep, USB MAXENDPOINTS) ;
225 num ep = USB MAXENDPOINTS;

226 }

227

228 if (num ep > 0) { /% Can’ t allocate 0 bytes */
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229 len = sizeof (struct usb host endpoint) * num ep;

230 alt—>endpoint = kzalloc(len, GFP KERNEL) ;

231 if (lalt—>endpoint)

232 return —ENOMEM;

233 }

234

235 /% Parse all the endpoint descriptors */

236 n = 0;

237 while (size > 0) {

238 if (((struct usb descriptor header *)
buffer)—>bDescriptorType

239 == USB DT INTERFACE)

240 break;

241 retval = usb parse endpoint (ddev, cfgno, inum, asnum, alt,
242 num ep, buffer, size);

243 if (retval < 0)

244 return retval;

245 ++n;

246

247 buffer += retval;

248 size —= retval;

249 }

250

251 if (n !'= num ep orig)

252 dev warn(ddev, “config %d interface %d altsetting %d has %d ”
253 “endpoint descriptor%s, different from the interface ”
254 “descriptor’ s value: %d\n”,

255 cfgno, inum, asnum, n, plural(n), num ep orig);
256 return buffer — buffer0;

257

258 skip to next interface descriptor:

259 i = find next descriptor (buffer, size, USB DT INTERFACE,
260 USB DT INTERFACE, NULL);

261 return buffer — buffer0 + i;

262 }

17147, fEikid k) buffer B3 UIRES 7 R MR ORRAT, B4l FUsem,
JITLLIX HUE Ul %48 k) struct usb_interface _descriptor Zi# 44354, SR 5% buffer
[ B size,

17517, HASRIEAUI e E, Hf bLength 25T USB_DT_INTERFACE_SIZE A4t
ATk LI USB_DT_INTERFACE_SIZE "7 ffi S22 AN L FR 45 o 5 I st 38 0 2 ) X
LRI AT 2 0 T, HEH R E I . SERERXA BB HR LT A, B AL
B I CGM A find_next_descriptor()7E buffer B 548 F— AN LA R
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179 17, PIAEAL inums FEA— i 2 3 B 1 I3 R R A7 82 L1514, inums 26 Y. (1)
g0 L MR R0 0, FrLAX BEA for fiHK FHRIXA DX VA inums BT
B —T50, AT AR 4R AE 2R 2 T A 3R A B XTI (1) struct usb_interface_cache 25414
usb_parse_configuration() &%V 7 A1, [A— 4 H4E inums Al intf_cache X
AN B B A B — R

191 17, FAFIXAHE D HIRFEN B (BB T, SRG I XN 5 A L K cache B %R
FIXNEERAZCLIBRN T, Wik OB, g% B X AN DA R T A3,
BB EIR G, SWEWE R T A sE, e gl cache #, Jf cache H[1)
WEHH num_altsetting i 1. ZEidf:, &EJEH struct usb_host_interface 454k
LRI, — A ORI N — AN R

208 17, KB LF KW . BLYE buffer J13k JLIIRANME DRIR AT O HE T, Zire
JE AR E I T o SEAEAT B LS IX AN NI H R R4 TR 5K extra, SRJ5 FFAIX AN
BIFG 2 38T — AR B O 1 — N DU RR A B s R A o W R I AN D A A I 1A
¥RAT class-m% vendor-specific fiiid%F, W) find_next_descriptor [fiR[F{H2 KT 0,
buffer [\ &R size tELHEATAHN IRHE, SKFa 10 374 21082 1 18 75 2l sS85 o

X find_next_descriptor ] dt1 Z¥0f1 dt2 SHGRA T —FE T, ROy — 0 1
FHE o O, B3 VR I 32 LA AN 23 B AT ity i IR T 1

219 17, ARAFEXA W E Mo SEH AR JE R AN DA R HLY bNumEndpoints &
0, Aft4a? REENE. USB_MAXENDPOINTS 7F config.c HiE X

12 #idefine USB MAXENDPOINTS 30 /% Hard limit */

A AR KBRS 307 AR SR, W SR ARANREUIEE (15 SR (1] 5 At 1 H A ko2
BORIX2RE A T o AR%JE MR S w800 4 1 HiA 75 HL Y endpoint 2L Hil AL A7

237 17, EFXH, buffer JF3kLIOIANE DA OB T, M HEEkE T F 4N &
I I 75 B e TR P IO B % MNIZASHT AL B TP UM T, & XA 2] 7 —AMBUE AH R
(1) while fE¥R. 238 175 HI W — N1 1h 4 ) ()2 F2 D R A 2 i ;R AT, W 32410
FIRFT T BX A while 535, & [H1 5N —ANME O RA AT EE RS . 5 W3 LE buffer 4T
(LB REAE I — Aol SRR T, DRI 22305k o) — AN M 41 usb_parse_endpoint % [
SR BHR AT . usb_parse_endpointQ)iR [, buffer KA E CLAE R —
Ay SRR AT T, 247 ATIR4E buffer A EKE, XA while T RRME T, Xf
buffer —B—B T, HEER] F— N E OB C4 LS buffer 852, TEEE
config.c H.52 X[ usb_parse_endpoint e %[

46 static int usb parse endpoint (struct device *ddev, int cfgno, int inum,
47 int asnum, struct usb_host interface *ifp, int num ep,

48 unsigned char *buffer, int size)
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

unsigned char *buffer0 = buffer;
struct usb_endpoint descriptor *d;
struct usb _host endpoint *endpoint;

int n, 1, j;

d = (struct usb endpoint descriptor *) buffer;
buffer += d->bLength;
size —= d->bLength;

if (d->bLength >= USB DT ENDPOINT AUDIO SIZE)
n = USB DT ENDPOINT AUDIO SIZE:
else if (d->bLength >= USB DT ENDPOINT SIZE)
n = USB DT ENDPOINT SIZE:
else {
dev warn(ddev, “config %d interface %d altsetting %d has an ”
“invalid endpoint descriptor of length %d, skipping\n”,
cfgno, inum, asnum, d->bLength);

goto skip_to next endpoint or interface descriptor;

i = d->bEndpointAddress & “USB ENDPOINT DIR MASK:
if (1> 16 []1i==0 {
dev warn(ddev, “config %d interface %d altsetting %d has an
“invalid endpoint with address 0x%X, skipping\n”,
cfgno, inum, asnum, d->bEndpointAddress);

goto skip_to next endpoint or interface descriptor;

/% Only store as many endpoints as we have room for */
if (ifp—>desc. bNumEndpoints >= num ep)

goto skip_to next endpoint or interface descriptor;

endpoint = &ifp—>endpoint[ifp—>desc. bNumEndpoints];
++ifp—>desc. bNumEndpoints;

memepy (&endpoint—->desc, d, n);
INIT LIST HEAD (&endpoint—>urb list);

/% If the bInterval value is outside the legal range,
* set it to a default value: 32 ms */

i=0; /% i = min, j = max, n = default */
Jj = 255;

if (usb _endpoint xfer int(d)) f{
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94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
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124
125
126
127
128
129
130
131
132
133
134
135
136

i=1;
switch (to usb device(ddev)->speed) {
case USB SPEED HIGH:

n=29; /% 32 ms = 2°(9-1) uframes */
J = 16;
break;

default: /% USB_SPEED FULL or LOW */

/% For low-speed, 10 ms is the official minimum.
* But some “overclocked” devices might want faster
* polling so we’ 11 allow it. */
n = 32;
break;
}
} else if (usb endpoint xfer isoc(d)) {
i=1;
Jj = 16;
switch (to usb device(ddev)->speed) {
case USB SPEED HIGH:

n=29; /% 32 ms = 2°(9-1) uframes */
break;

default: /* USB_SPEED FULL */
n = 6; /% 32 ms = 2°(6-1) frames */
break;

}
if (d->bInterval < i || d->bInterval > j) {
dev warn(ddev, “config %d interface %d altsetting %d ”
“endpoint 0x%X has an invalid bInterval %d, ”
“changing to %d\n”,
cfgno, inum, asnum,
d->bEndpointAddress, d->blnterval, n);

endpoint—>desc. bInterval = n;

/% Skip over any Class Specific or Vendor Specific descriptors;
* find the next endpoint or interface descriptor */
endpoint—>extra = buffer;
i = find next descriptor (buffer, size, USB DT ENDPOINT,

USB_DT INTERFACE, &n);
endpoint—>extralen = 1i;
if (n > 0)

dev _dbg(ddev, ”skipped %d descriptor%s after %s\n”,
n, plural (n), “endpoint”);

return buffer — buffer0 + i;
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137

138 skip_ to next endpoint or_ interface descriptor:

139 i = find next descriptor (buffer, size, USB DT ENDPOINT
140 USB_DT INTERFACE, NULL);

141 return buffer — buffer0 + i;

142 }

AR RECE IR, BRI C SR T, WiEz, AR, WK &
POt BRI 25208 o B RIPLAEIRM R, IRAT LS 2R “ Rk =R ANACR A b5 TR ?
HEXRR o 7 BB PIXM R 5, IRUERSANGE S, Xt linus, XF Greg, Xt Alan, {471

RIS

55 17, buffer JF k)L A8 — A im fU I8 £F, I LUK B ik % 6 4 struct
usb_endpoint_descriptor it f&fEEt, A5 L buffer 167 & size.

59 17, XHLZH H LR AR S RCERIRTT . O A, e e B
NG

7O A7, 98 T o X AU ANGEN O, NS AL O SEBCAH RN, BAGERT 16,
At A RIREURRAREZRIA 1, a4 e SO E e

79 17, BEHIIEIX D bNumENndpoints 7F usb_parse_interface()ff] 220 4724 8 0 T
6

82 17, HANEIX/ endpoint #4174 usb_parse_interface()f] 230 17 /& O 4 HHiE I
WAE T . X AR ZI 1 bNumEndpoints fE 8496 7 — i 8ess, KN i
RFF, EEn 1, FEIOHRR| S IR TF copy 2% B 1 endpoint 41 L,

86 17, WIiHthim s urb BA%Y urb_list.

88~125 17, IXHEACHLIK H ()& A FE 5 5 1) binterval, REAAGEAIL 2L T, B3 A
JUIA . A, B j, n ERA A 90~117 IXAZATH N T4 e liEs—14
GIGEME, | F1j B T binterval (—ANE, binterval WX Bl L, ©wie Gk
1, A TXANEE, R ARERN, BB SR, 5 124 TR n kg
ey W4 n RRPIELE binterval (—ERIME. | F1 j IERIAME 2900 O i 255, g2
PLATE IV BRIA L 0~255, S Tt sl A6l s, binterval RIS UG K
KITHAL, APl Bk & RE T, XATEE AR 0~255. %) - rb W s R4S I i

binterval P FE G R K T, RHXASTE R EAY— L3,

P S S 11 5O S 0 2 T e W e ol T €3 5 i 1V RS + S 2| SR N S
usb_endpoint_xfer_int fil usb_endpoint_xfer_isoc, ‘“11487E include/linux/usb.h
HoE X
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589 /s

590 s usb_endpoint xfer int — check if the endpoint has interrupt transfer type
591 * @epd: endpoint to be checked

592 %

593 * Returns true if the endpoint is of type interrupt, otherwise it returns
594 % false.

595 %/

596 static inline int usb _endpoint xfer int(const struct usb endpoint descriptor
*epd)

597 {

598 return ((epd->bmAttributes & USB ENDPOINT XFERTYPE MASK) ==

599 USB_ENDPOINT XFER INT) ;

600 }

601

602 /*x

603 * usb_endpoint_xfer isoc — check if the endpoint has isochronous transfer type
604 * @epd: endpoint to be checked

605 *

606 * Returns true if the endpoint is of type isochronous, otherwise it returns
607 * false.

608 */

609 static inline int usb endpoint xfer isoc(const struct usb endpoint descriptor
*epd)

610 {

611 return ((epd—>bmAttributes & USB_ENDPOINT XFERTYPE MASK) ==

612 USB_ENDPOINT XFER ISOC) ;

613 }

XMWk soE [, —mAAEE, IRIRAAH G eI OB A T — 5K
BZEWAS, FAN 2 usb_endpoint_xfer_bulkFl usb_endpoint_xfer_control,
FH ke A T4t St R i g R 1T o

Ape

5=/ 8¢ to_usb_device. usb_parse_endpoint() )2 %2 struct device 45114,
TERAFV A IRt 75 EE ] to_usb_device K& #4k ) struct usb_device 45 #4414,
%A include/linux/usb.h 85 X1 %

410 #define to_usb_device(d) container_of(d, struct usb_device, dev)

OK, #HE4k4:%E usb_parse_endpoint () 129 17, ILAEMRXTIX JLAT BRI RV 14K W
T XA buffer BG4~ — N s SR TR el 2 D RS
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211 usb_parse_configuration. usb_parse_interface 1 usb_parse_endpoint ix—
AN H— S W2 2 HERE, it GET_DESCRIPTOR i 5K T 3545 8 HERE BILAE C 22 fif AT
PRETE A H. e, BAMSNMRERFECE TR T, M RS KEMEZEA
2587 we&n LLgk A\ Configured R T 47 S RX A, &R S NI ER
REH, Z#tA Configured R, IRERFAEFEA H A DA TR LB E v, BE
KERIEEA HNA LA ? X EHAZ core REBEZ E I T, B e JFA%IE
PR A AR B AR A LS, AR B IR IR B A T, I DL B R B4 B 2 2548
WA B NI S48 T A 2 9R3Eh.

W — AN ATHUTE BN, L5 A RE S0 12 B % 84 struct usb_device 45 IAATE A= 11
I k1 4T usb_bus_typeflusb_device typeiX FEMFIRIC, Linux i & 15 AR §ig w2k 25
Musb_bus_typel§ i & M Elusb B2 IR 4 A 4 IR &R 5L, AR5 L iusb i 2811
T A A IRENEERR, BN R B K 2 FHusb B ZE 1 match ok £, gl A2
usb_device_match(), 24343 —NLEIER .. match s s il k& 0 3 &
26 11 A1 2% 7 usb_device_type % HIF ¥ % 5 W A& 45 B, A DT EC B AN BT
usb_device_typeZS M i 45 HR H ANE AL RS b, usbt F HLE— 1) IS usb i £ IK
8] (A fZusbiZO8Kz)) struct device_driver4i#)4A%} % usb_generic_driver.

WL (—)

St WA BRI, TBHCR RKEI T IR mm BT WA 1A
PR, BRI HRTE RS WA AR, ~~~, LR
AR ~~"

usb_generic_driver MU AN HAE, A ush WA S FHEIE M AR ~, 4
SERLJE IR ACRT L, AT AL R AER AR 2 (AR AR 5 A2 70 RSB 1 B 1 o AFLAE it AR B Ky
—A~ usb 5L, DA — AN AT, R M AR ] usb XA KA, 7F usb
MREES BIER A O S), MRS A T & 0t A e AR R B AN GE
RERR (4B o

IAETF IR AT usb_generic_driver FI# 2 HE—iE, W& AR n] LA 28R 1K)
KA AR usb B IEELR) hub 15N I R4, BRI A fiy 2l 26 20 453 (R332 usb
T ARGV R E usb_init T .

895 retval = usb register device driver (&usb generic driver,
THIS MODULE) ;

896 if (lretval)

897 goto out;
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fE usb T ARGV RHEE A driver.c ¥ usb_register_device_driver %R
usb_generic_driver M4 RE T, WiaTH, BWH—E 25, usb A F)—MEZYK
FLWET . ENELRKAMA AN E T, WS E W Wbk B XA 7 K

usb_register_device_driver $#{.

661 /**
662 * usb register device driver — register a USB device (not interface) driver
663 * @new udriver: USB operations for the device driver

664 * @owner: module owner of this driver.

665

666 * Registers a USB device driver with the USB core. The list of
667 * unattached devices will be rescanned whenever a new driver is
668 * added, allowing the new driver to attach to any recognized devices
669 * Returns a negative error code on failure and 0 on success.

670 */

671 int usb register device driver(struct usb device driver *new udriver,
672 struct module *owner)

673 {

674 int retval = 0;

675

676 if (usb disabled())

677 return —ENODEV;

678

679 new udriver—>drvwrap. for devices = 1;

680 new udriver—>drvwrap. driver. name = (char *) new udriver—>name;
681 new udriver—>drvwrap. driver. bus = &usb bus type;

682 new udriver—>drvwrap. driver. probe = usb probe device;

683 new udriver—>drvwrap. driver. remove = usb_unbind device;
684 new udriver—>drvwrap. driver. owner = owner;

685

686 retval = driver register (&new udriver—>drvwrap. driver) ;
687

688 if (lretval) {

689 pr info("%s: registered new device driver %s\n”,
690 usbcore name, new udriver—>name) ;

691 usbfs update special () ;

692 } else {

693 printk (KERN ERR “%s: error %d registering device ”
694 i driver %s\n”,

695 usbcore name, retval, new udriver—>name) :
696 }

697

698 return retval;

699 }

186



676 17, HWi— '~ usb TR EN LR S NAZ IR EFpE A5 LT, W2 mig, XA
FBR S WA E ar o KA T, IE 2N TR “ Al e 2 a7 b i, Ak —eki,
PRAZ T T3 R Fh b5 A it A 2208, usb_disabled 7& usb.c H5E X

852 /*

853 * for external read access to <nousb>
854 %/

855 int usb disabled(void)

856 {

857 return nousb;

858 }

WERARAS AR DAL A LI, FEMNAZENTE nosub st 42 M.

679 17, HEIH, for_devicesil /e {LiX )LVt 1 1, H 7€, matchH A
is_usb_device_driverit?| TJLINA A = ] A .

T2 TR usb_generic_driver B A4S struct device_driver 4541k,
usb_generic_driver Gt J& i i & Al & BB E X R W . name Bt 2
usb_generic_driver 47, Rl usb, P& gL FEBE N usb_bus_type,
SR G e 18 5E probe R remove %L

686 17, Ak % driver_register ¥ usb_generic_driver 7% usb &4k
AR IR BN HER L, AR5 Bt il A2 usb W& It if . BRECED. R

usb_generic_driver Hil usb #&&ULACKLI G, i 682 1745 €K probe %L
usb_probe_device(), i EE driver.c H5E SUHXA k%L

151 /* called from driver core with dev locked */
152 static int usb probe device(struct device *dev)
153 {

154 struct usb device driver *udriver =

to usb device driver (dev->driver);

155 struct usb _device *udev;

156 int error = —ENODEV;

157

158 dev _dbg(dev, “%s\n”, _ FUNCTION );
159

160 if (lis usb device(dev)) /% Sanity check */
161 return error;

162

163 udev = to usb device(dev);

164

165 /% TODO: Add real matching code */
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166

167 /% The device should always appear to be in use

168 * unless the driver suports autosuspend

169 */

170 udev—>pm usage cnt = ! (udriver—>supports autosuspend) ;
171

172 error = udriver—>probe (udev) ;

173 return error;

174 }

154 17, to_usb_device_driver /& include/linux/usb.h B 5 S —/N %2, FIT B 5]
FIIEA to_usb_device H il T2 i,

889 #define to usb device driver(d) container of(d, struct usb device driver, \

890 drvwrap. driver)

160 17, match %L 543 17 IRAANET T LI S RX JLRAET LT, WHERARIEAS B & 12K
RUAE usb_device_type, JIEE 2 METTHAE 20X LI A, (H 2 Bl iX B gk A ] g
FURIE R T o URITIBE A EARFIAL 1 K 3E % usb_generic_driver & match B2h 17, {Hi&
WA B PR Ay, W TR TR TR S TR A B Al E3E L,
TZIPRWIE ) LSRR 3 SRR ) LS

163 17, UiEEEEmE], ArmNIi$EE] to_usb_device EiXEiK T .

170 17, pm_usage_cntfllsupports_autosuspendiX piA4™ g i &R 2 B4 —F, B
B W el — . AEstruct usb_interfacenistruct usb_device L #H — 4
pm_usage _cnt, %}~ struct usb_driver @ struct usb_device_driver B #fH — 4~
supports_autosuspend . & ¥ pm_usage_cntitf i LG & 0 WA & R iFRE N
autosuspend, ##|supports_autosuspend it it i H e 4 O B A R VFLEE FX AN UK S
¥ Hautosuspend. £ 1172 544 T2 AL e fg L AR MIER— 1 o 77 M,
FEAE) MRAE R T o), 2 Nt s, ATEMmE, FEouS AHEAR), O
WA — e X HL AT B I, BT DK L s B e R A T S
pm_usage_cnty 0 I A4 4 uiF i frautosuspend, supports_autosuspend>l O G4
FEAVFYS E 21X AR 3) (1) )X Fautosuspend.

i usb & #E45E F) usb_generic_driver LIfiff), usb_generic_driver )
supports_autosuspend 7B X AEA 1 1], PrLZATHUE R % struct usb_device 4f
PRI pm_usage_cnt E4 T 0, e i £1Fik & autosuspend. {HEAJE BiiX HoKE
pm_usage_cnt BEIMAE N 0, W&HiAE autosuspend T, 114 SHHL L R R ) 5,
MR IAS IR A Bl )L, SRBh 243 55— %) )L suspend/resume e PM 1 R 4G06
Heok i, usb_generic_driver H 11X X & #0 /& generic_suspend/generic_resume.
LA A 2, AR Z el T .

188



172 47, Wt T EdA R HEEE RN IMT 2 )5, X B A usb_generic_driver H . fA
A 1) probe %%i generic_probe )RR AT — 0 [ H &, ‘&1 generic.c Bl X

153 static int generic probe(struct usb device *udev)

154 {

155 int err, c;

156

157 /* put device—specific files into sysfs */

158 usb _create sysfs dev files(udev);

159

160 /* Choose and set the configuration. This registers the interfaces
161 * with the driver core and lets interface drivers bind to them.
162 */

163 ¢ = choose configuration (udev) :

164 if (c>=0) |

165 err = usb _set configuration(udev, c);

166 if (err) {

167 dev_err (&udev->dev, “can’t set config #%d, error
%d\n”,

168 c, err);

169 /* This need not be fatal. The user can try to
170 * set other configurations. */

171 }

172 }

173

174 /% USB device state == configured ... usable */

175 usb notify add device (udev);

176

177 return 0;

178 }

XL R A T, R e, TSN, BRI N Al S
HD AR, SR MRS ITRE AR Z B TR BE— AN EEN, ARG LEE RS, Akt
ANIFFC A Configured (RZ& . MEFG T HO AR, HLEEMNY . LEGREAEE
B & 1, I generic.c B choose_configuration &%,

42 static int choose configuration(struct usb device *udev)

43 {

44 int 1i;

45 int num configs;

46 int insufficient power = 0;

47 struct usb _host config *c, *best;
48

49 best = NULL;

50 ¢ = udev—>config;
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53
54
55
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59
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64
65
66
67
68
69
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75
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79
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90
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94

num config
for (i =0
st

/%
if

.
B R S SR SR SR SR S SR SR SR N R S S R

*

#if 0
/%
if

#tendif

.
*

L R R R SN SR S )

s = udev—>descriptor. bNumConfigurations;
: i < num configs; (i++, c++)) {

ruct usb_interface descriptor *desc = NULL;

It’ s possible that a config has no interfaces! */
(c=>desc. bNumInterfaces > 0)
desc = &c—>intf cache[0]->altsetting—>desc;

HP’ s USB bus—powered keyboard has only one configuration
and it claims to be self-powered; other devices may have
similar errors in their descriptors. If the next test
were allowed to execute, such configurations would always
be rejected and the devices would not work as expected
In the meantime, we run the risk of selecting a config
that requires external power at a time when that power

isn’ t available. It seems to be the lesser of two evils.

Bugzilla #6448 reports a device that appears to crash
when it receives a GET DEVICE STATUS request! We don’t
have any other way to tell whether a device is self—powered,
but since we don’ t use that information anywhere but here,

the call has been removed.

Maybe the GET DEVICE STATUS call and the test below can
be reinstated when device firmwares become more reliable.
Don’ t hold your breath.

/

Rule out self-powered configs for a bus—powered device */
(bus powered && (c—>desc.bmAttributes &
USB_CONFIG ATT SELFPOWER))

continue;

The next test may not be as effective as it should be.
Some hubs have errors in their descriptor, claiming
to be self-powered when they are really bus—powered
We will overestimate the amount of current such hubs

make available for each port.

This is a fairly benign sort of failure. It won’t

cause us to reject configurations that we should have
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95 * accepted.

96 */

97

98 /% Rule out configs that draw too much bus current */

99 if (c—>desc. bMaxPower * 2 > udev—>bus mA) {

100 insufficient power++;

101 continue;

102 }

103

104 /% When the first config’ s first interface is one of Microsoft’ s
105 * pet nonstandard Ethernet—over-USB protocols, ignore it
unless

106 * this kernel has enabled the necessary host side driver.
107 */

108 if (i == 0 & desc & (is rndis(desc) || is activesync(desc)))
{

109 #if !defined (CONFIG_USB_NET RNDIS_ HOST)
&& !defined (CONFIG_USB_NET RNDIS HOST MODULE)

110 continue;

111 #else

112 best = c;

113 #endif

114 }

115

116 /% From the remaining configs, choose the first one whose
117 % first interface is for a non-vendor—specific class
118 * Reason: Linux is more likely to have a class driver
119 * than a vendor—specific driver. */

120 else if (udev->descriptor.bDeviceClass !=

121 USB_CLASS_VENDOR_SPEC &&
122 (ldesc || desc—>bInterfaceClass !=

123 USB_CLASS_VENDOR_SPEC)) {
124 best = c;

125 break;

126 }

127

128 /% If all the remaining configs are vendor—specific,

129 * choose the first one. */

130 else if (!best)

131 best = c;

132 }

133

134 if (insufficient power > 0)

135 dev_info (&udev->dev, “rejected %d configuration%s ”
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136 "due to insufficient available bus power\n”,

137 insufficient power, plural (insufficient power));
138

139 if (best) {

140 i = best—>desc. bConfigurationValue;

141 dev_info (&udev—>dev,

142 “configuration #%d chosen from %d choice%s\n”,
143 i, num configs, plural (num configs));

144 } else {

145 i=-1;

146 dev_warn (&udev—>dev,

147 “no configuration chosen from %d choice%s\n”,
148 num configs, plural (num configs));

149 }

150 return i;

151 }

B A ECE M VRN AR B H 5 K1838 BRI Tt © 2 SR TRAEAH R IR LA 1 57
BT, BAMNPEE—MEABER? SRR UL A MR, BRI
AFRLUUER, T T 52 1719 for 1A

W 23ZA> for PRI UAT RARHR T, a5 i N i B P MR I HE 45 4 2 32 B (R N ISR
SRICILAN DR R 75 A6 S AR At 6 LR 3 B O I T — R, A7 RN OME, TR R i
Z AU, IRADRZXFERIILRr, B N EAE LA B BE BT ) R L R 1
NG

A for (FFF, WITHIE S0 = KB, 59~84 1% — KBURIF A MW LA, MiAfE
ARBIAHE 0, —WFIE, FRHNZ DT EI— kS IR, B e v
TR AT LR 4 — KB T

5 BUE 98~102 17, X Btk B BAL NTCRZZ AT X, ’RIRES T,
ANMECE RS hub Prigss T IIE 2R, BARE A ME ARG E .

3 =BUE 108~131 17, XTXBHU AN, linux ¥ care JFLShrAEIApE, ol
USB_CLASS VIDEO. USB_CLASS AUDIO %25 B 1 1 ¥ 4 A ik s ik Nk —
s, el seikAE USB_CLASS VENDOR_SPEC (4% .

for i 2 J5, BRABIABLEER A TR, 2l fE 8, AL, A
LT A BB a2 plural, ‘&2 —AME generic.c FF3k L S P ECRR 2L

23 static inline const char *plural (int n)
24 {
25 return (n =12 77 : 7s");
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26 }

ZHon h 1 REl-ARPRE, SNREAS ST, W MEH T IXAS s B A LA TED
WAL, T E S FORAT BN — A Dk A4 3] (1 ), BN 4> s mig, ELE A
PR A% 1A AT EOE AR ? B !

AEIREE A LT, Wi R, choose configuration Ht & X %I 3 CHIbsERRE T —4
LA HOLEME S, B kMR & EH XA A & 20 E 3 &% DU ke it
Configured IRA& T .

W g ()

KRR, BN ORI, AGE AR, Sl T HOR, (Hs &Rl E ok
1, Z84EW kI . core It E W41 FH 2 message.c HLI{) usb_set_configuration i
5

1388 /3
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412

usb_set configuration — Makes a particular device setting be current
@dev: the device whose configuration is being updated
@configuration: the configuration being chosen.

Context: !in interrupt(), caller owns the device lock

This is used to enable non—default device modes. Not all devices
use this kind of configurability; many devices only have one

configuration.

@configuration is the value of the configuration to be installed
According to the USB spec (e.g. section 9.1.1.5), configuration values
must be non-zero; a value of zero indicates that the device in
unconfigured. However some devices erroneously use 0 as one of their
configuration values. To help manage such devices, this routine will
accept @configuration = -1 as indicating the device should be put in

an unconfigured state

USB device configurations may affect Linux interoperability,

power consumption and the functionality available. For example,
the default configuration is limited to using 100mA of bus power,
so that when certain device functionality requires more power,

and the device is bus powered, that functionality should be in some

non—default device configuration. Other device modes may also be

XK X FK K K K X K K X K K X K K X KK K K K K K

reflected as configuration options, such as whether two ISDN
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1413 * channels are available independently; and choosing between open
1414 * standard device protocols (like CDC) or proprietary ones.

1415

1416 * Note that USB has an additional level of device configurability,
1417 * associated with interfaces. That configurability is accessed using
1418 * usb set interface().

1419

1420 * This call is synchronous. The calling context must be able to sleep,
1421 * must own the device lock, and must not hold the driver model’ s USB
1422 * bus mutex; usb device driver probe() methods cannot use this routine.
1423

1424 * Returns zero on success, or else the status code returned by the
1425 * underlying call that failed. On successful completion, each interface
1426 * in the original device configuration has been destroyed, and each one
1427 * in the new configuration has been probed by all relevant usb device
1428 * drivers currently known to the kernel.

1429 */

1430 int usbh set configuration(struct usb device *dev, int configuration)
1431 {

1432 int i, ret;

1433 struct usb_host config *cp = NULL;

1434 struct usb_interface s**new interfaces = NULL;

1435 int n, nintf;

1436

1437 if (configuration == -1)

1438 configuration = 0;

1439 else {

1440 for (i = 0; i < dev->descriptor. bNumConfigurations; i++) {
1441 if (dev—>configli]. desc. bConfigurationValue ==
1442 configuration) {

1443 cp = &dev—>configlil;

1444 break;

1445 }

1446 }

1447 }

1448 if ((lcp && configuration != 0))

1449 return —EINVAL;

1450

1451 /% The USB spec says configuration 0 means unconfigured

1452 % But if a device includes a configuration numbered 0

1453 * we will accept it as a correctly configured state

1454 % Use -1 if you really want to unconfigure the device

1455 */

1456 if (cp & configuration == 0)
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1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500

dev_warn (&dev->dev, “config 0 descriptor??\n”);

/% Allocate memory for new interfaces before doing anything else,
* so that if we run out then nothing will have changed. */
n = nintf = 0;
if (cp) |
nintf = cp—>desc. bNumInterfaces;
new interfaces = kmalloc (nintf * sizeof (*new interfaces),
GFP_KERNEL) ;
if (!'new interfaces) {
dev _err (&dev—->dev, “Out of memory”);
return —ENOMEM;

for (; n < nintf; +n) {
new interfaces[n] = kzalloc(
sizeof (struct ush interface),
GFP_ KERNEL) :
if (!new interfaces[n]) {
dev _err (&dev—->dev, “Out of memory”);
ret = —ENOMEM;

free interfaces:

while (—n >= 0)
kfree (new interfaces[n]);
kfree (new interfaces);

return ret;

i = dev—>bus mA — cp—>desc. bMaxPower * 2;
if (i < 0)

dev warn (&dev->dev, “new config #%d exceeds power ”

“limit by %dmA\n”

configuration, -i);

/% Wake up the device so we can send it the Set—-Config request */
ret = ush autoresume device(dev);
if (ret)

goto free interfaces;

/% if it’s already configured, clear out old state first.

* getting rid of old interfaces means unbinding their drivers

*/
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1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544

if (dev->state != USB STATE ADDRESS)

usb disable device (dev, 1); // Skip ep0

if ((ret = usb control msg(dev, usb sndctrlpipe(dev, 0),

USB REQ SET CONFIGURATION, 0, configuration, O,
NULL, 0, USB CTRL SET TIMEOUT)) < 0) {

/% All the old state is gone, so what else can we do?
* The device is probably useless now anyway.

*/

cp = NULL;

dev—>actconfig = cp;
if (lep) |

}

usb _set device state(dev, USB STATE ADDRESS);
usbh_autosuspend device(dev) ;

goto free interfaces;

usb set device state(dev, USB STATE CONFIGURED) ;

/% Initialize the new interface structures and the

* hc/hcd/usbcore interface/endpoint state

*/

for (i =

0; i < nintf; ++i) {
struct usb_interface cache *intfc;
struct usb_interface *intf;

struct usb_host interface *alt;

cp—interfaceli] = intf = new interfaces[i];
intfc = cp—>intf cachelil;

intf—>altsetting = intfc—>altsetting;
intf->num altsetting = intfc—>num altsetting;
kref get(&intfc—>ref);

alt = usb altnum to altsetting(intf, 0);

/% No altsetting 0? We’ 1l assume the first altsetting.
* We could use a GetlInterface call, but if a device is
* so non—compliant that it doesn’t have altsetting 0
* then I wouldn’ t trust its reply anyway.

*/
if (lalt)
alt = &intf—>altsetting[0];
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1545

1546 intf->cur_altsetting = alt;

1547 usb_enable interface(dev, intf);

1548 intf->dev. parent = &dev—>dev;

1549 intf->dev. driver = NULL;

1550 intf->dev. bus = &usb_bus_type;

1551 intf->dev. type = &usb_if device type;

1552 intf->dev. dma mask = dev->dev. dma mask;

1553 device initialize (&intf->dev);

1554 mark quiesced(intf) ;

1555 sprintf (&intf->dev.bus id[0], "%d—%s:%d. %d”,
1556 dev—>bus—>busnum, dev—>devpath,

1557 configuration, alt->desc.blnterfaceNumber) ;
1558 }

1559 kfree (new interfaces);

1560

1561 if (cp->string == NULL)

1562 cp—>string = ush cache string(dev,

cp—>desc. iConfiguration) ;

1563

1564 /% Now that all the interfaces are set up, register them
1565 * to trigger binding of drivers to interfaces. probe ()
1566 * routines may install different altsettings and may
1567 * claim() any interfaces not yet bound. Many class drivers
1568 * need that: CDC, audio, video, etc

1569 */

1570 for (i = 0; i < nintf; ++i) {

1571 struct usb interface *intf = cp—>interfaceli];
1572

1573 dev_dbg (&dev—->dev,

1574 "adding %s (config #%d, interface %d)\n”,
1575 intf->dev. bus_id, configuration,

1576 intf->cur altsetting—>desc. bInterfaceNumber) ;
1577 ret = device add (&intf->dev);

1578 if (ret !=0) {

1579 dev _err (&dev—>dev, “device add (%s) —> %d\n”,
1580 intf->dev. bus id, ret);

1581 continue;

1582 }

1583 usbh create sysfs intf files (intf);

1584 }

1585

1586 usb_autosuspend device (dev) ;

1587 return 0;
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1588 }

XA REUR RS, M 1388 17FFG, #| 1588 1745, EABCHERK, #8HN1E M
R TN ErR Tl N 1 Ko 1O C W (97579 O = W = a e B Y| L 2 7 N = WO RO (SIS o 10 3
B, H AR IE R I e A R .

VAR T A A T FF I S XA RS TF N B 2, R AR usb_generic_driver XA~
RELRA LI T 4, v X FEA R UR 0] LSRG T, BEARR RN (R IX P o % L R
PRAFARI ML AR B AL, PRI R B O, HERE L AR, HERAE AR AR
- AFERAT 2K RELA T, W51 BN IMEE A — AR, WS MR NI
IELFAR R, e ik —EW L o XA R, XA R Uk nT LUARIE 20 BB 2 i =0 =
ANETBL, A 1432 F| 1491 FIX LT RAES I B, MU R AT, HR I AR,
R AT A . 1498 3] 1520 X5yl /2 H kK, & /EIX B k& M Address & e 5|
T Configured, mI&ZEEINEL, AECH, XEFWRBERIHE, 288 AL AW
i, 1522 2] 1584 iXP B HE T, T2 Bt 78 5 78 S A TR R AN e LR A 4 W %
B, M T HdahEemEOmRs), RERAEA, T XA EREE,
usb_generic_driver LR MIRE &S LIS 22 T, generic_probe 1) J; 52 ffidy
WIE T o FMIIR R LR E AR T =AW, Rt st, S, Sz, [k,

SAEFE B, BN BN, f&iyr—2—2K. 1437 17, configuration J2 Rz JL
choose_configuration() 8 ik [H] [H] R (), 8 24 & 0B E 1l , 5tk [BI8AS fic E 1)
bConfigurationValue {f, %A $EIFRCo (1 FLE F1135 , 5tk [A]-1, By LLxX 5L configuration
k] BEAT M AP I oL, B b -1, 50 AL E 1 bConfigurationvalue ff. 4
configuration J4-1 I iX HOGIE X EA e ol 0 #1227 E4N1E configuration IXAME & EAE
J5 O OM) oW B Bt Wk % SET_CONFIGURATION i sk B Hl 19, X F
SET_CONFIGURATION i# 3K, spec H Ui, XAMEMAN O B4 5 E /& 5751
bConfigurationValue —#(, W44 0, ¥ &Yk 3| SET_CONFIGURATION i&:K/5, 1)
REF5TE Address K7 . IX 24 configuration Jy-1 gk A K P00 B LB I, Wk
AN fig # N Configured , JiF LL % #* configuration {85 & & O, LU {# 3 &
SET_CONFIGURATION %R {2k .

AEE R A ) gt ok T, AR $R B ARG E (R B B4y configuration X MZ 5tk
A0, il choose_configuration Qi [H1/~ O ANt T, T IBIX 4 pRAUSE R [H14S-1
FHEESUL 0, AEYE IR 2 b —28 47 ARAITE, IXJIAREE RIS S A1E, MTRT
fH2 S5, Y2 A 5 0 4 bConfigurationValue {HF B, K ARFEALL
BH, ARAAHBIEA: RN EAT, I W F st 4 KA T . NAHS
REHILEE 7, T usb tHFHE L LA BRI RS HEE RA T, XEZh— T2 T,
AR50 3) Address KA, usb_set_configuration() st H4&i% 0 T, 1L#4-1, B
LA EE— R Wk configuration {2k O B KT O HIMH, Bt M % struct usb_device
gE AR config 4] HURE AT VL & A (S &, BEtE struct usb_host_config 454 /&
ZEELH K.
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1448 47, W S A7 S Bl 1 N 2%, configuration B L% 404 O 7, ik &4%7F Address
AL S) o X ABARGF R, BEMNEIEAR T, EREMEA)L. 8%, WR=ST
fic ¥ P9 2%, (H A configuration 24 O, 3Kl X T FTHIE R ISR B 098 (1 12 4% (1 15 O
P — TS, SURMRAEEIZHIT .

1461 17, i TIXANif, BBt R T WEREE RS SEEEAEER, W e
TR O FRHELS— struct usb_interface 51k, new_interfaces J& T3k JLu € S Uf
[J—/~ struct usb_interface 5t A&fast£idl, AR —Di#$Em T —4 struct
usb_interface 5k, FrLX B NAA B 0L, e musteE Bdln, Wb e
— I

WahHEme (=)

MR AR AL T BRI, A2 FAS A X 4 — BB, R I
BEES BT LR, HHEREZEAM Address A Configured ). 1501 17, X
7 B B[ A 5 1 B, Wl E44E Configured R T, w1 Lt 21
TAE, MR BEERINT , EEAER I F R 2] Address qRA . B BELELAT A B4 24
e BFE, BAES, S99 T message.c HLf#) usb_disable_device #%.
1024 /*

1025 * usb_disable device — Disable all the endpoints for a USB device
1026 * @dev: the device whose endpoints are being disabled

1027 * @skip ep0: 0 to disable endpoint 0, 1 to skip it.

1028

1029 * Disables all the device’s endpoints, potentially including endpoint 0.
1030 * Deallocates hcd/hardware state for the endpoints (nuking all or most
1031 * pending urbs) and usbcore state for the interfaces, so that usbcore
1032 * must usb set configuration() before any interfaces could be used
1033 */

1034 void usb disable device(struct ush device *dev, int skip ep0)

1035 {

1036 int 1;

1037

1038 dev _dbg (&dev->dev, “%s nuking %s URBs\n”, _ FUNCTION |,

1039 skip ep0 ? “non—ep0” : "all”);

1040 for (i = skip ep0; i < 16; ++i) {

1041 usb disable endpoint(dev, 1i);

1042 usb disable endpoint(dev, i + USB DIR IN);

1043 }

1044 dev—>toggle[0] = dev—>toggle[l] = 0;
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1045

1046 /* getting rid of interfaces will disconnect

1047 * any drivers bound to them (a key side effect)

1048 */

1049 if (dev—>actconfig) {

1050 for (i = 0; i < dev—>actconfig—>desc. bNumInterfaces; i++) {
1051 struct usb_interface *interface;

1052

1053 /% remove this interface if it has been registered */
1054 interface = dev—>actconfig—>interfaceli];

1055 if (!device is registered(&interface—>dev))

1056 continue;

1057 dev dbg (&dev->dev, “unregistering interface %s\n”,
1058 interface—>dev. bus_id);

1059 usb remove sysfs intf files(interface);

1060 device del (&interface—>dev);

1061 }

1062

1063 /% Now that the interfaces are unbound, nobody should

1064 * try to access them.

1065 */

1066 for (i = 0; i < dev—>actconfig—>desc. bNumInterfaces; i++) {
1067 put device (&dev—>actconfig—>interfaceli]->dev);
1068 dev—>actconfig—>interface[i] = NULL;

1069 }

1070 dev—>actconfig = NULL;

1071 if (dev—>state == USB_STATE CONFIGURED)

1072 usb _set device state(dev, USB STATE ADDRESS);

1073 }

1074 }

2 AT LR B, usb_disable _device R EUITEFE TAE FSAW A, s
TP i 4y disable 51, — ¥ o M ETHC E A RN ARG IS unregister
o, AR URVRN N R SR BN 25 43 TF o BT AN & B ZEA 84T Ky AN 15 4 & 4 50 ) L 1
BNERIEARECE A, 2F A RSy A T TARGH 3 T AR, — W &K e
WA AT A, KRGS, disable f51, Z:hi, i AT B Hn o 25 B TR o 11 Bk
FORLE ML, K B AN EYER OCR G Wi, A EBERINT i, BENEEZ I Edr.

Jevl NER A AR, 1409 17, actconfig Ko B AT BGE A E, HAEAN
BN A ARG R L

1050~1061 3XA> for fFR iR X AN HC L BRI A BA AR FR A4 R Pl B, A5 A1)
AR R VKB 7 T, B sl 1, X883 gl 2k TRE), Rt altf T A/ Ik 4%
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ATT, EWEXTHIEA disable EIES EHTE.

1066~1070 17, ¥ actconfig i interface ¥41 & 4=, KRG actconfig & N4,
KRR RES A — AN, A2 R E A, BERENE I actconfig, A4 A H
W el I AR 2 B TR 2 XA T ) ) B, BEWIR 2 s A, AN IR N i R R
actconfig FUZ—/ M, —/Nulk, JRIZ T 56 ARG R IX AN Hk BLORAE IR AT A ARV TR
JE AR SR, XA R R MBI ? e 4R M #& struct usb_device it
config HZH B H b — T, TGS 2R AMECE, et iR ) config 4 BRI,
PRIZ L FURASARLE B S AT AT — AN EC L O, B 20K actconfig 45 1) B AN L & 45
BEJRCBENE, FY B AR A e IS L T IR A A, DR T T e A& &N E I N 4G 5
kR config £ 41 ML, FRIX ARG R, AR UER, BB,

TRIX A 3G 59— AN ) g ok T, BE4R actconfig 4511 T config HLI—30, TS A4 2
EIMABCE T interface HAIGLE NS, EARBR TN ENIANE, MiBEST
config BN A ? RIEHIAE S, MR —TF, R8s A0 BLIUAC B /IR 175 1)
FE BT IR B R A0 HE R e, HOR ARG E B cache 504, a2 intf_cache 4145 WG
T, HEAA interface HA 78 AT N2, X BUHGE BE TR B 0082 2L 50K,
MAREEHEE N T, Al BN interface ¥ 41 X 7EWE B bk 78 s TR 2

usb_set_configuration &% 5L 5 AN EREl i B G AN RIS A A E A B4, BRI,
PRABI S TN E, oA E 1) interface B4l 8 FAR, S AR,

107147, GnRIXAE & I 92EE Configured k%, #tik'e[n %] Address.

BUAE Rl SR B 28 — BB S H TAE . XA EEMENF A A mS W T
usb_disable_endpoint s%L, KEAECAI LM urb SHE R . A2 ZIX M ? 7R
A, BeH 2] usb_disable_device XA, — MR S HPIRSERAEZIL T, B
PPRSARESCE T, A& I i e PR EEAZLUCR 2 A HEAE e LI ILS urb 7
AT RO ? X LA BRI F, B EILAE L& M Configured [H]%] Address
KULE, 71 Address [N, R H BB BRA4 E 18 502 i i O R V. PRl 1 e # kAT 1
51, {HE7E Configured I, 1 #% IR BT A i sl A A2 BRAS AT ), e Al] BT n] R 484
T2 urb IEAEAR PR EAL B, S AARIX IR %2\ Configured Z£ 3] Address,
JEANE N IZ KX L urb 25 E B ?

A B S5 skip_epO JEWkE L ? X for IR i 2 skip_epO FFAHE R, tit
st skip_ep0 A 1 i, HEATEZ i s O YA usb_disable_endpoint 38T, &%
HORUL, WAARESAE T, AN LT urb SIUE 1), X B R A,
FEu 0, H 2SRRI BT L B A skip_epO EARA AT XML, EREIE—TF,
usb_set_configuration() i H XA~ & EL 1 % 22 skip_epO FIME 24?7 & 1, BAIX
& Configured [F1E] Address, XNl fE, Heem a2 A REIE A FH AR & T A BEAL
i, fHii s O A2 —H AR, BUE B AR TSRk, (H7EXHRE BLe#
JEENEH AN, FrLat L disable 'E T .
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2 i 75 2 disable ¥l 02 H A7 IRAS I P AZ L SUR I T A IS O, — & B A 2T IR
I, — &% M Default HE4LF] Address iz, B iH A & Default if ¢ Address,
i O FE TR E T A, HEC R R AN T, RN, R
T urb S ERF . M I PR & A A 2R I I, 781 B e & ki, W43\ Address )&,
B PSR IXAE RAH BRI T, RS A B g, PLERRARE R T,
Kt I u

R E AR A R, WE e, 1% Address IRA G, 7 st i
7 hub.c B—2#0 epO_reinit [ p{ %L

2066 static void ep0 reinit (struct usb device *udev)

2067 {

2068 usb disable endpoint(udev, 0 + USB DIR IN):
2069 usb disable endpoint (udev, 0 + USB DIR OUT);
2070 udev—>ep in[0] = udev—>ep out[0] = &udev—>ep0l;
2071 }

XA R HCH FUn S A 0 Y T usb_disable_endpoint(), {HJ&5 5 0 42 K okid 2 s
(1), ANIRARFEEAS B B 25 TP LE /R AT T 5 B LLEEAE 3 epO 45 ep_in[0]1F1 ep_out[0].
L, B4EF) usb_disable_endpoint() B2 H &,

975 /#*
976 * usb disable endpoint —— Disable an endpoint by address

977 * @dev: the device whose endpoint is being disabled

978 * @epaddr: the endpoint’ s address. Endpoint number for output,

979 * endpoint number + USB DIR IN for input

980 *

981 * Deallocates hcd/hardware state for this endpoint ... and nukes all
982 * pending urbs.

983 *

984 *x If the HCD hasn’t registered a disable() function, this sets the
985 * endpoint’ s maxpacket size to 0 to prevent further submissions.

986 %/

987 void usb disable endpoint (struct usb device *dev, unsigned int epaddr)
988 {

989 unsigned int epnum = epaddr & USB _ENDPOINT NUMBER MASK;
990 struct usb host endpoint *ep;

991

992 if (!dev)

993 return;

994

995 if (usb_endpoint out (epaddr)) {

996 ep = dev—>ep out[epnum];

997 dev—>ep out[epnum] = NULL;
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998 } else {

999 ep = dev—>ep in[epnum];

1000 dev—>ep inlepnum] = NULL;

1001 }

1002 if (ep & dev—>bus)

1003 usb_hcd endpoint disable(dev, ep);
1004 }

XA BB AT I w5 A U5 1), SR ep_in B4 ep_out YA 2 HLECH i
struct usb_host_endpoint 544, FEREEA B0 RIE S, B RN 2 X BRI RE
AN R T 0 2L LSt I TP P AT A . XN LK ep_in[O] /T ep_out[0] /2
MPRAE T, BTN B IR AE A A R B A 1K, SORFR N T A A ARG, B
usb_set_configuration ¥R = AN B T .

RER M A LR, SURSERTTO B T, (KRR DR FIK T, B A
S (X R A A R, VPR SO, SERL £ BARMANR, AR
B 5 ST

)5 1003 17 7 — usb_hcd_endpoint_disable &%k, FER TGS E KM, A
WX AR HCD M T, A2 U T, &2 usb_disable_deviceQMt. 71 k%k
A A T usb_disable_endpoint() 2 )&, i —AN/INUIREA, wiE¥ % & struct
usb_device 4if1A[1] toggle #41 E N 0. =T toggle K4l T (1, syl 4G4k 4 O,
PRI AR BB R 25 E 0. 24535 Rl usb_set_configuration() T -

1504 17, M5B RIEAN usb_control_msgOFHiE T, &F 243 A7 5 1) ¥ 45 K ik
R R e 2 G B I, FRAT TR AR AR AR A5 BB AT 1 2R3 A X4 — AN
2 UARTFEI R, Wy MITEIR G, RPURII R, MR 7 ZORIIPRAR, IR
(PN, WAL REAE LS URIEERE, IRJCHII I, W B RS IR 25 LA 1L 2%, ORI IS i, W
i H B O FRIR B0 o

usb_control_msg XX IR H 2458 & 4 T SET_CONFIGURATION ik, 1% 5 H Ui
— FEREHESE, H T spec 9.4.7 KKK

bmRequestType bRequest wValue windex | wlLength | Data

0oooooooe SET_CONFIGURATION Configuration Valugs Zero Zero Mone

SET_CONFIGURATION ik AT % DATA transaction, i HLid 2 WSt LR SE BT e 4
TS HF I AR HETE SR, A B R R B LA A, T X A, T R
bRequestType Hfgl 0x80, wt & I [fi & HL ) 00000000B, 3 /& 1505 1T —4> 0,
wValue F/~AL'E [ bConfigurationValue, i/ 1505 171¢) configuration.
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1514 47, KR I BC & i k%S actconfig. W15 cp W4S, EETKE K& IFPIRA
Jy Address, 162 BidESR 5L struct usb_interface 451141 new_interfaces i
5, SRJGIRI. F— FATH MY, cp fF =MATRE =, — &S % configuration 4-1,
— & Z 4 configuration 24 0, HM&#% M config #4 HEH knw b=, —=2&
SET_CONFIGURATION ii5KEr T . NEE AU, EF 151517, cp b=, Rt
B IRAT

1520 17, FHHAER FUA RIE R T el it i, W E B AR Configured.

WahrEms (10D

W HMWH T Address, Z2| T &FHd AT, #i/e)LE usb_generic_driver 13 T,
A B SR T, WA ML LSRR HE Configured T o MBEEIX ) LIEAT TN 1227 3] 5 A
AETERIER TR, R ERBIRET SRS, AR H B R RO RO N .

Address 17 S ARE LN 08 A FR B3I —BH b7, WMARARAE, ekt
R SCAR AR R LA A it 25 7, W7 RIS A Ui AR 1 i s ) L JL T, AT sk
b5 FARFE AT A TAR T, IR E3E45 S, Configured 4t DL 3B 111,
PG T, RAREZEA R A RLILETEA 28 T4, THBERES
usb_generic_driver S &AL T A4

1525 17, nintf SR E R DREH, IBARXAS for fEFR 8RS AL HE & L%
FH AL

1530 17, XHEEH AL, cp HEHANE interface Al intf_cache, —MEXAVILA
i), —ANE st FARIRMN . BB 21, XEFEN interface 3 FAK, &
intf_cache #2785

1536 17, SFAFXANELM 0 S iE . MAICEmE, B HARRNRL, S87T
struct usb_host_config4i#) B [ % ZHinterface A — @ 44842 1S (I FERE 16, IR
WAUEH usb_ifnum_to_ifQ R IAFIR e #1156 W fstruct usb_interface4i k. B
EMANT R 2 A0E — 5, 310 B faltsetting B 41 th A — 5 & 1% VB g 5 K7 174
Ky, PR64E Flusb_althnum_to_altsetting () 3R 158 10 B H5 & B . 'E/Eusb.c ¢
X

100 /#%

101 * usb_altnum to altsetting — get the altsetting structure with a given

102 * alternate setting number.

103 * @intf: the interface containing the altsetting in question
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104
105
106
107
108
109

% @altnum: the desired alternate setting number
*
*
*
*
*
110 * Note that altsettings need not be stored sequentially by number, so
*
*
*
*
*
*

This searches the altsetting array of the specified interface for
an entry with the correct bAlternateSetting value and returns a pointer

to that entry, or null.

111
112
113
114
115
116
117 =/
118 struct usb host interface *usb altnum to altsetting(const struct

it would be incorrect to assume that the first altsetting entry in
the array corresponds to altsetting zero. This routine helps device

drivers avoid such mistakes.

Don’ t call this function unless you are bound to the intf interface

or you have locked the device!

usb_interface *intf,

119 unsigned int altnum)
120 {

121 int 1i;

122

123 for (i = 0; i < intf->num altsetting; i++) {

124 if (intf->altsetting[i]. desc.bAlternateSetting == altnum)
125 return &intf->altsettingli];

126 }

127 return NULL;

128 }

XA REUKEE—A for JEHORMEG IS, w2 fe s 1 AN E, e g5 5
FRE MG T A S —FE o JRBERT I, SRR B, A R AN TR] B 0 A2 J T o e R IRk 4
feEgn's 0, WHiEsRk1T 0 S IE . XEEIH44T spec Bl TIX4—Hh), LB E
BE 0 SIE, FrLAX M H 2R OB S, RS E 0, # ok
1t 1544 1T altsetting H4 FLIW 28 — TR sl Vo 17, A IP R, 1Q Rk,

1546 A7, $5 5 M= 2 10 3¢ B 24 240 A

1547 17, firi)LiE 3] device fil endpoint 1) disable %k, XHiEFA interface [
enable K%, [FIFEAE message.c ¢ X

1104 /*

1105 * usb _enable interface — Enable all the endpoints for an interface

1106 * @dev: the device whose interface is being enabled

1107 * @intf: pointer to the interface descriptor

1108

1109 * Enables all the endpoints for the interface’s current altsetting
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1110 =/

1111 static void ush enable interface(struct usb device *dev,

1112 struct usb interface *intf)
1113 {

1114 struct usb host interface *alt = intf->cur altsetting;
1115 int 1i;

1116

1117 for (i = 0; i < alt->desc. bNumEndpoints; ++i)

1118 usb_enable endpoint(dev, &alt—>endpoint[i]);
1119 }

AR RIFERIE 55 A for FEPAACAE R 0] R, &) Hif th SRAG IR AR AN 1 11 B AT 21 i 4 A
i i, W message.c L) usb_enable_endpoint()¥4 & 1114 4; enable.

1077 /*
1078 * usb _enable endpoint - Enable an endpoint for USB communications
1079

*

@dev: the device whose interface is being enabled

1080 * @ep: the endpoint

1081

1082 * Resets the endpoint toggle, and sets dev—>ep {in, out} pointers.
1083 * For control endpoints, both the input and output sides are handled
1084 %/

1085 static void
1086 usb _enable endpoint (struct usb device *dev, struct usb host endpoint *ep)
1087 {

1088 unsigned int epaddr = ep—>desc. bEndpointAddress;

1089 unsigned int epnum = epaddr & USB ENDPOINT NUMBER MASK;
1090 int is_control;

1091

1092 is control = ((ep—>desc.bmAttributes & USB ENDPOINT XFERTYPE MASK)
1093 == USB_ENDPOINT XFER CONTROL) ;

1094 if (usb endpoint out(epaddr) || is control) {

1095 usb _settoggle (dev, epnum, 1, 0);

1096 dev—>ep outl[epnum] = ep;

1097 }

1098 if (lusb endpoint out(epaddr) || is control) {

1099 usb _settoggle (dev, epnum, 0, 0);

1100 dev—>ep inlepnum] = ep;

1101 }

1102 }

A RBI T LUTRAT A 05U, 20 3R A s ik, Sl 3B AT S AN S i o 1o
T TS 2 WSk LIRS TR PR A 0F, e AT) 43 A ity a5 PR 7 1) KA AR A 5L 25 1) ep_in
Al ep_out ¥4, A H &M T include/linux/usb.h B K—/~1 usb_settoggle )%
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1424 /*The DO/D1 toggle bits ... USE WITH CAUTION (they re almost hcd-internal) */
1425 #tdefine usb gettoggle(dev, ep, out) (((dev)->togglelout] >> (ep)) & 1)
1426 #define usb dotoggle(dev, ep, out) ((dev)—>togglelout] "= (1 << (ep)))
1427 #define usb settoggle(dev, ep, out, bit) \

1428 ((dev) —>togglelout] = ((dev)—>toggle[out] & ~(1 << (ep))) | \
1429 ((bit) << (ep)))

X =S 2 AR 2 R Ab B £ 1Y) toggle A7, Wt 2 struct usb_device H %4l
toggle[2]. toggle[O]%f M[f)+& IN % i, toggle[1]X N K& OUT i, LS
(1) out FKFREu A2 IN B2 OUT, ep FRIKALEG s g5 kA, AR bl 2 .
usb_gettoggle Fk43 2 s %W ¥ toggle {H, usb_dotoggle kK 1) toggle {7
W, W25k 1 st E R 0, kA 0 BiE A 1, usb_settoggle Fil kit B & 4 i1,
mEE IR bit o 0, WK ep Pt B AUHEAS toggle 17 reset H O, W bit 4y 1, Il reset
J3 1. ((dev)->toggle[out] & ~(Al<<(ep)))wiZi 1 L ep £, tklwep K 3, I
AW E T 1000, RFH R, 53 0111, (HREMAEHFEZA 1), RE
(dev)->toggle[out] fl 0111 #5, X E{l1S toggle[out] 1% 3 Arid Il e #f
A, TEAATX I usb_settoggle IR, bit /L6 2E 0, F kK 1) toggle 17
%, SRR R, woEx TR AR B A WA ke e, s B T aA R 2
WeRIihtk ) DATAO 1, RJaA4—kfk DATAO, —ikfk DATAL.

MAEEF AP if iBA) B E AT is_control. 4% 4 FH (K /¢ message 4id,
message & 18 00 B B N [R5 B R 2, — MK in, —ANHSK out. X LA AN
if, AL if-else 414, HMmZZEREEL 4 is_control, FoR B EEHbG S, ke
FR 3 555 B IN AT OUT AN J7 1) _E I toggle £73i8 4 ep_int Fl ep_out #4 WAL T .
AR, T PR Il A A AL iR i A O

endpoint ] enable K% L disable %% % [(1 2, disable [N LR A F] HCD (1)
M LR AR e IR SAS urb, 17 enable [N gt LRI B E — F toggle ik B
PN T, SEANEE K urb BAF urb_list & 576 %S HL R EOME B AR A O 2
B — K HEB (R I s EE AL S T 1. enable 2 Jim, 510 BLIR &S a5 (8 # AL T- T iRk
) SR (1) R RS, AREE AT LAE IR ) HL Im) 415 0€ I 0m s 4248 urb 7o 44K, 31 H RIX AN IR
FEEIR R, K8 (BERBRE)D SEAREIREN, eI [AlaE s DAL & 44 (R 21 2k .

KRG A H A usb_enable_interface() & 1 B JLAT, 4% 10 BT )@ 1) R 2R AL AR y
usb_bus_type, %34 usb_if_device_type, dma_mask #5E AR IK 5 1)
dma_mask, MR ¥& %1 dma_mask 1R F LRI L4 &2 5 T host controller (V)
dma_mask.

1553 1T, device_initialize 7EWI4HL % struct usb_device 45 F A 11 ikl 210k — 1k,
X AR T I OB E T,
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1554 17, #8111 is_active bRtk 0, FoR' e b A S IRshg e, il
HHEY—F)L. mark_quiesced 7F usb.h H.5E X

105 static inline void mark quiesced(struct usb interface *f)
106 {

107 f->is active = 0;

108 }

1559 17, for LW T, new_interfaces () A dr it 4 ol 7o FRARIRMN %2 A
42, XHK) kfree BRI HJ2 new_interfaces 545040 N AE, T AEFE S B &4
TREFFTIR I A, ST IRSeds, #8C L AE iR 4 e & B interface %04 7.

1561 17, FRAFHCE M TR B MIRAT, BARE? SEPL LR N 7.

1570 17, X/ for 45, usb_set_configuration)HI =M B 4R T, W
FRZE L usb_generic_driver b E T UG TIXAAWMERE T, Rtk e
FIORAN 2036 T o

EAforfE K W TS for fE AL 2 B AR AN TR WA A, Linux s & 18 2o iR A
£ Musb_bus_typeX§t FR nElusb SR A& A 4 k&R B, AR5 28 lusb i
LRI b2 AR FERR, BTSRRI UK S) L Husb s 2k matchd £, e
usb_device_match(), A8 NS5 —MULHECHIEE o AR EEX A N5 B & R 1P 4%
BT NAZGEMESE ? BRI O 4 E iiusb_if_device_type T, A MBAIRAETTILITIRA
AT, BTl E A o A I

T B IR

REFAFHRIRAT, Fr (R Cge i Pfiidnd 7, (HZDRUOVIAE R AR, JIRAER, Pr
PAZ U sie AT R REIR AT I AL AN 0T 048 /0 /45 11 /0 )l DR IR A, IS DY K e 46 6
FESCRE, W0 FAF B R IR AR B A AR U PTIERR), SRALL PR BL G 4 UM 38 L5 DU il 12
(AP ]t 2 5, DY K B2 ) LR A F0 R TR 25, T 5 A 49 1 K0 5 A 5 22 L K
USSR LR Ak 2 2l 1

AR UL AT B IR AR, XTIk UE, AP R TRV 2, SR AT A A
RAFR S W LA IR MR ARV Z, ASHEASTIIEdumdH Isusb FIH
04b4 #7r[f/& Cypress Semiconductor Corp., WRHEILILEIL T, AL pfpf,
M2 N2 R R 2] 06 8 LA I —FEIE I sh R e s>, AR SAE 88 n
g, 2
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—PRB PR, AR R B AT R A R . TR SRR SRY), (BB IR
AEGEH, T, BAMEAN, HESCRT AN SO A WE R A, fRsniE H Er:
FEHZOMETE? RN LT 2, ARELTZ2M, g, A A
100 HIES WAL 140 200, FAPHRRR AT T LN 2 MiE SO, MR IXIFA
ST UL A U B IX A 2 A RIE 5 P R IR, R R ZE ki w78, Al E ot
TR, FANE X LRR AT A R, AR R A EEPROM HLT), W2 75 4
MONEY 1], IUEHAERRAET M2, 74 MONEY, J&&/D> /5 H EEPROM, Zi4)
K, B R kP PTGt UMHE S AR B SR i nT DL 1, 1 2 i H 42
PE—FpE S, BT LT .

LSO A TIAE B G S I ) AN 2R 0R B g N E B B TE S R, SR RE T, A9
RLET, ML), ASURE ) . AR U IR A S AR S T, A
WEN LA ATE T, BRINEANKR T, KREFAME mm ZZHAA B . AN ASE
W, 75 PC HLE# £ A7 L RE ] b, X AR 5 58 2 AT dhs
AR FX AR FH ey —F, A 2R, RULE NIFEEAREZ T,
NIE SR IOt PR e A IR 2 4 2 A REFNE S # S AT I gahid 77 20, PAATT ) fa A
A LMTH GB2312, GBK. GB18030 4%, &l il L& %k, M bigh, X4—
RAFFIE T B OIS RE A IS T, ATAH I Z XS RS UE 7. Tt gt R e A
WL T 4 — 2364, OEZEE SME T IR R GGl k, TRMIILT
UNICODE #1 1SO-10646. LUiEflf], @ KEIERT, ORI EAFAIER? FH
Fr BN A, SOREDRIRIAT TR, RIS S 2, ORI T Rk,

SpecH il T, PR A AR (18 2 UNICODESi S, usb¥ 4% H (1745 dh ] DLl it &
KLFFLTE T AR BT 10 B 1 KT AF A IR A5 (0 IS g 45 52 — /MR B ER G 21— Fb
WE, MFIEFID, WLanguage ID. XANE S IDAE AN 1 3%0R, B ] DU i
& IDTE http://www.usb.org/developers/docs/USB_LANGIDs.pdf SC#4H #5451 H
K MOXAN SCRS AR o] LB W ZEA A7, AR — DR, X AU,
W S 0X04, (HET SCEAH U LR, BTt 2 5 4b— AT R 2 ph b g, faiidet
J& 0X02, = Al kFRF AT U AL 0X0402 mi# 0X0204, KX F A
FEHIIL AN, bit0~9 —JL 10 A7 LK RPrimaryiE 51D, 4 6 72 £/R"SubiE 51D,
B MBS SUbTE S AT RESHERIN 2, Wb By 248 8%—2F 8bits, T LAfRifA 31
W5 1D 2 0X0804.

AL, TR, M EVWEatK) usb _cache_string i, &H& W E3kE—4
TR, E1E message.c HLE L

817 /*x

818 * usb cache string — read a string descriptor and cache it for later use
819 * @udev: the device whose string descriptor is being read

820 * @index: the descriptor index

821 =*

822 * Returns a pointer to a kmalloc’ ed buffer containing the descriptor string,
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823 * or NULL if the index is 0 or the string could not be read.
824 %/

825 char *usb cache string(struct usb device *udev, int index)

826 {

827 char *buf’;

828 char *smallbuf = NULL;

829 int len;

830

831 if (index > 0 && (buf = kmalloc (256, GFP_KERNEL)) != NULL) {
832 if ((len = usb string(udev, index, buf, 256)) > 0) {
833 if ((smallbuf = kmalloc (++len, GFP KERNEL)) == NULL)
834 return buf;

835 memepy (smallbuf, buf, len);

836 }

837 kfree (buf) ;

838 }

839 return smallbuf’;

840 }

TN REEANHATI A A S PIE S8, S FRFRIE ANy S, SIE SRR E
B2, TR HRTTIEA P S R AREE RN, ALK AR EERL, AR BE Ca Rl T
(2P, EEARE AT E R0 3 T EF O R T, B0 IE BRI,
INFER VR FRATT,  BR T U AR, B ar slVFE A B R S A BB LS -

WAFHR, AP AR —2 T, B2 F X e s, 75 A iR s 48]
DHIRZA, S8 index /e & TR AT AP AR LA . HRE AW B2 KRR,
TRANRESRSE index 4 0, O Zi St AAHFmR IR, RIGE O Titfr A BmAR. REHEN
T 000 (11, ASATARAR, RAFBIXN, R4k 001, KIAT AWK, AR E,

EEOER, BFLAEZE T, A MEDMNERERZH KA.

HRIEANRE, EFEW AW A, B2 e RN, B w3 )L R JLEA
usb_string() 2:Mi, A —JUES, MAMES RN, TEGFAZEE ULEEH
MNTAE. XA usb_stringQ) B4 TEMZEHE, WAEREEZE FEMNSH,
usb_cache_string)1Z40% T WA, @it buf f size, W@ EAL L —NE R [FIF)
TR R X . (HE VR usb_cache_string () fIRHi 31 % & 45 & — > B i)
size, usb_cache_string() il A AERAEZE BN AR BB A 2K, TR etk
TREA—NET, SRl —ANEERWEMNX, KHEE 256 717, FEXAEMIX A
usb_string(), #id usb_stringQ iR [FHE A3 21457 R FERFF I I8N, RE HEX
MELIIRANERTE DX, FER R X B35 Rl 27 8 45 Dk, X s s
ARG X IR BA 2 RHNE T, TR H e AR

5 R S AN X I, AR A usb_string QIR [FHE, 122 T 14
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T, WU EMNRGE M X B2 AP RN, At XaRpE] C BAY
307 TS N HNFE IR I A 2/ T4 Hh 45 R AR B e 5 W5 KR
2, BRBEWHIRAZRAHZ C RG>, AT C++, KA C++HEEZHEH

string.

FAFHRART ELA—ADERAT, K RUE N IEW ANHABER, (HIFAR R IEH AHASRERE I 4
ZIACAR 4 T N B A — N RAT . HUBR D NEFIE RS AT REN, (HIFA R
NHRENIE: BPEEARITREN), ATIETEEASE IR . ArREfR/ 0 7 1000 &, {HEZE 1001
RIHEARSS 530 T PREACRSmt rT RERL vl e 7o ANUZTILII T, 3 RSEAERT, 45141
%

1 #include <{stdio.h>
2 #include <string.h>

3

4 int main(int argc, char *argv[])

5 {

6 #tdefine MAX (100)

7

8 char buf[512], tmp[32];

9 int i, count = 0;

10

11 for (1 =0; i< MAX; ++i) {

12 sprintf (tmp, ”0x%. 4X,”, 1i);
13

14 strcat (buf, tmp):

15

16 if (count++ == 10) {

17 printf ("%s\n”, buf);
18 buf[0] = "\O';
19 count = 0;

20 }

21 }

22

23 return 0;

24 }

XREFPR A, ITH 100 ML (#4710 A4S, IR ET T ABINE? HRBAZ U
2R, XA R, R EE G E R e BT 4 A

et LU T, IR R REROR I, AESR 10 AT/ TR A—F)
buf[0] = "™\O*; ////////////////// here !

AE BESICR buf MRtk T, L4y streat L MNRCHWILALE buf, XX buf 1)
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WEHAAE O, streat NHNE'E ST RAME, EREN S buf (IT4G, HIHAS] buf 45,
AW IRV AR Z 8, AR LUE ] memset K84 buf 4)4atkh 0, {HiE
4R buf HECKINE, memset st LB HFE CPU T, 2L 270 IAAT T ZE A — M1y 20
it 2y, 1IXH buf[0] = \O'WLLH T, Prilicn 24 H memset £ 47 (4R — o
N T A I, X B — R AR B streat 152 X

171 char *strcat (char *dest, const char *src)

172 {

173 char *tmp = dest;

174

175 while (*dest)

176 dest++;

177 while ((kdest++ = *srct+) !="\0")
178 ;

179 return tmp;

180 }

strcat 2 )\ dest [RGB ITIR 2 34D FAF B INEDRAT, RA7#k3], 175 171 while
TR A G “By T 1, HUKFENE 17 SR U e USR8 BT, — 28 5t
TPEE:, BENOT B Sk HRWR dest WHBIMGIL, TG RB) streat AT
IFiaf BTN AE R . AOK streat (19 H (2K tmp B2 buf B A7 R A, HZER DY
buf &AW, WA IBA—AERET, streat gies—HIIF T %, sl EE /e L
TRk, WA NI E T T buf BVER, B sre MRS BIA RS,
BT RES DRI E T RER R, IR AR ST el T

fipp PRI i R R AR T R, R IC A B RR R B AT E S A g I an et
Bl e HAE AR AL EHE AP RE T A E, RIS REA T R

AR KA, XA A7 B 45 R AT BT AR ? C M C++HL— o #E\0",
% LA A) buf[0] = "\O'. XHF5IH spec Hf—HAJik: The UNICODE string
descriptor is not NULL-terminated. {4 /& NULL-terminated ““#F 5 ? 8 LA
\O'4i I ATH, WEAT TR B WAL B NULL 7€ X

6 #undef NULL

7 #if defined(  cplusplus)
8 #define NULL 0

9 #else

10 #define NULL ((void *)0)
11 #endif

T DN, B SABOE NN, 02 DEE, EE AMUBGE M % h
TRBbRAER A, O AT TR B R RO REIY | 37 R 4RET. 0 HZRAR BRSOk
. SAHILT O R — & M RN RZ RIS, BT, J6ie NULL 52
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& XN E 0 B ((void *)0) X MEFRER, NULL #EFRIIZE O 1, MmAZIE O fH. ¥
FFINO FIEEEL 1) O thn] DUE I e Rk AR B e ¥, P2 00— 0, "\O"J& C &5 2 LA\
8 kil ASCIH FE R X R F R0 —Fh i, "\O'Hi&&n—4 ASCIH f{E K O IIF5F .

FrCAEHERG U, NULL-terminated 457 # 5t LA O (HE5 R I 55, 4 spec HIA)
UL R R A — > NULL-terminated 745 8, 2 Bl 2 22 B R 2% A — A
SEWRAE, RIS IR FAF R SR EIB N — N KA. Ak usb_stringQ L C.4
o buf BINGF T, HEEIR P K B S B B REIX AN 4 A 1 AN, BT
usb_cache_string()4 smallbuf & ] 17 1INk A5 2 AER IS A —AN575, LM buf
BRI G R g P2k . MAEEE usb_string Q4 , & XAF message.c H

733 /A
734 * usb string — returns ISO 8859-1 version of a string descriptor
735 * @dev: the device whose string descriptor is being retrieved
736 * @index: the number of the descriptor

737
738
739
740
741
742
743
744
745

* @buf: where to put the string
*
*
*
*
*
*
*
*
746 * chooses strings in the first language supported by the device
*
*
*
*
*
*
*
*
*

@size: how big is “buf”?

Context: !in interrupt ()

This converts the UTF-16LE encoded strings returned by devices, from
usb get string descriptor(), to null-terminated IS0-8859-1 encoded ones
that are more usable in most kernel contexts. Note that all characters
in the chosen descriptor that can’t be encoded using 1S0-8859-1

are converted to the question mark (”?”) character, and this function

747

748

749

750

751

752

753

754

755

756 */
757 int usb string(struct usb device *dev, int index, char *buf, size t size)
758 {

The ASCII (or, redundantly, “US-ASCII”) character set is the seven-bit
subset of ISO 8859-1. IS0-8859-1 is the eight-bit subset of Unicode
and is appropriate for use many uses of English and several other

Western Furopean languages. (But it doesn’t include the “Euro” symbol.)

This call is synchronous, and may not be used in an interrupt context

Returns length of the string (= 0) or usb control msg status (< 0).

759 unsigned char *tbuf;

760 int err;

761 unsigned int u, idx;

762

763 if (dev—>state == USB_STATE_SUSPENDED)
764 return —EHOSTUNREACH;

765 if (size <=0 || !buf [| !index)
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766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
short\n”) ;
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
*/
798
799
800
801
802
803
804
805
806
807

return —EINVAL;
buf[0] = 0;
tbuf = kmalloc (256, GFP_KERNEL) ;
if (!tbuf)

return —ENOMEM;

/% get langid for strings if it’s not yet known */
if (!dev—>have langid) {
err = usb _string sub(dev, 0, 0, tbuf);
if (err < 0) {
dev_err (&dev—>dev,
”string descriptor 0 read error: %d\n”
err) ;
goto errout;
} else if (err < 4) {

dev_err (&dev->dev, ”“string descriptor 0 too

err = —EINVAL;
goto errout;
} else {

dev—>have langid = 1;

dev—>string langid = tbuf[2] | (tbuf[3]<< 8);
/% always use the first langid listed */

dev dbg (&dev->dev, “default language 0x%04x\n”,
dev—>string langid) ;

err = usb string sub(dev, dev->string langid, index, tbuf);
if (err < 0)

goto errout;

size—; /* leave room for trailing NULL char in output buffer

for (idx =0, u=2; u<err; u+=2) {
if (idx >= size)

break;
if (tbuf[ut+1]) /* high byte */
bufl[idx++] =" ?°; /% non 1S0-8859-1 character */
else
buf[idx++] = tbuf[u];
}
buf[idx] = 0;
err = idx;

214



808

809 if (tbuf[1] != USB_DT_STRING)

810 dev _dbg (&dev—->dev, “wrong descriptor type %02x for string %d
(\"%s\”)\n”, tbuf[l], index, buf);

811

812 errout:

813 kfree (tbuf) ;

814 return err;

815 }

763 17, BOUTHELHITRT, BaRiERHRN, index RAER O 19, REMET I
B 7 R 25

767 17, ¥liHtk buf, usb_cache_string () &A XX AS buf #1454k, Fr LAx BLA 2 N
XA, 48R usb_string) AU A7 usb_cache_string() i, fesvE
B RHARE, AEAEEE, XEEEEN, SRFHEXA—D.

76817, HUE—AN 256 F AT K/NMOLZEMIX o BT — HL G A R Ak, BAEIX
A B2 —H, %A EWIEN tbuf? KRR NRBE, kB, REE
usb_string Q5 A —HERL A 1 T .

773 4T, struct usb_device .45 have_langid 1 string_langid iX 4 P> B FE 74
R FFH LR, string_langid  H oK $5 52 8 WE A E 5, have_langid H ok 45 2
string_langid 2%, W% have langid 75, st BA 35 & HANE =, B4
ARAF I T R IR A FH (2 RS 5 e R WA TS RO T o IR BE 2 BE A4
1 have_langid 478 FIlHE, EAE 774 4781 793 4T PIX usb_string_sub()? #t14%
usb_string() /& ¥ usb_cache_string() i 77 1. i) — £, usb_string_sub() & &
usb_string OG5 T, Wk iE 1Rt usb_string() /& %E usb_string_sub() £ 3453745 |
HEIR T, A ) WU A8 1% A A4 have _langid D48 i, B3R 38 (1) 745 5 ik 45 2

PRA] PA LI — R IR usb_string_subQ IS HA5 A X 5, 58— EE, &5
ID # index #2450, 2 IRV # TR E THE S ID M index. XHK XHLE
7t index b O [FIEHEE, W2 O 45 M- AF B FRF AT AR AR, Wi Ut T e ARk
it — AR 7, Sy — R+, BUE RS A B T, iR —
e

BN R 254y, ARk i, spec 9.6.7 Ui T, 45 O (74 s A 7 35
TR AIES ID, A NIKELE Table 9-15
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Table 9-15, String Descriptor Zero, Specifying Languages Supported by the Device

Offset Field Size Value Description

0 bl ength 1 M+2 Size of this descriptor in hytes
1 bDescriptorType | 1 Constant | STRIMG Descriptor Type

2 wLANGIO 2 Mumber LANGID code zero

M wLANGIDX] 2 Mumber LANGID code x

A usb_string_sub st it 4 T3RAHIXIKE, FRAFXRRMOIRIT ? IREATE T

77517, usb_string_subQiR[FINM L, iR REAHRGIXKE, BAWE O 57 FFH
WA WHIREMELE 4 ZN, SRR R R A A ST —/MES ID. EANE—ANE
5 ID A 2 N, RTINS R R B IC AR, FrLAS B EdE 2020k 4,
AR AR AN ERES 1D, WHIRFEMEL 4 ZOK, st SRS E 3, 4 A
FATEE string_langid, [FIN#E have langid & 1. BfERBIE T, 773~791 iX—
HE G AE VR BEAT H A RS 5 I, 29RO &% LBRAE FH IE S, aie 0 5%
FFERFIARFIRIEE —AMES ID PR ErE S . WREARBEXABINWIES 1D, |
usb_string_subQiR[FI{E/NT 4 BTG, BiEAE INET 2R E PR R AT T,
VAR ETE SR, A AN A RS BT IS TSR, BB NI RO, W
ASFANRIZ T TG Fr 3 M IRPIR D o

793 17, HIREMES ID, B H RIS NERATE 5 1D Z3R1GFAE A 717§ il
7. BEEE € XA message.c HL{) usb_string_sub L.

696 static int ush string sub(struct usb device *dev, unsigned int langid,

697 unsigned int index, unsigned char *buf)

698 {

699 int rc;

700

701 /% Try to read the string descriptor by asking for the maximum
702 * possible number of bytes */

703 if (dev—>quirks & USB QUIRK STRING FETCH 255)

704 rc = —EIO;

705 else

706 rc = usb get string(dev, langid, index, buf, 255);
707

708 /% If that failed try to read the descriptor length, then
709 * ask for just that many bytes */

710 if (re < 2) {

711 rc = usb get string(dev, langid, index, buf, 2);
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712 if (rc == 2)

713 rc = usb _get string(dev, langid, index, buf, buf[0]);
714 }

715

716 if (rc >=2) {

717 if (!buf[0] && !bufl1])

718 usb_try string workarounds (buf, &rc);

719

720 /% There might be extra junk at the end of the descriptor */
721 if (buf[0] < re)

722 rc = buf[0];

723

724 rc =rc — (rc & 1); /* force a multiple of two */

725 }

726

727 if (rc < 2)

728 rc = (re¢ < 0 ? rc : -EINVAL);

729

730 return rc;

731 }

A BRET SR — R RIS A TR A B, an 2 — N BN Al A
G W %, Bt usb_get string() £ F B & 3K A F R AR R
USB_QUIRK_STRING_FETCH_255 /&7 include/linux/usb/quirks.h H & SR
WREEEAHNERZ —, (FE Hub) BFEMNMWIH T ELH quirk, 7T
USB_QUIRK_STRING_FETCH_255 g/~ W& L3RI 17 i il £ I % 25 crash.

usb_string_sub()fI#Z Lt /& message.c B2 X usb_get_string %L

642 /%

643 * usb get string — gets a string descriptor

644 * @dev: the device whose string descriptor is being retrieved

645 * @langid: code for language chosen (from string descriptor zero)

646 * @index: the number of the descriptor

647 * @buf: where to put the string

648 * @size: how big is “buf”?

649 * Context: !in interrupt ()

650 *

651 * Retrieves a string, encoded using UTF-16LE (Unicode, 16 bits per character,
652 * in little—endian byte order)

653 * The usb string() function will often be a convenient way to turn

654 * these strings into kernel-printable form.

655 3k

656 * Strings may be referenced in device, configuration, interface, or other
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657 * descriptors, and could also be used in vendor—specific ways

658 *

659 * This call is synchronous, and may not be used in an interrupt context
660 *

661 * Returns the number of bytes received on success, or else the status code
662 * returned by the underlying usb control msg() call.

663 */

664 static int usb get string(struct usb device *dev, unsigned short langid,
665 unsigned char index, void *buf, int size)

666 {

667 int 1;

668 int result;

669

670 for (1 = 0; i < 3; ++i) |

671 /% retry on length 0 or stall; some devices are flakey */
672 result = usb control msg(dev, usb rcvetrlpipe(dev, 0),
673 USB REQ GET DESCRIPTOR, USB DIR IN,

674 (USB_DT STRING << 8) + index, langid, buf, size
675 USB_CTRL GET TIMEOUT) ;

676 if (!(result == 0 || result == -EPIPE))

677 break;

678 }

679 return result;

680 }

KO ANCHIX LB L/ DUGES] usb_control_msg() 1, #HUiEiAd: 500 kIR A s
AR — kA T, ASPAATTIAE B T BT IR T o 2SI, e R — e
—HESHL, wvalue [ R RRFIRFF R, ARAL R IR T TS, AT
674 17HI(USB_DT_STRING << 8) + index, wlndex %} T 745 B 3R 25 WV 1% 5 &k 4f
MBS R ID, FTUA 674 171 langid, % T wlLength, i fFmE, 17556
FERFFARAEAT — G — I8 8 PR RE, T A2k idl b3k ) LA 3ot dod ke PR 5 o — A BRI
255 F5,

ARG B PR LTI, DU — 28] R4 H A B OB R, W RE T 226 LI gk
o BHVFREZM R, BN S EUEHR A, SIIERZE AW R T .

LR sk 2 usb_string_sub s, 115 usb_get_string () I3 T IR 755

IR TE, R PISRAF A E, XN H N 2, A2 i, SR X
WA AN, G E spec Table 9-16
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Table 9-16. UNICODE String Descriptor

Offset Field Size Value Description
0 blLength 1 Mumiber Size of this descriptor in bytes
1 bDescriptorType 1 Constant STRING Descriptor Type
2 bSiring M Mumiber UNICODE encoded siring

Table 9-15 /& O S AT B A FF AR, XA Table 9-16 2 & 4F th R 7 (1#% 5,
IR T UG 2, ERRT A 7ARos TS, Wk 2 A7, w
AT LLHER IR ARAF IXA 75 SR SR A B, AR5 n] AP S AR 1) I 251K 1

BN T, WAERE 716 17, /0 NHTIAM usb_get_stringQ 452k, 4
FILR A5, ERIRIEMER /N T 2, BHER A ME R WERIR I E 5 BT 5,
rc K481 2, WA TR T MBI 717 B iR 17

717 17, buf HTPIAN 1A — A, Wl Table 9-16 [HTAN 19— A H,
PWH T message.c H.5& X usb_try string_workarounds i %

682 static void usb try string workarounds (unsigned char *buf, int *length)
683 {

684 int newlength, oldlength = *length;

685

686 for (newlength = 2; newlength + 1 < oldlength; newlength += 2)
687 if (lisprint (buf[newlength]) || buf[newlength + 1])
688 break;

689

690 if (newlength > 2) {

691 buf[0] = newlength;

692 *length = newlength;

693 }

694 }

XA E H 2 M usb_get_string )ik (9] F# HL S AT A 00— A8 3 R
EIZ L5 686 1T for g3k, AL ZREHEXMEH, EEAZ IFESNHIL,
A BRI, REBE BRI, SCESENZ KR, DU KREEHE T AR
R RRE T, H 3 B,

ANAZ BRI T 745 HR AR 7548 P A& UNICODE %ifid, 52 UNICODE RIS T 7
TR gl FIRISSRZ VU — B RS, FRAEMUNRTE RGP AAAEMREL 7 4F, IF
AT ARS8, IR o] A7 i b 2 7= 1) 1) f . UNITCODE A H ) 9 i % 2 3 22 P b
UTF, B UTF-8 1 UTF-16. 1{i}f] usb_get_string ()15 11545 s Al 12 UTF-16 %
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TSR, 1 HJ2 little-endpoint 1), AN FREACT BAE PN 7ok E R . IREIXAS for
PEI . newlength &I 2, G RARBFHRACEE—ANFRFR), (H 2550 A B AL,
BB AN T e AR AR, XA HARE N ASCIL, 1SO-8859-1 %5 )L 44
W] Lo

ASCII &R F RS —Fh i i, FoRMse KF R8N 256, BAFRF N 1AM 7T,
HRCF IR A%, — ok 128 MU T (sl 0), Xk D& e s 7%
HIFRE B KNS FRE, A H e —5R55 . MG PEIEF BRI EEE 2 2K ) PE R
&I A 1S0-8859-1 AR AR, ‘¥ R T ASCH it mfir, KEng n g —A
WIRZE (241D, Flu LA A (252) XFEMFFF. 1M Unicode KT, HELEAE
0 # 255 LA 1SO-8859-1 54+, ‘BHAMHFIRIET, 256 3| 65535, 3|
FoRHEIES . Bl LU 1S0-8859-1 #i /& Unicode 174, #1% Unicode [
BTN 0, MIE RN AT AT 1SO-8859-1 X4 —FE T .

H LR RIR L, WMATHERIXA for L, newlength M 2 JF4f, & 4RI AN
AR s KR, X B HIEAS )L LT Table 9-16 (¥ bString H IEE 544
Ak #E . & FE A iE usb_get_string() 15 2 1 45 1 J&  little-endpoint 7, Fr LA
buf[newlength]#1 buf[newlength + 114}l /R— AR AR RS 7, B4
isprint(buf[newlength]st & K HIWr— F X4~ Unicode 7 K- 2 A2 AT L print
(1, MRAKE, MBS ERA FER T, BN ERFEATE T, REHHE T 690 1711
if, # newlength X% buf[0], Ell bLength. length 151 {/& usb_get_string()iz Al
M AEHHR K, 692 ATEH for R H A RKER EHEMLT . isprint 7&
include/linux/ctype.h B¢ X, Rl EER, XERMAZUT .

XA for R SAEA WA, S 4h—N it 2 buf[newlength + 1], i &£1X 4 Unicode
PRI 0, XINEAIELER NV 1SO-8859-1 2, Mftabn FixASHAlwr? 4k
WEE.

usb_string_sub() ) 721 17, buf[0] % 7~ i 5t /&2 bLength HI1{H, @R E/NT
usb_get_stringQ 3R IEHR KL, IR L s ds BAFAE— 2883, A LRIk S Ay B
B BN F Ty, BTG KRR . BEAE XA ro @& BN B AT A R R R
PR[ANE, B LU AN IS 5 20K buf[O]M45 re.

724 17, B4 Unicode 745 EAE A5 RK s, BT re AU EL, 2 1AL,
IR A HG AR e AT AR, MUK re gl 1. MEATRTRAE ] X ELE
— AN R AN R 4T, (re & 1)1E re ABENAET 0, AEEUNAET 1,
i re ke, ARIME0E - MEEG

M 716~7251XJLAT AT INAZE S H RIS — N7 B IR A5, usb_string_sub()
IR [A ) A —A NULL-terminated “F4F B K, IR W LB R . A2diX— 5, AT
0 %] usb_string BRI 797 17, Joks size, il buf /MR 1, H RS R 45K AT
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REE 1A IALE

798 17, tbuf L {f 17 & GET_DESCRIPTOR i 3K i [0] ity Ji 45 2 4%, err &
usb_string_sub QR [EME, — VRIS, ©RRAE NG RIRB R KN, X
Hidx ML O, 11 u IIRILRME R 2, HEEM tbuf (5 =AS 71 IR 1145 buf,
BETRIAATT0 H A2 3R 275 HR A T HLIG A bString, AN EBANRATF A 2. u BRIK
LN 2, X F R UTF-16 & AN Rom — AT/, Bt DAAER— B A3
PN

801 17, XA~ if-else AG VR W AELLAMIVR, ZHmiG A, LRI EH — Ay NI it
F)—Le8 g, tbuf B4 Unicode TIN5, X& little-endpoint 1, i 801 1T
L FIBIX A Unicode A AL -T2 AZE N 0, WAL 0, W) 1SO-8859-1 HLEA
EATRF, il E buf BN AR A 27 e s 7150 0, sl BX 4 Unicode
T4F 1S0-8859-1 HAAY, i EBG B MARA 7RSS bufe XA—A for IR Rk,
¥ tbuf 1) Unicode T AL T buf HL# 1SO-8859-1 F-1F i .

806 17, N bufiBin— Mg AT, AMTXTHmERT .

e AmE L )

M BT EA AT 44008, usb_generic_driverst A I A gk L, DO Jrkik s
)4 A8 036 4y T linux [ % # B A, ik usb & £k 19 match i %7, 8wk 2
usb_device_match(), 7 H AR IRNEER B ENTFH— D EE I D RNFET -
PUAELE AT 7R (1 ) — ), X 26 L1 R S Lok 2

K E LRI TE)L linux B9 N# 2 F1IE LN % 4 4y 4 insmod, modprobe,
rmmod. i insmod 2% modprobe IX#) K%, Zik—AN Pt E, 2 HBRIKE)
LA xxx_init %, BEifT 298 usb_register O IR B AC LA VA& AL, WS &
usb SEMIRANEERE . /K rmmod KB, RS — N ihdrid G, AR
IR B A xxx_cleanup A%, HEiH A usb_deregister )R IIREI M usb s k1
UREhEER MR . BIAE B F include/linux/usb.h HL5E K] usb_register %L

916 static inline int usb register(struct usb driver *driver)

917 {

918 return usb register driver(driver, THIS MODULE, KBUILD MODNAME) ;
919 }

B RXANREL AR 1, BUEMAMEY e, WM AN Lk, X
A AT RIRFAEDU G, RS EZ N, ANE AR, NIl T4 . WEZIEH %
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AT A FEMA IR th LA PIZ, AL RATE A T 44, M2 5 R ILI .

ARAE WA AT WX 4 ZEE LI, A usb_register_driver X4 —/ ekl H
A~ usb_register(), ‘& HEHEEF LA T . 1 HISAE % struct usb_driver g4 5
H—MNH AN owner 7B, BAMNERANY ARG usbh I3 NG, I H#fs
ZSMBIHERE N THIS_MODULE. {HE&ZRS HYetl, 7E5 et kn struct
usb_driver Z5fN AR, KA owner AT L T« Bl 21X N7 AR Kok e
Wk, PRAGH1TEIXA owner T THIS_MODULE #AL % T4 .

MAASIFARE L RN, #NZA1E owner J&—> struct module * 28R [ g f ik Fe 5,
PLAE SRR 2 BES struct module S5 % LR T — AN BEE, s +-EX
BRRMERIAERT —MN, BFRETA2N, EMIIAAFE, FFE, 54 struct
module Z5RARR T AR, W EFATHIIRAIIBEA FE . YR, WX A Z A
e H WM N ZME, RIENIA I A A insmod 5 modprobe £ R 5K 5 1)
xxx_init B AT R S . insmod 2T, < kernel/module.c H(1)
— ARG sys_init_module, ‘&4 load_module &%, KiH 2 mE N A
WAZAREHR S B e — A AR AR, JFIR [Fl—A struct module g5#91k, Mit, Az
DI A 25 14 RAR R IX AN N AZ AR

FFEH THIS_MODULE %2t 4% B, EfE include/linux/module.h B 5 St

85 #define THIS MODULE (& this module)

s& 7> struct module 485, fURMHEELL, S5AE4M current L5 AHALL, 7 LATE
i THIS_MODULE % >k 51 F #& Bt f§ struct module 45 # , Lk i ff M
THIS_MODULE->state A LAZRAG HHTELILPPIRAS . IAEARNAZIT F O GRS % H L,
PR 55 B2 RO %= KN IE BE B K struct usb_driver 45y B K owner % E 4
THIS_MODULE TH, XA~ owner $55H5 ({2 R AR A 2. EILAE owner WERR
B 782 XA R TG T, MR TR R o AN HDTE AN R WA s il il G
tk owner, RIEZRZ NHS KL, KEABIEER 15+ 2] probe. disconnect %5475 %
Rt by, EMATFET, HTEEN U B4R E — T 1) owner [ 31% 5
BB, EAN AR RGBT A 2N, ARSRR T H HEESE 2P T27E
2006 FEMFETH L, ERETTEO TAE O ) EE L E %, Greg IBsy—4, £
T owner, T2&T TS usb WK M NFAA M 20 2L W 440 owner T . FH
THEA % owner T, 1] core EANGEAN K, struct usb_driver 2514 TR )2 %5 owner
T, Al BRI ARAS struct device _driver g5 BAH I, WE T M LLT . T
Greg [AIf X3aH1 T usb_register_driver()ix4—Jz, usb_register() nJ Ll IS 2 5dE
5E 4 THIS_MODULE £iHI'E, By s #R IR E) e Bkl 244, [ IE usb_register(Q
SR, JEARSREIN AT . I HLE S usb_register_driver i3 T

719 /A

720 * usb register driver — register a USB interface driver
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721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
47
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764

@new driver: USB operations for the interface driver
@owner: module owner of this driver.

@mod name: module name string

Registers a USB interface driver with the USB core. The list of
unattached interfaces will be rescanned whenever a new driver is
added, allowing the new driver to attach to any recognized interfaces

Returns a negative error code on failure and 0 on success.

NOTE: if you want your driver to use the USB major number, you must call

usb register dev() to enable that functionality. This function no longer

L S I S S S N

takes care of that
*/
int usb register driver (struct usb driver *new driver, struct module *owner,

const char *mod name)

int retval = 0;

if (usb disabled())
return —ENODEV;

new_driver—>drvwrap. for devices = 0;

new driver—>drvwrap. driver. name = (char *) new driver—>name;
new_driver—>drvwrap. driver. bus = &usb _bus_type;
new_driver—>drvwrap. driver. probe = usb_probe interface;

new driver—>drvwrap. driver. remove = usb unbind interface;
new driver—>drvwrap. driver. owner = owner;

new driver—>drvwrap. driver. mod name = mod name;

spin lock init(&new driver—>dynids. lock) ;

INIT LIST HEAD(&new driver—>dynids. list);

retval = driver register (&new driver—>drvwrap. driver);

if (lretval) {

pr_info("%s: registered new interface driver %s\n”,

usbcore name, new driver—>name) ;

usbfs update special () ;

usb _create newid file(new driver);
} else {

printk (KERN ERR "%s: error %d registering interface ”
7 driver %s\n”,

usbcore name, retval, new driver—>name);

223



765 return retval;
766 }

X e ORI RT I W fiusb_register _device driver K iRAH, R 2 MR B — i E 1 ok
s, AR A, RESHEAAENED. A, KESANERNSE, il &2
B¢ — g, for_devicesft 742 T E K T O, 1 TiX4T, match 8 1 I 4
is_usb_device_driveriti| TJLIA AR 1 s 4 IS 0L 25 AR JE 2 71 752 TR
IIK AT 2 v 8, NI DN 2lusb R & M RSN RER B, Mtk Ja, 82 ORI 19K B 5k
Al LAl T usb B 2k I mateh s BB E A R E R IR 250 4488, usbi i SRS AEA T 4 — WL Bh
1, WAMGTA—WEME, PURARE—IRE X 45 2 D8k, e B R, #83™
R0 A2 0 7 (R 4, FRATT AT BRISAE I A2 0 — N5 2 BaBasEA:, A ke gk, N EAE
ity

BRI match

M URAE JUK I 1) A2 T A7 7B 38 ) usb BR84S match %1 usb_device_match()7F

GRIPLLE, BB T R, R TRARS), BB TEO, Wl 70K, e 2KiE
#| usb_device_match(), X Z x5 R mE, “BACLarA R Sut, +—=FLs, A
JEFIENL? 7

JLSRN NS — 4 LM 2 i, HIEXCHR AW, KO T B%, B T, pittaass.
RS WA — IR 2B, 5 hub 178, k5T usb_generic_driver, %4 74:1
WKy, % usb BEfRIE. ABMNKARIEA M, DERNRANBAERE RS, Ma

WNIAE, TWHMKBEZUF, GG INYE, ZFarese)s, @AM s, NEN
Tk, AL LR IEM A A 2 kA BIE Btk NIUJFRI AE
Default R &z A7, R JE#$ N Address, Lk RG24, #HEYH
usb_generic_driver KJfili ¢, #®AHER, & TIAR|T Configured, X Wik H O
CIks 3R 2, LM usb_device_matchOBEW e — N F A K .

ALY, EIXIIRATZ S usb_device_matchOAHE, FHETE AL KL,
AL TS PR AR o

540 static int usb device match(struct device *dev, struct device driver *drv)
541 {

542 /* devices and interfaces are handled separately */
543 if (is usb device(dev)) {

544

545 /* interface drivers never match devices */
546 if (lis usb device driver(drv))
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547 return 0;

548

549 /% TODO: Add real matching code */

550 return 1;

551

552 } else {

553 struct usb_interface *intf;

554 struct usb driver *usb drv;

555 const struct usb device id *id;

556

557 /% device drivers never match interfaces */
558 if (is usb device driver(drv))

559 return 0;

560

561 intf = to usb interface(dev);

562 usb drv = to usb driver (drv);

563

564 id = usb match id(intf, usb drv->id table);
565 if (id)

566 return 1;

567

568 id = usb match dynamic id(intf, usb drv);
569 if (id)

570 return 1;

571 }

572

573 return 0;

574 }

WML T, ML 552 /T4 M. 558 1T, #:H1UKsh1 for_devices
7t usb_register _driverQ) WAL O, BT LLXANMET T LIS Sm bR i isA T, 4kst
fERE, 561 17, @EF|—XF) LS A% to_usb_interface 1 to_usb_driver, ZJit
PLUGBUE AR, 2N B E 4B Bt —X) )L to_usb_device fl to_usb_device_driver.
LR LX) L T4 ORI 13Ky, — XL T &M s kg, BEEMREE, EEH
% include/linux/usb.h B 5E X

159 #define to usb interface(d) container of(d, struct usb _interface, dev)

857 #define to usb driver(d) container of(d, struct usb driver, drvwrap.driver)

FAENE, 2% usb_match_id Al usb_match_dynamic_id, ‘EAT#8E Ik 5¢
S BRIVC R TARE R, AL RT—AN 2 WEKSI Y id_table B4k, B AR IREN T X
B, G ANMENIRBBNA id $E3 dynids B3R BG5S US I NSRS US 1w Rl
BN BIEEGHS S ¥ 2SR, KB id £ id_table F1 dynids WiFp. A&
564~570 X JLAT I B2 id_table B — NGB R AR A E, Ne BERA
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FEO T AFMNSE id BER K.

INPER] struct usb_driver S5 RIS g I B A TR S BRI RBNA id RIS S5k 1k
struct usb_dynids, {HZ2MAZEE, AFeAN CCTV, FrllIEsh—F, XS0
X AE include/linux/usb.h B

760 struct usb dynids {

761 spinlock t lock;
762 struct list head list;
763 };

EHAWANTE, 08, AR, AETE usb_register _driver() B #IAALIT, X
A list KBNS id BER ML L, & B RN 252 H 7 4h—/N 45 #4 struct usb_dynid
KRN

765 struct usb dynid {

766 struct list head node;
767 struct usb device id id;
768 };

XH LT struct usb_device_id £ Rk, LA id, FEREIN—ANEhE
id, B MIBhEhA id 8L B IN—4 struct usb_dynid Z5i#4&. VRELAE N 1% 0] LLAR
%3] usb_match_id Al usb_match_dynamic_id XA 8a T E iy A —FE, 3L
ENAKSEBAT A ZE I BT DU R ORI R AR —F usb_match_id &%, &T
usb_match_dynamic_id(), WIRRSAEICIE AR NAE BAstB T L EEEH . EATH
7t driver.c H.5E X

447 [k

448 * usb match id — find first usb device id matching device or interface

449 * @interface: the interface of interest

450 * @id: array of usb device id structures, terminated by zero entry

451 *

452 * usb match id searches an array of usb device id’s and returns

453 * the first one matching the device or interface, or null.

454 * This is used when binding (or rebinding) a driver to an interface

455 % Most USB device drivers will use this indirectly, through the usb core,
456 * but some layered driver frameworks use it directly.

457 * These device tables are exported with MODULE DEVICE TABLE, through

458 * modutils, to support the driver loading functionality of USB hotplugging.
459  *

460 * What Matches:

461  *

462 * The “match flags” element in a usb device id controls which

463 * members are used. If the corresponding bit is set, the

464 * value in the device id must match its corresponding member
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in the device or interface descriptor, or else the device id

does not match.

“driver info” is normally used only by device drivers,

but you can create a wildcard “matches anything” usb device id

as a driver’s “modules. usbmap” entry if you provide an id with

only a nonzero “driver info” field. If you do this, the USB device
driver’ s probe() routine should use additional intelligence to

decide whether to bind to the specified interface.

What Makes Good usb device id Tables:

The match algorithm is very simple, so that intelligence in
driver selection must come from smart driver id records

Unless you have good reasons to use another selection policy,
provide match elements only in related groups, and order match
specifiers from specific to general. Use the macros provided

for that purpose if you can.

The most specific match specifiers use device descriptor
data. These are commonly used with product—specific matches;
the USB DEVICE macro lets you provide vendor and product IDs,
and you can also match against ranges of product revisions
These are widely used for devices with application or vendor

specific bDeviceClass values

Matches based on device class/subclass/protocol specifications
are slightly more general; use the USB DEVICE INFO macro, or
its siblings. These are used with single-function devices
where bDeviceClass doesn’t specify that each interface has

its own class.

Matches based on interface class/subclass/protocol are the
most general; they let drivers bind to any interface on a
multiple—function device. Use the USB INTERFACE INFO

macro, or its siblings, to match class—per—interface style

devices (as recorded in bInterfaceClass).

Note that an entry created by USB_INTERFACE INFO won’ t match

any interface if the device class is set to Vendor—-Specific

This is deliberate; according to the USB spec the meanings of
the interface class/subclass/protocol for these devices are also
vendor—-specific, and hence matching against a standard product

class wouldn’ t work anyway. If you really want to use an
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509 * interface-based match for such a device, create a match record

510 * that also specifies the vendor ID. (Unforunately there isn’t a

511 * standard macro for creating records like this.)

512 *

513 * Within those groups, remember that not all combinations are

514 * meaningful. For example, don’t give a product version range

515 * without vendor and product IDs; or specify a protocol without

516 * its associated class and subclass

517 */

518 const struct usb device id *usb match id(struct usb interface *interface,
519 const struct ush device id *id)
520 {

521 /* proc_connectinfo in devio.c may call us with id == NULL. */
522 if (id == NULL)

523 return NULL;

524

525 /% It is important to check that id->driver info is nonzero,

526 since an entry that is all zeroes except for a nonzero

527 id—>driver_info is the way to create an entry that

528 indicates that the driver want to examine every

529 device and interface. */

530 for (; id->idVendor || id->bDeviceClass || id->bInterfaceClass |
531 id->driver info; id++) {

532 if (usb match one id(interface, id))

533 return id;

534 }

535

536 return NULL;

537 }

522 17, ZHid IR RSB B L4 M, B id_table, WA e 2, M E e
ATTRERVERC R T, IXFERISRANI usb B HLKME 2, SRR R BT A A% A
TR o

530 17, MRAIRESs M A A X BEATE AN 24— T struct usb_device_id 4y, FZit (&
& U R CRUMFIER Z VRN T, X BLSE B BRE B I (R AN 1 L e, )
— 7 THT, e LT PR S T B HOR 21 (R R B, FRAEAE AR AR A R — R AR I A ) \UUAs
B, ALY R A LR B RIK K S 56 M I IR 3% 1545 struct usb_device_id
SR PR FE RIS

T AXAS for fEH LR B & AE 2 M LIRS, WA T 4441 id-=>idVendor ||
id->bDeviceClass || id->blnterfaceClass || id->driver_info, &t i H & %X

usb_match_one_id MR ZKIEES . Ak, E3E id B2 /XNy 2% A
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usb_match_one_id X4 N3, B rIVLELHE R XA for EFA L E B 1, (H23)
Aid M2 5, FR BT A2 usb_match_dynamic_id e, A id
FKEAMEFER VLA, XAt E kA ESE, TRl e E G A e ik, AT
usb_match_one_id F#L,

for TR IS4 T RE IR — P &l 2, id I e B A2, A driver_info BT
WA N, MG TILEZ2E €I E), AMEKEES IR LG
usb_match_one_id(), XMIKAIXT usb $2 ki & LL R BEE AR A, ANE S F= L A READ
x5 B, A A HMBLXFE L ? 10 SMmiE, ISRCIhE, B iR A C
E’J probe %L, IXANLEE B fE S04 PR — IR, WR I T X BT RIS O,
SEA A IR B P A R A 1, R B R () A BB B AR A Y probe MR T,

STEIRA BN driver_info (NARU K, RIGREAMIME AR, 4AK4, id

ilﬂ)hﬁ’] driver_info gt /& 45 SRS B0 1

Lt E%E usb_match_one_id)5% ZVEBLHIE, X ARAE driver.c

404 /* returns 0 if no match, 1 if match */

405 int usb match one id(struct ush interface *interface,

406 const struct usb device id *id)

407 {

408 struct usb host interface *intf;

409 struct usb _device *dev;

410

411 /* proc_connectinfo in devio.c may call us with id == NULL. */
412 if (id == NULL)

413 return 0;

414

415 intf = interface—>cur_altsetting;

416 dev = interface to usbdev(interface);

417

418 if (lusb match device(dev, id))

419 return 0;

420

421 /% The interface class, subclass, and protocol should never be
422 * checked for a match if the device class is Vendor Specific,
423 * unless the match record specifies the Vendor ID. */

424 if (dev—>descriptor. bDeviceClass == USB CLASS VENDOR SPEC &&
425 ! (id—>match flags & USB DEVICE ID MATCH VENDOR) &&
426 (id—>match flags & (USB DEVICE ID MATCH INT CLASS |
427 USB _DEVICE ID MATCH INT SUBCLASS |

428 USB DEVICE ID MATCH INT PROTOCOL)))
429 return 0;

430

431 if ((id->match flags & USB DEVICE ID MATCH INT CLASS) &&
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432 (id->bInterfaceClass != intf->desc.blnterfaceClass))
433 return 0;

434

435 if ((id->match flags & USB DEVICE ID MATCH INT SUBCLASS) &&
436 (id->bInterfaceSubClass != intf->desc.blnterfaceSubClass))
437 return 0;

438

439 if ((id->match flags & USB DEVICE ID MATCH INT PROTOCOL) &&
440 (id->bInterfaceProtocol != intf->desc.blnterfaceProtocol))
441 return 0;

442

443 return 1;

444 '}

412 17, EA id R FE LIS id_table FLAHE—1T T,

415 17, FAFECCRMIBIE, BEE BT QIR AT, SEULRCEE DANSKS), $2 Of
AT HAE St AR A1

416 17, MM struct usb_interface £5#143k#3 usb &1 struct usb_device %;
FfA, interface_to_usbdev [1)E X 1E include/linux/usb.h H

160 #define interface to usbdev(intf) \

161 container of (intf—->dev. parent, struct ushb device, dev)

usb B HI e BRI 2 B ARG R e ? 2 LIRS parent, # M1 parent
HL.7E usb_generic_driver [l generic_probe p&i% i) % & 15 T HE AT 1he 28 B RN I I
e §t e M1 da A s 7, 1 HAg @ A DT AW B A usb # & X4 — b,
interface_to_usbdev FJEERIHE T, fHadiginicEbiz, NEMAES, &=
I A) 22 WA AR )= 7 PSR —FF, SRR IR o

418 17, XH H kA usb_match_device(), 4% HFIIKE) 2 A (R EAR I8 EAS & 4 1
BRI, — a2, BN TSR 4 E s R I, O R I A ok
Bt o ARREARAFAE & A AR, BRA IR I, X G 7r 4 LR LK
B IAILHS, (HIE4% ) parent W& 0BT & 51, X BIE 55 BN, IRIFANE S
S T A ASEAE KA B WS R mm R, RSEE mm R ROV R A ? KR
TR, IRVTRESUR: RS T2 BIKA? B UEMNA? REBA, RN = RNV
T o PrUAuLRE D EAAR RIS M 70, H O K parent £ 5 3RS SR S,
usb_match_device )il /& % [ IRILELE: 1 parent 1. [FIFELE driver.c Bz X

368 /* returns 0 if no match, 1 if match */

369 int usb match device(struct ush device *dev, const struct usb device id *id)

370 {
371 if ((id->match flags & USB DEVICE ID MATCH VENDOR) &&
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372 id->idVendor != lel6 to cpu(dev->descriptor. idVendor))
373 return 0;

374

375 if ((id->match flags & USB DEVICE ID MATCH PRODUCT) &&

376 id->idProduct != lel6 to cpu(dev—>descriptor. idProduct))
377 return 0;

378

379 /% No need to test id—>bcdDevice lo != 0, since 0 is never
380 greater than any unsigned number. */

381 if ((id->match flags & USB DEVICE ID MATCH DEV LO) &&

382 (id->bcdDevice lo > 1lel6 to cpu(dev—>descriptor. bedDevice)))
383 return 0;

384

385 if ((id->match flags & USB DEVICE ID MATCH DEV HI) &&

386 (id->bedDevice hi < lel6 to cpu(dev—>descriptor. becdDevice)))
387 return 0;

388

389 if ((id->match flags & USB DEVICE ID MATCH DEV CLASS) &&

390 (id->bDeviceClass != dev—>descriptor. bDeviceClass))

391 return 0;

392

393 if ((id->match flags & USB DEVICE ID MATCH DEV SUBCLASS) &&
394 (id->bDeviceSubClass!= dev->descriptor. bDeviceSubClass))
395 return 0;

396

397 if ((id->match flags & USB DEVICE ID MATCH DEV PROTOCOL) &&
398 (id->bDeviceProtocol !'= dev—>descriptor. bDeviceProtocol))
399 return 0;

400

401 return 1;

402 }

XA RECRH T HELL PSR T, LR R B 0 7l etk o X — AN i A BLE

—H# 52 id 1 match_flags Fl—A~ %2405, Bt LAY 1 match_flags & iR S .
SLTET, AKVAFHRE OEHA id BT T, Adh T e RER IR
XHFYi— T iX> match_flags.

IR (4844 YT LA B R Y. T — > struct usb_device_id &5 14, X425k ik AR
LB AR BT I B A SRR, 5 L0584l A2 HLTHT ) 25 A1 A4 RERE e KB T4 32,
P LA VG PR 2 LA R 24 R A R A A L R o [RIEATT, T AN 22 155 A2 B
HH, G EREAC Y, FSHRE — AN GG AR R A, LR AN EE B 5N AEHE LY
3 T EEAL 55 AL o
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MIRAR AT LR X id A — NN 25, (R &R kU, — NI H 2
A E H AP LI, JEAREESK struct usb_device_id 454 HL BT AT ARLE S E R EL A2
B NARSHI R A, HWANEAIRA SR80 T, A0 NESRAERE T, 11505
PRAEAF A 5 ARG B IC ZE A B, RARIE ALF, 38 0] Rl 30 A AR A I TR i .
match_flags 20 T 7 (5 &R SR AR, SRS AT LUK H SRS kK,
match_flags HI&F— A6 N — N4, 5 care MBNAAT T, Wbk ls—4ArE 1, 05 E
0. 8K, WIRZEXEANIKS ey care IR E SUR T %0, LIRS LA A, eA1#E
include/linux/mod_devicetable.h H.5E X

122 /% Some useful macros to use to create struct usb device id #*/

123 #define USB DEVICE ID MATCH VENDOR 0x0001
124 #define USB DEVICE ID MATCH PRODUCT 0x0002
125 #define USB DEVICE ID MATCH DEV LO 0x0004
126 #define USB DEVICE ID MATCH DEV HI 0x0008
127 #define USB DEVICE ID MATCH DEV CLASS 0x0010
128 #define USB DEVICE ID MATCH DEV SUBCLASS 0x0020
129 #define USB DEVICE ID MATCH DEV PROTOCOL 0x0040
130 #define USB DEVICE ID MATCH INT CLASS 0x0080
131 #define USB DEVICE ID MATCH INT SUBCLASS 0x0100
132 #define USB DEVICE ID MATCH INT PROTOCOL 0x0200

R B E KR SRR 25 2 sk e R IX S8 7 3 KR T —A> ule 3850 k2
match_flags F#3E—17 . 3K LLEAERMEAN A1, 5tnT LUK match_flags B% Y (147 &
1, ML OUCE MR A st & R B B E W BA K2 EFHL. WEAS
usb_match_deviceQsREUL B AT A B T, Bl match_flags I 515 21 9K ) #B 7F 0k
LA, ARG RAIRAETE A ORI A S E S id BN AT R, A
FEASAS e Dl gk v BH UL C 2RI, an SR — 0T & T tdE &~ —I, $:100 parent #2544 T,
kbl 1, FoRILECHEY) T .

WS AF] usb_match_one_id)4k&iE NE, BIRIRIESIEAEH, parent W2 T IS 1)
A %AE, RLLERIT 424 47, XATIEENH O parent i /a5 N, FEINE, A
#tH A ARFEAW parent FAF A, WRBEE— AT DR . 02047 1R B2,
WREz O parent, usb &4 &R T Fiw X class, Wit/ AJET storage 555k
1] class, wiAFH #2111 class, subclass fl protocol T, [&3F match_flags H.f&8 &
T 41F USB_DEVICE_ID_MATCH_VENDOR. 431 172 Ja (= if tBANH 240, A&
R 1 parent [, 1% B R A4 VAR B R AN 20 L IS I 45 1F 1

b TS A R BCHEAT T AR A A e A UL R, usb B £ 1 match R 3L
usb_device_match #i&ik[H 1 RIARILECEY), 2 a8 §ia MR probe %L
RN AL, A AR I ? XA KB A FIE R S, RIERY IE, core HIfT:
St OB SERC T, AT SRl g ) T .
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XA core il sH, M match J145, 2| match 4530, & B UIASSEE & core IR f fi T
HESYy, HNIZWAH A2\ 1F match 92 35 R & KA, &4 A 1
BRE), XA FEE RN, BB T, R T, AR 2R EANE
R E b, Regzdl TR, RS, YogiRin el n A . BER i, JEmstBEfd
EU T, FIAZ A aWe?
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