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"sysfs is a ram—based filesystem initially based on ramfs. It provides
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M RGP I B ALK Z R G, IF 1) P B - 1 R A 1) N A i dl 45
IS

2/sys B,

localhost:/systtls /sys/

block/ bus/ class/ devices/ firmware/ kernel/ module/ power/

Block H3x: HLEPTAMBRKE

Devices Hag: B & RGN AM B, IR AHREN D LR H L )Z RS
4

Bus H3x: W& RGP M SN

Drivers Hag: QWIEWZ TG CEM MRS IRNFET

Class H3k: RGP HIRARE (MW-Rikes, A RRES)

sys I H AT B 78S PLA I R GOROL. i bus,
localhost:/sys/bustls

i2¢/ ide/ pci/ pci express/ platform/ pnp/ scsi/ serio/ usb/

Bt s T RGEHRIN— &Y A2, bl pei, ide, scsi, usb 4545, HLUIfR
A LLTE usb SO AR Y U 5, USB BRI &

FATEF IR — DRSS, WG RTE XA ST R G5 SR UEAER . Fri {5
BRI A LU . e, FATHEE X,

mount —t vfat /dev/hda2 /mnt/C

AT ENE HE FAE /mnt/C IR —A viat KBRS RS, EE BRI
S BN ER 2 DX

HE, RATRERR AR A 2eo200 i sysfs MR, I X PERE 21
mount -t sysfs sysfs /sys

ms A A b AE SR IEAEMR . sysfs & — MR SRS, IFHBE — AN EBRAFIK
NI . Wi EIE T MM S 2, sysfs K5 B kUG /& kobject 2R 4E
My, 12— sysfs CMF, WLESIZSHIM kobject SR &, A .

FrbL, B4, TESEUF—IF sysfs S RAEME EKIE — kobject JZIREHM,
kobject JZIR&EM /& 1inux R,

REKHTE R, R MHEAANHE . i« mid » BlE K
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Linus &K ERAY

KT Tinux BB AT 2800k, LR 73RN, #1477
LS

§ 1 Kobject

Kobject J& Linux 2.6 SIARUHI RS E BT, ENZH B struct kobject
TR o WRLIXAN B A A W &SRR Z R A 48— 31, kobject $2fikIE
AR GAE R, R Linux2, 6 W& Z 040, B8 sysfs M RSGEE
SRR, BENE NAZ AT kobject X B HXT N T sysfs KAFRGEHI—AH
Ko Kobject R s s IR IEAR LG . RABUT CH+ e, BN THE KR
RN G0 G rh =P U ) 25 A —— R R s 2B 4 4. i bus, devices,
drivers #Z MR LS . XA LML kobject IEEHEK T, TER T —1
PRIRZ o IXABPREE R 5 /sy s [0 Y.

kobject £ty —L8 K& 45t A1 RGPt T IEA K0 S 8 B, ko0 1 ISR
HLEEI A S, IXLEHLBE AL

- XN GI VL.

- WP RAER (RER) .

- X% A

- R P AR R .

Kobject &itaie L

struct kobject {

char * k name; f§[M&&LPRFRET

char name[KOBJ NAME LEN]; 444 FK

struct kref kref; ¥ %5115

struct list head entry; H:AEZEFIFTL kset PEIIHIT

struct kobject * parent; F5[ACH % HIFa%E

struct kset * kset; JT)® kset HIFR%ET

struct kobj type * ktype; &[nl AR RMIARF I FRE!

struct dentry * dentry; sysfs JCfFZR G 500 GO0t NI ST ROk AT TR B
I

HA 1) kref HERZRTITHTTIE, ARZEE kref SEIN %5 HVHECE 2,
WAZEE LI AN R 2T kobject get () kobject put O 4 mlH-T- ¥ hnfny b5 H
B g HVHECh 0 B, P& S A8 F B R PRI, Ktype 3UE —ME1) kobj
type ZiMNTREE, RRIZXT RIS,

TS PRI
void kobject init(struct kobject * kobj); kobject #JUKALERZEL.
int kobject set name(struct kobject *kobj, const char *format, ...);

BB TR kobject M AFK,

struct kobject *kobject_get (struct kobject *kobj); ¥ kobj X4 15| H
O 1, RN IR [ERZA R SR E

void kobject put(struct kobject * kobj); f kobj %f%15| HvH%k 1,

% 5 70 Sk 40 1T
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g% R 0, WA kobject release () BEiiZ kobject X% .

int kobject add(struct kobject * kobj); ¥ kobj %A Linux W45 EK.
H:F 1% kobject X% 2 kset 1) 1ist #EH, 39 hI14C H & %2 kob ject 15 FHTIH4L,
7E3 parent F5 1A [ H 3% POV SCHTT 8, 8 8RB NAZATSLH hotplug BR
o

int kobject register(struct kobject * kobj); kobject yEMpR%. il
H kobject init O #1ufi4k kobj, FFIHH kobject add () FEJ81% PN A% AT % 11 Mt
void kobject del(struct kobject * kobj); M Linux ¥ %5)/=Z¢K (hierarchy)
HHI kobj X%

void kobject unregister (struct kobject * kobj); kobject VF4NmE. 5
kobject register O/, EELMH kobject del Mik#&/Z R MIBRIZX S,
P kobject put O D>zt R 5 v, Wl HEE%8 0, PRSI
kobject X%

§ 2 Kobj type

struct kobj type {

void (krelease) (struct kobject *);

struct sysfs ops * sysfs ops;

struct attribute ** default attrs;

b

Kobj type F#lg&Efy & =1l — release J7i: TR kobject 5 %
Uits —A sysfs ops FaEFHE M) sysfs AR —A sysfs WA RGRA BT
Sysfs HAFRBFENAREL store O F show () o« M B EHUEMER, show () B
B, ZR g de 2 B MEEAEN buffer HPIR P14 10 store O B
B ARG P A8 N JE A

attribute

struct attribute {

char * name;

struct module * owner;

mode t mode;

b

attribute, J&PE. ELLSCAFRIER S 2] sysfs FTH 2. 7E kobject Xf IV
PIH X R SO

e name. PRSI TN T kobj type T sysfs opse

§3. kset

kset I B SE . )2 (sub—system) f1 R JZ [ (kobject) B, kobject
WEAHE TP aC&E TR, RIBAE/sys NESLIEMT HRALE .
M kset MIPLJERL LB, kobject &M A Cifixkset #E|H CHTEN kset,
W Atxktype $87E % kset N ktype, BRAERAE X kset, A <H ktype A
K. Kobject I kset HAMZIRAGHIZ N, kset 2B A FZEAH
kobject MIBEA, FEWNTH kset BHREE MR R, & XH:

struct kset {
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struct subsystem * subsys; FTAEM] subsystem 384T

struct kobj type * ktype; f&In11% kset MR MIARF M HRE

struct list head list; HTi&#:% kset T HTH kobject H5ER K

struct kobject kobj; 1k A kobject

struct kset hotplug ops * hotplug ops; &[0 #uddikiflERFaE

b

BATE kset I kobject B LU — MU EAEESR, 1ist BUE R 1XHER
[1)3k. Ktype 3481n—> kobj type &5, #iZ kset A kobject L=,
RORXEERGIRAY . Kset Bfls 45 HIE NIk T —> kobject X4 (i1 kobj %
™), AR TIXA kset [1) kobject X411 parent k3 Fg ] IXAS AR G .
AL, kset AT kobj e 5| T 4L: kset 51 FHVEECSERr bl 2 N k1
kobject X% M5 H v

WL 1, kset 5 kobject HI= &K

—» kset child list
—  kObject->parent
- kobject->kset

X AR 2, S T4 kob ject HERENG I

PR

L kobject ML, kset init () 58 idE & kset M LG1L, kset _get () flkset put ()
Oy PIBE AT D kset XG5 . Kset add O Fl kset del () BRES ) 5230
PR E keset XTZIMAW A ZIRFMNIL MR kset_register () BRELTEK kset
(R M kset_unregister ) RN 5E R kset TS

§ 4 subsystem

WIRER kset 2EH kobject M4ES, [FJEE, subsystem H/EE H kset EES
IR RGP R LT RS, W block subsys RoRFTA B, XNT
sysfs XAF ARG ) block Hago 2K, devices subsys XfN T sysfs #[1]
devices H3%, #iiA ARG ITA K% . Subsystem | struct subsystem 3545
P, & A

struct subsystem {
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struct kset kset; kMK kset X%
struct rw semaphore rwsem; HJFVjE 5=

I

A LLEH, subsystem 5 kset X AEEZ T —" M558, IrUALEE R
1, subsystem C&5E4HE kset HU4H T .

R kset J& T HEA subsystem, LW E kset G5 F ) subsys Sl 45 5E 1
subsystem A] LK —A> kset JIAFi% subsystem. T H::8][F]— subsystem
(1) kset LR —A rwsem {5 55, HTFEE VN kset PHIFEE.

EPTRA

subsystem 7 —ZH AR REL, 700l

void subsystem init(struct subsystem *subsys) ;

int subsystem register(struct subsystem *subsys);

void subsystem unregister(struct subsystem *subsys);

struct subsystem *subsys get(struct subsystem *subsys)

void subsys put(struct subsystem *subsys) ;

KM B E, AR RS P e UF . X BADE D&

WAEA ERAAS

§1 bus

R M Hstruct bus typeffiik, & XA

struct bus type {

char * name; BZRAILFR

struct subsystem subsys; 5iZEZM K subsystem

struct kset drivers; T S5iZRLAHRII ML FHES

struct kset devices; 1A IZAL LM REES

struct bus attribute * bus attrs; MZkjEd:

struct device attribute * dev attrs; WirE M

struct driver attribute * drv attrs; WXZFEFENE

int Ckmatch) (struct device * dev, struct device driver * drv);

int (x*hotplug) (struct device *dev, char *%envp, int num envp, char
*buffer, int buffer size);

int (Cksuspend) (struct device * dev, u32 state);

int (kresume) (struct device * dev);

b

# bus_typeXfH AN Hk— > subsystem¥f %, bus subsystfREH R HTH
M subsystemtf %o B Nbus_typeXf GABKT N /sys/bus H3x N H—AF
Hk, WPCTRLIEAINT N T /sys/bus/peis FERENXFER H & FHAFAEMASF
H%: devicesfldrivers (43 HXt N T-bus type&if i fidevicesfdriverstik) .
Hrdevices 7 Hax iR EHRAEZ R FINPTE &%, Mdrivers H s NIHHd 5%

% 8 U 4k 40 1T
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BRI WAL . Hdevice driverXB2RiEl, bus_typeZifidt L
ARE (match ()« hotplug O 25 ) ALFRAR N 1) FGHFA . R BN R B A

§ 2 device

RGP AT — WA AE BB AR — A device X Gl ,  H6T W I i 45 1)
struct device

& N

struct device {

struct list head g list;

struct list head node;

struct list head bus list;

struct list head driver list;

struct list head children;

struct device *parent;

struct kobject kobj;

char bus id[BUS ID SIZE];

struct bus type *bus;

struct device driver *driver;

void *driver data;

/* Several fields omitted */

b

g list ¥fiZdeviceXf R R Rk AR T, FrafdeviceXf G#L SR
devices subsysH', JFZLZUR)ZIRGE R o Nodedsli s 126 5 42 2 L vt o6 0 52 1)
XK, Tbus listWHTRIERRIAH R DL E & HR KR, driver list
WK A — DR SR 7 B I s AU ER o 64k, childrendslidi ni%device
XTI GEEL, parentI TR R SRS . DeviceXf Zid N ik — 1 kob ject X}
%, Aol Vs B B S W& TR IR G5 1 o Driver sidR [n) & BLZ B4 1)
KBHFEF RS, TMidriver datalll A4S BRANFE 7 s - Busisidiid v £ i
FEIH)

ISEETRNUEE

WAZSEHE T AN ) R AT T84T device X5, M device _register () %R
—NETH device MRIHAN RS, H AN/ sys/devices T AIHE—XT MW
H3. device unregister () 520 & HAE, JERR SN S, get device ) Fl
put_device O 70 B3G5 >R 0 M I V. 18 device S5 AN ER A
H, o A8 A BRI S5k TP AR — AN &5 AR, B andiiak PCT W& 1) struct
pci dev, A 1dd dev, HHP ) dev 8 /& —> device X%,

§ 3. driver
KRAEP RN IFET H— N device driver T %4k, XF 1 1R #ids 45 4 2 LK -
struct device driver {

char *name; B &IRBNFER A FR

%9 7T 3k 40 1T
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struct bus_type *bus; ZIKSFTE BB FEFE I M 2 Y

struct kobject kobj; PikkobjectX %

struct list head devices; ZIXZ)HTE B i 255 4 3k

int (xprobe) (struct device *dev); FRIIRAIRM L, RN A ZASG AT
DA IR R i

int (kremove) (struct device *dev); FI-T-HHBR 1 85 1P pREL

/* some fields omitted*/

b

Ydevice 45#)2EL, device driver X ZAMKEE N HkKkob ject M %528 5| FH vk
EEAZIRG AL WAZRALAL R B T4 Edevice_drivertI %,
get driver O ¥9M5IH T4, driver register () T In] W& EALHH A BT I
driverft%, [RINAEsystsAERGHFGIEXT NI H . device driver () Zfyifs
AFE LA AL, F T AL BRI ARG . B4 R AR A 4 B A

A BEVRIEDG NI ZZS ORI L85 Bl 454, BRI, ARSEA D . WOk R,
ez BRI T

2445 — lddbus

X1, URTFHE 1dd3 (1) examples fAIS R R Ko ASRBIELRLE T .

B RIAING 15 T

localhost:/home/XX/examples/lddbust#tinsmod 1lddbus. ko

VBN G /sys/bus/ IXINBLZ T —AN3CHK Tdde HU R SCPER RS XA 1)
/sys/bus/1dd/

|-—device

|-—driver

“——version

localhost:/sys/bus/ldd#tcat version

$Revision: 1.9%

RERRRNLZ T —F0 Ldd R ERM. RN A /sys/device/, WE A4 1dd0 3L
k. EFRRRGHZ T A4 1ddo REFE.
£ 1ddbus. ¢ 1, €T —NREMBEFRTY
struct bus type 1dd bus type = {
.name = ”1dd”,
.match = 1dd match,
.hotplug = 1dd hotplug,
b

struct device ldd bus = {
.bus id = ”1ddo”,

b
[EEN
o
=
pis:
o
o
=
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.release = 1ldd bus release

}s
Lddbus FEERAI G40 I X A BR 2L

static int _ init 1dd bus_init(void)

{
int ret;
ret = bus_register (&1dd_bus_type) ;
if (ret)
return ret;
if (bus_create file(&ldd bus_type, &bus attr version))
printk (KERN_NOTICE “Unable to create version attribute\n”);
ret = device register (&l1dd _bus) ;
if (ret)
printk (KERN_NOTICE “Unable to register 1dd0\n”);
return ret;
}
Hosemt 2 TR %%, bus register(), device register (). bus create file() 27E

sysfs FRIE—AN A3,

bus register (), [ REIEM 1dd bus type XA RZZEA . bus create file () IXANHAE A sysfs
Frffgd—N 0. device register () &R M 1dd bus IXAMifEEHY
M T 25, BATH T LAEE sysfs FE R NGE .

BANRNT £, fF4FETE bus_register IS,
688 int bus_register (struct bus_type * bus)

689 {

690 int retval;

691

692 retval = kobject set name (&bus—>subsys. kset. kobj, “%s”, bus—>name) ;
693 if (retval)

694 goto out;

695

696 subsys_set kset (bus, bus_subsys) ;

697 retval = subsystem register (&bus—>subsys) ;

698 if (retval)

699 goto out;

700

701 kobject set name(&bus—>devices. kobj, “devices”);
702 bus—>devices. subsys = &bus—>subsys;

703 retval = kset register (&bus—>devices);

704 if (retval)

705 goto bus devices_fail;

706

11 T 3k 40 T
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707 kobject set name(&bus—>drivers. kobj, “drivers”);
708 bus—>drivers. subsys = &bus—>subsys;

709 bus—>drivers. ktype = &ktype driver;

710 retval = kset register (&bus—>drivers) ;

711 if (retval)

712 goto bus drivers fail;

713 bus_add attrs(bus) ;

714

715 pr_debug (“bus type '%s’ registered\n”, bus—>name);
716 return 0;

717

718 bus drivers fail:

719 kset unregister (&bus—>devices) ;

720 bus devices fail:

721 subsystem unregister (&bus—>subsys) ;

722 out:

723 return retval;

724 }

692-700 A& X} bus—>subsys [F#EE . 701-705 £ #:4E bus—>devices.706-710 & #4E bus—>drivers.
692 kobject set name() % & bus—>subsys. kset. kobj [14 7. MeREUREIE, w2
vsnprintf () . HEAFIH,

696 subsys set kset(bus, bus subsys)

#tdefine subsys set kset(obj, subsys) (obj)->subsys. kset. kobj. kset = &(_subsys). kset

FATSEHE T bus_subsys IE X, Tia— subsystem KB4 J/FAF &, {F driver/base/bus. ¢
#1, decl subsys(bus, &ktype bus, NULL): #t/include/linux/kobject.h #45, decl subsys
152,

#tdefine decl subsys( name, type, hotplug ops) \

struct subsystem name## subsys = { \

.kset = {\

.kobj = { .name = stringify(_name) }, \

.ktype = type, \

.hotplug ops = hotplug ops, \

P

}

AH T

struct subsystem bus _subsys = { \

.kset = {\

.kobj = { .name = “bus” }, \

.ktype = ktype bus, \

.hotplug ops =NULL, \

P

}
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L ktype bus & XUI'F,
static struct kobj type ktype bus = {

. sysfs ops = &bus_sysfs ops,

}s

697 subsystem register (&bus—>subsys) /EMH & A4 511 bus subsys” Bid” , #H AR
bus_subsys R 22,
subsystem register() -> kset add() —> kobject add()

155 int kobject add(struct kobject * kobj)

156 {
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

int error = 0;

struct kobject * parent;

if (! (kobj = kobject get(kobj)))
return —ENOENT;
if ('kobj—>k name)
kobj—>k name = kobj—>name;
parent = kobject get (kobj—>parent);

pr_debug ("kobject %s: registering. parent: %s, set: %s\n”
kobject name (kobj), parent ? kobject name(parent) : “<NULL>”,
kobj—>kset ? kobj—>kset—>kobj.name : “<NULL>” );

if (kobj—>kset) {
down_write (&kob j—>kset—>subsys—>rwsem) ;

if (!parent)
parent = kobject get (&kobj—>kset—>kobj) ;

list add tail (&kobj—>entry, &kobj—>kset—>1ist);
up_write (&kobj—>kset—>subsys—>rwsem) ;

}

kobj—>parent = parent;

error = create dir (kobj) ;
if (error) {
/% unlink does the kobject put() for us */
unlink (kobj) ;
if (parent)
kobject put (parent) ;
} else {
kobject hotplug(kobj, KOBJ ADD) ;
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191 return error;
192 }

ARG 170-178 BEEH A CIEANFIACIE F4 kset . FRATHEZ B kobject add () %t 181
AT T create dir (kobj) , IXANEREEHIAETE sysfs NI —AN U6 . 7] W kob ject Fll sysfs
A2 [F) B BB IR o

kset register (&bus—>devices) Fl kset register (&bus—>drivers) EMHZELL, 2 bus—>devices
XA kset MIAF] bus—>subsys iXA> subsystem 12 B o R 1 2R

bus_subsys

subsystem

/A ]

kset

Idd_bus_type |
->sub_sys ——n-
kset child list

ﬁ.

kset-=subsys

ﬁ
kobject-=set

ﬁ-
kobejct->parent

% 1: 1ddbus kobject JEIX&iH)

FIBE, FATTLIESE device register O FIMUE, ‘&2 n devices subsys X subsystem ¥
W B 5B XA 5 K 1 2L

Hur ki, IATHIE T FriEM xx_register B4, EJEELL,HV\] % [1] kob ject AN [H)
subsystem, BUE kset [HJZIRGERI 2. XFER AT DU — 24 R AR E 3R B el T .

Z545) — sculld

AN sculld AR HT— T, SeBE W46 R
sculld_init()
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-> register_ldd_driver()

->driver_register()

->bus_add_driver()

-> register_ldd_device()

->device_register()

->device_add()
->kobject_add()
->bus_add_device()

M EKS), & bus_add_driver()
532 int bus_add_driver(struct device_driver * drv)

533 {
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558 }
559

struct bus_type * bus = get_bus(drv-=>bus);
int error = O;

if (bus) {

}

pr_debug("bus %s: add driver %s\n", bus->name, drv->name);
error = kobject_set _name(&drv->kobj, "%s", drv->name);
if (error) {
put_bus(bus);
return error;
b
drv->kobj.kset = &bus->drivers;
if ((error = kobject_register(&drv->kobj))) {
put_bus(bus);
return error;

}

down_write(&bus->subsys.rwsem);
driver_attach(drv);
up_write(&bus->subsys.rwsem);
module_add_driver(drv-=owner, drv);

driver_add_attrs(bus, drv);

return error,

545 17 kobject_register() 5 kobject_add() ZA %, AT, #H C kobject &% 2] N £

k.

551, driver_attach(drv); fEuZeh 34k, ARARELLEXA driver 33,

353 void driver_attach(struct device_driver * drv)

354 {

% 15 w3t 40

=il
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355 struct bus_type * bus = drv->bus;

356 struct list_head * entry;

357 int error;

358

359 if (1bus->match)

360 return;

361

362 list_for_each(entry, &bus->devices.list) {

363 struct device * dev = container_of(entry, struct device, bus_list);
364 if (!dev-=>driver) {

365 error = driver_probe_device(drv, dev);

366 if (error && (error '= -ENODEV))

367 /* driver matched but the probe failed */
368 printk(KERN_WARNING

369 "%%s: probe of %s failed with error %d\n",
370 drv->name, dev->bus_.id, error);

371 3}

372 3}

373}

e IR &
455 int bus_add_device(struct device * dev)
456 {
457 struct bus_type * bus = get_bus(dev->bus);
458 int error = O;
459
460 if (bus) {
461 down_write(&dev->bus->subsys.rwsem);
462 pr_debug("bus %s: add device %s\n", bus->name,
dev->bus_id);
463 list_add_tail(&dev-=>bus_list, &dev-=bus->devices.list);
464 465 up_write(&dev->bus->subsys.rwsem);
466 device_add_attrs(bus, dev);
467 sysfs_create_link(&bus->devices.kobj, &dev->kobj,
dev-=>bus_id);
468 3}
469 return error;
470 }
463, fUEAEAHLLZT devices.list &K,
464, device_attach(dev)4 driver_attachQAIXI N, ‘EERLNIRsTH T, HHER—
A driver BESRENIX A
467, QT MR

BT kobject [k &5k tn B 7 o
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bus_subsys

subsystem

/X ]

kset

ﬁ-
kset child list

ﬁ

kset-=subsys

ﬁ
kobject->set

#
kobejct-=parent

Idd_bus_type
->sub_sys

sculld_dev R
->ldev sculld_driver
~dey >driver . A kobject
->kobj ->kobj

24

HRIEAR AR, YFT N ZIRA TS IE 2.6.22 T, Hrh A/bHdR S5 46 7485, 1mH
subsystem X MRS O A T, 5688 kset 46 7o (HJEJREE FIFRAAE, Filh,
SR T, RS A S k. S T Ok, BATA A ORAR R AR

17 KYG EEATF T, XHNRFE 7, BURBEF S Er i 1, WisEmt sis 1. AE &
Hwiaam B LA, AMEERN, ATHRREBRENGEE, & TRIEN sysfs #7).

NEAFMTAE L, BRAEKIHSER . AR L

XHRS

BNk, AN sysfs #5r. HE
kobject_add()->create_dir()->sysfs_create_dir()
bus create file->sysfs create file()

X2 sysfs £ 1 H.
YT, sysfs g 2F ] VFS fIH% 1 255 kobject (2 kg5, RIS RYE. =T

17 T4k 40 T
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sysfs [N 7 fs/sysfs/ . kobject (1245 k) 1) 58 -5 gl 2 A Lo L -t ) R 1)
XX_registerOfi 11 1124

7 kobject_add() .1, ¥/ T sysfs_create_dir(). itIAM1EE I E LM create 1.

135 int sysfs_create_dir(struct kobject * kobj)

136 {

137 struct dentry * dentry = NULL;

138 struct dentry * parent;

139 int error = O;

140

141 BUG_ON(!kobj);

142

143 if (kobj->parent)

144 parent = kobj->parent->dentry;

145 else if (sysfs_mount && sysfs_mount->mnt_sb)
146 parent = sysfs_mount->mnt_sb->s_root;
147 else

148 return -EFAULT;

149

150 error = create_dir(kobj,parent,kobject _name(kobj),&dentry);
151 if (lerror)

152 kobj->dentry = dentry;

153 return error;

154 }

R WX ALEH AP, W dentry HHBLII R, /R ERERINRE. W%, BN HR
SRR R R, AR ARSI RARUE B ARG, TORZETS, TR BT ELA, FRATHE
U AL R BL T o DR linux, FATTUREE AT, ARENH 2 ] AR R HORIN . 22
PRAMGSAER, AR ALY S HORIN, BERER LR, A CaSE. MR, e T.... 5%
BTSN RSN RGFEA TR o

IR

ARG AR Z S, SO SO, R ARG SO, T B AR, TR 4]
U A SATAT A R (AR N AE) I — 205 B . linux BT R I AE e ScrF, 1k i
NG S R G AR S, WU R ARG, R AR SO R G S A TR
XBE, T LA PR e BRsk S PR ) S R G I S, O P RE PR T — AN — 11, Jh
B0, RPN R A, X2 T iE " VFS(Virtual Filesystem Switch)". iX/Mili%: Hisk
(4 11 gt A2 — 4 bR AR

PAMTEESLIN—Fp S RGeS 2 VS P X — & 41#: 1, file_operations,
dentry_operations, inode_operations %, fit ZifiH . file_operations ;& X}~ H Ak
PE S #4E, dentry_operations, inode_operations W& SCAEm @ dE, 45, s
S MMBR ( #RAE

&
=
©
=
P
N
o
p=il
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struct file_operations {

ssize_t (*read) (struct file *, char __user *, size_t, loff_t *);
ssize_t (*write) (struct file *, const char __user *, size_t, loff_t *);
int (*open) (struct inode *, struct file *);

¥

struct dentry_operations {

¥

struct inode_operations {

int (*create) (struct inode *,struct dentry *,int, struct nameidata *);

struct dentry * (*lookup) (struct inode *,struct dentry *, struct nameidata *);
int (*link) (struct dentry *,struct inode *,struct dentry *);

int (*mkdir) (struct inode *,struct dentry *,int);
int (*rmdir) (struct inode *,struct dentry *);

2}

AT, BA1E CHEFE, open(“hello.c”, O_RDONLY), ‘Eilfiid G FH (K F 2 X AL 1
open() -> /*<H P asia)*/

-> RG>

sys_open() -> filp_open()-> dentry_open() -> file_operations-=open() /*
P A% ) >/

ANE S R 85, I IANIE] ) file_operations-=>open(), 7 sysfs F /e sysfs_open_file().

Dentry 5 inode

FRATAE R Hp SR R — AN S e 2 AT H 53 (dentry) F1ZR 5115 4 (inode) » "EATIIIE
PN

struct dentry {

struct inode *d_inode; /* Where the name belongs to -
NULL is

struct dentry *d parent; /* parent directory */
struct list head d child; /* child of parent list */
struct dentry operations *d_op;

struct super block *d_sb; /* The root of the dentry tree */
void *d fsdata; /* fs—specific data */

unsigned char d_iname[DNAME INLINE LEN MIN]; /#* small names */

%019 0 340 W
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struct inode {

unsigned long i ino;

atomic t i _count;
umode t i mode;
unsigned int i nlink;

uid t i uid;
gid t i gid;
dev t i rdev;
loff t i size;
struct timespec i atime;
unsigned long i blocks;
unsigned short i bytes;
unsigned char _sock;

12

struct inode operations *i op;
struct file operations *i fop; /* former —>i op—>default file ops */
struct super block *i sb;

PRl SCE”, Wit — e B AF R AE N B B B B BL— A SO s a8 1 W7 T
A5 R, — A MEERA S, — A RS H SRS B IE B. N, B S
—dentry (HrI0) Minode (R /D) 4k, dentryidsgE XC/F4, EHHREHER, ELE
TER T BATIE B BOIR G5 R 1A SO A 2V B M5 B S inode BAT, "&id 5%
AR I AL B S 43 . [Fl i dentry—>d_inodedg ) AH N ) inode 4514 . dentry Hinode
XK FR, BIOYA R I LA SO 44 (BEHERE, hard link, RTRAZZHXAN M 5T
http://www. ugrad. cs. ubc. ca/ ¢s219/CourseNotes/Unix/commands—1links. html) .

JIA 1) dentry H] d_parent 1 d_child Bt K, sIEH T TATARIBORE o

inode fXR WP X ERSCEE, il inode A AR — AN, XAEAICF T XN AT
I8, WNZSCHE TREREEE 3, 8, 10 B, IPAXAMNEA N AL 3,8, 100 HERFIHT NS
inode=>i_ino, fE[R—ANICAFRGEPEME 1, WAZEMRAE i ino, st ny BATHSH e )
inode ZEAR A E o RAEAL R, ARYE i ino s LS e XV 1) inode J& TR BR
(block) , MTIHREIAHI ) inode g5t (HAALH inode & LiERIA tH a1 SCE RS, X T
e —FREE SO RGN 5 e ext3, /ENAEH A ext3 inode info iR A& — ML E inode
FINEOS

struct ext3 inode info {
~ 1e32 i datal[l15];

struct inode vfs inode;

1e32 i datal[15] XA wh e b —Brb ird B BAN 54

% 20 BT 3k 40 T
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TR, (ERERC) 2.4 AR, ANFEISCIERGER ST R A AFIE (ext3_inode_info,

reiserfs inode info, msdos inode info ...)#BEH — union WEKLE inode &5 K4 1.
{H inode 1F N — PR A B A1 5, IXAEHRONR T, AR TP 6 23 oA . (H 2 5
KKWT container_of (...)IXFJ7yk)G, M union B2 TAHME, FATTLLHIEL container
of (inode, struct ext3 inode info, vfs inode), M inode Hik, H3|HE"H4" .

N

dentry Fl inode Z5TEREAENAFH Y, ENIMIRIGTE B
RBise T HrkigigiE k.

NEA— DA TR )5 EA

SCAFRTVAGY AR SO, B SO, RIVRFR SO =Rl e SR HAVER

Tt S

WA SCIRITT S 5 dentry Mlinode IBUAREAFAE A 0T (HEAE) b o X T Rext3 IXAE A AL SO KA
FEAEAT DT ) H SRR 51757 s A

struct ext3 inode {

~_lel6 i mode; /* File mode */

_ lel6 i uid; /* Low 16 bits of Owner Uid */

_1e32 i size; /* Size in bytes */

~ 1e32 i atime; /* Access time */

~ 1e32 i ctime; /* Creation time */

_1e32 i mtime; /* Modification time */

~ 1e32 i dtime; /* Deletion Time */
~lel6 i gid; /* Low 16 bits of Group Id */
_lel6 i links count; /* Links count */

~ 1e32 i block[EXT2 N BLOCKS];/* Pointers to blocks */

struct ext3 dir entry 2 {

~u32 inode; /* Inode number */

_ul6 rec len; /* Directory entry length */
~_u8 name len; /* Name length */

~u8 file type;

char name[EXT3 NAME LEN]; /* File name */
b

1€32 i block[EXT2 N BLOCKS];/* Pointers to blocks */
i_block ZUAFR/R T ST N 2 BT AL TR i o (FERE A b A ) o

ext3_inode ;EJIAER TN AIIX, 1M ext3 dir_entry 2 J&LASCAF A BB AL E AR X . FdT]
HBIE T ino, T ext3 inode A/NTVAIL, FAT T LATHA H ext3 inode fEZ 51T s 7
H (ino * sizeof(ext3 inode) ), MEEIT ext3 inode, ARG i block il LAEIIE XA
SCAE R B AT S o W RERL b ext3_inode [N NS ext3_inode_info H 1 pA %

21 T 3k 40
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ext3_read_inode() . PA—/Nf3 100 block MIREEL KB, — NSO RS A = Rt & .
A7 B X o () s B — AN A N RO A WA A .

1 2 3 4-6 7-100
7 4 ! 5| #
% o - i 4
H £ 4 X
- 1 .
] ] X
5y 3'Eis

FRSCAEAE A A7 A inodeMlident ry U 45 4, (HUZ A EAEAFREN T EAREI A7, EWTH
IR IS T PO B AR 2NN SCPFSEI B Hh R i i  R 4 9
5 IR I A BT, BN AAE PR, TSR sysfs HUmmt i iR R4S o it
FEAREIOAS SRS h R G shSMAKIN, E3aSMES TSRS 0. Msysfsiks
WA T nkob jec t )24 Ik 4 I HUE AR

VTR, BRATRE H RIS /U, AT RS o — RS AEAe s A ot () i (n
ext3_inode) , —FIEAE WA K, Ja A ARPEAE T A - WAFH IR B2 dentry AT inode,
EAE VES PR, NEAARERSCERSE, BaEAAF P HA E #EGE dentry AT inode &4,
FAMEIA R SRS, Wk EA14 H A SCHE B A5 2 dentry A1 inode ko IXFEXS
TrRERUE, BATRAT ARSI, FA M S — R bR HER s B0 o Xt
VES [RIR§HE, 5B Bl i X 4

BATESFERFTH— A F, S2Bs Bl BAE N AFH A7 F (1 dentry, Al inode £544, Ffik'e

SRS AR, 8 VS Ao SURHE D4 Bal ok . BATRE —BREASIMIE . XK T
VARG, MGRRERERE 2 TikR, il TR AKX R, ZEH.

22 U 3k 40
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dentry

d_iNOde tmmpp- iJ: T H 5 inode

fs_stuct
root = 1 H 3k inode
wd
i ntr dentry inod
dentry s ode
task_stuct
d_inode = d_inode =~ i op
fs  f=d d op m
SIS l files_stuct #
files Y
dentry_operations inode_operations
fd_a;;ay[fi, f_entry — file_operations
f op
read =g
write =i

— B —pathwalk

AT, REERIE SR G AT, el DSBS SOF o ARSRTRA TR B ST, BT
PHES A R T RS KA E SO, AT RNE SR 44 11 O o e AT Al R R W8 2 linux
0 H S S, HLIC S U4 SR 5 U5 X NG R . LU UnTE ext3d SCAF R,
RSN H s, A B ARE — R ext3_dir_entry_2 (14514

struct ext3_dir_entry 2 {

___u32 inode; /* Inode number */

___ulé6 rec_len; /* Directory entry length */
___u8 name_len; /* Name length */

___u8 file_type;

=
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char name[EXT3_NAME_LEN]; /* File name */
¥

A, BT F/home/test/hello.c. #56, 31/, SBAHAN%, #£EHZ A "home"
ISR 517 miS, $TFF/home IXANSCHE", BEANEE, $REIL N "test” IS 5]
WA, [FEL, FHTIRSCME/home/test”, R EIFREIX b hello.c”SCHFNZR S 55, Bn
M3E/home/test/hello.c 7. Xgiit path_walk() g5 JF# .

o, fi s — A SCPEI I inode, Rl — AN SCPE A4 SR SRIGZ A (1) inode 454 1) e& i, 7t i lookup,
‘& /& inode_operations [T 1) p& %L .

struct dentry * (*lookup) (struct inode *,struct dentry *, struct nameidata *);
lookup, 4 E X, ik, HWmEEE test XANLAEIRT, HEAM hello.c 30, H
B, MAAEA PR ECL inode 458 51 dentry->d_inode #51)'e . BTLL, FATTH
FIE TS ERAR A Y, RATUOMR BTG, — 2 — BRI E, @R A3t

superblock 5 vfsmount

PN RIBBA PN BIE 45 1), superblock fil vismount. super_block 45#) & W AT 1 HAK 1)
RGN G R — AR, B NS RGBS S — %Y. super_block 454, Ll
F—> ext2 [ XA —> super_block 4514, ‘Eidsk T30 RS (5 X)) [ SR SE ik
PERIME R, LCUmZ SO RS SRR, H2 K, WAt BN, EH e
super_operations. ‘=14 inode, dentry —#f, FUERLG PR NAEP IR . Bt ext2 SO
REN o, W LB g YA ext2_super_block. i sysfs J&: LR SO R SE, M—T6 —, IF
H A mount —%, sysfs [f] super_block 4/t sysfs_sb. sysfs_sb #/Z5& M MHN
159 A2 I o

WA ESE—F super_operations, ‘Bt IE VFS 1—MEH . SEHL— ARG
file_operations, dentry_operations, inode_operations, super_operations iX 4/ 4t
HEE S

AN LB AN B S S N A vismount 7R %Y. vismount 4544 e X n
I

struct vfsmount {
struct list_head mnt_hash;
struct vfsmount *mnt_parent; /* fs we are mounted on */
struct dentry *mnt_mountpoint; /* dentry of mountpoint */
struct dentry *mnt_root; /* root of the mounted tree */
struct super_block *mnt_sb; /* pointer to superblock */

T ARGS9, WAEF super_block Fil vismount #BEME—1). Eotm, AR EAEE
BFAEEL 4 X mount -t vfat /dev/hda2 /mnt/d. SEBr Bt B —A vismount 51 i
B, vismount->mnt_sb = /dev/hda2 B k45K vismount->mntroot =
/dev/hda2 (""" H %1 dentry; vfsmount->mnt_mountpoint = /mnt/d [{

% 24 JU H: 40 W
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dentry; vfsmount->mnt_parent = /mnt/d i J& 1RG5 vismount. - HIEXANH
A vismount A —/N4 1) hash % mount_hashtable H .

MITEATH T LA SR/ TFUR, #7E dentry 5 T4k Bl £)—AN A H &1 dentry 2
mount 1 ], JIEAFRATH M mount_hashtable 2= - AN vismount £544 (RR£02
lookup_mnt()). XJ5#A1435] vfsmount ->mnt_root, ] LIk %] mount 7 1% H 3113
PERZG R dentry 858 AR5 ARERAE Nk, ST DU ek T .

KT path_walkQFARILIRAFANG T, KK T LS 7RI RE, RER, REKsES
AL . P FEMAE RS, F O, pathwalk, ANVERTHE R AR, BUEYE
T Z /N, BATHEOERIR.

Sysfs M4 ARG A

HE Linus J13% C++, “CH++2—FHEKEN (horrible) 15 . 1 HIM AT K EAGE AR UE 1 T
F SAAEAE T TS VF 22 S0 R AR R 2 il R, T AN 2 Jr s 0 2 1 T G o A At e 21 R

1t fs/sysfs/ N, BrZ makefile, & 8 1 3cff. HHr, bin.c, file.c, dir.c, symblink.c
I3 ARER THE sysfs X R G SO g — EGISCf:, S scth, B, 9 &3 m& e
] file operations 5152, inode.c M) inode oprations MSEEL, A G 2 A R
inode. mount.c {045 T sysfs (XA %L, sysfs.h gt &skott, BmA B0 5%, Ik
H extern th%.

sysfs 31 RGP 5 45 B2 AEIE kobject X411, JI84 dentry 215 kobject I &
R ? sEilid sysfs_dirent.

sysfs_dirent

sysfs ARG H 2K dirent 45#J, dirent = directory entry (H:%524k). sysfs i,
—A> dentry X}V T —4 dirent 5§, dentry->d _fsdata & —/> void (g%l BEH
sysfs_dirent 4i#).

struct sysfs_dirent {
atomic_t s_count;
struct list_head s_sibling;
struct list_head s_children;

void * s_element;
int s_type;
umode _t s_mode;

struct dentry * s_dentry;
struct iattr * s_iattr;
atomic_t s_event;

% 25 Ul 3k 40

=



Linux APLedi )|,z 3k )& Sysfs

s_count &5 |HiH%, s_sibling, s_children $54l &iX 2% sysfs_dirent 7% —ANRPIREER
s_type MIBLH] 71X/ dirent HLAKM 27 :

#define SYSFS_ROOT 0x0001

#define SYSFS_DIR 0x0002

#define SYSFS_KOBJ_ATTR 0x0004

#define SYSFS_KOBJ _BIN_ATTR 0x0008

#define SYSFS_KOBJ_LINK 0x0020

s_element BL24R AN 5 s_type KA HHE 4519, 11 DIR(HLZ kobject, —~ kobject
XN —4~ DIR), KOBJ_ATTR(attribute &, L& —43Cff). sysfs_dirent /& kobject il
sysfs BER[— AN A4 . et s_sibling, s_children &35 —AN Rk Gk . 1 H e
(12K 45k 5 sysfs 584801, ‘el — A %E: kobject Fl dentry 45 H & B

ARG N IR A M RS R . AL sysfs PSSkt T
/sys/bus/ldd/

|--device

|--driver

~--version

‘XN dentry, dirent, kobject fiERE WK 1, 2, 3

| ldd

devices ~| drivers

1 1 — —
A ST A Children list Parent pointer

B
&
=
=
&
b=
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K 1: dentry #%#: &

ldd

devices = drivers

] L ] > I
SYSFS DIR SYSFS_KOBJ_ATTR Children list  Parent pointer

& 2: dirent &3 &

| 3: kobject 24

XN AT LR IIAN A Z &b o 7] version iXF{ ] bus_create_file )& 13044, siEEME, H
(S {E sysfs_dirent iIX—/)Z.

X sysfs FHISCH:K1E, denrty, dirent, kobject 2 [Al3E i fi 5 AH B B¢ Rk .
dentry->d_fsdata = &dirent;

dirent->element = &kobject;

kobject->dentry = &dentry;

Sysfs @l # H 3%

R IRAVEN G —> kobject &5k, [FIRF&7E/sys T AIH#—AH%.

kobject_add() -> create_dir() -> sysfs_create_dir()

UEIy, FREARE T, kernel AU SR HAE AR, FATTE0 H 2 WA TS 5 i Js B, S
W, w R R, RAVEPERZ, AT sysfs (IEE M 2.6.10 FIPLE 2.6.22 B4 TR

Z 1o RSB . BILSC H S i s J ) L i, X sysfs 17 7 — Ak b
AR S5 A OBt rl BLEB RO IS T o BB AR g R AR T vy, A5 BL A0 S T

#®
N
b=
b
5
b=
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sysfs_create_dirQ & Wik :

name);

-> create_dir()
-> *d = sysfs_get_dentry()
-> lookup_hash()
-> _ lookup_hash()
-> cached_lookup()
-> new = d_alloc(base,

inode->i_op->lookup(inode, new, nd)

function

-> sysfs_create(*d, mode, init_dir)
-> sysfs_new_inode(mode)
-> init_dir(inode); \\ Call back

-> sysfs_make_dirent()
-> sysfs_new_dirent()
-> dentry->d_fsdata = sysfs_get(sd);
-> dentry->d_op =

&sysfs_dentry_ops;

-> (*d)->d_op = &sysfs_dentry_ops;

135 int sysfs_create_dir(struct kobject * kobj)

136 {

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

154 }

struct dentry * dentry = NULL;
struct dentry * parent;
int error = O;

BUG_ON('kobj);

if (kobj->parent)
parent = kobj->parent->dentry;
else if (sysfs_mount && sysfs_mount->mnt_sb)
parent = sysfs_mount->mnt_sb->s_root;
else
return -EFAULT;

error = create_dir(kobj,parent,kobject _name(kobj),&dentry);
if ('error)

kobj->dentry = dentry;
return error;

143-148 gt e k2L kobject, FiA] create_dir();

95 static int create_dir(struct kobject * k, struct dentry * p,

96

const char * n, struct dentry ** d)

% 28 50 40 W
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97 {

98 int error;

99 umode_t mode = S_IFDIR| S_IRWXU | S_IRUGO | S_IXUGO;
100

101 down(&p->d_inode->=i_sem);

102 *d = sysfs_get_dentry(p,n);

103 if (MIS_ERR(*d)) {

104 error = sysfs_create(*d, mode, init_dir);

105 if (lerror) {

106 error = sysfs_make_dirent(p->d_fsdata, *d, k, mode,
107 SYSFS_DIR);

108 if (lerror) {

109 p->d_inode->i_nlink++;

110 (*d)->d_op = &sysfs_dentry_ops;
111 d_rehash(*d);

112 }

113 3}

114 if (error && (error = -EEXIST))

115 d_drop(*d);

116 dput(*d);

117 } else

118 error = PTR_ERR(*d);

119 up(&p->d_inode-=i_sem);

120 return error;

121 %

99 17, WE XM BN, 1013k BE5=.

(1)sysfs_get_dentry()

102 17 sysfs_get_dentry(). &MRI/EHZIRIEACIE dentry FISCIE4435] dentry k. 5%
AR, R BER ], HAREU d_allocQ#rd—A dentry 45k, Fdi &5 sk
Je, GAEP AREEAN, BTLLEA d_allocQ KB —1. B25RATHA lookup %, &
XUrr

struct inode_operations sysfs_dir_inode_operations = {
Jlookup = sysfs_lookup,

¥
204 static struct dentry * sysfs_lookup(struct inode *dir, struct dentry *dentry,
205 struct nameidata *nd)
206 {
207 struct sysfs_dirent * parent_sd = dentry->d_parent->d_fsdata;
208 struct sysfs_dirent * sd;
209 int err = 0O;
210
211 list_for_each_entry(sd, &parent_sd->s_children, s_sibling) {

%029 50 40 W
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212 if (sd->s_type & SYSFS_NOT_PINNED) {

213 const unsigned char * name = sysfs_get _name(sd);
214

215 if (strcmp(name, dentry->d_name.name))
216 continue;

217

218 if (sd->s_type & SYSFS_KOBJ_LINK)

219 err = sysfs_attach_link(sd, dentry);
220 else

221 err = sysfs_attach_attr(sd, dentry);
222 break;

223 }

224 }

225

226 return ERR_PTR(err);

227 %}

AT YFL lookup BEUIME . 'E4E inode R RIS R A k%47 4 4 dentry.d
name.name [K3C1F. RAT, Bk N inode 45k Bk ttiok. dFesa
S fEJE, BLh lookup BREAEFA X AN T AR AR 37 . (R T & ZAEAL T — T
lookup &%,

sysfs ARG, LA inode M dentry &5 44— EHUEAAAE T INAEH I, BT LAAN T #R2E4T
BT o SCrE, BRI inode FHOGRRA T, FEMBAR P Xt 212 47X HIWT
YR o WTRAE Y, WSRO SCrRe, AR HL I AR B A o

#define SYSFS_NOT_PINNED \
(SYSFS_KOBJ_ATTR | SYSFS_KOBJ_BIN_ATTR | SYSFS_KOBJ_LINK)

{22 sysfs 1) lookup A7 EAF 2 4b. AL RS ext3 #HEl SCF) inode, 7E3C
ROl M 2l T . 2, sysfs A—Ff, EAEGIEFE SO, FURSE A —A
sysfs_dirent 4it4. ! inode [ T/EEH#EE 2] lookup BRECRTEMAT . £ F—17
sysfs_create_fileQ) & & #iX— .

sysfs_attach_attr()fil sysfs_attach_link Q) ff{E k& AR 4E dentry fil sysfs_dirent #iit—
> inode.

M2, WAE sysfs_get_dentry()53] 7 —ANFrd ) dentry 458,

(2)sysfs_create()7r#r (104 17)

sysfs_create()->sysfs_new_inode(mode) -> new_inode(sysfs_sb)

Bl — BRG] 4 inode. sysfs_sb & sysfs [(i 2k (super_block)4it. mode &
inode )&, ‘Bl TUMEE, toln, SCPFRRGRSCTk, BiE:, @R EEsCfT), inode
T, B N ] 4545
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(3)sysfs make dirent()%+#7 (104 17)

U, RAVEEN T A dirent £58, WIktk, FIREER S 1 S sysfs_dirent
s_children $£3& 5. % . sysfs_make_dirent() A NINIE & H K1 dentry & 37—~ dirent 4514
H¥% dentry Fl dirent B &tk .

(4) B4
7f sysfs FEIE—H %, RN HEE sysfs_create_dir(). 1 T dentry, dirent, inode
gk, ENZ IR PEROC R WA

1
dentry sysfs_dirent
-
s_element = Kobject
d inode e o T -
s _sibling = HE A A FEdirent(t)
s_childrenf
d fsdata
d ops p sysfs dir _operations
inode
d_parent sysfs dir_inode operations
i op
—p L3 dentry

i fop +——p sysfs_dir_operations

Sysfs fill gt 8 A

BT I EA AR 8, RTEEAREAT?
sysfs ARG, Ml SO/ T kobject F1¥JE . H sysfs_create_file(), 4 F:

sysfs_create_file(struct kobject * kobj, const struct attribute * attr)

&
w
-
=
P
N
o
p=il
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B4 E B HUE kobj F1 attr, H, kobject XRS5, attribute X W &% S5
S

int sysfs_create_file(struct kobject * kobj, const struct attribute * attr)
{
BUG_ON(!kobj || 'kobj-=>dentry || !attr);
return sysfs_add_file(kobj->dentry, attr, SYSFS_KOBJ_ ATTR);

b
‘v EHEEA sysfs_add_file()

int sysfs_add_file(struct dentry * dir, const struct attribute * attr, int type)
{
struct sysfs_dirent * parent_sd = dir->d_fsdata;
umode_t mode = (attr->mode & S_IALLUGO) | S_IFREG;
int error = O;

down(&dir->d_inode->i_sem);

error = sysfs_make_dirent(parent_sd, NULL, (void *) attr, mode,
type);

up(&dir->d_inode->i_sem);

return error;

}

int sysfs_make_dirent(struct sysfs_dirent * parent_sd, struct dentry * dentry,
void * element, umode_t mode, int type)

{

struct sysfs_dirent * sd;

sd = sysfs_new_dirent(parent_sd, element);
if (!sd)
return -ENOMEM;

sd->s_mode = mode;
sd->s_type = type;
sd->s_dentry = dentry;
if (dentry) {
dentry->d_fsdata = sysfs_get(sd);
dentry->d_op = &sysfs_dentry_ops;
¥

return O;

}

sysfs_create_file)fUAZ T T sysfs_make_dirent) £l T —4> sysfs_dirent 451, 5
sysfs_create_dir) A, & EERALE sysfs RS F A1 inode 454 . X0 TAE 5
T, ff sysfs_lookup()->sysfs_attach_attr() . [f5e 1.
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Sysfs SEA RN

RIFRATTUER, AT G SO RS AR IR, 11 sysfs 1, inode JEAIEAEE . XJEH
AEMFTE RS HE R CEMAENFY, JFHOSIBR T 2R M. BATHTA dentry, Binl
Ll dentry->fsdata, #iAeHEIFRATELLE T BRI --- sysfs_dirent 4584, X2 H
DB sysfs MIRFZ —, BEAERIE, 1AW LRI, (H2& XA R,

TATRT DA SO R G b (1) — SE R A KR S5 M i 28 o 46 1ok, FRLA sysfs ST RIS IR
TG, PRIESCH R AKTE, BHRT symblink 47554 0] LA EHET .

BAVH SRS, BEE T
inode->i_op = &sysfs_dir_inode_operations;
inode->i_fop = &sysfs_dir_operations;

struct file_operations sysfs_dir_operations = {
.open = sysfs_dir_open,
.release = sysfs_dir_close,
dlseek = sysfs_dir_lIseek,
.read = generic_read_dir,
.readdir = sysfs_readdir,
¥
FH AN a1 R o AR AR ST 5

#include<sys/types.h>
#include<dirent.h>
#include<unistd.h>

EEint main(){

DIR * dir;

struct dirent *ptr;

dir = opendir("/sys/bus/");

|
|
&

while((ptr = readdir(dir))!=NULL){

| printf("d_name :%s ",ptr->d_name);
- }

| closedir(dir);

| return -1;

L

b

fEH P 2EiE, H gee giEpATRI AT . FATRE B &35 T4

(1)sysfs_dir_open()

XA H P A AR - opendir () & glibe 1118444, glibe W& 3% 4 ARE ¢ J& . 2T opendir
Oty sysfs dir open Oz ki, Hief3 L% glibe IS, i A4 T ... glibc 7]
LA gnu iR BB O REJEAD, aik. T gdb IR, minl LA FFERTE AE
PR A R

opendir("/sys/bus/") -> /> 45>/
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-=> RGWH->
sys_open() -> filp_open()-> dentry_open() -> sysfs_dir_open()/* W %73 [a]*/

static int sysfs_dir_open(struct inode *inode, struct file *file)
E{
struct dentry * dentry = file->f_dentry;
struct sysfs_dirent * parent_sd = dentry->d_fsdata;
down(&dentry->d_inode->i_sem);
file->private data = sysfs new_dirent(parent_sd, NULL);

|

|

|

|

| up(&dentry->d_inode->i_sem);

| return file->private _data ? O : -ENOMEM;
L

b
WRZZE A S — A dirent Z58, A ACIE ) dentry 1, I8 & Hilib {77 4E file->private_data
. XA dirent EAERfF ST
F a5 T — DIR 4544, DIR 54T,

#define __ dirstream DIR
struct __ dirstream

{
int fd; /* File descriptor. */
char *data; /* Directory block. */
size_t allocation; /* Space allocated for the block. */
size_t size; /* Total valid data in the block. */
size_t offset; /* Current offset into the block. */
off_t filepos; /* Position of next entry to read. */
__libc_lock_define (, lock) /* Mutex lock for this structure. */
¥
(2)sysfs_readdir()
W I

readdir(dir) -> getdents() ->/*] )" =5[>/
-> RGWH->
sys32 readdir() -> vfs readdir() -> sysfs readdir()/* A %23 8>/

readdir(dir)iX 3 AE 2R, BARLE main AR while fEFR S, readdir BT T 2K,
PATEF glibe LA

EEreaddir(dir){

[ if (dirp->offset >= dirp->size){
|

|

|

|_
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Sifr b, getdents() -> ... -> sysfs_readdir() R4 THIX, getdents)— T
N AR 5E, 74E DIR 458249, readdir() H 2 M DIR 54424 rh &R —A .
DIR(dirstream) &5 f st & —ANt. i l=l i ed 2 filldir fO/E & X AN i e 8l . 58—
W getdents() /2 H FHE DIR BN AT T, Frbhel XA getdentsQ)fH 21X Ik
getdentsQ[=]i[H] NULL.

static int sysfs_readdir(struct file * filp, void * dirent, filldir_t filldir)

struct sysfs_dirent *next;
const char * name;
int len;
next = list_entry(p, struct sysfs_dirent, s_sibling);
if (Inext->s_element)
continue;
name = sysfs _get name(next);

E{

| struct dentry *dentry = filp->f_dentry;

| struct sysfs_dirent * parent_sd = dentry->d_fsdata;
| struct sysfs_dirent *cursor = filp->private_ data;

| struct list_head *p, *q = &cursor->s_sibling;

| ino_t ino;

| int i = filp->f_pos;

E switch (i) {

| case O:

| ino = dentry->d_inode->i_ino;

| if (filldir(dirent, ".", 1, i, ino, DT_DIR) < 0)
| break;

| filp->f_pos++;

| i++;

- /* fallthrough */

| case 1:

| ino = parent_ino(dentry);

| if (filldir(dirent, "..", 2, i, ino, DT_DIR) < 0)
| break;

| filp->f_pos++;

| i++;

e /* fallthrough */

| default:

- if (filp->f_pos == 2) {

| list_del(q);

| list_ add(qg, &parent_sd->s_children);
F }

e for (p=qg->next; p!= &parent_sd->s_children; p=p->next) {
|

|

|

|

|
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| len = strlen(name);

| if (next->s_dentry)

| ino = next->s_dentry->d_inode->i_ino;

| else

| ino = iunique(sysfs_sb, 2);

| if (filldir(dirent, name, len, filp->f_pos, ino,dt_type(n

ext)) < 0)
| return O;
| list_del(q);
| list_add(q, p);
| p=a;
| filp->f_pos++;
F }
F 3
| return O;
L.
b

F sysfs_readdir()HsziR s, et 2 MIRATT ] sysfs_dir_open(Q) W #r & it —4
sysfs_dirent £t 144, 42417 dentry->dirent NI 1 sysfs_dirent 458, 52 1 47,
T R £ filldir Q¥ S48, SCAFRBAEE R, 12— 2 g UE A AP IX .

—/NA R filldirQ k2 filldire4(), ‘EMER L — e m S b X B 5, FHT AR 2 i 2
FH 728 8] 2

Sysfs S ANEE AN A

PR RlAE, T IEAS DN R B
#include <stdio.h>
#include <fcntl.h>
#include <unistd.h>
EEint main(){
| char *name = "/sys/bus/Ildd/version";
| char buf[500];
| int fd;
| int size;
| fd = open(name, O_RDONLY);
| printf("fd:%d ",fd):
| size = read(fd,buf,sizeof(buf));
| printf(*'size:%.d ",size);
| printf("%s",buf);
| close(fd):
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| return -1;

(1)sysfs_open_file()

open() -=>/*H] )73 [a)*/
-> RGHH->
sys_open() -> filp_open()-> dentry_open() -> sysfs_open_file()/* W% 457>/

static int sysfs_open_file(struct inode * inode, struct file * filp)

{

return check perm(inode,filp);

}

static int check_perm(struct inode * inode, struct file * file)

struct kobject *kobj = sysfs_get_kobject(file->f_dentry->d_parent);
struct attribute * attr = to_attr(file->f_dentry);

struct sysfs_buffer * buffer;

struct sysfs_ops * ops = NULL;

|
|
|
|
| int error = 0;
|
| if (1kobj || lattr)
| goto Einval;
|
é /* Grab the module reference for this attribute if we have one */
[L; if ('try_module_get(attr-=owner)) {
| error = -ENODEV;
| goto Done;
F 3
|
é /* if the kobject has no ktype, then we assume that it is a subsystem
* jtself, and use ops for it.
*/
if (kobj->kset && kobj->kset->ktype)
ops = kobj->kset->ktype->sysfs_ops;
else if (kobj->ktype)
ops = kobj->=ktype->sysfs_ops;
else
ops = &subsys_sysfs ops;

* or the subsystem have no operations.

|
|_
|
|
|
|
|
|
|
E /* No sysfs operations, either from having no subsystem,
|
Fow
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if (‘ops)
goto Eaccess;

/* File needs write support.

* The inode's perms must say it's ok,
* and we must have a store method.
*/

if (file->f_mode & FMODE_WRITE) {

if (1(inode->i_mode & S_IWUGO) || !ops->store)
goto Eaccess;

/* File needs read support.

* The inode's perms must say it's ok, and we there

* must be a show method for it.

*/

if (file->f_mode & FMODE_READ) {

if (1(inode->i_mode & S_IRUGO) || 'ops->show)
goto Eaccess;

I

|
=

|

|

-
=

|

I

|
-3
|
E

|

|

|_
=

|

|
-3
|

[LF /> No error? Great, allocate a buffer for the file, and store it
| * it in file->private_data for easy access.

Foow

| buffer = kmalloc(sizeof(struct sysfs_buffer),GFP_KERNEL);
CEif (buffer) {

| memset(buffer,0,sizeof(struct sysfs_buffer));
| init_ MUTEX(&buffer-=sem);

| buffer->needs_read_fill = 1;

| buffer->ops = ops;

| file->private_data = buffer;

|‘ } else

| error = -ENOMEM;

| goto Done;

|
|
|
|
|
|
|
|

Einval:
error = -EINVAL;
goto Done;
Eaccess:
error = -EACCES;
module_put(attr-=owner);
Done:
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| if (error && kobj)
| kobject_put(kobj);

| return error;

3

check_permQar— FHRR, Gl sysfs (12X sysfs_buffer buffer, % & I
sysfs_ops sysfs_buffer->ops. 7E&ANTX N, sysfs_buffer->ops # % & ik
bus_sysfs_ops. #Jfil file->private_data = buffer.

(2)sysfs read file()

FAEUR

read()->/*] " >/

-> RGHH->

sys_read() -> vfs_read() -> sysfs_read_file()/* N =5 i*/

E % sysfs_read_fileQ %L,

static ssize t
sysfs_read_file(struct file *file, char __user *buf, size_t count, loff_t *ppos)
E{
| struct sysfs_buffer * buffer = file->private_data;
| ssize_t retval = 0;
|
| down(&buffer->sem);
CE if (buffer->needs_read_fill) {
| if ((retval = fill_read_buffer(file->f_dentry,buffer)))
| goto out;
F 3
| pr_debug("%s: count = %d, ppos = %lld, buf = %s ",
| ___FUNCTION__ ,count,*ppos,buffer->page);
| retval = flush_read_buffer(buffer,buf,count,ppos);
| out:
| up(&buffer-=sem);
| return retval;
L

+

i sysfs_read_file(O)4E FE:
sysfs_read_file()
---= fill_read_buffer()
---> gsysfs_buffer->bus_sysfs ops-=bus_attr_show()
---> bus_attribute->show_bus_version() //iF & XA
HoeTA 4 Iddbus.c Hiiie X
---> flush_read_buffer()

fill_read_buffer() 22 EM, BN RTLE sysfs & XIZzntIX sysfs_buffer.
flush_read_buffer()/Z22 11X copy I /20l PRGN N A FEANE T .
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Jaid

KT sysfs AT . SCEAUREF FRER, A B IS WX LR K KG P8 K
W WARPEME B, SHROES—mE. SR, 2SR T, e
OB SR — 2, A5 B2 AN LA 32 N B, 27 2] linux A R 5 I 1) 75725t &2 Reading
the f**king source code. 47T source insight H4LiY, 4 KDB ik, #E7EM. 5
Ah, BT linux WAZARRY, A glibe ARG~ Rk, #H Otk IXFETE, R
2 [a) sk AT LA gdb 5 18 1 R

MR T BB BBS SLHERA T 8, R ILIL R4 mm A SRARAE L, XX
HER XX REOPERS W5 8, AURIE. CHUB R IR T T, T £5 a7, ikl
BHAATES T, RERLBSRAT, GIARKET, HEED, @- AT, K. LEF
KU, SERES, B, FOARE. RUREAA, TRRHRERABET .
BT, 17 KPEAIFT, TN, KR H R

UK AR, RO AT, RAITMAMRE T, BRILEEES, A 1,
U, EREEH R REE T, B FLR, WA, UOTER, e R, SRR
B
B 9
T
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