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. Block Device Driver

scint
#include
#include
#include

#include
#include
#include
#iﬁ{it e
#include
#include

INTELLIGENT NETWORKING & SYSTEM LAB. © 2021




. Block Device Driver

init()

int vrd_init(void){

vdisk = vmalloc(VRD SIZE);//RICIA 30|27 {20 HZ22|HA ST ClHo|AL] HHE22E L.

int state = register blkdev(VRD DEV_MAJOR, VRD DEV NAME); //2F C|HIO|A EZIO|HE HEW EE

if(state < 0){

printk(KERN_INFO “"driver build failed..\n");
return -1;

1

device.data = vdisk;//2 & HZE|FL S make |z—que:t{ ,‘."’*'?' of] A = UL E device.datalf] 4H .

device.gd = alloc disk(1);//alloc disk()&+& =5 C|HO|A "-1 L- 2lst HE 2 XMl gendiskEHE

device.queue = blk alloc queue(GFP_ KERNEL);;’;’md_mdﬁc_| eques 1 e 25 CdjojAo Eest @4 7=

blk queue | make _request(device.queue, &vrd_make_request);;’ﬁ"_f _queue make request( )&+ = 0|88 HE D =2t
292 vrd make regueset() s E EEZSILH

[lalloc_disk()0|l A L2 gendisk?EME £7|80l= B8

device.gd-=major = VRD_DEV_MAJOR;

device.gd-=first minor = 6;

device.gd-=fops = &vrd_fops;

device.gd-=queue = device.queue;

device.gd->private data = &device; de _make request()E 0| A ClHO|AO] Cigt HEE HXdx ALE

snprintf(device.gd->disk name, 10, o i 1

set _capacity(device.gd, VRD_ SECTOR TDTAL} [/EE ClHIO|A L] & ME £8 set capacity()E+=E &H

add_disk(device.gd);//add disk()&+=E #HY WHE SEC|HO|AE EE

printk(KERN _INFO "blk device driver \n");

return @;
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. Block Device Driver

init()
{Cj|A30|27] M20 of 22 oM

vdisk = vmalloc(VRD SIZE);// = Cl

int state = register blkdev(VRD DEV MAJOR, VRD DEV NAME); /[/:

if(state < 6){
printk(KERN _INFO "driver build faile \n");
return -1;

unsigned long size
» HEIAUM 2| X H22[eT &
») 2 HE22| bufferE 70N 2t
) HE2 MM SEHOE HKEX| 1A &,
)) sizeDtFQ| HHIYE &

unsigned int major, const char® name
)y E2 [|HIO|A E2JO|HE F{'dof E.
) /proc/devicesIt2U0| name2} majorZ} MZHEICE,
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. Block Device Driver

init()

device.data = vdisk;:/
device.gd = alloc_di
device.queue = blk_alloc_queue(GFP_KERMEL)

blk gueue make rquHSt(deVICe queue, &vrd_make_request);
=2 wvrd _make requeset| f:'&.r = ol C}

unsigned long *minor
) gendiskLEHIS SHtty| 5t &4
» AL HEOAME 0] 20| 10|or==| an|*=|0| ol 7102 mct5iog
OHE|M X2|E +#SIX| =L,

gfp_t
)) ERO|HOIM At 23 RE SIoHF= &
» gtp_t= enumE8 22 GFP_KERNEL, GFP_ATOMIC,
__GFP_HIGHMEM, __GFP_HIGHZ 0|20{X!2
) ol Ofix|2] GFP_KERNELE= H22| 20| i H3& 5+ JAIGHE.
g, 332 MX| L2 T2MAS Sleep
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device.
device.
device.

device.

device.

Block Device Driver

Ir|-|:|

= URD DEU_MA]UR_
gd->first_miner = @8;

gd-=fops = &vrd fops;

gd->queue = device.queue;
gd->private _data = &device;//vrd

5npr1ntf{dcu1ca gd >disk name,

add_disk(device.gd);//add disk()& %

struct gendisk *gd, sector_t size
») SELIHI0IAL| & ME|SS MHHFE &4

») sector_t E2I2 u64Ef‘éI (unS|gned 64bit)

struct ge_ndisk *ad

) HEHOZ S8 CHI0|A9| OHE|M HEN SES diFc &
» 0] &7t SEEIH HE2 S5 LHIO|AS 7 R0 S&
ClHtO|A mUQI /dev/vrd7} O] B2 Q15H 4 4E
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. Block Device Driver

make_request() )) 2F X2|7t HQ§ A| +3k|= St

static unsigned int vrd make request(struct request queue *q, struct bic *bio){
vrd_device *pdevice;
char *pVHDDData;
char *pBuffer;
struct bio_wvec ibvec;
struct bvec_iter iter;

Sme
ezz Ha

//pdevice ~ pvHDDDataZl Bt7H S| MEZ} © 7 HZE2F4A

pdevice = (vrd device*)bio->bi disk->private data; f/ M ATt vrd devices = 4| = 9| = HEBI= private
/] gendiskPrZEHE add disk()E = 0 =47 private datalll =2
pVHDDData = pdevice->data + (bio->bi iter.bi sector*VRD SECTOR SIZE); // oiE ol t * 512byteZ]
1} datagts B E7F =, vrd device?
bio for each segment(ibvec, bio, iter)//bic vec = H| HIEHE XY 2 X 2|5} H bi '

{

[] switch(bio data dir(bio)){//2FE 20| 27|, &7[X] o}
case READ : memcpy({pBuffer, pVHDDData, ibvec.bv_len);
break;
case WRITE : memcpy(pVvHDDData, pBuffer, ibvec.bv_len);
break;
default : kunmap(ibvec.bv _page);
goto fail;
} i o
kunmap(ibvec.bv_page);//bvecX &| 7| ©fL}
pVHDDData += ibvec.bv len;//pVHDDData/f 7r2|7| =

)} H
= =1

b

bio_endio(bio);
return 03

bio_endio(bioc);
return 8;
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. Block Device Driver

make_request()

static unsigned int vrd make request{struct reguest queue *qg, struct bio *bio){
vrd device *pdevice;
char *pVHDDData;

char *pBuffer;
struct bio vec ibwvec;
struct bvec iter iter;

») SIE BlockS 0| £2 MIHE EI9|2 H2sts 2XH

» 7I2Hoz |/08 £33 C|AT yoio] HE, BlO[EE K HTaFe)
HEE masict

) BiLte] bio R0 BtLto| /OR8] HAKSIOH 0] 2| U= 2t S=0]
bio_vecZH|0) KFHE|0| HHZ BREICH

02

M H1IHE =3 Vector XA,
» M1HEzZ Blk I/OHAS 2|8t HIO|EE XSl ‘Hz2e] FY
O 2{I|0] X|0j| Z&! &= UL},
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. Block Device Driver

make_request()

static unsigned int vrd make request(struct request queue *qg, struct bio *bio){
vrd device *pdevice;
char *pWHDDData;

char *pBuffer;
struct bio wec ibvec;
struct bvec iter iter;

)) biotZHM|0|M SR MIHEE NHEHE XX
struct bvec_iter {

sector_t bi_sector; [/ QP X7t HQgt MEJA|XF HS  unsigned int
bi_size; // Y2 /0= T4

unsigned int bi_idx; //?

unsigned int bi_bvec_done; //?
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. Block Device Driver

> VRD_SIZE) //

make_request()
bi_iter.bi_sector*VRD _SECTOR_SIZE) + bio-=bi_iter.bi_size)

if(((bio->bi_

bﬁévlcé_

pVHDDData

o bio =7t C|A3 2] F7|HL 2 A LEE XY

» ST Q3 X2|7t e
) BEUE Al 23E|E init(0IA vrd_deviceQ| EXMHf0| FAS KESHE EQIE Hap
FAE XNE

) ol M= =Y MOlsE M4 §Emde| Ao| ot
» 0| H0= vrd _device X H|2| dataZEE 0|25} diske| A FTA + SILI2| MIE
BILte] ME{7} BHE 0l X% &.

_I,
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. Block Device Driver

make_request()

bio_for_each_segment(ibvec
kmap(ibvec.bv pdge)+1bv f
HDDI ibvec.bv_

pVHDDData,
ibvec.bv_len);

, blo, iter)/,

{
pBuffer =
switch(bio_data_dir(bio)){//x
Buffer,

]
case READ : memcpy/(
break;
case WRITE : memcpy(pVHDDData, pBuffer,
break;
kunmap(ibvec.bv_page)

default : k
goto fail;

}
kunmap(ibvec.bv_page);
pvHDDData += ibvec.bv len;

o7 #loll AFEst= WH3=

r

)) bio_vec XA HiYES ME

7s8k= 1/07H FA

rl_r
o
e

OIX| Op 4

)) StLtC| bioZXH|7}
») READ, WRITE
)Y defaultA| 0|2
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Block Device Driver

bio struct?] X

: 5fLt2| bio?ZH|0l= 1/0230]| StLt7tH ZXY

IESH bio_vece I/027%0| Q5 pageS HIE
2 A5 AEF|YS & £ QULL
0f2{ 7H2| page= M E|0 US Al vectortZE
0|8oll E0{MU= pageE & EIoH._ C}.

Page 4096 byte Page 4096 byte Page 4096 byte
- Segment 3 Kbyte Segment 2 Kbyte
Sector 512 byte
Sector 512 byte Sector 512 byte Sector 512 byte
Sector 512 byte Sector 512 byte = _
Sector 512 byte Sactor 512 byte Sector 512 byle
Sector 512 byte Sector 512 byte Sector 512 bytn

Sector 512 byte SoioF 12 byte Sector 512 byte
Sector 512 byte D Sector 512 byte

Seetor 512 byte Sector 12 byte Sector 512 byte
Sector 512 byte Sector 512 byte Sector 512 byte




Block Device Driver

block_device_operations

int vrd_open(struct block device *bdev,

fmode_t mode t){ ,

“printk(KERN_INFO en\n");
return 9;
}
vold vrd_release(struct gendisk *gd fmode t mode )
printk(KERN INFO e T
}
int vrd ioctl(struct block

return -ENOTT

}
static struct block device operations vrd_fops
.owner = THIS_MODULE,
.open = vrd_open,

.release = vrd_release,

.loctl = vrd_ioctl

)) CIHIO|ATU O] A|AR 20| AN A K= Bt4-SS T

o Sl CIHIOJATIUO| OFRE 2 Al $E/E 34

ClHIO|ATAO] AHO2E

o
i}

ClHO|A IO =3 K07 Qe Al %=
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. Block Device Driver

exit()

void vrd exit(void){
del gendisk{device.g
put_disk(device.gd);
unregister blkdev(
vfree(vdisk);/ /& C| -
printk(KERN_INFO

}

module_init(vrd_init);
module exit(vrd exit);

MODULE_LICENSE("GPL");

) Aol &=l gendiskEEHE HHOA H|AH
) C|HIO|A II0| XISAMH|E! add_disk()gt4=2t Hicd st

) HLoj| =l gendiskAEH|2| K2 2|2 SHA|

) 7140f| YEE SEC|HI0|A E2IO|HE HIA
)) /proc/devicesIIAU|A i E2I0|HHYE Tt HIHE
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. Block Device Driver

=

QHEHIE( ko) I} A gl O|=A 5}0

yc@lyc-linux:~/ jevi ; | ; fram_diskS$
iake ARCH=arm CROSS COMPILE=arm-linux-g i thomeflycfp1f11nux M=/homefLlyc/pi/device driver/test blk driver/ram disk modules
ake[1]: CIZE 2] '/home/lyc/pi/linux' &

cc [M] [home/lyc/pi/device driver/test blk driver/ram disk/vrd.o

Building modules, stage 2.

MODPOST 1 modules

CC Jhome flyc/pi/device _driver/test blk driver/ram _disk/vrd.mod.o

LD [M] /home/lyc/pi/device driver/test blk driver/ram disk/vrd.ko
ake[1]: FIEE{2] '/ho i
yc@lyc-linux: ] J E Ir kS 1s
akefile Makefile_for_x86 Module.symvers modules.order vrd.c vrd.ko wvrd.mod.c wvrd.med.o wvrd.o
yc@lyc-linux:- _dr _ dr ks file wvrd.ko
rd.ko: i ersion 1 (SYSV), BuildID[shal]=12680c2197da984f8fdb307edd5590a2d7c12a83, not stripped

yc@lyc-linux:~/ dr sk$

$make
Y arm212] QEHME mS MAMSH= Makefile0f| 2} Zim AlsH

$file vrd.ko

)) MMEl QHHE melo| o|=M 50|

O =| -
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. Block Device Driver

TargetO2 QEME il T & 12 T4 o
yc@lyc-linux:~, -e_driver/t b driverfram_ kS scp ./vrd.ko pi@192.168.10.53: fhome/pi
he duthpnt1c1tv of host '192.168.16. 53 (19L 168.10.53)"' can't be established.
DSA key fingerprint is SHA256:CuvpjkPEm/GOGWS+uCCYK93beWPB970qMILaQ5Uxqges
re you sure you want to continue connecting (yes/no)? yes
Jarning: Permanently added '192.168.18.53' (ECDSA) to the list of known hosts.
pi@192.168.10.53's password:
rd.ko 100% 7292 508.1KB/s pe:00
yc@lyc-linux:~/p ce_driver/test_blk_driver/ram_ kS ssh pi@192.168.10.53
pi@192.168.10.53 5 paﬁsword
inux raspberrypi 4.14.82-v7+ #1 SMP Thu Nov 22 20:57:19 KST 2018 armv7l

1p>
ogt

he programs included with the Debian GNU/Linux system are free software;
he exact distribution terms for each program are described in the
individual files in fusr/share/doc/*/copyright.

ebian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent

ermitted by applicable law.
ast login: Thu Jan 10 06:26:30 2019
~ § 1s
s Do vrd.ko

$scp

)) Target2| Home dir2 QEHE M M&

$ssh
)) Target2| E{0|92 YIZT&
)) BAEHO0| pi2 HIYE RS HOF £ ULt
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. Block Device Driver

Target2 E0f| REXIY A|7|7]

pi@raspberrypi:~ $ sudo insmod vrd.ko

pi@raspberrypi:~ $ lsmod $SUd0 insmOd Vrd.kO
i 8 ») Kernel0l] CH}O]A Ea}0[H BE XX}
49152 ¢ ») initQ&t0f| HOlsHE AATCE AMSHSITE
o ») CIHOJA THRIOI /dev/vrd7t WAEIH
36864 - /proc/devicesItU 0| E20|H HE 7} FI}=ICE.
16384 1 hci uart
20480 1 hci_uart
bluetooth 364544 29 hci_uart,bnep,btbcm, rfcomm
ecdh generic 28672 bluetooth $|Sm0d
bremfmac 307200
bremutil 16384
cfg8e211 569344
rfkill 28672
snd_bcm2835 32768
snd_pcm 98304
snd timer 32768
snd 69632

1
;] bremf o
remfmac = = [
1 » vrdgls 2E0| HYEIUSZE &QVts
6
1
1
1
5
uio_pdrv_genirq 16384 0
V]
1
o]
4
6]
5]
1
2

bremfmac
bluetooth,cfg80211

snd_bcm2835
snd_pcm
snd _timer,snd bcm2835,snd pcm

fixed 16384
uio 20480
joydev 20480
evdev 24576
i2c_dev 16384
ip tables 24576
x_ tables 32768
ipvé _ 430080

uio pdrv _genirqg

4
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. Block Device Driver

/proc/devices

Block devices:
1 ramdisk

T6ip $cat /proc/devices

e ») SixH 7{'20f| MxHE ClHiO|A EEIO|HSS &ItsS

i ») Y1Z0| major numO|H 22%0| dev nameO|Lt.

Zd %) GIRI2| vrds major7t 2402l BOISH 2 QUL
sd

3 sd

sd

8 sd
129 sd
3 sd
1 sd
sd
sd
4 sd
sd
mmc
vrd
blkext

vrd dev?| HH=}0|

Disk /dev/vrd: 4 MiB, 4194304 bytes, 8192 sectors $SUdO fdisk —lasxy

Units: sectors of 1 * 512 = 512 bytes AEIO A MeEe =gisix<= Mz (=Pt
Sector size (logical/physical): 512 bytes [ 512 bytes » ila_':'_l 232 I[I-EI'_:IEOE = EOH:-(')_ o 212} 1.
I/0 size (minimum/optimal): 512 bytes / 512 bytes )) °Ho E',“'%miﬁ Vl'd|--|H|'0|ﬁ—| IJEE %!'._|7|'3 Ol'l:l'.
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. Block Device Driver

deviceli fs=2|7|
pi@raspberrypi:~ $ sudo mkfs -t ext4 /dev/vrd $SUdO mka _t eXt4 /deV/VI'd

mke2fs 1.43.4 (31-Jan-2017)

Creating filesystem with 4096 1k blocks and 1824 inodes )) vrd dev0|| extd ]Il-% A'ﬁE‘II% %E'E I:g%;lo-l
AS [ o s =

Allocating group tables: done )) ggx—-llgg T%IQIEI: Zda £E!'?_Ijl'o-

Writing inode tables: done

Creating journal (1824 blocks): done

Writing superblocks and filesystem accounting information: done

pi@raspberrypi:~ $ sudo mkdir /mnt/testdir $Sudo mkd"- /mnt/testdir

pi@raspberrypi:~ $ 1ls -1 /mnt ) . |_ =

total 4 »> mount dir0]l testdir2t= dirg 44

drwxr-xr-x 2 root root 46896 Jan 11 83:39 te roloO =1l e] AHkl St

pi@raspberrypi:~ § 1s -1 /mnt/testdir >) mi_:'lnt dlr 2= I'OC;t;'I":l' OE OIILOF & OI-II— o =10 -
total 0 ) MY = testdir?| LIZS &QI5HH OR AL Y=AE &S
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. Block Device Driver

C|HIO|AE OIREA|7|7|

pi@raspberrypi:~ 5 sudo mount /dev/vrd /mnt/testdir
pi@raspberrypi:~ $ 1s -1 /mnt/testdir

2 root root 12288 Jan 11 03:39 lost+fe
pi@raspberrypi:~ 5 touch testfile
pi@raspberrypi:~ % sudo mv testfile /mnt/testdir
pi@raspberrypi:~ § 1s -1 /mnt/testdir
total 12

root root 12288 Jan 11 83:39 lost+found
pi 8@ Jan 11 83:57 testfile

3 - 5 sudo rm /mnt/testdir/testfile
pi@raspberrypi:~ $ 1s -1 /mnt/testdir

size Used by
16384 1

$sudo mount /dev/vrd /mnt/testdir

)) CIHIO|AE S dir0]| OIRE

» vrd devic?| OIRE EQIE= /mnt/testdirZ} EIC}.

») E20|H 2| open()&t:7t MG EICE,

) Ul oLt 4AMbO|ste] MUSS Hiaxo =z
=1 & +UL

WAFEI LjQ| HIm}QIOI testfileO] mVEEOZE /7=
HE E0I7Fs6IC(rm 2 ARl = AT &017ts)

$lsmod

» X A2 LUERY Y= DEHHE &8

) OFREE|0] U= vrdE QI8 Used byto] 12
St 2 A &9l k5ot (713 0)
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. Block Device Driver

ClHIO|AS IO EA|F|7]

pi@raspberrypi:~ $ sudo rmmod vrd $sudo umount /dev/vrd

rmmod: ERROR: Module vrd is in use )) E—Iéﬂ%—o-l EIHI_OI¢§% ﬂul'-?'g *Ialé |;|°:|-r_g01

» AUOREE A7[7] MOl rmmodBESE MEE Al
vrd2ES M85t UZ2 = A &7t 027} ELL.

) JEA0= S CHIOIAS ANREES HAISHL

)Y IsmodBEHO| £3A| vrd2E2| Used byZto| 12+ %

pi@raspberrypi:~ 5 sudo umount fdev/vrd
pi@raspberrypi:~ § Eudm rmmod vrd

$sudo rmmod vrd
N FHE0 HER IS UL A|7|= HEO
N vrd2ES AL A|ZICEH
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. Block Device Driver

i: loading out-of-tree module taints kernel.
blk_device _driver init

device open $dmesg

device release AEI = s10|7l==

device open >> Al—: %JE S0V} SolLt. o
device release ) 212 E101510{ E2lo|H2] &52
device open 310|71=5

device release = '—7|'°°H:|.-

device open

device release

device open

device release

device open
device release

device open

device release

device open

device release

device open

device release

device open

device release

device open

device release

device open

device release

device open

EXT4-fs (wrd): mounted filesystem with ordered data mode. Opts: (null)
device release

blk device driver exit
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