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1. HE Z=2 1l iR

o 2lsA HES X .
-SEZZ )Y . AFEN 2E(usermode)lllH S&ote ZZ2 1
- AIAE 2 2IHHIOIA - SSZZ0d0AH HE MEBIAE MSot= 2IHHIOlA
- HYEY  DTZ2AA 22, 22l 22, IPC, WEAIAE HWERZA, CIHolA E20IH S
- otE9 0 : CPU,RAM, CIAA, HWES=, el =HEXS

® [|HlOlA =2t0lH

- H3XE AEECE UFe 2ZERA.
- Z OlERIER EXIOE OfLlcte 2ZERINHEC HXE ¢HEN UE =& UL
O &==6tH, AKX Z=Ct

- HE EE0A 2dEL), H2c
&E

- CIBt0lA EClOIHE Sot EXIE F&st : EXE WEMHE UE = UL

- 8XE BIKN 872 Li=1d SF0 Wtel E2l= IHHolAE Sot EXIE MO{etlt.
® XXl BF :

- = Ak & Xl(character device) : HIHE SotAl &1, HIZ 21 & = A= EX.

terminal, serial, parallel, keyboard, mouse, PC speaker, joystick, scanner, ...
- == & Xl(block device) : HIH JHAIE Sof === otH, X2 Ll &E20] Jt=0otth
(random access). S HP 2 UEES otH, WEAAESE A5 =+
floppy disk, hard disk, RAM disk, tape, CD-ROM, ...
- WE= EXl(network device) : UIE= 3= S8
ethernet, slip, ppp
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® J12 22 =(kernel module):
- 2lsA AMNAE REHEN sSH2Z 25, HZE & £ AUs HEL RHEL2A.
- HE = CHAl ZUEotALE AMAEE 2IREotA H10E HEL LdRE=ES WHg = UL

- LIBH0IA E2i0lH, WEAIAE, HER 2= 50| 232 =0 AL

e = L2 &)t gt SSLEZ )12 XHO0]
2=Jt ) 22 HZE A0 =2l= startup / cleanup 2==Jt =X StCH.
startup : i nt i nit_nodul e(voi d)
dZ0otH 0, &llfotH 1 29 g¢t= ==L
cleanup : voi d cl eanup_nodul e(voi d)
- dynamic linking :
symbol : BH==L} &= O]

symbol import : CtE R0 =Mdt= symbol 2 AIE0l= A

symbol export: LIE 0N AMEE = ULS= symbol & AlSot= A

symbol table : symbol 2| S5 JtAl) U= table

static linking : ZIIE S otHA link HH= 20| etlt. 2= & ==0| resolve T/ U]

of
=20 1 Xz A8 Jbsotc.
dynamlc linking : symbol =2| link = 2= &
= Oﬂkl N== ol=0i0F &L,
e 2Lt % ot E3E oKl 22 object It HEHOICH
-HAEN SN 2EE 2F0UAM export ot U= A

C &t [ff StCt. import &= symbol E2 Ch



@ 25 I JcHAUUAME F=2Ate!
- fault handling : 2 =2 31‘59_501“\4 s&otE2=2 22 20 et oidet 2% ©
CH, 20N Zdst ticie AL XIBH0IE22 HR2elE UE M 2ok, HE
ot) OleiE XeloloF SHCt.
A

g+ 2 SAU= BtEAl Hd2ES S A

- 24 JA0ILF MMX EE2 Alsg + BlLh &% &2 8 382z WMot Xclok
E= stth

- HEOl AFEot= A8 AJ|l= Mt AL (2 page), UIHEE ST st ABS
MESIEZ AES ROl AtEotH o=l AEHN 2 HHEsS 283 ot (s8e=2 &

= b, recursion O] 0| L LIAl EE= =2|atl}.
- OhE 2SS NdoloF st elsAs 0431 SEUHMN A=E —ﬁ“— ASS=Z 32
Hl

M
R
J
[
(]

-lsmod: 2= 252 =S5= 2 WEL0 (/ proc/ nodul es)
-insmod: HE 2= 2L
-rmmod : HE 2= A2
-depmod : HE E2=2t2| 2AE=HES HAtetlt (/11 b/ nodul es/ */ nodul es. dep)
-modprobe : 22 20 =2 =& WA EP?E ﬁija”

OlE=AH0 [etMd EREH
-kerneld: HE 2= 20, SELZ2] a:,”OI Ot HE E1|E9| %'?5

HEUHAN DES 2R sez B2 2&0tl, Z29sS I A=z =6t

st ([H
modprobe Z2 18 = 0|&E0tH 2%, HAZEE St
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e 5 U= Y &dH Z=2 )8 .
-ksyms :export T/ U= S HEC symbol === EHECY. (/ proc/ ksyns)
- gcc : GNU C compiler
-make: ZZ2HE 220 FE8t GNU make utility
- Id : GNU linker (1d -r : relocatable object file)
-nm : object file il U= symbol E2 === 2H =L

- mknod : device special file = Ct=C}.



MM 22 : Hello, World

2N . =S Lot AZES [ 2tHe HAIKIE £&8ole 2= 22 1d8S MESHH
oS 2E = g M 22l 22 init_nodule() A HE HAIXNIE &&Hol= &
=0l prlntk()g 0l & "Hello, World' ZAEES 60 ZE2 HZ2EE M 2= g2l
cl eanup_nodul e() M= &2 ZEH2Z "Goodbye" EAE S = 6L

HAE 28 . 252 250t AZES M HAIKIIE HMHZ &S5 =X &QIsHT.

L PSS
- A A
- I (gee)
- PE= 2ot EUE 2 = HZ 01| (insmod, Ismod, rmmod)
- Makefile AtZ0}D] (make)



® Filename : hello.c

/*
Hel l o, World Modul e Program
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

I nt init_nodul e(voi d)
{
printk("<l>Hello, World\n");

return O;

}

voi d cl eanup_nodul e(voi d)

{
}

printk("<1>Goodbye\n");
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® Filename : hello_init.c

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i f def CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#i ncl ude <l i nux/ nmodver si ons. h>
#endi f

int init_nodul e(void)

{

printk("<1>Hello, Wrld\n");

return O

}
® Filename : hello_cleanup.c

#define _ NO VERSI ON__
#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i f def CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#i ncl ude <l i nux/ modver si ons. h>
#endi f

voi d cl eanup_nodul e(voi d)

{
}

printk("<1>CGoodbye\n");
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® Filename : Makefile (hello.c)

CC = gcc
CFLAGS = -D__KERNEL _ -DMODULE - O -Wal |

OBJS = hello.o
all : $(0BIS)

cl ean :
rm-f *.0 *~

® Filename : Makefile2 (hello_init.c, hello_cleanup.c)

CC = gcc
LD =1d
CFLAGS = -D__KERNEL _ -DMODULE - O -Wal |

TARGET = hello.o
OBJS = hello_init.o hello_cleanup.o

all : $(TARGET)

$(TARGET) : $(0BJIS)
$(LD) -r $" -0 $©@

cl ean :
rm-f *.0 *~
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A

Qli

e = AUt

gcc -¢c -D _KERNEL  -DMODULE -O hello.c

® nmake T2 )2 0|Sst Z2WY .

make => J| 2 makefile 2! Makefile 2 0/&30t0{ Z W

make cl ean = HUtLst ZU=S NIHGH|

make -f Makefil e2 => [}2 makefile S AI2E [ AI2E makefile 015 X &
e 2= &1

i nsnmod hello.o

e =CE T S5 2|

| snod

e = HA

rnmod hel | o

e Z=0UAM &8t HAIK 271 :

tail /var/l og/ nessages => X2 UAIXl 2]

tail -f /var/l og/ nessages = X2 UHIAIXI2 Ol H=SolA FItEl= HAIK 2]
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o = HM 2AH
- 2= B0l Z2UEst HE BN H2IF S0HIO0F ofH, Ol &M AdE ) U=s HE
H& U L X[oHOF SFCt.
- 250 HAE 22 ZSAIDID]
#i ncl ude <linux/ modul e. h>0lAl A=s2=2 25 HHNM 28 FItetltt
2= &2 char kernel _version[] BH=g& &HOl=L}
2= &8 2= &8x 2=0M ottt [AHOF atlh &AJF Hefiel B otLtS
220K 25 HAES H2lotd LA &4 01|A <linux/module.h> IS L&
ofJ| & #define _ NO VERSION = =ol 2= HME H2otAl E2&= atl}.

—

. RS BAOl S2MU RS BIE H2IF UCD & O 2R HZE
1) 8l HEQ B= HAEZS E%‘/\Iﬁ 2O S CHAl StCt : JIE £ 9y
2) HEO|l EclHetE Z2H2 25 ZE0HJ] :insmod -f
CHXI 2 minor version O D*S 222.2x) HEO| EclHcet
BF, minor versioin O] &l ZR0= S Al Z= It
* BES [ AIE2EH HE HEY 2= 20MLE [ AIEct= HE O
Of HME UAFH=0O0F stlh.

olr H1
o
ra
lull

® unresolved symbol Uld 2Kl :

1) AHBE £ gl= AZS NS ¥

2PE0A= HE0H BAZNH JUs B =2 MEBE = SU2H, HE WA export of
== S0 A=Y = ULH

ME0| BIEAl E2Ret B2 HE= A8 =80l i == export AIHAF0{0F SHCH
(ker nel / ksyms. c,net/ netsyns.c L£= 28 AANH M)



2)symbol S0l HE HEI Z&EHH U= &
22 AZ0|2IE HE HBE HEA | (C+2+ A (CONFIG | MODVERSION)
export & & M CtE2A & CH printk() & 2 &3 HLE0l HAE HAIE oF
A &22H 1Y printk & export &l X8 HE HALE ofH printk F0 2=
& B2t FILEK printk xxxxxx SEHZ export = Ch.
ZEOUA O3 220 018 EF0H=F= g sl
#i f def CONFI G_MODVERSI ONS

#def i ne MODVERSI ONS
#i ncl ude <l i nux/ nodver si ons. h>

#endi f
3) inline function optimizing :
inline function @2 H2IEH U= ZItA &= ( : get _user, put _user, strcpy,
strcnp)@ optimizing & otAl ZHUL XILIE! optimizing S OPD:' WL A0 inline
function O OtYl 28t function 22 & —’F_n_ ULt 0B inline function & external
symbol £ ({J|1) link & Al=ot)| =0 Ollciot & 28etlh.
Y SEOA -OE Bt Al XIEolOF SHCt.
- Z|0H optimizing 2 -02
-O3 optimizing 2 inline function € function 22 HitEZ == UJ| HZWH AMEE =
SA Ct. (-fkeep-inline-functions)
- 2E0A AMEE = U= B2 S
HE U A export symbol table = S0t0{ export off 5
Al 25 20 A export dHFxE &A=
inline function 22 &H2|&E &=

ﬂEmln

= Al
— O =



symbol export = Al :
- 252 AZ2O export HEE X EGHAl &
2 XIEGHA 22 Z2E global &=25)0| A=
namespace pollusion = Jt M 2L}
- 2=0lA OtRE AZ2X export oAl E2HH AAH CS
EXPORT_NO_SYMBQLS;
- Hole= &J=0t export £ Ol EEZ2 H=E2 25 X Esth

10
9

Z 0 A export IIS8t E&= &= S(static 2
2 HE 2| symbol table 0ff I+t

rol
(1

E

0

=t

O =2

#def i ne EXPORT_SYMIAB (#i ncl ude <l inux/nodul e. h> O|& 0 &2)

EXPORT_SYMBOL(synbol 1); (export & A==2 Xtd& Q)
EXPORT_SYMBOL( synbol 2);
- insmod -x : EXPORT_SYMBOL() & B& 2 XIHGHAl £2 ?5'—?— 2 = external symbol =2 A=

L AES S0z S=ah 012 S=2ok otC). 0 AEss __insmod

— o= O T S T

Sl xxx 2 FEZ T ULH.
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3.

CHM ZT228 - MiniBuf- 2tEtst 2XF ClHIO|A S2t0|H

BN D10 Jtsgk 2tHe 24 CIetolA ECOIHE MI&EEC 0 EXl= &40 JIset
PRI JULM, EXUA §IIE ofH UWE HIH0 S0 U= =JIsE sdE FHMZ
MIIDF Jtsst CletolA EctOIBHE M &St HIIA= X0 & WES WS BHIH0

S
[H0

2 0 5O 0 Jio
U

H SFAUACHE 1€ otH 012 SHECH MMz MIIE & I WE HIHS S0 =5t
blocking 0| Z443t= CIBIOIA Z2t0IHE M &HStLE.
7 Y8 . 2 X REU 2R file operation S P& SHCH 2 IHKl operation SHAM O
M 228t A2 open, release, read, write O Ct. open, release M= 22 AIE 22 22| 8tHCH
G322 HOIHE M&EoH| flol D&EE IS F S MH(circular buffer)S otLt =Ch HIH=
A B2 SO SA0 SHLE SAI0H MIIE & == 8llh read A= WS BHHIHO U= W
ES S, write A= 2822 WE=S R HIHW HES etlh.write & € I HIHS =
=0 £=FotH 0l H&Eol Xelsttt.
HAE 88 . 22 H&E6tD Z&E8 = mknod 2822 HYote X S IO (device

special file)2 SHEC MIIME X2 major number & XIZGHA LUACSZ2 HEONAM Ll
& major number 0ff tetA EXl WES Bt=lh HEBM 2=0AMH= cat 2= 0[S0t HXIE
A= M ol Diel €0=E a0l LieEAl =elettt, S8l 250A= MXI|E e = 0]
S0 &J1E ot¥= M Ol&0 & WE0l MUtHE =X %*OJOJCP MM 2F0A= BHIH
o AJIE E0A MIIE otA=S WM blocking Ol EI=X RS HEXE SHUHS0IH wakeup Ol
=X =eletlt.
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(.

DIDF K& ot= %
 —

SHI/MINE 2

o HAE WA

1) 718 X&ot= A+ ClBt0lA

3)

I nsnod m ni buf. o

cat /proc/devices <=
nmknod /dev/m nibuf ¢ mgjor 0 <=
cat /dev/ m ni buf

rmod m ni buf

= L T
I nsnod m ni buf 2.0
cat > /dev/ m ni buf
cat /dev/ m ni buf
r mmod m ni buf 2
MIIE & M HIHIt £=36HH blocking
I nsnod m ni buf 3. 0
cat m ni buf3.c > /dev/ m ni buf

cat /dev/ m ni buf
roimod m ni buf 3

E2t0lH

Al/\E‘”O.” /\—|i|E| E“jl.
major number = HIAIXl &

2) SII/MIIE E5 KN&Eot=s =A o[£

0
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® Filename : minibuf.c

/*
M ni Buffer Device Driver
* [

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/fs.h>
#i ncl ude <l i nux/kdev_t. h>
#i ncl ude <asnif uaccess. h>

/*

* Device Definitions

* [

#defi ne DEVI CE_NAME "M ni Buf "
#def i ne BUFFER _LEN 1024

/*

* d obal Vari abl es

* [

static int s _nMajor = O;
-19-



static int s _bDeviceQpen = 0;
static char s_strBuf[ BUFFER LEN] ;
static int s nBufPos = 0, s nBuf End = O;

/*
* Function Prototypes
*/

static int device open(struct inode *inode, struct file *filp);

static int device_release(struct inode *inode, struct file *filp);

static ssize t device read(struct file *filp, char *buffer, size t |ength,
| of f _t *offset);

static ssize t device wite(struct file *filp, const char *buffer, size_t |ength,
| of f _t *offset);

static int is_buffer_enpty(void);
static int is _buffer full(void);
static int read buffer_char(char *buffer);
static int wite buffer_char(char *buffer);

/*
* Device Operations
*/
struct file_operations device fops = {
NULL, /* seek */
devi ce_read, [* read */
device wite, [* wite */
NULL, [* readdir */

-20 -



NULL, [* poll */

NULL, [* itoctl */
NULL, [* mmap */
devi ce_open, [* open */
NULL, [* flush */
device release [* release */
3
/*
* Modul e startup/cl eanup
*/
int init_nodul e(void)
{
printk("Loading Mni Buffer Mdule\n");
if ((s_nMajor = register_chrdev(0, DEVI CE_NAME, &device fops)) < 0) {
printk(DEVICE NAME " : Device registration failed (%)\n", s _nMjor);
return s_nMj or;
}
printk(DEVICE NAME " : Device registered with Major Nunber = %\n", s nMjor);
strcpy(s_strBuf, "Hello, Wrld\n");
s _nBuf End = strlen(s_strBuf) + 1;
return O;
}

voi d cl eanup_nodul e(voi d)

-21-



I nt nRet Code;
printk("Unl oading Mni Buffer Mdule\n");

i f ((nRet Code = unregister_chrdev(s_nMjor, DEVICE NAME)) < 0)
printk(DEVICE NAME " : Device unregistration failed (%)\n", nRetCode);
}

/*
* Device Operations
*/

I nt device _open(struct inode *inode, struct file *filp)

{
printk(DEVICE NAME " : Device open (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i _rdev));
I f (s_bDeviceOpen) {
printk(DEVICE_ NAME " : Device already open\n");
return - EBUSY;

}
++s_bDevi ceQpen;
MOD | NC_USE_COUNT

return O;
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I nt device rel ease(struct inode *inode, struct file *filp)

{
printk(DEVICE NAME " : Device release (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i _rdev));
I f (!s_bDeviceQpen) {
printk(DEVICE_ NAME " : Device has not opened\n");
return - ElI NVAL,
}
--s_bDevi ceOpen;
MOD DEC USE_COUNT
return O;
}

ssize t device read(struct file *filp, char *buffer, size t length, loff t *offset)

{

i nt count = O;

I f (is_buffer_enpty()) { /* end of file */
printk(DEVICE NAME " : Read return EOF\n");
return O;

}

while (!'is buffer _enmpty() && length > 1) {
read buffer char(buffer);
++buf f er;
- -1 engt h;

_23.-



++count ;

}

put user (0, buffer);

++count ;

printk(DEVICE NAME " : Read % bytes\n", count);

return count;

}

ssize t device wite(struct file *filp, const char *buffer, size t length, loff t *offset)

{

return - ENOSYS; /* not inplenented */
}
/*
* Buffer Managenent
*/
int is _buffer _enpty(void)
{
return (s_nBuf Pos == s nBufEnd) ? 1 : O;
}
int is _buffer full (void)
{

int pos = s _nBuf End + 1;

if (pos == BUFFER LEN)

Y



pos = O;

return (pos == s nBufPos) ? 1 : O;

read _buffer _char(char *buffer)

if (is_buffer_empty())
return -1;

put user(s_strBuf[s_nBufPos], buffer);

I f (++s_nBuf Pos == BUFFER _LEN)
s_nBuf Pos = 0;

return O;

wite buffer char(char *buffer)

if (is_buffer_full())
return -1;

get _user(s_strBuf[s _nBuf End], buffer);

i f (++s_nBuf End == BUFFER_LEN)
s_nBuf End = O;

return O;
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® Filename : minibuf2.c

ssize t device wite(struct file *filp, const char *buffer,

{

| of f _t *of fset)
i nt count = O;

i f (is_buffer full()) { /* out of buffer */
printk(DEVICE NAME " : Wite return Qut of Buffer\n")
return - ENOVEM

}

while (!'is_buffer full() &k length > 0) {
wite buffer char((char *) buffer);
++buf f er;

- -1 engt h;
++count ;

}
filp->f _pos += count;
printk(DEVICE NAME " : Wite % bytes\n", count);

return count;

_26-
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® Filename : minibuf3.c

static int s _bDevi ceReadOpen = 0;
static int s _bDeviceWiteQpen = 0;
static struct wait_queue *s_wg = NULL;

in device open() :

1 f ((filp->f_flags & O ACCMODE) & (O WRONLY | O RDWR)) {

I f (s_bDeviceWiteQpen) {
printk(DEVICE NAME " : Device already open for witing\n");

return -EBUSY;

} else
++s_bDevi ceWi t eOpen;

} else {
I f (s_bDevi ceReadQOpen) {
printk(DEVI CE_NAME " : Device already open for reading\n");

return -EBUSY;

} else
++s_bDevi ceReadQpen;

}

in device release() :

if ((filp->f_flags & O ACCMODE) & (O WRONLY | O _RDWR))
--s_bDevi ceWit eQpen;

el se
--s_bDevi ceWit eQpen;
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in device read() :

while (!'is_buffer_enmpty() && length > 1) {
read buffer char(buffer);

++buf f er;
- -1 engt h;
++count ;
wake up_interruptible(&_wq);

}

in device write() :

if (is_buffer full()) { [* out of buffer */
printk(DEVICE NAME " : Wite go to sleep\n");
interruptible_sleep on(& wq);
printk(DEVICE_NAME " : Wite wake up");

}
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e =X ClHtOIA E2t0IHel M"Y
- 2122 CBt0lA Eet0ltie IE CIHEIOIAE SoiA HZ =0
- CIHHoOlA E2H0IHE fi e_operati ons £ MM 2 ECH
- CIHt01A S0l = Atal=s ot ?lol 1222l major number & AtESHCE
® XXl2 S=1t oA
- S5
I nt register_chrdev(unsigned int ngjor, const char *nane,
struct file _operations *fops)
maj or : =& majornumber. 0 0|H AIZGIX 2= HSSUHAN sE22 S E L
name: X2 OIS
fops: X0 CHet WY HA S=
- ol Al :
' ' ' const char *nane)

I nt unregi ster _chrdev(unsi gned int major,

® Major Number 2 Minor Number

- ¥XE 2ol HHOZE == 0|0l §E& X E HAEEHH
- major number : HE WA ClHIOIA ECl0IHE F=20t=01 AFESHCt
1 HXE F20otJ| fIoHA AtE &t

- minor number : CIHIOIA E2I0IH LHHAN 228 AL &
- M2 ClBt0lA E20IH= M Z& major number & JHAH O0F StCF.
-Docunent ati on/ devi ces. txt 0ff 2= & X2 major number It & UCH.

-register_chrdev() 2 &XIE€ S=& [ major number £ Xl &atL}.

=& 2 major number Jt 0/0] SEEON JULH S=0| &UfetCh

=T

dynamic allocation : maj or argument 0] 0 & &
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N UdEHA=E 222 major number E AIEE == UAKIBH B Al 0= major number £
St erotoF stCt.
-mknod E& 22 C|HIOIA S2t0IHO B2 = A= X Y M4
mknod [device file name] [type] [major] [minor]
-kdev_t : & X2 major, minor number & H&0ol= AE X
MAJOR() :kdev_t OlAl majornumber E €HUW= A2
M NOR() :kdev_t OlA minornumber & 2HUW= HAZ
MKDEV( ma, m ) : major number, minor number £ J}X| 1) kdev_t £ Bt=L.
-cat /proc/devices 82z M Z&E ClHI0IA E2H0IH S22 2 = ULH

na Oﬁ

>

® struct file: (include/linux/fs.h)
-openedﬁlea H&ole AMAgax
-open() =0 2lofM SFSHAI L, LIHAI &0 &< =L

struct dentry *f_dentry; => directory entry

struct file operations *f_op; =>file operations (function pointers)

node _t f_ node; => FMODE_xxx

| of f t f _pos; = S WS &) M= X

unsi gned int f_flags; => access mode, nonblock, create, append &2 2 flag
unsigned int f uid, f _gid; => file owner uid, gid

void *private data; =>open file OtCt FIOLE QI GIOIEHI ERE [
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struct file_operations : (include/linux/fs.h)

| of f _t (*lI1seek) (struct file *, loff_t, int);
WL OoIA S &) M= fXIE 0|=stlt.

ssize t (*read) (struct file *, char *, size t, loff _t *);
XA CIOIEHE 0S¢l

ssize t (*wite) (struct file *, const char *, size t, loff _t *);
X0l GIOIeHE JI=¢etlt.

int (*readdir) (struct file *, void *, filldir _t);
RN = AFEotAl 20 ClAE2| 0B AtEot= & ==0ILC.

unsigned int (*poll) (struct file *, struct poll _table struct *);
X0 A0 £ = UsKl, E= HU KAAE0| dEM=X Z AL
pol | (),select() &=+& &dol=0 AtEetCt

int (*ioctl) (struct inode *, struct file *, unsigned int, unsigned |ong);
AI/MIDF Ot EXI0MCH 2 Rst = Wel=adl ArE et

int (*nmmap) (struct file *, struct vmarea struct *);
AXe HEeE ZZ2AMA2 UHEZ2l 2 mapping = ©fCE.

int (*open) (struct inode *, struct file *);
S XE ALY

int (*flush) (struct file *);

int (*release) (struct inode *, struct file *);
AXE =0

int (*fsync) (struct file *, struct dentry *);
& XIE flush 8tLt.

int (*fasync) (int, struct file *, int);
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asynchronous notification =

SZU|Z0] AtS

T =0 media J} H}

int (*revalidate) (kdev_t dev);

MH Jitsst =2 & X0 A buffer cache S

int (*lock) (struct file *,

I nt,

LIEFHH = flag

2|
=

Ol FASYNC flag Jt Ht
i nt (*check nedi a change) (kdev_t dev);

A
L

=

AJe =9 C-holA

Ze|ot)| FIoiA AFE

A

—

struct file_ lock *);

- AESL2 EXE A B2 EXE =)lgtettt
-minor HSE =015t ZERst 3L f op &
- 2Rt B HEclE 2420t filp->priv
- & X 2l 2(usage count)E SIHAIZICH.

® release OlAl € &
- &L =8 ZAA2I0H
-filp->private_data 0ff <& HOIEIt

OIXIS+S 2 close E ol ER &

® read 2| return value
- 7stetS &2 8% count 2
- RFSH AJIBLH EH A2 ER

-EOF(end of file)?! B2 02 =&
Ct.

- Uit ot S+ sd&E

ol ZE AH

okCt

= T o

vate _data 0l 2=Ct

XE ==¢stlth
22 2 =sd=0
count 20} &2 $4+E =H=0

L.

A

(®)

=2
= 2

Y
il
m)

C2O0IHOA AtS

StCt.



® write

- QPSOE J|IE6 B count 2F &2 gt s sd=0

- QAT AIJIBLH EH & HL count BC} &2 UE A0

- otLE MX| =8t R 02 SEC 0l B2 wite() &= MAIZE St
- o 2Met AR S48 sHE0L

e JE U222 A=A BIE22l2l UIO0IH w& : (include/asm/uaccess.h)
- HE W22l MEL HE2ee A2 LE F=A232H0 &Mot)|l 20l HZE0A ALK
HERECE btz 82g == Sl [M2tM read, write Lt systemcall & HE ) SSZZ2 1M
AOIOI GIOIH WEt0| B Ret 3R NZ2 =4 ZB2t22 S ALE of0F StCt.
- AtEX HZ2 = HE U2l :
void get user(to, fronm;
void copy fromuser(to, from n);
- HE 22 = A ZEXR U2 :
void put _user(from to);
void copy to user(to, from n);

-get _user (), put _user() : ©AHAZE 2Kt AJI0 T2t 1,2,4byte HIOIE SAt
-copy_fromuser(),copy_to user() : 3AJ| Mgt &0l XN&Es I = Al

0 D=0 HX F . B MES A=2E4He= Z 2 (include/linux/module.h)
- 250 CE E‘_%OILP T2 )0l 2o EEOILE AFESE D [UA=AIE LIEFHLE

- CIBI0lA SC2t0IHE AtESt A2 M rmmod 22 FE22 2&0| MAZH=E 22 9|
PIHM open=S & Ml X HFE SIHAITFIIIL, release E ofH &L 8 ZAAA
HZE 2 = U SHCH

- 2= &AX = SJF : MOD_I NC_USE_COUNT
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-2 &AL 5 24 MDD _DEC USE_COUNT
-2 X W{F :MOD_I N_USE
Blocking 1/0
- AEE ER= o=, &M AES AIEE = 8l 32, AEES AIEE = Us )
JICIEIH sleep = otd, AHESE AMEE = JHNEZHE wakeup O] &0 HH= HSsetlh
S ™

= OIOIE It 1= [ blocking. OIOIEH It &= =5k

-read : %'96',4_7’_ 6+E | aw%
£ =210l 812 [ blocking, S2t0| 24J|™H wakeup

-write: X4 Sl=0
-sleep &= :
void interruptible sleep on(struct wait_queue **q);

void sl eep _on(struct wait_queue **q);
- wakeup &=
voi d wake up _interruptible(struct wait_queue **q);
voi d wake up (struct wait_queue **q);
- interruptible blocking : 2 BtEOI 1/0 0ff 2o 2 2SH blocking
IO A A1/ 0], Ol Z, A|AEN VIPC, 232 S
- uninterruptible blocking : JHE 2| critical section 0l Al 24 St blocking

page fault Jt 4ot CIAIWAM HIOIXKE HUHE0l= EF

- reentrance = Al :
blocking O] ZMst DE= A0l 2dHYE = ULCH

reentrace =Xl o2& :

X0 E2g = Us i‘—ﬁ\— XIetotIl (open)
global H=J} OtYl local == AFEGHI| (stack)
struct file 2| private data M% Sl W0t Giolg &%

ZRst A2 kmalloc() S= AIE0IH heap &< 0| &
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4,

MBI Z=_ 18 :MiniBuf- & [ =S&¢e =

HU>4
(m
(==
o
e
i

ANV
=

S . AHMNE MniBuf Z2032 M6 HIHE d&8cz X 21 sdcezg ggd2 &
= CIHI0IA =20l E HI&@EP. HIIN s&EC=Z ggg=s HIHS Adle JI2dez I
Oz HAFE 13IOIXI Ol insmod EZ2 13Oz RES & M HIHS AJIE XzE XNE
s =T QUL FHMZ minor HS 0l et 2D THE S&2 ot= ClH0lA Z20IHE ME
stCh Ol & O HI’—‘.FOF DZEE O0/E0tH minor HSIJF 02 0= blocking = otAl &4, 1Y [
He MII0M blocking 2 otH,2 & MUl 410 M & blocking 2 SHCH.

S AE : JIE2] minibuf2.c 4_‘:% ot HIHE d&e=z X &1, init_nodul e() Ol
M kmalloc() &=+E 0|80t s&2=z HE2E =0 0 M insmod ZZ )0 &

2ot oINS HAGHH HIHS JDIE K&otd USH, oiEo
cl eanup_nodul e() HiAl= HS0 €22 HIHE kfree() e
M 2== O0IBH0U KHASH minibufdc DEE —’.‘—30#04, 2| Efé %
&5t open Al Ol minor HAS Ol 2t file

ot minor HS U 2t CHE S&S ot&= éEP

)12 BHIHE &=L
|Z0ot0 ol Mgt =&

0

S Ol= read/write &5
2H|
)

LhE == NEs

HAE &8 . HeEM 252 2=2= =222 M HH2 IJIE AEetth 2l oiEst 3D
Olafel OIOIEE JI=otfs M O 0la JIS0l A &) 22 F5F 0t &dot=A 2
Ch. S8 252 minor B2t UE X LIES MIMHE =0 2242 4= =leh
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o N ;.
-HIHE s&Co=z 8= =X ColA E20I8 HMI&

-minor HS0 et OhE s&S ot= =A CIH0IA =20l M

® HAE A .
) HHE s&ez &gt A ClBtolA E2t0lH
I buf

I nsnod m ni buf4.0 mn _buf si ze=10

cat > /dev/ m ni buf <= HI{ AJ| O0l&2 U0l &€=

cat > /dev/ n ni buf <= FIIZ 24Eot¥=S W oIt Aot=Al &0l
cat /dev/ n ni buf <= HIH AJIB2C HEZJ=X &0l

rmmod m ni buf

2)minor HS N Wet CHE s&
I nsnod m nbuf5. 0
nmknod /dev/ mni bufO ¢ major O
nmknod /dev/ mnibufl ¢ major 1
nknod /dev/ m nibuf2 ¢ major 2

= =2 At ClBt0lA =2t0IH

o0
ol

cat minibuf5.c > /dev/mnibufO <= HI{ D23 LF LS
cat /dev/ mnibufO <= HI ZAJ|IH3L &S
cat mnibuf5.c > /dev/m ni bufl <= blocking
cat /dev/ m ni bufl <= wakeup
cat /dev/ m ni buf 2 <= blocking
cat > /dev/ m ni buf 2 <= wakeup

rmmod m ni buf5
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® Filename : minibuf4.c

/*
M ni Buffer Device Driver : Dynam c allocation
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/fs.h>

#i ncl ude <l i nux/kdev_t. h>
#i ncl ude <l i nux/sl ab. h>
#1 ncl ude <asni uaccess. h>

/*

* Device Definitions

* [

#defi ne DEVI CE_NAME "M ni Buf "
#defi ne DEFAULT BUFFER LEN 1024

/*

* d obal Vari abl es
*
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static int s nMpjor = O;

static int s _bDeviceQpen = 0;

static char *s _strBuf = NULL

static int s nBufPos = 0, s nBuf End = O;
static int s nBuf Size = 0;

static int mnibuf bufsize = DEFAULT BUFFER LEN;

MODULE_PARM mi ni buf _bufsize, "i");
MODULE_PARM DESC( m ni buf _bufsize, "Size of buffer");

/*
* Function Prototypes
*/

static int device open(struct inode *inode, struct file *filp);

static int device rel ease(struct inode *inode, struct file *filp);

static ssize t device read(struct file *filp, char *buffer, size t |ength,
| of f t *offset);

static ssize t device wite(struct file *filp, const char *buffer, size t |ength,
| of f _t *offset);

static int is _buffer _enpty(void);

static int is buffer full (void);

static int read buffer _char(char *buffer);
static int wite buffer_char(char *buffer);
/*

* Device Operations
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*/

struct file operations device fops = {

NULL, /| * seek */
devi ce_read, /* read */
device write, /* wite */
NULL, /* readdir */
NULL, /* poll */
NULL, /* ioctl */
NULL, /[* mmap */
devi ce_open, /* open */
NULL, /* flush */
device release [/* release */

}

/*

* Modul e startup/cl eanup

*/

i nt init_nodul e(voi d)

{
printk("Loading Mni Buffer Mdul e\n");

I f ((s_nMajor = register _chrdev(0, DEVI CE NAME, &device fops)) < 0) {
printk(DEVICE NAME " : Device registration failed (%d)\n", s nMjor);
return s_nMaj or;

}
printk(DEVICE NAME " : Device registered wwth Maj or Nunber = %d\n", s nMajor);
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printk(DEVICE NAME " : Buffer allocation size = %\ n", m nibuf_bufsize);

I f (m nibuf_bufsize <= 0) {
printk(DEVICE NAME " : invalid m nibuf_ bufsize argunent\n");
return - El NVAL;

}

if ((s_strBuf = (char *) kmall oc(m ni buf_bufsize, G-P_KERNEL)) == NULL) {
printk(DEVICE NAME " : Menory allocation error\n");
return - ENOVEM

}

s_nBuf Si ze = m ni buf _buf si ze;

return O;

}

voi d cl eanup_nodul e(voi d)

{
I nt nRet Code;

printk("Unl oading Mni Buffer Mdule\n");

I f ((nRet Code = unregister_chrdev(s_nMjor, DEVICE NAME)) < 0)
printk(DEVICE_ NAME " : Device unregistration failed (%)\n", nRetCode);

I f (s_strBuf) {
kfree(s_strBuf);
s_strBuf = NULL;
s_nBuf Si ze = 0;
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}

/*
* Device Qperations
*/

I nt device_open(struct inode *inode, struct file *filp)

{
printk(DEVICE NAME " : Device open (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i rdev));
I f (s_bDeviceQpen) {
printk(DEVI CE_NAME " : Device already open\n");
return -EBUSY;

}
++s_bDevi ceOpen;
MOD_| NC_USE_COUNT;

return O;

I nt device rel ease(struct inode *inode, struct file *filp)

printk(DEVICE NAME " : Device release (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i _rdev));

I f (!s_bDeviceQpen) {
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printk(DEVI CE_ NAME " : Device has not opened\n");
return - El NVAL;

}
--s_bDevi ceOpen;
MOD_DEC USE_COUNT;

return O;

}

ssize t device read(struct file *filp, char *buffer, size t length, loff _t *offset)

{

i nt count = O;

i f (is_buffer enpty()) { /* end of file */
printk(DEVICE NAME " : Read return EOF\n");
return O;

}

while (!'is buffer _empty() && length > 1) {
read buffer char(buffer);
++buf fer;
--1 engt h;
++count ;

}

put _user (0, buffer);
++count ;
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printk(DEVICE_ NAME " : Read % bytes\n", count);

return count;

}

ssize t device wite(struct file *filp, const char *buffer,
| of f t *of fset)

{

int count = O;

I f (is_buffer full()) { /* out of buffer */
printk(DEVICE_ NAME " : Wite out of buffer\n");
return - ENOVEM

}

while (!'is buffer full() & length > 0) {
wite buffer char((char *) buffer);
++buf f er;

- -1 engt h;
++count ;

}

filp->f_pos += count;

printk(DEVICE NAME " : Wite % bytes\n", count);

return count;

}
/*
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* Buffer Managenent

*/

I nt

I's _buffer _enpty(void)

return (s_nBuf Pos == s nBufEnd) ? 1 :

is_buffer _full (void)
int pos = s_nBufEnd + 1,

I f (pos == s_nBufSi ze)
pos = O;

return (pos == s nBufPos) ? 1 :

0;

read _buffer _char(char *buffer)

if (is_buffer_empty())
return -1;

put user(s_strBuf[s_ nBuf Pos],

I f (++s_nBuf Pos == s_nBuf Si ze)
s_nBuf Pos = O;

return O;

buffer);

0;
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int wite buffer_char(char *buffer)

{
I f (is_buffer_full())
return -1;

get _user(s_strBuf[s_nBuf End], buffer);

i f (++s_nBuf End == s_nBuf Si ze)
s_nBuf End = O;

return O;



® Filename : minibuf5.c

/*
M ni Buffer Device Driver : Mnor devices
*

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/fs.h>

#i ncl ude <l i nux/kdev_t. h>
#i ncl ude <l i nux/sl ab. h>
#1 ncl ude <asni uaccess. h>

/*

* Device Definitions

* [

#defi ne DEVI CE_NAME "M ni Buf "
#defi ne DEFAULT BUFFER LEN 1024
#def i ne DEVI CE_NOBLOCK 0
#def i ne DEVI CE_WRI TEBLOCK 1

#def i ne DEVI CE_BLOCK 2
#def i ne DEVI CE_NUM 3
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/*
* d obal Vari abl es
*

static int s _nMajor = O;

static struct devicedata t {

I nt m bDevi ceRead(pen;

i nt m bDeviceWiteQpen;

char *m strBuf;

I nt m _nBuf Pos, m nBuf End;

I nt m nBuf Si ze;

struct wait_queue *mwitequeue, *mreadqueue;
} s_devi cedat a[ DEVI CE_NUM ;

i nt mni buf_bufsize = DEFAULT BUFFER LEN;

MODULE_PARM m ni buf _bufsize, "i");
MODULE_PARM DESC( mi ni buf _buf si ze, "Size of buffer");

/*
* Function Prototypes
*/

static int device open(struct inode *inode, struct file *filp);

static int device rel ease(struct inode *inode, struct file *filp);

static ssize_ t device_noblock read(struct file *filp, char *buffer, size t |ength,
| of f t *offset);

static ssize_ t device_noblock wite(struct file *filp, const char *buffer,
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size_t length, loff_t *offset);
static ssize t device witeblock read(struct file *filp, char *buffer, size t |ength,
| of f _t *offset);
static ssize t device witeblock wite(struct file *filp, const char *buffer,
size t length, loff t *offset);
static ssize_ t device _block read(struct file *filp, char *buffer, size t |ength,
| of f t *offset);
static ssize_ t device block wite(struct file *filp, const char *buffer,
size t length, loff t *offset);

static int is _buffer enpty(struct devicedata t *pdata);
static int is buffer full (struct devicedata t *pdata);
static int read buffer char(struct devicedata t *pdata, char *buffer);
static int wite buffer char(struct devicedata t *pdata, char *buffer);

/*
* Device Qperations
*/
struct file_operations device_nobl ock fops = {
open: devi ce_open,
rel ease: devi ce_rel ease,
read: devi ce_nobl ock _read,
wWrite: devi ce_nobl ock_write,
}
struct file_operations device witeblock fops = {
open: devi ce_open,
rel ease: devi ce_rel ease,
read: device _writebl ock read,
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write: device witeblock wite,

}
struct file_operations device_block fops = {
open: devi ce_open,
rel ease: devi ce _rel ease,
read: devi ce_ bl ock read,
wWrite: device block wite,
}

struct file operations *device fops_ array[] = {
&devi ce_nobl ock f ops,
&devi ce_writebl ock fops,
&devi ce_ bl ock _fops

b

/*
* Modul e startup/cl eanup
*/

Int init_nodul e(voi d)
L
int i;
struct devicedata t *pdata;

printk("Loading Mni Buffer Mdule\n");

if ((s_nMajor = register_chrdev(0, DEVI CE NAME, device fops array[0])) < 0) {
printk(DEVICE NAME " : Device registration failed (%)\n", s nMjor);
return s_nMj or;
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}
printk(DEVICE NAME " : Device registered with Major Nunber = %\n", s nMjor);
printk(DEVICE NAME " : Buffer allocation size = %\ n", m nibuf_ bufsize);

I f (m ni buf _bufsize <= 0) {
printk(DEVICE NAME " : invalid m nibuf_ bufsize argunent = %\ n",
m ni buf _buf si ze);
return - El NVAL;
}

for (i =0, pdata = s _devicedata; i < DEVICE NUM ++i, ++pdata) {

I f ((pdata->mstrBuf = (char *) kmall oc(m ni buf bufsize, GFP_KERNEL)) == NULL) {
printk(DEVICE_ NAME " : Menory allocation error\n");

while (--i >= 0)
kfree(pdata->m strBuf);

return - ENOVEM

}
pdat a- >m nBuf Si ze = m ni buf _buf si ze;
}
return O;
}
voi d cl eanup_nodul e(voi d)
{
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}
/

*

int i, nRetCode;
struct devicedata t *pdata;

printk("Unl oading M ni Buffer Mdule\n");

I f ((nRet Code = unregister_chrdev(s_nMajor, DEVICE NAME)) < 0)

printk(DEVICE NAME " : Device unregistration failed (%)\n", nRetCode);

for (i =0, pdata = s _devicedata; i < DEVICE NUM ++i, ++pdata) {
I f (pdata->mstrBuf) {
kfree(pdat a->m strBuf);
pdat a- >m st r Buf = NULL;
pdat a- >m nBuf Si ze = O;

* Device Qperations

*/

I nt device _open(struct inode *inode, struct file *filp)

{

int mnor = M NOR(i node->i _rdev);
struct devicedata t *pdata = &s_devi cedata[ m nor];

printk(DEVICE NAME " : Device open (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i _rdev));

1 f ((filp->f_flags & O ACCMODE) & (O WRONLY | O RDWR)) {

-51-



| f (pdata->m bDeviceWiteQpen) {

printk(DEVI CE_ NAME " : Device already open for witing\n");
return -EBUSY;

} else
++pdat a- >m bDevi ceW it eQpen;

} else {

| f (pdata->m bDevi ceReadQpen) {
printk(DEVI CE NAME " : Device already open for reading\n");
return - EBUSY;

} else

++pdat a- >m bDevi ceReadQpen;
}

filp->f_op = device_fops_array[mnor];
MOD_| NC_USE_COUNT;

return O;

}

I nt device_rel ease(struct inode *inode, struct file *filp)

{
int mnor = M NOR(i node->i _rdev);
struct devicedata t *pdata = &s_devi cedata[ m nor];

printk(DEVI CE NAME " : Device release (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i rdev));

if ((filp->f _flags & O ACCMODE) & (O WRONLY | O RDWR))
- - pdat a- >m bDevi ceW it eOpen;
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el se
- - pdat a- >m bDevi ceReadQpen;

MOD_DEC_USE._COUNT:

return O;

}

/*
nonbl ocking read/ wite
*/

ssize t device_noblock read(struct file *filp, char *buffer, size t |ength,
| of f _t *of fset)
{

int count = O;
struct devicedata t *pdata = &s_devi cedat a] DEVI CE_NOBLOCK] ;

i f (is_buffer enpty(pdata)) { /* end of file */
printk(DEVI CE NAME " (NOBLOCK) : Read return EOF\n");
return O;

}

while (!'is buffer enpty(pdata) && length > 1) {
read buffer char(pdata, buffer);
++buf fer;
- -1 engt h;
++count ;
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put user (0, buffer);
++count ;

printk(DEVI CE_NAME " (NOBLOCK) : Read % bytes\n", count);

return count;

}

ssize t device noblock wite(struct file *filp, const char *buffer, size t |ength,
| of f t *of fset)
{

i nt count = O;
struct devicedata t *pdata = &s_devi cedat a[ DEVI CE_NOBLOCK] ;

i f (is_buffer full(pdata)) { /* out of buffer */
printk(DEVI CE_ NAME " (NOBLOCK) : Wite out of buffer\n");
return - ENOVEM

}

while (!'is buffer full(pdata) & length > 0) {
wite buffer char(pdata, (char *) buffer);
++buf f er;
- -1 engt h;
++count ;

}
filp->f _pos += count;

printk(DEVI CE_ NAME " (NOBLOCK) : Wite % bytes\n", count);
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}
/*

*/

return count;

bl ocking on wite read/wite

ssize t device witeblock read(struct file *filp, char *buffer,

{

| of f t *of fset)

I nt count = O;
struct devicedata t *pdata = &s_devi cedat a] DEVI CE_WRI TEBLOCK]

I f (is_buffer _enpty(pdata)) [* end of file */
return O;

while (!'is_ buffer_enpty(pdata) &k length > 1) {
read buffer char(pdata, buffer);
++buf f er;
- -1 engt h;
++count ;
wake up_interrupti bl e( &pdata->m witequeue);

}

put user (0, buffer);
++count ;

printk(DEVI CE NAME " (WRI TEBLOCK) : Read % bytes\n", count);

return count;
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}

ssize t device witeblock wite(struct file *filp,

{

/*

| of f _t *of fset)

i nt count = O;

struct devicedata t *pdata = &s_devi cedat a[ DEVI CE_WRI TEBLOCK] ;

if (is_buffer full(pdata)) {
printk(DEVICE NAME " (WRI TEBLOCK) : Wite go to sleep\n");
I nterrupti bl e_sl eep_on(&pdat a->m witequeue);
printk(DEVI CE_NAME " (WRI TEBLOCK) : Wite wake up\n");

}

while (!'is_buffer full(pdata) & length > 0) {
wite buffer char(pdata, (char *) buffer);
++buf f er;
- -1 engt h;
++count ;

}

filp->f_pos += count;

printk(DEVI CE_NAME " (WRI TEBLOCK) : Wite % bytes\n", count);

return count;

bl ocking on read read/wite
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*/

ssize t device block read(struct file *filp, char *buffer,

{

| of f _t *of fset)

i nt count = O;
struct devicedata t *pdata = &s_devi cedat a[ DEVI CE_BLOCK]

i f (is_buffer enpty(pdata)) { /* end of file */
printk(DEVICE NAME " (BLOCK) : Read go to sleep\n");
I nterrupti bl e_sl eep_on( &pdat a- >m r eadqueue) ;
printk(DEVI CE_NAME " (BLOCK) : Read wake up\n");

}

while (!'is buffer enpty(pdata) && length > 1) {
read buffer char(pdata, buffer);

++buf f er;
- -1 engt h;
++count ;
wake up_interruptibl e(&data->mwitequeue);
}
put user (0, buffer);
++count ;
printk(DEVICE_ NAME " : Read % bytes\n", count);

return count;
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ssize t device block wite(struct file *filp,

{

}
/*

| of f _t *of fset)

I nt count = O;
struct devicedata t *pdata = &s_devi cedat a[ DEVI CE_BLOCK] ;

if (is_buffer full(pdata)) {
printk(DEVICE NAME " (BLOCK) : Wite go to sleep\n");
i nterrupti bl e_sl eep_on(&pdat a->m writ equeue);
printk(DEVICE_ NAME " (BLOCK) : Wite wake up\n");

}

while (!'is_buffer full(pdata) & length > 0) {
wite buffer char(pdata, (char *) buffer);
++buf f er;
- -1 engt h;
++count ;
wake up_interruptibl e(&dat a->m readqueue);

}
filp->f _pos += count;
printk(DEVI CE_NAME " (BLOCK) : Wite % bytes\n", count);

return count;

* Buffer Managenent

*/
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I nt

}

I nt

I's buffer _enpty(struct devicedata t *pdata)
return (pdata->m nBuf Pos == pdata->m nBufEnd) ? 1 : O;
Is buffer full(struct devicedata t *pdata)
i nt pos = pdata->m nBuf End + 1;
I f (pos == pdata->m nBuf Si ze)
pos = O;
return (pos == pdata->m nBufPos) ? 1 : O;
read buffer char(struct devicedata t *pdata, char *buffer)

if (is_buffer _enpty(pdata))
return -1;

put user ( pdat a- >m strBuf[ pdat a->m nBuf Pos], buffer);

| f (++pdat a- >m nBuf Pos == pdat a- >m nBuf Si ze)
pdat a- >m nBuf Pos = O;

return O;

write buffer char(struct devicedata t *pdata, char *buffer)
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I f (is_buffer full(pdata))
return -1;

get user ( pdat a- >m st r Buf [ pdat a- >m nBuf End], buffer);

| f (++pdat a- >m nBuf End == pdat a- >m nBuf Si ze)
pdat a- >m nBuf End = O;

return O;
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o (Zc|e =&0l 2t oAl : (include/linux/slab.h)

void *kmal l oc(size t, int);
AN&Est AJ[Bt22 HEelE €Yot ==L

voi d kfree(const void *);
kmal l oc() 22 €282 HZ22E ol detlt.

® =0 Al parameter 8 E G| :
-MODULE_PARM var, type) OH2ZZ parameter 2 AIES H+E X E
var: B global H=aIF OtLIHE &20| SICH
= ==l

type: @ AE 2 [min[-max]]{b,h,i,l,s} 2 A
b : byte, h : short, 1: int, | : long, s : string
- MODULE_PARM DESC(var, description) OH2ZZ parameter Ol CH

- parameter A| & 3OHJ|
insmod € & [ var=value &A&I2Z2 =S Xl &St
insmod T2 )2 DELHS XHE HEE GlE

-2.0x HEWAME export & 2= BH=Z parameter 2 SO0 3t

® minor H=0 et LhE SHS= ot= LIB0IA =201

- open Ut release A0l MEEZ= inode A=++L2 i _rdev &
minor HSE & = U

-open= & M file Atz

& = file operation LH2| &

O| file operation = minor 215 0f
=SS HIE2EM gl C

il
O
¥
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5. U Z2 7088 :proc IIEAIAE &=

@ =5 : HHY proc IMILAAEN M Z2AHA2 HEE B0F= WS IO sz
minibuf Ol A K& LHE 0N HIOIHE JISotd HE = U= WES proc LWHEAIAEN =Itetll.
® & ZH : proc WEAIAE AIHHOIAZE Ol=0otH /proc 20 curproc Olcte WEE FIt
of), O WEUHA &HIIE AlTolH 0| &det ZZ2MALS &l EEE SH2=2Z 2HEHA
SHECH HIIAE proc_dir _entry 2 read proc &= EQIHE 0|0t Z2t&oHH +&
etCh. O ¥ 2 [Adob)|l=e dAlgh WwaEre = Y= U0Ie2 AJ|JF PAGE_SIZEE 2= =+
Sl &0l QULEH 0 AJIE €= HOIH nete 28 It AMS ASHOHHOE 8tlh &H
M= /proc 20l bufproc Olct= L= FItot) O WM JI== oftH JISst HEss W
£ HIHOH M&E=S otdd, O] WM SAHS0IH OtN2H JI=et HEs EWEC HIIA=
inode operation 1t file operation 2 0| Z0t0 & stl HIIA= LUHAL &2 PAGE_SI ZE Mgt

Ol SiLt.

@ HAE ZH . HE == ZTL6 = cat HB= UWHM 8 Z2ZAMAS E2IF LeX
AHE2C FHM 252 256 = cat 2 0100 LW CIOIEHE JIEs & 018 A
SUS M M0 g=e WE0l &85 =i 2aH=C

® ﬂ|_I-|

-proc LS AIABIH curproc 2 F=Itot] HIAEGH]
-proc IEAAEIC] J|s& =280 =8t read/write JtS8t bufproc I BHS|
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® HAE A .

1) curproc :

cat

2) bufproc :

cat
cat

./proc/curproc

> / proc/ buf proc
/ proc/ buf proc
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® Filename : curproc.c

/*
Current Process Information
* [

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/proc fs.h>
/*
* Function Prototypes

*/

static int curproc_read proc(char *buf, char **start, off t offset, int count,
I nt *eof, void *data);

/*
* Proc Entry
*/
struct proc_dir_entry curproc_proc_entry = {
0, /* 1 ow inode */
7, "curproc", /* nanme | ength and nane" */
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SIFREG| S IRUG /* node */
1, 0, O, /* nlink, uid, gid */
0, /[* size */
NULL, /* inode operation : NULL = use default */
NULL, /* get _info */
NULL, /* fill _inode */
NULL, NULL, NULL, /* next, parent, subdir */
NULL, /* data */
curproc_read proc, /* read _proc */
NULL, /* wite_ proc */
NULL, /* readlink _proc */
/* nothing nore */
b
/*
* Modul e Startup/ d eanup
*/

I nt init_nodul e(voi d)
{
I nt retcode;
printk("Loadi ng CurProc Mdul e\n");

If ((retcode = proc_register(&proc_root, &curproc_proc_entry)) < 0)
return retcode;

return O;
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voi d cl eanup_nodul e(voi d)

{
printk("Unl oadi ng CurProc Mdul e\n");

proc_unregi ster(&proc_root, curproc_proc_entry.|low_ino);

}

I nt curproc_read proc(char *buf, char **start, off t offset, int count, int *eof,
voi d *dat a)

{
static char *s strState[] = {
“"Runni ng", "Sleep", "D sk Sleep", "Zonbie", "Stop", "Swap", "Exclusive" };
int state, stateid,;
count = O;
for (stateid = 0, state = current->state; state > 0; state >>= 1, ++stateid)
count += sprintf(buf + count, "pid : %\ n", current->pid);
count += sprintf(buf + count, "command : %\n", current->comm),;
count += sprintf(buf + count, "state : %\n", s strState[stateid]);
count += sprintf(buf + count, "priority : %d\n", current->priority);
count += sprintf(buf + count, "counter : %d\n", current->counter);
count += sprintf(buf + count, "processor : %\ n", current->processor);
return count;
}
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® Filename : bufproc.c

/*
Read/ Wite Proc Fil esystem
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/proc fs.h>
#i ncl ude <asnif uaccess. h>

/*

* d obal Vari abl es

*

#def i ne BUFFER _LEN 1024

static char s_strBuf[ BUFFER LEN] ;

/*
* Function Prototypes
*/

static int bufproc_open(struct inode *inodep,
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static int bufproc release(struct inode *inodep, struct file *filp);
static ssize t bufproc read(struct file *filp, char *buf, size t count, loff t *ppos);
static ssize t bufproc wite(struct file *filp, const char *buf, size t count, |off t *ppos);

static int bufproc_permssion(struct inode * inodep, int op);

/*
* Proc Entry
*/
static struct file operations bufproc file operations = {
open: buf proc_open,
rel ease: buf proc_rel ease,
read: buf proc_read,
write: buf proc_ wite,
}
static struct inode_operations bufproc_inode operations = {
default file_ops: &uf proc fil e operations,
perm ssi on: buf proc_perm ssi on,
b
struct proc_dir_entry bufproc _proc _entry = {
0, /* low inode */
7, "bufproc", /[* nanme | ength and nane" */
SIFREG| SIRUG | S IWSR [/* node */
1, 0, O, /* nlink, uid, gid */
0, /[* size */
&buf proc_i node_operati ons, /* i node operation */
/* nothing nore */
3
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/*
* Modul e Startup/ d eanup

*/
I nt init_nodul e(voi d)
{
I nt retcode;
printk("Loadi ng Buf Proc Modul e\ n");
If ((retcode = proc _register(&roc _root, &bufproc proc _entry)) < 0)
return retcode;
return O;
}
voi d cl eanup_nodul e(voi d)
{
print k(" Unl oadi ng Buf Proc Modul e\ n");
proc_unregi ster(&proc_root, bufproc _proc_entry.|low_ ino);
}
/*
* File Qperations
*/

I nt buf proc_open(struct inode *inodep, struct file *filp)

{
MOD | NC_USE_COUNT:;
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return O;

}

I nt buf proc_rel ease(struct

{
MOD_DEC_USE._COUNT:

return O;

}

ssize t bufproc read(struct file *filp,

{

static int s bRead = O;

I node *i nodep,

int len = strlen(s_strBuf);

if (len == 0 || s_bRead) {

s _bRead = 0;
return O;

}

if (len > count - 1)
|l en = count - 1;

copy_to_user(buf, s_strBuf, |en),;

put user (0, &buf[len]);
++| en;

s bRead = 1;

return | en;

char *buf,
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}

ssize t bufproc_ wite(struct file *filp, const char *buf, size t count,

{
int len = (count > BUFFER LEN - 1) ? BUFFER LEN - 1 : count;
I f (count == 0)
return O;
copy_fromuser(s_strBuf, buf, len);
s strBuf[len] = "'\0";
return | en;
}
/*
* 1 node Operations
*/
/*
op : 0 = execute, 2 = wite, 4 = read
return : 0 = perm ssion ok, -EACCES = perm ssion error
*/

I nt bufproc_perm ssion(struct inode * inodep, int op)

{
If (op == 4 || (op == 2 && current->euid == 0))
return O;

return - EACCES;
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® proc Ut AIAEIQOISH :
- &AM CIA3JF OtLlet HIZ22l&N E=Mots
- ZZ2NAUAH EE MY, AASKHOIAH Al AE
- HOIH= &M &JI1E ot= AIEU St=SH &L

® proc IILAIAES O :
[ proc/cpuinfo: AIAEIN &XI= CPUO st B2 2HECH
C

/[proc/interrupts: &l AlE=0 QIHEHES == 2H=L.
[proc/meninfo: 22 AMS &2 BHECH

/| proc/ sys/ kernel / host nane : hostname & 201 HtE = UA &L
/ proc/ sys/vm freepages : minimum, low, high free page 2| t= A1 =

s
<
=
o
[

® proc IIYUAIAE S=I Gl A
i nt proc_register(struct proc_dir_entry *, struct proc _dir_entry *);
I nt proc_unregister(struct proc_dir_entry *, int);

/proc CIZER|2 proc_dir_entry:proc_root
[ proc/sys CIZE&E2|2| proc_dir_entry:proc_sys
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® struct proc _dir_entry

unsi gned short | ow_ino;

unsi gned short nanel en;

const char *nane;

node t node;

nlink t nlink;

uid t uid;

gid t gid,;

unsi gned | ong si ze;

struct inode_operations * ops;

int (*get_info)(char *, char **, off _t, int, int);

void (*fill __inode)(struct inode *, int);

struct proc_dir_entry *next, *parent, *subdir;

voi d *dat a;

int (*read proc)(char *page, char **start, off t off, int count,
int *eof, void *data);

int (*wite proc)(struct file *file, const char *buffer,
unsi gned | ong count, void *data);

int (*readlink proc)(struct proc _dir_entry *de, char *page);

unsi gned int count; /* use count */

i nt del et ed,; /* delete flag */
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® struct inode_operation

® pr

struct file operations * default file_ops;

Ol inode Ol M AtEE J|= file operations
int (*create) (struct inode *,struct dentry *,int);
int (*readpage) (struct file *, struct page *);
int (*witepage) (struct file *, struct page *);
int (*perm ssion) (struct inode *, int);

SZ2RADF IFEO0 CHoll e €= ofldd & M =2l
SAM uid 2F W &MEH, JIEF HIHKIE IRl 28
oc_dir_entry 0l S=0ot= mode
- el S4d= UERHL
- e &7
S_| FREG: regular file
S | FLNK: link

S | FBLK: block device special file

S | FCHR: character device special file

S_| FDI R: directory

S | FFI FO: named pipe (FIFO)
- user permission : S | RUSR' S | WUSR, S | XUSR=> S | R\KU
- group permssion : S | RGRP, S | WGRP, S | XGRP =S | RA\KG
- other permission : S | ROTH, S | WOTH, S | XOTH=>S_RWKO

_74 .

XN

, 51T

olJt (=



5.

CtABI =20 :joctl =0}D|

=& . ClgiolA E2t0lHOU A read/write 2121 E#HOZ2 EXE HAHE = U= ioctl 2 S SHLL.
minibuf QA BHIHLHS GIOIE 2 IO 208 €10, HIHE HIR= ioctl EE =2 F=Jtotl, C
HO|A E2I0IHE 0|E6te ZEZ2 03N A= ioctl HE 2 UWAN EXIE HMO{SHCL.
S EH . minibufd.c &2AE =8O HAHSCH & ioctl E@E= 26t 0|2 oflH I 0
=0, CIHI0IA Z2t0IHH 2l file operation Ol ioctl BEE FIISHC ioctl @E S XMlote &=xs
AAUHIAH =& ZEH ek she &2 X2lstth 0l ClutolA E2I0IHE OlEots LBt
C ZTg)ds 4ol &XI0 GHIOIEE LoD, ioctl HE= LHE L.
HAE 88 . HAE T2 )88=2 Sof X0 GIoOIHE &0t ioctl HE2 2 HOIHE &0l
otd, HIOIEIS Z0l2 202 = HIHE HIK1, CIAl OIS 208 20H2CH I 2
I |otsdlg UHe=A 20
U

-ioctl & Xc2lot= ClHIOIA E210IH HIE

- C/HIOIA E2I0IHHS joctl € Ol=20otl=s HIAE Z2 )88 I &
HAE HHE -

I nsnod m ni buf 6. 0
./ m ni buf _test
rmmod m ni buf 6
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® Filename : minibuf.h

/*
M ni Buf . h
* [

#i fndef __ M NI BUF_H

#define __ M N BUF_H
#i ncl ude <linux/ioctl.h>
#defi ne M Nl BUF_MAG CNUM

struct m ni buf _peek t {
char *m buf;
I nt m maxl| en;

}i

#define | OCTL_M NI BUF_MAKEEMPTY
#define | OCTL_M NI BUF_GETLENGTH
#define | OCTL_M NI BUF_PEEK

#endi f

254

_1 (M NI BUF_MAG CNUM  0)
1 OR(M NI BUF_MAGI CNUM 1,
1 OR(M NI BUF_MAGI CNUM 2,
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® Filename : minibuf6.c

/*
M ni Buffer Device Driver : ioctl
*

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <linux/fs.h>
#i ncl ude <l i nux/kdev_t. h>
#i ncl ude <asnif uaccess. h>

#i ncl ude "m ni buf. h"

/*

* Device Definitions

* [

#defi ne DEVI CE_NAME "M ni Buf "
#defi ne BUFFER LEN 1024

/*

* d obal Vari abl es
*
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stati
stati
stati
stati
stati
stati

/*

c int s nMpjor = 0;

I nt s_bDevi ceReadOpen = O0;
int s _bDeviceWiteQpen = 0;
char s_strBuf [ BUFFER LEN];
int s nBuf Pos = 0, s nBuf End = O;

O o000

c struct wait_queue *s_wg = NULL;

* Function Prototypes

*/

stati
stati
stati

stati

stati

stati

stati
stati
stati
stati
stati

c int device open(struct inode *inode, struct file *filp);

c int device release(struct inode *inode, struct file *filp);

c ssize t device read(struct file *filp, char *buffer, size t |ength,

| of f t *offset);

c ssize t device wite(struct file *filp, const char *buffer, size t |ength,
| of f t *offset);

c int device_ ioctl(struct inode *inodep, struct file *filp, unsigned int cnd,
unsi gned | ong arg);

c int peek buffer(struct mni buf peek t *pdata);

c int is buffer _enpty(void);

c int is buffer full(void);

c int read buffer _char(char *buffer);
c int wite buffer_char(char *buffer);
c void make buffer _enpty(void);
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static int get _buffer |ength(void);

/*

* Device Operations

*/

struct file_operations device fops = {
NULL, /| * seek */
devi ce_read, /* read */
device write, [* wite */
NULL, /[* readdir */
NULL, /* select */
device_ioctl, [* ioctl */
NULL, [* mmap */
devi ce_open, /* open */
NULL, [* flush */
device release /* release */

}

/*

* Modul e startup/cl eanup

*/

int init_nodul e(void)

{
printk("Loading Mni Buffer Mdule\n");

I f ((s_nMajor = register_chrdev(0, DEVI CE NAME, &device fops)) < 0) {
printk(DEVICE NAME " : Device registration failed (%)\n", s _nMjor);
return s_nMj or;
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}

printk(DEVICE NAME " : Device registered with Major Nunber = %\n", s nMjor);
return O;
}
voi d cl eanup_nodul e(voi d)
{
I nt nRet Code;
printk("Unl oading Mni Buf Mdul e\n");
I f ((nRet Code = unregister_chrdev(s_nMjor, DEVICE NAME)) < 0)
printk(DEVICE NAME " : Device unregistration failed (%)\n", nRetCode);
}
/*
* Device Qperations
*/

I nt device _open(struct inode *inode, struct file *filp)
{
printk(DEVI CE NAME " : Device open (%, %l)\n", MAJOR(i node->i rdev),
M NOR(i node->i rdev));

if ((filp->f _flags & O ACCMODE) & (O WRONLY | O RDWR)) {
I f (s_bDeviceWiteQpen) {
printk(DEVI CE NAME " : Device already open for witing\n");
return - EBUSY;
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} else

++s_bDevi ceWi t eOpen;
} else {

I f (s_bDevi ceReadQOpen) {
printk(DEVI CE NAME " : Device already open for reading\n");
return - EBUSY;

} else
++s_bDevi ceReadQpen;

}
MOD_| NC_USE._COUNT:

return O;

}

I nt device_rel ease(struct inode *inode, struct file *filp)

{
printk(DEVICE NAME " : Device release (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i _rdev));

if ((filp->f flags & O ACCMODE) & (O WRONLY | O RDWR))
--S _bDevi ceWiteOpen;

el se
--S_bDevi ceReadOpen;

MOD DEC USE_COUNT,;

return O;
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ssize t device read(struct file *filp, char *buffer, size t length, loff _t *offset)

{

i nt count = O;

If (is_buffer _enpty()) /* end of file */
return O;

while (!'is buffer _enmpty() && length > 1) {
read buffer char(buffer);

++buf f er;
- -1 engt h;
++count ;
wake_up_interruptible(&_wq);
}
put user (0, buffer);
++count ;
printk(DEVICE NAME " : Read % bytes\n", count);

return count;

}

ssize t device wite(struct file *filp, const char *buffer, size t |ength,
| of f _t *of fset)
{

i nt count = O;

if (is_buffer _full()) {
printk(DEVICE NAME " : Wite go to sleep\n");
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I nt

interruptible_sleep on(& wq);
printk(DEVICE NAME " : Wite wake up\n");
}

while (!'is buffer full() & length > 0) {
wite buffer char((char *) buffer);
++buf f er;
- -1 engt h;
++count ;

}
filp->f_pos += count;
printk(DEVICE NAME " : Wite % bytes\n", count);

return count;

device_ioctl (struct inode *inodep, struct file *filp,
unsi gned | ong arg)

I nt | engt h;
printk(DEVICE NAME " : ioctl, cmd = %, arg = %&\n",

swtch (cnd) {

case | OCTL_M NI BUF_MAKEEMPTY
printk(DEVICE NAME " : ioctl : make enpty\n");
make buffer _enpty();
br eak;
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case | OCTL_M NI BUF_GETLENGTH :
printk(DEVICE NAME " : ioctl : get length\n");
| ength = get _buffer_length();
put _user(length, (int *) arg);

br eak;
case | OCTL_M NI BUF_PEEK :
printk(DEVICE NAME " : ioctl : peek\n");
return peek buffer((struct mnibuf _peek t *) arg);
defaul t :
printk(DEVICE NAME " : ioctl : unknown\n");
return - El NVAL;
}
return O;
}
/*
* Higher |evel buffer managenent
*/

I nt peek _buffer(struct m ni buf _peek t *pdata)
{

i nt count = 0, nBuf Pos:;
I nt maxl| en;
char *buffer:

I f (is_buffer _enpty()) /* end of file */
return O;

get _user(buffer, &pdata->m buf);
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get user (maxl en, &pdat a- >m nmaxl en);
nBuf Pos = s_nBuf Pos;

while (!'is buffer_enmpty() && maxlen > 1) {
read buffer char(buffer);
++buf f er;
- - max| en;
++count ;

}

put user (0, buffer);
++count ;

s_nBuf Pos = nBuf Pos;

printk(DEVI CE_ NAME " : Peek % bytes\n", count);
return count;

}

/*

* Buffer Managenent

*/

int is _buffer _enpty(void)
{

}

return (s_nBuf Pos == s nBufEnd) ? 1 : O;
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int is _buffer full (void)

{
Int pos = s_nBufEnd + 1,
I f (pos == BUFFER_LEN)
pos = O;
return (pos == s nBufPos) ? 1 : O;
}

i nt read buffer _char(char *buffer)

if (is_buffer_enmpty())
return -1,

put user(s_strBuf[s_nBufPos], buffer);

i f (++s_nBuf Pos == BUFFER _LEN)
s_nBuf Pos = O;

return O;

int wite buffer_char(char *buffer)

if (is_buffer full())
return -1;

get _user(s_strBuf[s_nBuf End], buffer);



}

I f (++s_nBuf End == BUFFER _LEN)
s_nBuf End = O;

return O;

voi d make buffer enpty(void)

{
}

s_nBuf Pos = s _nBuf End = 0;

I nt get _buffer | ength(void)

{

I nt pos = s_nBuf End;

I f (pos < s_nBuf Pos)
pos += BUFFER_LEN;

return pos - s_nBuf Pos;
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® Filename : minibuf_test.c

/*

M ni

*/

Buf fer Test : 1ioctl

#i ncl ude <stdi o. h>
#i ncl ude <fcntl. h>

#i ncl

#def i

stati
stati
stati
stati

stati
stati
stati

ude "m ni buf. h"

ne BUFFER_LEN 1024

O o000

(@]

C
C

void mni buf _read(int fd);

void mnibuf_ wite(int fd, char *str);

voi d m ni buf _peek(int fd);

void mnibuf ioctl test(int fd);

Int mnibuf ioctl _get length(int fd);
Int mnibuf ioctl _nake enpty(int fd);

i nt mnibuf ioctl peek(int fd,

I nt mai n(voi d)

{

i nt fd;

char *buffer,

if ((fd = open("/dev/ninibuf", O RDWR)) < 0) {

printf("Error opening device file\n");
return 1;
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m ni buf _read(fd);

mni buf_wite(fd, "Hello, Wrld");
m ni buf _peek(fd);

m ni buf _ioctl _test(fd);

m ni buf _read(fd);

cl ose(fd);
return O;
}
void m ni buf _read(int fd)
{
Int |en;
char str[BUFFER _LEN];
while ((len = read(fd, str, BUFFER LEN)) > 0)
printf("READ : % (%)\n", str, len);
}

void mni buf_ wite(int fd, char *str)

{

Int |en;

If ((len = wite(fd, str, strlen(str))) > 0)
printf("WRITE : % (%)\n", str, len);

}
voi d m ni buf _peek(int fd)
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Int |en;
char str[BUFFER _LEN] ;

if ((len = mnibuf _ioctl peek(fd, str, BUFFER LEN)) >= 0)
printf("PEEK : % (%)\n", str, len);

el se
printf("PEEK : Error\n");

}
void mni buf _ioctl test(int fd)
{
I nt | engt h;
| ength = mni buf __ioctl _get | ength(fd);
printf("Buffer Length = %\ n", |ength);
m ni buf i octl make enpty(fd);
printf("Mke buffer enpty\n");
| ength = mnibuf _ioctl _get |ength(fd);
printf("Buffer Length = %\ n", |ength);
}
int mnibuf ioctl _get length(int fd)
{
I nt | engt h;
return (ioctl (fd, IOCTL_M NI BUF_CGETLENGTH, & ength) >= 0) ? length : -1;
}

int mnibuf _ioctl _nake enpty(int fd)

-90 -



{
}

int mnibuf ioctl peek(int fd, char *buffer, int |ength)
{

return ioctl(fd, 1OCTL_M N BUF_MAKEEMPTY, 0) >= 0 ? 0 : -1;

struct mni buf _peek t peek data = { buffer, length };

return ioctl (fd, 1OCTL_M N BUF_PEEK, &peek data);
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® ioctl (input output control)
-read/write 210l EXIE KNOHE = U= LHE

- A

(an]
229 &X|= read/write Bt =2 HIHE CF & ==
- XA IRl st HEE Y = /e &X

™
HA
=9l entry point NlS

- user programming;:

int ioctl(int fd, int cnd, ...);

- file operation interface:

int (*ioctl) (struct inode *inodep, struct file *filp,
unsi gned int cnd, unsigned |ong arg);

- cmd : (include/asm/ioctl.h)

ioctl = 2dls HEHE =0t &«

A2 oild EdsS UE CotolA ECOIBH0IA A= 2K

J 0
St HHOZ MAGHH, AIAE MAUHAN S=Es JRE Jbss Wt
|

-joctlemd =Xt OFSDJ| : 1 0OC(direction, type, nunber, size)

direction: OOIE2 HESHE
1 OC_NONE, | OC READ, | OC WRI TE
t ype : magic number. JtSet ClBI0IA EZtOIHOICH D7st BHS&E
nunber : 2 ioctl = A2 = Ues <A
size: 85 OOIHE AJ|

#define _|Q(type,nr)

#define IOR(type, nr,size)
#define | ONtype, nr,size)
#define | ONR(type, nr, si ze)

. NONE, (type), (nr), 0)
. READ, (type), (nr), si zeof (size))
OC WRITE, (type), (nr), si zeof (si ze))

oo
oo
Kool
1
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- predefined command :
FI OCLEX: set close-on-exec flag
FI ONCLEX : clear close-on-exec flag
FI OASYNC : set/reset asynchronous write for the file
FI ONBI O: nonblocking I/O
filp->f flags A O NONBLOCK flag € HtFLC}.
fentl (fd, F_SETFTL, fcntl (fd, F_GETTFL) | O_NONBLOCK));
-ioctl X2l :ioctl handler &=0lA E0H= cmd BZ 0 [MEtA switch 2= Soll Xl

swtch (cmd) {
case MYDRV_I ORESET :

defaul t :
return - El NVAL;
}
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6. LIHE HIAS

Ct.

m
Jo
=
o

- Y 42 EHEL

- loglevel :
HAIXRIS S5 £806tH, 22et =22 WAIXIE E48ot= XS JisotHl etll.
BIALXRT AIEO <1> 22 2822 XA,
loglevel & X[&EOIAl 22™H DEFAULT MESSAGE LOG.EVEL 0ff off &etLt.
consol e_| ogl evel 2Lt 22 loglevel 2| &2t =4 &=L
HHA2=Z consol e | oglevel 2 HE.

sys_sysl og system call O|L} kIl ogd -c

- ALK =2 S .
printk() = WS & HIHOW HIAIXIZE JI=8tL. (overflow JHS)
klogd Z2AHA= HIIE2=Z HE HAIKNE 204N syslogd Ol Al & EFSHCE.
syslogd = /etc/syslog. conf L2 &0 WMk HE HIAIXIE el 2 Z2Het
HIAIXIE /var/ | og/ messages 0l J&aot= X 0ICH
klogd -f <filename> HHCZ HE HAIXKIE E&2 WU HES = ULL
- Oid 2E0HMEE HIAIXIE & 0tAH ot

<

DEBUG &2/Jt &0 /U= [ HIAIXl = (-DDEBUG =& ZH It )

Ct. Jlz2 882

=2 O

A 1)
#i f def DEBUG
printk(.................. )

#endi f
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2 e 2)

#i f def DEBUG

#define dprintk(fnt, args...) printk(KERN DEBUG " : " fnt, ##args)

#el se

#define dprintk(fnt, args...)

#endi f

e ZR% MU 2 ==ot)|
-printk() = ERotAl E2 UHAIXKIE 20| Z&otAH otH, Z0| AtEotH AIAE0] =4 &L
-proc LWL AIAE &Zol)|
MEXIL et A& 228 =0 A AEXUH 20 =L
= U LHE= E0IotH stit.

S 2=2 &Hl, W5 UI0IEHE 2EHE =

-ioctl E&E0olJ] :
ioctl 0l CIBH&E= Flet BEUH== FItetlh
=

ClHE &80 P oY ioctl BE = Ot= AP0l OtLIH ==& X =0
proc LI AIABIECE SO W20 AFS2E0 Hl<2F0l 8L
O ANESA T2 S Al=26l= AN SXH =016

- CHAHZ AIEXF E203Hs F=HTHE.
- AMNAEN Z20ILE S2l0IHE AMEoteE 220 printf() 222 822 &6t
-strace T2 _J#H= 0|=Z0tH AlAE &I 22lz= HES dAFSHLL

AAED Z20 A Xt O 28 B EC0H

f

strace cat /dev/m nibu



® oops
- AHZ0 2AHIF 2dotH HE0l == M (Ol: null pointer access) oops Ol Al X
-oops UIAIKI= Ol2doF el =49 HAIAE &AEH, stack & B S BtE &4
-ksymoops ZZ2 )&= 0/ EZ30tH oops HIAIXIE HAEGHM SMIOb Mt 2 L+AUALH
ksynmoops /boot/ System map < oops
- X ol RIXIe e #E = Us &, d=tet 29 2XE 8 Heg=el 2E&
Aol 0F ot ), AL B2 &t =2 EWH=FA 220, AIAE 0|22 2HJt &
A= M BPC“OH oops HIAIXIE &&E6IX 2ot HLEL U E2 oops HAIXNIE &6
AKX XILUIHHE =& QULCH
-System map :
export = &A=& Bt Of
HES AWMLY M = AL
- HEY E=S LEet dE =5 US|
(]

Y

Qll rOII

Systemmap Ol= 2= 2F2| /=0 SHUKX E2M, /proc/ksyns Ol= 2=2
AZ0l SHUKXIS HEUH A export &I X ot=2 AZ=0 CHet A2t 8L

cat /proc/ksyms /boot/System.map | sed 's/ ./ /' | awk '{print $1, "T", $2}' | sort -u > symbols.map

® Kernel Dumper
-kmsgdump : HEO0| S22 M =22 HE HAIXIL oops HAIXNIE S2UI0f HESHCH
- mcore : 9‘|lé_|0| == M2 Ol0IX(core)E L=t RAM 0l M&E S ot1l, 0|0 BIZ2elol 2
CEH /UAY MZ2=2 HEZE OI0IKIZ reboot E BtCE. reboot T 0 O MU RAM O MZ& St

core S ZF—NH systemcall 2 O|Eot0 == 210 U230 H&EE = UL
NS

ﬂlltl
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interrupt context | & AIEE == ULH.
RAM Off H&Z2 otJ| HE0l tk=Ch.
=<
A X1 &L
reboot AlOIl BII22] LHEO0| XIRAMA= =L

— —

- LKCD (Linux Kernel Core Dumper) : SCSI C|A32| J|s2 &0t HE0 =2

== Z2E0 == M core E
swap partition 0l &S StCE SCSI driver 2| XM HZ 0l interrupt Z 0 M Ol 26t

O
42 At EE £+ Bl

® kdb
- HEZO0l link = kernel debugger
-CPU WM fault It 224Gt HLE, PAUSE 2|2 S5 ZJ1LL, serial console = SolAl S =& L.
- keyboard interrupt L} serial interrupt tOl Al X 2| = Ct.
- single step, breakpoint £ 0|&8t CIHA 0| Jts

- HEZ 2| symbol =2t OtLI2t module & symbol & 210 UNH 2= CIHA T JIsSotLE
- stack Ol A frame pointer & O| &0t stack trace E & =% UL}
® kgdb
-remote gdb 2] =S SoilM HE2 == MOHSHCHL
- 5 e JIHE serial 2 HZotd) et JIAHON CHAE HES UE JIHUHAMN gbE =
el Ct.
- HE S debugging symbol & HE&ot0 ZIEZ ot frame pointer & O|Eot== ZIIE ot

ELF O|0JAl=2 2t=CH
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ls.

- single step, breakpoint £ 0|& 8t CIH A
-Oids &€ M & JIHDIF 2Rotdd, &XIJt HH =R
® Magic SysRq Key

- &M &AHESE = I
Sh1ft+Scroll ; show memory
Ctrl+Scroll : show state
Alt + Scroll : show registers

LEE Skl St s&S ofEE &

20

- EA%F 9' aTE=E S
- g 8= & [ MagicSysRq S8= HA

MEY : Alt+SysRq+<command>

command : (Documentation/sysrq.txt)
: sync all mounted filesystem

o' : shut off
'm' : dump current memory
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7. A2+t

- &M AIZE EDT
struct tineval {

tinme_t tv_sec;

suseconds_t tv_usec;

}

#i ncl ude <linux/tine. h>

voi d do_gettineof day(struct ti

EtOILH, EHA 7, B2

meval *tv);

-99 .

o HIEUAMZ AlZt :
- RTC (Real Time Clock) : AIAEINAM &M Al2tS 2tclot= EX
- HE 2 timer interrupt Jb S [HOICH LHEL Al2tS &clot= GIOIEHE &
AZ2tS 22l el
-HZ : 1 =0l timer interrupt Jt 2 5t= === (include/linux/param.h)
-jiffies: 2EMAHIt FEet = Zdlst 24 tick 2| & == 1jiffies=1/HZ =
- timer interrupt 2| 24 2t L H .
Hz gt 3t : &&= LHKXIXNC gt £55= Yt
HZ gt 24 S YWetAIKSH 818 £5&5= “HACH
® IIH AlZF
-do_gettineofday() &+E SollM second, microsecond EHR|2| AlZ2tS E =
- HRE2Z & AlZES JHALD QU= struct tineval xtinme Olgt B=J}
of R N2 E HE ¥2ot= A2 BHEAGHA &L

JEAIA &M
ULk
XIek HE



® [ong Delay
- 28 1 : busy waiting

JIteles sl HE 220 A= JAOCIO0F ofH, LIE HE= EHE = 8lS
unsigned long j = jiffies + delay * HZ
while (jiffies <j)

- 2 2:’
ChE e Z2AAD S2H HE X0l 88850 AHE
while (jiffies <j)

schedul e();

- 2 3
timeout = O| &0t & ot= Al2ZESQt blocking O] & E 2 JH& S EH0|C
HIIA timeout 2 KlAHE Al2t (jiffies +a It OtL|2})
struct wait_queue *wgq = NULL;
interruptible_sleep on_tineout(&wait, tineout);

® Short Delay : udelay() (include/asm/delay.h)

- prototype : voi d udel ay(unsi gned | ong usecs);

_jiffies 2CH O B2 Al2tSl delay 2 9IGHAl AFZSHCH.

- 2Ye [ HASH BogoMips € HIE 22 | oops_per _seconds £ H&totL], Ol
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£ Jole= A2ES022| delay E R AZEAHE2Z loop E =L

- busy waiting
- 1 second = 1000 milisecond, 1 milisecond = 1000 microsecond

e JHE EIOIN

_ O.|E£-| %g RKFAH= AIGHSH A|a|-2 XlX—Iﬁr
8C>

i —r— =2o =2 = o
EtOIO ROl S0 HP=2 stHet A P
- Ay 2AS BEOIH - WEE 22| EtOIHHE KNS etlt
struct timer_struct {

unsi gned | ong expires;
void (*fn)(void);

};

unsigned long tiner_active;
struct tinmer_struct tinmer_table[32];
- M2 249 EHOIM] : linked list A2 H=0 HlietOl 8L
struct timer _list {
struct timer list *next; /* MJST be first elenent */
struct tinmer_list *prev;
unsi gned | ong expires;
unsi gned | ong dat a;
void (*function) (unsigned | ong);

b

void init_timer(struct tinmer_list * tiner)
void add tinmer(struct tinmer _list * timer);
int del timer(struct tinmer list * timer);
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® Filename : mytimer.c

/*
Ti mer Handl i ng
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <l i nux/sched. h>
#i ncl ude <l inux/timer.h>

/*
* type definitions
*/

struct nytinmer _data {
Int mtines,;
I nt m.endtines;
}
/*
* gl obal vari abl es
*/
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static struct timer_list s _nytiner;
static struct nytiner _data s_nytiner _data;

/*
* function prototypes
*/

static void nytiner_proc(unsigned long ptr);
static void add nytiner(void);
static void del nytiner(void);

/:/Nbdule startup/ cl eanup
I nt init_nodul e(voi d)
{ printk("Loading Tiner\n");
s nytinmer _data.mtines = 0;
s _nytimer_data. mendtines = 5;
add nytinmer();
return O,
}
voi d cl eanup_nodul e(voi d)
{ del _nytinmer();
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printk("Unl oading Tinmer\n");

}
voi d nytimer_proc(unsigned |ong ptr)
{
struct nytinmer _data *pdata = (struct nytiner_data *) ptr;
++pdat a- >m ti nes;
printk("Timer called %/ %\ n", pdata->mtines, pdata->mendtines);
I f (pdata->mtines < pdata->m endtines)
add nytinmer();
}
voi d add _nyti nmer (voi d)
{
init_timer(&s_nytiner);
s _nytinmer.function = nytimer_proc;
s nytinmer.data = (unsigned |ong) &s nytiner dat a;
s nmytinmer.expires = jiffies + HZ * 5; /* 5 seconds */
add tinmer(&s_nytiner);
}
voi d del _nytinmer(void)
{
del timer(&s_nytiner);
}
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® (Context

- user context : system call, trap A& &M HEL &0 &M Z=2AA0H) 230 JAS .
blocking O] Jt=0otCh.

schedul e() &+E Ed4M U2 Z2ZAHIADL Al

- interrupt context : IS E SHEHUNAN QLHEEES Ml
S2otH oo AlEN AdE = PIHEER FASH &=

- hardware interrupt context : QIEHEE H=2HIt M2l JUAS MZ HY CHEEI} =

KE AEHHA ASEH, 30 et CHE AHEEIN 2 NI St
- software interrupt context : QIS EIl o S= AEHUH A & S T H, bottom half, timer, S
task queue A& H2[2 AlEN A &=LCh

0

- interrupt context 0| M & == Sl= €
current process ot 1) & El= & : current process It 2/0(IJt 8iCH
current process Jt L2 2 Z user space @t OI0IE w&t= & == SiC
scheduling : schedule() &+& F2HU, AEHLZ B = U= &=
swap O] Z2ds = U= & : HE2el 2 &Z0| atomic operation O Ot 2=,
user memory Ol Al page fault Jt EMS = U= & : copy to user()Z 0| AIS A Bl L2
clE &dote &=&.

® Task Queue
- S8 Ag8= HEEE AZ2H0] AIE=0 Adole 2™ =2 of
-polling £ XeElotAHLE, ot& J|O1E ’é*c”oUﬂ MO [ ArE st
- bottom half X & X
&= At=gtLl}.

=}
§
“52
Ui
Zﬂ_
S
ol
§
%
5
=
o
=
— =
a
-
l
Pl
o
0l
=
i
M0
Iy
1Q
|0
Zl-l_l
o
ol
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- task queue AFE & : linked list & EX
struct tq_struct {

struct tq_struct *next; /* linked list of active bh's */
unsi gned | ong sync; /* must be initialized to zero */
void (*routine)(void *); /* function to call */

voi d *dat a; /* argunent to function */

}
- task queue &

#defi ne DECLARE TASK QUEUE( q)
MzZ2 BiA3 RE E2lstlh

voi d queue_task(struct tg_struct *bh pointer, task queue *bh |ist);
EHA ROl EHAZIE FIFetlt.

void run_task queue(task _queue *list);
A0 Y DE HAZS AIBHEH},

ML LT

- predefined task queues : AIAE! SAHS ol 0|2l 2ol =2 task queue =.
tg timer : EfOI0H CIHEEDJI HMoIR=S [ i‘lal_ElE 7 (interrupt time)
tg_i medi ate: Jtsgtet HE AlIZ2ZtLH0l XM2l&El= 7 (interrupt time)
tg_scheduler : AHEHI AlHE [ Hel&= 7:—% (not interrupt time)

® 22 &Y 1 :kmalloc, kfree (include/linux/slab.h)
void *kmal | oc(size t size, int priority);
rmHod)ﬂ%iﬂﬂoFJNQEBIWDa s &etlt,
voi d kfree(const void *ptr);
free() & malloc() 22 &&= HEZ2E ol Metll.
-priority : 0|22 €Y A S X Hetl
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- size :

GFP KERNEL : (_ GFP MED| GFPWAIT | _GFP 10
LEMNOZ ALZSH= priority £ blocking 0] 2 0HYE = ULCH.

HZ2 It £50tH swap s= Sl HEZ2 =2t Bt=C
GFP USER : (__GFP LON| _GFP.WAIT| _GFP 10
GFP NFS: (_GFP HGH| _GFPWAIT| _GFP 10
NFS LIS AIAENHA SIS el HE2E 2= [ AtEetth

GFP_ATOM C : (__GFP_H GH)

__mn_free_pages 2t f0otH Jisst 2= HEZ2 AtEetlt
GFP_DMA : (__ GFP_DWA)

DMA 022 &g st

=c|HCZ 16MB O|otel FE0 5= HZ2elE &Yttt

HE 0 M= pagepool & 0|0t HIOIKIE 2|kl

page oriented allocation : RAM & & SO AIEE = U= 2 HE
linear allocation : 2|2 HE &Z0| page oriented AW MH= 22[otI] HE T

PAGE_SI ZE*2"n ELF 2= &2 FJ|9 N2l g0l JIIE s&&H0|Ch
IJIME0l UL : 128KB

® 22l &Y :page (include/linux/mm.h)
unsi gned | ong get free page(int gfp_nask);
et HIOIXNIE &Yt = page E Al2Lh
unsigned long _ get free page(int gfp_nmask);
et HIOIKIE &Yetlt.
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unsi gned long _ get dma_pages(int gfp _mask, order)
DMA E HI22l HOIXIE &Y etlt.
unsi gned long _ get free pages(int gfp _mask, unsigned | ong gfp_order);
KN&Eet FJIet=Z2| HOIAE &Y etlt
void free_page(unsigned | ong addr);
et HIOIXIE ofl hletlt.
void free_pages(unsi gned | ong addr, unsigned |ong order);
41 HIOIXIE ol MlgtCh.

H2e2l &Y :vmalloc, viree (include/linux/vmalloc.h)
void * vmal |l oc(unsigned | ong size);
tal =4 SZ2H0A BIZ22lE &Y etit.
void vfree(void * addr);
vmal loc() 22 a2 HZ2E ol dlstCt.
- Jtah =2 BZ2b(virtual address space) A A=ZE= W22 SEE Y6t
kmalloc() 2 2c|& =4 S2H0lA HZ2E Y6t
=c|82 ASEX 22 HE22E Ity =24 S24iMdeE 35822 = = UL
page table & 0| &0t =2|& =AZ2 HEEC]
- HE 22l S2HHACH B0l= GHO0ICH.
- =c|&ol BZ2HABH ASEX (e &, €HE2 HEee £20] AEE = ULH
o Z2 g€YEeE U2t SelE2
- ATEQUHECZO AIE20le 2 HEHE 222 M AIZEStCH (322
S0 A0hH
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9.

HABM ZE=08 . AIAE = Jt= )

28 . ™ EHe AMAE 20| =3 M 02 JI2MA TUE &€= o
sys_open() It sys close() AIAE 222 JIZ2HH, AIAES HHAHS
= =AI0 =0I5t D, A AMAE 2 XHel &8+8 Uz =4 =0

Y - MH AAE = eS8 =52 JHAld U= sys_call _table #HS HE= A
& =ZOIN, open, close A|IAEN 22 HSAHE N&EotY], T2 LU MZ HEe iScel2
UiXIetCh thXlE eisSelllide 80z A gts £4otl, e ALY = siSdE =d
A Hgs Melgt = Zgts 2EHE0L

>
ol

.

B4 .
= .

L

o @
o |
Qm

0%

(]
-

o0

28t = open, close A|IAEN 20| =& HOICH AKX 85 =X

o

=
=

=

S
-open, close A|IAEl 22 JI2IH |
- L& AAE =22 2|

HAE Y
i nsnod syscall.o

| s
rmod syscal |
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® Filename : syscall.c

/*
System Cal | Spy
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <sys/syscall. h>
#i ncl ude <asnif uaccess. h>

/*
* d obal Vari able
*

extern void *sys call table[];

static asminkage int (*orig_sys open)(const char *filenane,
static asminkage int (*orig_sys close)(unsigned int fd);

/*
* Function Prototypes
*/

int flags,

I nt node);



static asminkage int ny_sys open(const char *fil enane,

static asnlinkage int ny_sys close(unsigned int fd);

/*

* Modul e startup/cl eanup

*/

I nt

{

}

I ni t_nodul e(voi d)
printk("Loadi ng System Call Spy Modul e\n");

orig sys open = sys call _table[_ NR open];
sys call table[_NR open] = ny_sys open;

orig sys close = sys call table[_ NR close];
sys call _table[ NR close] = ny_sys cl ose;

return O;

voi d cl eanup_nodul e(voi d)

{

printk("Unl oadi ng System Call Spy Modul e\n");

I f (sys_call _table[ __NR open] !'= ny_sys open |
sys call table[ NR close] !'= ny_sys close) {

int flags,

I nt node);

printk("Error : other program changed the system call handler\n");

}

sys call _table[ _NR open] = orig_sys_open;
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sys call table[ NR close] = orig_sys close;

}

/*
* System Cal | handl er
*/

I nt ny_sys open(const char *filenane, int flags, int node)
{
I nt retcode;
char fnanme[1024], *cpsrc = (char *) filenane, *cpdes = fnane;

for (;;) {
get user(*cpdes, cpsrc);
I f (*cpdes == 0)
br eak;
++cpdes;
++Ccpsrc;

}

printk("sys open : pid = %, filenane = %, flags = %, node = %\n",
current->pid, fnanme, flags, node);

retcode = orig _sys open(filenane, flags, node);

printk("sys open : result = %\ n", retcode);

return retcode;

}

int ny_sys close(unsigned int fd)
{
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I nt retcode;

printk("sys close : pid = %, fd = %\n", current->pid, fd);
retcode = orig _sys close(fd);

printk("sys close : result = %\n", retcode);

return retcode;
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- AMAE =22 F28 AEL 2E0A HE 222 "HELCH
- HEUHA AIAE 2= Mot HE Z2E0A AFEA 2E= BN AES HSstlt

- A" Bo| B8 .

i ncl ude/asm unistd. h 0l 2% QUL

o AAE =2 XelddE .
-TA-32 I A systemcall 2 0x80 CIHEEE Sot X2l Ch.
- AP EXF ZZ2 UM systemcall 2 SE2H QIEHEEIL &AM SHCH
-0x80 CPIEHEHE 8= = system call (arch/i386/kernel/entry.S)0| Ct.
- systemcall &= YAHAZE system call 1S (%eax)0l et sys call _table[] 0 U=

&5 = =cetlh,

- 2F A& 2 KMl s oY 2@ds Adolt) Z2UE sHAELL
-ret_fromsys call &+E Sl systemcall 2 OtXl 12 AMEXN 2E2 =7 6HCH
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10.

Ol

—

CIHEE

O]

—

HEE Xl

2l =

EE
- X1t CPU W[ Hl event Db 244
- asynchronous event
- polling/interrupt
polling : & X2 BHatE F=|
interrupt : & X0 AHMK] &
-DMA = 2IHEES2 HAHHN AIS

0

ot

H=c242 S oAl : (include/linux/sched.h)
request irq(unsigned int irq,
void (*handler)(int, void *,
unsi gned | ong fl ags,

const char *devi ce,

void *dev_id);

irqg: C/HEE B3,

handler : AIHHEEESE M2IE
flags:

CIHEE 22|2 &4

;;;

I nt
struct pt

8

31

A
T

& o
m i
ool

S{JMEWMWTﬁymmeMMMmmmﬁ%W?wﬁwlQWHA

| —
A= DJE

EE O St J\ O
oTT =2

random

Ho
[« 2 o

SA SHI RQ: ©IE &
SA SAMPLE_RANDOM :
le—I OE UI- HS

OOPE

OIEHME AKX

ot

randonn U=

s [ LIELE
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E=2 neost

dev id: CIHEEE =€

ei=clUlA HOIHE &E
void free_irq(unsigned int irq,
OIF{BIEZ BiUsIC} =28t

O_IE
HEZE SE/HAE AE -

- oY
init module : ==
open: PIHEEE (& X
S5 NSz EXIE
ol Xl : ORI 2 close

- /proc/interrupts
I HOE

o710 U

AA

ot

i
—

IRQ

LH |
IRQ : PCI 0l = IRQ Jt

= rOF
& DPgé

0_>|._ }0||

SN
= IR

-
0

ISA Ol Al = IRQ It

Q
O| I:II-I:HOE IRQE OF

H ol
1) 2=
2) &X o 1o Feiol 3t =0
3) &Xl S4=
- IRQ probing : (include/linux/interrupt.h)

unsi gned | ong probe_irq
S YT Al E=2 oH
alliolH 0= ==L

[ At

AMESHX &0 BP

20 &= 0|E13*§ 8= H0H2A A

S 2CE [ RQ, /0 TAS o_lx@

Ol=otd IRQ HSE problng

Al

=2
=

ole =|H2E AMEE =
voi d *dev_id);
[ XI&ES irqg 2 dev id E 10K

A0 2fol A

_—

otEAINAEL=Z IEH

Ot =)t 8lL

IRQ I—l =2

_on(void);

S E 9| bitmask E = =CF.
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i nt probe_irg_off(unsigned | ong);
probe on O| = 0| ZMst OIHHE HSE SH=LL.
CIHEEI YHMotAl 22™ 0= sH=L.

Mool OIEHEEIN LMGHH (ambiguous detection) S5 =2 &L
probe ot J|& :probe_irg on() 2 fEChL
X2 E4= 0/E0lH olE/AAHELZ CIHEHES ZMA|IZICH

probe £ OtXI1] :probe_irq_ off() E FELhL

e 8
handler(int irq, void *dev_id, struct pt _regs *regs);
CIH & & e =c{= hardware interrupt context Ol M &l = = C}.
- OIHEE XMl Al2tS = A3toli OF StCt.

OIHEE sisHUlA= oY CIHEEI A& HEHOMH AH=LCH.

fastinterrupt 2| 2 2= QHEEI A= AHEHHA ASHECH

AMABIO] &5 HHE Roide CIHEE Ml Al2t0l =S =5 =L

OIHEE Xcl0l Al2t0l 20| ERet 2% CIHEE XHelE CHEE sisHuMH Xl
ofiOF otl= 220 JEXl 20t &= 2222 LsH, & 222 bottom half, task
queue E 0|S3tH X2l 8tCh.

® CIHEE o&EU 2K : (include/asm/irq.h)
voi d disable _irg(unsigned int);
ofe CIHE EE = Xletlt.
voi d enabl e _irq(unsigned int);
CIHEEE ol Esetlt.

-117 -



- 2= CIHEE == &M Helsel LHEEI sAlal et A XA el= L.
CIHEE oE/=Ales AUEHEE d=2lila AlEE = Bl
- fast interrupt/slow interrupt

fast interrupt : 2 CEHEEI 22X E AEHUA CHBEE XM2ISHCH CAHEE Hel
E=0 CE CHEE= LMot H=0. ¥l Xeloiotote CIHEE Xl Al
INE=2=liB S
slow interrupt : L}E CIEHEEII ol SE= HEHOAM CIHEEES Xcletlt.
Bottom Half
- interrupt handler Ol M X 2IoHOF ot= &0l =2 B, BtE Al interrupt handler Ol 4 X 2| GHX|
ZO0tE &= 22 interrupt handler £ WtHLIE = Aldig =~ JAEF &L
- top half/ bottom half

top half Ol M= & X2 GIOIHE 8&2 HIHO M&EotL) bottom half £ H Al StL}.
bottom half = T &8t HIOIHE ZZNAONH & stHCE

-bottom half X2l === 2= LUHEEI ==L,

- bottom half —*& : (include/linux/interrupt.h)
function pointer 2| HIE It AIEHE 2 MW FE LIEIHW = bitmask & StS &I CF
vol ati |l e unsi gned char bh_running;
atom c_t bh_mask count[ 32];
unsi gned | ong bh_active;

unsi gned | ong bh_nmask;
void (*bh_base[32])(void);

- bottom half 2t & &= : (include/asm/softirq.h)
void init_bh(int nr, void (*routine)(void))
bottom half & S =¢etL}.
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voi d renove_bh(int nr)

bottom half £ of X| &t LCt.
void mark_bh(int nr)

bottom half & X cZ2|oll0F ol= AR =2
voi d di sable bh(int nr)

£ A& bottom half M2IE =2
voi d enabl e _bh(int nr)

£ & bottom half XM2lE oIS
voi d do_bottom hal f (voi d)

Ct.

[

N

o

| &+C}.

Ct.

o

bottom half X 2| & =.return from sys call)UHl A =&l C}.

- bottom half 2| £2!

bottom half 2| == StEHE | ULt
HE2 EXA CHI0OIA E2H0IH A &SE ] QUL

- HE A AFZ0l= bottom half':

| MVEDI ATE_BH: tq immediate £ X 2| 8tCt.
TQUEUE BH:tq timer £ X Z|stCt.
NET_BH: network driver 0l Al AFZStLCh.
CONSOLE_BH:: tty switching

TI MER_BH: timer interrupt X |

ol
[ol
i
tN

E Do
— O TT

HEES dRre [ QIHEE 7 HFE &l
A: QIHEE S=0 UollA F

|(H, kernel timer & X 2| St L.

O [H
nr 32



® race condition :

280l UAUH 2ZEHAHFE TB2= ol 20| Jis
-PCI: #SUA JI=d8l=2 CIHEE SR Jtsot== ZHE0 ULH

— /1 —

- interrupt handler
CIHE EJI & MotH
OlIHgEE ;._H%EHDP =

ofERANHE HAlot CIEHEEIL AAle XA Eaet A0 CIHE

- DO QIAIGHAl et ALOIOl At&IO| ChE= CIOIE It interrupt time O BFH 12, oY =2
= |

CIOIE & = 87

%ﬁﬂ HelE H=ote BB,
- race : nonatomic operation 1t Ct& AOIOIA =JF B Xdelotlt &=
- race condition 0| & Mot= R

& LHOIA scheduling O &4 . X/2ZtEE O Z gchedule() &It 28l B2.
blocking operation
OIHEE =2t AIAHE
- race condition O & :
3% UOO0IeHE AMEotAl 21 34 H
A K| BF

P
\J

o HIOIHE BRos 22

14
=
)
I
kU
| I

O TT

=5 OOIHE =+

s =S EE = AIAIZICL
HOIHE 2 [ lock & Al

ofl M atomic operation 2 £ Bt=Cl.
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11.

ot =01 X0

of=EAI0 KO0 AtEote AHE
- 1/0O Port :
- I/O Memory :
- interrupt
- DMA

I/O Port XMl O{ : (include/asm/io.h, include/linux/ioport.h)
-I/Oport §H &Y

/0 2SS AtEot)| &0l il 895 UE £2i0

Allz £d= A Z/ACLD oA o
£ Xl AOl2 == =) foiA

t= 201 £LC1

Ol

i nt check _region(unsigned | ong from unsigned |ong extent);
ofE I/O port A0l HAHIU=Al ZAretLt.
voi d request region(unsigned |ong from unsigned | ong extent,

const char *nane);
[/Oport 3H= &=L}

voi d rel ease_regi on(unsigned |ong from unsigned | ong extent);
[/Oport EH2 AlE= 0HXLY AEHES By

- ofLtel dlolel 1o
unsi gned int inb(unsigned int port);

voi d out b(unsi gned char data, unsigned int port);
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8 bit HIOIE 1/0

unsi gned int inw(unsigned int port);

voi d outwunsi gned short data, unsigned int port);

16 bit HIOIE 1/O

unsigned int inl(unsigned int port);

voi d outl (unsigned int data, unsigned int port);

32 bit HIOIH T/O
- ottt port 2 A== OIOIH 1/0

unsi gned int insb(unsigned int port,

voi d out sb(unsigned int port, void *addr,

8 bit GIOIE 1/0

unsi gned int insw(unsigned int port,

voi d out sw(unsigned int port, void *addr,

16 bit HIOIE 1/0

unsigned int insl(unsigned int port,

voi d outsl (unsigned int port, void *addr,

32 bit GIOIEl /O

voi d *addr,

voi d *addr,

voi d *addr,

i

- pausing 1/O
CPU 2| &&= 1/0 bus & J—f 2O =0
g oIEANH S0l= sSTX0l =20l port /O HIA TIOIEHE
inb_p(),outb _p() 75*8 &+=ZE 0/E0tH 1/0 AtO[Ofl delay
I/O Memory Al O : (include/asm/io.h)
-1/O memory & &Y .
interrupt LI /O port A2t 22 9 &Y HAHLISS SIChL

- I/O memory I/0
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unsi gned | ong count);
unsi gned | ong count);

unsi gned | ong count);
unsi gned | ong count);

unsi gned | ong count);
unsi gned | ong count);



unsi gned int readb(void *addr);
void witeb(unsigned int data, void *addr);

8 bit HIOIE 1/0

unsi gned int readw(void *addr);
void witewunsigned int data, void *addr),;

16 bit LIOIH T/O
unsi gned int readl (void *addr);
void witel (unsigned int data, void *addr),;

32 bit HIOIH T/O
voi d nenset _io(void *addr, unsigned int data, int count);
AN&get )12t A&et UolH= €&
voi d nencpy_from o(void *dest, void *src I nt count);

I/0 H22I0lA RAM 22 HIOIH &5
void nmenctpy toio(void *dst, void *src |nt count);
RAM OlAl /O BIZ22IZ2 IO &S
- I/O memory mapping
PCI EX&2 XU M= memorymap = SoliAl /O HIZ2IE &Z2&tCH
void * ioremap (unsigned |ong offset, unsigned | ong size)
/O BIZ2clE Jtat H22el =42 mapping = etLlh.
voi d i ounmap(void *addr);
mapping & 0 22|E oM StCh.

® DMA XMl : (include/asm/dma.h)
-DMA &9 &3 .
I nt request _dma(unsigned int dmanr, const char * device_ id);
DMA channel 2 R 7 8tCh. channel 2 0-7 JtHAl DS 0tLC.
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void free_dma(unsigned int dmanr);
DMA channel & Bt St
-DMA HI{ &Y
kmal | oc(si ze, GFP_DWA);
get _dma_pages(mask, pages);
-DMA AtE3tI]
voi d enabl e_dma(unsi gned int dmanr);
DMA channel 0ff =28t OIOIEIJF JACELD HA
voi d di sabl e_dma(unsigned int dmanr);

DMA channel = disable AlZ2!C}.
voi d set _dma_node(unsigned int dmanr, char node);

DMA € SotH UI0IHE &S Kl, £XIE K &Estlth

voi d set _dma_addr (unsigned int dmanr, unsigned int a);
DMA WHIHS| =25 Xl& St

voi d set _dma_page(unsigned int dmanr, char pagenr);
HEE F=A9| page register 2t= & & 8tL.

voi d set _dma_count (unsi gned int dmanr, unsigned int count);
MdES OOoIHe AJIE XNEEHL

I nt get _dna_residue(unsigned int dmanr);
DMA € SoiM &5 HOIH SHAM 2 =XE ¢
DMA Z &2 43 HFE Zd=Lh

void clear_dma _ff(unsigned int dmanr);

Ct.

ot

o
ik
w
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OfeobAl=2 W Aats d2otl) 0l sS=etlh Ol

2aee . 22X ClHolA =201 2
e AL SOAl read/write = 2 BHAE Ol =& read/write &S 0| & tL. JEIP_ =< ClHtolA
C0lH RSN B8 request 2 =& AJI|, AH AJ|, Xl AD = XN&sHH 2s2
2te M RAM LIADE Rolf HIZEE &€Yetlt. RAM CIAAZ le PE0 DEIH U
O, D=2 unload & [ 2 HIZ22IE HMSHCEH request E0MHE HIHIMAILl HIH2k
steer2 H{ 22l AFOIOl read/write E %2t StLH.
HAE g8 - RS 2C6t & 22 [C|HI0IA E2I0IHE Jteld|le &X It s SH=C (D]
M= DEVICE NUM 2{==0tZ2°| minor number £ & &E0otJ)| HE2 0l IS &EX LtYS Bt=
2= QUL mke2fs HEOZ HX MMM MEAAHEHS OIE E mount S HA ML AIAEHE
AMNES St
NS

- 2tHSE RAM ClA3 == CIH0IA &E2t0I1H MIE

-RAM (C|A3 A0 MEAIAE 25 Y HAE
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e HAE 1A .
insnmod mnird.o mnird _size=1024
nmknod /dev/mnird0 b [major] O
dd i f=/dev/zero of =/dev/mnird0 bs=1024 count =1024
nke2fs /dev/imnird0O 1024
nkdir / mt/ ot her
mount /dev/m nirdO /mt/ ot her
cp /bin/ls /mt/other
| s / mt/ ot her
unmount / mmt/ ot her
mount /dev/m nirdO / mt/ ot her
| s / mt/ ot her
unmount / mmt/ ot her
romod mnird
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® Filename : minird.c

/*

M ni

*/

#i ncl
#i ncl

#i ncl
#i ncl

#def i
#def i
#def |

#def |
#def |
#def |

ude
ude

ude
ude

ne
ne
ne

ne
ne
ne

extern i

#def i
#def i
#def i
#def |
#def |
#def |

#i ncl

ne
ne
ne
ne
ne
ne

RAM Di sk Dri ver

<l i nux/ kernel . h>
<| i nux/ nodul e. h>

<| i nux/vnal |l oc. h>
<asni uaccess. h>

M NI RD_MAJOR
DEVI CE_NAME
DEVI CE_NUM

M NI RD DEF_ S| ZE
M NI RD_BLOCKSI ZE
M NI RD_SECTSI ZE

nt s_nMj or;

MAJOR NR

DEVI CE_REQUEST
DEVI CE_NR( devi ce)
DEVI CE_ON( devi ce)
DEVI CE_OFF(devi ce)
DEVI CE_NO_RANDOM

ude <linux/bl k. h>

0 /[* maj or nunber dynam c all ocation */
"M ni RD" [ * device nane */

2 /* m nor device nunber */

1024 [ * default device size in KB */

1024 [ * sizeof block */
512 /| * sizeof sector */
(s_nMj or)

m ni rd_request

(M NOR(device))
/* do nothing */
/* do nothing */
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/*
* d obak Vari abl es
*

static int s _nMajor = O;
static int mnird size = M N RD DEF SI ZE;

static int s_kbsize[ DEVI CE_NUM ; /* size in blocks of 1024 bytes */
static int s_bl ocksize[ DEVI CE_NUM ; /* size of 1024 byte bl ock */
static int s _hardsect[ DEVI CE_NUM ; /* sizeof real block in bytes */
static int s_|ength[ DEVI CE_NUM ; /* size of disks in bytes */
static char *s_data[ DEVI CE_NUM ;

MODULE PARM m nird_si ze, "i");

MODULE _PARM DESC(m nird_size, "RAM Di sk size in KB");

/*

* Function Prototypes

*/

static int mnird_open(struct inode *inodep, struct file *filp);

static int mnird_rel ease(struct inode *inodep, struct file *filp);

static int mnird_ioctl(struct inode *inodep, struct file *filp, unsigned int cnd,
unsi gned | ong arg);

static void mnird_request(void);

/*
* Device Operations
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*/

static struct file operations mnird fops = {
open : mnird_open,
release : mnird_rel ease,
read : bl ock read,
wite : block wite,
loctl : mnird_ioctl,
fsync : block fsync,

}i

/*
* Modul e startup/cl eanup
*/

I nt init_nodul e(voi d)

{

int i, j;
printk("Loading Mni RAM Di sk Modul e\ n");

for (i =0; 1 < DEVICE_NUM ++i) {
S_kbsize[i] = mnird_size;
s_bl ocksi ze[i] = M N RD_BLOCKSI ZE;
s _hardsect[i] = M N RD_SECTSI ZE;
s length[i] = (mnird size << BLOCK SIZE BITS);
If ((s_data[i] = vmalloc(s_length[i])) == NULL) {

for (j =0; J <i; ++)

viree(s_datal[j]);
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return - ENOVEM

}

if ((s_nMajor = register_bl kdev(M N RD MAJOR, DEVI CE NAME, & nird fops)) < 0) {
printk(DEVICE NAME " : Device registration failed (%)\n", s _nMjor);
return s_nMj or;

}

printk(DEVICE NAME " : Device registered with Maj or Nunber = %d\n", MAJOR NR);
bl k_ dev[ MAJOR NR].request _fn = &mnird_request;

bl k size[ MAJOR NR] = s_kbsi ze;

bl ksi ze_si ze[ MAJOR_NR] = s_bl ocksi ze;
har dsect _size[ MMJOR NR] = s _hardsect;

return O;
}
voi d cl eanup_nodul e(voi d)
L

int i;

printk("Unl oading Mni RAM D sk Modul e\n");

for (i =0; i < DEVICE_ NUM ++i)
destroy_ buffers( MKDEV(MAJOR NR, 1)); /* flush the devices */

for (i = 0; i < DEVICE NUM ++i)
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viree(s data[i]);
unr egi st er _bl kdev(MAJOR_NR, DEVI CE_NAME) ;
bl k_dev[ MAJOR NR].request _fn = NULL;

bl k_size[ MMJOR_NR] = NULL;

bl ksi ze_si ze[ MAJOR_NR] = NULL;

har dsect _size[ MAJOR NR] = NULL;
}

/*
* Device Operations
*/

int mnird open(struct inode *inodep, struct file *filp)

{
i f (DEVI CE_NR(i nodep->i rdev) >= DEVI CE_NUM
return - ENXI G

MOD | NC_USE_COUNT:;

return O;

}

int mnird rel ease(struct inode *inodep, struct file *filp)

{
MOD DEC_USE_COUNT:;

return O;
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}

int mnird_ioctl(struct inode *inodep, struct file *filp, unsigned int cnd,
unsi gned | ong arg)
{

i nt mnor = DEVI CE_NR(inodep->i _rdev);
| ong devsi ze;

swtch (cnmd) {

case BLKCGETSI ZE /* return device size */
devsize = s length[mnor] / s _hardsect[m nor];
return put user(devsize, (long *) arg);

case BLKSSZGET : /* block size of nedia */
return put _user(s_blocksize[mnor], (int *) arg);

case BLKFLSBUF : [* flush */
I f (!capabl e( CAP_SYS ADM N))
return - EACCES;
destroy_ buffers(inodep->i _rdev);

br eak;
RO | OCTLS(i nodep->i rdev, arg); /* default ioctl for BLKROSET, BLKROGET */
def aul t
return - El NVAL;
}
return O;
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/*
* Request Processing
*/

void mnird_request(void)
{

char *ptr;

I nt size, mnor;

while (1) {
| NI T_REQUEST,;
if ((mnor = DEVI CE_ NR(CURRENT _DEV)) > DEVI CE_NUM {
printk(DEVI CE_NAME " : Unknown M nor Device\n");
end_request (0);
conti nue;

}

ptr = s data[mnor] + CURRENT->sector * s _hardsect[m nor];
si ze = CURRENT->current _nr_sectors * s _hardsect[m nor];

If (ptr + size > s data[mnor] + s length[mnor]) {
printk(DEVI CE_ NAME " : Request past end of device\n");
end _request (0);
conti nue;

}

switch (CURRENT->cnd) {
case READ :
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mencpy( CURRENT- >buf fer, ptr, size);
br eak;

case WRI TE :
mencpy(ptr, CURRENT->buffer, size);
br eak;

def aul t
end_request (0);
conti nue;

}

end_request (1);
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el

ClBtOIA =2t0lEH 2] MAE

- = At ClBt0lA EctOlH 2 OF&IINZ2 2R 2= WY CIHBOIAZ AZEH WY S
(file_operations)= K| StLCt.
- CBt0lA =20l = major number £ &8 EI(H 2 At ClHI0IA ECIOIH2= EIE 22l
Oz 2 OtolA S=2t0ltHH 2 major number It ST &2 S
- Y AIABIZ buffer cache E SoiA =& CIHIOIAE E 2L HIH HAIE St HES
2Bt read/write 2t= Ec|J| 20 WY AL read/write 2F EEZF HIH IHAIE S&t
read/write & ofJ| ®I8t E&E2| OIHHIOIAIL EXHSICH : request
- W2 request &5 A&ollOF oftd, O &=0A 2EXHQ read/write X HS Sl Lot =
ol 37|, Ao AT, dAM AJ| s U2 = EXE 2ot 8 H=a=0 8ol
OF BtLt.
X2 s=1t oAl
-t
I nt regi ster bl kdev(unsigned int major, const char *nane,
struct file_ operations *fops);
c AMNEX AL OF&IEAIZ major IS0l 0= KN&EGHH S8z S == UL
- ol Al :
i nt unregi ster bl kdev(unsigned int major, const char * nane);
Ot ™ Ab(file operations)

=2 [ClHiolA 20l e Y BIOIA S0l 2t &2 XH0IJF QUL
read/write/fsync o= WO2 FAEE ZERIb SO, LetH2=2 block _read(),
bl ock_ wite(),block fsync() &2 IUZE AtE&tC}.



- open, release : = At ClHIOIA S2t0IHOIA 2 OF&IIRIZ &
0

- ioctl : S CHI0IA E2H0IHN=E B2EEOZ AIE6l=s
S99 HEE2 BtEAl X2 =0 0F &L},
BLKGETSI ZE: & X2 AJIE AHL M2 =
BLKFLSBUF : tHHIH £ flush ©tLt.

N
[

BLKRAGET, BLKRASET : 20tLI 0l2l & Jl(read-ahead)S & QI X|

BLKROSET, BLKROGET : & XI2| readonly flagE 22

UBIMOZ RO I OCTLS(dev, where) OHAZE S

Ct.

StCt.

A IbKl doctl EHO0| UM, Of
=1 AH) EHEH
1 HASHCH M2 PE otk &1
off =+ stLt.
= S XI0AD

BLKRRPART : IIEI& HIOIZES CHAl H0I2CH (IHEI&O0I Qs
HDI O GETGEO: &tECIA3S RXE AN} (BIE ClA D)
T

- check_media change : media E HtE = U
A A2 EHCH media JF HHR E <
- revalidate : media J} BI¥ ZH <0 %
1 &

P2 8ol HE= ofH =L

_

=2
E,
|L
—

[]0II

® #include <linux/blk.h> O| &0l &2l = U= A/H26i0F & A
-MAJOR NR: & X2 major B
_DEVI CE_NAME: & X2 012
-DEVI CE_NR(kdev_t device) : &K Xl HS
- DEVI CE_ON( kdev_t devi ce) :
-DEVI CE_OFF(kdev_t device) :end_request () Jt &
- DEVI CE_NO _RANDOM: random number & 2t=E=01 J| 45K

i

2| ?let
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e == (|HI0lA =20/ &3 XHE+%
struct blk _dev_struct {

request _fn_proc *request _fn; => request Mc| &=
queue_proc *queue;

voi d *dat a;

struct request *current _request; => &M M2l request
struct request pl ug;

struct tq_struct pl ug_tq;

Hi

extern struct bl k _dev_struct bl k _dev[ MAX BLKDEV] ;

2= =< CBt0IA2] request 0l 2t&E= H2E JHAl LD /U= BHE
extern int * blk_size[ MAX BLKDEV] ;

major number, minor number 0if oHEot= H X2 IJ|IE KB &R =2 LIEHHLY.
extern int * blksize_size[ MAX BLKDEV] ;

major number, minor number 0l SHEol= X2 =22 3J|E byte &R 2 LIEFHTY.
extern int * hardsect_size[ MAX BLKDEV];

major number, minor number 0] o E&olt= &XI2| AEHS2 FAJ|IE byte HRZ LIEFHCE

(default=512)

extern struct sec_size * bl k_sec[ MAX BLKDEV];
extern int * max_readahead][ MAX BLKDEV];

extern int * max_sectors[ MAX BLKDEV] ;
extern int * max_segnent s[ MAX BLKDEV] ;

- =4 U8t0lA Eet0ltl= =4 LHI0IAE S=8t = blk dev[major].request fn = H| X0t
X0 CHet HedJtkl E2E £&Fol0F el
- (A A0 HOIH &EE blk dev[major].request fn &5 SoiAl 0|FH&XICH.
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M 22

o

& 2 blk_dev[major].current request, Zt&t6| CURRENT

struct request {
vol atile int rqg_status;

kdev_t rqg_dev; => Xclg &Xl (major/ m nor)

I nt cnd; /* READ or WRITE */ => Xc2lg @& : READ WRI TE

Int errors;

unsi gned | ong sector; => RIS /02 HeM AH

unsi gned long nr_sectors; => clustered request E AMEE [

unsi gned | ong nr_segnents;

unsi gned |l ong current_nr_sectors; => RASE 1/02 AHO U=
char * buffer; => HIO0IHE U £ HIH (BHH HAIN Us HH)
struct semaphore * sem

struct buffer head * bh; => FBHM HIHH e 32

struct buffer head * bhtail; => OtXI12 HIHO CHet &2

struct request * next; => [}= request Ol Oist & 2|AE

b

- request_ ()2 & : CURRENT 0 2t VO E ==&stlt. ecmd It READ O|H HIHZ X &ol
1, WRITE O|H &EXIZ HESCLT/OE AMEE 2
=0H U2H request E X2l MHOICH end request() &5 S EL.
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I

S2 A SN PC AL CIHIOIA E2+0IH

o =X . 2X ClH0IA CR0IHE AME =ABCH 0iJIAE PC A CIHIOIA S2HOIHS
KE A A

Adol 0I2 0IE0tH AMEEE =

e &Y : PC AllHZ AI2EE EHotle A2 MIHS 1/0 ZES MHMOUHEL=M

A — () j
0x42, 0x43, 0x61 ZEO0 HES g2 S0 XNEE L= 220t ZMEHH & = JU2M,
ac|Jb LHAl EHE & = RJULE OII0 REXW HE EIOIHE 0lEotd XAEgt Al2tset Al
b LIEZ SICH O20HS 82 g¥Ze F2 012 W=ol Fol 205D EOIHE #i=HO

£ 0lE8otH 22[JF Lt== et

e AU .
- N&Eet 5 X&Eg A2ts2 PC ALIHZE &8 &= ULL
- X0 etEe wite() EEE UAA 82 == UL O I MED= GIOIEHE &4
2 22l =0|2 Z20/E &0| It /U= struct playnote t 2 BHEOILCH
-ioctl () BE= SolAd AI2EE 52 == ULE O I dEEZ= UOIH2 g42 &
S92 M2 BIZ? struct playnote t 2 HIEZ2 Jieldle ZEQHE JtXNLD Ues

struct playdata_t O|Ct.
- Lhgstioctl () BEES sl 2= MAHE = UL
SOUND : X|&gt =12 ==

E=R=ll;
SOUNDNOTE : X &gt 5= == getlh
NOSOUND : 4~2|JF LHXl & &tLh.
PLAY : S&= el &M ==& e UOIeIE JEeEH A2l E0 FItetth



S Stetlth 70l Ufe 2= Ws2 AAE0 6IJIA Hetol U=
A

T2 NIACHO| AXIDE JDbsotCh
SETTEMPO :wite() & £&0ot= HIOIHE Jl& BIEE XNEEC
CHANGETEMPO : &Ml 934 = SQ 8IS HhECh
GETCOUNT: & &2 22 H+E A=
- AX0 e =22 HIsJIIECSZ & £ QUL & LErE0l AR20= &8 AT Ul0lH
£ D5 s F0f el T2 HAZ SO0FIHXBH HISIIEQ AL20= AU ¥2 £
Ht2 =02tCH.
- AXeE SAO oFLIS =2 )EHot0] £ &= QULCH
HAE & . 2210 JI50| MUZ =&ot=Xl &0lI8tC joctl 2 8 8t sound / nosound / play /
stop S8 S&HC H=Z= &0t write)2 J|IEst YEUHEZ HAF=E =K & QI8tC}. asynchronous
write £ &8 = MUz S&ot=Xl QIS
JUPS

- Clgtola Ecetoly MIE
- HAE T2 08 WM&

HAE IS
I nsnod pcpl ay. o
nmknod /dev/pcplay ¢ [major] O
./ pcpl ay_test
rmmod pcpl ay
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® Filename : pcplay.h

/*
* PC Speaker Pl ay
*/

#i fndef __ PCPLAY H

#define _ PCPLAY_ H

#i ncl ude <linux/ioctl.h>
#def i ne PCPLAY_ MAG CNUM
#defi ne PCPLAY_DEFAULTTEMPO

enum

OCTAVE_NONE,
OCTAVE 1,
OCTAVE 2,
OCTAVE_3,
OCTAVE_4,
OCTAVE_5,
OCTAVE_6,
OCTAVE_7,
OCTAVE_8,
OCTAVE_NUM

enum
NOTE_C,

0x37

120
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NOTE_CSHARP, NOTE_DFLAT
NOTE_D,

NOTE_DSHARP, NOTE_EFLAT
NOTE_E,

NOTE_F,

NOTE_FSHARP, NOTE_GFLAT
NOTE_G,

NOTE_GSHARP, NOTE_AFLAT
NOTE_A,

NOTE_ASHARP, NOTE_BFLAT
NOTE_B,

NOTE_NUM

NOTE_CSHARP,

NOTE_DSHARP,

NOTE_FSHARP,

NOTE_GSHARP,

NOTE_ASHARP,

b

#defi ne NOTE_NOSOUND 0
#defi ne NOTE_REST 0

#defi ne PCPLAY_MAKEI NOTE( oct ave, note) ((octave) * NOTE _NUM + not e)
#defi ne PCPLAY_ GETOCTAVE(i not e) ((inote) / NOTE_NUM
#defi ne PCPLAY_GETNOTE(i not e) ((inote) % NOTE_NUM

enum
DURATI ON_64,
DURATI ON_32,
DURATI ON_16,
DURATI ON_8,
DURATI ON_4,
DURATI ON_2,
DURATI ON_1,
DURATI ON_2X,
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DURATI ON_4X,

DURATI ON_8X,

DURATI ON_16X,

DURATI ON_32X,

DURATI ON_64X,

DURATI ON_START = DURATI ON_64,
DURATI ON_END = DURATI ON_64X,
DURATI ON 0 = Oxff

}s

enum
DURATI ON_PO NT = 0x10,
DURATI ON_PO NT2X = 0x20,
DURATI ON POl NT3X = 0x30,

}s

#defi ne PCPLAY_ GETDURATI ONLENGTH( dur ati on)
#defi ne PCPLAY_GETDURATI ONPO NT(durati on)
#def i ne PCPLAY_ MAKEDURATI ON( dur ati on, point)

struct playnote t {
unsi gned char m not e;
unsi gned char m durati on;

Hi

struct playdata_t {
int mlength;
i nt mtenpo;
struct playnote_t *m pdat a;

}i
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#def i
#def i
#def i
#def |
#def |
#def |
#def |
#def |

ne
ne
ne
ne
ne
ne
ne
ne

#endi f

| OCTL_PCPLAY_SOUND

| OCTL_PCPLAY_SOUNDNOTE

| OCTL_PCPLAY _NOSOUND

| OCTL_PCPLAY_PLAY

| OCTL_PCPLAY_STOP

| OCTL_PCPLAY_SETTEMPO

| OCTL_PCPLAY_CHANGETEMPO
| OCTL_PCPLAY_GETCOUNT

_| ON( PCPLAY_MAG CNUM 0,
_| ON PCPLAY_MAG CNUM 1,
1 O( PCPLAY_MAGI CNUM  2)
| ON PCPLAY_MAG CNUM 10,
| O( PCPLAY_MAG CNUM  11)
_1 ON PCPLAY_MAG CNUM 20,
| ON PCPLAY_MAG CNUM 21,
| OR( PCPLAY_MAG CNUM 22,
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® Filename : pcplay.c

/*
PC Speaker Pl ay Mdul e
*/

#i ncl ude <l i nux/ kernel . h>
#i ncl ude <l i nux/ nodul e. h>

#i fdef CONFI G_MODVERSI ONS
#def i ne MODVERSI ONS

#1 ncl ude <l i nux/ nodver si ons. h>
#endi f

#i ncl ude <l i nux/sched. h>
#i ncl ude <l i nux/sl ab. h>

#i ncl ude <linux/tiner.h>
#1 ncl ude <asni uaccess. h>
#i ncl ude <asnii o. h>

#i ncl ude "pcpl ay. h"

/*

* Device Definitions

*

#def i ne DEVI CE_NAME " PCPI ay"
/*

* type definitions
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*/

struct playqueue t {
struct playqueue_t *m next;
pid t mpid,
uid t muid, meuid;
gid t mgid, meqgid;
I nt m _cur pos;
struct playdata_t *m pdat a;
struct wait_gqueue *m wg;

}i
/*
* sound data definitions
*

static int s_notefreq[ OCTAVE NUM [ NOTE NUM = {

{ 16, 17, 18, 19, 21, 22, 23, 24, 26, 27, 29, 31},

{ 33, 35, 37, 39, 41, 44, 46, 49, 52, 55, 58, 62 },

{ 65, 69, 73, 78, 82, 87, 92, 98, 104, 110, 116, 123},

{ 131, 139, 147, 155, 165, 175, 185, 196, 208, 220, 233, 245 },

{ 262, 277, 294, 311, 330, 349, 370, 392, 415, 440, 466, 494 },

{ 523, 554, 587, 622, 659, 698, 740, 784, 831, 880, 932, 988 },

{ 1046, 1109, 1175, 1244, 1328, 1397, 1480, 1568, 1661, 1760, 1865, 1975 },

{ 2093, 2217, 2349, 2489, 2637, 2794, 2960, 3136, 3322, 3520, 3729, 3951 }
Hi
/*

* function prototypes
*/
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static int device open(struct inode *inode, struct file *filp);

static int device_release(struct inode *inode, struct file *filp);

static ssize_t device_read(struct file *filp, char *buffer, size_ t |ength,
| of f t *offset);

static ssize t device wite(struct file *filp, const char *buffer, size t |ength,
| of f t *offset);

static int device_ ioctl(struct inode *inodep, struct file *filp, unsigned int cnd,
unsi gned | ong arg);

static void nytinmer_proc(unsigned |long ptr);
static void add _nytinmer(int clocks);
static void del _nytinmer(void);

static int play _curnote(void);

static int add _playdata notes(char *pdata, int |ength);

static int add _playdata(struct playdata t *pdata);
static void process wait(struct file *filp);

static int enqueue_pl aydata(struct playdata t *pdata);
static int dequeue_pl aydata(void);

static void dequeueal | _playdata(void);

static int check del pern(void);

static int settenpo(int tenpo);

static int changetenpo_pl aydata(int tenpo);

static int get_ playqueue _count (void);

static void soundnote(int inote);

static void sound(int freq);
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static void nosound(void);

/*
* Device Operations
*/
struct file_operations device fops = {
open: devi ce_open,
rel ease: devi ce_rel ease,
read: devi ce _read,
write: device wite,
| oct | : devi ce ioctl,
}
/*
* gl obal variabl es
*/
static int s _nMajor = O;
static int s_bDeviceReadOpen = 0, s _bDeviceWiteQpen
static struct playqueue t *s queue = NULL;
static int s _blnPlay = 0;
static int s nTenpo = 120;
static struct timer _list s _nytinmer;
/*

* Modul e startup/cl eanup

*/
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int init_nodul e(void)

{

printk("Loadi ng PC Speaker Play Modul e\n");

I f ((s_nMajor = register_chrdev(0, DEVI CE NAME, &device fops)) < 0) {
printk(DEVICE NAME " : Device registration failed (%)\n", s _nMjor);
return s_nMj or;

}

printk(DEVICE NAME " : Device registered with Major Nunber = %\n", s nMjor);

return O;

}
voi d cl eanup_nodul e(voi d)
{

I nt nRet Code;

printk("Unl oadi ng PC Speaker Play Mdul e\n");

nosound() ;

dequeueal | _pl aydata();

I f ((nRet Code = unregister_chrdev(s_nMjor, DEVICE NAME)) < 0)
printk(DEVICE NAME " : Device unregistration failed (%)\n", nRetCode);

}
/*

* Device Qperations
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*/

I nt device _open(struct inode *inode, struct file *filp)

{

printk(DEVICE NAME " : Device open (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i rdev));

if ((filp->f _flags & O ACCMODE) & (O WRONLY | O RDWR)) {
I f (s_bDeviceWiteQpen) {

printk(DEVI CE NAME " : Device already open for witing\n");
return -EBUSY;
} else

++s_bDevi ceWi t eOpen;
} else
++s_bDevi ceReadQpen;

MOD | NC_USE_COUNT:;

return O;

devi ce_rel ease(struct inode *inode, struct file *filp)

printk(DEVICE NAME " : Device release (%, %)\n", MAJOR(inode->i rdev),
M NOR(i node->i rdev));

if ((filp->f _flags & O ACCMODE) & (O WRONLY | O RDWR))
--s_bDevi ceWiteQpen;

el se
--s_bDevi ceRead(pen;
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MOD_DEC_USE._COUNT:

return O;

}

ssize t device read(struct file *filp, char *buffer, size t length, loff t *offset)

{
}

ssize t device wite(struct file *filp, const char *buffer, size t |ength,
| of f _t *of fset)

return O;

{ i nt count = add_pl aydata notes((char *) buffer, |ength);
if (count > 0)
filp->f_pos += count;
process wait(filp);
\ return count;

I nt device ioctl(struct inode *inodep, struct file *filp, unsigned int cnd,
unsi gned | ong arg)
{

int length, retcode = O;

printk(DEVICE NAME " : ioctl, cnd = %, arg = %\n", cnd, (int) arg);
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swtch (cmd) {

case | OCTL_PCPLAY_SOUND -
sound((int) arg);
br eak;

case | OCTL_PCPLAY_SOUNDNOTE
soundnote((int) arg);
br eak;

case | OCTL_PCPLAY_NOSOUND
nosound() ;
br eak;

case | OCTL_PCPLAY_PLAY :
retcode = add_pl aydata((struct playdata t *) arg);
process wait(filp);
br eak;

case | OCTL_PCPLAY STCP :
nosound() ;
dequeueal | _pl aydat a();
br eak;

case | OCTL_PCPLAY_SETTEMPO :
settenpo((int) arg);
br eak;

case | OCTL_PCPLAY_CHANGETEMPO :
changet enpo_pl aydata((int) arg);
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br eak:

case | OCTL_PCPLAY_GETCOUNT :
| ength = get pl ayqueue_count ();
put user(length, (int *) arg);

br eak;
defaul t :
printk(DEVICE NAME " : ioctl : unknown\n");
ret code = - ElI NVAL;
}
return retcode;
}
/*
Ti mer Managenent
*/
voi d nytimer_proc(unsigned |ong ptr)
{
pl ay_curnote();
}
void add nytinmer(int clock)
{

init _timer(&_nytiner);

s _nytimer.function = nytinmer_proc;
s nytimer.expires = jiffies + clock;
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add tinmer(&s_nytiner);

}

voi d del nytimer(void)

{ del timer(&s_nytiner);

}

#defi ne DURATI ON_FACTOR 1000

I nt play_curnote(void)

{

I nt duration, point, clocks;
struct playnote_t *pnote;

I f (s_queue) {
I f (s_queue->m curpos == s_queue->m pdata->m|ength) {

nosound() ;
dequeue_pl aydat a() ;
s _blnPlay = O;

pl ay _curnote();

} else {

pnote = s_queue->m pdat a->m pdata + S_gueue->m cur pos;
durati on = PCPLAY_GETDURATI ONLENGTH( pnot e->m dur ati on) ;
poi nt = PCPLAY_ GETDURATI ONPO NT( pnot e- >m dur ati on);

cl ocks = HZ * DURATI ON_FACTOR,

I f (duration >= DURATI ON 4 && duration <= DURATI ON_END)
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cl ocks <<= (duration - DURATION 4);

el se if (duration >= DURATI ON_START && duration < DURATI ON 4)
cl ocks >>= (DURATION_4 - duration);

el se
cl ocks = 0;

while (point-- > 0)
clocks = clocks * 3/ 2;

cl ocks = clocks * 60 / s_queue->m pdat a->mtenpo;
cl ocks /= DURATI ON_FACTOR

soundnot e( pnot e->m not e) ;
add_nyti mer (cl ocks);
++S_gueue- >m cur pos;

s _blnPlay = 1;
}

return O;
} else
return - ENCDATA;

}

/*
User space / Queue
*/

I nt add_pl aydata_notes(char *pdata, int |ength)
{

-155-



struct playdata t *newdat a;
int itemum buflen, retcode;

Itermmum = length / sizeof(struct playnote t);
bufl en = sizeof(struct playdata t) + (itemum- 1) * sizeof(struct playnote t);

If ((newdata = kmal |l oc(bufl en, GFP_KERNEL)) == NULL)

return - ENOVEM

newdat a->m | ength = itemum
newdat a- >m tenpo = s_nTenpo;
copy_from user ( newdat a- >m pdat a, pdat a,

| termum * si zeof (struct playnote t));

I f ((retcode = enqueue_pl aydata(newdata)) < 0) {

kfree(newdat a) ;
return retcode;

}

I f (!s_blnPlay)
pl ay_curnote();

return | ength;

add pl aydat a(struct playdata t *pdata)

int length, buflen, retcode;
struct playdata_t *newdat a;
struct playnote_t *pnotes;
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get _user(length, &pdata->mlength);
get _user (pnotes, é&pdata->m pdata);

bufl en = sizeof (struct playdata t) + sizeof(struct playnote t) * length -
si zeof pdat a->m pdat a;

If ((newdata = kmal |l oc(bufl en, GFP_KERNEL)) == NULL)
return - ENOVEM

copy_fromuser (newdata, pdata, sizeof(struct playdata t));
copy_from user ( newdat a- >m pdata, pnotes, sizeof(struct playnote t) * length);

I f ((retcode = enqueue_pl aydata(newdata)) < 0) {
kfree(newdat a) ;
return retcode;

}

I f (!s_blnPlay)
pl ay_curnote();

return O;
}
void process wait(struct file *filp)
{
if ((filp->f_flags & FASYNC) == 0)
i nterrupti bl e_sl eep_on(&s_queue->m wq) ;
}

/*
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Queue Managenent
*/

I nt enqueue_pl aydat a(struct playdata t *pdata)

{

struct playqueue_t *endqueue, *newqueue;

I f ((newgueue = (struct playqueue_t *) kmall oc(sizeof(struct playqueue_t),
GFP_KERNEL)) !'= NULL) {
newqueue->m next = NULL,;
newgueue- >m pi d current - >pi d;
newqueue->m ui d current->uid,
newgueue->m eui d = current->eui d;
newgueue->m gid = current->qgid;
newgueue->m egi d = current->egqgi d;
newqueue- >m cur pos = O;
newqueue- >m pdat a = pdat a;
newqueue->m wg = NULL;

I f (s_queue == NULL)
S_gueue = newgueue;
el se {
for (endqueue = s_queue; endqueue->m next != NULL; endqueue = endqueue->m next)

endqueue- >m next = newqueue;

}

return O;
} else
return - ENOVEM
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}

I nt dequeue_pl aydat a( voi d)

{
I nt retcode;
struct playqueue_t *curqueue;
if ((retcode = check delperm()) < 0)
return retcode;
I f (s_queue) {
curqueue = sS_queue;
S_queue = s_queue->m next;
wake up_interrupti bl e( &ur queue->m wq) ;
kfree(curqueue->m pdat a);
kfree(curqueue);
return O;
} else
return - ENODATA,
}
voi d dequeueal | _pl aydat a(voi d)
{
whi | e (dequeue_pl aydata() == 0)
}

I nt check_del pernm(voi d)
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I f (s_queue) {

i f (current->uid == s_queue->muid ||
current->euid == s_queue->muid ||
current->euid == s_queue->m eui d)
return O

el se
return - EPERM

} else
return - ENODATA,

}

I nt settenpo(int tenpo)

{
S _nTenpo = tenpo;

return O;

}

I nt changet enpo_pl aydata(i nt tenpo)
{

I f (s_queue) {
S_queue->m pdat a->m tenpo = tenpo;
return O;

} else
return - ENODATA;

}

I nt get pl ayqueue_count (voi d)

{
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I nt count:
struct playqueue_t *queue;

for (count = 0, queue = s_queue; queue != NULL; queue = queue->m next)
count += gueue->m pdata->m|ength - gueue->m cur pos;

return count;

}
/*
PC Speaker Sound Primtive
*/
voi d soundnote(int inote)
{
I f (inote == NOTE_REST)
nosound() ;
el se
sound(s_not ef req[ PCPLAY_GETOCTAVE(i note) - 1][ PCPLAY _GETNOTE(i note)]);
}
voi d sound(int freq)
{

unsi gned int value = inb(0x61);
freq = 1193181 / freq;

if ((value & 3) == 0) {
out b(value | 3, 0x61);
out b(Oxb6, 0x43);
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}

outb(freq & Oxff, 0x42);
outb((freq >> 8) & Oxff, 0x42);

printk("freq = %\n", freq);
}

voi d nosound(voi d)

{

unsi gned int value = inb(0x61);

val ue &= Oxfc;
out b(val ue, 0x61);
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® Filename : pcplay _test.c

/*
PC Speaker Play Mdul e Test
*/

#i ncl ude <stdi o. h>
#i ncl ude <fcntl. h>

#i ncl ude "pcpl ay. h"
/*

* gl obal data

*/

static struct playdata t s_pl aydat a;

static struct playnote t s notes[] = {
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE _C), DURATION 4 1},
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE D), DURATION 4 1},
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE _E), DURATION 4 },
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE_F), DURATION 4 },
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE_ G, DURATION 4 },
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE_A), DURATION 4 1},
{ PCPLAY_MAKEI NOTE( OCTAVE 4, NOTE B), DURATION 4 },
{ PCPLAY_MAKEI NOTE( OCTAVE 5, NOTE_C), DURATION 4 1},

}i

#define s_notesnum (sizeof s notes / sizeof s notes[0])
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/*
* function prototypes

*/

static int pcplay_ioctl _sound(int fd, int freq);

static int pcplay_ioctl _soundnote(int fd, int octave, int note);
static int pcplay_ioctl _nosound(int fd);

static int pcplay_ioctl _play(int fd, struct playdata t *pdata);
static int pcplay_ioctl _stop(int fd);

static int pcplay_ioctl _settenpo(int fd, int tenpo);

static int pcplay_ioctl _changetenpo(int fd, int tenpo);

static int pcplay_ioctl _getcount(int fd);

/*

* main of the program

*/

I nt mai n(voi d)

{
int i, fd,

If ((fd = open("/dev/pcplay", ORDW)) < 0) {
printf("Error opening device file\n");
return 1;

}

printf("SOUND : octave 4, C for 1 second\n");
pcpl ay_ioctl _soundnote(fd, OCTAVE 4, NOTE O);
sl eep(1);

printf("NOSOUND : for 1 second\n");
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pcplay ioctl _nosound(fd);
sleep(l);

s _playdata. mlength = s_notesnum
s_playdata. mtenpo = PCPLAY_ DEFAULTTEMPQ,

printf("PLAY 1 : using |IOCTL\n");

pcplay_ioctl _play(fd, &s playdata);
printf("PLAY 2 : using WRITE\n");

wite(fd, s _notes, sizeof s _notes);
printf("PLAY 3 : asynchronous play & stop\n");
fentl (fd, F_SETFL, fcntl (0, F_CGETFL) | FASYNC);
wite(fd, s _notes, sizeof s notes);

sl eep(3);

pcplay ioctl _stop(fd);

printf("PLAY end\n");

cl ose(fd);

return O;

}

/*

* joctls

*/

I nt pcplay_ioctl _sound(int fd, int freq)

return ioctl (fd, 1 OCTL_PCPLAY _SOUND, freq);
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I nt pcplay_ioctl_soundnote(int fd, int octave, int note)

return ioctl (fd, | OCTL_PCPLAY_ SOUNDNOTE, PCPLAY_ MAKEI NOTE( octave, note));

I nt pcplay_ioctl _nosound(int fd)

return ioctl (fd, 1 OCTL_PCPLAY _NOSOUND, 0);

int pcplay ioctl _play(int fd, struct playdata t *pdata)

return ioctl (fd, | OCTL_PCPLAY_ PLAY, pdata);

i nt pcplay_ioctl _stop(int fd)

return ioctl (fd, 1OCTL_PCPLAY STCP, 0);

I nt pcplay ioctl _settenpo(int fd, int tenpo)

return ioctl (fd, |1 OCTL_PCPLAY SETTEMPO, tenpo);

I nt pcplay_ioctl _changetenpo(int fd, int tenpo)

return ioctl (fd, |1 OCTL_PCPLAY_ CHANGETEMPO, tenpo);
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I nt pcplay_ioctl _getcount(int fd)
{

I nt count, retcode;

return ((retcode = ioctl (fd, 1 OCTL_PCPLAY GETCOUNT, &count)) < 0) ? retcode : count;
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2= B. H2 FAQ

Q: HE HAIXIE EH4H?
A: 8 21 U=z 3tHO| console OltH HII0 Ht2 HE HAIXE = "?_FEP.XWindOW AH0| 2t
H HOE &= ot Y0 ta|I -f /var/l og/ nessages ct= ¥ =
HAIXIE H= SolotHA ZZ202HY ot= 2401 £C

Q :insmod, rmmod S2| ZZ 0| A0l X Z=0?
A: B2 25, A=2EE ol= Z2 ]2 superuser 2t0] & == QUCE superuser 2N HH =S &M
= 0oft1l, path Dt UK SZCHH /sbin/insmod A2 =2 ClAEC|IE X EStL.

Q: =2 ZLotdd=l #Lot=e A=0| Sll= UlHIt ST

A 2 H 2| <unresolved symbol 0ici 2XM>E & JotH &S ZOtLHA ofZetlh

Q: E=EU MEX BE TZANA HOHE wWets [ & =AtE ol OFotLE?

A: HEZ2Z0A AIEdl= OOIE HMIAYHE 32t MSXAHE2=0A AFE6t= OI0IEH /dl E =
2H01 E21I1 20 HEUHAM= AFEX HZ22E A8 82e &= Sibh UetAd IoIHE 9=

|
S AHE offOF Stlt.
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