Linux Monolithic Kernel

5
NCR 810 SCSI
SCsl NCR 810
Linux Linux
—_— Loadable Modules
10.1
10.1.1
insmod rmmod
(kerned)
Linux
o > minix, xiafs, msdos, umsdos, sysv, isofs, hpfs,smbfs, ext3,nfs
proc
. SCSI  ( ahalb42, in2000)
o SCS1 : disk, tape, cdrom, generic
o ( ./Documentation/
networking/net-modules.txt
. CD-ROM
aztcd: Aztech,Orchid,Okano,Wearnes
cm206: Philips/LMS CM206
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gscd:

mcd, mcdx:

optcd:
sjcd:
shpcd:

sonycd535:

Ip:

Goldstar GCDR-420
Mitsumi LUOO5, FX001
Optics Storage Dolphin 8000AT
Sanyo CDR-H94A
Matsushita/Panasonic CR52x, CR56x, CD200,
Longshine LCS-7260, TEAC CD-55A
Sony CDU-531/535, CDU-510/515

binfmt_elf: elf
binfmt_java: java
ispl6: cd-rom

serial: tty
Linux
3 Y/M/N “cy=>
ey NS
10.1.2
VFAT (mount) VFAT VFAT
kerneld VFAT Linux
(unmount)VFAT FAT
100KB
RAM
Linux
Linux
10.1.3 Linux
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10.2

Linux

10.2.1

Linux
Linux

Linux
kernel/ksyms.c

/* process memory management */
EXPORT_SYMBOL do_mmap_pgoff ;
EXPORT_SYMBOL do_munmap ;
EXPORT_SYMBOL do_brk ;
EXPORT_SYMBOL exit_mm ;
EXPORT _SYMBOL exit _files ;
EXPORT_SYMBOL exit_fs ;
EXPORT_SYMBOL exit_sighand ;

EXPORT_SYMBOL complete_and_exit ;
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EXPORT_SYMBOL _ wake_up ;
EXPORT_SYMBOL __wake_up_sync ;
EXPORT_SYMBOL wake_up_process ;
EXPORT_SYMBOL sleep_on

EXPORT_SYMBOL sleep_on_timeout ;
EXPORT_SYMBOL interruptible_sleep_on ;
EXPORT_SYMBOL interruptible_sleep_on_timeout ;
EXPORT_SYMBOL schedule

EXPORT_SYMBOL schedule_timeout ;
EXPORT_SYMBOL jiffies ;

EXPORT_SYMBOL xtime ;

EXPORT_SYMBOL do_gettimeofday
EXPORT_SYMBOL do_settimeofday ;

EXPORT_SYMBOL “
struct module_symbol
{
unsigned long value; * */
const char *name; /* */
}:
EXPORT_SYMBOL Id
“¢_ ksymtab>” “
EXPORT_SYMBOL include/linux/module.h
#define _ MODULE_STRING_1 x #x
#define _ MODULE_STRING x _ MODULE_STRING_1 x
#define _ EXPORT_SYMBOL sym, str \
const char __ kstrtab_##sym[] \
__attribute__ section ".kstrtab" = str; \
const struct module_symbol __ksymtab_##sym \
__attribute__ section "__ksymtab" = \

{ unsigned long &sym, _ kstrtab_ ##sym }

#if defined(MODVERSIONS) || 'defined(CONFIG_MODVERSIONS)
#define EXPORT SYMBOL(var) _ EXPORT SYMBOL(var, _ MODULE_STRING(var))

EXPORT_SYMBOL(schedule)

EXPORT_SYMBOL(schedule) __EXPORT_SYMBOL(schedule$“sched- ule”)
__EXPORT_SYMBOL 1 __kstrtab_ schedule
““schedule”” .kstrtab
2 __kstrtab_
schedule  module_symbol schedule __ kstrtab_ schedule
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__ksymtab module_symbol value
schedule name ““schedule””
2 (Module Reference)
VFAT FAT VFAT depend
FAT FAT VFAT VFAT << 7?7 FAT

struct module_ref
{

struct module *dep; /* << 77 */

struct module *ref; /* << 77 */

struct module_ref *next_ref;/* */
}:

“dep,, “ref,’
A B B C
3
module
struct module_persist; /* */

struct module

{
unsigned long size of struct; /* sizeof module */
struct module *next; /* */
const char *name; /* 64 */
unsigned long size; /* */
union
{
atomic_t usecount; /* */
long pad;
} uc; /* Needs to keep its size - so says rth */
unsigned long flags; /* */
unsigned nsyms; /* */
unsigned ndeps; /* */
struct module_symbol *syms; /* , nsyms */
struct module_ref deps; /* ndeps */
struct module_ref *refs;
int  *init void ; /* init_module */
void  *cleanup void ; /* cleanup_module */
const struct exception_table_entry *ex_table_start;
const struct exception_table_entry *ex_table_end;
/* mod_member_
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present() */
const struct module_persist *persist_start;/* */
const struct module_persist *persist_end;
int  *can_unload void ;

int runsize /* */
const char *kallsyms_start; /* */
const char *kallsyms_end;
const char *archdata_start; /* */
const char *archdata_end;
const char *kernel_data; /* */
}:
moudle flags
/* Bits of module_flags. */
#define MOD_UNINITIALIZED 0o = */
#define MOD_RUNNING 1 =* */
#define MOD_DELETED 2 * */
#define MOD_AUTOCLEAN 4 *
*/
#define MOD_VISITED 8 * */
#define MOD_USED ONCE 6 * */
#define MOD_JUST_FREED 32 * */
#define MOD_INITIALIZING 64 * */
module
kernel _module kernel _module kernel module c
#if defined CONFIG_MODULES || defined CONFIG_KALLSYMS

extern struct module_symbol _ start__ ksymtab[];
extern struct module_symbol __stop__ ksymtab[];

extern const struct exception_table_entry _ start__ ex_table[];
extern const struct exception_table_entry _ stop__ ex_table[];

extern const char __start__ kallsyms[] _ attribute _ weak ;
extern const char __stop__ kallsyms[] _ attribute__ weak ;

struct module kernel_module =

{
size_of struct: sizeof struct module |,
name:
uc: {ATOMIC_INIT 1 1},
flags: MOD_RUNNING,
syms: __start__ ksymtab,
ex_table_start: __start__ex_table,
ex_table_end: __stop___ex_table,
kallsyms_start: __start___kallsynms,
kallsyms_end: __stop__ kallsyms,
b
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CONFIG_MODULES

0 NULL init_module()
cleanup_module() deps
refs syms __start___ksymtab
nsyms 0 init_module()
exception_table_entry
exception_table_entry __start__ex_table
kernel _module module

module_list
struct module *module_list = &kernel_module

10.2.2
HOWTO
““insmod””  ““rmmod””
kerneld kerneld
/kernel/module.c
1 init _modules()
main.c
init_modules()
* Called at boot time
*/
void __init init_modules void
{
kernel_module.nsyms = _ stop___ ksymtab - _ start__ ksymtab;
arch_init_modules &kernel_module ;
}
ksymtab __start___ksymtab 1 __stop___ksymtab
arch_init_modules
1386 arch_init _modules include/i386/module.h
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#define arch_init_modules x do { } while O
1386
2
insmod

sys_create_module()

screate_module
/*
* Allocate space for a module.
*/

asmlinkage unsigned long
sys_create_module const char *name_user, size_t size
{

char *name;

long namelen, error;

struct module *mod;

unsigned long flags;

if lcapable CAP_SYS_MODULE
return -EPERM;
lock _kernel ;

if namelen = get_mod_name name_user, &name <0 {
error = namelen;
goto err0;
}
if size < sizeof struct module +namelen {
error = -EINVAL;
goto errl;
}
if find_module name !'=NULL {
error = -EEXIST;
goto errl;
}
if mod = struct module * module_map size == NULL {
error = -ENOMEM;
goto errl;
}

memset mod, 0, sizeof *mod ;
mod->size_of struct = sizeof *mod
mod->name = char * mod + 1
mod->size = size;

memcpy char* mod+l , name, namelen+l

put_mod_name name ;

spin_lock_irgsave é&modlist_lock, flags
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mod->next = module_list;
module_list = mod; /* link 1t in */
spin_unlock_irgrestore &modlist_lock, flags ;

error = long mod;
goto err0;
errl:
put_mod_name name ;
err0:
unlock_kernel ;
return error;
}

e capable(CAP_SYS_MODULE)

o size module
size

e get_mod_name

e find_module

) module_map 1386 vmalloc()

e memset module 0 module_map
module module+1 mod

module

o moudle

e put_mod_name() name

o module_list

3

sys_create_module

sys_init_module() init_module()

asmlinkage long sys_init_module const char *name_user, struct module *mod_user

name_user mod_user
module
e sys_create module module
module
module module
module module 2.2
2.4 module module
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module size_of _struct
module 2.4 persist_start
module module module
) module
module module
) module
o name_user
module
module
[ ]
[ ]
insmod
delete_module() module moudle_list
[ ]
init_moudle module init
init_moudle
main()
4 sys_delete _module()
delete_module() sys_delete_module()

asmlinkage long sys_delete_module const char *name_user

name_user, name_user name_user

refs
__MOD_IN_USE 0

cleanup_module()

refs
refs
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name_user

. MOD_AUTOCLEAN

init_module create_module delete_module()
query_module()
insmod  rmmod

5 request_module()

insmod
packet

request_module()

request_module() kernel/kmod.c
/**
* request_module - try to load a kernel module
* @module_name: Name of module

* Load a module using the user mode module loader. The function returns
* zero on success or a negative errno code on failure. Note that a

* successful module load does not mean the module did not then unload

* and exit on an error of its own. Callers must check that the service
* they requested is now available not blindly invoke it.

*

*

*

IT module auto-loading support is disabled then this function
becomes a no-operation.
*/
int request_module const char * module_name
{
pid_t pid;
int waitpid_result;
sigset_t tmpsig;
int i;
static atomic_t kmod_concurrent = ATOMIC_INIT 0 ;
#define MAX_KMOD_CONCURRENT 50 /* Completely arbitrary value - KAO */
static int kmod_loop_msg;

/* Don"t allow request_module before the root fs is mounted! */
if I current->fs->root {
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printk KERN_ERR "request_module[%s]: Root fs not mounted\n", module_name ;
return -EPERM;

}

/* If modprobe needs a service that is in a module, we get a recursive
* loop. Limit the number of running kmod threads to max_threads/2 or
* MAX_KMOD_CONCURRENT, whichever is the smaller. A cleaner method
* would be to run the parents of this process, counting how many times
* kmod was invoked. That would mean accessing the internals of the
* process tables to get the command line, proc_pid_cmdline is static
* and it is not worth changing the proc code just to handle this case.
* KAO.
*/
i = max_threads/2;
if 1 > MAX_KMOD_CONCURRENT
i = MAX_KMOD_CONCURRENT;
atomic_inc &kmod_concurrent ;
if atomic_read &kmod _concurrent > 1 {
if kmod_loop_msg++ < 5
printk KERN_ERR
"kmod: runaway modprobe loop assumed and stopped\n" ;
atomic_dec &kmod_concurrent ;
return -ENOMEM;

}

pid = kernel_thread exec_modprobe, void* module_name, 0 ;
if pid<0 {
printk KERN_ERR "request_module[%s]: fork failed, errno %d\n", module_name,

atomic_dec &kmod_concurrent ;
return pid;

}

/* Block everything but SIGKILL/SIGSTOP */

spin_lock_irg &current->sigmask_lock ;

tmpsig = current->blocked;

siginitsetinv &current->blocked, sigmask SIGKILL | sigmask SIGS- TOP ;
recalc_sigpending current ;

spin_unlock_irg &current->sigmask_lock ;

waitpid_result = waitpid pid, NULL, _ WCLONE ;
atomic_dec &kmod_concurrent ;

/* Allow signals again.. */

spin_lock_irq &current->sigmask_lock ;
current->blocked = tmpsig;
recalc_sigpending current ;
spin_unlock_irq &current->sigmask lock ;

if waitpid_result != pid {
printk KERN_ERR "request_module[%s]: waitpid %d,... failed, errno %d\n",
module_name, pid, -waitpid_result ;
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}

return 0;
}
o request_module
o request_module
MS-DOS
FAT
MS-DOS fat

exec_modprobe

exec_modprobe

waitpid
exec_modprobe
var/log/message””
10.3
10.3.1
kerneld
kerneld
kerneld
kerneld
PPP

exec_modprobe
/sbin/modprobe

fat fat
fat

kmod_concurrent

MAX_KMOD_CONCURRENT
max_therads

kernel_thread()

execve()
modprobe
SIGKILL  SIGSTOP
waitpid

waitpid

prink() “

insmod 2
kerneld

IPC Inter-Process Communication

kerneld
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insmod
insmod
/lib/modules/kernel-version/

shin
1
2
kernel-version/
3
module( )

4 QM_MODULES

5  QM_SYMBOL

6
7
init_module() module
cleanup_module( )
8 init_module( )
9
1
2 QM_MODULES
3 QM_REFS
4 delete_module( )
10.3.2

insmod serial.o

—-386 -

kerneld

a.out  ELF

module

query_module( )

query_module( )

create_module()

module

init
cleanup_module( )

/sbin/rmmod

query_module( )

query_module( )

insmod rmmod

insmods

/lib/modules

create_

init_module()
cleanup

man



serial.o

msdos.o
msdos.o: unresolved symbol fat_date UNIX2dos
msdos.o: unresolved symbol fat_add_clusterl
msdos.o: unresolved symbol fat_put_super

msdos.o “ 7z
/proc/ksyms ““fat_date_unix2dos””
msdos.o
fat.o insmod fat.o /proc/modules
msdos 5632 0 unused
fat 30400 O [msdos]
depmod modprobe insmod
““kernel/module version mismatch””
1/0 IRQ
insmod ne.o 10=0x400 1irg=10
NE2000 1/0
0x400 IRQ 10
insmod Linux Linux HOWTO
USB USB
usbcore.o usbcore.o
insmod

usbcore.o: couldn"t find the kernel version this module was compiled for
insmod ushcore.o

rmmod ne
rmmod ne
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10.4
2.0 2.2 2.2 2.4 API
10.4.1

mydriver.o Linux2.2.1

2.2.2 mydriver.o 2.2.2
mydriver.o .modinfo “€2.2.17” mydriver.o
Linux 2.2.1 2.2.2

Linux 2.2.1 2.2.2 mydriver.o

mydriver.o
insmod -T insmod
insmod

CONFIG_MODVERSIONS

-D CONFIG_MODVERSIONS
EXPORT_SYMBOL
register_chrdev

#define register_chrdev register_chrdev_Rc8dc8350
register_chrdev register_chrdev
register_chrdev
register_chrdev
register_chrdev_Rc8dc8350
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10.4.2 2.0 2.2 API1

Linux 2.0 2.2
API API
1
Linux 2.1.x Liuns
verify_area()
memcpy_tofs() verify_area()
2.1.x

SMP
verify_area()
copy_to_user()

if copy_to_user  ubuff, kbuff, length return -EFAULT;
ubuff kbuff length
copy_to_user() 0
-EFAULT
if copy_from user  kbuff, ubuff, length return -EFAULT;

verify_area()

2
2.1.42 dcache
4
file_operations struct inode *
struct dentry * inode
struct inode *inode = dentry->d_inode;
dentry inode
file_operations
inode dentry
dentry struct file *
dentry
struct dentry *dentry = file->f_dentry;
file file
2.2.x

loff_t llseek struct file *, loff_t, int ;
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ssize_t read struct file *, char *, size_t, loff_ t * ;
ssize_t write struct file *, const char *, size_t, loff_t *
int readdir struct file *, void *, filldir_t ;

unsigned int poll struct file *, struct poll_table_struct *
int ioctl struct inode *, struct file *, unsigned int, unsigned long
int mmap struct file *, struct vm_area_ struct *
int open struct inode *, struct file *
int flush struct file *

int release struct inode *, struct file *
int fsync struct file *, struct dentry *
int fasync int, struct file *, int
int check media_change kdev_t dev
int revalidate kdev_t dev ;

int lock struct file *, int, struct file_lock *

file_operations

static struct file_operations mydev_fops = {

open: mydev_open,
release: mydev_close,
read: mydev_read,
write: mydev_write,
};
gcc NULL
Linux 2.2 pread() pwrite()
Iseek()
pread() pwrite()
read() write() 4
offset
I1seek() read() write()
if ppos != &file->f _pos return —ESPIPE
ppos offset file struct file
read() write() offset file->T _pos pread()
pwrite() offset ppos
ppos
3
signal_pending() 2.0
if current->signal & ~current->blocked
2.2

if signal_pending current
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4 1/0

MB PCI
3GB
vremap ioremap()
5 1/0
select() poll()
1/0 select()
select() Linux 2.0 file_operations
Linux 2.2 poll()
6
static int mydata __initdata = 0;
__initfunc void myfunc void
{
}
__initdata __initfunc “c
init
7
Linux 2.0
current->timeout = jiffies + timeout;
schedule ;
Linux 2.2
timeout = schedule_timeout timeout ;
Linux 2.0

current->timeout = jiffies + timeout;
interruptible_sleep_on &wait ;
Linux 2.2

timeout = interruptible_sleep on_timeout é&wait, timeout ;

Linux

select()
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8
Linux 2.2.X
Linux 2.0.x
#include <linux/version.h>
#ifndef KERNEL_VERSION
# define KERNEL VERSION a,b,c a <<16 + bh <8 + ¢
#endif
#if  LINUX_VERSION_CODE < KERNEL_VERSION 2,1,0
# include <linux/mm_h>
static inline unsigned long copy_to user void *to, const void *from,
unsigned long n
{
if lverify_area VERIFY_WRITE, to, n return n;
memcpy_tofs  to, from, n ;
return 0;
}
static inline unsigned long copy_from_user void *to, const void *from,
unsigned long n
{
if lverify_area VERIFY_READ, from, n return n;
memcpy_fromfs  to, from, n ;
return 0;
}
# define __initdata
# define __initfunc func func
#else
# include <asm/uaccess.h>
#endif
#ifndef signal_pending
# define signal_pending p p ->signal & ~ p ->blocked
#endif
10.4.3 2.2 2.4
Linux 2.0 2.4
2.0 2.2 API 2.2 2.4
1 DevFS
DevFS Linux 2.4 /dev
UNIX/Linux /dev
/dev
dev DevFS
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“</dev/hda’”
“</dev/ide0/...”" USB
DevFS /dev

““devfsd””
DevFS
CONFIG_DEVFS_FS
1

register_chrdev() unregister_chrdev()
devfs_register()
devfs_unregister()
devfs_register() devfs_unregister()
devfs_handle_t devfs_register devfs_handle_t dir, const char *name,
unsigned int flags,

unsigned int major, unsigned int minor,
umode_t mode, void *ops, void *info

void devfs_unregister devfs_handle_t de ;
devfs_handle_t DevFS

dir DevFS NULL DevFS /dev
flags DEVFS_FL_DEFAULT
major
minor
mode
ops file_operations block device operations
info file private_data
DEVICE_NAME MAJOR_NR
MINOR_NR device_fops init_module

cleanup_module
int init_module void

{

int ret;

if ret = register_chrdev MAJOR_NR, DEVICE_NAME, &device_fops ==
return ret;

}

void cleanup_module void

{
unregister_chrdev MAJOR_NR, DEVICE_NAME ;

-393 -



Linux

DEVICE_ENTRY

#include <linux/devfs_fs_kernel.h>
devfs_handle_t devfs_handle;

int init_module void

{

int ret;

if ret = devfs_register_chrdev MAJOR_NR, DEVICE_NAME, &device_fops
return ret;

devfs_handle = devfs_register NULL, DEVICE_ENTRY, DEVFS_FL_DEFAULT,
MAJOR_NR, MINOR_NR, S_IFCHR | S_IRUGO | S_IWUSR,
&device_fops, NULL ;
}

void cleanup_module void

{
devfs_unregister_chrdev MAJOR_NR, DEVICE_NAME

devfs_unregister devfs_handle ;

}
2 DevFS

devfs_mk_dir() DevFS
devfs_register dir

““/dev/mydevice’”

devfs_handle = devfs_mk_dir NULL, "mydevice™, NULL ;

devfs_register devfs_handle, DEVICE_ENTRY, DEVFS_FL DEFAULT,
MAJOR_NR, MINOR_NR, S_IFCHR | S_IRUGO | S_IWUSR,
&device_fops, NULL ;

3
IDE 3 /dev/had?
2 DevFS /dev/ide0/,/dev/idel/
devfs_register_series
printf() format
DEVICE_NR MINOR_START

devfs_handle = devfs_mk_dir NULL, "mydevice™, NULL ;

devfs_register_series devfs_handle, "device%u", max_device, DEVFS_FL_DEFAULT,

MAJOR_NR, MINOR_START, S_IFCHR | S_IRUGO | S_IWUSR,
&device_fops, NULL ;

devfs_register_blkdev()
devfs_unregister_blkdev ()
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3 /proc

/proc /proc
pid
/proc dentry
proc_dir_entry include/linux/proc_fs.h

struct proc_dir_entry {

unsigned short low_ino;

unsigned short namelen;

const char *name;

mode_t mode;

nlink_t nlink;

uid_t uid;

gid_t gid;

unsigned long size;

struct inode_operations * proc_iops;

struct file_operations * proc_fops;

get_info_t *get_info;

struct module *owner;

struct proc_dir_entry *next, *parent, *subdir;

void *data;

read_proc_t *read_proc;

write_proc_t *write_proc;

atomic_t count; /* use count */

int deleted; /* delete flag */
kdev_t rdev;
+
/proc Linux 2.2 proc_dir_entry
Linux 2.4
1
/proc proc_dir_entry
read proc  write_proc
/proc ““fo0”” Linux 2.2

foo_proc_entry
struct proc_dir_entry foo_proc_entry = {
namelen: 3,
name : "foo",
mode : S_IRUGO | S_IWUSR,
read_proc : foo_read proc,

write_proc : foo_write_proc,

}:
proc proc_root
struct proc_dir_entry proc_root = {
low_ino: PROC_ROOT_INO,
namelen: 5,
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name: "/proc",

mode: S_IFDIR | S_IRUGO | S_IXUGO,
nlink: 2,

proc_iops: &proc_root_inode_operations,
proc_fops: &proc_root_operations,
parent: &proc_root,

}
proc_register &proc_root, &foo_proc_entry ;

proc_unreigster &proc_root, foo_proc_entry.low_ino ;
Linux 2.4

struct proc_dir_entry *ent;

if ent = create_proc_entry "foo", S_IRUGO | S_IWUSR, NULL 1= NULL
ent->read_proc = foo_read_proc;
ent->write_proc = foo_write_proc;

}
remove_proc_entry "foo", NULL ;
2
/proc file
Linux 2.2
struct file_operations foo_file_ops = {
}
struct inode_operations foo_inode_ops = {
default_file_ops : &foo_file_ops;
1
struct proc_dir_entry foo_proc_entry = {
namelen: 3,
name : "foo",
mode : S_IRUGO | S_IWUSR,
ops : &foo_inode_ops,
}:
proc_register ¢&proc_root, &foo_proc_entry ;
proc_unreigster &proc_root, foo_proc_entry.low_ino ;
Linux 2.4

struct file_operations foo_file_ops = {
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struct proc_dir_entry *ent;

if ent = create_proc_entry "foo", S_IRUGO | S_IWUSR, NULL I= NULL  {
ent->proc_iops = &foo_inode_ops;
ent->proc_fops = &foo_file_ops;

remove_proc_entry(*foo", NULL);

block_device_operations

Linux 2.2
file_operations Linux 2.4 block_device_operations
DEVICE_NAME MAJOR_NR Linux 2.2

struct file_operations device_fops = {
open : device_open,
release : device release,
read : block read,
write : block write,
ioctl : device_ioctl,
fsync : block_fsync,

register_blkdev MAJOR_NR, DEVICE_NAME, &device_fops ;
Linux 2.4

#include <linux/blkpg.h>

struct block device_operations device fops = {
open : device_open,

release : device_release,

ioctl : device_ioctl,

}

register_blkdev MAJOR_NR, DEVICE_NAME, &device_fops ;
2
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“e 7z Linux2.2

void device_request void ;

blk_dev[MAJOR_NR].request_fn = &device_request;

void device_request void

{

while 1 {
INIT_REQUEST;

switch  CURRENT->cmd  {
case READ :
// read
break;
case WRITE :
// write
break;
default :
end_request 0 ;
continue;

}

end_request 1 ;

}
}
Linux 2.4

int device_make_request request_queue_t *q, int rw, struct buffer_head *sbh ;

blk_queue_make request BLK DEFAULT QUEUE MAJOR_NR ,&device make request ;

int device_make_request request_queue_t *q, int rw, struct buffer_head *sbh

{
char *bdata;
int ret = 0;

bdata = bh_kmap sbh ;

switch rw {
case READ :
// read
break;
case READA :
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// read ahead
break;
case WRITE :
// write
break;
default :
goto fail;
}

ret = 1;
fail:

sbh->b_end_io sbh, ret ;
return 0;

request_queue_t bh_kmap

4 PCI

Linux 2.4 cc i PCI
Linux 2.2 Linux 2.4

PCI

id id VENDOR_ID  DEVICE_ID Linux 2.2

struct pci_dev *pdev = NULL;

while pdev = pci_find_device VENDOR_ID, DEVICE_ID, pdev I= NULL  {
// initialize each device
}
Linux 2.4

struct pci_device_id device_pci_tbI[] __initdata = {
{ VENDOR_ID, DEVICE_ID, PCI_ANY_ID, PCI_ANY_ID },
{0,0,0,0},

}:

int device_init_one struct pci_dev *dev, const struct pci_device_id *ent ;
void device_remove_one struct pci_dev *pdev ;

struct pci_driver device_driver = {

name : DEVICE_NAME,

id_table : device pci_tbl,

probe : device_init_one,
remove : device_remove_one,
suspend : device_suspend,
resume : device_resume,
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if pci_register_driver &device _driver <=0
return -ENODEV;

pci_unregister_driver &device driver ;

5
6 bottom half softirg tasklets
Linux 2.2 Linux 2.4
tasklet SMP
CPU SMP
tasklet tasklet CPU CPU tasklet
bh SMP CPU
tasklet tasklet
3.5.6
7
1
Linux 2.2 Linux 2.2
Linux 2.4
include/linux/list.h list head

struct list_head {
struct list_head *next, *prev;

s

struct foo_list {
int data;
struct list_head list;

1
LIST_HEAD foo_list_head
struct list_head foo_list_head = LIST_HEAD INIT data_list_head ;

struct list_head foo_list_head;
INIT_LIST_HEAD &foo_list_head ;
list_add() list_del()
struct foo_list data;
list_add é&data.list, &foo_list head ;
list_del é&data.list ;
list for_each() list entry()
struct list _head *head, *curr;
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struct foo_list *element;

head
curr

&foo_list_head;
head->next;

list_for_each curr, head
element = list_entry curr, struct foo_list, list ;

2
Linux 2.2 Linux 2.4

Linux 2.2

struct wait_queue *wq = NULL;

interruptible_sleep_on &wq ;
wake_up_interruptible &wq ;

Linux 2.4

DECLARE_WAIT QUEUE_HEAD wq ;

wait_queue_head_t wq;
init_waitqueue_head &wg ;

10.5
C
2.0 Linux 2.2
2.2 2.4

Linux
10.5.1

1 init_moudle

2 cleanup_module init_module
cleanup_module init_module
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““Hello,world

/ * hello.c
* "Hello,world" */

/* */

#include <linux/kernel_h> /* */
#include <linux/module.h> /* */

/* CONFIG_MODVERSIONS */
#if CONFIG_MODVERSIONS==1
#define MODVERSIONS

#include <linux/modversions.h>

#endif
/* */
int init_module
{

printk "Hello, world - this is a simple module\n" ;

/* 0 init_module

return 0;
}
/* init_module */
void cleanup_module
{

printk "the module exits the kernel\n"
}
10.5.2 Makefiles

-C
_ KERNEL _ --
MODULE --
LINUX --
in/usr/include/linux/config.h

_ SMP__ --

CPU
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CONFIG_MODVERSIONS -- CONFIG_MODVERSIONS
usr/include/linux/modversions.h

Makefile
CC=gcc
MODCFLAGS := -Wall -DMODULE -D__KERNEL _ -DLINUX

hello.o: hello.c /usr/include/linux/version.h
$ CC $ MODCFLAGS -c hello.c
echo insmod hello.o to turn it on
echo rmmod hello to turn it off

echo
root hello.o
insmod hello rmmod hello
/proc/modules
10.5.3
1 #define _ NO_VERSION
module.h kernel _version kernel _version
version.h
__NO_VERSION__ module.h
2
3 x86
Id -m elf_i386 -r -0 <name of module>.0 < 1 >0< 2 >.0
start.c
/* start.c
* "Hello, world"
*/
/* */
/* */

#include <linux/kernel.h>
#include <linux/module.h>

/* CONFIG_MODVERSIONS */
#if CONFIG_MODVERSIONS==1
#define MODVERSIONS

#include <linux/modversions.h>

#endif

/* */
int init_module
{
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printk "Hello, world - this is the kernel speaking\n" ;

return 0;
}
stop.c
/* stop.c */
/* stop */
/* */

#include <linux/kernel.h>

#define __NO_VERSION__
#include <linux/module.h>
#include <linux/version.h>

#if CONFIG_MODVERSIONS==1
#define MODVERSIONS

#include <linux/modversions.h>
#endif

void cleanup_module

{

printk "Short is the life of a kernel module\n" ;
}
Makefile
CC=gcc
MODCFLAGS := -Wall -DMODULE -D__KERNEL _ -DLINUX

hello.o: start.o stop.o
Id -m elf_i1386 -r -0 hello.o start.o stop.o

start.o: start.c /usr/include/linux/version.h
$ CC $ MODCFLAGS -c start.c

stop.o: stop.c /usr/include/linux/version.h
$ CC $ MODCFLAGS -c stop.c
““hello”” 4KB
““rmmod hello>” rmmod
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