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Abstract: The Bottom Half mechanism in Linux kernel is discussed in the paper for the realization of interrupt programs. Furthermore, the
Bottom Half, including BH function interface, task queue, tasklet, softirq, and work queues, which were evolved from linux2.0 to linux2.6, is
analyzed in detail from the two aspects of realization theory and application.
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struct tq_struct {

struct list_head list; /* */
unsigned long sync; /* 0 */
void (*routine)(void *); /* */
void *data; /* routine */
Jo
run_task_queue(task_queue *list) s typedef struct
list_head task_queue, run_task_queue( )
. run_task_queue s
bh_base[32] ,
BH , bh_base[32]

, run_task_queue( ) R

bh_base[32]

<]

struct tasklet_head(
struct tasklet_struct *list;

}_attribute_ ((_aligned_(SMP_CACHE_BYTES))),

tasklet BH s
, HI_SOFTIRQ  TASKLET_SOFTIRQ
tasklet ., Linux CPU
tasklet s CPU tasklet

(kernel/softirq.c):
struct tasklet_head tasklet_vec[NR_CPUS] _cacheline_aligned;
struct  tasklet_head tasklet_hi_vec [NR_CPUS| _cache-
line_aligned
,NR_CPUS CPU ,tasklet_vec| |
TASKLET_SOFTIRQ,  tasklet_hi_vec| |

HI_SOFTIRQ, CPUi(0=:=NR_CPUS-1)

3.2 TASKLET_SOFTIRQ, tasklet_vecli]
o tasklet CPUi TASKLET_SOFTIRQ
1) my_queue, DECLARE_TASK_QUEUE CPUI o , CPUi(0<i<NR_CPUS-1)
(my_tqueue), HI_SOFTIRQ, tasklet_hi_vec|i]
2) ,  lg_stuct tasklet CPUI1 HI_SOFTIRQ
my_task, o CPU1 N tasklet_vec[i] tasklet_hi_vec|i]
3) my_queue ,queue_task (&my_task, tasklet CPUi s 4 s
&my_tqueue), TASKLET_SOFTIRQ  HI_SOFTIRQ
4) . tasklet_action( ) tasklet_hi_action( ) .
BH S 4.2 tasklet
run_task_queue(&my_tqueue), tasklet .
1) s void
4 tasklet my_tasklet_func(unsigned long),
4.1 tasklet 2) tasklet my_tasklet,
BH —32 BH ,  DECLARE_TASKLET (my_tasklet,my_tasklet_func,
s SMP data), data 5
. ,Linux 2.4 tasklet s 3) tasklet s
tasklet CPU |, CPU tasklet_schedule(&my_tasklet),
. tasklet .
struct tasklet_struct{ 5 (softirq)
struct tasklet_struct *next; /* */ 5.1
unsigned long state; /* tasklet , Linux2.4 s
*/ BH .tasklet . Linux
atomic_t count; /* s 1 disabled */ softirq_action,, s
void (*func)(unsigned long); /* */ struct softirq_action(
unsigned long data; /* func */ void (*action)(struct softirq_action *);
}o void *data;
tq_struct s ,tasklet }o
2 . D state s tasklet s s action N
32 , bit [1] ,Linux  kernel/softirq.c
(TASKLET_STATE_RUN)  bit[0](TASKLET_STATE_SCHED)2 softirq_vec[32] :static struct softirq_action softirq_vec[32],
o Lbit[1]=1 tasklet CPU 32 o (S
, SMP , CPU 1<31) softirq_vec[i].
tasklet ,bit [0] =1 tasklet , CPU o CPU
. @ count s tasklet s
s count=0 ,tasklet s tasklet s CPU s
, count#0, tasklet o softirq_vec]] o
tasklet count “ , ” , CPU
0, tasklet CPU . . , Linux irq_cpu-
tasklet tasklet_struct next stat_t CPU s
- , Linux :
tasklet_head tasklet . typedef struct {
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unsigned int __softirq_active;

unsigned int __softirq_mask;

unsigned int __local_irq_count;

unsigned int __local_bh_count;

unsigned int __syscall_count;

unsigned int __nmi_count; /* arch dependent */
} __cacheline_aligned irq_cpustat_t.

_softirq_active _softirq_mask

- _softirq_active 32
, softirq_vec|32] 0~31 , bit[z]
O0=:i=31) 1, i CPU
;0 o __softirq_mask
32 , ,
biti]0=i<31) 1, (enable) i, O
(disabled), CpPU
( NR_CPUS ), Linux CPU
s :irq_cpustat_tirq_stat[NR_CPUS],
, CPU o
i CPU, irq_stat[i]
(0=id=NR_CPUS-1), CPU o
_CPU_raise_softirq(int cpu, int nr)
CPU nr,
irq_stat/cpu]  _softirq_active 1

o

:do_softirq() ,

CPU § , s
irq_stat [ | __softirq_active __softirq_mask
softirq_vec][] o softirq_vec| | 32 s

32 , BH ?
tasklet . 24 ,do_softirq( )
4 ,
o do_softirq

softirq_vec| |, action( ) o

5.2 tasklet
0~31 , Linux2.4

0~3,

enum{
HI_SOFTIRQ=0,

NET_TX_SOFTIRQ,
NET_RX_SOFTIRQ,
TASKLET_SOFTIRQ

Jo
HI_SOFTIRQ  TASKLET SOFTIRQ,
tasklet , Linux
s 2
. softirq_init( ) ,

open_softirq () TASKLET_SOFTIRQ
HI_SOFTIRQ,
tasklet_action( ) tasklet_hi_action( ) o
HI_SOFTIRQ  TASKLET_SOFTIRQ
,tasklet_schedule (struct
tasklet_hi_schedule(struct tasklet_struct *t)
CPU |

HI_SOFTIRQ,

Linux
tasklet_struct *t)

TASKLET_SOFTIRQ

CPU 1 tasklet_vec[i]  tasklet_hi_vec[i]

;  tasklet_action( ) tasklet_hi_action( )
TASKLET_SOFTIRQ HI_SOFTIRQ

tasklet
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s tasklet N
softirq_vec[TASKLET_SOFTIRQ]

,  do_softirq( )

softirq_vec[HI_SOFTIRQ |

s tasklet_action

tasklet_hi_action

, 2 CPU i  tasklet_vec [i]
tasklet_hi_vec|i] tasklet CPU i .
5.3 BH

Linux2.4 s s

BH s tasklet s
BH i, ,
bh_base[32] ,
tasklet_struct  bh_task_vec|[32] bh_base .
BH CPU , ,2.4
global_bh_lock BH .

softirq_init () s

bh_task_vec[32]
bh_action (),
bh_task_vec s

tasklet_struct

tasklet_struct

tasklet_struct func

data

bh_action s bh_action( ) bh_base
[32] BH ,  bh_action(nr) bh_base[nr]
s tasklet Bottom Half .
, HI_SOFTIRQ
BH o , , s

mark_bh(int nr)
nr), tasklet_hi_schedule

CPUi  tasklet_hi_vec]i] ( i
CPU bottom half s
), HI_SOFTIRQ
HI_SOFTIRQ o
do_softirq()—>softirq_vec[HI_SOFTIRQ](
> CPU i  tasklet_hi_vec[i]
bh_tasklet_vec[nr]
(nr)—> bh_base[nr] .

6 (work queues)
Bottom Half

o

Bottom Half

queues), Bottom Half
s tasklet
6.1
(Bottom Half),
events/n, n
, CPU s
events/O, s
Bottom—Half 5

°
workqueue_struct ,

/*

tasklet_hi_schedule(bh_tasklet_vec+
,bh_tasklet_vec|nr|

CPU s
CPU

’

’

tasklet_hi_action( ) )

func( ),
—>bh_action

, Linux 2.6

(work

, 1/0

. Linux2.6

CPU ,

CPU

151

* The externally visible workqueue abstraction is an array of
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* per—CPU workqueues:
*/
struct workqueue_struct {
struct CPU_workqueue_struct CPU_wq[NR_CPUS];
const char *name;
struct list_head list;

’

CPU_wq, CPUworkqueue_struct
, CPU )
2  CPU myworker ,
2 events , 2
myworker , events myworker
CPU_workqueue_struct . events  myworker

struct workqueue_struct *keventd_wq;
keventd_wq = create_workqueue(“events”);
struct workqueue_struct *myworker;
myworker = create_workqueue(“myworker”),

CPU_workqueue_struct
struct CPU_workqueue_struct {

spinlock_t lock; /* lock protecting this structure */
long remove_sequence; /* least-recently added (next to run) */
long insert_sequence; /* next to add */
struct list_head worklist; /* list of work */
wait_queue_head_t more_work;
wait_queue_head_t work_done;
struct workqueue_struct *wq; /* associated workqueue_struct */
task_t *thread; /* associated thread */
int run_depth; /* run_workqueue() recursion depth */
CPU_workqueue_struct CPU

s thread

,Wq workqueue_struct , worklist CPU

s s work-

er_thread( ) ,

CPU ,

work_struct s

struct work_struct {
unsigned long pending;  /* is this work pending? */
struct list_head entry; /* link list of all work */
void (*func)(void *);  /* handler function */
void *data; /* argument to handler */
void *wq_data; /* used internally */
struct timer_list timer; /* timer used by delayed work queues */
}o

worker_thread( )

run_workqueue

for (5 5 )

/*ewq  CPU_workqueue_struct */
if (! list_empty(&ewq—>worklist))
run_workqueue(cwq);

}

run_workqueue( ) :

while (! list_empty(&cewq—>worklist))

{

struct work_struct *work;

void (*f)(void *);

void *data;

work = list_entry(cwq—>worklist.next, struct work_struct, entry);

f=work—>func;

data = work—>data;

list_del_init(cwq—>worklist.next);

f(data);
Jo
s list_entry
work_struct s work—>data
work—>func( ),
work_struct s s
CPU
6.2

work_struct s
2 :
DECLARE_WORK(name, void (*func)(void *), void *data);
INIT_WORK (struct work_struct *work, void (*func)(void *),
void *data),
,DECLARE_WORK
, INIT_WORK

func ,data  func R

work_struct  name

work_struct work s

work_struct s
schedule_work(work);
schedule_delayed_work(work, delay),

2 .

delay o

° struct
workqueue_struct *create_workqueue (const char *name), ,

name , myworker

struct workqueue_struct *myworker;
myworker = create_workqueue(“myworker”)

work_struct

int queue_work(struct workqueue_struct *wq, struct work_struct
*work) ;
int queue_delayed_work (struct workqueue_struct *wq,struct

work_struct *work,unsigned long delay),
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Abstract: With the development of wireless communication and NGN, the communication between 3G mobile phone and NGN terminal
becomes a necessary problem to resolve. The multimedia communication protocol for 3G is 3G-324M; however, the protocol for NGN is H.
323/SIP. The scheme based on soft switch to implement the multimedia communication between 3G and NGN is presented and its implement

mechanism is discussed in depth.
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