※ H/W interrupt handler 등록 과정 (Linux Kernel 2.4.x) 
1) ISR1 등록 

start_kernel() 

 ↓ 

init_IRQ(){ 

... 

for(i=0; i<NR_IRQS; I++) 

set_intr_gate(vector, interrupt[i]); 

     set_intr_gate(i+FIRST_EXTERNAL_VECTOR, interrupt[i]); 

...                                           (ISR1 이 등록된 배열) 

} 

a) "arch/i386/kernel/i8259.c"    

void (*interrupt[NR_IRQS])(void) = { IRQLIST_16(0x0), ․ ․ ․ IRQLIST(0xd) }; 

IRQ(0x0,0) ․ ․ ․ IRQ(0x0,f) 

IRQ0x00##_interrupt 

결국, 

interrupt[0] = IRQ0x00##_interrupt 

interrupt[1] = IRQ0x01##_interrupt 

 . 

 . 

 . 

∴ 16 × 14 = 224개 등록 

b) IRQ0x00##_interrupt 

"arch/i386/kernel/i8259.c" 

BUILD_COMMON_IRQ() 

#define BI(x,y)  BUILD_IRQ(x##y) 

#define BUILD_16_IRQS(x)  BI(x,0), ․ ․ ․ ,BI(x,f) 

BUILD_16_IRQS(0x0) ․ ․ ․ BUILD_16_IRQS(0xd) 

즉 BI(x,0) 일 경우는 BUILD_IRQ(0x00) macro가 호출 

c) BUILD_IRQ(0x00) 

"include/asm-i386/hw_irq.h" 

#define BUILD_IRQ(nr) \ 

asmlinkage void IRQ_NAME(nr); \    ← #define IRQ_NAME(nr) 

                                                   IRQ_NAME2(IRQ##nr) 

                                         #define IRQ_NAME2(nr) 

                                                   nr##_interrupt(void) 

__asm__(\ 

     . 

     . 

     . 

SYMBOL_NAME_STR(IRQ) #nr "_interrupt : \n\t" \ 

"pushl $"#nr " -256 \n\t" \ 

"jmp common_interrupt "); 

결국, BUILD_IRQ(0x00) 매크로는 확장되면 

__asm__( IRQ0_interrupt : 

         "pushl $0-256" 

         "jmp common_interrupt ); 가 된다 

0x00 - 0x0f (16개) 

 ↓(14개) 

즉 224개 생성 

★ 따라서, compile time에 code가 생성되고 run time에 interrupt[NR_IRQS]에 ISR1이 등록된다. 

d) common_interrupt : 

"arch/i386/kernel/i8259.c" 

BUILD_COMMON_IRQ() 

"include/asm-i386/hw_irq.h" 

BUILD_COMMON_IRQ() macro가 정의되어 있다. 

최종 생성되는 code는 

common_interrupt : 

SAVE_ALL 

call_do_IRQ: 

call do_IRQ 

jmp ret_from_intr 

2) ISR2 등록 (일반적으로 각 device의 init code에서 irq_desc[irq]→action 필드에 적절한 irqaction{}을 매단다. 

(timer의 경우 time_init, keyboard의 경우 kbd_init_hw) 

3) timer의 경우 IR2 등록 “arch/i386/kernel/time.c" 

start_kernel() 

  ↓ 

time_init() 

  ↓ 

setup_irq(0,&irq0);   //  irq_desc[0].action = &irq0; 

struct_irqaction { 

void(*handler)( int, void*, struct pt_regs * ); 

unsigned long flags; 

unsigned long mask; 

const char *name; 

void * dev_id; 

struct irqaction *next; 

} 

static struct irqaction irq0 = 

            {timer_interrupt, SA_INTERRUPT, 0 , "timer" , NULL, NULL}; 

결국, timer의 경우 

ISR2는 irq_desc[0].action→handler = timer_interrupt; 

************************************************************* 

keyboard interrupt handler setting과정(ISR2) 추적 (2.4.20) 

************************************************************* 

typedef int (*initcall_t)(void); 

extern initcall_t __initcall_start, __initcall_end; 

#define __initcall(fn) 

static initcall_t __initcall_##fn __init_call = fn 

#define __init_call __attribute__((unused, __section__ (".initcall.init"))) 

__initcall(chr_dev_init); 

init 

 ↓ 

do_basic_setup 

 ↓ 

do_initcalls 

{   call=&__initcall_start; 

    do{ 
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        (*call)(); 

        call++; 

    }while(call<&__initcall_end); 

} 

chr_dev_init 

 ↓ 

tty_init 

 ↓ 

kbd_init 

 ↓ 

kbd_init_hw             ⇔          #define kbd_init_hw pckbd_init_hw 

 ↓ 

kbd_request_irq (keyboard_interrupt) 

 ↓ #define kbd_request_irq request_irq(KEYBOARD_IRQ, handler,0,"keyboard",NULL) 

 ↓     irqaction{} 구조체 할당; 

 ↓ 

setup_irq( irq, action)      ⇔      irq_desc[irq].action=&irqaction{}의 역할을 한다. 

************************************************************** 

(software / hardware) interrupt로부터의 복귀 과정 

“arch/i386/kernel/entry.S" 

************************************************************** 

ENTRY(ret_from_intr) 

    GET_CURRENT(%ebx) 

ret_from_exception: 

    movl EFLAGS(%esp), %eax     ; VM_MASK 인가? 

    movb CS(%esp), %al           ; 사용자 모드 RPL인가? 

    testl $(VM_MASK | 3), %eax 

    jne ret_from_sys_call 

    jmp restore_all 

reschedule : 

    call SYMBOL_NAME(schedule) 

    jmp ret_from_sys_call 

        . 

        . 

        . 

ENTRY(ret_from_sys_call) 

    cli 

    cmpl $0, need_resched(%ebx) 

    jne reschedule 

    cmpl $0, sigpending(%ebx) 

    jne signal_return 

restore_all : 

    RESTORE_ALL     ⇒      #define popl ebx;  \ 

        .                               popl ecx;  \ 

        .                                   . 

        .                                   . 

signal_return:  .                           . 

                .                       iret 

                . 

※ H/W interrupt 처리 과정 (Bottom half 포함, Linux Kernel 2.4.x) 

IRQ0x00_interrupt : 

pushl $0-256 

jmp common_interrupt 

common_interrupt : 

SAVE_ALL 

call do_IRQ 

jmp ret_from_intr 

asmlinkage unsigned int do_IRQ(struct pt_regs regs) { 

desc→handler→ack(irq);      // mask_and_8259A(irq); 

for( ;; ){                         ↓ spin_lock_irqsave)(…); // 즉, cli(); 

handler_IRQ_event (irq, &regs, action); 

if(!(desc→status & IRQ_PENDING)) 

  break; 

   desc→status &= ~IRQ_PENDING; 

} 

desc→status &= ~IRQ_INPROGRESS; 

desc→handler→end(irq);      //end_8259A_irq(irq); "Top 종료“ 

if(softirq_pending(cpu))      /* bottom half 처리 */ 

 do_softirq();      

return 1; 

} 

int handle_IRQ_event( irq, &regs, action) { 

. 

. 

. 

irq_enter (cpu, irq); 

status = 1; 

do { 

status |= action→handler( irq, action→dev_id, regs );   // "timer_interrupt" 

action=action→next; 

}while(action); 

__cli(); 

irq_exit(cpu, irq); 

reutrn status; 

} 

--> timer의 경우 

static void timer_interrupt( int irq, void *dev_id, struct pt_regs *regs) 

    ↓ 

do_timer_interrupt(irq, NULL, regs); 

    ↓ 

do_timer(regs) { 

(*(unsigned long *) &jiffies)++; 

update_process_times(user_mode(regs)); 

mark_bh(TIMER_BH); "TIMER_BH == 0" 

} 

※ H/W interrupt ISR1 등록 과정 (Linux Kernel 2.6.0) 

1) “arch/i386/kernel/entry.S"   "http://www.gnu.org" 참조 

.data 

ENTRY (interrupt) 

.text 

vector = 0 

ENTRY (irq_entries_start) 

.rept NR_IRQS 

     ALIGN 

1:   pushl $vector -256 

     jmp common_interrupt 

.data 

    .long 1b ← run time에 ISR1 등록 

                start_kernel()→init_IRQ()→for(i=0;i<NR_IRQS; I++) 

                                             set_intr_gate(32+i, interrupt[i]); 

.text 

 vector = vector+1 

.endr 

 ** 결과적으로 다음과 같이 처리된다. ** 

.data 

interrupt : 

. 1: pushl 0-256 위치 

. 1: pushl 1-256 위치 

. 

.text 

    1: pushl 0-256 

       jmp common_interrupt 

    1: pushl 1-256 

       jmp common_interrupt 

... 

※ H/W interrupt 처리 과정 (Bottom Half 포함, Linux Kernel 2.6.0) 

pushl $vector-256 

jmp common_interrupt 

    ↓ 

common_interrupt: 

   SAVE_ALL 

call do_IRQ 

   jmp ret_from_int  

    ↓ 

do_IRQ() { 

   cli(); 

for(;;){ 

. 

. 

. 

     action_ret = handle_IRQ_event (irq, &regs, action); 

. 

. 

      . 

   } 

irq_exit();                     

}                                    ↓ 

                                     ↓ 

do { 

status |= action→flags; 

retval |= action→handler (irq, action→dev_id, regs);// "timer_interrupt (Top half)" 

action = action→next; 

}while(action); 

1. Bottom half 수행 준비 

1) Bottom half가 수행될 수 있도록 “__softirq_pending"" bit vector에 표시 

     →Top half 에서 bit vector를 setting한다. 

timer_interrupt 

    ↓ 

do_timer_interrupt 

    ↓ 

do_timer_interrupt_hook 

    ↓ 

do_timers 

    ↓ 

update_process_timers 

    ↓ 

run_local_timers 

    ↓ 

raise_softirq(TIMER_SOFTIRQ);       

    ↓ 

__raise_softirq_irqoff(nr); 

    ↓ 

do{ local_softirq_pending() |= 1UL << (nr); } while(0) 

    ↓ 

softirq_pending(0) 

    ↓ 

__IRQ_STAT((0),__softirq_pending) |= 1UL << 1 

unsigned int __softirq_pending 

31                                    0 

	   …
	 
	1
	 


          // Bottom half bit 등록 

                                   ↑ 

                                TIMER_SOFTIRQ 

2) __softirq_pending bit vector가 setting 되어 있는 경우, 

해당 bit vector(TIMER_SOFTIRQ) 에 해당하는 Bottom half가 수행될 수 있도록 

Bottom Half handler를 등록해야 한다. 

start_kernel 

    ↓ 

sched_init 

    ↓ 

init_timers 

    ↓ 

open_softirq(TIMER_SOFTIRQ, run_timer_softirq, NULL); 

softirq_vec[1].data = NULL; 

softirq_vec[1].action = run_timer_softirq; 

static struct softirq_action softirq_vec[32]; 

    struct softirq_action { 

      void (*action)(struct softirq_action *); 

      void * data; 

} 

※ Network H/W interrupt의 경우 Bottom Half handler는 

   “net/core/dev.c" net_dev_init(void)에서 

open_softirq( NET_TX_SOFTIRQ, net_tx_action, NULL); 

open_softirq( NET_RX_SOFTIRQ, net_rx_action, NULL); 

으로 등록된다. 

2. Botton half의 수행 

do_IRQ(…){ 

. 

. 

. 

// Top half 처리 

. 

. 

. 

irq_exit();       →  →  do{ 

return 1;                         . 

}                                   . 

                                    .               // TIMER_SOFTIRQ==2 

if(!=in_interrupt() && softirq_pending(cpu))       

do_softirq(); 

... 

}while(0); 

asmlinkage void do_softirq(void) { 

. 

. 

. 

pending = local_softirq_pending(); 

     irq_stat[0].__softirq_pending 

if (pending) { 

     struct softirq_action *h; 

restart: 

     local_softirq_pending() = 0;   

        --> pending에 복사했으므로 __softirq_pending은 reset한다. 

     local_irq_enable();  // sti();  Bottom Half 수행중에는 Interrupt이 열린다. 

     h=softirq_vec; 

    do { 

     if(pending & 1) h→action(h); // Bottom Half(run_timer_softirq) 수행 

       h++; 

       pending >>= 1;   // bit vector를 이동하면서   

    }while(pending); 

    local_irq_disable();      // cli(); 

    pending = local_softirq_pending();  

      --> Bottom Half 수행동안 발생한 Top Half가 있는지 조사 

    if(pending && --max_restart) 

      goto restart; 

   }  // end of if(pending) 

}  // end of do_softirq(...) 

