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sys/kern/kern_intr.c (�SûÓ�às�-­ã�)

sys/i386/i386/intr_machdep.c (�i386SûÓ�øs�-­ã�)

sys/i386/isa/atpic.c (�8259Aøs�.cã�)

sys/i386/isa/atpic_vector.s (�8259Aøs�.sã�)

2 {{{°°°IRQ---­­­���

2.1 pppnnnÓÓÓ������ýýýppp

-­�Ïh	�*vector�0–31:CPU(�32–32+15ù�IRQ0–IRQ15 �
*vectorù��*source�pn{�/struct intsrc

/*

* An interrupt source. The upper-layer code uses the PIC methods to

* control a given source. The lower-layer PIC drivers can store additional

* private data in a given interrupt source such as an interrupt pin number

* or an I/O APIC pointer.

*/

struct intsrc {

struct pic *is_pic;

struct ithd *is_ithread;

u_long *is_count;

u_long *is_straycount;

u_int is_index;

};

v�(vector�b�/-­§6h��8259A�I/O APICI� ��
�
ù-­��§6�E
1/ù-­§6h�Í\� àd�(struct intsrc-
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	�Xstruct pic *is_pic�s-­§6h�Í\ýph��ÇÙ*h�

ïå:
��-­§6h �I
��Í\�¾0demultiplex�\(�Ù
Ìpic/ programmable interrupt controller����

/*

* Methods that a PIC provides to mask/unmask a given interrupt source,

* "turn on" the interrupt on the CPU side by setting up an IDT entry, and

* return the vector associated with this source.

*/

struct pic {

void (*pic_enable_source)(struct intsrc *);

void (*pic_disable_source)(struct intsrc *);

void (*pic_eoi_source)(struct intsrc *);

void (*pic_enable_intr)(struct intsrc *);

int (*pic_vector)(struct intsrc *);

int (*pic_source_pending)(struct intsrc *);

void (*pic_suspend)(struct intsrc *);

void (*pic_resume)(struct intsrc *);

};

ûß-@	�-­�Ä��*pÄ�1�SÇ(I/O APIC\:-­§
6hö� ïå	191*-­÷(IRQ)�àdåpÄ'��I:191�

static struct intsrc *interrupt_sources[NUM_IO_INTS];

/* With I/O APIC’s we can have up to 191 interrupts. */

#define NUM_IO_INTS 191

@�{°-­��1/��E�-­§6h�ù�struct intsrcp

nÓ� û 0åpÄ-»��ö�ûß:Ï*{°�-­��ú�*-

­¿�� -­����1(å¿��
��-ÐL�å¿��eãýp

:ithread_loop()�

struct intsrcÓ��Xis_ithread��Ïð-­¿��pnÓ�struct ithd�

�struct ithdÓ��Xit_td���c�¿�Ó�struct thread�Î�

�-­ �ûß��¦UC¿�Tûwe�

/*

* Describe an interrupt thread. There is one of these per interrupt vector.

* Note that this actually describes an interrupt source. There may or may

* not be an actual kernel thread attached to a given source.

*/

struct ithd {
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struct mtx it_lock;

struct thread *it_td; /* Interrupt process. */

LIST_ENTRY(ithd) it_list; /* All interrupt threads. */

TAILQ_HEAD(, intrhand) it_handlers; /* Interrupt handlers. */

struct ithd *it_interrupted; /* Who we interrupted. */

void (*it_disable)(uintptr_t); /* Enable interrupt source. */

void (*it_enable)(uintptr_t); /* Disable interrupt source. */

void *it_md; /* Hook for MD interrupt code. */

int it_flags; /* Interrupt-specific flags. */

int it_need; /* Needs service. */

uintptr_t it_vector;

char it_name[MAXCOMLEN + 1];

};

/*

* Register a new interrupt source with the global interrupt system.

* The global interrupts need to be disabled when this function is

* called.

*/

int

intr_register_source(struct intsrc *isrc)

{

int error, vector;

vector = isrc->is_pic->pic_vector(isrc);

if (interrupt_sources[vector] != NULL)

return (EEXIST);

error = ithread_create(&isrc->is_ithread, (uintptr_t)isrc, 0,

(mask_fn)isrc->is_pic->pic_disable_source,

(mask_fn)isrc->is_pic->pic_enable_source, "irq%d:", vector);

if (error)

return (error);

mtx_lock_spin(&intr_table_lock);

if (interrupt_sources[vector] != NULL) {

mtx_unlock_spin(&intr_table_lock);

ithread_destroy(isrc->is_ithread);

return (EEXIST);

}

intrcnt_register(isrc);

interrupt_sources[vector] = isrc;

mtx_unlock_spin(&intr_table_lock);
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return (0);

}

int

ithread_create(struct ithd **ithread, uintptr_t vector, int flags,

void (*disable)(uintptr_t), void (*enable)(uintptr_t), const char *fmt, ...)

{

struct ithd *ithd;

struct thread *td;

struct proc *p;

int error;

va_list ap;

/* The only valid flag during creation is IT_SOFT. */

if ((flags & ~IT_SOFT) != 0)

return (EINVAL);

ithd = malloc(sizeof(struct ithd), M_ITHREAD, M_WAITOK | M_ZERO);

ithd->it_vector = vector;

ithd->it_disable = disable;

ithd->it_enable = enable;

ithd->it_flags = flags;

TAILQ_INIT(&ithd->it_handlers);

mtx_init(&ithd->it_lock, "ithread", NULL, MTX_DEF);

va_start(ap, fmt);

vsnprintf(ithd->it_name, sizeof(ithd->it_name), fmt, ap);

va_end(ap);

error = kthread_create(ithread_loop, ithd, &p, RFSTOPPED | RFHIGHPID,

0, "%s", ithd->it_name);

if (error) {

mtx_destroy(&ithd->it_lock);

free(ithd, M_ITHREAD);

return (error);

}

td = FIRST_THREAD_IN_PROC(p); /* XXXKSE */

mtx_lock_spin(&sched_lock);

td->td_ksegrp->kg_pri_class = PRI_ITHD;

td->td_priority = PRI_MAX_ITHD;

TD_SET_IWAIT(td);
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mtx_unlock_spin(&sched_lock);

ithd->it_td = td;

td->td_ithd = ithd;

if (ithread != NULL)

*ithread = ithd;

CTR2(KTR_INTR, "%s: created %s", __func__, ithd->it_name);

return (0);

}

-­�{°����¿ïå{°-­������struct ithd	�*

�Xit_handlers� ���*þh�Ù*þh/-­�����þh� :

ÀH�*-­�����Þ¥(�*þh-b�Ù/à:�*¾�ïåq

« ��*IRQ÷�s��*vertorïå{°�*¾��-­��ýp� S
-­e4ö�ûß�+�(�*¾��-­��ýp�1Öìêñ$­/

& /êñ�-­�

intr_add_handler()ýp1/(e{°-­�������Îûß-

�M�*Ïð-­���� �pnÓ�struct intrhand�v� e�Â

p�s-­��ýpdriver_intr_t handlerÝX(Ó�struct intrhand�

�Xöih_handler-�-­Ñ�ö�c��-­�¡�1/åýp�

/*

* Describe a hardware interrupt handler.

*

* Multiple interrupt handlers for a specific vector can be chained

* together.

*/

struct intrhand {

driver_intr_t *ih_handler; /* Handler function. */

void *ih_argument; /* Argument to pass to handler. */

int ih_flags;

const char *ih_name; /* Name of handler. */

struct ithd *ih_ithread; /* Ithread we are connected to. */

int ih_need; /* Needs service. */

TAILQ_ENTRY(intrhand) ih_next; /* Next handler for this vector. */

u_char ih_pri; /* Priority of this handler. */

};

/* Interrupt handle flags kept in ih_flags */

#define IH_FAST 0x00000001 /* Fast interrupt. */

#define IH_EXCLUSIVE 0x00000002 /* Exclusive interrupt. */

#define IH_ENTROPY 0x00000004 /* Device is a good entropy source. */
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#define IH_DEAD 0x00000008 /* Handler should be removed. */

#define IH_MPSAFE 0x80000000 /* Handler does not need Giant. */

ÙÌ	à*flag<<��Ð�

1. IH_FAST �:å-­/ë�-­�ûß�=ëgLå��ýp� v


���¦0-­¿��
��-ÐL�_1/ôÙÍýp�ÐL/

(-­¯��ÐL� ¡	¿��
���/:�òWY�Ø*Áû

0°-­!���q¨��Ð���

2. IH_EXCLUSIVE�:å-­/ì`IRQ��s
ý�vÖ¾�q«IRQ

3. IH_MPSAFE h�å-­��ýp/SMP�h��

int

intr_add_handler(const char *name, int vector, driver_intr_t handler,

void *arg, enum intr_type flags, void **cookiep)

{

struct intsrc *isrc;

int error;

isrc = intr_lookup_source(vector);

if (isrc == NULL)

return (EINVAL);

error = ithread_add_handler(isrc->is_ithread, name, handler, arg,

ithread_priority(flags), flags, cookiep);

if (error == 0) {

intrcnt_updatename(isrc);

isrc->is_pic->pic_enable_intr(isrc);

isrc->is_pic->pic_enable_source(isrc);

}

return (error);

}

int

ithread_add_handler(struct ithd* ithread, const char *name,

driver_intr_t handler, void *arg, u_char pri, enum intr_type flags,

void **cookiep)

{

struct intrhand *ih, *temp_ih;

if (ithread == NULL || name == NULL || handler == NULL)
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return (EINVAL);

ih = malloc(sizeof(struct intrhand), M_ITHREAD, M_WAITOK | M_ZERO);

ih->ih_handler = handler;

ih->ih_argument = arg;

ih->ih_name = name;

ih->ih_ithread = ithread;

ih->ih_pri = pri;

if (flags & INTR_FAST)

ih->ih_flags = IH_FAST;

else if (flags & INTR_EXCL)

ih->ih_flags = IH_EXCLUSIVE;

if (flags & INTR_MPSAFE)

ih->ih_flags |= IH_MPSAFE;

if (flags & INTR_ENTROPY)

ih->ih_flags |= IH_ENTROPY;

mtx_lock(&ithread->it_lock);

if ((flags & INTR_EXCL) != 0 && !TAILQ_EMPTY(&ithread->it_handlers))

goto fail;

if (!TAILQ_EMPTY(&ithread->it_handlers)) {

temp_ih = TAILQ_FIRST(&ithread->it_handlers);

if (temp_ih->ih_flags & IH_EXCLUSIVE)

goto fail;

if ((ih->ih_flags & IH_FAST) && !(temp_ih->ih_flags & IH_FAST))

goto fail;

if (!(ih->ih_flags & IH_FAST) && (temp_ih->ih_flags & IH_FAST))

goto fail;

}

TAILQ_FOREACH(temp_ih, &ithread->it_handlers, ih_next)

if (temp_ih->ih_pri > ih->ih_pri)

break;

if (temp_ih == NULL)

TAILQ_INSERT_TAIL(&ithread->it_handlers, ih, ih_next);

else

TAILQ_INSERT_BEFORE(temp_ih, ih, ih_next);

ithread_update(ithread);

mtx_unlock(&ithread->it_lock);

if (cookiep != NULL)
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*cookiep = ih;

CTR3(KTR_INTR, "%s: added %s to %s", __func__, ih->ih_name,

ithread->it_name);

return (0);

fail:

mtx_unlock(&ithread->it_lock);

free(ih, M_ITHREAD);

return (EINVAL);

}

2.2 8259A���{{{°°°ÇÇÇ���

�b�ìå8259A:����ûß/�U:vè�-­���sè�INTSRC(0)–
INTSRC(15)�Ïð8259A-­§6h�pnÓ�/struct atpic_intsrc�

v,�*�X/�*-­�Ó�� ÙÍ{��I¹Õ/BSD-8(�¹
Õ�w0�b�ùa��-ç��\(�

1�$*§Þ�8259A-­§6hïå§616*-­�àdûßè
�16*struct atpic_intsrc�Ù�-­Í�����eã0@/IDTVEC(atpic_intr ## irq )�IDTVEC(.c�
ö-�iU� Xatpic_intr0 óXatpic_intr15�s:ýp
��(��

(.s�ö-�iU�

ALIGN_TEXT;

.globl Xatpic_intr0;

.type Xatpic_intr0,@function;

Xatpic_intr0:

II�s�I�*h@�ýp�_1/ô(.c�ö-ê/�(åýp�
�c�Iåýp�/ (sys/i386/isa/atpic_vector.s-�åýp�E


1/�*ùatpic_handle_intr() ýp��Å��ì�bØ��0åý

p�

struct atpic_intsrc {

struct intsrc at_intsrc;

int at_irq; /* Relative to PIC base. */

inthand_t *at_intr;

u_long at_count;

u_long at_straycount;

};

static struct atpic_intsrc atintrs[] = {
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INTSRC(0),

INTSRC(1),

INTSRC(2),

INTSRC(3),

INTSRC(4),

INTSRC(5),

INTSRC(6),

INTSRC(7),

INTSRC(8),

INTSRC(9),

INTSRC(10),

INTSRC(11),

INTSRC(12),

INTSRC(13),

INTSRC(14),

INTSRC(15),

};

#define INTSRC(irq) \

{ { &atpics[(irq) / 8].at_pic }, (irq) % 8, \

IDTVEC(atpic_intr ## irq ) }

ûß/¨ö��(8259A��Ë�ýpatpic_init()�:^SLAVE IRQ÷
è�-­�� v(i386�Ë�ö�(atpic_startup()ýp�è�-­�

Ï IDTVEC(atpic_intr ## irq )�è��Ùê/è�;��Åýp� w

SIRQ÷�-­��ýp�1¾�q¨�Çintr_add_handler()ýpeè

��

SYSINIT(atpic_init, SI_SUB_INTR, SI_ORDER_SECOND + 1, atpic_init, NULL)

static void

atpic_init(void *dummy __unused)

{

int i;

/* Loop through all interrupt sources and add them. */

for (i = 0; i < sizeof(atintrs) / sizeof(struct atpic_intsrc); i++) {

if (i == ICU_SLAVEID)

continue;

intr_register_source(&atintrs[i].at_intsrc);

}
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}

void

init386(first)

int first;

{

......

#ifdef DEV_ISA

atpic_startup();

#endif

......

}

void

atpic_startup(void)

{

struct atpic_intsrc *ai;

int i;

/* Start off with all interrupts disabled. */

imen = 0xffff;

i8259_init(&atpics[MASTER], 0);

i8259_init(&atpics[SLAVE], 1);

atpic_enable_source((struct intsrc *)&atintrs[ICU_SLAVEID]);

/* Install low-level interrupt handlers for all of our IRQs. */

for (i = 0; i < sizeof(atintrs) / sizeof(struct atpic_intsrc); i++) {

if (i == ICU_SLAVEID)

continue;

ai = &atintrs[i];

ai->at_intsrc.is_count = &ai->at_count;

ai->at_intsrc.is_straycount = &ai->at_straycount;

setidt(((struct atpic *)ai->at_intsrc.is_pic)->at_intbase +

ai->at_irq, ai->at_intr, SDT_SYS386IGT, SEL_KPL,

GSEL(GCODE_SEL, SEL_KPL));

}

}
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3 IRQ---­­­���������ÇÇÇ���

/*

* Macros for interrupt interrupt entry, call to handler, and exit.

*/

#define INTR(irq_num, vec_name) \

.text ; \

SUPERALIGN_TEXT ; \

IDTVEC(vec_name) ; \

pushl $0 ; /* dummy error code */ \

pushl $0 ; /* dummy trap type */ \

pushal ; /* 8 ints */ \

pushl %ds ; /* save data and extra segments ... */ \

pushl %es ; \

pushl %fs ; \

mov $KDSEL,%ax ; /* load kernel ds, es and fs */ \

mov %ax,%ds ; \

mov %ax,%es ; \

mov $KPSEL,%ax ; \

mov %ax,%fs ; \

; \

FAKE_MCOUNT(13*4(%esp)) ; /* XXX late to avoid double count */ \

pushl $irq_num; /* pass the IRQ */ \

call atpic_handle_intr ; \

addl $4, %esp ; /* discard the parameter */ \

; \

MEXITCOUNT ; \

jmp doreti

IRQ§�ö�ûß9n§�-­�IRQ÷~0ø��-­�Ïeã�s
d��IDT_VEC(vec_name)��ÙÌ�� }ýpatpic_handle_intr()�

�(����l0atpic_handle_intr()ÛL��� �ûß�(�7�Ù

Ì��(�struct intrframeâ/atpic_handle_intr()�Âp�_/-

­ ÔÞö(åb
°:�ÄXh¶��

/* Interrupt stack frame */

struct intrframe {

int if_vec;

int if_fs;

int if_es;

int if_ds;
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int if_edi;

int if_esi;

int if_ebp;

int :32;

int if_ebx;

int if_edx;

int if_ecx;

int if_eax;

int :32; /* for compat with trap frame - trapno */

int :32; /* for compat with trap frame - err */

/* below portion defined in 386 hardware */

int if_eip;

int if_cs;

int if_eflags;

/* below only when crossing rings (e.g. user to kernel) */

int if_esp;

int if_ss;

};

void

atpic_handle_intr(struct intrframe iframe)

{

struct intsrc *isrc;

KASSERT((uint)iframe.if_vec < ICU_LEN,

("unknown int %d\n", iframe.if_vec));

isrc = &atintrs[iframe.if_vec].at_intsrc;

/*

* If we don’t have an ithread, see if this is a spurious

* interrupt.

*/

if (isrc->is_ithread == NULL &&

(iframe.if_vec == 7 || iframe.if_vec == 15)) {

int port, isr;

/*

* Read the ISR register to see if IRQ 7/15 is really

* pending. Reset read register back to IRR when done.

*/

port = ((struct atpic *)isrc->is_pic)->at_ioaddr;
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mtx_lock_spin(&icu_lock);

outb(port, OCW3_SEL | OCW3_RR | OCW3_RIS);

isr = inb(port);

outb(port, OCW3_SEL | OCW3_RR);

mtx_unlock_spin(&icu_lock);

if ((isr & IRQ7) == 0)

return;

}

intr_execute_handlers(isrc, &iframe);

}

ÏÇ�U�	s8259Ay	�Àå�atpic_handle_intr()1l0intr_execute_handlers()

çí���

intr_execute_handlers()/�*Í��ýp��H�0IRQ÷�6�
$­/&/ë�-­� ��/��ô¥(SM¿��
��-ÐL���


/���¦ù��-­¿�eÐL�Ù*��/«critical_enter()/critical_exit()Ý

¤we��åÝÁ
�LW�¦-­¿��

void

intr_execute_handlers(struct intsrc *isrc, struct intrframe *iframe)

{

struct thread *td;

struct ithd *it;

struct intrhand *ih;

int error, vector;

td = curthread;

td->td_intr_nesting_level++;

/*

* We count software interrupts when we process them. The

* code here follows previous practice, but there’s an

* argument for counting hardware interrupts when they’re

* processed too.

*/

atomic_add_long(isrc->is_count, 1);

atomic_add_int(&cnt.v_intr, 1);

it = isrc->is_ithread;

if (it == NULL)

ih = NULL;
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else

ih = TAILQ_FIRST(&it->it_handlers);

/*

* XXX: We assume that IRQ 0 is only used for the ISA timer

* device (clk).

*/

vector = isrc->is_pic->pic_vector(isrc);

if (vector == 0)

clkintr_pending = 1;

critical_enter();

if (ih != NULL && ih->ih_flags & IH_FAST) {

/*

* Execute fast interrupt handlers directly.

* To support clock handlers, if a handler registers

* with a NULL argument, then we pass it a pointer to

* a trapframe as its argument.

*/

TAILQ_FOREACH(ih, &it->it_handlers, ih_next) {

MPASS(ih->ih_flags & IH_FAST);

CTR3(KTR_INTR, "%s: executing handler %p(%p)",

__func__, ih->ih_handler,

ih->ih_argument == NULL ? iframe :

ih->ih_argument);

if (ih->ih_argument == NULL)

ih->ih_handler(iframe);

else

ih->ih_handler(ih->ih_argument);

}

isrc->is_pic->pic_eoi_source(isrc);

error = 0;

á/;/	���fast-­
(-­¿��
��-ÐL��/ô¥(
(7Û��
��-ÐL

} else {

/*

* For stray and threaded interrupts, we mask and EOI the

* source.

*/
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isrc->is_pic->pic_disable_source(isrc);

isrc->is_pic->pic_eoi_source(isrc);

if (ih == NULL)

error = EINVAL;

else

error = ithread_schedule(it, !cold);

}

vÖ�^ë�-­����¦�ÙÌH�T-­§6h�6��¦�

critical_exit();

if (error == EINVAL) {

atomic_add_long(isrc->is_straycount, 1);

if (*isrc->is_straycount < MAX_STRAY_LOG)

log(LOG_ERR, "stray irq%d\n", vector);

else if (*isrc->is_straycount == MAX_STRAY_LOG)

log(LOG_CRIT,

"too many stray irq %d’s: not logging anymore\n",

vector);

}

td->td_intr_nesting_level--;

}

-­¿��¦ýpithread_schedule()��	s-­¿��¦�å

\�

int

ithread_schedule(struct ithd *ithread, int do_switch)

{

struct int_entropy entropy;

struct thread *td;

struct thread *ctd;

struct proc *p;

/*

* If no ithread or no handlers, then we have a stray interrupt.

*/

if ((ithread == NULL) || TAILQ_EMPTY(&ithread->it_handlers))

return (EINVAL);

ctd = curthread;

16



/*

* If any of the handlers for this ithread claim to be good

* sources of entropy, then gather some.

*/

if (harvest.interrupt && ithread->it_flags & IT_ENTROPY) {

entropy.vector = ithread->it_vector;

entropy.proc = ctd->td_proc;

random_harvest(&entropy, sizeof(entropy), 2, 0,

RANDOM_INTERRUPT);

}

��å-­¿�	IT_ENTROPY�×�ô�ïåS\�:p�e��

td = ithread->it_td;

p = td->td_proc;

KASSERT(p != NULL, ("ithread %s has no process", ithread->it_name));

CTR4(KTR_INTR, "%s: pid %d: (%s) need = %d",

__func__, p->p_pid, p->p_comm, ithread->it_need);

/*

* Set it_need to tell the thread to keep running if it is already

* running. Then, grab sched_lock and see if we actually need to

* put this thread on the runqueue. If so and the do_switch flag is

* true and it is safe to switch, then switch to the ithread

* immediately. Otherwise, set the needresched flag to guarantee

* that this ithread will run before any userland processes.

*/

ithread->it_need = 1;

¾nit_need�ïåÝÁ-­¿�
�(Ø	-­�Åµ���Ç-­

�»a �Áithread_loop()�

mtx_lock_spin(&sched_lock);

if (TD_AWAITING_INTR(td)) {

CTR2(KTR_INTR, "%s: setrunqueue %d", __func__, p->p_pid);

TD_CLR_IWAIT(td);

setrunqueue(td);

if (do_switch &&

(ctd->td_critnest == 1) ) {

KASSERT((TD_IS_RUNNING(ctd)),

("ithread_schedule: Bad state for curthread."));
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ctd->td_proc->p_stats->p_ru.ru_nivcsw++;

if (ctd->td_flags & TDF_IDLETD)

ctd->td_state = TDS_CAN_RUN; /* XXXKSE */

mi_switch();

} else {

curthread->td_flags |= TDF_NEEDRESCHED;

}

��-­¿�c(a �_1/ô-­¿�c(I�-­�0e��

��>erunqueue�l
ÐL� ��Âp�:ïå�¦�v�SM¿��
LW�¦ñ¦:1�s,�!Õþ�¦-­¿���ÛL 
���b�&
���
Ës�¦ÐL-­¿����I0c8�¦ö�ÐL�

ÙÌ���ú�/���³�mi_switch()�1�-­¿��H§�

Ø�-­¿���ËsgL� -­��ýp���_¸�Þ0ÙÌ�_ï

ý	Øp�
�l
Þ0ÙÌ(FIXME)�àdMb intr_execute_handlers()-

H�T-­§6h��-­��Å{Z�HZ��

�¦Þe��çíÐL���t*-­����

} else {

CTR4(KTR_INTR, "%s: pid %d: it_need %d, state %d",

__func__, p->p_pid, ithread->it_need, td->td_state);

}

&��1�òÏ¾n�it_need=1�òÏ(ÐL�-­¿���#��
K�

mtx_unlock_spin(&sched_lock);

return (0);

}

�ì�e��-­¿�,«�åýp�:�U�$*LW�ª¯ÝÁ
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/*

* This is the main code for interrupt threads.

*/

static void

ithread_loop(void *arg)

{

struct ithd *ithd; /* our thread context */

struct intrhand *ih; /* and our interrupt handler chain */
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struct thread *td;

struct proc *p;

td = curthread;

p = td->td_proc;

ithd = (struct ithd *)arg; /* point to myself */

KASSERT(ithd->it_td == td && td->td_ithd == ithd,

("%s: ithread and proc linkage out of sync", __func__));

/*

* As long as we have interrupts outstanding, go through the

* list of handlers, giving each one a go at it.

*/

for (;;) {

/*

* If we are an orphaned thread, then just die.

*/

if (ithd->it_flags & IT_DEAD) {

CTR3(KTR_INTR, "%s: pid %d: (%s) exiting", __func__,

p->p_pid, p->p_comm);

td->td_ithd = NULL;

mtx_destroy(&ithd->it_lock);

mtx_lock(&Giant);

free(ithd, M_ITHREAD);

kthread_exit(0);

}

��òÏ dSMIRQ�-­���������ú-­¿��

CTR4(KTR_INTR, "%s: pid %d: (%s) need=%d", __func__,

p->p_pid, p->p_comm, ithd->it_need);

while (ithd->it_need) {

/*

* Service interrupts. If another interrupt

* arrives while we are running, they will set

* it_need to denote that we should make

* another pass.

*/

atomic_store_rel_int(&ithd->it_need, 0);

�dit_need�×�S�d�È	-­Ñ�ö�it_need�Ø�1�Î�
ª¯çí�
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restart:

TAILQ_FOREACH(ih, &ithd->it_handlers, ih_next) {

if (ithd->it_flags & IT_SOFT && !ih->ih_need)

continue;

atomic_store_rel_int(&ih->ih_need, 0);

CTR6(KTR_INTR,

"%s: pid %d ih=%p: %p(%p) flg=%x", __func__,

p->p_pid, (void *)ih,

(void *)ih->ih_handler, ih->ih_argument,

ih->ih_flags);

if ((ih->ih_flags & IH_DEAD) != 0) {

mtx_lock(&ithd->it_lock);

TAILQ_REMOVE(&ithd->it_handlers, ih,

ih_next);

wakeup(ih);

mtx_unlock(&ithd->it_lock);

goto restart;

}

if ((ih->ih_flags & IH_MPSAFE) == 0)

mtx_lock(&Giant);

ih->ih_handler(ih->ih_argument);

�(¾�q¨�-­
¡ýp�@	è�0åIRQ�ýpý�«�(�
�*¾��ýp�Àå êñ¾��¶�ån�/&/êñ�¾�§��-

­�

if ((ih->ih_flags & IH_MPSAFE) == 0)

mtx_unlock(&Giant);

}

}

/*

* Processed all our interrupts. Now get the sched

* lock. This may take a while and it_need may get

* set again, so we have to check it again.

*/

WITNESS_WARN(WARN_PANIC, NULL, "suspending ithread");

mtx_assert(&Giant, MA_NOTOWNED);

mtx_lock_spin(&sched_lock);

if (!ithd->it_need) {
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/*

* Should we call this earlier in the loop above?

*/

if (ithd->it_enable != NULL)

ithd->it_enable(ithd->it_vector);

TD_SET_IWAIT(td); /* we’re idle */

p->p_stats->p_ru.ru_nvcsw++;

CTR2(KTR_INTR, "%s: pid %d: done", __func__, p->p_pid);

mi_switch();

CTR2(KTR_INTR, "%s: pid %d: resumed", __func__, p->p_pid);

}

��döit_need==1��ô�°e�-­�çíforª¯:å-­

¡� &��w�¦�

mtx_unlock_spin(&sched_lock);

}

}

4 oooööö---­­­swi

�ì�>�ô�oö-­swi�

4.1 {{{°°°

ûß/¨ö��(start_softintr(){°$*Í��oö-­� oö�

-­�VMo-­� SÅµ��ö��8��(swi_sched()e�¦oö

-­�ÐL�

/*

* Start standard software interrupt threads

*/

static void

start_softintr(void *dummy)

{

struct proc *p;

if (swi_add(&clk_ithd, "clock", softclock, NULL, SWI_CLOCK,

INTR_MPSAFE, &softclock_ih) ||

swi_add(NULL, "vm", swi_vm, NULL, SWI_VM, INTR_MPSAFE, &vm_ih))

panic("died while creating standard software ithreads");
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p = clk_ithd->it_td->td_proc;

PROC_LOCK(p);

p->p_flag |= P_NOLOAD;

PROC_UNLOCK(p);

}

int

swi_add(struct ithd **ithdp, const char *name, driver_intr_t handler,

void *arg, int pri, enum intr_type flags, void **cookiep)

{

struct ithd *ithd;

int error;

if (flags & (INTR_FAST | INTR_ENTROPY))

return (EINVAL);

ithd = (ithdp != NULL) ? *ithdp : NULL;

if (ithd != NULL) {

if ((ithd->it_flags & IT_SOFT) == 0)

return(EINVAL);

} else {

error = ithread_create(&ithd, pri, IT_SOFT, NULL, NULL,

"swi%d:", pri);

if (error)

return (error);

if (ithdp != NULL)

*ithdp = ithd;

}

return (ithread_add_handler(ithd, name, handler, arg,

(pri * RQ_PPQ) + PI_SOFT, flags, cookiep));

}

4.2 ���¦¦¦

löö�-­�����^'%ö��¡ö��¦softclock�å¿(Í�
�löö�-­� ÐLsoftclock�

/*
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* The real-time timer, interrupting hz times per second.

*/

void

hardclock(frame)

register struct clockframe *frame;

{

......

if (need_softclock)

swi_sched(softclock_ih, 0);

......

}

/*

* Schedule a heavyweight software interrupt process.

*/

void

swi_sched(void *cookie, int flags)

{

struct intrhand *ih = (struct intrhand *)cookie;

struct ithd *it = ih->ih_ithread;

int error;

atomic_add_int(&cnt.v_intr, 1); /* one more global interrupt */

CTR3(KTR_INTR, "swi_sched pid %d(%s) need=%d",

it->it_td->td_proc->p_pid, it->it_td->td_proc->p_comm, it->it_need);

/*

* Set ih_need for this handler so that if the ithread is already

* running it will execute this handler on the next pass. Otherwise,

* it will execute it the next time it runs.

*/

atomic_store_rel_int(&ih->ih_need, 1);

if (!(flags & SWI_DELAY)) {

error = ithread_schedule(it, !cold && !dumping);

KASSERT(error == 0, ("stray software interrupt"));

}

}
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