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struct pi_mutex

{

raw_spinlock_t wait_lock;

struct rb_root_cached waiters;

struct task_struct *owner;



%

pi_mutex FI 451k B 2L :
B —A> pi_mutex lock #H AR B 2R
void __pi_mutex_init(struct pi_mutex *lock, const char *name,
struct lock_class_key *key)

{
lock->owner = NULL;
raw_spin_lock_init(&lock->wait_lock);
lock->waiters = RB_ROOT_CACHED;
}

FRHX pi_mutex lock Bf%4:

B R BTSN AZBER, AR PUE SR pi_mutex, 41 Gk
SREUE, TPATIEIREL, S0 Pl chain & £5 2 BiAE BB FREAT 1 58
P ARERAE

11 3REX pi_mutex
void __sched pi_mutex_lock(struct pi_mutex *lock)
{
__pi_mutex_lock(lock, 0);
}
EXPORT_SYMBOL_GPL (pi_mutex_lock);
static inline void ___pi_mutex_lock(struct pi_mutex *lock, unsigned int subclass)

{
might_sleep();

mutex_acquire(&lock->dep_map, subclass, 0, RET _IP_);
pi_mutex_fastlock(lock, TASK_UNINTERRUPTIBLE, pi_mutex_slowlock);

B pi_mutex lock B %L
B e A RER I pi_mutex, WUERTCIERESEL, AT BRI,
BEAT L e o A B S R A
11 #E¢ pi_mutex
void __sched pi_mutex_unlock(struct pi_mutex *lock)
{
mutex_release(&lock->dep_map, 1, RET_IP_);
pi_mutex_fastunlock(lock, pi_mutex_slowunlock);
}
EXPORT_SYMBOL_GPL(pi_mutex_unlock);
static inline void
pi_mutex_fastunlock(struct pi_mutex *lock,
bool (*slowfn)(struct pi_mutex *lock,
struct wake_q_head *wqgh))



DEFINE_WAKE_Q(wake_q);

if (likely(pi_mutex_cmpxchg_release(lock, current, NULL)))
return;

if (slowfn(lock, &wake_q))
pi_mutex_postunlock(&wake_Qq);

}

TREAT SR e ek 4
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static void pi_mutex_adjust_prio(struct task_struct *p)

‘ struct task_struct *pi_task = NULL;
lockdep_assert_held(&p->pi_lock);
if (task_has_pi_waiters(p))
pi_task = task_top_pi_waiter(p)->task;
pi_mutex_setprio(p, pi_task);
}

% Pl chain &3
S 4k AR D REid It 447 — 4% PI chain SE3, 4 BRI B80S H
HTAT 5517 SRR IS i #4075 20 FL kAT I
Il B TR
static int pi_mutex_adjust_prio_chain(struct task_struct *task,
enum rtmutex_chainwalk chwalk,
struct pi_mutex *orig_lock,
struct pi_mutex *next_lock,
struct pi_mutex_waiter *orig_waiter,
struct task_struct *top_task)

struct pi_mutex_waiter *waiter, *top_waiter = orig_waiter;
struct pi_mutex_waiter *prerequeue_top_waiter;

intret = 0, depth = 0;

struct pi_mutex *lock;



bool detect_deadlock;
bool requeue = true;
Il #2026 6
detect_deadlock = pi_mutex_cond_detect_deadlock(orig_waiter, chwalk);

again:
if (++depth > max_lock_depth) {
static int prev_max;

if (prev_max = max_lock_depth) {
prev_max = max_lock_depth;
printk(KERN_WARNING "Maximum lock depth %d reached "
"task: %s (%d)\n", max_lock_depth,
top_task->comm, task_pid_nr(top_task));

}
put_task_struct(task);

return -EDEADLK;

retry:
raw_spin_lock_irq(&task->pi_lock);
waiter = task->pi_blocked_on;

Il #7258 7 2R HESE B FEHT RS AR Ja R A T2
if (lwaiter)
goto out_unlock_pi;

Il £ 25 orig_waiter 7425
if (orig_waiter && !pi_mutex_owner(orig_lock))
goto out_unlock_pi;

Il #7700 mutex BE42 74 K421
if (next_lock != waiter->lock)
goto out_unlock_pi;

Il WIERAEF KB TB HY
if (top_waiter) {
if (task_has_pi_waiters(task))
goto out_unlock_pi;

if (top_waiter = task_top_pi_waiter(task)) {
if (detect_deadlock)
goto out_unlock_pi;



else
requeue = false;

Il ATRSF 152 HITLTER T IEFS HIL G, T 7t — 2 I B TR
if (pi_mutex_waiter_equal(waiter, task_to_waiter(task))) {
if (detect_deadlock)
goto out_unlock_pi;
else
requeue = false;

I 1

lock = waiter->lock;

Il FEIL AT 54 pi_lock #E A1 144

if (fraw_spin_trylock(&lock->wait_lock)) {
raw_spin_unlock_irg(&task->pi_lock);
cpu_relax();
goto retry;

if (lock == orig_lock || pi_mutex_owner(lock) == top_task) {
raw_spin_unlock(&lock->wait_lock);
ret = -EDEADLK;
goto out_unlock_pi;

if (Irequeue) {
raw_spin_unlock(&task->pi_lock);
put_task_struct(task);

if (!pi_mutex_owner(lock)) {
raw_spin_unlock_irq(&Ilock->wait_lock);
return O;

task = pi_mutex_owner(lock);
get_task_struct(task);
raw_spin_lock(&task->pi_lock);

next_lock = task_blocked _on_lock(task);
top_waiter = pi_mutex_top_waiter(lock);



raw_spin_unlock(&task->pi_lock);
raw_spin_unlock_irg(&lock->wait_lock);

if (Inext_lock)
goto out_put_task;
goto again;

prerequeue_top_waiter = pi_mutex_top_waiter(lock);
pi_mutex_dequeue(lock, waiter);

waiter->prio = task->prio;
waiter->deadline = task->dl.deadline;

pi_mutex_enqueue(lock, waiter);

raw_spin_unlock(&task->pi_lock);
put_task_struct(task);

if (!pi_mutex_owner(lock)) {
if (prerequeue_top_waiter != pi_mutex_top_waiter(lock))
wake_up_process(pi_mutex_top_waiter(lock)->task);
raw_spin_unlock_irg(&lock->wait_lock);
return O;

task = pi_mutex_owner(lock);
get_task_struct(task);
raw_spin_lock(&task->pi_lock);

if (waiter == pi_mutex_top_waiter(lock)) {
pi_mutex_dequeue_pi(task, prerequeue_top_waiter);
pi_mutex_enqueue_pi(task, waiter);
pi_mutex_adjust_prio(task);

} else if (prerequeue_top_waiter == waiter) {
pi_mutex_dequeue_pi(task, waiter);
waiter = pi_mutex_top_waiter(lock);
pi_mutex_enqueue_pi(task, waiter);
pi_mutex_adjust_prio(task);

}else {



next_lock = task_blocked_on_lock(task);
top_waiter = pi_mutex_top_waiter(lock);

raw_spin_unlock(&task->pi_lock);
raw_spin_unlock_irg(&lock->wait_lock);

if (Inext_lock)
goto out_put_task;

if (1detect_deadlock && waiter !=top_waiter)
goto out_put_task;

goto again;

out_unlock_pi:
raw_spin_unlock_irq(&task->pi_lock);
out_put_task:
put_task_struct(task);

return ret;

}

BITHERER
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.config - Linux/x86 4.19.311 Kernel Configuration
> Device Drivers > PI Lock

PI_Lock
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y>
includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]

<> PI_rwlock
<*> PI_rwsem
<*> PI_mutex

< Exit > < Help = < Save > < Load >
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#include <linux/kernel.h>
#include <linux/init.h>
#include <linux/module.h>
#include <linux/kdev_t.h>
#include <linux/fs.h>
#include <linux/cdev.h>
#include <linux/device.h>

#include<linux/slab.h> /lkmalloc()
#include<linux/uaccess.h> [lcopy_to/from_user()
#include <linux/kthread.h> /Ikernel threads
#include <linux/sched.h> /ltask_struct

#include <linux/delay.h>

/I #include <linux/mutex.h>
#include <linux/pimutex.h>
#include <linux/err.h>

struct pi_mutex etx_pimutex;

unsigned long etx_global_variable = 0;

dev_t dev=0;
static struct class *dev_class;
static struct cdev etx_cdev;

static int __init etx_driver_init(void);
static void __exit etx_driver_exit(void);

static struct task_struct *etx_thread_low;
static struct task_struct *etx_thread_high;
static struct task_struct *etx_thread_mid,;

/*************** D I’IVE r fu nCtI ons **********************/

static int etx_open(struct inode *inode, struct file *file);
static int etx_release(struct inode *inode, struct file *file);
static ssize_t etx_read(struct file *filp,

char __user *buf, size_t len,loff_t * off);
static ssize_t etx_write(struct file *filp,

const char *buf, size_t len, loff t * off);

/******************************************************/

int thread _function_low(void *pv);
int thread _function_high(void *pv);
int thread _function_mid(void *pv);



/*

** Thread function 1

*/

int thread_function_low(void *pv)

{

while('kthread_should_stop()) {
pi_mutex_lock(&etx_pimutex);
pr_info("thread_low start running, get mutex\n™);
mdelay(10000);
etx_global_variable++;
pr_info("In EmbeTronicX Thread Functionl %lu\n”, etx_global_variable);
pi_mutex_unlock(&etx_pimutex);
pr_info("thread_low stop running, free mutex!\n™);

}

return O;

/-k
** Thread function 2
*/
int thread_function_high(void *pv)
{
while('kthread_should_stop()) {
pr_info("thread_high waiting mutex...\n");
pi_mutex_lock(&etx_pimutex);
pr_info("thread_high start running, get mutex\n*);
etx_global_variable++;
pr_info("In EmbeTronicX Thread Function_high %Iu\n”,
etx_global_variable);
pi_mutex_unlock(&etx_pimutex);
pr_info("thread_high stop running, free mutex\n');
kthread_stop(etx_thread_high);
}

return O;

int thread function_mid(void *pv)

{

while('kthread_should_stop()) {
pr_info("Thread_mid is running"\n™);
mdelay(5000);



pr_info("Thread_mid running over'\n™);
kthread_stop(etx_thread_mid);
}

return O;

/[File operation structure
static struct file_operations fops =

{
.owner =THIS_MODULE,
.read = etx_read,
write = etx_write,
.open = etx_open,
release = etx_release,
¥
/-k

** This function will be called when we open the Device file
*/
static int etx_open(struct inode *inode, struct file *file)
{
pr_info("Device File Opened...!I"\n");
return O;

/~k

** This function will be called when we close the Device file
*/

static int etx_release(struct inode *inode, struct file *file)

{

pr_info("Device File Closed...!""\n");
return O;

/~k
** This function will be called when we read the Device file
*/
static ssize_t etx_read(struct file *filp,
char __user *buf, size_t len, loff_t *off)

pr_info("Read function\n");

return O;



/*
** This function will be called when we write the Device file
*/
static ssize_t etx_write(struct file *filp,
const char __user *buf, size_t len, loff_t *off)

{
pr_info("Write Function\n™);
return len;

}

/*

** Module Init function

*/

static int __init etx_driver_init(void)

{

/*Allocating Major number*/
if((alloc_chrdev_region(&deyv, 0, 1, "etx_Dev")) <0){
pr_info(""Cannot allocate major number\n™);

return -1;

}
pr_info("Major = %d Minor = %d \n",MAJOR(dev), MINOR(dev));

[*Creating cdev structure*/
cdev_init(&etx_cdev,&fops);

/*Adding character device to the system*/

if((cdev_add(&etx_cdev,dev,1)) < 0){
pr_info("Cannot add the device to the system\n*);
goto r_class;

}

[*Creating struct class*/

if(IS_ERR(dev_class = class_create(THIS_MODULE,"etx_class™))){
pr_info("Cannot create the struct class\n™);
goto r_class;

}

[*Creating device*/
if(IS_ERR(device_create(dev_class,NULL,dev,NULL,"etx_device™))){
pr_info(""Cannot create the Device \n");
goto r_device;

}



pi_mutex_init(&etx_pimutex);

/* Creating Thread 1 */
/l etx_thread_low = kthread_run(thread_function_low,NULL,"eTx Threadl");
etx_thread_low = kthread_create(thread_function_low, NULL, "eTx
Threadl™);
if(etx_thread_low) {
kthread_bind(etx_thread_low, 0);
set_user_nice(etx_thread_low, 15);
mdelay(2000);
pr_err("Kthread_low Created Successfully..\n");
wake_up_process(etx_thread_low);
}else {
pr_err("Cannot create kthread_low\n");
goto r_device;

/* Creating Thread 2 */
/I etx_thread_high = kthread_run(thread_function_high,NULL,"eTx
Thread2");
etx_thread_high = kthread_create(thread_function_high, NULL, "eTx
Thread2");
if(etx_thread_high) {
kthread_bind(etx_thread_high, 1);
set_user_nice(etx_thread_high, 5);
mdelay(2000);
pr_err("Kthread_high Created Successfully..\n");
wake_up_process(etx_thread_high);
}else {
pr_err("Cannot create kthread_high\n");
goto r_device;

etx_thread_mid = kthread_create(thread function_mid, NULL, "eTx
Thread3");

if(etx_thread_mid) {
kthread_bind(etx_thread_mid, 0);
set_user_nice(etx_thread_mid, 10);
mdelay(2000);
pr_err("Kthread_mid Created Successfully...\n");
wake_up_process(etx_thread_mid);

}else {
pr_err("Cannot create kthread_mid\n");
goto r_device;



pr_info("Device Driver Insert...Done!!"\n");
return O;

r_device:
class_destroy(dev_class);
r_class:
unregister_chrdev_region(dev,1);
cdev_del(&etx_cdev);

return -1,

}

/-k

** Module exit function

*/

static void __exit etx_driver_exit(void)

{
kthread_stop(etx_thread_low);
kthread_stop(etx_thread_high);
kthread_stop(etx_thread_mid);
device_destroy(dev_class,dev);
class_destroy(dev_class);
cdev_del(&etx_cdev);
unregister_chrdev_region(dev, 1);
pr_info("Device Driver Remove...Done!"\n");

}

module_init(etx_driver_init);
module_exit(etx_driver_exit);

MODULE_LICENSE("GPL");
MODULE_VERSION("1.17");
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Major = 248 Minor = 0

Kthread low Created Successfully...
thread_low start running, get mutex!
Kthread_high Created Successfully...
thread_high waiting mutex...
Kthread_mid Created Successfully...
Device Driver Insert...Donel!!!

In EmbeTronicX Thread Functionl 1
thread low stop running, free mutex!
thread_high start running, get mutex!
In EmbeTronicX Thread Function_high 2
thread _high stop running, free mutex!
Thread_mid is running!

Thread_mid running over!
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767.872613]
767.872793]
767.872815]
769.880637]
769.880697 ]
769.880700 ]
772.890959]

772.890961]
787.948038]
787.948077]
792.966219]
792.966391]
792.966393]
792.966394]

Major = 248 Minor = @

Kthread_low Created Successfully...
thread low start running, get mutex!
Kthread high Created Successfully...
Kthread mid Created Successfully...
Device Driver Insert...Done!!!

In EmbeTronicX Thread Functionl 1
thread_low stop running, free mutex!
thread_high waiting mutex...
Thread_mid is running!

Thread_mid running over!

thread_high start running, get mutex!
In EmbeTronicX Thread Function_high 2
thread _high stop running, free mutex!



