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ABSTRACT

Real-time operating systems have been used in various computing environments, where a job must be completed in its deadline, with
various conditions, such as effective scheduling policies, the minimum of an interrupt delay, and the solutions of priority inversion
problems, that should be perfectly satisfied to design and develop optimal real-time operating systems. Up to now, in order to solve
priority inversion problems among several those conditions. There have been two representative protocols: basic priority inheritance
protocol and priority ceiling émulation protocol. However, these protocols cannot solve complicated priority inversion problems. In this
paper, we design a protocoi, called recursive priority inheritance (RPI), protocol that effectively solves the complicated priority inversion
problems. Our proposed protocol is also implemented in the Linux kernel and is compared with other existing protocols in the aspect of
qualitative analysis.

Key Words : Real-time Operating Systems, Priority Inversion Problem
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struct task_struct {
semaphore_t *resources;

int restore_prio;
int blocked_semid;

J=

(3= 6) task _struct T=Aoll F71= ¥ (include/linux/sched.h)

struct owned_sem_list {
pid_t pid;
int semid;
struct owned_sem_list *prev, *next;

struct process_list {
struct process_list *prev, *next:
pid_t pid:

h

struct semaphore_list {
struct samaphore_list *prev, *next;
struct process_list *processes:
int semid;

typedef struct process_list process_t;
typedef struct semaphore_list semaphore_t:
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(include/linux/sem.h)
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asmlinkage fong sys_semtimedop(int semid, struct sembuf __user *tsops,
unsigned nsops, const struct timespec __user *timeout)

{

error = try_atomic_semop (sma, sops, Nsops, un, current->tgid);
if {error <= 0) {
if (alter && error == 0) {
[+ EIE DE: NRC ST Lt +f
if (p==1){/P) IR &S +/
get_semaphore(current->tgid, semid);
insert_semaphore(semid);

}

if (v==1){ /« V), R LIt »/
release_semaphore(semid);

}

' update_gueue (sma);

}

goto out_unlock_free:
}
[+ It BE: U] LS At LISk B4 +/
insert_process(semid);
current—>blocked_semid = semid;
queue.sma = sma;
queue.sops = sops;
quele.nsops = NSops;
queue.undo = un;
queue.pid = current—>tgid;
queue.id = semid;
queue.alter = alter;
[+ &HE JIE RS
if (alter)

append_to_queue(sma ,&queue);
else

prepend_to_queue(sma ,&queue);
*
/
queue.status = —EINTR;
queue.sleeper = current;
/x ZI18 TE: append_toqueue()B HHISHS &4 +/
insert_to_queue(sma, &queue);
current->state = TASK_INTERRUPTIBLE;

(12l 8) £&=l sys_ semtimedop() &2 (ipc/sem.c)
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