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We are working on the issues of implementing and evaluating EDF scheduler over TimeSys RI. Among the implementation issues, one of the most challenging issues is to install a dynamic-priority scheduling scheme for Java threads over a fixed-priority scheduling scheme for OS threads.  In other words, when each Java thread is mapped to its own corresponding OS pthread, the issue is how we can assign a dynamic priority to Java threads while OS pthreads are working under a fixed-priority scheme. We address this issue by assigning a new priority to a Java thread, consequently to its corresponding OS pthread, whenever we think is appropriate. Currently, we update the priority of Java thread (OS pthread) so that the priorities of the threads reflect the EDF scheduling policy.
This document shows the crucial parts of modifications we made to the existing TimeSys R.I. codes. These crucial modifications have been made to ‘RealtimeThread.java’ and ‘RealtimeThread.c’. In ‘RealtimeThread.c’, we added routines that can dynamically change the priority of realtime threads. We also added a bridge between ‘RealtimeThread.java’ and ‘RealtimeThread.c’ such that the real-time information of realtime threads can be passed between ‘RealtimeThread.java’ and ‘RealtimeThread.c’. 
· Modification to RealtimeThread.java

Package

package javax.realtime;
Class Type

public class RealtimeThread extends Thread implements Schedulable

Class Fields of Interest
    int RTPriority = 0;

    SchedulingParameters scheduling = null;

    ReleaseParameters releaseParameters = null;

Class Methods that We Added

    /*   Return the deadline in milli seconds. */

    private long getDeadlineMillis()

    {


try  {


  return releaseParameters.deadline.getMilliseconds();


} catch (Exception e) {}


return 0;

    }

    /*   Return thread's deadline in nano seconds.  */

    private long getDeadlineNanos()

    {


try  {


  return releaseParameters.deadline.getNanoseconds();


} catch (Exception e) {}


return 0;

    }

    private static int getIntScheduler()

    {


return Scheduler.getScheduler();

    }

Class Methods of Interest
private native void sleepMicrosUntil0(long time, int num);
public boolean waitForNextPeriod() throws IllegalThreadStateException {

………….

sleepMicrosUntil0(startOfPeriodMicros, tnum); //nextPeriodMicros, tnum);


…………..

}

· Modifications to RealtimeThread.c

It is the implementation of native methods of the RealtimeThread.class. 
The following is the original version of sleepMicrosUntil0 of TimeSys R.I.

JNIEXPORT void JNICALL Java_javax_realtime_RealtimeThread_sleepMicrosUntil0

  (JNIEnv *env, jobject this, jlong time, jint num)

{

  
CVMExecEnv *ee = CVMjniEnv2ExecEnv(env);

  
Javax_realtime_realtimethread_sleepUntil(&ee->threadInfo, time, num);

}

We added the following routines between the first line and the second line of the above function body.
  #define PRIORITY 1

  #define EDF           2

  #define EDF_MIN 40

  #define EDF_MAX 100
  {

    CVMExecEnv **firstPtr = &CVMglobals.threadList;

    CVMExecEnv *ptr;

    struct sched_param p;

    CVMInt32 pri;

    jlong deadline, td;

    int min=EDF_MIN, max=EDF_MAX, edf_min = EDF_MAX + 1;

    /* 

     *    get the current scheduler

     */

    jclass clazz = CVMcbJavaInstance  

                                   (CVMsystemClass(javax_realtime_RealtimeThread));

    jmethodID methodID = (*env)->GetStaticMethodID (env, clazz, 
                                                                                      "getIntScheduler", "()I");

    int scheduler = (*env)->CallStaticIntMethod (env, clazz, methodID);

    printf ("     ------------ Current Scheduler : ");

    switch (scheduler) {


   case PRIORITY: printf (" Priority Scheduler ------------\n"); break;


   case EDF: printf (" EDF Scheduler ------------\n"); break;

    }

    /* update the time to wake up */
    ee->startNextPeriodMicros = time;

    /*

     *   under EDF scheduling, assign the priority of this RealtimeThread if its 

     *    deadline is greater than 0

     */
    if (scheduler == EDF && ee->deadline > 0) { 
      CVMthreadGetPriority(&(ee->threadInfo), &pri);

      deadline = ee->startNextPeriodMicros + ee->deadline;

     /* traverse the thread list to find the eligible priority range for this thread */
      ptr = *firstPtr;

      while (ptr != 0) {

/* per thread in the thread list, get its priority and deadline */

CVMthreadGetPriority(&(ptr->threadInfo), &pri);


if (ptr->deadline > 0 && ee->threadID != ptr->threadID ) {


  
td = ptr->startNextPeriodMicros + ptr->deadline;


  
if (td < deadline && pri > min) min = pri;


  
if (td >= deadline && pri < max) max = pri;


  
if (pri < edf_min) edf_min = pri;


}


ptr = ptr->nextEE;

      }

      /* 

       *    Priority Assignment Method for this thread (a new method can be used)

       */

      /* if there are enough (more than one) slots */

      if (max > min+2) pri = min + 2;
      /* if there is only one available slot */
      else if (max == min + 2) pri = min + 1;
      /* if there is no available slot */

      else {

            int gap;
 
 if (min > EDF_MIN)  {

gap = min – EDF_MIN – 1;

 
pri = min;


 /* decreases the priorities smaller than ‘max to make enough room 

               
    for this thread */

 
ptr = *firstPtr;

 
while (ptr != 0) {

     
     if (ptr->deadline > 0 && ee->threadID != ptr->threadID) {



 
CVMthreadGetPriority(&(ptr->threadInfo), &pri);

            
if (pri <= max+2) {



 
if (pri > edf_pri) p.sched_priority = pri - gap + 4;




 
else p.sched_priority = pri - gap;




 
pthread_setschedparam ( 

                                               ptr->threadInfo.pthreadCookie,  SCHED_FIFO, &p);
}
                
     }

 
     
     ptr = ptr->nextEE;


 
}


}
           else {


           /* need to come up with an efficient way to deal with this situation */

           }
      }

      /* Assign a new priority for this thread */
      p.sched_priority = pri;

      pthread_setschedparam(ee->threadInfo.pthreadCookie, SCHED_FIFO, &p);
    }

  }

