


PC

WindRiver VxWorks 

VxWorks 

IO

2010 10



1 .............................................................................................................................................................. 3

...................................................................................................................................................... 3
.......................................................................................................................................... 4

.............................................................................................................................................. 4

2  VXWORKS ........................................................................................................................................................... 7

2  VXWORKS ........................................................................................................................................................... 7

2.1 VXWORKS ................................................................................................................................................... 7
2.2  VXWORKS ..................................................................................................................................................... 7
2.3 VXWORKS ........................................................................................................................................ 10

3 TORNADO ............................................................................................................................................................ 12

3.1 TORNADO ................................................................................................................................ 12
3.2 TORNADO ................................................................................................................................................ 13
3.3 TORNADO ................................................................................................................. 14

4 ........................................................................................................................................................................ 33

4.1 .......................................................................................................................................................... 33
4.2 ................................................................................................................................................. 34
4.3 ................................................................................................................................................. 34

........................................................................................................................................................................ 36

5.1 ............................................................................................................................................. 36
5.2 ................................................................................................................................................................. 37
5.3 ................................................................................................................................................. 37
5.4 ......................................................................................................................................................................... 40
5.5 ......................................................................................................................................................... 41

........................................................................................................................................................................ 44

6.1 ..................................................................................................................................................... 44
6.2 ......................................................................................................................................................... 44
6.3 ................................................................................................................................. 46

........................................................................................................................................................................ 50

7.1 ................................................................................................................................................................. 50
7.2 ............................................................................................................................................................. 50
7.3 ......................................................................................................... 52
7.4 ............................................................................................................................. 56
7.5 ............................................................................................................................. 58

8 ........................................................................................................................................................................ 62

8.1 .................................................................................................................................................................. 62



 2

8.2 MPC860 ...................................................................................................................................... 62
8.3 VXWORKS ................................................................................................................................. 63
8.4 ................................................................................................................................. 63
8.5 ISR ............................................................................................................................................................ 64

.................................................................................................................................................................... 66

9.1 ............................................................................................................................................................. 66
9.2 ......................................................................................................................................................... 66
9.3 ......................................................................................................... 66
9.4 ................................................................................................................................................................. 71
9.5 .................................................................................................................................................................. 73

10  I/O .............................................................................................................................................................. 75

10.1 IO .................................................................................................................................................... 75
10.2 IO ....................................................................................................................................... 76
10.3 IO ................................................................................................................... 77
10.4 IO ............................................................................................................................... 78

.......................................................................................................................................................... 84

11.1 BOOTROM ........................................................................................................................................................ 84
11.2 BOOTROM ............................................................................................................................................ 84
11.3 ........................................................................................................................................... 84
11.4 BOOTROM .................................................................................................................................................... 85
11.5 VXWORKS IMAGE ............................................................................................................................... 86

12 ...................................................................................................................................................................... 91

12.1 ............................................................................................................................................................... 91
12.2 ............................................................................................................................................................... 91
12.3 ................................................................................................................................................................ 92
12.4 ................................................................................................................................................................ 93
12.5 ................................................................................................................................................................ 93
12.6 ........................................................................................................................................................ 93

A ................................................................................................................................................................. 94

A.1 ........................................................................................................................................................................ 94
A.2 ................................................................................................................................................................. 94
A.3 ................................................................................................................................................................ 94



 3

1



 4



 5



 6



 7

2  vxWorks

2.1 vxWorks

32

VxWorks WINDRIVER 1983
RTOS TornadoII

1800
API

32 CPU vxWorks
vxWorks

2.2  vxWorks
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2.3  VxWorks 
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3 Tornado

3.1 Tornado 
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3.2 Tornado 
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3.3 Tornado
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Target Serve
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tDemoStart
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4.1
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4.2

VX_FP_TASK (0x0008) VX_PRIVATE_ENV (0x0080)
VX_UNBREAKABLE (0x0002) VX_NO_STACK_FILL (0x0100) f

4.3
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5.1
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5.2

MSG_PRI_URGENT (0x01)
NO_WAIT (0x00) WAIT_FOREVER (-1)

5.3

#define  CONSUMER_TASK_PRI          99   /* Priority of the consumer task */ 
#define  PRODUCER_TASK_PRI          98   /* Priority of the producer task */ 
#define  TASK_STACK_SIZE 5000   /* stack size for spawned tasks */ 
struct msg {                             /* data structure for msg passing */ 
        int tid;                         /* task id */          
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        int value;                       /* msg value */ 
        }; 
LOCAL MSG_Q_ID msgQId;                   /* message queue id */ 
LOCAL int numMsg = 8;                    /* number of messages */ 
LOCAL BOOL notDone;                      /* Flag to indicate the completion  of this 

demo */ 
LOCAL STATUS producerTask (); /* producer task */ 
LOCAL STATUS consumerTask (); /* consumer task */

STATUS msgQDemo() 
{
notDone = TRUE; /* initialize the global flag */ 
/* Create the message queue*/ 
if ((msgQId = msgQCreate (numMsg, sizeof (struct msg), MSG_Q_FIFO)) 
== NULL) 
{
perror ("Error in creating msgQ"); 
return (ERROR); 
}
/* Spwan the producerTask task */ 
if (taskSpawn ("tProducerTask", PRODUCER_TASK_PRI, 0, 
TASK_STACK_SIZE, (FUNCPTR) producerTask, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
== ERROR)
{
perror ("producerTask: Error in spawning demoTask"); 
return (ERROR); 
}
/* Spwan the consumerTask task */ 
if (taskSpawn ("tConsumerTask", CONSUMER_TASK_PRI, 0, 
TASK_STACK_SIZE, (FUNCPTR) consumerTask, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 
== ERROR) 
{
perror ("consumerTask: Error in spawning demoTask"); 
return (ERROR); 
/* polling is not recommended. But used to make this demonstration 
simple*/ 
while (notDone) 
taskDelay (sysClkRateGet ()); 
if (msgQDelete (msgQId) == ERROR) 
{
perror ("Error in deleting msgQ"); 
return (ERROR); 
}
return (OK); 
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}
 }

/***** producerTask - produces messages, and sends messages to the 
consumerTask using the message queue. */ 
STATUS producerTask (void) 
{
int count; 
int value; 
struct msg producedItem; /* producer item - produced data */ 
printf ("producerTask started: task id = %#x \n", taskIdSelf ()); 
/* Produce numMsg number of messages and send these messages */ 
for (count = 1; count <= numMsg; count++) 
{
value = count * 10; /* produce a value */
/* Fill in the data structure for message passing */ 
producedItem.tid = taskIdSelf ();
producedItem.value = value; 
/* Send Messages */ 
if ((msgQSend (msgQId, (char *) &producedItem, sizeof 
(producedItem), WAIT_FOREVER, MSG_PRI_NORMAL)) == ERROR) 
{
perror ("Error in sending the message"); 
return (ERROR); 
}
else
printf ("ProducerTask: tid = %#x, produced value = %d \n", 
taskIdSelf (),value); 
}
return (OK); 
}
/******consumerTask - consumes all the messages from the message 
queue. */ 
STATUS consumerTask (void) 
{
int count; 
struct msg consumedItem; /* consumer item - consumed data */ 
printf ("\n\nConsumerTask: Started - task id = %#x\n", taskIdSelf()); 
/* consume numMsg number of messages */ 
for (count = 1; count <= numMsg; count++) 
{
/* Receive messages */ 
if ((msgQReceive (msgQId, (char *) &consumedItem, 
sizeof (consumedItem), WAIT_FOREVER)) == ERROR)
{
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perror ("Error in receiving the message"); 
return (ERROR); 
}
else
printf ("ConsumerTask: Consuming msg of value %d from tid = 
%#x\n", consumedItem.value, consumedItem.tid); 
}
notDone = FALSE; /* set the global flag to FALSE to indicate 
completion*/ 
return (OK); 
}

5.4
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5.5

/
 typedef struct 
 { 
 VOIDFUNCPTR routine; 
 int arg; 
 } MSG_REQUEST; 

#define TASK_PRI      254   /* server priority */ 
#define TASK_STACK 20000  /* server stack space */ 
#define PIPE_NAME      "/pipe/server" 
#define NUM_MSGS      10 

int pipeFd; 

LOCAL void pipeServer (); 

/************************************************** 
* serverStart -- Initializes a server task to* execute functons at a low priority. Uses pipes as  the communication 
mechanism. * 
* RETURNS: OK or ERROR on failure. 
*/

STATUS serverStart (void) 
 { 
 /* Create the pipe device */ 

 if (pipeDevCreate (PIPE_NAME, NUM_MSGS,  
   sizeof (MSG_REQUEST)) == ERROR) 
  return (ERROR); 

 /* Open the pipe */ 

 if ((pipeFd = open (PIPE_NAME, UPDATE, 0)) 
   == ERROR) 
  return (ERROR); 

 /* Spawn the server task */ 

 if (taskSpawn ("tServer", TASK_PRI, 0, 
      TASK_STACK, (FUNCPTR)pipeServer, 
      0,0,0,0,0,0,0,0,0,0) == ERROR) 
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  { 
  close (pipeFd); 
  return (ERROR); 
  } 

 return (OK); 
 } 

/************************************************** 
* serverSend -- Sends a request to the server to  execute a function at the server's priority 
* RETURNS: OK or ERROR on failure. 
*/

STATUS serverSend  
 ( 
 VOIDFUNCPTR routine, 
 int arg 
 ) 
 { 
 MSG_REQUEST msgRequest; 
 int status; 

 /* Initialize the message structure */ 

 msgRequest.routine = routine; 
 msgRequest.arg = arg; 

 /* Send the message and return the results */ 

 status = write (pipeFd, (char *)&msgRequest, 
      sizeof (MSG_REQUEST)); 

 return ((status == sizeof (MSG_REQUEST)) ? 
    OK : ERROR); 
 } 

/************************************************** 
* pipeServer -- Server task which reads from a pipe 
* and executes the function passed in the 
* MSG_REQUEST data structure. 
*
*/

LOCAL void pipeServer (void) 
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 { 
 MSG_REQUEST msgRequest; 
 while (read (pipeFd, (char *)&msgRequest,  
      sizeof (MSG_REQUEST)) > 0) 
  (*msgRequest.routine) (msgRequest.arg); 
 } 

tornado 2 3
windsh serverStart serverSend serverSend

serverSend reboot 0 tServer
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6.1

6.2

semBCreate int options SEM_B_STATE initialState
options SEM_Q_PRIORITY (0x1) SEM_Q_FIFO (0x0),

initialState SEM_FULL (1) SEM_EMPTY (0)
SEM_EMPTY ID

SEM_EMPTY
ticks WAIT_FOREVER (-1) NO_WAIT (0)

synSem = 
semBCreate( SEM_Q_FIFO( SEM_PRIORITY) , SEM_EMPTY)

semGive ( synSem)
semTake ( synSem)

synSem = semBCreate( SEM_Q_FIFO( SEM_PRIORITY) , SEM_EMPTY)
taskSpawn ("tTaskA", TaskA_TASK_PRI, 0,TASK_STACK_SIZE, (FUNCPTR) taskA, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0)
taskSpawn ("tTaskB", TaskB_TASK_PRI, 0,TASK_STACK_SIZE, (FUNCPTR) taskB, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0)
taskA ( parameter )  
{
FOREVER /* */
{
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· · · ·  
semGive(synSem);/* */

}
}
taskB (parameter)  
{
FOREVER

{
semTake (synSem);  
· · · ·  

· · · ·  
}/* CPU A */
}
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semGive(synSem)
semFlush( )

6.3

#define TASK_PRI 98 /* Priority of the spawned tasks */ 
#define TASK_STACK_SIZE 5000 /* stack size for spawned tasks */ 
LOCAL SEM_ID semId1; /* semaphore id of binary semaphore 1 */ 
LOCAL SEM_ID semId2; /* semaphore id of binary semaphore 2 */ 
LOCAL int numTimes = 3; /* Number of iterations */ 
LOCAL BOOL notDone; /* flag to indicate completion */ 
LOCAL STATUS taskA (); 
LOCAL STATUS taskB (); 
/***synchronizeDemo - Demonstrates intertask synchronization using binary 
semaphores.***************************************/ 
STATUS synchronizeDemo () 
{
notDone = TRUE; 
/* semaphore semId1 is availble after creation*/ 
if ((semId1 = semBCreate (SEM_Q_PRIORITY, SEM_FULL)) == NULL) 
{
perror ("synchronizeDemo: Error in creating semId1 semaphore"); 
return (ERROR); 
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}
/* semaphore semId2 is not available after creation*/ 
if ((semId2 = semBCreate (SEM_Q_PRIORITY, SEM_EMPTY)) == 
NULL)
{
perror ("synchronizeDemo: Error in creating semId2 semaphore"); 
return (ERROR); 
}
/* Spwan taskA*/ 
if (taskSpawn ("tTaskA", TASK_PRI, 0, TASK_STACK_SIZE, (FUNCPTR) 
taskA, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) == ERROR) 
{
perror ("synchronizeDemo: Error in spawning taskA"); 
return (ERROR); 
}
/* Spwan taskB*/ 
if (taskSpawn ("tTaskB", TASK_PRI, 0, TASK_STACK_SIZE, (FUNCPTR) 
taskB, 0,0, 0, 0, 0, 0, 0, 0, 0, 0) == ERROR)
{
perror ("synchronizeDemo: Error in spawning taskB"); 
return (ERROR); 
}
/* Polling is not recommended. But used for simple demonstration purpose*/ 
while (notDone) 
taskDelay (sysClkRateGet()); /* wait here until done */ 
/* Delete the created semaphores */ 
if (semDelete (semId1) == ERROR) 
{
perror ("syncronizeDemo: Error in deleting semId1 semaphore"); 
return (ERROR); 
}
if (semDelete (semId2) == ERROR) 
perror ("syncronizeDemo: Error in deleting semId1 semaphore"); 
return (ERROR); 
}
printf ("\n\n synchronizeDemo now completed \n"); 
return (OK); 
}
/****** taskA - executes event A first and wakes up taskB to excute event B next 
using binary semaphores for synchronization.****************/ 
LOCAL STATUS taskA () 
{
int count; 
for (count = 0; count < numTimes; count++) 
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{
if (semTake (semId1, WAIT_FOREVER) == ERROR) 
{
perror ("taskA: Error in semTake"); 
return (ERROR); 
}
printf ("taskA: Started first by taking the semId1 semaphore - %d 
times\n", (count + 1)); 
printf("This is task <%s> : Event A now done\n", taskName 
(taskIdSelf())); 
printf("taskA: I'm done, taskB can now proceed; Releasing semId2 
semaphore\n\n"); 
if (semGive (semId2) == ERROR) 
{
perror ("taskA: Error in semGive"); 
return (ERROR); 
}
}
return (OK);
}
/****** taskB - executes event B first and wakes up taskA to excute event A next 
using binary semaphores for synchronization.****************/ 
LOCAL STATUS taskB() 
{
int count; 
for (count = 0; count < numTimes; count++) 
{
if (semTake (semId2,WAIT_FOREVER) == ERROR) 
{
perror ("taskB: Error in semTake"); 
return (ERROR); 
}
printf ("taskB: Synchronized with taskA's release of semId2 - %d 
times\n", 
(count + 1 )); 
printf("This is task <%s> : Event B now done\n", taskName 
(taskIdSelf())); 
printf("taskB: I'm done, taskA can now proceed; Releasing semId1 
semaphore\n\n\n"); 
if (semGive (semId1) == ERROR) 
{
perror ("taskB: Error in semGive"); 
return (ERROR); 
}
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}
notDone = FALSE; 
return (OK); 
}

tornado 2 3
windsh synchronizeDemo taskA: Started first by taking the semId1 

semaphore - 1 times 
This is task  <tTaskA> : Event A now done 
taskA: I'm done, taskB can now proceed; Releasing semId2 semaphore 

taskB: Synchronized with taskA's release of semId2 - 1 times 
This is task  <tTaskB> : Event B now done 
taskB: I'm done, taskA can now proceed; Releasing semId1 semaphore 

taskA: Started first by taking the semId1 semaphore - 2 times 
This is task  <tTaskA> : Event A now done 
taskA: I'm done, taskB can now proceed; Releasing semId2 semaphore 

taskB: Synchronized with taskA's release of semId2 - 2 times 
This is task  <tTaskB> : Event B now done 
taskB: I'm done, taskA can now proceed; Releasing semId1 semaphore 

taskA: Started first by taking the semId1 semaphore - 3 times 
This is task  <tTaskA> : Event A now done 
taskA: I'm done, taskB can now proceed; Releasing semId2 semaphore 

taskB: Synchronized with taskA's release of semId2 - 3 times 
This is task  <tTaskB> : Event B now done 
taskB: I'm done, taskA can now proceed; Releasing semId1 semaphore 
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7.1

CPU

”

7.2

vxWorks semMCreate semTake semGive
semDelete

semMCreate options
SEM_Q_PRIORITY (0x1) SEM_Q_FIFO (0x0)

SEM_DELETE_SAFE (0x4) SEM_INVERSION_SAFE (0x8)
ID
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options
SEM_DELETE_SAFE options,

SEM_Q_PRIORITY (SEM_Q_FIFO)
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SEM_INVERSION_SAFE SEM_Q_PRIORITY
semTake (semGive( ))

taskSpawn ("tTaskA", TaskA_TASK_PRI, 0,TASK_STACK_SIZE, (FUNCPTR) taskA, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0)

taskSpawn ("tTaskB", TaskB_TASK_PRI, 0,TASK_STACK_SIZE, (FUNCPTR) taskB, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0)

7.3
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return (OK);
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count,0,0,0,0);
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tornado 2 3
windsh

0x4fb56b8 (tProducerTask): ProducerTask: tid = 0x4fb56b8, producing item = 1 
0x4fce678 (tConsumerTask): ConsumerTask: Consuming item = 1 from tid = 0x4fb56b8 

0x4fb56b8 (tProducerTask): ProducerTask: tid = 0x4fb56b8, producing item = 2 
0x4fce678 (tConsumerTask): ConsumerTask: Consuming item = 2 from tid = 0x4fb56b8 

0x4fb56b8 (tProducerTask): ProducerTask: tid = 0x4fb56b8, producing item = 3 
0x4fce678 (tConsumerTask): ConsumerTask: Consuming item = 3 from tid = 0x4fb56b8 

0x4fb56b8 (tProducerTask): ProducerTask: tid = 0x4fb56b8, producing item = 4 
0x4fce678 (tConsumerTask): ConsumerTask: Consuming item = 4 from tid = 0x4fb56b8 

0x4fb56b8 (tProducerTask): ProducerTask: tid = 0x4fb56b8, producing item = 5 
0x4fce678 (tConsumerTask): ConsumerTask: Consuming item = 5 from tid = 0x4fb56b8 

7.4

T T

VxWorks
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7 5

7.5

semMutex=semMCreate(SEM_Q_PRIORITY)
semMutex=semMCreate(SEM_Q_PRIORITY| SEM_INVERSION_SAFE)

/* function defined */ 
void taskLow(void); 
void taskMiddle(void); 
void taskHigh(void); 

/* global varibles*/ 
#define ITER  1 
#define HIGH 101 
#define MIDDLE 102 
#define LOW 103 
#define LONG_TIME 3000000 
SEM_ID semMutex; 

void Inversion(void)/*function to create three tasks*/ 
{
 int i,taskIdLow,taskIdMiddle,taskIdHigh; 
 printf("\n\n.............#RUNNING#...............\n\n");

 /* CREATE a mutex semaphore*/ 
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 semMutex=semMCreate(SEM_Q_PRIORITY ); 
     
 /* Create three tasks ,each has a unique priority*/ 
 if( taskIdLow=taskSpawn("task1", 

LOW,0x100,20000,(FUNCPTR)taskLow,0,0,0,0,0,0,0,0,0,0)==ERROR) 
    printf("\nTaskSpawn taskone failed\n"); 
 if( taskIdMiddle=taskSpawn("task2", 

MIDDLE,0x100,20000,(FUNCPTR)taskMiddle,0,0,0,0,0,0,0,0,0,0)==ERROR) 
    printf("\nTaskSpawn tasktwo failed\n"); 
    if( taskIdHigh=taskSpawn("task3", 

HIGH,0x100,20000,(FUNCPTR)taskHigh,0,0,0,0,0,0,0,0,0,0)==ERROR) 
    printf("\nTaskSpawn taskthree failed\n"); 
}

void taskLow(void) 
{
 int i,j; 
 for(i=0;i<ITER;i++) 
 { 
  semTake(semMutex,WAIT_FOREVER);/* WAIT indefinitely for the semaphore*/ 
  logMsg("taskLow locks the semaphore\n",0,0,0,0,0,0); 

  for(j=0;j<10*LONG_TIME;j++); 

  /* taskLow gives up the semaphore*/ 
  logMsg("tasklow unlocks the semaphore\n",0,0,0,0,0,0); 
  semGive(semMutex); 

 } 
 logMsg("taskLow end!\n",0,0,0,0,0,0); 
}

void taskMiddle(void) 
{
 int i; 
 taskDelay(2);/* make taskLow runs first*/ 

 for(i=0;i<LONG_TIME*10;i++) 
 { 
  if ( (i%LONG_TIME)==0 ) 
          logMsg("TaskMiddle is running\n",0,0,0,0,0,0); 

 } 
 logMsg("taskMiddle end!\n",0,0,0,0,0,0); 
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}

void taskHigh(void) 
{
 int i,j; 
 taskDelay(3); 

 for(i=0;i<ITER;i++) 
 { 
  logMsg("taskHigh wants to get the semaphore\n",0,0,0,0,0,0); 
  semTake(semMutex,WAIT_FOREVER); 

  logMsg("taskHigh  LOCK the semaphore\n",0,0,0,0,0,0); 
  for(j=0;j<LONG_TIME;j++);/*Allow time to context switch*/ 
  semGive(semMutex); 
 } 
 logMsg("taskHigh end!\n",0,0,0,0,0,0); 
}

tornado 2 3
windsh Inversion

.............#RUNNING#............... 

0x4fb56b8 (task1): taskLow locks the semaphore 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fa7528 (task3): taskHigh wants to get the semaphore 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): taskMiddle end! 
0x4fb56b8 (task1): tasklow unlocks the semaphore 
0x4fa7528 (task3): taskHigh  LOCK the semaphore 
0x4fa7528 (task3): taskHigh end! 
0x4fb56b8 (task1): taskLow end! 

semMutex=semMCreate(SEM_Q_PRIORITY)
semMutex=semMCreate(SEM_Q_PRIORITY| SEM_INVERSION_SAFE ),

.............#RUNNING#............... 
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0x4fb56b8 (task1): taskLow locks the semaphore 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fa7528 (task3): taskHigh wants to get the semaphore 
0x4fb56b8 (task1): tasklow unlocks the semaphore 
0x4fa7528 (task3): taskHigh  LOCK the semaphore 
0x4fa7528 (task3): taskHigh end! 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): TaskMiddle is running 
0x4fae5f0 (task2): taskMiddle end! 
0x4fb56b8 (task1): taskLow end! 
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8

8.1

RTOS

I/O API

8.2 MPC860
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8.3 VxWorks

intConnect( ) C
intContext( ) 
intCount( ) 
intLevelSet( ) 
intLock( ) 
intUnlock( ) 
intVecBaseSet( ) 
intVecBaseGet( ) 
intVecSet( ) MPC860
intVecGet( ) 

8.4

8.4.1 ppc860IntrInit

BSP sysHwInit() ppc860IntrInit

0x500

defaultVec = (VOIDFUNCPTR) excVecGet ((FUNCPTR *) _EXC_OFF_INTR); 

 excIntConnect ((VOIDFUNCPTR ) _EXC_OFF_INTR, ppc860IntrDeMux);  / * 0x500

ppc860IntrDeMux  */ 

_func_intConnectRtn = ppc860IntConnect;    /* intConnect

_func_intEnableRtn = ppc860IntEnable;      /* intEnable  */ 

_func_intDisableRtn = ppc860IntDisable;     /* intDisable  */ 
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/* */

    for (vector = 0; vector < NUM_VEC_MAX; vector++) 

 intConnect (INUM_TO_IVEC(vector), defaultVec, 0);  /*

8.4.2 ppc860IntConnect

MPC860

LOCAL INTR_HANDLER intrVecTable[NUM_VEC_MAX]

ppc860IntConnect C

intrVecTable[IVEC_TO_INUM(vector)].vec = routine; 

intrVecTable[IVEC_TO_INUM(vector)].arg = parameter; 

8.4.3 ppc860IntrDeMux

SIU IREQ

0x500

regBase = vxImmrGet();           /* */

intVec = (* SIVEC(regBase)) >> 26;    /* */

intMask = * SIMASK(regBase);     /*  */ 

SIMASK(regBase) &= (0xffffffff << (32 - intVec));   

/*  */ 

    intUnlock (_PPC_MSR_EE);                      /* */

    intrVecTable[intVec].vec (intrVecTable[intVec].arg); /* */

    * SIMASK(regBase) = intMask;              /*  */ 

8.4.4 

ppc860IntEnable intnum SIU Level IRQ

  regBase = vxImmrGet(); 

 * SIMASK(regBase) |= (1 << (31 - intNum));  /* intNum  */ 

ppc860IntDisable intnum ppc860IntEnable intnum Level

IRQ SIU

regBase = vxImmrGet(); 

* SIMASK(regBase) &= ~(1 << (31 - intNum)); 

8.5 ISR

I/O
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S2

S2 C

TestIsr Interrupt is ok

void TestIsr(void) 

{

   *SIPEND(vxImmrGet()) |=0x00200000;  

    logMsg("Interrupt is OK \n",0,0,0,0,0,0); 

  } 

void vx_main(void)            8 2 IRQ5

{

  logMsg("This is ISR test program\n",0,0,0,0,0,0);         

  SIEL(vxImmrGet()) |=0x00200000;   /* */

  intConnect(IV_IRQ5, (VOIDFUNCPTR)TestIsr, 0);/* IRQ5 TestIsr */ 

  intEnable(IV_IRQ5);   /* IRQ5  */ 
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9.1

9.2

9.3

deadline handlers

5s
20s

/* defines */ 
#define   FIVE_SEC          5 
#define   TWENTY_SEC        20  
#define   DEADLINE_TIME     FIVE_SEC 
#define   NUM_MSGS          10 
#define   TASK_STACK_SIZE   20000 
#define   PRIORITY          101 

/* globals */ 
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LOCAL int countNum; 
LOCAL int valueGot; 
LOCAL BOOL working; 
LOCAL BOOL notDone; 
LOCAL WDOG_ID   wdId; 
LOCAL MSG_Q_ID msgQId; 

/* function prototypes */ 
LOCAL void deadlineHandler ();    /* deadline handler - watchdog handler  
                                   * routine                 */ 
LOCAL STATUS coordinatorTask ();  /* sends data to organizer */  
LOCAL STATUS organizerTask ();    /* receives data from the coordinator and 
                                   * resets the coordinator when deadline 
                                   * time elapses 
                                   */  
LOCAL void getDataFromDevice ();  /* function that simulates data collection */ 
/***************************************************************************** 
 * deadlineWdDemo - Demo for using watchdog timers to invoke deadline handlers. 
 * 
 */ 
STATUS deadlineWdDemo () 
    { 
        /* initialize the globals */ 
        notDone = TRUE; 
        working = TRUE; 
        countNum = 0; 
        valueGot = 0; 
     
    /* Create msgQ */ 
    if ((msgQId = msgQCreate (NUM_MSGS, sizeof (int), MSG_Q_FIFO)) == NULL) 
        { 
        perror ("Error in creating msgQ"); 
        return (ERROR); 
        } 

    /* Create watchdog timer */ 
    if ((wdId = wdCreate ()) == NULL) 
        { 
        perror ("cannot create watchdog"); 
        return (ERROR); 
        } 

        /* Spawn the organizerTask */ 
        if ((taskSpawn ("tOrgTask", PRIORITY, 0, TASK_STACK_SIZE,  
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                          (FUNCPTR) organizerTask, 0, 0, 0, 0, 0,  
                          0, 0, 0, 0, 0))  == ERROR) 
        { 
        perror ("deadlinWdDemo: Spawning organizerTask failed"); 
        return (ERROR); 
        } 
         
        /* Spawn the coordinatorTask */  
        if ((taskSpawn ("tCordTask", PRIORITY, 0, TASK_STACK_SIZE,  
                        (FUNCPTR) coordinatorTask, 0, 0, 0, 0, 0,  
                        0, 0, 0, 0, 0)) == ERROR) 
        { 
        perror ("deadlinWdDemo: Spawning coordinatorTask failed"); 
        return (ERROR); 
        } 

        /* stop this demo after about 20 seconds*/ 
        taskDelay (sysClkRateGet () * TWENTY_SEC); 
        printf ("\n\nStopping deadlineWdDemo\n"); 
        notDone = FALSE; 
        if (msgQDelete (msgQId) == ERROR) 
            { 
            perror ("Error in deleting msgQ"); 
            return (ERROR); 
            } 
        if (wdCancel (wdId) == ERROR) 
            { 
            perror ("Error in cancelling watchdog timer");  
            return (ERROR); 
            } 
        if (wdDelete (wdId) == ERROR) 
            { 
            perror ("Error in deleting watchdog timer"); 
            return (ERROR); 
            } 

        return (ERROR); 
    }         

/***************************************************************************** 
 * coordinatorTask - This task is assumed to collect data (countNum) from an  
 *                   external device and sends that data to the organizerTask.  
 *                   This task is constructed to miss the deadline (5 seconds) 
 *                   for demonstration purpose. When this task misses deadline 
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 *                   (5 seconds), it gets reset by the deadlineHandler  
 *                   (using watchdog timers). 
 * 
 * RETURNS: OK or ERROR 
 * 
 */ 
         
STATUS coordinatorTask () 
    { 

    FOREVER 
        { 
        countNum ++; 
        if ((msgQSend (msgQId, (char *) &countNum, sizeof (int), NO_WAIT,  
                       MSG_PRI_NORMAL)) == ERROR) 
            { 
            perror ("Error in sending the message"); 
            return (ERROR); 
            }   
        printf ("\n\ncoordinatorTask: Sent item = %d\n", countNum); 
        printf ("coordinatorTask: idle for %d seconds\n", countNum); 
        getDataFromDevice ();     /* get data from the device */ 
        if (notDone == FALSE) 
            break; 
        } 

    return (OK); 
    } 

/***************************************************************************** 
 * organizerTask -   Receives data from the coordinatorTask, and resets the 
 *                   coordinatorTask when no data is sent by the  
 *                   coordinatorTask in the past five seconds (deadline time). 
 * 
 * 
 * RETURNS: OK or ERROR 
 * 
 */ 
STATUS organizerTask () 
    { 

    while (notDone) 
        { 
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        /* If coordinatorTask sends data within the deadline time (5 seconds),  
         * the time elapsed by watchdog timer gets reset to the deadline time, 
         * otherwise deadlineHandler is called to reset the coordinatorTask  
         * when no data is sent by the coordinatorTask in the past five  
         * seconds (deadline time). 
         */ 
        if ((wdStart (wdId, sysClkRateGet ()* DEADLINE_TIME,  
                   (FUNCPTR) deadlineHandler, 0)) == ERROR) 
            { 
            perror ("Error in starting watchdog timer"); 
            return (ERROR); 
            } 
        if ((msgQReceive (msgQId, (char *) &valueGot, sizeof (int),  
                                                      WAIT_FOREVER)) == ERROR) 
            { 
                perror ("Error in receiving the message"); 
                return (ERROR); 
            }   
        else  
            printf ("organizerTask: Received item = %d\n", valueGot); 
        } 

    return (OK); 
    } 

/***************************************************************************** 
 * deadlineHandler - watchdog timer routine to reset the coordinatorTask  
 *                   when the deadline time expires 
 * 
 */ 

LOCAL void deadlineHandler () 
    { 
    logMsg ("\n\nResetting the co-ordinator on elapse of the deadline time\n",0,0,0,0,0,0); 
    countNum = 0; 
    }/***************************************************************************** 
 * getDataFromDevice - dummy function that delays for certain amount of time  
 *                     to simulate the data collection for the purpose of  
 *                     demonstration. 
 */ 
LOCAL void getDataFromDevice () 
    { 
    taskDelay (sysClkRateGet () * countNum);  
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/* delay this task for countNum  * seconds. */                                                        
    } 

tornado 2 3
windsh deadlineWdDemo ()

coordinatorTask: Sent item = 1 
coordinatorTask: idle for 1 seconds 
organizerTask: Received item = 1 

coordinatorTask: Sent item = 2 
coordinatorTask: idle for 2 seconds 
organizerTask: Received item = 2 

coordinatorTask: Sent item = 3 
coordinatorTask: idle for 3 seconds 
organizerTask: Received item = 3 

coordinatorTask: Sent item = 4 
coordinatorTask: idle for 4 seconds 
organizerTask: Received item = 4 

coordinatorTask: Sent item = 5 
coordinatorTask: idle for 5 seconds 
organizerTask: Received item = 5 
interrupt:  
Resetting the co-ordinator on elapse of the deadline time 

coordinatorTask: Sent item = 1 
coordinatorTask: idle for 1 seconds 
organizerTask: Received item = 1 

coordinatorTask: Sent item = 2 
coordinatorTask: idle for 2 seconds 
organizerTask: Received item = 2 

coordinatorTask: Sent item = 3 
coordinatorTask: idle for 3 seconds 
organizerTask: Received item = 3 

Stopping deadlineWdDemo 
Error in receiving the message: errno = 0x3d0002 

9.4

 VxWorks VxWorks
../src/drv/timer/xxTimer.c tUserRoot
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usrClock BSP
sysClkConnect() – 

 sysClkRateSet() – 
 sysClkRateGet() – 
 sysClkEnable() – .
 sysClkDisable() – 

MPC860 DEC usrRoot

sysClkConnect
{…

……

……
}

}
sysClkDisable() 
{
……

……
}
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9.5

VxWorks Tornado
spy BSP

ppc860 Timer2 860
sysAuxClkConnect (fooPoll, param);
sysAuxClkRateSet (rate); 
sysAuxClkEnable (); 

  void fooPoll (int param)
{
status = pDeviceAdr;   /* IO */
...
}

…

…
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 10  I/O

10.1 IO

I/O , I/O driver I/O
creat( ) open( ) vxworks

open myOpen iosDrvShow( )
Driver

10.1 

10.2
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10.3

10.2 IO

BSP
IO

usrRoot IO

1 xxDrv iosDrvInstall IO
10.4 1

2 xxDevCreate isoDevAdd

10.4 2
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10.4 IO

10.3 IO
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10.4 IO

IO
typedef struct    /* MEM_DEV - memory device descriptor */ 

    { 
    DEV_HDR devHdr; 
    int allowOffset1; 
    char *MemBase;  

   /* Allow files to be opened with an offset. */ 
    } MEM_DEV; 

typedef struct    /* MEM_DEV - memory device descriptor */ 
    { 
    MEM_DEV *pMemDev; 
    
    int allowOffset2;  /* Allow files to be opened with an offset. */ 
    } MEM_DEV_PER_FD; 

MEM_DEV_PER_FD pMemDevPerFd; 

LOCAL int memDrvNum;   /* driver number of memory driver */ 

/* forward declarations */ 

LOCAL MEM_DEV_PER_FD *memOpen (); 
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LOCAL int memRead (); 
LOCAL int memWrite (); 
LOCAL int memClose (); 
LOCAL STATUS memIoctl (); 

/*memDrv - install a memory driver*/ 
STATUS memDrv (void) 
    { 
    if (memDrvNum > 0) 
 return (OK); /* driver already installed */ 
    memDrvNum = iosDrvInstall ((FUNCPTR) memOpen, (FUNCPTR) NULL, 
          (FUNCPTR) memOpen, memClose, 
          memRead, memWrite, memIoctl); 
    return (memDrvNum == ERROR ? ERROR : OK); 
    } 
/* memDevCreate - create a memory devicey.*/ 
STATUS memDevCreate  
    ( 
    char * name,  /* device name      */ 
    char * base,  /* where to start in memory */ 
    int    length  /* number of bytes     */ 
    ) 
    { 
    STATUS status; 
    FAST MEM_DEV *pMemDv; 
    if (memDrvNum < 1) 
        { 
        errnoSet (S_ioLib_NO_DRIVER); 
        return (ERROR); 
        } 
    if ((pMemDv = (MEM_DEV *) calloc (1, sizeof (MEM_DEV))) == NULL) 
 return (ERROR); 
     pMemDv->MemBase=base; 
    status = iosDevAdd ((DEV_HDR *) pMemDv, name, memDrvNum); 
    if (status == ERROR) 
 free ((char *) pMemDv); 
    return (status); 
    } 

/* memOpen - open a memory file*/ 
LOCAL MEM_DEV_PER_FD  *memOpen 
    ( 
    MEM_DEV *pMemDv, /* pointer to memory device descriptor */ 
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    char *name,  /* name of file to open (a number) */ 
    int mode  /* access mode (O_RDONLY,O_WRONLY,O_RDWR) */ 
    ) 
    { 
 MEM_DEV_PER_FD  *pMemDevPerFd = NULL; 
 pMemDevPerFd = (MEM_DEV_PER_FD *) calloc(1,sizeof(MEM_DEV_PER_FD)); 
if (pMemDevPerFd != NULL) 
 { 
     pMemDevPerFd->pMemDev = (MEM_DEV *) pMemDv; 
  pMemDevPerFd->allowOffset2 = 0; 
 return pMemDevPerFd; 
 } 
 else 
   return (MEM_DEV_PER_FD *) ERROR; 
    } 
/* memRead - read from a memory file*/ 
LOCAL int memRead 
    ( 
   MEM_DEV_PER_FD *pfd, /* file descriptor of file to read */ 
    char *buffer, /* buffer to receive data */ 
    int maxbytes /* max bytes to read in to buffer */ 
    ) 
    { 
 bcopy (pfd->pMemDev->MemBase,buffer, maxbytes); 
    return (maxbytes); 
    } 
/** memWrite - write to a memory file*/ 
LOCAL int memWrite 
    ( 
    MEM_DEV_PER_FD *pfd, /* file descriptor of file to write */ 
    char *buffer, /* buffer to be written */ 
    int nbytes  /* number of bytes to write from buffer */ 
    ) 
    { 
 bcopy (buffer,pfd->pMemDev->MemBase, nbytes); 
  return (nbytes); 
    } 
/*memIoctl - do device specific control function*/ 

LOCAL STATUS memIoctl (pfd, function, arg) 
    MEM_DEV_PER_FD *pfd; /* descriptor to control */ 
    FAST int function;  /* function code */ 
    int arg;   /* some argument */ 
    { 
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     return (OK); 
    } 
/*memClose - close a memory file*/ 

LOCAL STATUS memClose (pfd) 
     MEM_DEV_PER_FD *pfd; /* file descriptor of file to close */ 
    { 
    free (pfd); 
    return OK; 
    } 
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11.1 bootrom

11.2 bootrom

11.3 

romInit()-----power up,disable interrupt,put boot type on the stack,clears caches. 
romStart()-----load Image Segments into RAM. 
usrInit()-----Interrupt lock out,save imformation about boot type,handle all the Initialization
before the kernel is actually started,then starts the kernel execution to create an initial task 
usrRoot().This task completes the start up. 
sysHwInit()-----Interrup locked,Initializes  hardware,registers,activation kernel 
KernelInit(usrRoot,...)-----

Initializes and starts the kernel. 
Defines system memory partition.
Activates a task tUsrRoot to complete initalization. 
Unlocks interrupts. 
Uses usrInit()stack.

usrRoot()
(memory partition library) 

(system clock) 
(I/O system)----

Create devices----
(Configure network)--------

WDB (Activate WDB agent)---------
(Activate application)
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11.4 bootrom



 86

11.5 vxWorks image

boot
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12

12.1

VxWorks Torando
C

12.2

HelloWorld
( )

/
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12.3

(tInitTask) (tSendTask),
(tReceiveTask);  
tSendTaskt ReceiveTask
tInitTask tSendTask tReceiveTask
tInitTask

windSh
semTest ‘b’  
semTest ‘c’  

R2 (irq5 )

timerTestStart  ‘w’
timerTestStart  ‘a’
timerTestStop  ‘w’
timerTestStop  ‘a’

tTaskA,tTaskB
tTaskA LED3
tTaskB LED4

R2, LED3 LED4 tTaskA tTaskB 

tClientTask tServerTask
tClientTask ( add )

tServerTask ( )
tClientTask tClientTask

(1 )
IO ( ioctl write )
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tTaskA tTaskB tTaskA LED3 5
tTaskB LED4 5

( ioctl write ) 5s taskDelay
( )

tTaskA tTaskB tTaskC
( )

12.4

Tornado hwa860 5V
A

12.5

13 3.3 ( Tornado )

12.6

1
2
3
4
5
6
7
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A

A.1

A.2

A.3

A.3.1
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A.3.2

A.3.3

A.3.4HWA-XPC860

A.3.5

A.3.6
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A.3.7

A.3.8PMC



 97



 98



 99



 100

A.3.9PMC

A.3.10BDM
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A.3.11CPLD JTAG

A.3.12

A.3.13IO
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A.3.14


