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Abstract

In the field of operating system, it is exceedingly rare to find out a complete teaching
material including source code proposed by Taiwanese. After investigating the uC/OS-|
theory, ARMv6-M instruction set, and previous research in context switch, a real-time
operating system provided with integrative service naming tinyOS inherited published
simplified tinyOS1 was developed and successfully implemented on ARM Cortex-MO
processor based microcontroller to demonstrate the functionality of semaphore, mutual
exclusion semaphore, mail box, flag, interrupt control, queue and memory manage, and so

on.
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#define
#define
#define
#define
#define
#define
#define
#define

— ~0Sh

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

TASKSIZE (int) 13

PADDING (char) 19

PENDSIZE (int) 12

MEMORYPOOLBYTES (int) O

QSIZE (int) O

QBYTES (int) 0

FLAGSIZE (int) 0

MUTEXSIZE (int) 0
OSCLOCK_1S SystemCoreClock //definein system LPC11xx.c
OSCLOCK_500mS  SystemCoreClock/2
OSCLOCK_200mS  SystemCoreClock/5
OSCLOCK_100mS  SystemCoreClock/10 //10 OStick clock per second
OSCLOCK_10mS SystemCoreClock/100
OSCLOCK_1mS SystemCoreClock/1000
OSCLOCK_100uS  SystemCoreClock/10000
OSCLOCK_10K 10000
OSCLOCK_100K 100000
OSCLOCK_1M 1000000
clockOS (unsigned int) OSCLOCK_100Ms
TIMEOUT_INFINITE (int) -1
SEM (char) 0
MAIL (char) 1
FLAG (char) 2
Q (char) 3
MUTEX (char) 4



#define
#define
#define
#define

char
int
void
void
char
void
void
void
void
void
void
in
int
int
int
int
void*
int
void
void*
int
char
int
void
char

BIIRFESE Z47 tinyOS

FLAG_CLEAR (char) 0
FLAG_SET (char) 1
FLAG_MATCH_ANY (char) 0

FLAG_MATCH_ALL (char) 1

Il application function
startOS(void (*[])(void), int, int, unsigned int);
findOptimal PaddingOS(void);
delay TickOS(int);
delay TimeOS(int, int, int, int);
chechOwnEventOS(void);
postSemOS(int);
postMailOS(int, void*);
postFlagOS(int, unsigned int, char);
postQOS(int, void*);
postM utexOS(void);
del eteEventNumberSelfOS(char);
pendSemOS(int*, int);
pendMailOS(int*, int);
pendFlagOS(int*, unsigned int*, char, int);
pendQOS(int*, int);
pendMutexOS(int*, int);
readMail OS(void);
readQOS(int, void**);
setQOS(void);
getMemoryOS(int);
getMemory30S(int bytes, void**, int*);
putMemoryOS(void*);
gueryFreeBulkNoOS(char*);
resetM emoryPool OS(char);
checkPublicFlagBitOS(int, char);

unsigned int queryPublicFlagOS(int);

= ~ startup_LPC11xx.s

[5] tinyOS1 -

g ~ os.c

A NXP LPC1114 %511y Cortex-MO & {EHE
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#include <LPC11xx.h>

#include "SIZE.h"

#include "OS.h"

#define DISABLE INTERRUPT _ ASM{cpsid i}

#define ENABLE_INTERRUPT __ ASM{cpsiei}

#define TABLELENGTH (int) ((TASKSIZE+1)/33+1)

#define BULKBYTES (int) sizeof(long double)

#define GLOBALBULKLENGTH (int) (MEMORY POOLBYTES%BULKBY TES?
MEMORYPOOLBYTESBULKBYTES+1:MEMORYPOOLBYTESBULKBYTES)

#define  FREEBULKLENGTH (inf) (GLOBALBULKLENGTH?GLOBALBULKLENGTH/33

+1:0)
#define QLENGTH (int) (QBY TES/sizeof (void*))
typedef struct
{
unsigned int p; //sp must be the first element
int pack[PADDING];
unsigned int registerStack[16];
} stackOS; /Ithe same as SP address
typedef struct
{
void **Q;
Int inindex; //the only entry of array index to push
int outlndex;
int items;
}gbodyOS;
typedef struct
{
int priority; /Ipending task
int *numberArray;
int readyNumber;
char eventType;
unsigned int *privateFlag; [Iflag
void *receiveM essage; [//box

} eventOS;



void setTableOS(unsigned int* Table, int priority)

{

}

void clearTableOS(unsigned int* Table, int priority)

{

BIRG{EZE 247 tinyOS : SEELTHAERR

stackOS *CurrentTaskOS; /lthe same as SP address

stackOS *NextTaskOS; /lthe same as SP address

stackOS TaskOS TASKSIZE+1]; /linclude idleTaskOS()

int WaitTickO§ TASKSIZE];

unsigned int ReadyTableOJ TABLELENGTH]; //bit 1 isready, priority isbit index
int CurrentPriorityOS, //priority<=TASKSIZE-1, priority begin from O, priority>=0
unsigned int  TickPerSecondOS;

eventOS EventNumberTaskOSPENDSIZE];

gbodyOS QBodyOS[QSI ZE];

long double PoolOS GLOBALBULKLENGTH];

unsignedint FreeBulkNoOS[FREEBULKLENGTH];

int MutexOwnerOSIMUTEXSIZE]; //owner priority

unsigned int  PublicFlagOS[FLAGSIZE]; //flags used, initialize public flag value
unsigned int  FlagAllOrAnyOS TABLELENGTH];

unsignedint  PriorityOwnEventOS TABLELENGTH];

char SysTickCountOS=0;

char ReadSysTickCountOS=0;

/[Table can be returned

int index;
char bit;
index=priority/32;
bit=priority%32;
Tablefindex] | =(1<<bit);

[lactive priority=32* IndexOS+BitOS

/[Table can be returned

int index;
char bit;
index=priority/32;
bit=priority%32;
Table[index] & =~(1<<hit);

[lactive priority=32* IndexOS+BitOS

/Ireturn 1 or O only
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char checkSetBitOS(unsigned int * Table, int priority)

{

unsigned int priorityBit=0x0;
int index;

char bit;

index=priority/32;
bit=priority%32;

priorityBit | =(1<<bit);
priorityBit & =Table[index];
if (priorityBit==0x0)

{

return O;
}
return 1;

//Table must not be zero

__ASM int findLeastBitOS (unsigned int Table)

{

MOVSR3, #0

loopl

LSRS RO, RO, #1
BCSreturnl
ADDSR3, R3, #1
CMPRS3, #32
BLT loopl

returnl

}

MOV RO, R3
BX LR

__ASM int interruptNumberOS()

{

MRSRO, IPSR
BX LR
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void executeHighestPriority TaskOS(void)

{

int highestPriority;

int index;

int base;

inti;

char setBit;

setBit=check SetBitOS(PriorityOwnEventOS, CurrentPriorityOS);
if ('setBit) || (CurrentPriorityOS==TASKSIZE))

{

index=0;

while (ReadyTableOS[index]==0)

{
index++;

}

highestPriority=findL eastBitOS(Ready TableOS[index]);

if(index>=1)

{
base=0;
for (i=index; i>0; i--)
{

baset+=32;

}
highestPriority+=base;

}

if (highestPriority! =CurrentPriorityOS)

{
DISABLE_INTERRUPT;
CurrentTaskOS=& TaskOS[ CurrentPriorityOS];
NextTaskOS=& TaskOS] highestPriority];
CurrentPriorityOS=highestPriority;
SCB->ICSR | =1<<28;
ENABLE_INTERRUPT;

}

} /if(('setBit) || (CurrentPriorityOS==TASKSIZE))
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void initializeTaskOS(void (* handler)(void), int priority)
{
if(handler)
{
setTableOS(Ready TableOS, priority);
TaskOg[priority].sp=(unsigned int)(& TaskOS priority] .registerStack[Q]);
TaskOS] priority].register Stack| 15]=0x01000000;
TaskO9g|priority].registerStack[ 14]=(unsigned int)handler;

}

void idleTaskOS(void)
{

while(1)

{

}
}

void setQOS(void)
{
inti;
for(i=0; i<FREEBULKLENGTH,; i++) //must before getM emoryOS()

{
FreeBulkNoOS]i]=Oxffffffff; /[1isavailable

}
for(i=0; i<QSIZE; i++) /Imust after setting FreeBulkNoOS]]
{
QBodyOq]i].g=(void**)getMemoryOS(QBY TES);
QBodyOq]i].inIndex=0;
QBodyQOS]i].outlndex=0;
QBodyOg]i].items=0;

}

char startOS(void (*taskName[])(void), int arraySize, int startPriority, unsigned int OS_clock)
{

inti;

if(arraySize! =TASKSIZE)
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return1; //error will stop OS

//Q need MEMORY POOLBYTES
if(MEMORY POOLBY TES<QSIZE* (QBY TES+sizeof (long double)))

{
return2;  //error will stop OS

}

for(i=0; i<TABLELENGTH; i++)

{

PriorityOwnEventOS[i]=0x0;
FlagAllOrAnyOS][i]=0x0;

}

for(i=0; i<PENDSIZE; i++)

{
EventNumberTaskOS]i].priority=-1;
EventNumberTaskOS]i].numberArray=0x0;
EventNumberTaskOS]i].readyNumber=-1;
EventNumberTaskOS]i].eventType=(char) -1;
EventNumberTaskOS]i].privateFl ag=0x0;
EventNumberTaskOS]i].recei veM essage=0x0;

}

for(i=0; i<FLAGSIZE; i++)

{

PublicFlagOS[i]=0x0;

}

for(i=0; i<MUTEXSIZE; i++)

{
MutexOwnerOSJi]=-1,

}

setQOS();

/linitiaize user's tasks
for(i=0; i<=(TASKSIZE-1); i++) //idleTaskOS's priority=TASKSIZE
{

WaitTickOS[i]=0;

initializeTaskOS(taskName[i], i);
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initializeTaskOS(idleTaskOS, TASKSIZE); //create system'sidleTaskO()
I successfully start OS

NVIC_SetPriority(PendSV_IRQn, Oxff); /Nlowest priority

NVIC_SetPriority(SysTick_IRQnN,0x0); //highest priority

SysTick_Config(OS_clock);//OS_clock isdefined in OS.h

TickPerSecondOS=SystemCoreClock/OS_clock;

CurrentPriorityOS=startPriority;

CurrentTaskOS=& TaskOS] CurrentPriorityOS];

__set PSP((int)& CurrentTaskOS->registerStack[ 15] +4);

__set CONTROL (0x03);/* Switch to PSP,unprivilleged mode*/

__1SB();/*Exec. ISB after changing CONTORL (recommended)*/

taskName[ CurrentPriority OS] ();

return O; //never reach if start successfully

}
void resumeTaskOS(int priority)
{

DISABLE_INTERRUPT;

WaitTickOS] priority]=0;
setTableOS(PriorityOwnEventOS, priority);
setTableOS(Ready TableOS, priority);

ENABLE_INTERRUPT;

}
int currentPriorityMapEventlndexOS(char eventType)
{

inti;

int index=-1;

for(i=0; i<PENDSIZE; i++)

{

if(((EventNumberTaskOS[i].priority==CurrentPriorityOS) & &

(EventNumberTaskOS]i] .eventType==eventType)) || (EventNumberTaskOS]i].priority==-1))

{
index=i;
break;

}

}

if(index>=PENDSI ZE)
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index=-1; [lerror
}

return index;

}

char IsPending(char eventType)
{
inti;
char pend=0;
for(i=0; i<PENDSIZE; i++)
{
if((EventNumberTaskOS]i].numberArray!=0x0) & & (EventNumberTaskO[i].eventType==
eventType))
{
pend=1;
break;

}

return pend;

}

void postSemOS(int number)
{
inti;
int priority;
int *array;
int previousValue;
intk;
int index;
if(number>=0)
{
DISABLE_INTERRUPT;
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
ENABLE_INTERRUPT;
index=currentPriorityM apEventl ndexOS(SEM);
if(index>=0)
{
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DISABLE_INTERRUPT;
EventNumberTaskOS[index].numberArray=0x0;
EventNumberTaskOS[index].readyNumber=-1;
ENABLE_INTERRUPT;
}
if (IsPending(SEM))
{
for(i=0; i<PENDSIZE; i++)
{
if(EventNumberTaskOS]i].eventType==SEM)
{
priority=EventNumberTaskOS[i].priority;
if(priority!=CurrentPriorityOS)
{
array=EventNumberTaskOS[i].numberArray;
previousVaue=-3;
k=0;
while((array[k]>=0) && (array[Kk]!=previousVaue))

if( array[K]==number)

{
DISABLE_INTERRUPT;
EventNumberTaskOFi].numberArray=0x0;
EventNumberTaskOS[i].readyNumber=number;
ENABLE_INTERRUPT;
resumeT askOS(priority);

ese

previousV alue=array[K];
}
k++;
} /lwhile
} /if(priority!=CurrentPriorityOS)
} //if(EventNumber TaskOS]i].eventType==SEM)
} lffor
} lif(IsPending(SEM))
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} /if(number>=0)
if(interruptNumberOS()==0)
{
executeHighestPriority TaskOS(); I/successful

/Imessage must be global address

void postMailOS(int number, void * message)
{
inti;
int priority;
int *array;
int previousValue;
intk;
int index;
if(number>=0)
{
DISABLE_INTERRUPT;
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
ENABLE_INTERRUPT;
index=currentPriorityM apEventindexOS(MAIL);
if(index>=0)
{
DISABLE_INTERRUPT;
EventNumberTaskOS[index].numberArray=0x0;
EventNumberTaskOS]index].readyNumber=-1,;
ENABLE_INTERRUPT;
}
if(IsPending(MAIL))
{
for(i=0; i<PENDSIZE; i++)
{
if(EventNumberTaskOS]i].eventType==MAIL)
{
priority=EventNumberTaskOS[i].priority;
if (priority!=CurrentPriorityOS)
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array=EventNumberTaskOS][i].numberArray;
previousVaue=-3;
k=0;
while((array[k]>=0) && (array[Kk]!=previousVaue))
{
if(array[K]==number)
{
DISABLE_INTERRUPT;
EventNumberTaskOi].numberArray=0x0;
EventNumberTaskOS[i].readyNumber=number;
EventNumberTaskOS[i].recel veM essage=message;
ENABLE_INTERRUPT;
resumeT askOS(priority);

ese

previousValue=array[K];

}
k++;
} /lwhile
} /if(priority!=CurrentPriorityOS)
} //if(EventNumber TaskOS]i].eventType==BOX)
} lffor
} /if(IsPending(BOX))
} //if(number>=0)
if(interruptNumberOS()==0)
{
executeHighestPriority TaskOS();

}

void postFlagOS(int number, unsigned int modifyPublicFlag, char setOrClear)
{

inti;

int priority;

unsigned int interestBits;
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char AllOrAny;

char match;

int *array;

int previousValue;

intk;

int index;

if((number>=0) & & (number<FLAGSIZE))

{
DISABLE_INTERRUPT;
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
switch (setOrClear)  //calculate PublicFlagOS]]

{
case FLAG_CLEAR: /10
PublicFlagOS[number] &=~modifyPublicFlag; // clear the interest bits
break;
cae FLAG_SET:  //flagNumber istheindex of PublicHlagOS[] and must start from O
PublicFlagOS[number] | =modifyPublicFlag; //set theinterest bits
break;
}

ENABLE_INTERRUPT;
index=currentPriorityMapEventIndexOS(FLAG);
if(index>=0)
{
DISABLE_INTERRUPT;
EventNumberTaskOS[index].numberArray=0x0;
EventNumberTaskOSindex].readyNumber=-1;
ventNumberTaskOS]index] . privateFl ag=0xO0; Ireset private flag
ENABLE_INTERRUPT;
}
if(IsPending(FLAG))
{
for(i=0; i<PENDSIZE; i++)
{
if(EventNumberTaskOS]i].eventType==FLAG)
{
priority=EventNumberTaskOS[i].priority;
if(priority!=CurrentPriorityOS)
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array=EventNumberTaskOS][i].numberArray;
previousVaue=-3;
k=0;
while((array[k]>=0) && (array[K]!=previousValue))
{
if(array[K]==number)
{
interestBits=PublicFlagOS[number] &
* (BventNumba TaskOSi] privateHag); loomperehit vdue 1
match=0;
AllOrAny=checkSetBitOS(FlagAllOrAnyOS, prioarity);
switch(AllOrAny)
{
case FLAG_MATCH_ALL:
if(interestBits==
* EventNumberTaskOS]i].privateH ag)

match=1,;

}

break;

case FLAG_MATCH_ANY:

if(interestBitsl =(unsigned int)0)

{
match=1;

}

break;

} //switch

if(match)

{
DISABLE_INTERRUPT;
EventNumberTaskOS[i].numberArray=0x0;
EventNumberTaskOS]i].readyNumber=number;
EventNumber TaskOS[i].privateFlag=0x0;
ENABLE_INTERRUPT;
resumeTaskOS(priority);
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} llif(array[arraylndex]==number)
else

{

previousVaue=array[K];

}
k++;
} Iiwhile
} /i (priority!=CurrentPriorityOS)
} /lif(EventNumber TaskOS]i].eventType==FLAG)
} llfor
} /if(1sPending(FLAG))
} Hif(number<FLAGSIZE)
if (interruptNumberOS()==0)

{
executeHighestPriority TaskOS();
}
}
void postM utexOS(void)
{
int number;

int index;
if(interruptNumberOS()==0) /1SR can not call postMutexOS()
{
index=currentPriorityM apEventindexOS(MUTEX);
if(index>=0)
{
number=EventNumberTaskOS[index] .readyNumber;
if((number>=0) && (number<MUTEXSIZE))

{
if(MutexOwnerOS[ number]==CurrentPriorityOS)

{
DISABLE_INTERRUPT;
MutexOwnerOS number]=-1;  //mutex isfree
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
EventNumberTaskOS[index] .numberArray=0x0;
EventNumberTaskOS[index].readyNumber=-1;
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ENABLE_INTERRUPT;
}
} /if((number>=0) & & (number<MUTEXSIZE))
} /if(index>=0)
executeHighestPriority TaskOS(); //successful
} /lif(interruptNumberOS()==0)
}

void postQOS(int number, void * message)
{
inti;
int priority;
int inlndex;
int *array;
intk;
int previousValue;
if((number>=0) && (number<QSIZE) & & (QBodyOS[number].q!=0x0))
{
DISABLE_INTERRUPT;
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
inlndex=QBodyOS] number].inlndex++;
QBodyOS[number].q[inlndex]=message; //user must manage data type.
QBodyOS[number].items++;
ENABLE_INTERRUPT;
if(QBodyOS[number].inlndex>=QLENGTH)

{
DISABLE_INTERRUPT;
QBodyOS] number].inlndex=0;
ENABLE_INTERRUPT;

}

if(IsPending(Q))

{

for(i=0; i<PENDSIZE; i++)
{
if(EventNumberTaskOS[i].eventType==Q)

{
priority=EventNumberTaskOS]i].priority;
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if(priority!=CurrentPriorityOS)

{

array=EventNumberTaskOS[i].numberArray;

previousValue=-3;

k=0;
while((array[k]>=0) && (array[k]!=previousValue))
{
if( array[K]==number)
{
DISABLE_INTERRUPT;
EventNumberTaskOS]i].readyNumber=number;
ENABLE_INTERRUPT;
resumeTaskOS(priority);
}
ese
{
previousValue=array[K];
}
k++;
} /lwhile

} /lif(priority!=CurrentPriorityOS)

} Hif(IsPending(Q))
} /if(number>=0)
if(interruptNumberOS()==0)

} if(EventNumberTaskOS[i] .eventType==Q)

executeHighestPriority TaskOS(); I/successful

void deleteEventNumberSelfOS(char eventType)

{

index=currentPriorityM apEventIndexOS(eventType);
if (index>=0)
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DISABLE_INTERRUPT;
EventNumberTaskOS[index].numberArray=0x0; //does not pend Sem
ENABLE_INTERRUPT;

}

void pauseTaskOS(int timeout)

{
DISABLE_INTERRUPT;
WaitTickOS][ CurrentPriorityOS] =timeout;
clearTableOS(PriorityOwnEventOS, CurrentPriorityOS);
clearTableOS(Ready TableOS, CurrentPriorityOS);
ENABLE_INTERRUPT;

{luse for synchronized tasks with slow OS tick

void ensureOneTickPassOS(void)

{
while(SysTickCountOS==ReadSysTickCountOS)
{

}
DISABLE_INTERRUPT;

ReadSysTickCountOS=SysTickCountOS;
ENABLE_INTERRUPT;

}

char justifyNumberArray(int *array)  //terminate sign
{
int previousNumber=-3;
inti;
char error;
i=0;
while((array[i]>=0) & & (array[i]!=previousNumber))
{
previousNumber=array[i];
i++;

}

error=1;
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if(array[i]<0)
{

error=0;

}

return error;

int readReadyNumberOS(char eventType)

{

}

char setBit;

int index;

int readyNumber=-1;

setBit=check SetBitOS(PriorityOwnEventOS, CurrentPriorityOS);

if (setBit>0)

{
index=currentPriorityM apEventIndexOS(eventType);
readyNumber=EventNumberTaskOS[index] .readyNumber;

}
return readyNumber;

int pendErrorCode(int *array, char eventType)

{

}

int terminate;
int readyNumber;
terminate=justifyNumberArray(array); //error:terminate=1

readyNumber=readReadyNumberOS(eventType); //error:readyNumber=-1

if(terminate==1)
{
readyNumber=-2; /INo terminate sign -1

}
return readyNumber;

int pendSemOS(int *array, int timeout)

{

int index;
int readyNumber;
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if (interruptNumberOS()==0)

{

ensureOneTickPassOS();
index=currentPriorityM apEventl ndexOS(SEM);
if (index>=0)

{

}

DISABLE_INTERRUPT;
EventNumberTaskOS]index].priority=CurrentPriorityOS;
EventNumberTaskOS[index].numberArray=array;
EventNumberTaskOS[index].eventType=SEM;
ENABLE_INTERRUPT;

pauseTaskOS(timeout);

executeHighestPriority TaskOS();

readyNumber=pendErrorCode(array, SEM);
} /lif(interruptNo==0)
return readyNumber;

int pendMailOS(int * array, int timeout)

{

int index;

int readyNumber;
if(interruptNumberOS()==0)

{

ensureOneTickPassOS();
index=currentPriorityM apEventindexOS(MAIL);
if(index>=0)

{

DISABLE_INTERRUPT;
EventNumberTaskOS[index].priority=CurrentPriorityOS;
EventNumberTaskOS[index].numberArray=array;
EventNumberTaskOS[index] .eventType=MAIL;
ENABLE_INTERRUPT;

pauseTask OS(timeout);

executeHighestPriority TaskOS();
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readyNumber=pendErrorCode(array, MAIL);
} 1if
return readyNumber;
}

int pendFlagOS(int *array, unsigned int * privateFlag, char allOrAny, int timeout)
{
int index;
int readyNumber;
if (interruptNumberOS()==0)
{
ensureOneTickPassOS();
index=currentPriorityMapEventIndexOS(FLAG);
if(index>=0)
{
DISABLE_INTERRUPT;
EventNumberTaskOS[index].priority=CurrentPriorityOS;
EventNumberTaskOS[index].numberArray=array;
EventNumberTaskOS[index].privateFlag=privateFlag;
EventNumberTaskOS[index] .eventType=FLAG;
if(@lOrAny==FLAG_MATCH_ALL)

{
setTableOS(FlagAllOrAnyQS, CurrentPriorityOS);
}
else
{
clearTableOS(FlagAllOrAnyOS, CurrentPriorityOS);
}
ENABLE_INTERRUPT;
pauseTaskOS(timeout);

executeHighestPriority TaskOS();
} /if(index>=0)
readyNumber=pendErrorCode(array, FLAG);
} /it (interruptNumberOS()==0)
return readyNumber;
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int pendMutexOS(int *array, int timeout)
{
int index;
int number;
int readyNumber;
if(interruptNumberOS()==0)
{
ensureOneTickPassOS();
index=currentPriorityM apEventindexOS(MUTEX);
if(index>=0)
{
DISABLE_INTERRUPT;
EventNumberTaskOS]index].priority=CurrentPriorityOS;
EventNumberTaskOS[index].numberArray=array;
EventNumberTaskOS[index].eventType=MUTEX;
ENABLE_INTERRUPT;
number=array[0]; /lonly one mutex
if(number<MUTEXSIZE) & & (MutexOwnerOS[number]<0))
{
DISABLE_INTERRUPT;
M utexOwnerOS number]=CurrentPriorityOS;
setTableOS(PriorityOwnEventOS, CurrentPriorityOS);
EventNumberTaskOSindex].numberArray=0x0;
EventNumberTaskOS]index].readyNumber=number;
ENABLE_INTERRUPT;
} Hif(number<MUTEXSIZE)
else
{
pauseT askOS(timeout);
executeHighestPriority TaskOS();
}
} /if(index>=0)
readyNumber=readReadyNumberOS(MUTEX);
} /it (interruptNumberOS()==0)
return readyNumber;
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int pendQOS(int *array, int timeout)

{

int index;

int readyNumber;

intk;

int previousValue;

int number;

if(interruptNumberOS()==0)

{

ensureOneTickPassOS();
index=currentPriorityM apEventIndexOS(Q);
if(index>=0)

{

DISABLE_INTERRUPT;
EventNumberTaskOS]index].priority=CurrentPriorityOS;
EventNumberTaskOS[index].numberArray=array;
EventNumberTaskOS[index].eventType=Q;
ENABLE_INTERRUPT;

previousValue=-3;

k=0;

number=array[k];
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while((QBodyOS number].items==0) && ((number>=0) && (number!=

previousValue)))
{
previousV aue=number;
k++;
number=array[K];
}

if((number<QSIZE) & & (QBodyOS number].items>0))

{
DISABLE_INTERRUPT;

setTableOS(PriorityOwnEventOS, CurrentPriorityOS);

EventNumberTaskOSindex].numberArray=0x0;

EventNumberTaskOS]index].readyNumber=number;

ENABLE _INTERRUPT;
} /if (number<MUTEXSIZE)
else
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pauseT ask OS(timeout);
executeHighestPriority TaskOS();
}
} 11if( index>=0)
readyNumber=pendErrorCode(array, Q);
} 1lif
return readyNumber;

void SysTick Handler(void)

{

inti;
char schedule=0;
DISABLE_INTERRUPT;
/lone Tick Pass and set ready
for(i=0; i<=TASKSIZE-1; i++) /liistask'spriority
{
if(WaitTickOS[i]>=1)

{
WaitTickOg[i]--;
}
if(WaitTickOS[i]==0)
{
setTableOS(ReadyTableOs, i);
schedule=1,;
}
} /ffor
SysTickCountOS++;
ENABLE_INTERRUPT;
if (schedule)
{
executeHighestPriority TaskOS();
}
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void delay TickOS(int tick)

{
if(tick>0)
{
pauseTaskOS(tick);
}
if(interruptNumberOS()==0)
{
executeHighestPriority TaskOS();
}
}

void delay TimeOS(int hour, int minute, int second, int mS)
{
int tick;
short int remainder;
if((hour>=0) && (minute>=0) & & (second>=0) & & (MS>=0))

{
tick=TickPerSecondOS* (hour* 3600+minute* 60+second);
tick+=TickPerSecondOS* mS/1000;
remainder=TickPerSecondOS* mS%1000;
if ( remainder>=500)
{
tick++;
}
if(tick<1)
{
tick=1;
}
pauseTaskOS(tick);
}
if(interruptNumberOS()==0)
{
executeHighestPriority TaskOS();
}
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int findOpti mal PaddingOS(void)

{

}

int pack;

inti;

int maximum=-1;

for(i=0; i<TASKSIZE; i++)

{
pack=PADDING-((int) TaskOS][i].sp-(int)& Task OS] i])/4;
if (pack>maximum)
{
maxi mum=pack;
}
}

return maxi mum;

long double* memoryAddress(int bulkNo)

{

long double* bulkAddress;
bulkAddress=(long double*)((unsigned int)Pool OS+(unsigned int)(bulkNo* BULKBY TES));
return bulkAddress;

/IbulkAddress=0x0 is error

void* getMemoryOS(int bytes)

{

inti;

intk;

intr;

int bulkL ength; [favailable data length
int frontBulkNo;

int rearBulkNo;

int minimum=999999;

char found;

char setBit;

long double *relyAddress=0x0;

bulkL ength=bytes%BULKBY TES?bytesBULKBY TES+1:bytessBULKBY TES;
found=0;
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i=0;
while((i<=GLOBALBULKLENGTH-bulkLength+2) && (!found))
{
setBit=checkSetBitOS(FreeBulkNoOS, i);
if(setBit) //available memory
{
k=1;
setBit=checkSetBitOS(FreeBulkNoOS, i+1);
while((i+k < GLOBALBULKLENGTH) & & setBit)
{
k++;
setBit=check SetBitOS(FreeBulkNoOS, i+k);
}
frontBulkNo=i<1? Q:i+1; // i=0i isdatabulk, i>0i is stopBulkNo
ifi+k==GLOBALBULKLENGTH)
{
if((k>=bulkLength) && (k<minimum))
{
rearBulkNo=i<1? bulkLength-1: i+bulkL ength;
found=1;
minimum=Kk;
}

else /Imemory istoo small

{

i+=k;

}
elseif(!setBit) //FreeBulkNoOSi+k]=0, FreeBulkNoOSJi+k-1]=1
{
if((k-2>=bulkLength) && (k<minimum))
{
rearBulkNo=i<1? bulkLength-1: i+bulkLength;
found=1;
minimum=Kk;

else /Imemory istoo small
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i+=k;

}
} 1if(setBit)
else

{
i++;
}
} /1 while
if(found)
{
relyAddress=smemoryAddress(frontBulkNo);
for(r=frontBulkNo; r<=rearBUlkNO; r++) /[FreeBulkNoOS[stopBulkNo]=1

{
clearTableOS(FreeBulkNoOS, r); /lusing

}
return relyAddress,

}

int getMemory30S(int bytes, void **relyMarginDanger, int * dangerBytes)
{

inti;

intk;

intr;

int bulkLength; //available datalength

int frontBulkNo;

int rearBulkNo;

int relyBytes=0;

int minimum= 999999;

char found;

char setBit;

*dangerBytes=-1,

relyMarginDanger[ 0]=0xO0; /lrelyAddress

relyMarginDanger[ 1]=0x0; //marginAddress

relyMarginDanger[ 2] =0xO0; //dangerAddress

bulkL ength=bytes%BULKBY TES? bytesBULKBY TES+1: bytesBULKBYTES;
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found=0;
i=0;
while((i<=GLOBALBULKLENGTH-bulkLength+2) && (!found))
{
setBit=checkSetBitOS(FreeBulkNoOS, i);
if(setBit) //available memory, i is stopBulkNo normally
{
k=1;
setBit=check SetBitOS(FreeBulkNoOS, i+1); //i+1 is freeBulkNo normally
while((i+k<GLOBALBULKLENGTH) & & setBit)
{
k++;
setBit=check SetBitOS(FreeBulkNoOS, i+k);
}
frontBulkNo=i<1?0: i+1;
if(i+k==GLOBALBULKLENGTH)

{
if((k>=bulkLength) && (k<minimum))
{
rearBulkNo=i<1? bulkLength-1: i+bulkLength;
found=1,
minimum=Kk;
}
else /Imemory istoo little
{
i+=k;
}
}
elseif(!setBit)  //FreeBulkNoOS][i+k]=0, FreeBulkNoOS[i+k-1]=1
{
if (k-2>=bulkLength) && (k<minimum))
{
rearBulkNo=i<1? bulkLength-1: i+bulkLength;
found=1,
minimum=k;
}

else
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{
i+=k;
}
}
} /if(setBit)
else
{
i++;
}
} /lwhile
if(found)
{
relyMarginDanger[0]=memoryAddress(frontBulkNo); // relyAddress
for(r=frontBulkNo; r<=rearBulkNo; r++) //FreeBulkNoOS[stopBulkNo]=1
{
clearTableOS(FreeBulkNoOS, r);
}
if(rearBulkNo<=GLOBALBULKLENGTH-2)
{
relyMarginDanger[1]=memoryAddress(rearBulkNo+1); //marginAddress
}
if(rearBulkNo<=GLOBALBULKLENGTH-3)
{
relyMarginDanger|[2]=(void*)((unsigned int)relyMarginDanger[ 1] +
unsigned int) BULKBY TES); /ldangerAddress
}
*dangerBytes=((i+k-1)-(rearBulkNo+2))* BULKBY TES,
if (* dangerBytes<0)
{
*dangerBytes=-1,
}
relyBytes=(bulkLength+1)*BULKBYTES;
}
return relyBytes;

{lerror=0 is successful



char putMemoryOS(void * putAddr)
{
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if (putAddr==(void* )memoryAddress(i)) /li=frontBulkNo

inti;
intk;
char error=1;
char setBit;
if(putAddr!=0x0)
{
for(i=0; i<GLOBALBULKLENGTH; i++)
{
{
for(k=i; kK<GLOBALBULKLENGTH; k++)
{
setBit=check SetBitOS(FreeBulkNoOS, k);
if(setBit)
{
break;
}
setTableOS(FreeBulkNoOS, k);
} lifor(k
error=0;
} /if(putAddr
} Ifor(i
} /lif(putAddr!=0x0)
else
{
error=0;
}
return error;

}

int queryFreeBulkNoOS(char* result)
{

inti;

for(i=0; i<GLOBALBULKLENGTH; i++)

{
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result[i]=checkSetBitOS(FreeBulkNoOS, i);

}
return GLOBALBULKLENGTH;

void resetMemoryPool OS(char includeQ)

{

}

{

inti;

int gBytes;

int gBulks;

gBytes=QSIZE* (QBY TES+sizeof(long double));
gBulks=qByteBULKBYTES; //exclude Q defaultly

if(includeQ)
{
gBulks=0;
for(i=0; i<QSIZE; i++)
{
QBodyOq]i].g=(void**)0x0;
}
}
for(i=qBulks, i<GLOBALBULKLENGTH; i++)
{
setTableOS(FreeBulkNoOS, i);
}
int readQOS(int number, void **retrieve)
inti;
int outlndex;
int items=0;
char setBit;

setBit = checkSetBitOS(PriorityOwnEventOS, CurrentPriorityOS);

if((setBit>0) & & (number>=0))

{
items=QBodyOS[number].items;
if(QBodyOS number].outindex==0) & & (items<QBodyOS]number].inlndex))
{
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items=QBodyOS] number].inlndex;

}

for(i=0; i<items; i++)

{
DISABLE_INTERRUPT;
outlndex=0QBodyOS[number].outl ndex++;
ENABLE_INTERRUPT;
retrieve]i]=QBody OS] number].g[outIndex];
if(QBodyOS] number].outlndex>=QLENGTH)
{

QBodyOS[number].outl ndex=0;

}

} /ifor

DISABLE_INTERRUPT;
QBodyOS[number].items=0;
ENABLE_INTERRUPT;
} /if((setBit>0) & & (number>=0))
return items;

void* readMail OS(void)

{

int index;

char setBit;

void * messageAddress=0x0;

setBit=check SetBitOS(PriorityOwnEventOS, CurrentPriorityOS);

if(setBit>0)

{
index=currentPriorityMapEventindexOS(MAIL);
DISABLE_INTERRUPT;
messageA ddress=EventNumber TaskOS[index].receiveM essage;
ENABLE_INTERRUPT;

}
return messageAddress;

/[call chechOwnEventOS() after pend function

SERIIRERR
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char chechOwnEventOS(void)

{
return checkSetBitOS(PriorityOwnEventOS, CurrentPriorityOS);

}

unsigned int queryPublicFlagOS(int flagNumber)

{
return PublicFlagOS[flagNumber];

[/Ireturn valueis either 1 or O

char checkPublicFlagBitOS(int flagNumber, char bitNumber)
{
return checkSetBitOS(& PublicFlagOS[flagNumber], bitNumber);

}
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#include <L PC11xx.h>

#include "OS.h"
void taskO(void)
{
}
void task1(void)
{
}
void taskN(void)
{
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void(*taskName[])(void)={taskO, task1,: - - - - - , taskN};
/IErrorCode: 1-TaskCountOS!=TASKSIZE+1
/IErrorCode: 2-MEMORY POOLBY TES too little

int main(void)

{
char errorCode;
int startTasklndex;
int arraySize;

initialize2UART (9600); II~= KB UART 2_4= 451" 3%k 2
array Size=sizeof (taskName)/sizeof (taskName[ 0]);

startTasklndex = 0;

errorCode=startOS(taskName, arraySize, startTasklndex, clockOS);
sendByte('0'+errorCode);  //never execute if startOS() successfully

TRy AERE £ R 25 {H task e B A tinyOS Frie Ay Z SIT4ER AT DUREAIR
B EERER SIZEh HEEEERE  EHREAMRHTER > EEHE2HEH NXP MO
L PC1114FN28/102(4KB SRAM) - BREFIRIFE(EH Kell uVision5 - FfllE% LIRS THRE (RFFAT
T

— - ERE

HO PR R~ — (B o] LASERS 2 (AR5 (task 10 82 task11) » H 28 (175 7] AR 45 )
(BRI [R5k (task 10 B2 task 11 SL[F|FAT task12 AT A1y 5i) - taskO £ task4
£ task10 FTRLE) - task5 %] task f2 task11 FTFE) - task10 B2 task11 f2 task12 Ffd) -

(—)SIZE.h

#define TASKSIZE (int) 13

#define  PADDING (char) 19 //findOptimal PaddingOS()+1
#define PENDSIZE (int) 12

#define MEMORYPOOLBYTES (int) O

#define QSIZE (int) O

#define QBYTES (int) O

#define FLAGSIZE (int) O

#define MUTEXSIZE (int) 0
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void taskO(void)

{ intn[]={10, -1}; while(1)
TIMEOUT_INFINITE);

}

void task1(void)

{ intn[]={11, -1}; while(1)
TIMEOUT _INFINITE

}

void task2(void)

{ intn[]={12, -1}; while(1)
TIMEOUT_INFINITE

}

void task3(void)

{ intn[]={13, -1}; while(1)
TIMEOUT_INFINITE

}

void task4(void)

{ intn[]={14, -1}; while(1)
TIMEOUT_INFINITE

}

void task5(void)

{ intn[]={20, -1}; while(1)
TIMEOUT_INFINITE

}

void task6(void)

{ intn]={21, -1}; while(2)
TIMEOUT_INFINITE

}

void task7(void)
{ intn[]={22, -1}; while(1)
TIMEOUT_INFINITE

BB ESE 2240 tinyOS = SeEThRERR 115

{ sendByte('a); sendByte('0"); pendSemOS(n,
delay TimeOS(0,0,0, 400); }

{ sendByte('a); sendByte('1); pendSemOS(n,
);  ddlayTimeOS(0,0,0, 400); }

{ sendByte('a); sendByte('2); pendSemOS(n,
);  delayTimeOS(0,0,0, 400); }

{ sendByte('a); sendByte('3); pendSemOS(n,
);  delayTimeOS(0,0,0, 400); }

{ sendByte('a); sendByte('4"); pendSemOS(n,
);  delayTimeOS(0,0,0, 400); }

{ sendByte('b"); sendByte('5"); pendSemOS(n,
);  delayTimeOS(0,0,0, 400); }

{ sendByte('b"); sendByte('6"); pendSemOS(n,
);  ddlayTimeOS(0,0,0, 400); }

{ sendByte('b"); sendByte('7"); pendSemOS(n,
);  delayTimeOS(0,0,0, 400); }
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void task8(void)

{ intn[]={23, -1}; while(1) { sendByte('b"); sendByte('8");

TIMEOUT INFINITE  );  delayTimeOS(0,0,0, 400); }
}

void task9(void)

{ intn[]={24,-1}; while(l) { sendByte(b);  sendByte('9);

TIMEOUT_INFINITE ~ );  delayTimeOS(0,0,0, 400); }
}

void task10(void)
{
int n[1={0,1,2,3,4, -1};
int x;
while(1)
{
sendByte('A");
x=pendSemOS(n, TIMEOUT _INFINITE);
postSemOS(x+10);

}

void task11(void)
{
int n[1={0,1,2,3,4, -1};
int x;
while(1)
{
sendByte('B");
x=pendSemOS(n, TIMEOUT_INFINITE);
postSemOS(x+20);

}

void task12(void)
{
while(1)

{
sendByte('Y");

pendSemOS(n,

pendSemOS(n,



postSemOS(0);
postSemOS(1);
postSemOS(2);
postSemOS(3);
postSemOS(4);
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delayTimeOS(0,0,1, 400);
delayTimeOS(0,0,1, 400);
delayTimeOS(0,0,1, 400);
delay TimeOS(0,0,1, 400);
delayTimeOS(0,0,1, 400);

}

void (*taskName[])(void)={ task0,task 1, task 2, task3,taskd, task5, task6, task 7, task, task9,task 10,task 11, task 12}

SR THR

& 1 ZE9EEThRE 2 EhRAE R » task0 2 task9 {KfF#ITMAUR @0~ al ~ a2~ a3~ a4~ b5
b6 ~ b7 - b8 ~ b9 - FHAFT task10 - task1l £ task12 [P~ A ~ B~ Y  task12 (K33 Ah{5 58
EHEHE 0 £ 4 # G [EllFit4E task10 Bl task1l - [ffj task10 & g4k task0 £ task4(#R a0 &£ &) »
H. task11 & Fiih taskd % task9(HDR b5 % b9) - {H task10 YL HELL taskll & » &ICETT -
GRFFHAT a0b5(task12 7 765 O ATEiE)) ~ albb(task12 7 5ih 1 fridh) - a2b7(task12 2 5k 2
FiTRE) ~ adb8(task12 2 55 3 FTRi®)) « adb9(task12 Z 5565 4 Frii®h) > FHEH1EER -
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BEAD 4B3YAB =08 -] ABa EEABAIETABAFEE
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void UART_IRQHandler(void)

{
sendByte('#); IH#5 5B AR ¢ $TPRIA AN 93 7
postSemOS(10); //i&'..zﬂg, task0 » & 7 '0'

}

SR THE

2 BHETBLIE IR TR TP # (AR ZEH UART_IRQHandlerOFTi(T > 212 &
BHONEUTS a0 RFRRESE task0 - #E a0 A A HAE - [Ny UART_IRQHandler() 5 =] gE/2 Tl 17
IEAERITHYHEAL task > £F UART_IRQHandler(¥A{ 7455 1% - CPU GREH T P ETHY HAth task

‘A G LT task0 PR a0

File: Edit View Monitor Tools Operation Help
o BB 9
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aBasbnsyaBacbsfEacfhBsainefa i tla2b7ABa3b0ABadb 9 YABa0bEABaALIDLE
AB s hkaBtBHEEBllhiEkaalhEll-i-.r'\Elt:hEAB:q;E—.qDAE‘-ABb%Aali
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[ERAR FEIERHEZAE(int, char, double, unsigned int)#y &R S 4 A {1k -

(—)SIZE.h
#define TASKSIZE (int) 5
#define  PADDING (char) 18
#define PENDSIZE (int) 4
#define MEMORYPOOLBYTES (int) O
#define  QSIZE (int) O
#define QBYTES (int) O
#define FLAGSIZE (int) O
#define MUTEXSIZE (in) O
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int  box0=0;

int  box1=1;

int  box2=2;

int  box3=3;

int mail1[]={1, 2, 3};

char mail2[]={'4', '5', '6'};
double mail3[]1={1.7, 1.8, 1.9};

unsignedint  mail4[3];

void taskO(void)

{

}

inti;
int number[]={ box0, -1} ;
unsigned int*readAddress;
while(1)
{
sendByte('0");
pendMail OS(number, TIMEOUT _INFINITE);
readAddress=readMail OS();
for(i=0; i<3; i++) //Oxaaaaaaaa 0xbbbbbbbb 0xccccecce
{
print32bits((unsigned int)* (readAddress+i));

}
postMailOS(box1, mail1);

void task1(void)

{

inti;

int number[]={box1, -1} ;
int* readAddress;
while(1)

{
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sendByte('1);
pendMail OS(number, TIMEOUT _INFINITE);
readAddress=readMail OS();
for(i=0; i<3; i++) /1123
{
print32bits((unsigned int)* (readAddress+i));

}
postMail OS(box2, mail2);

}

void task2(void)
{
inti;
int number[]={ box2, -1} ;
char*readAddress;
while(1)
{
sendByte('2');
pendMail OS(number, TIMEOUT _INFINITE);
readAddress = readMail OS();
for(i=0; i<3; i++) II'4 =0x34, ‘5 =0x35, ‘' 6'=0x36
{
print32bits((unsigned int)* (readAddress+i));

}
postMail OS(box3, mail 3);

}

void task3(void)
{
inti;
int number[]={box3, -1} ;
double* readAddress;
double d;
while(1)
{
sendByte('3);
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pendMailOS(number, TIMEOUT _INFINITE);
readAddress=readMail OS();
for(i=0; i<3; i++) /1789
{
d=* (readAddress+i)-1.0;
d*=10.0;
print32bits((unsigned int) (int)d );

}
}
}
void task4(void)
{
while(1)
{
sendByte('#);
mail 4] 0]=0xaasaaaaa;
mai|4[1]=0xbbbbbbbb;
mail4[ 2]=0xccccccecc;
postMail OS(box0, mail4);
delayTimeOS(0,0,0,800);
}
}

void(* taskNamel])(void)={ task0,task 1,task2,task3, task4} ;

(DBITRER
3 ENE IR 2 HEREE R - Hp
task0 ZH T~ - Oxaaaaaaaa 0xbbbbbbbb Oxcccccecece
taskl B~ 123
task2 B ¢ “47 “5" “6" E ASCII 4371 By 0x34 0x35 0x36
task3 B~ 1 789
taskd B © R {UHRH



122 SRR BRPY-HTL
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(—)SIZE.h
#define  TASKSIZE (int) 4
#define  PADDING (char) 18
#define PENDSIZE (int) 7
#define MEMORYPOOLBYTES (int) O
#define  QSIZE (int) O
#define QBYTES (int) O
#define FLAGSIZE (in) O
#define  MUTEXSIZE (int) 1

()= E

void taskO(void)
{
int number[]={0, -1};
int sem[]={0, -1};
while(1)
{
pendSemOS(sem, TIMEOUT _INFINITE);
pendMutexOS(number, TIMEOUT _INFINITE);
sendByte('A");
postM utexOS();
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postSemOS(1);

}

void task1(void)
{
int number[]={0, -1};
int sem[]={1, -1};
while(1)
{
pendSemOS(sem, TIMEOUT _INFINITE);
pendMutexOS(number, TIMEOUT _INFINITE);
sendByte('B");
postM utexOS();
postSemOS(2);

}

void task2(void)
{
int number[]={0, -1};
int sem[]={2, -1};
while(1)
{
pendSemOS(sem, TIMEOUT _INFINITE);
pendMutexOS(number, TIMEOUT_INFINITE);
sendByte('C');
postM utexOS();

}

void task3(void)
{
int number[]={0,1, -1};
while(1)
{
pendM utexOS(number, TIMEOUT _INFINITE);
sendByte('D");
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postM utexOS();
postSemOS(0);
delayTickOS(6);

}
void(* taskName[])(void)={ task0, task1, task2, task3} ;

(S)RTHE

4SBT FR{SYE RINAE 2 BEBRAE T - task0 & task2({REBSYAIE A - B -~ Oz Ppkehiiat s
SEARLBIEY - T tesk3 2 S VERIBI(IUHS D) - task3 G L RIH) taskO » task0 & KL EIH) taskl - teskl
GREE) task2 » (EHRIENZ 18 P AR A ESRE -

File Edit View Monitor Tools Operation Help
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5~ EIR
DUSEATERIE B AR - DERERURAES IR R E M -

(—)SIZE.h
//PEND MAIL 2+ taskO, task6, task7 =
//PEND FLAG 2+ taskl, task2, task3, task4, task5 7 &
#define TASKSIZE (int) 9
#define PADDING (char) 20
#define  PENDSIZE (int) 8
#define MEMORYPOOLBYTES (int) O
#define QSIZE (int) O
#define QBYTES (in) O
#define  FLAGSIZE (int) 2

#define MUTEXSIZE (int) O
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int box0=0;
int box1=1;
int box2=2;

int flag0=0;

int flag =1,

unsigned int postFlag0=0x000000ff;
unsigned int postFlag1=0x0000ff00;
unsigned int postFlag2=0x000000eg;
unsigned int postFlag3=0x00008c00;
unsigned int postFlag4=0x00000001;

unsigned int pendFlag1=0x00000008;
unsigned int pendF ag2=0x00000400;
unsigned int pendFlag3=0x00000011;
unsigned int pendFlag4=0x00007000;
unsigned int pendFag5=0x00000010;

unsigned int writeEvent[3];
unsigned int writel,;

void taskO(void)

{

inti;
int number[] ={ box0, -1};
unsigned int *readAddress;
while(1)
{

sendByte('0");
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//set flag0

Ilset flagl

/fflag0 is cleared to Ox11

/fflagl is clear to 0x7300

/flag0is cleared from Ox11 to 0x10

/IANY flagO
JIANY flagl
JIALL flag0
JIALL flagl
JIALL flag0

pendMail OS(number, TIMEOUT _INFINITE);

readAddress=readMail OS();
for(i=0; i<3;i++)

{

print32bits((unsigned int)* (readAddress+i));

}

postFlagOS(flagO,postFHag0 , FLAG_SET);
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void task1(void)
{

int number[]={flagO, -1};

while(1)

{

sendByte('1);
pendFagOS(number, & pendFlagl, FLAG_MATCH_ANY, TIMEOUT _INFINITE);
postFlagOS(flagl,postFlagl, FLAG_SET);

}

void task2(void)
{
int number[]={flagl, -1};
while(1)
{
sendByte('2");
pendFlagOS(number, & pendFag2, FLAG_MATCH_ANY, TIMEOUT _INFINITE);
postFlagOS(flagO,postFlag2 , FLAG_CLEAR);
}
}

void task3(void)
{
int number[]={flagO, -1};
while(1)
{
sendByte('3);
pendFlagOS(number, & pendFlag3, FLAG_MATCH_ALL, TIMEOUT_INFINITE);
postFagOS(flagl,postFlag3 , FLAG_CLEAR);

}

void task4(void)
{
int number[]={flagd, -1};
while(1)
{
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sendByte('4);
pendFlagOS(number, & pendFlagd, FLAG_MATCH_ALL, TIMEOUT _INFINITE);
postFlagOS(flag0,postFHag4, FLAG_CLEAR);

}

void task5(void)
{
int number[]={flagO, -1};
while(1)
{
sendByte('5);
pendFagOS(number, & pendFlags, FLAG_MATCH_ALL, TIMEOUT _INFINITE);
writel=0xffffffff;
postMailOS(box1, &writel);

}

void task6(void)
{
int number[]={ box1, -1};
unsigned int *readAddress;
while(1)
{
sendByte('6);
endMailOS(number, TIMEOUT_INFINITE);
readAddress = readMail OS();
print32bits(* readAddress);
postMailOS(box2, 0x0);  //don't send message

}

void task7(void)
{
int number[]={ box2, -1} ;
while(1)
{
sendByte('7");
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pendMail OS(number, TIMEOUT _INFINITE);

}
}
void task8(void)
{
while(1)
{
sendByte('8);
writeEvent[ 0] =Oxaaaaaaaa;
writeEvent[1]=0xbbbbbbbb;
writeEvent[ 2]=0xcccececcc;
postMail OS(box0, writeEvent);
delayTimeOS(0, 0, 0, 400);
}
}

void(*taskNamel])(void)={ taskO,task 1, task2, task3, taskd, task5, task6,task 7,task8} ;

(S)RTHE

5 SR IEDBE > BERASSE - main( SBCE (T RIS LI AL O task HY1LRS O
12345678 [ff taskO s task P47 AT 3 HL{L 194 Oxanasacea  Oxbbbbbbbb
811 Oxcocooooc(F task8 FFE%) » #% 3 FUATR BBV Se Tl G eI task A/ THRS T 7%
SN RTE 012345 » 3 task6 4 taskS FIRLAEMI#T - tosk6 JFEIBIT: 1 SAMIBAIGRE
OXFHFHHHEf » - (4P AToRIER & task HIFREE 678 - task  RERFERIKULIERF 25 -

7 a a
Oxaa [} E3
A& aaa a xbbbbb bBb £ z T
Oxaaasasasanaa ExbbbbbbED Ixececcecce PlIILS0xTLrEELILCLSE E§7TEDO=xa
4 aaasasaa Oxbbbbbbbb Oxecccececcee 01 3465 ntfttff e & BE0xaaaa
[ PxbbbbbbbEk lDExccaccaas Q 234 B0xST s QL T8 0x%xanmaanaa
[ lxebbbbbbb fxeccceccee g12314 Oxff et E
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N ECIGREEIE

JE& R Wi tinyOS Fit £2 it 5T R G B 55 09 U5 0% ¢ getMemoryOS() B getMemory30S()
getMemoryOS() (&2 (H it HH a5 Y - = ik > getMemory30S() rl g (fh 2 firkt: ~ ¥ F kBl %7
Efiril - 5 HEE SRR R R AL A FES AT - sb R H R R AV [FE2P R -

(—)SIZE.h

#define  TASKSIZE (int) 5
#define  PADDING (char) 12
#define  PENDSIZE (int) O
#define  MEMORYPOOLBYTES (int) 1000
#define QSIZE (in) O
#define QBYTES (int) O
#define  FLAGSIZE (int) O
#define MUTEXSIZE (int) O

(DIEHRRXE

void taskO(void)
{
while(1)
{
sendByte('A");
pint2=getM emoryOS(100);
if (pint2==0x0)

{
sendByte('@"); /lerror
}
/72 pint2 5 F AL 5 Be o vk 4255 45
delayTickOS(12);
}
}
void task1(void)
{
while()
{

sendByte('B');
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pchar2=getM emoryOS(100);
if(pchar2==0x0)
{

sendByte('@); Ilerror
}
error=putMemoryOS(pchar2);
if(error)
{

sendByte('#);

}
delayTickOS(10);

}

void task2(void)
{
void* pv[3]; I S RO = e LAl ey i
int bytes;
while(1)
{
sendByte('C);
bytes=getM emory30S(100, pv, & dangerBytes);
if(bytes>0) [/success
{
pdouble=pv[Q]; //* #. % > =4t
pint=pv[1]; I+ 38 R =t > £ 8hytes ¥ v * 7 ¥
pchar=pv[2]; /I* % > ikt > EirA4L a4 EH e ¥

*pdouble=0.3;
*pdouble*=10.0; 113
*pint=5;

*pint+=1; 116
*pchar="1; /I0x31

*(pchar+150)="2'; 1/0x32

print32bits((unsigned int) (int)* pdouble); 113
print32bits((unsigned int)* pint); 116
print32bits((unsigned int)* pchar); 1/0x31
print32bits((unsigned int)* (pchar+150)); 1/0x32
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sendByte('$); i $ickgT % I
print32bits((unsigned int) bytes); s fieas 22 B M byte 5 B i
print32bits((unsigned int) dangerBytes); /% % > % B » 12 byte 7 ¥ =
}
delayTickOS(9);

}

void task3(void)
{
while(1)
{
sendByte('D");
pfloat=getM emoryOS(100);
if (pfloat==0x0)

{
sendByte('@"); [lerror
}
delayTickOS(6);
}
}
455 ¢ srefrefa " & task4 &%i
void task4(void)
{
char error;
while(1)
{
sendByte('Q);
error=putMemoryOS(pdouble);
if(error)
{
sendByte('#);
}
error=putM emoryOS(pfloat);
if(error)
{

sendByte('#);
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}
error=putM emoryOS(pint);
if(error)
{
sendByte('#);
}
error=putM emoryOS(pint2);
if(error)
{
sendByte('#);
}
error=putM emoryOS(pchar);
if(error)
{
sendByte('#);
}
delayTickOS(4);
}iwhile
}

void (*taskNamel])(void)={ taskO, task1, task2, task3, task4} ;

S)RTHE
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tinyOS K THI{E IR IR IE - AGIE DL SEH LIRS L AR E R T I HUA RS -

(—)SIZE.h
#define TASKSIZE (int) 3
#define  PADDING (char) 34
#define  PENDSIZE (intl
#define MEMORYPOOLBYTES (int) 1000
#define  QSIZE (int) 2
#define QBYTES (int) 96
#define FLAGSIZE (int) O
#define  MUTEXSIZE (int) O

(S)EHENS

void taskO(void)
{
while(1)
{
sendByte('A");
pint=getM emoryOS(4);
print32bits((unsigned int) pint);
*pint=x++;
postQOS(NO, pint);
pchar=getMemoryOS(1);
print32bits((unsigned int) pchar);
*pchar=(char)x; II*pchar ¢ v *pint % 1 ¢
postQOS(n0, pchar);
X++;
pdouble=getM emoryOS(8);
print32bits((unsigned int) pdouble);
pdouble=0.16;
* (pdouble+1)=0.32;
postQOS(n0, pdouble); /lpdouble § & & B E_F L
delayTickOS(8);
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void task1(void)
{
while(1)
{
sendByte('B");
pfloat=getM emoryOS(4);
print32bits((unsigned int) pfloat);
*pfloat=y;
y+=1.0;
postQOS(n1, pfloat); II*pfloat en 3 s & 6 35 4 4e 1
delayTickOS(8);

}

void task2(void)
{
inti;
int number[]={n0, n1, -1} ;
int items;
void *retrieve[ 10];
double * pdouble;
double w1, w2;
while(1)
{
sendByte('Q);
pendQOS(number, TIMEOUT _INFINITE);
items=readQOS(n0, retrieve);
for(i=0; i<items; i++)
{
print32bits((unsigned int) retrieveli]); /& r task0 #7¥ Grehz B gk
}
print32bits(* (int*) retrievel0]);
print32bits(* (char*) retrieve[1]);

pdouble = retrieve[2]; /lpdouble 3% # & £ 7 = 74t
wl1=* pdouble* 100.0; /116
w2=* (pdouble+1)*100.0; 1132

print32bits( (int)wl);
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print32bits( (int)w2);
putMemoryOS(pint);
putM emoryOS(pchar);
putMemoryOS(pdouble);
1
items=readQOS(n1, retrieve);
print32bits((unsigned int) retrieve[0]);
print32bits((int)* (float* )retrieve[0]);
putM emoryOS(pfloat);
Hiwnhile

}

void (*taskNamel])(void)={ taskO, task1, task2} ;
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