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void main (void)

PC_DispCIrScr(DISP_FGND_WHITE + DISP_BGND_BLACK)

'

OSInit()

A
PC_DOSSaveReturn()

A 4
PC_VectSet(uCOS, OSCtxSw)

A 4
RandomSem = OSSemCreate(1);

A 4
OSTaskCreate(TaskStart, (void *)0, (void *)&TaskStartStk[TASK_STK_SIZE - 1], 0)

v

OSStart()

END

<Figure 1-2 Ex1l.c main() Funtion >

uC x86 3 , exll.c
os_cfg.h uC
exll.c os_cfg.h
#define OS_MAX_EVENTS 2 * event contral block(ECB) 2 */
#define OS_MAX_MEM_PART 2 * Memory partition . 2 */
#define OS_MAX_QS 2 * qgueue control blocks . 2 */
#define OS_MAX_TASKS 11~ tasks 2 */
#define OS_LOWEST_PRIO 12 * . 63 */
#define OS_TASK_IDLE_STK_SIZE 512 /*Idle task stack size , 16 */
#define OS_TASK_STAT_EN 1 I* task(1 Cpu Usage ) */
#define OS_TASK_STAT_STK_SIZE 512 /[* task stack size , 16 */
#define OS_CPU_HOOKS EN 1 /* uC/OS-Il hooks are found in the processor port files */
#define OS_MBOX_EN 0 /*MAILBOX */
#define OS_MEM_EN 0 I* (fixed sized memory blocks) */
#define OS_Q_EN 0 *QUEUES %
#define OS_SEM_EN 1 /*SEMAPHORES */
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#define OS_TASK_CHANGE_PRIO_EN 0 /* OSTaskChangePrio()
#define OS_TASK_CREATE_EN 1 [* OSTaskCreate()
#define OS_TASK_CREATE_EXT_EN 0 /* OSTaskCreateExt()

#define OS_TASK_DEL_EN 0 /* OSTaskDel()

*/
*/
*/

*/

#define OS_TASK_SUSPEND_EN 0 [* OSTaskSuspend() and OSTaskResume() */

#define OS_TICKS_PER_SEC 200 *1 tick

*/
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2 Program Flowchart (Exil.exe)

C void main( void ) )

PC_DispCIrScr(DISP_FGND_WHITE
+ DISP_BGND_BLACK)

A

OSinit()

H 1-17
]
[

@/

C void OSInit (void) )
v

INT32U OSTime =0L
INT8U OSIntNesting =0
INT8U OSLockNesting =0

void PC_DispClrScr
(INT8U color)

pscr = MK_FP(DISP_BASE, 0x0000)

for(i=0;i<
(DISP_MAX_X *

DISP_MAX_Y); i++) | Y €3

l n

1

*pscr++ ="

A

OSTaskCtr

OS_TASK_CREATE_EN ||
OS_TASK_CREATE_EXT_EN ||
0S_TASK_DEL_EN

BOOLEAN OSRunning = FALSE
INT32U OSlIdleCtr =0L

OSldleCtrRun =0L
OSldleCtrMax = 0L

!

TOSStathy = FALSE

OS_TASK_STAT EN &&
0S_TASK_CREATE_EXT_EN

v

void *OSTCBEXxtPtr
OS_STK OSTCBStkBottoM

INT32U OSCtxSwCtr
INT32U OSRdyGrp

=0
=0

INT32U OSTCBStkSize

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

yes

}

*pscr++ = color

C end

34_

C 0s_TCB )
Y

OS_STK *OSTCBStkPtr

A 4
0S_TASK_CREATE_EXT EN

'

ITJ‘?E&J%SS-I}%%%N | struct os_tcb *OSTCBNext
| struct os_tch *OSTCBPrev
(OS_Q EN && (OS_MAX_QS >=
2)) || OS_MBOX_EN ||
OS_EVENT N 0S_SEM_EN
*OSTCBEventPtr

INT8U OSRdyThl[i] = 0

void *OSTCBMsg

A 4

(0S_Q EN && (0S_MAX_QS >=
2)) || OS_MBOX_EN
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INT8U OSPrioCur =0
INT8U OSPrioHighRdy = 0 INT16U OSTCBDIy4
OSTCBHighRdy = (OS_TCB *)0 INT8U OSTCBSt_a
OSTCBCur =(0OS_TCB *)0 INT8U OSTCBPrio
OSTCBList =(0S_TCB *)0 INT8U OSTCBX
INT8U OSTCBY
INT8U OSTCBBItX
INT8U OSTCBBItY
condition?
y
for (i=0;i< BOOLEAN OSTCBDelReq \J\ OS_TASK_DEL_EN
(OS_LOWEST_PRI
yes 0+1) i+ ¢
l C end )

no

OSTCBPrioTbl[i] = (OS_TCB *)0 \
| ‘| OSTCBprioTable

( 0S_EVENT >

for(i=0;i< void *OSEventPtr
(OS_MAX_TASKS + INT8U
yes |OS_N_SYS TASKS OSEventThl[OS_EVENT_TBL_SIZE]

- 1); i++) INT16U OSEventCnt

no INT8U OSEventType

INT8U OSEventGrp;

OSTCBThI[[].OSTCBNext = ¢
&OSTCBTbI[i + 1] \ OSTCB
I ( end >
N
Next pointer
NULL
OSTCBTbI[OS_MAX_TASKS +
OS_N_SYS_TASKS - 1].OSTCBNext
= (0S_TCB *)0 D
OSTCBFreeList= &OSTCBTbI[0]
condition?
OS_MAX_EVENTS
>=2
yes
) 4 ) 4
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(e

for(i=0;i<

S_MAX_EVE| yes

NTS - 1); i++) l

OSEventTbl[i.OSEventPtr =
(OS_EVENT *)&OSEventThl[i + 1]

OSEventFreeList= &OSEventThl[0]

OSEventThl[0S_MAX_EVENTS -
1].0SEventPtr = (OS_EVENT *)0

v n

C 0SQInit() D

for(i=0;i<
(OS_MAX_EVE
NO | 'NTS-1);i++) | YES

!

/,| OSQTDI[].OSQPtr = &OSQTbI[i+1]

OSQTHI[OS_MAX_QS - 1].0SQPtr
— =(0S_Q*0

OSQFreeList = &OSQTHI[0]

(_ osQmithend )

condition?

0S Q EN&&
(OS_MAX_QS

yes

>=2)
y

0SQInit()

( osq
A 4

struct os_q *OSQPtr
void *QSQStart
void *»*QOSQENd
void **OSQI
void *»*OSQOut
INT16U 0SQSize
INT16U OSQEntries

( end

C OSMeminit() D

v

pmem = (OS_MEM *)&0OSMemThl[0]

RT >=2

| os MEM EN&&
l0S MAX_MEM PA

yes |

OSMeminit()

()

.

for(i=0;i<
(OS_MAX_MEM_P yes
ART - 1); i++) ¢

pmem->0SMemFreeList = n
(void *)&OSMemThbl[i+1] 0

(_ 0s MEm

v

pmem->0SMemAddr = (void *)0
pmem->OSMemNFree =0
pmem->0OSMemNBlks =0
pmem->0SMemBIkSize =0

pmem-++;

void *OSMemAddr
void *OSMemFreeList
INT32U OSMemBIkSize
INT32U OSMemNBlks
INT32U OSMemNFree;

OSMemThl[OS_MAX_MEM_PART -
1].0SMemFreeList = (void *)0
OSMemFreelList = (OS_MEM

*&OSMemThl[0]

v

( end

A
( OSMeminit() end )
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@ Stack grows from HIGH

to LOW memory on 80x86

V\Q}‘ 0S_STK_GROWTH == 1
@ition? no

yes

OS_TASK_CREATE_EXT EN

yes yes
¥ v
OSTaskCreateExt
(OSTaskidle,(void*)0, OSTaskCreateExt
&OSTaskidleStkjOS_TASK_IDLE_ST (OSTaskidle,(void*)0,
K_SIZE - 1], &OSTaskldleStk[o],
0S_IDLE_PRIO, no 0S_IDLE_PRIO, no
[ |OS_TASK_IDLE_ID, 0S_TASK_IDLE_ID,
&O0STaskIdleStk[0], &OSTaskidleStklOS_TASK_IDLE_ST
0OS_TASK_IDLE_STK_SIZE, (void *)0, K_SIZE - 1],
0S_TASK_OPT_STK_CHK | 0OS_TASK_IDLE_STK_SIZE, (void %0,
0S_TASK_OPT_STK_CLR); 0S_TASK_OPT_STK_CHK |
0S_TASK_OPT_STK_CLR);

OSTaskCreate

(OSTaskidle, (void *)0, OSTaskCreate
&OSTaskldleStk[0S_TASK_IDLE_ST |« (OSTaskidle, (void *)0,

K_SIZE - 1], &OSTaskldleStk[0], h
0S_IDLE_PRIO) OS _IDLE_PRIO)

Y
@“ﬁ
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condition? =
OS_TASK_STAT_EN

yes

condition?

no

0S_TASK_CREATE_EXT EN

yes

0S_STK_GROWTH ==1

condition?

yes

yjs l

OSTaskCreateExt
OSTaskCreate . no (OSTaskStat,(void*)0,
(OOSTaskStat, (void *)0, &OSTaskldleStk[OS_TASK_IDLE_ST

no &0STaskldleStklOS_TASK_IDLE_ST K_SIZE - 1],

K_SIZE - 1], OS_IDLE_PRIO, no
0S_IDLE_PRIO) OS_TASK_IDLE_ID,

&OSTaskldleStk[0],

1 OS_TASK_IDLE_STK_SIZE, (void *)0,

OS_TASK_OPT STK_CHK |
OS_TASK_OPT_STK_CLR);

OSTaskCreate
(OOSTasksStat, (void *)0,
&OSTaskldleStklOS_TASK_IDLE_ST

A

OSTaskCreateExt
NG :ILD]I’:EIO) (OSTaskStat, (void*)0,
i &OSTaskldleStk[0],
OS_IDLE_PRIO,

0S_TASK_IDLE_ID,
&O0STaskldleStjOS_TASK_IDLE_ST
K_SIZE - 1],
OS_TASK_IDLE_STK_SIZE, (void %0,
OS_TASK_OPT STK_CHK |
0S_TASK_OPT_STK_CLR):

<

A A A 4

»( oShit)end  Je—

< Figure 1-2 OSlInit(),PC_DispClrScr () FlowChart >
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exll.c main() Pointer’ , ‘ Next/Previous TCB
void PC_DispCIrScr (INT8U pointer’ , * Task Priority’ , * TCB bit position’ .
color) OSiInit() . 1-4

page Flow chart
1. void PC_DispClrScr (INT8U color)

(*OSTCB) OSTCBThI[ ]

VIDEO RAM PC
clear . (OS_MAX _TASKS + OS_N_SYS_TASKS )
8 . (*OSTCB) Table
Video Card VGA Linked list next tcb table
Video RAM B800 . table next pointer
Base segment B800:xxxx “NULL’ . OSTCBFreeList
2Byte . &OSTCBTDI[0]
MK_FP(DISP_BASE, 7 T 7
0x0000) dos.h OSTCBTbI[0] OSTCBTbI[?] NULL
L ]
| OSTCBFreeLis\i next pointer next pointer
#define MK_FP( seg,ofs )( (void _seg * )( seg ) +( void near
*)(ofs))
MK_FP( ) seg (OS_TCB *) OSTCBPrioTbI[ ]
ar 2 (Base segment, Offset OSTCBTbI (0S_TCB)
address) ’ , Task TCB
. 0s_cfg.h Task
OSTCBPrioTbl[ ] “ NULL
priority
2.void OSiInit (void) Task TCB linked
lisk
os_cfg.h
(OS_EVENT) OSEventTbl[ ]
OS_EVENT (page 15 )
OSEventTbl[]
(extern INT8U) OSRdyTbl[OS_RDY_TBL_SIZE ] JOSEventhI[O] /TOSEventhl[l] 7 NULL
Task Ready ! ('):SEina_nt 1 OSeventPtr OSeventPtr
task priority 1D ReadyTable reelist
. Table
priority . OSlnit()
OSInit()
(struct) OS_TCB OSTaskCreat(), OSTaskCreatExt()
OSldleTask()
task task Task OSsStatTask()

Control Block
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INT8U OSTaskCreate (void
(*task)(void *pd), void *pdata,
OS_STK *ptos, INT8U prio)

prio >

no yes OS_LOWEST_PRIO

v
return (OS_PRIO_INVALID)

void *OSTaskStklnit (void
(*task)(void *pd), void *pdata, vold
*ptos, INT16U opt)

A 4

opt =opt

stk = (INT16U *)ptos
*sk-= (INT16U)FP_SEG(pdata)
*stk-- = (INT16U)FP_OFF(pdata)
*stk-- = (INT16U)FP_SEG(task)
*stk-- = INT16U)FP_OFF(task)
*stk-- = (INT16U)0x0202

*stk-- = (INT16U)FP_SEG(task)
*stk-- = (INT16U)FP_OFF(task)
*stk-- = (INT16U)OXAAAA
*stk-- = (INT16U)OXCCCC;
*stk-- = (INT16U)OXDDDD

> OS_ENTER_CRITICAL()

*stk-- = (INT16U)0xBBBB

condition ? *stk-- = (INT16U)0x0000

*stk-- = (INT16U)0x1111

- : *stk-- = (INT16U)0x2222

ves | 208 Ten Do) *stk-- = (INT16U)0x3333

v - *stk-- = (INT16U)0x4444

) . *stk =_DS
OSTCBPrioTbl[prio] = (OS_TCB *)1
v v

0S_EXIT_CRITICAL()

G5 TaskCreatExt()

(

return ((void *) stk)
A 4
( end )
psp = (void *)OSTaskStklnit
(task, pdata, ptos, 0)

INT8U OSTCBInit (INT8U prio,
L OS_STK *ptos, OS_STK *pbos,

err = OSTCBInit(prio, psp, (void *)0, 0| INT16U*id, INT16U stk_size, void
no 0, (void *)0, 0) pext, INT16U opt)

A 4

OS_ENTER_CRITICAL()
err == OS_NO_ERR
\ 4
yss ptcb = OSTCBFreeList

OS_ENTER_CRITICAL()

h 4 no
OSTaskCtr++
yes
v v
OSTaskCreateHook(OSTCBPrioTbl[prio]) OSTCBFreeList = ptch->OSTCBNext
\ 4 y
OS_EXIT_CRITICAL() OS_EXIT_CRITICAL()

<
l

! '
O ® ()
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& ® 6 ©
ptcb->OSTCBStkPtr = ptos
ptcb->OSTCBPrio = (INT8U)prio
ptcb->OSTCBStat = OS_STAT_RDY

ptch->OSTCBDIly = 0
yes
Y
OSSched() no 4
condition ?
¥\
0OS_TASK_CREATE_EXT_EN lyes
no
ptch->OSTCBEXtPtr = pext
0S_ENTER_CRITICAL() ¢ ptcb->OSTCBStkSize = stk_size
no — _ ptcb->0OSTCBStkBottom = pbos
l ptchb->OSTCBOpt = opt
- - ptcb->OSTCBId = id
OSTCBPrioThbl[prio] = (OS_TCB *)0

T v

OS_EXIT_CRITICAL() condition ?
¢ OSCreatTaskExt()
OS_TASK_
return (err) l— yes DEL_EN
no ¢
ptcb->OSTCBDelReq = OS_NO_ERR
ptcb->OSTCBY = prio >> 3
> OS_EXIT_CRITICAL( ptch->OSTCBBItY = OSMapTbl

[ptch->OSTCBY]

. > ptch->OSTCBX = prio & 0x07
ptch->OSTCBBitX = OSMapTbl
return (OS_PRIO_EXIST)

[ptch->OSTCBX]
¢ 0S_MBOX_EN || (OS_Q_EN

( OSTaskCreate() end > && (0S_MAX_QS >=2)) ||

OS_SEM EN
yes

v
ptcb->OSTCBEventPtr=(0S_EVENT *)0

OS_MBOX_EN || (OS_Q_EN
&& (OS_MAX_QS >=2) yes
ptcb->OSTCBMsg = (void *)0
no
3e )«

1-11



uC/Os-lI Author: Hyun, Park (embeddedprg@yahoo.co.kr) Electronics

OSTCBTbI OS_ENTER_CRITICAL()
[0] ¢
next pointer OSTCBPrioTliI[prio] = ptcb

A

‘null’ ptcb->OSTCBNext = OSTCBList
OSTCBTbli#4 OSTCBTbI
/ t h
OSTCBFree
List next pointer| | next pointer ptcb->OSTCBPrev = (OS_TCB *)0

OSTCBFreelList

OSTCBLIst->OSTCBPrev = ptch
y OSTCBList '
null / OSTCBList = ptcb [«
! prev pointer P
TCB #2 / —
/ \ 4
prev pointer / OSRdyGrp |= ptcb->OSTCBBItY
/ __-w TCB#1 OSRdyThl[ptch->OSTCBY] |=
next pointerf~"" ptcb->OSTCBBItX
prevpointer
next pointef Y
OS_EXIT_CRITICAL()
v
rm——— ———q- return (OS_NO_ERR)
\/
\ 4
) OSTCBList OS_EXIT_CRITICAL()
J/ prev pointer l
TCB #3 / return (OS_NO_MORE_TCB)
, / .
prev pointer / TCB #2 TCB #1 (
OSTCBInit() end >
next pointer Y
prev pointer prev pointer
next pointer next pointer

|——
bomae

<Figure 1-2 OSTaskCreat(), OSTaskCreatExt() >
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3. OSTaskCreat( ), OSTaskCreatExt()

task  * priority’
ID .
if task

priority task

(void *)OSTaskStklInit(task, pdata, ptos, 0)

. Task
task

task
task
, ptos

task

code , pdata

stk = ptos
pdata(SEG)
pdata(OFF)
task(SEG)
task(OFF)
0x0202
task(SEG)
task(OFF)
AX
CX
DX
BX
SP
BP
Sl
DI
ES
_Ds

ptos
0x0202 interrupt
DS

B Task

Status Word
Segment

enable
Data
task
OSTaskCtr
OSRunning
0OSsSched()

task

OSTCBInit(prio, psp, (void *)0, 0, 0, (void *)0, 0)

OSinit( ) (pase 15 )
FreeList(= &OSTCBTbI[0]) Linked list
, TCB

Linked list

OSTCB

OSTCB
List

page 1-13 3

Semaphore,MessageBOX, Message Queue
TCB

OSTaskCreatExt()
, OSTaskCreat()

11page

yes

opt &
OS_TASK_OPT_STK
_CHK

condition ?

(opt &
OS_TASK_OPT_STK
_CLR)

yes

|

pfill = pbos

for (i=0; i < stk_size;
"° no yfs i++)
*pfill++ = (OS_STK)0
Ly *pfill++ = (OS_STK)0
task
Tasklidle()
TaskStat()
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void OSTaskldle (void
*pdata)
0S_ENTER_CRITICAL()

v

OSldleCtr++

v

0S_EXIT_CRITICAL()

v
)

void OSTaskStat (void
*pdata)

OSStatRdy
== FALSE

yes
v
OSTimeDly(2 *
OS_TICKS_PER_SEC)

v
0S_ENTER_CRITICAL()

y
OSldleCtrRun = OSldleCtr

run = OSldleCtr
OSldleCtr = 0L

y
OS_EXIT_CRITICAL()

OSldleCtrMax > OL

usage = (INT8S)(100L - 100L * run /
OSldleCtrMax)

tick

Table

Delay ’

Ready
Y

void OSTimeDly (INT16U
ticks)

o>

OS_ENTER_CRITICAL()

condition ?

(OSRdyThI[OSTCB
Cur->OSTCBY]
&= ~0OSTCBCur- yes

>OSTCBBitX) == 0) l

OSRdyGrp &=

~OSTCBCur->OSTCBBItY

OSTCBCur->0OSTCBDIy = ticks
OS_EXIT_CRITICAL()

A 4

0OSSched()

v
o )

C void OSSched (void))

y

OS_ENTER_CRITICAL()

(OSLockNesting |
OSIntNesting) == yes

|

\ y = OSUnMapTbl[OSRdyGrp]
OSPrioHighRdy = (INT8U)((y << 3) +

OSUNnMapTbl[OSRdyThi[y]])
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() () ()
condition?
>
OSPrioHighRdy !=
yes OSPrioCur yjs
v
~ no OSTCBHighRdy =
OSCPUUsage =100 ~ T OSTCBPrioTh[OSPrioHighRdy]
no
v
o no OSCIXSWCHr++
no yes l
v OS_TASK_SW()
OSCPUUsage = 0 /
|: INT 80h
A
OSCPUUsage = usage > 0S_EXIT_CRITICAL() P
L » OSCPUUsage = 0 /E C v )
OSSched() end
A 4
OSTaskStatHook()
A 4
OSTimeDly(OS_TICKS_PER_SEC)
A 4
C OSTaskStat() end ><7
<Figure 1-3 OSTaskldle(*pdata ), void OSTaskStat(*pdata), OSTimeDly( ticks) >
4. OSTaskldle(*pdata ) 6. OSTimeDly( ticks)
task ticks Ready
IdleCtr++ Table . ( _OSTickISR() OSTimeTick()
)
Void OSSched(void)
5. void OSTaskStat(*pdata) OSLockNesting, OSIntNesting oS
ISR
TRUE 2 » Nesting 0SSchedLock (void)
OSstart() , OSsStatRdy - TRUE 1 , OSIntNesting OSInt Enter(void),
i , PU

OSIntExit(void)
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Y=0SUnMapTbl[OSRdyGrp]
OSPrioHighRdy=(INT8U)((y << 3) + OSUnMapTbI[OSRdyTbl[y]])

Task Ready Table

task Task

Task Context
Switching ISR (int 80h)
5
( )
. INT8U
OSTCBInit() TCB
4

ptcb->OSTCBY = prio >> 3

ptcb->OSTCBX = prio & 0x07

ptchb->OSTCBBItY = OSMapTbl[ptcb->OSTCBY]
ptcb->OSTCBBItX = OSMapThbl[ptcb->OSTCBX]

TCB
.(priority 12= 0000 1100b)

ptcb->OSTCBY = 0000 0001b
ptcb->OSTCBBItY = 0000 0001b

ptch->OSTCBX = 0000 0100b

task

ptch->OSTCBBItX= 1000 0000b

OSTCBJ[]

OR

OSRdyGrp

OSRdyGrp |= ptcb->OSTCBBItY
OSRdyTbl[ptcb->OSTCBY] |= ptcb->OSTCBBItX

Task

OSUnMapTbl[OSRdyTbl[y]
. OSUnMapThl[ ]

OSRdyTbl[]
UnMapTbI[OSRdyGrp]

OSRdyGrp
Ready Table
Y ’
X
OSRdyGrp 255
X, Y

i({ojof1]0f(O0| 1|1 > OSRdyGrp = 10010011b
\ 4 4 A S Y
A L 765413 [2]1]0 » OSRdyThl[0]=10000000b
S 15|14 |13|12|11|10| 9 | 8 »| OSRdyThbI[1]=00010000b
A 2322|2120 |19| 18|17 16 »| OSRdyTbl[2]=0000000b
v N — 31(30|29|28|27]|26]|25](24 »| OSRdyTblI[3]=0000000b
39 (38|37 |36[35]|34|33]32 »| OSRdyTbl[4]=0000100b
47 | 46 | 45 |44 | 43| 42| 41| 40 p| OSRdyTbl[5]=0000000b
55 |54 |53|52|51|50] 49|48 »| OSRdyTbl[6]=0000000b
v 63[62|61|60|59]|58|57]56 »| OSRdyTbl[7]=1100000b
- >
O1O0fY|Y[Y | X[ X] X
Task's Priority
< Figure 1-4 >
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PC_DOSSaveReturn()

Y

PC_VectSet(uCOS, OSCtxSw)

Y

RandomSem = OSSemCreate(1)

void PC_DOSSaveReturn
(void)

A 4

PC_ExitFlag = FALSE
OSTickDOSCtr= 1

y

PC TickiSR =
PC_VectGet(VECT_TICK)

A

0S_ENTER_CRITICAL()

¥

PC_VectSet(VECT_DOS_CHAIN,
PC_TickISR)

A 4

0S_EXIT_CRITICAL()

A 4

setimp(PC_JumpBuf)

no

PC_ExitFlag
=TRUE

yes
v

0S_ENTER_CRITICAL()

void PC_DOSSaveReturn
(void)

return (getvect(vect))

end )

C

void PC_VectSet (INT8U
vect, void (*isr) (void))

A
setvect(vect,
(void interrupt (*) (void)) isr)

o)

Capture where we are
in DOS (setjmp.h)
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@ @ void PC_SetTickRate
(INT16U freq)
freq == 18

PC_SetTickRate(18)

yes
PC_VectSet(VECT_TICK, no v
PC_TickISR) | count =0 |

|

0S_EXIT_CRITICAL() @

PC_DispClrScr(DISP_FGND_WHITE yes nc

+DISP_BGND_BLACK) y
count = (INT16U)(((INT32U)

2386360L / freq + 1) >> 1)

Y
exit(0)

count=0 l—

—»C end ) ]

outp(TICK_TO0_8254_CWR,
TICK_TO_8254 CTRO_MODES3)
outp(TICK_TO_8254_CTRAO,

I [
count & OxFF
S_EVEIm ;é)L:JSSemCreate 0s E\E’é‘gi -5 outp(TICK_T0_8254_CTRO,
( cnt) — (count >> 8) & OxFF)
OS_EVENT *pevent y

OSEventFreelList =
&OSEventTblI[0]

1 — C end )

0S_ENTER_CRITICAL() L

v

pevent = OSEventFreeList OSEventFreelList

. .

condition ?

¥\
- OSEventThbl
OSEventFreeList = [0]
(OS_EVENT %0 |yes
¢ OSEventPtr

OSEventFreeList = (OS_EVENT
*)OSEventFreeList->OSEventPtr

‘null’
OSEventThl |4 OSEventThl
y ne 0] ] [1]
OS_EXIT_CRITICAL() OSEventFreeL /
ist OSEventPtr | | OSEventPtr
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5c

condition ?

pevent I=

(OS_EVENT %0 lyes

OS_EXIT_CRITICAL()

A

pevent->OSEventType =
OS_EVENT_TYPE_SEM

A

pevent->OSEventCnt = cnt

v

OSEventWaitListlnit(pevent)

A

return (pevent)

A

¥
GS_EVENT *OSSemCreati

end

void OSEventWaitListInit
(OS_EVENT *pevent)

\ 4
pevent->OSEventGrp = 0x00

~

for(i=0;i<
OS EVENT_T
BL_SIZE; i++)

yes

l o

pevent->0OSEventTbl[i] = 0x00;

v
e

<Figure 1-5 PC_DOSSaveReturn(), OSSemCreate( )>

7. PC_DOSSaveReturn()

uC
uC
OSStart()
DOS
main( )
FALSE ,
buffer ,
PC_DOSReturn( )
Cf branch

, PC_ExitFlag

Cif

* PC_JumpBuf’
ESC
PC_ExitFlag TRUE

PC_VectGet(VECT_TICK)

dos.h getvect()

void interrupt( far * _CType getvect(int __interruptno ))();

) * interrupt’ ISR(Interrupt Service Routine)

keyword calling

convention
(IRET), PUSH, POP

. Ctype keyword
‘ cdecl’ keyword (_defs.h) stdcall
keyword call convention
keyword

(under bar )

void pointer void const,
volatile

vector table
. (MSDN reference manual )
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PC_VectSet(VECT_DOS_CHAIN, PC_TickISR)

dos.h
dos

setvect()

VECT_DOS _CHAIN (=81h)

Dos Tick ISR

void _CType setvect ( int __interruptno,

_isr)())

) keyword
interrupt number ISR

setjimp(PC_JumpBuf)

setjup
longjmp

(register )

¢

non-logical goto’
calling return convention
error-handling recovery code

tick ISR vector

void interrupt ( far *

Low

counter . 82c54 Mode3
counter 2
. High
0 High
counter
High

8. OSSemCreate()

. (MSDN refe
rence manual .2
PC_SetTickRate(freq)
2386360 8254
1.193180Mhz 2
—-counter = (1193180.0 Hz/frep) + 0.5
freg=1
1Hz ,
frep=18 18.2Hz (55ms)
tick time
) PC/AT
4kbyte 15 64k 1/0
address lkbyte 1/0 address
256byte 0x000~0x0FF address ( )
1/0 , OxXOFF ~Ox3FF
768byte 1/0 addess , PC
22-23h set
I/0 address . 82c54 counter
256byte 0x40 ~0x43 1/0 register
address

OSEventFreelList
Block

OSFreeEventList

Free Event Control

NULL
element
linked list
ECB OSEventWaitListlnit(pevent)
Event Group . (
TCB Ready Table
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OSTaskCreate(TaskStart, (void *) 0, (void
/ *)&TaskStartStk[TASK_STK_SIZE - 1], 0)

.

OSStart()

( void m;in() end )

——
-

oSstatinit() )

.

OSTimeDly(2)

A 4
OS_ENTER_CRITICAL()

A
OSldleCtr =0L

y
OS_EXIT_CRITICAL()

y
OSTimeDly(OS_TICKS_PER_SEC)

void TaskStart (void *data)

A
Display some Strings...

y
OS_ENTER_CRITICAL()

A
0S_ENTER_CRITICAL()

y
OSldleCtrMax = OSldleCtr

A
PC_VectSet(0x08, OSTickISR)

y
OSStatRdy = TRUE

OSTickISR service
is started y

OS_EXIT_CRITICAL()

y
( OSStatlnit() end )

A
PC_SetTickRate(OS_TICKS_PER_SEC)

A
OS_EXIT_CRITICAL()

A
Display some Strings...

A
OSStatlnit()

v

condition? <
w N_TASKS;

yes i++)
v
TaskData[i] ='0" + i

v

OSTaskCreate(Task, (void *)&TaskDatali], (voi
*)&TaskStk[i[TASK_STK_SIZE - 1], i + 1)

O
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@ Qoid PC_GetDateTime (char @

Display some Strings... gettime(&now)
getdate(&today)
condition?
JI v
[ — sprintf(s, "%02d-%02d-%02d
%02d:%602d:%02d",
OSCtxSwCtr =0 today.da_mon,
¢ today.da_day,
today.da_year,
Display CPU Usage now.ti_hour,
¢ now.ti_min,
now.ti_sec)
PC_GetDateTime(s)
y
( end >
condition? N
PC_GetKey(&key)
yes == TRUE l
void PC_DOSReturn (void)>
key == 0x1B l
yis PC_ExitFlag = TRUE
OSTimeDlyHMSM(O, 0, 1, 0) l
| longjmp(PC_JumpBuf, 1)
yes
4
OSTimeDlyHMSM(0, 0, 1, 0) ( end >

<Figure 1-6 OSTaskCreat(OSTaskStart(), ...>

9. OSTaskStart( ) OSsStatlnit()
TaskStart() task . Static( ) .
0x8h DOS tick ISR  OSTickISR() , 1 OsSldle()
? . , PC_SetTickRate() tick OSldleCtr 1
time 1/200 , 1 200 OSldleMax ,
OSTickISR() Interrupt . OSsStart()
OsSldleCtr
| 8h interrupt vectori‘ CPU  Usage
N, MEMORY .
X\\\ OSTasksStart() task ,
} time tick ISR
(0}
_OSTickISR vector (4

1-22
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uC/OS-I

C void OSTimeTick (void) >

A 4
OSTimeTickHook()

%
Eelect the first l
task in OSTCBLIS
yes ! BN ptch = OSTCBList

( void OSStart (void) )

v

y = OSUnMapTbl[OSRdyGrp]
X = OSUnMapThl[OSRdyThlfy]

OSPrioHighRdy = (INT8U)((y << 3) + X)
OSPrioCur = OSPrioHighRdy no
OSTCBHighRdy = ptch->OSTCBPrio
OSTCBPrioThI[OSPrioHighRdy] I=0S_IDLE_PRIO
OSTCBCur = OSTCBHighRdy
i OS_ENTER_CRITICAL()
OSStartHighRdy()
\ 4 condition ?
( OSsStart() end )4—
ptcb->OSTCBPrio =
OS_IDLE PRO | Y©S
i
condition ?
--ptcb-> es
osTCBDly==0 | Y
1\
I(ptcb->OSTCBStat & |
no | OS_STAT_SUSPEND | y js
OSRdyGrp |= ptcb->OSTCBBItY
l OSRdyThl[ptch->OSTCBY] |=
OS_ENTER_CRITICAL() ptch->OSTCBBItX
A 4
OSTime++ ptcb->OSTCBDly = 1
> ptcb = ptch->OSTCBNext

v

OS_EXIT_CRITICAL()
0S_EXIT_CRITICAL()

Y
( OSsStart() end ) I

<Figure 1-7 OSStart(), OSTimeTick() >
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10. void OSStart(void)

task , OSTaskldle()
task OSTaskStart() 2tick
exl.c main() Ready Table task
(preemptive) os
TaskStart() OSldleCtr 0
task task 1 Delay , OSTakldle() 1
. task  OSldleTask(), OSStatTask(), OSildleCtr OSildleCtr
OSTaskStart() task 3 , , 1 Reday
Task TaskStart( ) OSTaskStart() OSldleCtrMax
(Task )
OSStart() Ready Table OSTaskStart() Task()
task OSTaskStart()
task OSTimeDly()
OSTaskStart Ready Table
2tick .
task OSTask Stat()
, OSStatRdy FALSE
OSTimeDly()
2
_ | OSTasksStart(priority = 0 - highest) | OSTaskSTat (priority =62) | | OSTaskidle (priority =63) |
Fos=m=-- priorty=e=e=x »
' main() {
i uC/OS initialize..
OSStart();

uC/OS-ii tick
OSStatlnit()
{ OSTimeDly(2 ticks)

|:| scheduller—»

|—scheduller_> while (OSStatRdy == FALSE) {

|:| after 2 ticks

OSTimeDly(2 second)

|

I—scheduller—>|

for (;;) { OSldleCtr++ |

OsSldieCtr =0L
time OST|n|1eDIy(1 second)
— T
.
|:| B after 1 second scheduller—f‘-—plI for (;;) { OSldleCtr++
\ 4 after 2 second
OSldleCtrMax = OSldleCtr
OSStatRdy =TRUE
for (;;){
task code..
}
— ! \ 4
. for (;;){
_Store maximum Compute Statistics
idle counter coun }
in 1 second }
v
<Figure 1-8 OSStart() >
1-24
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uC/OS-lI
id K (void *d void OSSemPend (OS_EVENT
void Task (voi ata) *pevent, INT16U timeout, INT8U *err,
OSTCBTDI[.OSTCBNext = 0S_ENTER CRITICALO

&OSTCBTDI[i + 1]

A
0OSSemPend(RandomSem, 0, &err) |4

4\

pevent->OSEventType ! 5
OS_EVENT_TYPE_SEM | Yés

Y
x = random(80) ¢
y = random(16)
| 0S_EXIT_CRITICAL() |
no
A
OSSemPost(RandomSem) for(; ;) v
*err = OS_ERR_EVENT_TYPE

Y

PC_DispChar(x, y + 5, *(char *)data,
DISP_FGND_LIGHT_GRAY)

condition?

v
OSTimeDly(1) pevent->OSEventCnt > LJ yes

pevent->OSEventCnt - -

:

OS_EXIT_CRITICAL()

Y
*err = 0S_NO_ERR

OSIntNesting > 0

yes

OS_EXIT_CRITICAL()

A4
*err = 0S_ERR_PEND_ISR

1-25
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“pevent) semaphore

OSRdyTh[OSTCBCur->0STCBY]
&= ~OSTCBCur->OSTCBBitX) ==

. . Resource not e
de OSEventTaskWait (OS_EVENT available, pend On\

OSTCBCur->OSTCBStat |=
OS_STAT_SEM

!

OSTCBCur->OSTCBDIy = timeout

A 4

OSRdyGrp &= OSEventTaskWait(pevent)
~OSTCBCur->OSTCBBItY
A 4
Schduel to the highest
v task whitch is being OS_EXIT_CRITICAL(
pevent->OSEventThl[OSTCBCur->OSTCBY] waiting Semaphore, i
|= OSTCBCur->0OSTCBBiItX it is found, make it to v
the ready state
OSSched()
y
pevent->OSEventGrp v
= OSTCBCur->OSTCBBItY
| o : OS_ENTER_CRITICAL()

v

—>( end > T

OSTCBCur->OSTCBStat &
OS_STAT_SEM y js
( void OSEventTO (OS_EVENT ) OSEventTO(peven)
pevent)
A 4
no
OS_EXIT_CRITICAL()
condition?
/> v
(pevent->OSEventThl[OSTCBCur->OSTCBY] &= _
~OSTCBCUr->OSTCBBitX) == ‘e = 0S_TIMEOUT
no YE S
pevent->OSEventGrp &= Sﬁt sltatus to rQ?dy fand
~OSTCBCur->0STCBBitY 0 longer waiting for
event
l OSTCBCur->0OSTCBEventPtr = P
o OSTCBCur->OSTCBStat = (OS_EVENT *)0 D
d OS_STAT_RDY
Y
A 4 OS_EXIT_CRITICAL()
OSTCBCur->OSTCBEventPtr =
(OS_EVENT %0 v

C end ) v

1-26




uC/OS-I

Author: Hyun, Park (embeddedprg@yahoo.co.kr) Electronics

C 0OSSemPost(RandomSem) )

A 4
0S_ENTER_CRITICAL()

yesd pevent->OSEventType ! =
¢ OS_EVENT_TYPE_SEM

0S_EXIT_CRITICAL()

v

void OSEventTaskRdy (OS_EVENT
*pevent, void *msg, INT8U msk)

A 4
0S_ENTER_CRITICAL()

A 4

y = OSUnMapTbl[pevent->OSEventGrp]
bity = OSMapThl [y]

x = OSUnMapTbl[pevent->OSEventThl[y]]
bitx = OSMapThl [x]

prio = (INT8U)((y << 3) + X)

'

retum (OS_ERR_EVENT_TYPE)

yes
A 4

OSEventTaskRdy(pevent, (void *)0,
OS_STAT_SEM)

T o

0S_EXIT_CRITICAL()

v

OSSched()

v

return (OS_NO_ERR)

pevent->OSEventGrp &= ~bity

A 4

ptcb= OSTCBPrioThbl[prio]
ptcb->OSTCBDIy =0
ptcb->OSTCBEventPtr = (OS_EVENT *)0

pevent-
QSEventG ﬂ

(OS_Q EN &&
(OS_MAX_QS >=2))
no yles | OS_MBOX_EN
ptch->OSTCBMsg = msg

pevent->

no EventCnt < 65

yes

v

msg = msg

A

OS_EXIT_CRITICAL()

pevent->0OSEventCnt++

ptcb->OSTCBStat &= ~msk

A A

return (OS_SEM_OVF) OS_EXIT_CRITICAL()

ptch->OSTCBStat ==
0S_STAT_RDY

A

return (OS_NO_ERR)

A

end

)

yes
v
no OSRdyGrp |= bity
OSRdyTbhl[y] |= bitx
) 4 A 4

_,(

OSEventTaskRdy() end )

< Figure 1-9 Task(), OSSemPend(), OSSemPost() OSSemAccept() >
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11. void Task (void *data)

OSTasksStart() N_TASKS (20)
Task . 1 Task Context switching
, Task
OSSemPend(RandomSem, 0, &err)
« ) :
14. INT16U OSSemAccept (OS_EVENT *pevent)
' - ( Xy Task Wait
) , (OSEventCnt
0SSemPost() , : '
Task 15. OSSemQuery()
12, void OSSemPend (*pevent, timeout, *err) EventTable
EventCnt OS_NO_ERR
) Task
(OSTCBStat=0S_STAT_SEM), Task
timeout ,
OSEventTaskWait()
OSEventTaskWait()
Ready Task , Event Table
Wait
Ready Task . ( OSRdyGrp
&= ~OSTCBCur->0OSTCBBItY )
Task Ready Table ,
Task '
OSEventTo() Event
Table Task , Ready

13. INT8U OSSemPost (OS_EVENT *pevent)

Task
Task :
(OSEventGrp ),

Task  OSEventTaskRdy()

, Wait Ready

Task
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INT16U OSSemAccept (OS_EVENT INT8U OSSemQuery (OS_EVENT
*pevent) *pevent, OS_SEM_DATA *pdata)
A A 4
OS_ENTER_CRITICAL() OS_ENTER_CRITICAL()

pevent->OSEventType ! =

pevent->OSEventType ! = OS_EVENT_TYPE_SEM yes
yfs OS_EVENT _TYPE_SEM ¢
return (0) OS_EXIT_CRITICAL() no

y
retumn (OS_ERR_EVENT_TYPE)

A
cnt = pevent->OSEventCnt

y

pdata->OSEventGrp =
pevent->OSEventGrp <«
psrc = &pevent->OSEventThl[0]

pdest = &pdata->OSEventTbl[0]

no yes

v
pevent->OSEventCnt - -

condition ?
A

p OS_EXIT_CRITICAL() for(i=0;i<
OS_EVENT_TBL_SIZE; yes no
Y i++) l
return (cnt)

*pdest++ = *psrc++

A |

end )
C pdata->OSCnt = pevent—>OSEventCnli<—

A 4
0S_EXIT_CRITICAL()

\ 4
return (OS_NO_ERR)

C end >

< Figure 1-10 OSSemAccept(), 0OSSemQuery() >
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3 Program Flowchart (Ex2l.exe)

void main (void)

PC_DispClrScr(DISP_FGND_WHITE + DISP_BGND_BLACK)

|

0SInit()

A
PC_DOSSaveReturn()

v
PC_VectSet(uCOS, OSCtxSw)

A 4
PC_ElapsedInit()

A 4

OSTaskCreateExt(TaskStart, (void *)0, &TaskStartStk[TASK_STK_SIZE-1],
TASK_START_PRIO,
TASK_START_ID, &TaskStartStk[0], TASK_STK_SIZE, (void *)0,
OS_TASK_OPT_STK_CHK | OS_TASK_OPT_STK_CLR)

v

OSStart()

END

<Figure 3-1 main() >

1 2 . 1
2 Message Mailbox . OSTaskCreatExt()
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< void PC_Elapsedinit(void) )

v

PC_ElapsedOverhead = 0

INT16U PC_EIapsedStop(voi@

v

'

void PC_EIapsedStart(voidD

'

data = (INT8U)inp(0x61)
data &= OxFE

PC_ElapsedStart()

data = (INT8U)inp(0x61)
data &= OxFE

A 4

outp(0x61, data)

outp(0x61, data)

4

PC_ElapsedOverhead =
PC_ElapsedStop()

A 4

outp(TICK_TO_8254_CWR,
TICK_TO_8254 CTR2_MODEQO)

outp(TICK_TO0_8254_CWR,
TICK_TO_8254 CTR2_LATCH)

end

low =inp(TICK_TO_8254 CTR2)
high = inp(TICK_TO_8254_CTR?)

outp(TICK_TO_8254_CTR2, OxFF)
outp(TICK_TO0_8254_CTR2, OXFF)

v

data |= 0x01

A4

outp(0x61, data)

cnts = (INT16U)OXFFFF -

((INT16U)high << 8) + (INT16U)low)

\ 4
end

A 4

return ((INT16U)((ULONG)
cnts * 54926L >> 16) -
PC_ElapsedOverhead)

A 4

end

C )

1. PC_ElapsedInit()

PC_ElapsedStart()

PC_ElapsedInit()
Head

Stop()
ms

...Start()

2. OSTaskCreatExt(TaskStart, .)

TaskStart() Task
Task

(OS_EVENT *)

OSMboxCreate((void *)0)

< Figure 3-2 PC_ElapsedInit(), TaskStart() >

PC_ElapsedStop()

C void TaskStart (void *data) )

A 4

Over

( 1 )

. PC_Elapsed

y

AckMbox = OSMboxCreate((void *)0
TxMbox = OSMboxCreate((void *)0

v

TaskClk, Taskl~5

OSTaskCreateExt(TaskCIk,...)
OSTaskCreateExt(Task1,...)
OSTaskCreateExt(Task2,...)
OSTaskCreateExt(Task3,...)
OSTaskCreateExt(Task4,...)
OSTaskCreateExt(Task5,...)

2

AckMbox  TxMbox
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3. Task
2 Taskldle(), TaskStat(), TaskStart() 3-6. void Task5 (void *data) , < =16>
6 Task ,
. 4 1
Ack
TaskStart 10

TaskClk 11

Taskl 12

Task2 13 | Task 4 | | Task 5 |

Task3 14

Task4 15 OSMboxPost(TxMbo 1 » OSMboxPend(TxMbo

X, (void *)&txmsg) [« 2 X, 0, &err)

Task5 16

3-1. void TaskClk (void *data), < =11> OSMboxPend(AckMb)| a OSMboxPost(AckMb
ox, 0, &err) 2 - ox, (void *)1)
1
< Task Sync >
3-2. void Task1 (void *pdata) , < =12>
100ms '
. OSTaskStkChk()

INT8U OSTaskStkChk (prio, OS_STK_DATA *pdata)

7
3-3. void Task2 (void *data) , < =13>
10tick [, /, -\
3-4.void Task3 (void *data) , < =14>
500 , 20tick Task 2
3-5. void Task4 (void *data) , < =15>
5 1
5 5
Ack
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INT8U OSTaskStkChk (INT8U
prio, OS_STK_DATA *pdata)

OS_STK_DATA structueD

A
pdata->OSFree = 0 i
pdata->OSUsed = 0 INT32U OSFree
INT32U OSUsed

v
C end )

prio > OS_LOWEST_PRIO free=0
no yes && prio = 0S_PRIO_SELF » size = ptcb->OSTCBStkSize
l pchk = ptch->OSTCBStkBottom
return (OS_PRIO_INVALID) | i |

OS_EXIT_CRITICAL()

N 0S_ENTER_CRITICAL()

y
—| | 0S_STK_GROWTH == 1| |
[

yes

prio == OS_PRIO_SEL
yes u
h 4

| no yes

v

no | free++ l—

| prio = OSTCBCur->OSTCBPrio

yes @
v

OS_EXIT_CRITICAL() Y$S
return (OS_TASK_NOT_EXIST) no
| free++ l—
di > A Y
condition pdata->OSFree = free *
| sizeof(OS_STK)
(ptchb->OSTCBOpt & - pdata->OSUsed = (size - free) *
yes OS_TASK_OPT_STK_CHK) == sizeof(OS_STK)
OS_EXIT_CRITICAL(), l
return (OS_TASK_OPT_ERR) return (OS_NO_ERR)

@ C - )

< Figure 3-3 OSTaskStkChk() >
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A - void *OSMboxPend (OS_EVENT
(OSMboxCreate (st m@ Qpevent, INT16U timeout, INT8U *err)

¢ /Eee page 1-18 l
OSEventFreeList

0S_ENTER_CRITICAL()

(\

yes pevent->OSEventType =
A 4 OS_EVENT_TYPE_MBOX yes
pevent->OSEventType = v
no 0S_EVENT TYPE_MBOX 0S_EXIT_CRITICAL() no

pevent->OSEventPtr = msg

v

A return (OS_ERR_EVENT_TYPE)
OSEventWaitListInit(pevent)

A
- return (pevent)

w0

msg = pevent->OSEventPtr -

yes
v
INTS8U OSMboxPost pevent->OSEventPtr = (void *)0
QOS_EVENT *pevent, void *ms; OS_EXIT_CRITICAL(

v ‘ 0

0S_ENTER_CRITICAL() *err = 0S_NO_ERR

]
/\* OSiIntNesting > 0
pevent->OSEventType | =

yes OS_EVENT_TYPE_MBOX yes

l v
0S_EXIT_CRITICAL

0S_EXIT_CRITICALQ | *er=0S_ERR PEND (I)SR
no return (OS_ERR_EVENT_TYPE) - - -

no

A

® OSTCBCur->0STCBStat |=
0S_STAT_MBOX
OSTCBCur->0STCBDIy = timeout
no yves See page 1-27
OSEventTaskRdy(pevent, msg, Eee page 1-26 | A
OS_STAT_MBOX) ™ OSEventTaskWait(pevent)

© O ®
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() ) () ()

OS_EXIT_CRITICAL() OS_EXIT_CRITICAL()
+ A
OSSched() 0SSched()
return (OS_NO_ERR) A
0S_ENTER_CRITICAL()

condition?

See if we were
condition? (\

pevent->OSEventPtr (msg = OSTCBCW’:
= (void 90 OSTCBMsg) I= (void 90 | yes

v

OS_EXIT_CRITICAL() OSTCBCur->0OSTCBMsg = (void *)0

OSTCBCur->0STCBStat =
OS_STAT RDY

v OSTCBCur->OSTCBEventPtr =

return (OS_MBOX_FULL) (OS_EVENT *)0

v

OS_EXIT_CRITICAL()

Y *err = OS_NO_ERR
< g ) I

> pevent->OSEventPtr = msg condition?
y OSTCBCur->OSTCBStat &
OS_STAT_MBOX yes
OS_EXIT_CRITICAL() \ 4
OSEventTO(pevent)
A 4 Eee page 1-26 l no

OS_EXIT_CRITICALO OS_EXIT_CRITICAL()

msg = (void *)0
v *err = OS_TIMEOUT

return (OS_NO_ERR) |

msg = pevent->OSEventPtr

h 4 pevent->OSEventPtr = (void *)0
end OSTCBCur->OSTCBEventPtr= | |
(OS_EVENT *)0

OS_EXIT_CRITICAL()
*err = 0S_NO_ERR

A
#I return (msg) |

o

< Figure 3-4 OSMboxCreat(), OSMboxPend(), OSMboxPost >

1-35



uC/OS-I

Author: Hyun, Park (embeddedprg@yahoo.co.kr) Electronics

4. *OSMboxCreate (void *msg)

Message Mailbox

, OSEventType OS_
EVENT_TYPE_MBOX
EventList
5. OSMboxPost (*pevent, *msg)
Event
Table (pevent->
OSEventGrp), OSEventTaskRdy() ,
. ( ptchb->OSTCBMsg = msg )
0s_
MBOX_FULL .
EventTable
(. )
Mailbox
6. *OSMboxPend (*pevent, timeout, *err)
OSEventPtr msg
msg
( ISR
) Mailbox

OS_STAT_MBOX
state), OSEventTaskWait()

(->pending on mailbox

Delay Ready
mailbox Waiting
OSMbox
Post() TimeOut
Waiting
, (OSTCBMsg )

Ready
TimeOut

OSTCBMsg
, MailBox
(pevent->0SEventPtr
else

7. void *OSMboxAccept (*pevent)
suspend C

8. OSMboxQuery (*pevent, *pdata)

*pevent waiting

*pdata
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4 Program Flowchart (Ex3l.exe)

void main (void)

PC_DispClrScr(DISP_FGND_WHITE + DISP_BGND_BLACK)

!

OSInit()

|

PC_DOSSaveReturn()

A 4
PC_VectSet(uCOS, OSCtxSw)

|

PC_ElapsedInit()

y

strcpy(TaskUserData[TASK_START_ID].TaskName, "StartTask")

A 4

OSTaskCreateExt(TaskStart, (void *)0, & TaskStartStk[TASK_STK_SIZE-1],
TASK_START_PRIO,

0S_TASK_OPT_STK_CHK | OS_TASK_OPT_STK_CLR)

TASK_START_ID, &TaskStartStk[0], TASK_STK_SIZE, (void *)0,

A 4
OSStart()

END

< Figure 4-1 main() >

2 .
excution time user data TASK_USER_DATA
OSTaskCraeatExt() TaskStart() OSQCreate()

oS
.(TaskClk, Task1~5)

Task name,
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OS_EVENT *OSQCreate
(void **start, INT16U size

OSEventFreeList

/Eee page 1-18

OS_ENTER_CRITICAL()

A 4

pq = OSQFreeList

yes

v

OSQFreeList = OSQFreeList->0OSQPtr]

A 4

N

OS_EXIT_CRITICAL() |

w053

yes

v

pg->OSQStart = start
pg->OSQENd = &start[size]
pPg->0SQIn = start
pg->0SQOut = start
pg->0SQSize = size
pg->OSQEntries =0
pevent->OSEventType =
OS_EVENT_TYPE_Q
pevent->OSEventPtr = pq

v

OSEventWaitListInit(pevent)

OS_ENTER_CRITICAL()

OS_Q structure )

C

A 4

void
void
void
void
INT16U
INT16U

struct os_q *OSQPtr

*»*QSQStart
*OSQEnd
*»*QSQI
**0SQOut
0SQSize
OSQEntries

A 4

C

end )

A 4

pevent->OSEventPtr = (void

*)OSEventFreeList

A 4

OSEventFreelList = pevent

A 4

0S_EXIT_CRITICAL()

y

pevent = (OS_EVENT *)0

y

return (pevent)
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INT8U OSQPost (OS_EVENT void *OSQPend (OS_EVENT *pevent,
*pevent, void *msg) INT16U timeout, INT8U *err)

y 4
0S_ENTER_CRITICAL() 0S_ENTER_CRITICAL()

pevent->OSEventType ! 5 pevent->OSEventType ! 5
y js OS_EVENT_TYPE_Q OS EVENT TYPE Q |Y js
no OS_EXIT_CRITICAL() OS_EXIT_CRITICAL()
i l no
return (OS_ERR_EVENT_TYPE) *err = OS_ERR_EVENT_TYPE
return ((void *)0)
pevent->OSEventGrpz=>
yes
v pq = pevent->OSEventPtr ¢
OS_EXIT_CRITICAL()
A 4 pg->OSQEntries = 0)—
0OSSched()
yes
no Y
4 msg = *pg->0SQOUt++
return (OS_NO_ERR) l pg->OSQEntries- -
+ pg->0OSQOut ==
pq = pevent->OSEventPtr pg->OSQENd
yes
no v no
A,
condition * pg->0SQOUt = pg->0SQStart
pg->OSQEntries ¢
yis >= pg->0SQSize - 0S_EXIT_CRITICAL() o
*err = OS_NO_ERR
OS_EXIT_CRITICAL()
no i
return (OS_Q_FULL)
¢ yes
h 4
*pg->0SQIn++ = msg OS_EXIT_CRITICAL()
*err = OS_ERR_PEND_ISR
| no
Y ) 4

() & () (P——
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© ®

pg->OSQEntries++ pg->OSQEntries++

v

OSTCBCur->OSTCBStat |= OS_STAT_Q
condition ? OSTCBCur->OSTCBDly = timeout
pg->0SQIn == 4
y f s pg->OSQENd OSEventTaskWait(pevent)
pg->0SQIn = pg->0SQStart v
no OS_EXIT_CRITICAL()
A 4 A 4
OS_EXIT_CRITICAL() OSSched()
v !
return (OS_NO_ERR) OS_ENTER_CRITICAL()
Did we get a
A 4 message?

C OSQPost () end )

msg = *pg->0SQOut++
pg->OSQEntries- -

((msg = OSTCBCur
->OSTCBMsg) != (void *)0) yfs
OSTCBCur->0STCBMsg = (void *)0
OSTCBCur->OSTCBStat=

OS_STAT_RDY
OSTCBCur->0OSTCBEventPtr =
(OS_EVENT *)0

A

pg->0SQOut ==

pg->OSQENd l no
yes OS_EXIT_CRITICAL()
4 no
pg->0OSQOut = pg->OSQStart A
*err = OS_NO_ERR
y no
OSTCBCur->0OSTCBEventPtr = P
(OS_EVENT *)0 h M condition ? <
v (OSTCBCur->0OSTCBStat |
*err = OS_NO_ERR & OS_STAT_Q)
OSEventTO(pevent)

\ 4 ¢
return (ms
(msg) OS_EXIT_CRITICAL()
v T
( void *OSQPend() end J msg = (void *)0
*err = OS_TIMEOUT

A

< Figure 4-2 OSQCreat(), OSQPost(), OSQPend() >
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1. OSQCreat() 4. Task

4-1. Task1l()~Task3()

(Queue) .
0SQInit() (pg 1-6 T1 ( 1) 1,2,3
) 5 OSQList , , 12, T3
void 20 .
( ) ‘ a
[ END | [START] [our ]
. , _ 0
: \ T
1|2|3|4|5|6|7]|8]9 ( 1) T
» 20 10 , Delay time
191817161514 |13 [12 (11 2
Wait . T3
I TimeOut Delay (250ms)
(W] |
( 2) T3 T2
T2 ( 2) Delay
, 5 , 12 T3 T1
' ( 3
. Delay time T2
2. OSQPost() 3
Event Table ( 1
OSEventPtr
4-2 Task4()
OSQIn 10ms
3. OSQPent()
4-3 Task5()
MailBox 1
0SQOut

pritority
A
Er jﬂi /-li /4%

O
READY q’z :b I!K\, :/( ! ? & T2
= T3

3

T1

state
1

h .
r

time(sec)

(event)
WAIT

/e
state o
— — —

o

-
ﬁ_\_
]
et
e
N 4
(.
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