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An Embedded Task Scheduler considering Real Time Characteristics

and Fault Tolerance

Tae Gun Jeon

Department of IT Convergence and Application Engineering, Graduate School,

Pukyong National University

Abstract

Embedded systems need to ensure real-time of. the task response time
depending on .the applied fields of it. Nevertheless, existing real-time operating
systems in embedded systems perform-the task scheduling based on the priority
of task without ‘considering aperiodic task. Therefore the properties of both
periodic and aperiodic tasks should be considered in order to effectively schedule
the real-time tasks. Task fault could be caused by various reasons in real-time
system, and real-time' system is required to be predictable performance despite
occurrence, of the fault.

In this paper, we propose-a task| scheduler that considers real-time and fault
tolerance in embedded. system with a single processor. The scheduler consists
of an ECM/(executability- check - manager), BTM(backup time manager),
STM(surplus time manager), PTS(periodic task scheduler), FTM(fault tolerant
manager) and APTS(aperiodic task manager). The ECM examines the feasibility
of a set of periodic tasks before scheduling it and then can reducing the
overhead of reconstructing a poorly designed task set. The BTM calculates and
manages backup times which is used to recover a faulty task. The STM
maintains the processor idle times for aperiodic tasks that can be obtained by
excluding from the total processor times to the periodic tasks’s execution times.

The PTS schedules a set of periodic tasks and supports the execution of

- VIl -



aperiodic tasks. The FTM requests back up times to the BTM when a transient
fault of task is occurred and recovers a faulty task by restarting it using
back-up times. The APTS requests surplus times to the STM when aperiodic
tasks generated and schedules aperiodic tasks by using surplus times.

We analyze and evaluate if our task scheduler can meets periodic tasks’'s
deadlines and guarantees of aperiodic tasks’s completion. And we propose an
important level of periodic tasks that can controls response time of periodic and
aperiodic tasks. If an important level is raised, the response time of aperiodic
tasks increases and response time of periodic tasks decreases. If you want to
reduce the response time of aperiodic tasks, it can be obtained by reducing the
important level of periodic tasks. Therefore this important level can be used
when we formulates task scheduling policy considering the response time of
tasks.

In order to provide fault tolerance, the scheduler. manages backup times and
reexecutes a fault task to restore it's conditions. And we analyse and evaluate
the proposed’ fault-tolerance techniques by showing if it can meets deadlines of

normal periodic tasks and'a faulty task.
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typedef struct os_tcb {
OS_STK *OSTCBStkPtr;
INT32U OSTCBStkSize;

O =~ W N =

OS_EVENT *OSTCBEventPtr; // Pointer to event control block

6 :

7 INT16U OSTCBDly;// N ticks to delay task or, timeout waiting for event
8 : INT8U OSTCBStat; // Task status
9 . .

10:  INT8U OSTCBPrio; // Task priority (O == highest, 63 == lowest)
11:  INT8U OSTCBX;//Bit position in group corresponding to task priority (0..7)
12:  INT8U OSTCBY;// Index into ready table ecorresponding to task priority
13:  INT8U OSTCBBItX; // Bit mask to access bit position in ready table
14:  INT8U OSTCBBItY; // Bit mask to access. bit position in ready group
15: } OS_TCB;
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4 Read-Bus_IP 2 10
5 Real_Time_Clock 1 50
6 Process_IRES_data 9 100
74 Request_IRES data z 100
8 Control_Law 53 200
9 Command_Actuators 3 200
10 Request_DSS_Data 2 200
Al Request.Wheel_Speeds 2 200
12 Calibrate_Gyro 7 1000
13 Process. DSS_data 6 1000
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: void Max_
A
FP32 UB

{

O 00 3 O Ol v W Do+

—_ =
’_‘O .. .. . .. .. .. .

1++;

}

CPU_Utilization_Task(void)

= 0.0;

while(Task[i]!=0)

UB = (FP32)OSTCBPrioThl[Task[il]->ExecTime
/(FP32)OSTCBPrioThl[ Taskl[i]]->TPeriod;

if (UB > Max_CPU_TASK U)

Max_CPU_TASK_U = UB;

<Y 51> F714 HaA AgelA FH #E7] o

s RTFT-ETS.EXE

MR BHl2=T8] =8y o] E A

53

1
9
2
3
2
2:'
6

Periodic Task
Max_CPU_Utilization = B.2650

<—PRESS "ESC’ T0 QUIT->

ﬂ_

<a¥ 52> Hd Agl7] ol && AL Ay FH
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1 ¢ BOOLEAN Exec_Check_FTRMS(void)

21 {for G =0;,1< OSTaskCtr-2; i++)

37 { for G =07 <=1 j++)

4 { t_index=(OSTCBPrioTbl[Task[i]]->TPeriod/

5: OSTCBPrioThl[ Task[jl]->TPeriod);

6 : for (k = 1; k <= t_index; k++)

7 Slindex++] = k * OSTCBPrioTbl[Task[jl]->TPeriod; }
8 : for (k = 0; k < index; k++)

9: { WRI_t= 0.0;

10: sealing_distance = 0.0;

11: for G =0;j <=1, j++)

12: { ExecTime = OSTCBPrioTbl[Taskljl]->ExecTime;
13: TPeriod = OSTCBPrioThl[Task[j1]->TPeriod;

14: sealing_float = (S[kl/TPeriod);

15: sealing_int = S[k]/OSTCBPrioThl[Taskl[j]]->TPeriod;
16: sealing_distance = sealing_float-=_sealing_int;

17: if (sealing_distance > 0.0)

18: sealing float += 1.0 - sealing_distance;

19: WRL t+= (ExecTime * sealing_float / S[kl);}

20: WRI t+= Max/CPU_TASK.U;

21: if (WRL_t < LRi)

22: LRiz WRI_t

23! }

24! if (LRi > LR)

25: LR= LRi1

260 % %}

270 %if LR<=.1.0) return TRUE;

28 else return FALSE;

29: }

<3 53> FTRMS-EC T4

<9 54>+ <3 52>9A AA =714 Haa S o] 83}
o] FTRMS-ECE a3 Axzx ejx~= Fggo A7 oj&&2
0.9080]H o] o] Bl HEo] Ad 7tedS yEa Q)
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RTFT-ETS.EXE

<-PRESS "ESC’ TO QUIT->
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5.3 BSTM(Backup-Surplus Time Manager)

5.3.1 BTM(Backup Time Manager)

%% 5

I 2AEHETH X HE WAL S ATk Ay AHE
sl7] flafiAd Hi]) AJzko] SEH
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(HyperPeriod) A At

= |:Eﬂ HHOU\E I_|- E'éI-I:.DI-
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<9 56> W A 7F HolE A TELE

7} 2R Fo) wWelol fgos Mel A Y HolBe A4
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: void Calculate_HyperPeriod()

1

2

3 argl = OSTCBPrioThl[Task[0]]->TPeriod;
4% arg?2 = OSTCBPrioThl[Task[1]]->TPeriod;
5: gcdr= Compute_GCD(argl, arg2);

6 : lcm = (argl * arg?) / ged;

7 for . = 2,1 < N_PERIODIC_TASKS; i++)
8

: {
9 : argl = OSTCBPrioTbl[Taskli]ll->TPeriod;
10: gced = Compute_GCD(Iem, argl);
11: lem = lem * (argl / ged);
12: }
13: HYPER_PERIOD = Icm;
14: }

<9 57> 823 313k sto|s F7)(Hyper Period) 73
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<a9g 57> BRE F714
Z]

Period) & A4tst= &1

1000¢] # o},
1 " INT32U Compute_GCDINT32U u,INT32U v)
g AL
Byt INT32U tmp;
4 if (@>v){
D' tmp = w, u=v; v=tmp; }
6 : while(v)
G ) {
3 P Y v = e
9. return-u,
10: }
<3E 58> #dl 345 (GED) 79
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1: ?Oid All_PTask_Period()

2

3 for (G = 0; ] < OSTaskCtr-2; j++)

4

5:  for(t=1; t<= HYPER_PERIOD; t++)

6 : {if((t % OSTCBPrioTbl[Taskljl]->TPeriod)==0)

7 {if(S_tmplt]==0)

8 : {S_tmplt] = k*OSTCBPrioTbhl[Task[jl]->TPeriod; }

9: k=k+1;

10: b

11: STil0] = 0;

12: {Of(t:L t<= HYPER_PERIOD; t++)

13:

14:  if(S_tmplt]!'=0)

15: STilS_Index++]=S_tmpltl;

16: ) )

<I¥ 59> "=z HfelHaE AT AXE daeEls 74

<a¥ 510> F718 "Haa [/ AAHEE F71E A

L A

L 1 1

5808 QUIT->8Til 59 590
510 . i 628
641 = 648 STil 651 = 658 |
<% 510> AA B~z Jie] K& F7] A4 A7
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1 : void Make_Backup_TimeTable()

2 { for (t = 0; t < HYPER_PERIOD; t++)

3 { Surplus_TimeTable[t] = 0; }

4 for(i=0;i<S_Index=1;i++) {

5: k = i+ 5 SNLK

6 : Length_ Two_Tasks = STilk]-STilil;

7 FP_Backup_Length_Two_Tasks=Length_Two_Tasks*Max_CPU_TASK_U;
3 Int. Backup Length. Two_Tasks=(INT32U) FP_Backup Length_ Two_Tasks;
9 if((FP_Backup_Length Two_Tasks — Int Backup Length Two_Tasks)!=0)
10: Int_Backup_lLength_Two_Tasks++;

11: for(j=0;j<Int_Backup_Length_Two_Tasks;j++)

12 {witl =\+j;

13: Surplus_TimeTable[tt] = 88; }}

14: )
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BacklUp Time

Surplus TTL
[Surplus TTL
[Burplus TTL
[Burplus TTL
[Surplus TTL
[Burplus TTL
[Surplus _TTL
[Surplus TTL
[Surplus TTL
[Burplus _TTL
[Burplus TTL
[Surplus TTL
[Surplus TTL
[Burplus TTL

[Surplus_TTL
[S.i.u‘plll.lsj:f'[ L
[Surplus TIL
[Surplus.
[S_i.u'?’ us,
[Surplus_TTL

S
«

RTFT-ETS.EXE

Allocation

481

681

801

521= 88
[Surplus TTL 561

[Surplus TTL 841 =

-a

Surplus TTL
Surplus _TTL
Surplus TIL
Surplus TTL
Surplus TTL
Surplus _TTL
Surplus TTL
Surplus TTL
Surplus TTL
Surplus_TTL
Surplus TTL

Surplus_TIL 5

Surplus_TTL

Surplus_TTL ¢
Surplus_ T '[L

25 AA e

11 88 Surplus TTL
g1 = 8 Surplus TTL
21 = 8 Surplus TTL
131 = Surplus TTL
17?71 = B Surplus TTL
211 = 88 Surplus TTL
251 = 8 Surplus TTL
291 = 8 Surplus TTL
331 = 8 Surplus TTL
371 = 8 Surplus_TTL
411 = 88 Swrplus TTL
5, B Surplus TTL

a

(4

iR

<IE 512> ®]) AlZh Sk

oft

5.3.2 STM(Surplus Time Manager)
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void Calculate_Surplus_TimeTable_ FTRMS()
{ for (i = 0; i < OSTaskCtr-2 ; i++) {
for (t = 0; t < HYPER_PERIOD; t++) {

if ((t % OSTCBPrioThl[Taskl[ill->TPeriod) == 0) {

_76_

1
2
3
4
5: for G =0;j <=1 j++) {
6 for (k = t; k < (t + OSTCBPrioThl[Task[il]->TPeriod); k++) {
7 if (k % OSTCBPrioThl[Task[jl1]->TPeriod) == 0) {
8 if ((OSTCBPrioTbl[Taskljl]l->ExecTime + k)
9 > (t + OSTCBPrioThl[Taskl[i]]->TPeriod))
10: task_time+=0STCBPrioTbhl[Task[jl]->ExecTime
11: -((k + OSTCBPrioThl[Taskl[jl]->ExecTime)
12: =(t + OSTCBPrioThl[Taskli]]=->TPeriod));
13: else task_time += OSTCBPrioThl[Task[ill->ExecTime; }}}
14: comp_time = OSTCBPrioThl[ Taskli]]->ExecTime; }
15: if (Surplus. TimeTable[t] == 0) {
16: if (comp_time != 0) {
17: Surplus_TimeTable[t] = OSTCBPrioThl[ Taskli]]->OSTCBPrio;
18: comp_time-—; }}}}
19: )
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<9 517> F714 "HaAe FAEE 1 gaa 3d
Es AAete ¢ngss 733 Aot
1:  void Surplus_Time_Table FTRMS_For_Important()
2 { INT32U ETS;
3: INT32U N_Surplus_Time_Slot;
4 : INT32S Position_Surplus_Time_Slot{MAX_HYPERIOD];
5 INT32U Position_Empty_Time_SlotIMAX_HYPERIOD];
6 : INT32U N_Empty_Time_Slot;
7 for(i = 0; i < N_Surplus—Time_Slot; i++){
8 : for(G = ETS; j < Position_Surplus. Time_Slot[i]; j++){
9: Imp.Surplus_TimeTable[Position_Surplus_Time_Slotli]] = 0;
10: Imp_Surplus_TimeTable[Position_Empty_Time_ Slot[jl] = 77;
11: for (k= Not_Important Task; k < OSTaskCtr-2 ; k++) {
12: for(m = 0; m < HYPER_PERIOD; m++){
13: if ((m 2 OSTCBPrioTbl[Tasklk]l->TPeriod) == 0){
14: Task_i_ExecTime = OSTCBPrioTbhl[Taskl[k]l->ExecTime;
15: for(p = m; p < (m + OSTCBPrioThl[ Tasklk]]->TPeriod); p++){
16: if((Imp_Surplus_TimeTable[p) == 0) && (Task i_ExecTime !=0)){
17: Imp_Surplus_TimeTable[p]
18: = OSTCBPrioTbl[Task[k]]->OSTCBPrio;
19: Task_i_ExecTime-—;}}
20: if(Task_i“ExecTime!=0) Check Slack_Stealing = FALSE;}}}
21: ETS++;
22: if(Check_Slack_Stealing ){
23: Surplus_TimeTable[Position_Empty_Time_Slot[j]] = 99;
24: Surplus_TimeTable[Position_Surplus_Time_Slotl[il] = 0;}}}}
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5.4 PTS(Periodic Task Scheduler)

AAE A 7ke At s AAZE GAA Q] u/COS-II=

7betieh. w/COS-1I9] TCB F&el F7te g2a $4 AHE <2
d 521> &l 5~8e A HEAL gl

1 : typedef struct os_tcb {

2 © /* Pointer to current top of stacks/

3: OS_STK. *OSTCBStkPtr;

4 :

5: INT32U" TPeriod; r s e

6 : INT32U RemainTPeriod; /-8Bl ==9] A3 & F F7]
7 ¢ INT32U ExecTime; /) B3 Ad A 7E

8 1 INT32U RemainExecTime; // A3 A|7F 3o F& A7+
9: :

10: } OS_TCB;

<29 521> TCB +=
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TPeriodi= Ej==9] 715 YERW™ RemainTPeriod ¥
2220 Aol WP A He AP F 3 F71E vEd
ExecTime+= B 2~ =19] 2 Azbe A= ol
RemainExecTime W= Bl2==9] Adfo] P HA F7] ol A
Aegsforsd W& Ad AlHE JERATH

<2l 522> uC/0S-1I9 "2 Y Tk B =FdAs
AREE Bz F7)9 APAIZE ARE ddatr] A F HA
o12}0] spdataD o] &3t} o] ELOlEE EHlAId A AGE RS

7he] 2

OSTaskCreate (void (xtask)(void *pd),  void *pdata,
OS_STK #ptos, INTS8U prio);

<I1¥ 522> ElAaa AA s A

<Y 523> TEf 20| (7]t A AIS AAs] fsiA
uC/OS-IIellA Bl 27185 3 sk= OS_TCBInit() & °|&
ste] B30 FU9t ABAIgE A4S LT OS_TCBInit() 34
© OSTaskCreate() $t=oll ofall B2 APA 555H= TCB 27
s} 3tgrolth. TCBO A4 2718ts #38% 5, &4 7= =2
g ol sttt Tl QA FollAl #pdatar’™ OSTaskCreate() =4

_

B deEm, o] g@e ol&ste] <l 12~132 B9 F7)9f X
T715 AAsta 2kl 14~15= Ba=a9] A3AT o] d Azt
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1 : INT8U OS_TCBInit (INT8U prio, OS_STK #ptos, OS_STK #pbos,

2 1 INT16U id, INT32U stk_size, void *pext, INT16U opt, INT16U *pdata)

3: A

4 . OS_TCB *ptch;

5 : ptcb = OSTCBFreelist; // Get a free TCB

6 : :

7 ¢ if (pteb != (OS_TCB #)0) {

8 : // Load Stack pointer in TCB

9 : ptcb—->0OSTCBStkPtr = ptos;

10: :

11: /] Bl=Ae) F7)9) AeA|zE g Zko] F=7]e} ASAITHALE

12: ptch=>TPeriod = pdatal0];

13: ptcb->RemainTPeriod = pdatalO];

14: ptecb—->ExecTime = pdatalll;

15: ptcb->RemainExecTime = pdatall];

16: -

17: | return (OS_NO_MORE_TCB); }

<229 523> TCB =713}

Ej T o] Zhof 7l ef o]l A A RS AR fEA] A &
Q1 B ZHo] Basfch ol AeA Holv AHPES WAL
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1 : void OSTimeTickHook (void)

2 : { OS_TCB =*ptch;

3 INT8U x, y, HighestPriority;

4 : y = 0SUnMapTbl[OSRdyGrp ];//Fnding the highest priority task
5: x = 0OSUnMapThbl[OSRdyTbl[y]];

6 : HighestPriority = (y << 3) + x;

7 ptcb = OSTCBList;

8 : if (OSTCBPrioTbl[HighestPriority |->RemainExecTime > 0)
9 : OSTCBPrioThl[HighestPriority |->RemainExecTime—-;
10:  while (ptcb=>OSTCBPrio !'= OS_IDLE_PRIO)

11: { OSAENTER_CRITICALO;

12: ptcb->RemainTPeriod—-;

13: if (ptcb—>RemainTPetiod <= 0)

14: { ptcb->RemainTPeriod = ptcb—>TPeriod;

15: ptcb—->RemainExecTime = ptcb->ExecTime; }

16: ptch = ptch->0STCBNext;

17: OS_EXIT_CRITICALQ:

180}

<I1E 524> Bl2~H F7] 9o oukbA sk A

2ol 13~15% 2ol F77t 0ol HAL we] Bz Fo)% A
AE ARASE Fholth el F717 0olW vhgA Gl FE
Hee ovste] dzae] el F71sh ol WYAE vzae)
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2sjo]l g W zko] F7](RemainTPeriod) A7 F¢F A~ =

i
=

71’3 Hi (suspend) = &gt} o] & 9Ja OSTimeDly(timetick) &

g3t

1 @ void PTaskl (void *pdata)

2 ¢ { char s[80I;

3 sprintf(s, "%s %5d %5d %5u %b5u", "Periodic Task 9 ",
4 OSTCBPrioTbl[9]->TPeriod,

5 OSTCBPrioThl[9]->RemainTPeriod,

6 : OSTCBPrioTbl[9]->ExecTime,

7 OSTCBPrioThl[9]->RemainExecTime);

8 ' PC_DispStr(3,8,s, DISP_FGND-BLACK

9 : + DISP_BGND_LIGHT_GRAY);

10: for' G ;)

11: 4

12: if (OSTCBPrioTbl[9]->RemainExecTime ‘<= 0)
13: OSTimeDly(OSTCBPrioTbl[9]->RemainTPeriod);
14 wt }

<1% 525> F7|& g2z 4

<9 526> PTS dug]lss F+d3 Aot} gkl 404 v+
714 Bz S e B gkl 5ol n =7 F gl aav)

ARow Aok agel JEAE weA F adel U
fa

LN

2l 6ol Al JARZE AV]E 5%t 2l 7oA H]F7] A
7F A TS dy]7] YA W4 APT Can_Runol TRUE #k&
AAst & wF=714 235 Adstr] 9| ATPSE 3 =3}

g =
PTSE WF714 Bz b ofeh Aol RS gaze ¥

u

o
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1: void PTS (void)

21

3: d

4.7 if(APT_Create == TRUE) {
5t  if(APT_Request == TRUE) {
6 : if (Surplus_TimeTable[ Time_Index]>0){
y APT_Can_Run = TRUE,

8 : ATPSQ);

9:

10: 2

11:  iflAPT_Can_Run) {

12:  if(Fault_occur == TRUE) {
13: FTMO;

14: 3}

<1 25.26> PTS(Periodic* Fask
Scheduler) &

<¥ 527> 514 A AAE 10719 #7144 Haass T3

AL Aot = ekl s = Ao Alxel i 4
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v RTFT-ETS.EXE

P DL EEFI 1 2EAIRZE L GEERAIZ
Periodic Task 4 | i 4 2 a
Periodic Task 5 | 58 | 4 i 1t a
Periodic Task 6 | i08 | 54 i g i a
Periodic Task ? ! i08 | 54 ! 2 a
Periodic Task 8 ! 208 | 154 ! L5 29
Periodic Task 9 i 288 | 154 i 3 3
Periodic Task 10 | 288 | 154 ! 2 2
Periodic Task 11 ! 208 | 154 ! 2 2
Periodic Task 12 | 1888 ! 154 : 2 (5}
Periodic Task 13 | 1888 | 154 i 6 i 8

__-<—PRESS "ESC’ T0 QUIT->

<5 1) ¥ L
<IYE-527> F713 Hgaa dd-A7
5.5 FTM(Fault-Tolerant Manager)
2 AlM = FTMR 9 o Adns sty 43 38

= A% BAA] sholH - FT] WAt d Y Ass A7 7] 8] AF
£5 = 4ottt WS Fault_occurs Bl2~=Lo] Ag dHAlS dgs=

FT_Complete 2% &7} 455U S o TRUE #= 7HAH 23
o] Biyo] SE8HIPEAS AAEd=d AL HT. vpA o
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—~

M4 BlockedHPTaske Aol @A gl~=a7F A% 55 33
| X7 B4 gla2adT 3
EEZ0H=E d3str] f1eAl A

2

A wpzEA bl 2 OB 2Tl

rr

==
K3

o,
o
T

BOOLEAN Fault_Generateflag = TRUE;
BOOLEAN Fault_occur = FALSE,
INT8U Fault_Task_ID;

BOOLEAN FT_Complete = TRUE,
INT8U BlockedHPTask[64]={0};

Ol & W DN

<1¥ 528> FTM A &5+*%

<19 520>¢9k o] Aol fsl e 7E 691 2=

A ez bzl A BAAAL,

void PTask? (void *pdata)
{

1
2
3 :

4 for Wk SN

e if ((Time_Index % HYPER_PERIOD))

6 Fault_Generateflag = TRUE,

7 if((Time_Index > 100)

8 && (Fault_Generateflag. == TRUE)) {

9: OSTimeDly(5);

10: Fault-Generateflag = FALSE
11: Fault_occur = TRUE;

12: Fault_Task_ID = 6; }

13: :

14: )}
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o2 gl 5~60] AFe] 13 HASEE o el 7T~84 9
o o] AIZH(100)ell Agto] WAL EE 3Frh g 2kl 9ol A 199
AIZE 5REE Al ZEo] At Fo] Aol WA EE sl on Agto] W
Ag Bl Ast dAd S ¢e7] 9184 47 Fault_Task_ID

o &= 65 Fault_occur 0l

1 FTMOQ)

2 { if (FT-Complete == TRUE) {

3 OSTCBPrioThl[Fault_Task_ID]->RemainExecTime

4 : = OSTCBPrioTbl[Fault_Task_ID]->ExecTime; }

5: FT_Complete =+FALSE,;

6 : g

7 if((HighestPriority > Fault_Task_ID)

8 : && (OSTCBPrioThl[HighestPriority]->RemainTPeriod >
9: OSTCBPrioThl[Fault_Task_ID]->RemainTPeriod)) {
10: BlockedHPTaskli] = HighestPriority;

11: OSTaskSuspend(HighestPriority);

12: HighestPriority~= Fault_Task_ID;

13: it 3

14:

15: if(OSTCBPrioThl[Fault i Task ID]->RemainExecTime <= 0) {
16: FT_Complete-=“FRUE; .}

18: if(FT_Complete == TRUE) {

19: Fault_occur = FALSE,

20: forG = 0; i < BlockedCount; i++) {
21: OSTaskResume(BlockedHPTaskl[il); }
220 1

<% 530> FTM ¢

_92_



$el 22l 5914 FT_Complete < FALSE®Z ¥ 3t}

W= _CompleteE TRUE=Z AdA 3t} g2l 18~212 Ag &
T7F S5 FHAS wll A sk FiEolth 2FQl 19914 A3 E7F ¢
REAS FH3k & B dga Adyd da) Agto] whAst

A=l Al &7l ¢18) ¥ Fault_occurs

FALSEE AAstal g1l 1214 =5 dHol 9 Brass +H
BHE DA RMSO| otk 2AI=E & AT

<29 531> @ o] TG B Ry ARE e 2

go] WAS BT M EeE 601 At A AIZFS 108°] H

thoo] AIZFE Qeol® AdhE WAAIZL AZFQl 100, Bl 6K §-

= o] A A7kl 32l 3, OSTimeDly(5)9l

)
% A9 A 59 Folvh EF AF drie BT AR A

l
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v RTFT-ETS.EXE

= 2 HEFD SHRMAIZE ¢ HEEAAIZE
Periodic Task 4 ! i@ | 8 2 a
Periodic Task 5 | 58 i 8 1 a8
Periodic Task 6 | i88 i 58 9 a
Periodic Task ? ! i@ ! 58 ; 2 8
Periodic Task 8 | 288 | 158 : 53 33
Periodic Task 9 | 280 | 158 ! 3 3
Periodic Task 18 ! 280 | 158 2 2
Periodic Task 11 ! 288 | 158 2 2
Periodic Task 12 | 1688 | 358 ? a
Periodic Task 13 | 1880 | 358 (3 a

Generated Faulty Task Priority = [61]
Fault Task generated time = [ 1881
Fault Task completed time = [ 1171

. 4—PRESS "ESC’ I0 QUIT->

<1rﬂ 531> 7ﬂtsL EH/\EL i:rL 7ﬂJJr

5.6 APTS(Aperiodic Task Scheduler)

2 HiAE HFZIE "HAE2IZE 2AEFHI< HF7H "H2=
A= (APTS: Aperiodic Task Scheduler)e] &l tis] 7]<=3F
ot vF714 BAE AgsizE SEiaE FHAQ AT xR A

stz "ttt AEFFE OSApTCBPrioThll], OSApTaskCtr,

OSApRdAyGrp, OSApRdyThI[]& 7 sl o, EIRaR
OSApTaskCreate(), OS_ApTCBInit(), OSApTaskDel()=S F7}3}1 T}

<9 532>+ w/COS-TIel AAIg Ba= #eg As5432E 8§
shol 7k AR RSO
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: OS_EXT INT8U OSApRdyGrp;

: OS_EXT INT8U OSApRdyTbhl[OS_RDY_TBL_SIZE];

: OS_EXT INT8U OSApTaskCtr;

© OS_EXT OS_TCB *OSApTCBPrioThl[OS_LOWEST _PRIO + 1];

S W N

< 532> AlF7 A gz dEE Y3 AEtx

7t AAg gz £xv oy 2o HaA A HolES 9
3l OSApRdyGrpe} v OSApRdAyThI[], &A1 AAE vF714 =
A9 5 AAs= W4 OSApTaskCtr, B 5714 239 HAHE

A ¢+ 9g= wd OSApTCBPrioThi[]o]w}.

11 INT8U OSApTaskCreate(void (xtask)(void *pd), void *pdata,
2 OS_STK =ptos, INTSU prio)
3: 4
4 :
5: psp = (OS_STK *)OSTaskStkInit(task, pdata, ptos, 0);
6 : err=0S_ApTCBInit(prio,psp,(OS_STK *)0,0,0,(void *)0,0,
7: (INT32U *)pdata);
8 if (err.== OS_NO_ERR) {
9: OSApTaskCtr++;
10: OS-EXIT=CRITICAIX);
11: if (OSRunning ==-TRUE) {
12: OS_Sched();
13: :
14: return (OS_PRIO_EXIST);
15}
<718 533> OSApTaskCreate() &
<9 533> H|F714 HAaE AAdste e Fde Ao
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ok 2kl 5ol A HIF71 A B 2= AME S S Z27]skekal 24l 6
o 5 OS_ApTCBInit() 3+& ©¢]83to] TCB(Task Control Block)&
Z718kgch g9l 8ollA AH o= TCB %7187F 1a=d, 22 9
oA BF7IA Blaa FE 157 el 11~1204 AgF<l
a7k EA Ae PTSE &£&3te A g2as ~A=H

o,

1 INT8U  OS_ApTCBInit (INT8U prio, OS_STK #ptos, OS_STK *pbos,
2+ INTI16U id, INT32U stk_size, void #pext, INT16U opt, INT32U *pdata)
3: 4

4 : | OS_TCB *ptch;
5:  pteb = OSTCBFreelist;
6 : "
7

8

9

pteb—>TPeriod = pdatal0];
ptecb=>RemainTPeriod = pdatal0];
: pteb—>ExecTime = pdatalll;
10:  ptcb=>RemainExecTime = pdatal[l];

11: :

12:  OSApTCBPrioThllprio] = ptch;

13: :

14: OSTCBList = ptcb;

150 OSApRdAyGrp |= ptch->OSTCBBItY;

161 OSApRdyThl[ptcb->OSTCBY] |= ptcb->0OSTCBBItX;

<29 534> W74 g2 TCB %713}
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gy FU1A waa A Ao Aol HlE
= AAdd TCBE HF714 Hlz=2 AgE 9 4+
OSApPTCBPrioThl[priolell A &8l BlA~2=3E5 £H MEHZ WwEsE7
A OSApRAyGrp H59F OSApRAyThl[]& A& 3ttt Ho

<a¥ 535>E HF7A gz o] AdRHAS A

714 B3 g 2HAsl7] e o)t

C0.~J O Ol b WD+

10:

12
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

INT8U OSApTaskDel (INT8U prio)

{

ptcb = OSApPTCBPrioThbllpriol;

if (pteh = (OS_TCB #)0) {
v = ptch->0OSTCBY,;
OSApRdyThlly] &= "ptcb—>0OSTCBBItX;
if (OSApRdyThl[y] == 0x00) {

OSApRdyGrp &= ptch—>OSTCBBIitY;! }

ptcb—>0OSTCBDly = 0;
ptch—>0OSTCBStat = OS_STAT_RDY,
OSApTaskCtr—-;
OSApTCBPrioThllprio] = (OS_TCB *)0;

ptebh=>0STCBNext—>0OSTCBPrev = (OS_TCB *)0;
OSTCBList = pteh->0STCBNext;

ptcb—>0OSTCBNext = OSTCBFreeList;
OSTCBFreeList = ptch;
ptch->0OSTCBStkPtr = (OS_STK *)0;
OS_Sched();

return (OS_TASK_DEL_ERR);

<Y 535> HF7) 4 Bjaa abA
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A 2]l 58l MFT]H HAa £H HAERRH HAA
A &2kl 1ol WlF=71A Haa 2 1A Y
ar 2]l 1204 HF71A BAaAa FH] FrellA BlFT7] 4 Baae]

TCBZ AHAlstar, gkl 17914 Adfo] dm ¥ ej~=o] 3 TCB=

il

OSTCBFreeListZ Whghgt}y, npA|wo w2 Bjaas A4Alg o 2l

20014 2AEHE TE6to] AYE HAaE 2AESH I

1: ATPSO

2

3 if(SurplusSize >=

4 OSApTCBPrioThl[HighestPriority]->RemainExecTime) {
5: OSApTCBPrioThl[HighestPriority]->TPeriod =

6 OSApTCBPrioThl[HighestPriority]->RemainExec Time; }
7 else

8 { OSApTCBPrioThl[HighestPriority]->TPeriod = SurplusSize; }}}

9 if (APT_Can.Run == TRUE) {

10: | y= OSUnMapThl[OSApRdyGrpl;

11: ' APHighestPriority = (INT8U)((y<< 3)

12: +OSUnMapThl[OSApRdy Thlly]]);

13: HighestPriority = APHighestPriority;

14: if(OSApTCBPrio Thl[HighestPriority]=>TPeriod <= 0) {

15: if(OSApTCBPrioThl[HighestPriority |- >RemainExec Time <= 0) {

17: OSApTaskDel(AT_Priority);}}}

<19¥ 536> ATS(Aperiodic Task Scheduler) &

<2¥ 536> HF7A Hiaa 2AEHR] APTSE & &

FEA, HF71H =] A e o] WAt HFTA B9
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: void PStartTask (void *pdata)

o :

for (; ;)

{ /817714 =22 A
if((Time_Index == 100) && !'APT_Create)
{

OSApTaskCreate(AperiodicTask,
(INT32U *)&AperiodicTaskExec[0],
&AperiodicTaskStk[ TASK_STK_SIZE - 1], AT Priority);

10: APT_Request = TRUE; }}
11: :
120}

O 00O O i WD+

<9 537> H|F7]H "3 A4

<Y 538> nlF7|H HlaaEs A8 Axt spdolt)

« RTFT-ETS.EXE

HYPER_PERIOD of Task Set

<19 538> H|F7]4 EHlA2=a A Az
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>

APAZFE 0o 2 et vF71A HAmr A" T, Yo

iU A R S FHxo] Ay Joirzte] A= 19909

-

I A7]E 19tk HyperperiodE 10000]™, H|F714 23 E A7

t=589% W H|F7]% Bjx=e] Ad ARkl 805 RF A HH

Generated Faulty Task I‘rmrlty = [61

F‘ault Task completed time -

fAperiodic Task( 48> Completed Time = [ 5891

{-PRESS ‘ESIP 10 QUII—)
HYPER_PERIOD of Task Set = [18081 .

<a¥ 539> WIF714 Hza 9 A 5 4R
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