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A Real-Time Fault-Tolerant Scheduling Algorithm of Periodic Tasks in
Heterogeneous Distributed Systems
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Abstract  This paper proposes a novel reliability model based on preemptive periodic tasks.
Compared with existing reliability models in literature, the proposed reliability model can be one-
processor-failed fault-tolerant, which makes it more realistic and precise. Moreover, a real-time
fault-tolerant scheduling algorithm based on heterogeneous distributed systems, namely IRDF-
TAHS, is presented. IRDFTAHS tries to assign tasks copies in a way to improve reliability of sys-
tem. In addition, IRDFTAHS considers backup copy in both active and passive status, which makes
the proposed algorithm more flexible than existing algorithms. Finally, simulation experiments are
carried out to compare the algorithm with existing ones in several aspects. The experiments results

show that the IRDFTAHS generally performs significantly better than existing algorithms.
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8. end for

9. end for

10. if (found_active =TRUE)

11. SRR E PR P(B) A 6.4 TiEE M
A PRSI status(B) <—active;

12.  else
13. ret_value<—FAIL; return ret_value;
14. end for

<<<<<

15. ret_value<- SUCCESS; return ret_value.
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555G o0y o P REAL S AT 55 19 ERRAS . 7] RE AL %
F Bl sl 3 @A o, AT 55 Bl B2 B AR AL P
Lo AR SE P RAR A AT 55 RRAS N Y

EE 1 R o & AR A AL LR 1Y
OURAEBEHL Py b AT 55 2+ Vi o B S5 IO 7 I (8]
Rig Yo ) A AD I

Rig Yaax )= D [Reg V) / TV XCLiE] +
r’ezy/v

ZFRFR(’VH)HXL)/TI—‘ XD[Z,k] (11)
ASEA
WR Reg Yo D W2 Reg Vo) = T s N

55 5 o ATV B 45 W) o AN AT 98 . AR i PR
FR-FTCTT (Fault-Free Fault-Tolerant Completion
Time Test).

.l T AR S5 R o B R R IR AL e S
FIMIRHAT I BT LA Yoo A 24 1020 B AOAT: 555 H 0, —
{Vowx ) 202 AT BE Y R AR IE Vi 19 WCRT
NIRRT A AR 4G CTT E B Y 1T J2 0 rp
Hh ) 7 B ] B B AE 55 HLOH WCRT r”ﬁfﬁﬁfﬁf
[0 Reg Yaax ) W 0, T 75 22 B9 THIR 1. 78 TCBC R 5 0,
A S AL FE A AT 55 3 B @RS A 55, BRI

=Primary(P,) Uactive (P,) :

(D ERRAAE 55 B I T WA AT — K.
WCE S ) ¢ A 3BT PAT [/ T3 W 24 9l 20 e 1) ik 2
Bl P, bJa . s BT S [ o [/ T 1 X CLivk],
JiF L S MOAAT: 95 %8 WCRT 9 5tk th 20 (1D 4545 )5
8 26— AR 73 2 A5

(2) active B A )15 B 5 F2 MUAS AL 55 A TAD S A
BEA TR T, AR RAT — U B PR AT I 1] [) A Dy
CLivk ] B Lk 38 43 i 8] 2 2 (1) 48 5 J5 /9 55 —
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B35 B 28— SRAEBT R L0, ¢ J9 AT B @it =1, 1%

A (D, (), ATl (D SR Vo B
WCRT. X T Vo BRI 3 TCAR Vi A T IRUAS B
H active B RUA s Voo B9 BRI B KR Y v 19 )
BB T s BARUNIR Rig Vi ) == T« WA 55 4

Gb‘Rﬂﬂ%§~ iEE'é
T 2. R o B TE K — A Ab BEAL R 1)

THEOL AL BEAL Py b AT 55 4. Vi o 19 S50 W) 7 S
[ Rro (Y ) B0 (12) ﬁ‘%» Y tmax o E"Jg%géhixﬂﬁ
FTDeadLine (V) R (1315

Rio Van ) =2 [Rio Vo )/ T 1 X CLis k] +

rlezrk
DD R (Vo)) XD k] (12)
B €,

i

@(1.7t):

[t/T:1, status(B) =active
1, status () = passive H t<<B 1,
[(t—B,_)/T:1+1,

status(f3;) = passive H t>B_,

FTDeadLine(Vnpy ) =
Toes  Yoaxe=Priamry 8 ¥, . =active
{B(m“x 1y s Ymaxc = passive
13

WAR Reo (Voax ) W 2 Reo (Viex ) = FTDead-
Line (Vo) - WAL 55 2 0, W] 98 B2 5 75 ) o, A AT 9 JEE.
AREMF N FO-FTCTT (Fault-Occurance Fault-
tolerant Completion Time Test).

. EH 2 MIEHFEHE 1, Vi S 00
M) 37 BN 8] f 4 B9 AT 95 HLH WCRT ¥ 3% 45 T 7 1) 1]
Rig Vax O W o 7 55 EE 0 TH 5 . 7E B AL B ALK
B »op b AT 55 A4 S RRAAL 55 A 3 A7 i
JRAAT: 55 -

(D) AL SRR T T, AT — I ik
TEWF[E] ¢ WIEFTIAT ¢/ T T 24 F AT S5 7E b
BUHL P b AR A B B R T/ T 1 X CLis k],
R4 IR R 3K (12) 455 J5 1 58— 4

(2) X T active BINUA . 5 AL 55 M IH] A4
AJA TS AR RAT — U et @G =T/ T, BP
TERT I BELO e I g B3T3 e/ TN X CLisk ]

(3) X T passive BIRRAS. passive Bl IR A 1Y 56
— IR AL ZAE B (RS IE ) B,y N 58 B 1 B IS
SRR B ARy T R an 2R «<<B, -, IAA B,

WIZERFRILO, B, JA Bl K $AT — K 7ELB; 1.t ]
PR AT (c—B,— /T, 1t @Giyt) = [ (1 —
B, /T +1.
A~ ), TR A2 HEAHE Ve 1Y
WCRT. XF T Vi« B 285 L s Vi - 9 F2 RROAS B
active Bl RAS B}, FTDeadLine (Vo) N Yoax . B JH
W T x5 28 Vi N passive BIRRAES s T T >
Buax o1 s AT ARUE Yowr o B3 — A AE 55 1) WCRT
INTF Buees W Vo o 76 LA G B JE 399 op 259 0T 9 B
Wit FTDeadLine (Vo) K Buwoo1. S0 2K 10 5
Riro (Yoax ) < FTDeadLine (V.. » WAE 55 opo A
PH B HEEE.

6 LWEERDH

A7 F IRDFTAHS 5536 A Sk L9 ] 82 3 /9
RDFTAHS 5 5 #8147 V£ 68 o 8, & 56 M n] o 2 1
(schedulability) F1 0] F& 14 (reliability) ¥ A4~ J5 1 #F 47
FORE s i — 20 5 = A S0 0 P B ) 255 M e
T R — 456 2 b
5 P SR ) AT R N RT R R AR
A VC++6. 0 E 1% . 4 & hik Al 512MB RAM
B Pendtium4 1. 7GB.

6.1 HEEMAEMELE

B 5255 i 25 BRI R -

1. B — WAL 55 2 B 03 b, Bl WL AR B Y 52 AT 55 4R 8K
H& L, L4y#H 200,400,600, 800, 1000;

2. 0 T IR TSR 78 AR RO L AT S5 e
JAMAAE 55« F B R T AE4E 541, 2,4,5,10, 20, 25, 50,
100,125, 250, 500} A7 B X FE AR IIE T 4 i AT 55 4R i
AW 5005 E XAE S E PSR KRAEN a=
B /:1.‘).»-»,:'\/1(: Liaj )/ Tio B — AT 55 09 $RAT B 0] iR AL 3
54340 0=<Ci,j1<aT;. B 75 & W &€ o AT I ] 5 B,
AL B DLiyj]=Clisj], e 5351 E 4 0.2,0.5,0. 8;

3. W A FE AL AL Processor_ Num , £ YK S5 50 Ak
ALY A BON B TAT 55 1A% 43 200 MME S A 15 A ab
HL+ Bl Processor_Num= (L X 15)/200;

4. PR bR ko i 3 () A Y AT R A M Reli-
abilityCost, % T4 —> L Fl a, % 4 — K AE 1 A AT 55 4 43 3
F IRDFTAHS & fl RDFTAHS B 647 94 B 43 B I3t
BAE 55 o3 Be o i AT FE MY, SE B T R AT 30 IR, I L 30
WL MBIy e B85 iy MR N 3R 1 g T
PRSI SNSE Bl 1AW T IRA MR,

Performability,
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R1 HTEXBENSHIEH

S8 ] A 3
FR Jib SR AL A 2 5 —(0.95,0. 96, +++,1.05) X 1076
T 55 1 JE (1,2,4,5,10,20,25,50,100,125,250,500}
a AT 55 1 e K A7 3K [0.2,0.5,0.8]
Processor_Num Kb FEHL A % [15,30,45,60,75]
L 1155 A8 [200,400,600,800,1000]

M1 AT LR X T AR o (8, B AT 5
AN RN 0 4 AT AR A R o 3 R
Shy Wit 45 AT 55 50 L B, T S 2 11 A B BIL B ) R 9
JFEAT 55 0 LA AT & P AR H th B =2 38 . o B
XFF AR o FUAH R B9 AT 55 %1 IRDETAHS 8.3
(g 7l 5 PR AC 4 b RDFTAHS % /)N, 36 B IRDF-
TAHS %t RDFTAHS Hfinnl 5. M44L4 M4 L
kb5 /N (200,400) , IRDFTAHS 5 RDFTAHS )
22 I AR K Bl A 55 S50 L B, IRDFTAHS
(] S R A XE RDFTAHS o B /). 53X 2 A
N s AT 55 AN BOE AR K B 88 22 4T 55 14 B AR LA
B 7 AT AR AT AR A 14 22 0 R AR A
RRAS (14 43 B 107 44T 45 A B0 B 08 K A 00 F 4
Z AT 55 LA 3 80 05 ST ORE AT SEPERR TR AE 32
FRAS 1) 43 B b o B PR BRAE 5 20 @ RRAS 169 43 B 1. [R) L
Xt FAH A AT 55 A 50 B3 AT 55 648 « 93, IRD-
FTAHS 15 % i vl 5.

——N
a=(.8
—— N
a=05
—&— N
a=0.2
—a—M
a=(.8
—¥%— M
a=0.5
——\
1000 a=0.2

00 100 600 800
S5

Kl 1 %k IRDFTAHS 5 RDFTAHS 7] S PEACH Y LR

6.2 HEWFIAEMEILER

IRDFTAHS fil RDFTAHS % i #52 5t F 51
Gy A 2R GE TR (1 S B A O RE SR E L AN Bk
H AT 55 4 F Ak BRAILEE & by il A 2 BOR F K i J 2

T T+ H I D A BRI A R 7 L R ) L
DRI X — A~ S AT 55 19 46 & P 7 28 a0 Ak BELATL

MNP (Minimal Number of Processors) [t~ %k 8] L)
A by A0 W 0] 32 B 1) T ) B R 1 B . X SR 3
BRC 1O 48 Hh iy 5K A B /N Ak PR ML B H 9 53 3 FMINP
(Find Minimal Number of Processors) 3 H, % F ~
B TR . BE AP Func_RTFT 38

AR FMINP 53 vh i A 75 o AS [ 7 52 I 25 4 9

Bi%2. FMNP #ik.

B AT ERIRAE S D B0 V8 & 535 Func_RTFT

i ¢ BV T 0 dme /N AL BB Min P

1. Lower<—1,Upper <~ N, MinP <—| (Lower +Upper) /2 |

2. while Lower <<>>MinP do

3. ret_val <= Func_RTFT(I"sBI's);

4 if ret_val=SUCCESS then Upper < MinP;

5 else Lower < MinP;

6. MinP«L(I,owerﬁLUpper)/?J ;

7. end while

8. return (MinP-+1);

K 2 #8711 IRDFTAHS fi RDFTAHS
ST R BE T AR B9 MNP 1 7R & B A RT L
A B AT 55 A B SE n  BE BIr  f9 MINP Al Bl
& WG, 3 2 O BE B A 55 A BR B L i O X
4 Ak B AL R 8] J32 3k SE AT 55 4R o5 — Oy AT LR
B0 AR [R) 9 £ 38« FOAE 55 > %% L. IRDETAHS Al
RDFTAHS 5 1 i 7 9 MNP 3 A I s % %
FNPE A AL FAL, Bt A BUFE Y, 53 RDFTAHS
A5 AT B2 P 7 s 0 T IRDFTAHS. I H 9 4 5] Y
E BT FL5E %5 68 o B 544010 5 7
AR,

B RC
101 L
BmRC
81 H| o0
g O RC ,
= 61 I
B OTRC
{éu || =038
= ETRC
21 | e=05
OTRC
[ a—02
%00 400 600 800 - 1000
55 1A~
K 2 %y IRDFTAHS 5 RDFTAHS frss
Tpe /N FRALAS B L A
6.3 HiEMEEHRILE
J T XA EIE R LR PERE AT LB A SR

F—Fp g & 5 B bR fE—— (Performabili-

e i
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Fault-tolerance is an inherent requirement in real-time
distributed systems. In this area, Primary Backup scheme
plays an important role. Different from homogeneous distrib-
uted systems, the most essential characteristic of heterogene-
ous distributed systems is their great varieties of the compu-
ting power and reliability of different processors. Therefore,
when designing a real-time scheduling algorithm, we should
not only consider the real-time property and schedulability of
tasks but also take the reliability of the scheduling results in-
to accounts.

Reliability has been a main concern of computer systems
research community for many years. Conventionally, the re-
liability of a system is defined as the probability that the sys-
tem functions are properly and continuously without any in-
terruption. With the emergence of critical business applica-
tions and safety critical systems, the traditional definition of
reliability needs to be extended to incorporate fault tolerance.
While achieving high reliability. it is critical to ensure that
real-time tasks can be completed before their deadlines even
in presence of failures. Thus, it is imperative for a reliable

system to take fault-tolerant actions after failures are detected
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so that the reliable system can continue its execution without
any interrupt due to the failures. However, to the best of our
knowledge, most existing reliability models constructed for
real-time systems has not addressed the issue of fault toler-
ance.

To bridge this gap, this paper proposes a novel reliabili-
ty model based on preemptive periodic tasks. Compared with
existing algorithms in literature, the proposed reliability
model can be one-processor-failed fault-tolerant. Moreover,
a real-time fault-tolerant scheduling algorithm based hetero-
geneous distributed systems, namely IRDFTAHS, is presen-
ted. IRDFTAHS try to assign tasks copies in a way to im-
prove reliability of system. IRDFTAHS considers both active
and passive backup copy, which make the proposed algorithm
more flexible than existing algorithms. Future studies in this
arena are three-fold. First, the authors are going to develop
more efficient scheduling algorithms aiming at boosting sys-
tem's reliability. Second, they will further extend the relia-
bility model to deal with hybrid real-time applications contai-
ning the three different types of real-time tasks. Third, they
intend to investigate a more complex version of scheduling al-
gorithm, in which the precedence constrains among tasks and

aperiodic tasks scheduling are incorporated.



