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Abstract: Heterogeneous distributed real-time simulation system is a special kind of real-time system. This paper
solves its fault-tolerant problem based on the CSP (checkpoint-based spare processor) model, which is an
improvement of the traditional SP (spare processor) model with checkpoint mechanism. Firstly, two propositions are
put forward based on the characters of simulation system. Secondly, the Worst Case Response Time of the
simulation tasks are analyzed based on Markov chains and the schedulability analysis rules for simulation task are
presented. In the end of the paper, a fault-tolerant scheduling algorithm CSP-RTFT is proposed and simulated. The
results show that the algorithm can achieve better stability, higher task accept ratio than SP-RTFT which is based on
SP model, whereas the resource utilization ratio is lower than those based on PB model.
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1

SCHR[3-5]0S 73 A 247 3028 G IO A4 T L HEAT 1 120 9 SRR [3]4 tH O R 4 296 ke 95 % i SCBoAR SEBL
T AN A A BEUEE PR S0 DRM S, % 3 48 FI H R AR v HLA {77 L 5 0 1 265 100 8L, SCHR 4]0 SR A WL I ] 4 2t
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S I A A R S
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2T H AT (AL B B SP AR IR )HEAT I e A2 I, o 8 Sl R v ASBORS 785 o5, T A K, 7 ] ot 25 2%
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AT I 1) 22 MR R AR A U, Je NN PR AT 55 4 S M S I NAT: 45 1 m] U B2 B DLk 9 A8 A 95 NN I, EL 42 73 i
FZACBEHL L 1) P A A 55 B0 ) e 2 A R 0 W (Ot A2 20 A1 37 R G 0 T 3 A 20 A ) T RS

RGELA) Fe T BBy Hr B I T CSP B 24 () 73 A 305 B AR e 1A Al U 24 23 A A

FESPIE v 21 pp I AR08 3 () T T 5% AR BEBL_E T A7 4 55 1) doe I B B2 I TR) (495 i), 47 BRI i A BE AL L T
A7 FLAT 55 B B R SR IS T #4082 1 JEAR A L IR R, B W viee (dpovi) rie<di W) v ZEALBEBL py bl 3 2, 75 ) AN f
i

;&F‘TL A BEME AN OE T 005 A 55 1 HLE T — SRS A 55 0 B X SR AE 55 (K Ry O ] — AR B
B SEIN AT 35 2 IMAFAEAS HLy [ 2D AT 55 6 A8 SCARAT T T AR e _E 38 20 W, & LR AR £ 4 O 82 0.
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WA SR S W 03 AT 450 TG SRV R e A g e I T 3 B 05 1D BT i e &t B T CSP R gkAT
IS (AT 55 73 WL 595 CSP-RTFT.

TES3TE vi I,CSP-RTFT & il sU@) R it FAZAL S5 E R Geh M & 4L FHL_L ¥ WCRT K M & 4L L 4 i
WCRT 1 R /NHEAT HE93HE 7>, AT S5/ WCRT (¥ 20 SR LT 46 MR s b3k v 4 J5 4 10 00 AT ] 4 32 0 A7 7 5 oK
ZAES5 /3 IE RIS 1 ANl AL T U 2 23 07 K Ak BRBL L Jr A7 1) Ak BEDL AR ANl A2, IR vy 19 20 TE R e, Sk 3 [l
sch_failed; 5 [T 7 11 55 #3642 W] B M 20 A, W 53453 1] sch_success. A4 A5 i T 7

(B NV, 2,C; %t :sch_success B # sch_failed,2){

for (i=1tom) {
P @) THA v 7R A AL E AL ) WCRT, I3 B A Ab B AL AL WCRT 1) R /NEAT AR 387
for (j=1 to M){
R4 X () H AT 5 4, 1 IR A AT %5 1 WCRT;
if (Ve (4uvy),r<di)]
p(vi)=p;; /* ¥ vi L E] py xS
break;
}
}
if (B KB G IE AL FE L)
return (sch_failed);
}
return (sch_success);

JT AR Y

FRGE R A R S )R PR A T SR SR L PR A 55 R RN R A 2 s SO A A 3 1 T A Ak L e
By L TSR F O R 2 R B SR AT RS ORAF G I AR TS b 1R 07 A 25 0 7 2 [0 465

SP AL B A Y L S0 SP-RTFT 5 Bk S0 2800, U AT 95 WCRT B TH S MR 50(5) X A R 36k
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AR DUV I RRUE VE AT 55 el 28 K A LR 28 24 VPAN bR ok LA CSP-RTFT S F SP-RTFT .
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T PRI L) ) A 55 40 AN [ F) i i i A2 2 (A) R T SP R BEAT A28 55 1) WCRT 52 K, T
KR CSP BERYEAT A 45T 5 1K) WCRT 520 IR 6T 52 /N 3 32 R DI A Bk 0 R A Wi A SPRERY R i Bl
B BT 55 S FERT AT 9 G 2 W A A AR AR N A 55 (K] WCRT 5% 0 ik P/ (8 SR Wi 4 24 93
AR e A M TR AT W 2 P BUT 1 WCRT fofiy M KX — s 10 181 3 106 v ml DA B S i o 1Y
KAE CSP RN A A a1 B8 2 MR AN [ (1 e s o 2B A3 0 40 SCRIR[ 6] (10 45 18 E AT T o - 2 s A4 AR vy I
LT a3 T 5 i 2 A N 22 W A A AN T AR AT S IR, A, 8 T o B 19K el T e AR i e e 2 LR —
o 8 ) 88D PR ST IR 3 o 7 o SR A SR A S R B IR AN [ PR R R 25 A1 55 1 WCRT Al ok
(520, (AT 55 1K) WCRT AR FE € BT LA CSP-RTFT $135AN 5 52 3 GE i 22 A AL ) 5w HAT S AR AR 8.
52

WE 1 PR, GABCKEE SP-RTFT Sk T AT 55 30 45 AE L i RS 58 AT 55 B R 045
CSP-RTFT S I A IAT: 45 #B 4 708k 11 I PR 1 45 54T 2% B0 % 2 100%. it LA, CSP-RTFT Sk HA i)
AT 45 U 3R 224 AR /NI R ol 9 m AT 45 W e R I N I T 998 A T AR AT 3 2 48 ot 1 0 B9 O 45 e i 26 AL S
LA & AR R SP-RTFT SEAT 25 (3RS0 A5 e 1% CSP-RTFT B3 (1 5% mi, B AR S BRI |5

AL BEMLAR FH 26000 20 (BB Sk (K e B ) ) T DL 2 TR R R G — HA 5 A AENLE N &0
ML LA BRI R 224 10/15=67%. fi 2K ,CSP A5 280 N 2 9% 5 S5 A4 1 14D 56 i A K Ml AR T R 48 Hh A ML )
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R A% B T AREAME S o AR T RL R AL BN EAT 251 WCRT M iZ o T AN R AH &l T4 4%
[0, AR BRI S T XA 22 AN SR KRBT BT L3 AT Sein i 2, 3R TAS G A BN L BT A AT 45 1 %
BB ) S AZ AL BEAL EAEANMT-45 1K) WCRT JinBAIX 43

UE AN T (R, T AR . PEL S T e L i e 7 R R R v B B B IR AN
Gy A XA eSS AE — e R B S A B 45 R AR T RS AT 4 WCRT (13 i 2238 /N FAT 4 0T
B ) P49 536 R0 3 AR 75 S0Py &85 SR 1R 56 AN 23 R K

6

1 b AT WL, CSP-RTFT $7ik bt SP-RTFT $9% B AT S AT AR 1k M o e (RAT 45 B lie 6 5 PRIV R ] — 4T
45 FUTT LU 20— Ukt b A b2 CSP R R T L4 2022 IRt . 2 AR ZE PB R AR rb T DL i £ Yk B ISR 45 1
AN B RS T 5 46 33K 22 B R A 1088 0 S I P9 Ak BT b D 2222 0 et (LS AT 6 £ 10 8 i) skt A 4 43 2.
R CSP 85 SP ik PB R T AU 8 S AT 1 LA (L CSP 43 jle ™ 7 1 W U IR 90 70 A AR 4 v X Rl
e SN BH 2T AE PB AR ST A FRATL AT LLEL Sk %47, B IR R FH 6 AR A i, 78 A SR 5 B30 43 o6 PB B R I 4
B SR AT RO

B2 CSP R B3G5 T v S U5 78 M PR FR B A I P AT 45 V8 J3E L5 T B 2t S 7 YR % e, e LB 3t 2 4% 1
KA RO BEHL, I PB IR £ T (b (A (LI I A 458 B 1 52 2% F3E A 4 A O 8 0 AR S 1) J 48 T AR F 0 3 T PB B
F) 505 R ST S A BELJE TR 00 07 ZLAT- 55 WCRT K 520 04 B B kAT F 9.

A2 BRATT 15 0 ARSI AR 45 K 0 SRR AN U 175 3 27 B3RO 2 = 5t 22 A S BRI T % 1) S ]
RRAFE . TSI AT B R FAT ST iR I R
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