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Abstract: The rail transit operation control system and nuclear reactor control system are extremely high for safety and
reliability, especially the high speed maglev of more than 600 kilometers per hour. Therefore, the effect of common cause failure
on the reliability of safety critical computer must be considered.The safety critical system is the key of the above-mentioned
safety demanding system. In this paper, the structure and working principle of a safety critical computer with two-out-of-three
and double two-out-of-two are analyzed.Considering the common cause failure and maintenance rate, by using Markov model,
the reliability models of safety critical computer system with with two-out-of-three and double two-out-of-two are established.
The simulation results show that the existence of common cause failure greatly reduces the reliability of the system. The
maintenance rate can improve the reliability of the system. At the same time, considering the common cause failure and the
maintenance rate, it is proved that the reliability of the two-out-of-three safety critical computer system is higher than double
two-out-of-two safety critical computer system. Therefore, it provides theoretical support for the design of the subsequent
differentiated security computer platform.

Keywords: Safety Critical Computer, 2003, 2x2002, Common Cause Failure, Reliability

F B RRUN 2T HEH R G AT 2

R, RIE
eSO T B TR, s,
HRAE

16120283@bjtu.edu.cn GEATFSE) , hzxu@bjtu.edu.cn (fR7EE)

B BB AT 5 S 125 2 4R 28 00 22 4 B A AR OBk A SEA2600 24 HL DA ey
RV S TR AR T RO R, DR B T FE IR o 2 A ST R RO . % A M R G R 2 4
SRRGS IR M, A0 ST T = B T 32 A b BEHL I A B T AR, 5 R 5 2 U
P T R P T AR T SR R S T % pEA R A =B e I 2 A SRS T SR, it
FUMBFIEW] T 35K B0 AE KR RIS T RGO T, AL SR 2000 RGUA T b, I 75 % HESt IR 2K 2 DA 4
BRI, W T =% A SN RG M TR A T 7 I A RS, WA JR 2 R A2 4 it
SEHLE A IR0 T B SR

S AN, SIC, TR, SRR, A




Science Discovery 2019; 7(1): 18-23 19

1. 3|8

FEPUEASSGHEISAT ] A% S RHERE ] T A%
S AR, ZEWHENARGAE ZNH[1,2].
LA HEN2IWEN EIR R R OB, 52 RUR e )
LR, AU RARSE, AU DU R R Gk
PR, RGTREN T 1A 2 A IRES .

ARSI R e LR SN A E BB RR[3],

Wk 7E 22 4 vk BERL AR G800 Al FE VX ORAIE &% A R RG24
FEBATHEEK R L. B DB 1) 38 0 2 4 it
FHLRGE AT SEVEREAT WEFE 0 b, (HORHR 2 1 3L 2k
RO R GE] SEVEIREI,  SCHR[4] 7 72X RBEAT W SE Ik %
EVERBN, WA BB ER, R8T R,
SEOFE M RGN S, BTN AR 4
BIAEPN ARG TR, 20— 2 247 1 &
LR

FEPRRAU[5,6]7E 958 A G - 2 R AL [R] D 3R 0
MBI A BAE T RN R 2K(7,8] . AR IR R Ak ) ) A7 AE
SN ARG A R A, I FRRTTAR R ATFEE . X
BR[7)46 HAZ T AR KU 7 TR B - SRR ARG TUAR &
2PV eiIR e NI DR N et S s N : AN A SR B P
R T FE 7 BEL

DRk, ASHIE ST H AR % T EALR SRR 0 B
F—— W AT AN R L 2 At LR SR
B FEIL AR BOMAES R I DL T 2 S Ly K] AR A, i
i Matlabff 5, 7341 7 IR AL, 4EAE XL AT SRR
Wi, g2l i vt EHLI B RO B SR

2. ZEUENRGH ARG TEMEER
2.1. BRAIRSFE

HATH T o8 KRGl R T EE R 2, i o
BTIE[9], DU HT X 48 23 k[ 10155, (HH T i 2 4t
HHL ARG EEH BT o4k, HarRMFaEn A, mH
HRE LR, dHERERE, GI/RA R N7 E
& T T ENL TSN

22. Bi%

TENTZ W0, AR R A4 TR i R 4
RO
a) R4 SRR T R A R S R E P AIRES , AN
RS
b) RS FTAFIANERE IR 2 P, BIAZE FE B T
HART 51 R G T
o) AE BB FEME, BB RS ] 5
s
d) AT FE R A R ) R S ) A, R VAL R A R AR 5
ESCIEAP
e) B RTEASL R AT 175 an # AT 50 A

23. BEIFRB=ZM ARG H T REER

23.1. R RETTHEWRGE W

S A ENLRE S, 1210 FENFTR, &
G = R WIEDERMNZEW RN . TAER, =&
S [EIT AT RONCREE, AR I AR AR F] S N7 4T
P, = RAH G R, R LR R
B e NIE A B U= RiE S R —
R TAEAE2003 0%, RN, B=RA48PH—
Z B T S SO AR T R — S, B RG0S H
BT A R AR5 RN =B e ZNLAEA H
AW ThaE, AT LLE AL — 2 B R e e, AT 4
Yeis N T4, =R PR R AR I,
HAHRHLTAE, BRGNS 1 i 22 40 .

LN

Bl =R et EHL RS,

23.2. M ZREGHG/RATRER

H LGN = KA NS — R e e E I, T
— N B

)= REEMEA, I RBENA CHRBEERA,
A2, =R A, B RgEB R R M

b)=REE—H, MRMA T .

KRS E LR -

REORR: KRG THIMHIRE N, Frf By B4,
WA RTCRS, R TARE=I AT,

RE1FRIR: RGH HAE —AMEHUR B TR,
TARLE L R s

W& 2EKR: REH BAUHEASBLER A i

RB3HR: RGH ZAER A .

W & 45 1) 5 IR AT KRS W E 22BN,

As

3N,
iﬁ%ZKﬁQKZ 2 phr2he
+A3

u Aot A

B2 =W et ELRGIREHR .

PR HER IR T
WE0->1 R G K MR
REF0->2 R G ke A B R A
WEF0->3 R G K AE =P R

WE1 >0 R G i B RMPBR LS e E 3 = RIEH

EXo

3N



20 BT,

RENV-2RGH — RRKAEMSLR, & S5H TH—
N B R R
RE1>3R2 G0 H I R 8B =B R34
RE2>3RG R RE—Fr, B =3
WHRES R KRERPIRERRZ TR, Wh X
py(t)= _(3/11 +3/12 +/13)po(t) +Up (1)
pr(0)= 3/]1170 - (2/11 + 3/]2 +/13 +)p, (1) (
py(0)= 3/]2170 O+ 2(/11 + /12 ), (1) = (/11 + 2/12 + /13 )Po(0)
Ps(O) =Ap () + (A, +A)p, () + (A +2A, + A) p,(6)

HARE0, I8 R A HEPE TARIRE, IRE2, 3%
G ENERE, MRS W EEE TR A XY

R, = py(t) + p, (1) )
24, EZEILFERBN TN RG M EEER

24.1. RPN -ZETEVRGEEHW ST

TR AT ENL RS EM[13-151 W FEB R, &
GUEH R, Hh g — RS2 — A I g, AR
TAEEXH AR T Hp—RRNER, RN R,
1EH TAER, ER&ARE EBETE, HERAGERNKH T
REMN, B REE &M AR ThAE, - /AT
B Bt & R G S, R TR 3] 5 A —
ATAE. R ARG EA I A A TR
B FEERE S, RN BT R AT DA iE AT, BnE
T RGN 2, RIS 32 456 78 [ P9 BT H S LB B

Fgehll,
8T

BT

2l BT

)

TN it

B3 - 2t HHLASE I

242, RPN _RGH S /R RER

FRPE AT 3 Y 2 AR R GRS AT, HR
BN W

REBFOKIR: KRG THIGIRE N, Fra By IEw,
WA RITRR, B RS TARE 3k B BF,

REIFRIR: RGH HAE — MR, Jhi
RATEER RS

RE2FIR: R BAVE WA R A, Hk
A B MR — R, R R T AEAE B R AL
s

TRk BRI R A % vt FEHLAR GEI AT S o)A

WAL RGUA HAUE MR L,
AR PR NEE R, A ER R

WaS4RoR: ARG HIUE =R A

WESHIR: RGP ABHER R A M

W 28 B2 1 B 7R T IR A Fe A% a4,

2\
A+ As,

2N +4 N 42 N5
ANat A,

H%

A+3 A,
+3 A3t A,

"
B4 o T e HHLR GRS KA.

T R ORISR S T R O, Mg
H A A R A B AT B

WE0->1 R G K MR

RZF0->2 R Gt e A R A

REF0->3 R G R A R

WE0->4 R 5 K AE =B R

RZF0->5 3 Gt A DU 2R 2

R 1V->2 48 R IRAL KB AE F IR

W 1->3 53— RPUSL IR 53— R AA R R
87 I SAE

RS T>4F 5 = AR E B R AR A = AT IR
B A = B R 2

RS T>5F R = A =B R R =AM E SRR
RAEDUBY R

RAS2->4 R R = A B R & =AM IR HP
AMBREHUR AL B R R R AN E R A B 2R
=B R

RA2->5 R R A B R AT & =AM IR
AR AL =B R R R A BRI AU 2R
VOB 2R 5

RAS3->4 R R A B R & =AM IR
AR AL B R R R AN BRI P U 2R
=B R

RAS3->5 R R A B R AT R =AM IR
AR AL =B R R R AN E R AU AR
DB R34

A 4->5 R A — A B R AT A — A P R 2
R Ax— A =B R AR A A A SRR R R A DU R 2

RIERE R KB R GRS TR, .



Science Discovery 2019; 7(1): 18-23 21

Pr(0) =4 p () = (BA, +T7A, +4A, + A, + L) p ()

K R HRE0, 1, 2R AFEIZITIRE, W
ARG TR A RO

R, = py(t) + p, (1) + p, () 4)

3. fTiESWT
3.1. RGHEMRBETHE

RNITE RS T4 = = RSB R AR T
AR, TR RGE AR, XEARER.

B0 F— N =W KRG MR MR, BEAIERAE R
GUHBL T n IRRGIOL R, 1y IRCYRRL ny IR
FRAK, MR SCHR[7], A RBEHIS I R BRI AN

1
)
t \3

A =n,/t/ 2
h =1, [3) (5)

3
A =n/t/
3 =13 (:J

3.2. HBEXN RGN EERE N

R — b, B8R G0 & W R RR 4 Bh
A =107, A, =2%10°, A, =107, A, =04&xs
HELO, 0.001, 0.003, 0.006, 0.01 KR 47

SR EN RGN Rk IR et EHLR G A
FEVEURSL, HECRWT ESE6R

1

1=0.001 | 7

Reliability

o o
o o
w &

o
©
N

o
©
-

0.9 " " N N " " N " "
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Time/h

Bl5 = 2T EILRGLE R A FIN R EEE M2 .

Py(0) ==(44, +6, +4A,+ ) p (1) + Up, (1) + Hp,(1)

Py(0) =24, py (1) + (A + A) py (1) = (2A, + 54, + 44+ A, + () p, (1)

Dy(1) =44, p, (1) + A, +24) p, (1) = (2A, +5A, +4A, + A) p, ()

Py (1) =4Ap (1) + (BA, +34) p (1) + (24, +44, + 24, + A )(p(1) + py(0) = (A +3A, +3A4,+ 4 p,(1)

Ps () = Ao () + (A, +A) p (1) + (2A +5A, +4A, + A) p, () + (A, +2A4, + A) p; (1) + (A, +34, +3A,+4,) p, (1)

3)

1

0.98 1 \\

1=0.001

Reliability

6 . A A A A ) . A :
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time/h

Ele kM @A AN RFABIAFN KGRI AT FEMEET L.

I e e a2 MU RMER R8T g dh 2, mr
LRI, AR =B b2 sk B — 2%, MHAT%E
BRI ARG, BAYER RG] 551 B2 4w Bl 5k
2T RS2k /N . 4EAE 2 m R AR SRR S, (H2
MYk NS R CNgEE R KT 0.060) , gEfER %}
RO A FEME RS AR 218 .

3.3. FERRKE X REI AT MR

B AR GEAE — % I [E (100000h ) A 2% 24 ) A T3
REFAAE, (BB RBEIREA R, B 9 R
NIRRT EEE, I DU RGNS IR R, RN
ez p=0.01, 7356 =B — 22t LRGN 3Rk —
Wz b LR G SEvE TS, L R0 BT I8 R :

1 —

09r —2(1
INRN 3
0.8 ]

071

o
(=2}

Reliability
o
o

v

o
w
/

e
02} S
~
01f T
o ’
0 1 2 3 4 5 6 7 8 9 10
Time/h <104

Bl7 =M et LRSI A R N RS T Sk h 2k



22 BAS5T,

-
|

|

|

|

o o
[e ] o
w N

ne

o °
o ~

Reliability
<)
[4)]

/

o o
N W
.
/
y

/

o

1 2 3 4 5 6 7 8 9 10
Time/h <104

B8 s " et R IR R A IR RS AT FE R 28

o

R BRI

w5 —Br KRB CHARBRE =B TUBRBIKE
1 10 0 0
2 9 1 0
3 8 2 0
4 7 3 0

MEETHER, AR, AMER = RGTERE
P M ARG, AHREICHIR RS AT EE R i =
SRR AR N = S ECR G AT FENE T B, T SCHR(7]
8 AR R R RO TUAR R G0 R OB AN T 1 3 2 A
PR M A 2 4 SRATIE 73 BT 2 4 WIS 1k IS AS e 2 s R IR 2k
RO Z G I R

34. SR MR _B R EEMXT LT

B 4=0.001, A=10", A, =2*%10", A =107,
A, =0 THEL R G T SEEAS B 4 N 2R

1

"I\ |

2003
2x2002| 7

o o o o
o =2} ~ ®

Reliability

o
>
-~

,//
7

/

<)
[S)
N
w
P s
o
)
~
[

9 10
Time/h <104

B9 = M e e et AL RGO T AE M 2k

BAR =N TR T A LR SR T SR AT 2
W& I TR] R B, (B R S B0 R] LA S 218 5 [ RO 156 0L

TRk BRI R A % vt FEHLAR GEI AT S o)A

B A AT UUE B S g e LR S T
PHR—EET R R, KR = e EAL
KR 2 AR R G B A R .

4. 4w

ARG /R R ey 7 =N 2t
MRS e w2t EHL RGN Al SRR, @it
Matlab¥] ode45 if FO0T Ho SR 07 Bd it 2 i #5 H DA R 4518«

AsE =N RN ARG e e H
WA, GBS RGN HENE, HEEEHEERT
BT R Se i mT SRS TR 1S R B R G 1L R R A
FIREZRIE I, RERIATEEA S KKK REMERL
2 FESLFRBE T, o] LS RG] EE M A
FESLIRI R RN EME RT3~ , = e HAL AT 5
PR T IR I 2 e AL, XN RS E R A
THFEAU B TS S .

DRl PE 6 — e mT SRR R A 3 A, L an i i & s
600~ B FR RIS TR RS, HTHBENRR
IR SEE R TP AN B, BUA M 2 AT HHLR ST RE
CAWEN T RAME R, Wk odr, BRILEKR T
RS A EEE, TR 22 AL L AT LR S AE N R
TRILPR R R B — PS8y 50, vl DLE— D4 m R A 1 m
SEME, EINE A K KT R s R S .

BoA

ARSCRRHE IR E (RS AT G RGO A
WE 9T e 58 2 W) (2016 YFFB200602-26) B Bt Bt 5 2

L BTN

[1] 348,82 5k — Mol = =24 NP S 8T
LI 7E,2017,43(05):42-45.

[2] LT EL RN X B R &R DCS E 2SR 4L
FEIR SR M [0].4% 30 71 LHE,2018,39(03):95-99.

[3] RAFEK, L@ 2R EI ARG M)A EGE T
WL, 2003, 154-156.

[4]  Eh/INES, 5K AR AL SR 5 A A T LB R S0 ] S8 22
AV LR (0] 8k B T H SATLR FH,2009,18(06):46-49.

[5] K. Mallikarjunudu, G. Venkatarami Reddy, Reliability
analysis of Shared Load K Out of n: G System in the
Presence of Non Lethal Common Cause Shock
Failures,Journal of Computer and Mathematical Science,
Volume 9, 2018, Pages 6-10.

[6] Jose E. Ramirez-Marquez, David W. Coit, Optimization of
system reliability in the presence of common cause failures,
Reliability Engineering & System Safety, Volume 92, 2007,
Pages 1421-1434.



(7]

(8]

(9]

[10]

Science Discovery 2019; 7(1): 18-23 23

A L RE, A BT 2B FE L R R AL R G P SE AR Y]
MU T FE2£4%,2005(01):24-28.

2R R, 2 6 L B 4R BB R T R T RIS AR HIk/m(G) R
G xR KX REg LRES B TFH
A&,2009,31(11):2789-2792.

J.K. Vaurio, Common cause failure probabilities in standby
safety system fault tree analysis with testing-scheme and
timing dependencies Reliab Eng Syst Saf, 79, 2003, Pages
43-57.

TR, 2R B ST DU X R 3 T BB AL E
CBTC ARG SILBF T[] TE AR R 11,2015,59(04):121-124.

[11]

[12]

[13]

[14]

[15]

M A B =R TUAR R T SE 1 5 2 A M4 [J]. 7 AL
TF2,2012,38(14):239-241+245.

XN F—Fp =W 2 T EN RGN R 5 SEI )] 2R 1
HHLN,2016,25(11):49-52.

g7k GE AR S, RO BV R TR I RGN — R FE
JpRWE TL[I]. e AR AT K 24 40,2017,34(05):99-105.

KA AR, e, KB T ENLIB R e N AR 4
R T[]0 B T SEALN B ,2006(11):46-49.

ST M FE T Markovid FE AT 3R —HL i EHLEBL R
G EEMZEE S ERBEERES LEH
A,2017,14(05):1-4+17.



