555445 55 210 X #% ® L K F F R Vol.54, No.2
201443 H Journal of Dalian University of Technology Mar. 2 0 1 4
;,Ls'(cslzs‘esles‘es!es‘e@é

§ R AL TR &

R &5 B A B B L AE GO Tk v M

Aot B B, & &, M F A

(1LLAREEITAF M IEFR, 31T K& 116024;

MMM EMARAAY EFFEEIRER, LT WM 1101363
S.HEMBEAMEAKELALLE, kW WL 710065 )

WE: R4 EEABELARER RGO RFANEEMN TR EXTF SRS RA
WERAR, AN AHAL TR LB EE RET —HEAME GO X EMEHEEH
EEAIONRSBFEEGRA NFARCHIEETERNEEHTT AR EHM A
RERAEENBERETAAERSIRAAACTAEANHAN R FRIANH A B
AREMETHGERT ARATENARYE. FHEINET AN REARSMETRRESZN
WAAXRA MEAREN HHAHE ZTHBE ARLESRNSIRERA N T ERITH L

XEHS: 1000-8608(2014)02-0176-06

AEHERE®S.

K@ GOk THM MELEM, EHEF

FE 4S5 .TB114. 3

XERERIRAS A

doi:10. 7511/dllgxb201402004

0o gl =

B A 43 #F (fault tree analysis, FTA)M?
iR A5 X 5 52 i 49 BT (fault modes and effect
analysis, FMEA)P)  Markov &' % B85 R & 48
T REPEITAl o 288 T Y O s (H X B 4L 5 )5 vk
LR BB EH TSRS GHE
PRSP A | 43 B 245 S 85 5 1 45 0] . GO 125 (GO
methodology) /&3¢ [/ %4275 Ny 3 i i R 48 2 42 1
VAT S T 4 £ O 380 7 A dbS ok 1) — b RT S
B 5 VA J7 v ) B 56 B KAMAN R 28 v 4
O AR ok B % L T A RO I 1 AN I R o8
GO PETER b 3R 90 AR 22 30 e 9 40 L 78
Mizs A% HL A TR RE 4 AT L H ) TG P S g T 4
AR B B

GO LB 53 M1 7 v 2 AR 45 50 16 A
BAXFEGRESHETESZ IR AE SR
A 8 B R, JUH X & A 55 5
ZEZEITRG R MG BT 682815 00

KB, 2012-11-18; {EEHHA. 2014-01-21.

RS 2 MR A XE LB TG SRS R
B, S GO BAEFF i BT R AL il T
AR E RS EN T 2RSS WA R
G ERAERT (N 2.6.7 S A A B T
BB ARG, BRI 22T GO LRl SE 1k
SRS AR R R e BE S PR AT X AL
BRI T GO AR A R 45 WK T R G Hr &b
K.

AR SCAE RS 2 5 AL 30 20 2 o 0 325 ) S ik
b AR R R AR GO E BT . X
FHERAEAT R T ML A5 B 19 7 5 0 sCE A 46 &, OF
XFSCHRC 1T I 2 {5 5 i b B X R A7 9 . i
w5 E i i 5 A E 5 9 2 00— RO07 R 4R OR R
B RSB R A  B (E AT R I RE X I R S
RSB BR L LU Z 5 A Z RS A F
fi% 4k 2 48 {3 — b 5 7 k.

1 AR A0 B i i &
B Ps() ARG S R E MR = 0,

EE&TIR . isF#Re BT H (20130863006 ; K [ AR FL% 5L 4 W B30 B (51275068) 5 H e i A IEARLBIF Al 45 B¢ & 701 % 4 W%

By H (DUT12LK21).
EHE®EAN .

YLFLL " (1977-) .22 , 1442, E-mail :jxh_mt@163. com; B 5 1§ (1965-) , B, ##% , {1 4E S0



%2

THaE. RAMBEMEREAE GO kP 5N F 177

Ly o NG RRE S I B AREME 0 Rom SATDIRE
N FRHEARDS 1 ~ (N—1) FoR ZRRIDIR S
(0 ~ N WAl AURA I Fe [R] B 22 A ) 50 %
R i B RNKE PG HEFI 1 X (N+1) 458
P .

Ps = (Ps(0)

Ps(D Ps(N)) (D

i Py i AR BER R L D) P = 1,

HAENA PG LT, & X 1 X N 485
Ps =(Ps(0) Ps(1) Ps(N — 1)) N A
18 37 PR S A S L [ RE TT 4 R RT R A A
(R S ME R I B Py P AR Pl FTPGC Y58 S
BB AR AE AR AR 2 1 A T B A A5 S AR 3R
(14 F 7 GE 0 2 A B ST 1 DB AR A R AR
(R A 2 6 B A E 2R AT B A1) P AR R A T ok 15
#F. 5N DD,
@ = PP, (2)
A DUAR B @ v T 26 I i R AR AT T A
RS LA HIHR A MES  FROA IR AR G BE 5 B[R]
B T8 SCh ST PR A 1 6 A MR 25
@ = PS"P. (3)
FEFax s S, R 6 E R AE AT S 0
RS AT AL

2 BRI B By B TR

2.1 55 KARN
PEERAEAF I A S A, T B4 40 A R S (R
JIN 8 X T 1 DR A ABE 23R A R 2 MR e
Py = (Px(0) Pp(1) Pr(N)) (D
Fi A AR AR Pe (D) = 0.
2.2 PPRAAIT
FH S ASE0L A ok Ky T B 8 IR 2 1 SR
FO ST RS MR M 1] KR A Pe = (Pe(1)) 0
) i N5 45V AR 2 ST RS 1 BB S MR 3R A

Ps(0) P (1) o
/ Ps(1)P-(1) D,
D = . =

Ps(N—1P.(1) (AN
P H a2 B A HEOIR 25 M SR [ W] R o

N—1

D 1—2@3) (5)

i=0

pP,= (®/01 @p/n

2.3 kKA
ML e A 3 NIRA : BT, o dl s,

Pe=(Pc(0) Po(1) Pe(2), &5 ARSI K
O’\“N’IJIJJ

Ps(0)Pc(0) Ps(0)Pc(1) | Ps(0)Pc(2)

¢)00 ®Ol ®02
®l() @ll ®l2

Dy, Dy Dy

FRAE HOR S LA B, @ A2 1 <L X5
JUFR Y ot s B AT A R A R A L X
14 G 28 359 Sy i L I B0 ABE 3R T v I ) e
JTLEM EBIMRICAHRE R T ~ (N—D B
RE, H

N
Py :(‘Pm + 2@10 Dy,

i=0

®(N71)1

N
Py + 2 (6)
i=0

2.4 5% ]

KA Z A 5 1o 56 R L IR P
NI Ps (Ps, W4
d):PI1 PSZ =

Ps (0)Ps (0) Py (0)Ps (1) . Pg (0)Pg (N)

g 17T A Az B L DU i o BT A e A 5 P A
ANARZSAE #5X — 5, N @ 72 M IT IR 5 — 4
17 XA T8 380 I B i RS S 038 A £
SL DO R B RS 1 ARG el R
R JC R RS N BT

N
Pr = (2(@0; + D) — Dy

2 (®A’i + @i&) — ®/ek'
X FZHA BT AR 4y 905 2 15D

@N\) <)



178 X # ¥ L X

S

¥ ¥ # #5185

PP EAT 5 i — 2% 10 i R AR R R — 2Lk 1)
A W B AT M AN AR ET T WA M — 1
UK A e
2.5 5 T
S —#, B PR A Ps Ps, B P
AREEH R 0 ~ N,
Ps (0P, (O)IPb (0)Ps, (1)1

PS (0)Ps, (N)
Psl (l)PSZ (N)

Ps, (V)Pg (0) Ps, (V)Ps (- Pg (V)Ps (N)

IR NP SN IIPE R NOTE R DN R ol <0F =
FORZSME . N @ £ T MIFER . 5 — D EL” XK
WIC R BN/ B AEL” XA oT R xR Y
RASBERMIR I N+ 1,0, 57 LUK HOR S A 5E
]

Pp= (@0 @, Lo

N
2 (®Ni + QDI‘N ) — ®NN ) (8)
i=0

XFFZH AT A P AR R B
2.6 ATENTENE S G K Tk

AHERPAHEAMGS S .S, il 3 53 B HOR
A BRI L AR AR R AR AT 10 1 S 0 i D
BB KIAGS S, SBAEFZANERY
fil A K A A AR ], B2 C6) 159 3] 3 ki R, 1Y
REMEARFERE; K,k Si 5 R MBS R
W JF SR F 2t R B SHE R 1.

Ps (0) P (0) ‘ Pg (0) Pg, (1) o Pg (0)Pg (N)

Ps (N)Py (0) Ps (N)Pg (1) - PS (\/)PR (N)

N N N
P= (2, 2P 2 20®)
i=1

2.7 ATEERE S Sl ok

U AR SRAEAT Z (8] 9 5 Z 5 fil A A
Az AR BT AT Se i X (6) SRAS S, HHERERT Y
i R, APIRZSHERFERE. S, 5 R, BICRM Y
THBH AKX Q) BIF RS 4 H FZ Pr.

BR T i, L i R B A AT s SR
AR HE S I R R A,

3 A SR e AL By TE

HACBAETTAH Z WAL S X AR
JE 56 AL U R AT B IE. X TR
LRGSR S BRI b R
{55 9 1o U IUME 38 ) — R SRR AR BRI AT (ELX T A
ZARAFESMLEZBITNZ KRG MEE
T A4 S RO 2 B AR AR &2 A%, SCHRL 11 ]
FEMR A BAME AR 1 B a3 0 T — A R
R G ES PR AL H1T 2R FE 8 GO i3
B A0 T A ) i G A AR O (L (ELE R L R
HLAT PR 2 B 09 3 AT 15 5 A SCTE AR 3 S e 14 ik
il b o SCIRL L T8 53 DA et
BRBEEE P RELT 2 G ES S .S,
WU 2 Gk AT i, 223 A 15 5 18 1E (IR
B IO J5 i RS A [ — BT R R
Py = A, +P5 A +Ps A, +P5 A, (10)
EXATEFELZ TR, Hb A ALAL A,
K GAES TR AR BEIE S, Ps (P, Pk
SRS W BERAE E PSR S) 5 S, B SR
BHBEEBER A @ R 1), B
P, = (D, Dhoony 0 Dl Dhovn)
Dln-1ro Dix v 1) (1D
P Pr R TIEoC, B P (PS (PS5
P ZRIMXHR KR, X 18 = 1,0 = 0(k = 0,1,
,00) AT Ps (i) = 1 fll Ps, (j) = 1 KPRZSAH
GGy =01, , N HFHEAZELAFSEIE
E‘J‘%YRT 4 RS BT GO B85, 15351
P . , 5 P 0 R RECE XE ARAS (10D, 3R
3 A, \Al ‘Az A X TT AL R P KA
IR IER 1 Ps P, P, fRAK (10, B ar 15 5]
1B LA {55 5 ORI i P
HAAE M A5 S S, 4 2k s R3S
LA [ 7T 7R

Py =A, +ZPs Ay, +Z Zps A, et

k=1 ky=1 k| =ky+1
M—I+ M—1 M
/
D
- =kytl by =kytl
/
1)5“1%‘\4&1.4.&w (12)



%2 THEE. RABMEEEREE GO E P A 179
Hr Py PS5 P {1 K A5 M SR S P A T Pc, = (0.80 0.20)

ke ek,

) R AT BE . B i D, KX 2) 2
(10) WHE)" M A N RS WA FSH NY AR
BUE E—-MREHAE FHTEBEN GO B
LR R R E RS A TR P AR AR (12) k75
FELAG s Ay ey, BRI AT B S M DR 25 ME 3 1 RS
W fE.

END S T WU P L SR ERER TN a6 |8
LT 3 A R A4 AR R R R R A RRAR SR 2R AL
JIE L I 7 3k %t 3 A 5 19 PR S A B0 A R A
1.

4 3EpE e

4.1  HERHPETILD — RO
AR TR R EEEWEI R G5 GO K
IR 25 H 8

ky kg

M1 X&&®s 2% GO KR

Fig.1 GO diagram of some device driver system
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State probability matrix and its application to GO methodology
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Abstract ;

State combination and probability formula algorithms are the two commonly used
quantification analysis algorithms of GO methodology., but their calculations are too complicated for
complex systems with multi-input and multi-state signals. Combining the two algorithms, a simplified
GO quantification probability matrix algorithm is presented. Firstly, concept of state probability
matrix is introduced and matrix-based quantitative formulas for common operator are derived. Then,
based on revising of shared signals, a new equation is presented suitable for any multi-state shared
signal. Finally, the results of two examples show that the algorithm is effective. The new algorithm
is not only suitable to analyze the state combination relations between operator and signal flow, but
also has the advantages of intuitive formula, simple calculation, easy programming. especially a

greater advantage in reliability calculation of multi-input multi-state system.

Key words: GO methodology; reliability; probability matrix; shared signal



