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Reliability of Systems with 0/1 Distribution Based on Binary Neural Networks
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Abstract The computing of system reliability relies on the relationship of 0/1 distribution of components and their
boolean logic. With the help of the characteristic that binary neural networks can complete the whole boolean function,
we propose a method of reliability analysis based on binary neural networks. According to the input of every binary neuron
is a 0 or 1 logic variable, we provide and prove the distribution function of the linear combination of 0/1 distribution. Then
the equivalent relation between the system function and boolean function is established, and the system is converted to
an equivalent binary neural network. As a result, using the distribution function, we can successfully resolve the problem

of reliability analysis of general systems by computing the 0/1 output probability layer by layer.
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| 2 | @ No. 24 2 z¢ =g zr G No. 4 zp zc =g zr G
! 0 0 0 0 O 0O 16 1 1 0 0 0 O
! 1 0 0 0O 0O 1 O 17 1 1 0 0 1 0
n | 2 0 0 0 1 1 0 18 1 1 0 1 1 1
i R 3 0 0 0 1 00 19 1 1 0 1 0 1
K4 RRARL k/n(G) AI5EMEHER
) o . ) 4 0 0 1 1 00 20 1 1 1 1 0 1
Fig.4 The reliability block diagram of the voting
5 0 0 1 1 1 1 21 1 1 1 1 1 1
syestem k/n (G)
6 0 0 1 0 1 1 22 1 1 1 0 1 1
MY >0 WRSGIEHR T/E, H2 <0 <4, #F 7 0 0 1 0 00 23 1 1 1 0 0 1
w LAERINEAR A 8 0 1 1 0 00 24 1 0 1 0 0 0
9 0 1 1 0 1 1 25 1 0 1 0 1 1
p{Y >0} =p{Y >0} = 100 1 1 1 11 26 1 0 1 1 1 1
1-p{Y <0} =1—-3(x) = 11 0 1 1 1 00 27 1 0 1 1 0 1
pip2ps + (1 — p1) pops+ 12 0 1 0 1 0 0 28 1 0 0 1 0 1
13 0 1 0 1 1 1 29 1 0 0 1 1 1
p1 (1 —p2)ps + pip2 (1 — p3)

14 0 1 0 0O 1 0O 3 1 0 0 0 1 0
54 R M I 4 R —EU). 15 0 1 0 0 00 3 1 0 0 0 0 0

R =AM RS 2 iR K AT A R e —
B, BR8N R GAEAE A SRR ST 4L,
WO SR AT LN ] B R R g n] Stk o i, i
2 MBI R R IR T — S R R g, X T
RGEH TR G — WM ik, ARSCH AT
LG A5 T R G0l SE L2, Sl 6 e 1 By
ATIRZS 5 M I 2 R 48 TARRS Gl — > kAol
oM, AT 2.1 WINERA ST ARG EEE. NIl
LA 6 ANHILH) AR AR R G0 1.

Bl 4. BBCOE RGN AT FEPERE R W 5, FF B
JITAT HICI R SEEE N p.

K5 RStk RG] SEPEHE K]
Fig.5 The reliability block diagram of

the nonlinear system

T SEPEAER 5 nl 40, an R R Ew LA,
JufE D —@ R IEW N, MR R DR R
F(xza,xp,2c,2p,xp, vr), WiZIRERTFE— 050

H
F(anvax07xDaxE7xF> -

Trp N G(SUA,I'B,J;CaxE7$F)

WA A AR T SRR I S U G (2, 2, 2 7,
rp) WIELER, W 1.

H T 1% pR K T T PR A g, T A SRR [12]
M EEREA T2, BZ KM 2 Ao AT
SCBL, HLAUR W 2.

F 2 4 5B AU KO R A
Table 2  The node order and coefficients of
separating hyperplane for Example 4

L2y I A {’wA,’wB7 wC,'wawF}rﬁJ'fﬁ
11111,00101,00111,01011,
1 10011,10110,01101,01111 {3,1,7,5,9} 15

10101,11011,11101, 11110, 10111;

2 (11110), 11010, 10010, 11100 {4,2,0,2, -4} 6

x 2 g Ie 2 W o B E Y AL 11110,
a1 oo |, W AEZ N, A5
M-SR MmERE. MEx 1, 2 hRER
%‘réﬂ%@i&%%uﬁj’g Fl(anxB)$C7ajE7xF)7
F2 (xA7$B7xC7$E7xF)7 E'ail—ﬁj( [12] %@3 Fﬁéﬁbﬂ
)% H T TA IR R E A

G(J)A,ZUB,LUC,.TE,.TF):
Fl (wAaxBawC7xEJxF)v
F2 (anSUBvvaanxF)
1 F(za,zp,xc,2p, v, 2p) = op A G(Ta, 5,
xC7xE7$F)7 E&
F(anxBaxC7xD7xE7xF):
[xD/\FI (xA,CUB,xC,ZUE,xF)]V

[p AN Fy (x4, 25,20, TE, TF)]
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X Fy (xA,$B7$C7$E,$F)7 Hor S 1A
3xa+ 25+ Txc + 5rp + 92 — 15 = 0, HEH 3,
zp Ny (x4, x5, 20, xp, xp) W50 HAT B4
3xa+rp+Trc+wprp+5xp+92r—(15+ wp) =
0, FHE— L0 2 wp > 10 M — ) sz 8y
Al AR I ORI wp = 11, WA SEE T 1
?’\j3£L‘A+LEB+7$0+11$D+5$E+9$F—26:0

X F, (xAuvaxCaanl'F)y Hor S 1A
4o g + 225 + 0xc + 205 — dop — 6 = 0, HITHAL
REAFAE B, e E P 2 nl s I
Az o+ 225+ 0xc+ 225 +4TF — 10 = 0, FHEH 3,
xp A By (xa, 2B, o, T, xp) W15 SSH T 1H 7T %N
dx s +2xp+0xc+wprp+2xp+47Tr— (10 + wp) =
0, H—BW WL wp > 2 W —PILEE ],
WAL AT TR wp = 3, W KA
4x 2 +225+0xc+3xp+22p+4TF—13 = 0. FHE
2 %?ﬁ%j"j 4.%',44‘2.%‘3+0$c+3$D+2$E—4xF—9 =
0. W2 F (24,25, xc, 2p, xp, xp) HIHEEH
M 6.

System

6 il 4 SCHLARGLIDREPTRT I (R 22 90 2% 45 4 1]
Fig.6 Implementation of the system function of

Example 4

¥ ap A Fi(2a,25,%¢c,25,2r) 5 xp A
Fy(xa,2p, vc,xp,xp) M AN ) 5 288 1 1,
?ﬁﬁﬁ 3.1 %E/‘Jﬁ&muﬁﬂ }/1 - SI'A + B +
Trc + 1lap + 5rg + 9zp DAL O (2), Yo =
dx s+ 2xp + 0xc + 3xp + 2z — 4z 173 A1 bR 2L
Dy ().

W R ] SEPERD A

p{Y1>25UY, > 8} =
p{Y1 > 25} +p{Y> > 8} —
p{Y1 >25NY, > 8}

& 2 nfEnpi A4 s R 111110 K JLR A

B AR,

p{Y; >25UY, > 8} =
p{Y1 > 25} +p{Ys > 8} — p{111110} =
[1—p{Yi <25} +[1 —p{Y> < 8}] -
p{111110} = [1 — @, (25)] + [1 — o (8)] —
p’(1—p)=[p° —4p° +3p* +p°] +
[—p'+p*] —p*(1—p) =
2p6_5p5+2p4+2p3

WA ENZ RGN 2p° — 5p° 4 2p* 4 2p°.
HI 4 7T LA AR AR S8 T SEVERE B 2 50 1 TS
BT BR G EE R  AEa RE

4 it

AR SCA By A 28 W % T DA S 6 24 AT R W
RIRpIE, R R G Th B R A T RE ARG R, FFi
R M2 I G B OCR] I ZePEAL A B HOF
HAEW] T 0/1 73 A (¥ 2 PR 20 45 (R 73 A el 5, A1
FAZ 0 A e, DA vk T — F R S8 R ) S L ]
L Ty AN ST B B (1 2R GE R0 ST IR £ SR AR XS T
I, RGO LUEHLES . B s oot
GRS 18 NN <L S = < DG e T 9B 7
Ry T A o, AR RRER, k2
LIPS B T E T3 1 R R N2 R = B R 9D A AN
JEAT s B DR, MR GEI X L) G ]
ML b 4L, ARl B e SR, AE ik &
G I T DU (0 18 o o 2 A e g mT SR, 3 T o
T RG] SR
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