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Reductive Method of Static and Discrete Bayesian Networks’
Parameters Based on Context-specific Independence

Liu Linying, Sun Qin, Wang Yao
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In the application of Bayesian Networks(BNs) for large scale engineering systems, computer memory
for the network’s parameters increases exponentially with the nodes of the system, Aiming at this problem and
in view of that aircraft failure is often expressed in a multi-input single-output logic gates manner, as well as that
fault tree is a special kind of static and discrete BNs, the reductive method based on Context-Specific Independ-
ence(CSI) is proposed for the application of the BNs modeled from the commonly used typical logic gates. Based
on the fundamental theorem, it proves that when the traditional Conditional Probability Table(CPT) is replaced
by the Probability Tree(PT) based on CSI, the storage need using PT is linear with the nodes, rather than ex-
ponential, Simultaneously, the formula for calculating the number of parameters needed in a PT is given, Final-
ly, this new method(PT) is used to the fault diagnostic model of an aircraft nose wheel steering system, in com-
parison with the original CPT method, which shows that PT approach can effectively reduce computer memory
needs.
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ble; logic gates
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B3 HBERLEH BNs
Fig. 3 BNs of the turning system
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Table 2 Description to parts of the symbols in Fig, 3
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Table 3 Reductive results of the number of the

nodes’ parameters in the example

TR BWAn CPT PT &8
L44 15 65536 32 2048
L39 3 16 8 2
145 3 16 8 2
143 7 256 16 16
L40 2 8 6 4/3
141 2 8 6 4/3
L42 2 8 6 4/3
L33 4 32 10 16/5
147 3 16 8 2
138 5 64 12 16/3
L36 2 8 6 4/3
L37 2 8 6 4/3
L34 3 16 8 2
L35 3 16 8 2
H4 0 2 2 1

FPIFLEZ B TRET, YEAKR 2 0,
CPT K/NR PT i 2/ (n+ DA, B BES AN 7
ML, PT fEAMEE. Ik BNs A &8 KEZ
BRIT, REY A L, B 15 MaAREBEBR
17,CPT K/NK 65 536, PT iIK/MUK 32,40
% 2 048 1.

R PT ik CPT, AT LAWR A B 77 6%
T E T #— P AR R ERE, UKk
8 A L40 BR T FE BE R ) U B o 2T AR B 6 B O
. HUGREBHITEERMB L40 WA HEE,
HREARA

P(L40=1)

= > P(L40=1| L22,L21) P(L21) P(L22)

L22,L21

HWRSECRA CPT A4, Wit L40 |
EEFEK I A L40.0L21,1.22 Xt B CPTs 4 5k,
FRBERBN AX2X2=16:EVWRSERA
PT 7#4# 5% B PTs tH TR E HR B 1+2+
2=5, HIL, PT RZEGXABSHEEITENIE
BHE.

FIF CPT X PT BEFpJ5 ¥ X L40 B ] S8 ik
T E.ERE 4 Fin. HRAMIHTESERBIET

PT J5 ¥k %t ol S ¢k 55 9 IE B 1

F4 OHE LA THRELR
Table 4 Reliability results of node 140

8% L40 WT e
CPT 0. 999 998 16
PT 0. 999 998 16

T WAZBBS T RRITTEERTE.R
MCPTHEFTRSEIF/EERECN 27, R A
PT 7724 3n—1 K, PT XA A WA HE B iz
HE GFEMEZBITAAZEN NS, KK
HENERBEX.

4 & it

(D #TF CSIR#EA. Rt THA PT REY
R CPT W75 &5 E6 1 A SR IR ) 45 2 07 ik
B2, M WT CPT BiRkix A, #ig b T #E
HRFHITER.

(2) B R — FhRe B B DL 57 P 4, L A
ZHRIK CPTFHEMI T AR E2E8HEK,
SR 5| RIE BB ERIAE, T PT Frf A B R
REHERMHEK ., B PT IR CPT BR# R
BEREASH BB R M2 RAE S BIER
BRI 3T B

B % 3k

(1] k&, @M. ot 5HEeIM]. dbat: BB AR,
2006.

Zhang Lianwen, Guo Haipeng. An introduction to Bayesian
network[ M]. Beijing: Science Press, 2006. (in Chinese)

[2] Stephenson T A. An introduction to Bayesian network the-
ory and usage[R]. IDIAP-RR 00-03, 2000.

(3] Z#MH, hF, M. B TRERS PR I oK &1

BEMEAL] ENERH ERSE, 2007, 13(9):
1768-1773.
Fei Shengwei, Sun Yu, Shi Huichao. Construction and ap-
plication of Bayesian networks based on fault analysis model
[J]. Computer Integrated Manufacturing System, 2007, 13
(9): 1768-1773. (in Chinese)

(4] BER, W/, ZHKE. NSRRI B I 57 B S
WEEL U r k[T, AU (LR, 2009, 30(7), 1481-
1486.

Yang Changhao, Hu Xiaojian, Zhu Chang’ an. Fault diag-

nosis method mapping from fault trees to fault Bayesian



%33

XU S TR RS AR B SE B M M S BT B 337

networks[J]. Journal of Scientific Instrument, 2009, 30
(7): 1481-1486. (in Chinese)

(5] HEEV. NHHMAEHIID]. L7 PENEEHITE
B, 2005.

Huang Youping. Research on Bayesian network[ D]. Bei-
jing: Graduate School of Chinese Academy of Sciences,
2005. (in Chinese)

[6] Heckerman D. Causal independence for knowledge acquisi-
tion and inference[ C] // Proceedings of the Ninth Interna-
tional Conference on Uncertainty in Artificial Intelligence.
Morgan Kaufmann Publishers Ine. , 1993. 122-127.

[7] Heckerman D, Breese ] S. A new look at causal independ-
ence[ C] // Proceedings of the Tenth International Confer-
ence on Uncertainty in Artificial Intelligence. Morgan Kauf-
mann Publishers Inc. , 1994. 286-292.

[8] Zhang N L, Poole D. Exploiting causal independence in
Bayesian network inference[]J]. Journal of Artificial Intelli-
gence Research, 1996(5): 301-328.

[9] Boutilier C, Friedman N, Goldszmidt M, et al. Context-
specific independence in Bayesian networks[ C] // Proceed-
ings of the Twel{th International Conference on Uncertainty
in Artificial Intelligence. Morgan Kaufmann Publishers

Inec. , 1996, 115-123.
[10] B4, ET4E, BEE. 4HT23-1998-03-16 & B 4 17

HALS]. b3 BHREEART LR R &, 1998.

Liao Jiongsheng, Cao Jinhua, Mei Qizhi. 4HT23-1998-03-
16 Guide to fault tree analysis[ S]. Beijing: Commission of
Science Technology and Industry for National Defense,
1998. (in Chinese)

[11] Bobbio A, Portinale L, Minichino M, et al. Improving the
analysis of dependable systems by mapping fault trees into
Bayesian networks[J]. Reliability Engineering & System
Safety, 2001, 71(3). 249-260.

[12] Cano A, Gémez-Olmedo M, Moral S. Approximate infer-
ence in Bayesian networks using binary probability trees
[J]. International Journal of Approximate Reasoning,

2011, 52(1): 49-62.

EEE -

JIBE (1989 —), LMW &£. EEMATE: LITH
Bt

o EA956—), B ¥ B, MR, EEMAT | CILEHBE
B .

E ORA98), L, ML LE. FERETH B LY.
WREMT ATEE.

(%4 B Hig)

(E358 306 |)

[15] Wolkovitch J. Low-speed wind tunnel test on joined wing
and monoplane configurations (Vol. I): anslysis of results
[R]. ACA report 82-1, 1982.

[16] Corneille J. Wind tunnel investigation of joined wing config-
urations[ D]. Dept. of the Air Force Air University.
Wright-Patterson AFB, Ohio: Air Force Institute of Tech-
nology, 1999.

[17] Blair M, Robinson J, McClelland W A, et al. A joined-wing
flight experiments[R]. USA: Air Force Research Laborato-
ry, 2008.

[18] Raymer D P. Aircraft design: a conceptual approach[ M].

4th ed. USA: American Institute of Aeronautics and Astro-

nautics, 20086.

fEEEIT:

X #A982—), B, TR M. ERHFHENE: I
gt

Fmd (1966—), B BIS 5. EEBFFI M WHLRI

(%4 B Hig)





