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Abstract  The paper presents a Bayesian networks (BN) framework for the reliability analysis of
phased-mission systems (PMS), named PMS-BN model. A PMS consists of consecutive and non-
overlapping time periods, with system configuration, success criteria, and component behavior
varying from phase to phase. Firstly, each phase is represented by a BN framework, named
phase-BN. Then, in order to figure the dependences across the phases, all the phase-BN are
combined by connecting the root nodes that represent the same component but belong to different
phases, and connecting the leaf nodes of phase-BN with a new node representing the whole PMS
mission. The new constructed BN is called PMS-BN. In PMS-BN model, each phase time is di-
vided into m segment, and the reliability analysis of PMS is performed by a discrete-time BN
model acting on PMS-BN. Two examples are used to expatiate on the proposed approach. The
PMS-BN based method provides a new efficient way to analyze the reliability of PMS, especially
for those with dynamic phases. Moreover, it is also applicable to system diagnosis and sensitivity

analysis. If all the non-root nodes in constructed PMS-BN own not more than 2 father nodes, the
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computational complexity of evaluating the PMS reliability is O(Nm®), where N is the number of

non-root nodes.
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mi2. l—i<n’ R | % PMS-BN KR 3 57 5505,
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201y — Ol A T A0 52 2 B TR 2 P 6% 4 4 A
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ERZEGEHT . R0 PMS-BN Jaf LIt HEREHFASRZREMAEER B KR 5
B R IR ORI BN b G ), o TR Markov SEHBERIAH LLAL . J5 FHARAS WA 29, g HR
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SRISEE ST W8 Markov B BABORMIE BOMRIRTT 58, TSR i Markov 5 A5 70 I 3 B 75 25K
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G (GNC AR G MITAR BT AL Br A % 258
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5503 BB R A A RS 2 B B 0 [R5 OE
WIAE. B 1 BB i AL a (Oa) F13T 5 HL
bOD M LA & i BN F R G RATHREN TR
Gia#H CAN T RS ai#H GNC 7RG LR LM B
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5.5 3B S5 1 B2l HAEZ B B . Oa
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TESE 3 By Br 45 A0 1y Al 5 BE RUMH % N Ry =
0. 950861, 32 5L BEEERT 0. 047s. X F AR 1Y m {8
B PMS-BN 115 ) AES 7255 3 B B4l Bt (%) 7] §¢
J¥ Rows ox VA K5 Ruaion I FH R IR 22 0036 4 FT7R. R
F AV LIE L BEE m W8I0, Rows o 19 {H 32 7 8
T HE . BIAE Y =5 B s Rpws sx 5 Rpus sy FIAH
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(D % PMS-BN By -5 55 S 72 ] Bt p (0<
p<mn-+1) &AM, LLIAE hy K i PMS-BN
B RS B R IR

(2) Lk S=p+(p mod m) =s ¥E RiFHE . 3k &
AT R ARG AR PriX. K3 S=s}=
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Background

The reliability analysis of Phased-Mission Systems
(PMS) is different from that of normal systems, since the
existence of more than one phase in PMS leads to some com-
plexities which do not occur in a single phased-system. In
PMS, dependences exist not only within a phase but also
across the phases. The PMS reliability was investigated
greatly in these ten years, and the research center lies in Uni-
versity of Virginia and Duke University, USA. There have
been a variety of methodologies for the analysis of PMS,
such as cut sets, binary decision diagrams (BDD) and Mark-
ov chain model. BDD based approaches provide an efficient
way to analyze PMS. However, it is limited to the static sys-
tems (just like cut sets based models) and can not handle dy-
namic systems that are characterized by dynamic behaviors,
such as function dependence, redundancy and sequential fail-
ure. Although Markov chain model is a powerful tool to han-
dle dynamic systems, it has to confront the state explosion
problem. Accordingly, it is a challenge to get an applicable

and efficient method to analyze the general PMS that are

characterized by both static and dynamic behaviors.

The paper introduces Bayesian networks (BN) modeling
into the reliability analysis of PMS, and presents a new mod-
el, named PMS-BN. PMS-BN provides a compact and intui-
tive way to analyze PMS with dynamic phases. In PMS-BN,
the dependences within a phase and across the phases can be
expressed easily by BN framework, and the reliability of
PMS can be computed with less complexity compared by
Markov chain model.

This research is supported by the National Natural Sci-
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research is to establish a systematic method to analyze PMS,
such as space information systems and aircraft systems. Un-
til now, the research team has published more than 20 papers
about the fault tolerant design and the reliability analysis of

space information systems.



