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Analysis and application of three-way decision importance for uncertain
polymorphic systems
TONG Xiaoyan
(College of Artificial Intelligence and Big Data, Hulunbuir College, Hulunbuir 021009, China)

Abstract: The existing importance analysis methods for multi-state systems have problems such as strong model
dependence, strong subjectivity and data uncertainty, and mechanical errors. Therefore, a suitable analysis
method for uncertain conditions is proposed. This method uses three-way decision rough set theory to quantify
component uncertainty, combines dynamic spatial Markov model to calculate state probability distribution
interval, and constructs an improved Griffith importance model. To identify weak links in the system, a new
distance measurement interval ranking method is introduced to rank the importance results. The results showed
that this method can effectively reflect the importance of components to the system under uncertain conditions,
enhancing the scientific and rational nature of analysis. The example verification further confirms the
practicability and feasibility of the method. The research conclusion can provide reference for reliability
assessment, resource allocation, and maintenance decision-making of complex systems.
Keywords: polymorphic system; importance measure analysis; uncertainty; three-way decision rough set theory;

dynamic space Markov model; Griftith importance
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Tab.1 air door collection data

K4S BE/C RE/% E@J Ew %H ﬁ
KAE/Pa RAEPa RIEL
FM28 24.5 83 93313 93 045 10
FM25 24.1 80 93 342 93313 10
FM6 27.3 68 93308 93360 3
FM12 24.5 84 93 288 92 986 8
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Tab.2 transition intensity of different air door states
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FM6 2x(j-1) 0.2
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Fig.3 reliability interval of ventilation system
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Tab.3 importance of each component at time 500

RIS EEETAR BT AR ORBIEAE
FM12 0.3112 0.398 6 0.278 9
FM25 0.288 2 0.369 2 0.3479
FM28 0.369 2 0.4740 0.428 6
FM6 0.249 4 0.354 4 0.3528
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Tab.4 ranks of different methods before and after perturbation

WIRES JHEY e HET HEPAE SR
TP 0 3 DX ] 1 FM12 > FM25 > FM28 > FM6 FM12 > FM25 > FM28 > FM6 0
AR EEHE FM28 > FM12 > FM25 > FM6 FMI12 > FM28 > FM25 > FM6 2
MRSk FM12 > FM28 > FM25 > FM6 FM28 > FM12 > FM25 > FM6 2
T FMI2 IR T e PR R . KR8 A SN, ERGETRIE K568
SRS AR, BT B DU R DRI HE P 2 FMI2 HEE P asi—3, NIk E T2 2 R 50h et
HAEAE PRGN, R HE PSRBT S, R S B 4E I e g E
264 AT UL, 5 i e ) XA HE 5 v e i XU A 4 s

shJa HEP R R AR, SRR . BB E
PERF, AT EMI2 7EAS [ s (] A 228 L3R 5

®5 KITFM12EARER EHNEZEHF
Tab.5 importance ranking of air door FM12 at different

times
] ¢ EEETRR THEE AR HEFP
1 000 0.201 1 0.286 7 1
2 000 0.1193 0.182 4 1
5000 0.043 2 0.062 7 1
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