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Fault Tree Module Expansion Decomposition Method Based on Liner-time Algorithm

SONG Jun-hua WEI Ou

(College of Computer Science and Technology,Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract Fault tree is widely used to analyze the security in many safety-critical fields including nuclear industry,aero-
space engineering and traffic control. However,large amount of computation resources are consumed when large-scaled
fault tree is analyzed in major industries such as nuclear power station,leading to low efficiency and excessive time con-
sumption. In order to solve this problem, this paper made several extensions based on existing linear-time algorithm,and
proposed a new fault tree reduction rules and modular derivation based decomposition algorithm. Firstly,the concept of
equivalent event is presented to extend the number of modules decomposed by linear-time algorithm. Based on the con-
sideration of time complexity and resource utilization, new reduction rules are proposed to get rid of the redundant infor-
mation in fault tree. Experimental results show that the proposed decomposition method can optimize the fault tree ana-
lysis effectively,and reduce the time consumption and memory usage when dealing with the large-scaled fault tree.
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Fig. 1 Fault tree
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1. function LeftTraverse(node)
2. for child_node in node. children do

LeftTraverse(child_node)

= W

end for

5. if node. father. attr==AND then

6 EventAndGate[ node]. unigInsert(node. father)

7. EventOrGate[ node]. insert(()

8. else if node. father. attr==0R then

9 EventAndGate[ node]. insert(()

10. EventOrGate[ node). uniqlnsert(node. father)

11. end if

12. end function

13. function MAIN(root)

14. Init EventOrGate and EventAndGate as two empty dict.

15. LeftTraverse(root)

16. for node_1 and node_2 as any nodes combination in NodeSet do
17. if EventAndGate[ node 1]= =EventAndGate[ node_2 ]Jand
18. EventOrGate[ node_1]==EventOrGate[ node_2]==0 Or

19. EventOrGate[ node_1]= = EventOrGate[ node_2 Jand

20. EventAndGate[ node_1] = = EventAndGate[ node_2]= =
then

21. Do combine node_1 and node_2

22. end if

23. end for

24. end function
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Table 1 EventOrGate(u) and EventAndGate(u) constructed
by module expansion decomposition method
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Fig. 2 Decomposition results of module expansion method

on fault tree
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Table 2 Datasets
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das9209 109 73 82000000000
das9202 49 36 27778
isp9607 74 65 150436
das9201 122 82 14217
isp9602 116 122 5197647
das9206 121 112 19518
edf9201 183 132 579720
isp9604 215 132 746574
edf9205 165 142 21308
edfpal5h 283 249 2910473
das9207 276 324 25988
edf9202 458 435 130112
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Table 3 Comparison of results between linear-time algorithm and

module expansion decomposition algorithm

s R %t B 1] o R
% #k WE/s HWAHE/Mb  HH} HE/s  AHFE/Mb
isp9604 76  2674.62 456 77 0.19 3
edfpal5bh 25 — — 50  21.76 138
das9207 70 20.07 42 114 0.92 6
isp9602 40 — — 58 0.28 6
isp9607 14 1.37 25 26 0.08 4
das9209 63 86.97 375 68 0.047 3
das9206 20 6.92 27 43 0.12 4
das9202 13 4.23 36 28 0.02 3
edf9202 16 260.05 422 102 0.71 4
edf9205 17 5.2 20 41 0.2 4
das9201 32 3.13 12 51 0. 04 3
edf9201 23 — — 37 0.33 5
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Table 4 Comparison of results between original fault tree and

simplified fault tree

E& R RV
e WERE/s HWE/MB itERE/s  WHE/MB
das9201 0.21 4 0.04 3
das9202 0.03 3 0.02 3
das9206 0.48 5 0.12 4
das9207 4.71 10 0.92 6
das9209 0.01 3 0. 05 3
edf9201 56.17 58 0.33 5
edf9202 5.57 10 0.71 4
edf9205 0.53 5 0.20 4
edfpal5h 2662. 64 1494 21.76 138
isp9602 1. 69 13 0.28 6
isp9604 0.07 3 0.19 3
isp9607 0.08 4 0.08 4
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