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Abstract In order to reduce the time cost, dynamic fault tree is always modularized into inde-
pendent static modules and independent dynamic modules, then solved by BDD and Markov model
separately. One of the key questions is how to identify all the independent modules and minimum
independent modules in the dynamic fault tree with interdependent basic events and repeated
events. An identification method, called IMKDR, is proposed based on kinship dependency rela-
tion. IIMKDR converts fault tree to dependent tree according to the dependence relations among
the events. Both dependent tree and nodes are then constructed based on the object-oriented idea,
and all the independent modules and minimum independent modules are identified through the a-
nalysis of the properties of nodes. Finally theoretical analysis and experimental verification are
carried out on this method. The analysis indicates that this method can be applied to the dynamic
fault tree with interdependent basic events and repeated events. The comparisons with other
methods from various aspects show that the time cost of this method is slightly high than other

methods given without interdependent basic events or repeated events, and this method can exact-
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ly identify all the independent modules while other methods cannot do given with interdependent

basic events and repeated events.
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RER 5 AR R A X 4, 1 R R B A LT R
l‘i}ﬂf‘a% ancestor_set , 3@%% parent_set, ﬁ{?ﬁ%
depend_set, ¥ JIIRE depth 55 1D ; {5 X 5
BALUT @M T 5 s, ey s 48 MINS, iy g
4 LNS.

T ok 0 A I AR AT R R G S i o A A A
RS 1 AR A R DTC i 2 17 5
EE color; 55 4 AT count 78 5 RAL AT 1Y
TR o AR T 25 A 35 5010 D) J 1 5 A4 55
S CreateDTNode, AN 5 2 7, A 41 4K
TSRS 19 A5 B R G R/ S A LA HR 23 B AR L B 25 1) S
K A T R B Ry A5 BE B 04 3K 26 I 1R (B 78 )5 253k T
Iy FEAT 550 s 72 TT 438 17 iy . OB 9 LNS #1 MN'S
JE AR =5 BR D R I 3t 1 vk DFS_VISIT.

ik 1 KB EFE DTC

DTC(FT.DT)

TITE « BN A IR A A A A A ok 5

B W FT(VLE) s R TR

it HOBR XI5 DT
for each event u €V

do color[u]<-WHITE;
count <03
time<—10;
uo<—CreateDTNode( ) ;
DT.s<u;
DT.LNS< ; DT.MNS~ I ;
. DFS_VISIT(u, uy);
10. return DT.
Bk 2. KA S EE R % CreateDTNode.
CreateDTNode()
T 18 « A HARORTA T

© o0 NN oy U s W [SCRE

AT

it < O T

1. uo=new DT Node();

2. uy.parent_set< & ;

3. uy. ID<0;

4. uy.depend_set<— I ;

5. uy.depth<0.

Sk 3 TR 5GP ek % DES_VISIT 2y —4>
3o DR SR X i A DS A o T 3k T R I ML
TR R R w0 TT I AR AR AR Y 0 S & S
A KJE AR, a5 Py Fe b 8 X g AT A 0Ok
FORFRPRE. JF IR AR Ao, R
Hp g  BRS BD R Sk K £

HEUIH F DFS_VISIT Cusu) B S 44w 195 5
wo 53 90 IS Ay AT e AR AR P R JBE I ST AR bR v —
BB EA A« IR L5 2 AT E w R,
TR I S w FEAT R P 2 AF w B R
adj KA RARIZEAT RS BRI AR AL 5 7
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WAL I 5T 0o A G T8 1 N 5T S o 388 09 3 T B
AT AR 558 (R T B 3 T B A B 20~ 25 47T R
TSR E A A RO BRI 5 A7 AR
BPaR o JFdE o, W RR ZFH i H o A
P B ZAS S F A AR I 1 AR 15 A o0t 2 1 B
&L HFW o BB TE parent_set Fll ancestor_set YE4T
AFE FRY SE I o G N 5 5 8 A I Ja 2 A 17 AT A
FIR) BE T AT s 3 Ul T S o, B 18 AT O kB AR
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i3 WEMEE N E % DFS_VISIT.
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B AL s DA A O T U R S A 25 A R T A

1. if (color[u]l==WHITE)

2 color[u]<—GRAY;

3 time<time+1;

4 dul]<time

5. ifadj[u]==NULL

6 then
7 DT.LNS<-DT.LNSU {u,};
8 else
9 for each v€ adj[u]

10. do if color[v]=WHITE
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11. then It HAF B TR o T RS &R I O

12, vo <= CreateDTNode() ; J AR A S AR B R Rk v AT BT
DT.MNS<-DT.MNSU { } ;

13. count < count—+1;

14. vy . parent_set < {u, )

15. vy .ancestor_set <— v, .ancestor_set |J

uy .ancestor_set U {u } 3

16. vy ID<—count;
17. vy.depth<u,.depth+1;
18. FTMapDT (v, v,);
19. DEFS_VISIT (v, v)3
20. else
21. vy < MapToDTNode () 5 7R 7 4]
22. V. parent_set <— v, . pareni_set U {uo }
23. v, .ancestor_set <— v, .ancestor_set |J 6 a’m j 1;% ij% -i/]:l %IJ
uo.ancestor_set\J {uo } 3
24. time<—time—+2; " .
- DES_VISIT (0, 50) Wit o il e A BIE 5 TR A S B I o S AH N Y
2. if(wlor[u]; — GRAY) KA. SCHRLL3 TR B s SO =D A B A g
27, color[u]< BLACK; RIS X BEEA S ) b A] B[] — 2 8], I
28.  time<time+1. H AL 7508 3 1) A R 3% 3 To0 44 il B A 44 B A7 G

B7 S — AR e s i, B 8 AR TR AR EIEARH M LY R RE R KB B 1] Dutuit K5
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B8 A S [y R DES_VISIT FEHCBEA i TAES B2, B FMF w 55 = STl b i oy svps0p) s AT 0y 375 X
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EBX 1. B u Mo R FT 1WA,
FRou F1 o A H S HAgE w | o B HALY: Vo' €
events(u), Yo' € events (v), W prob (u' v') =
prob(u’) X prob (o), F it prob (x) S x 1 2K &%
M.

EX 2. B u NHEER FT f—A> a5,
PR w2y FT [ — s 8 HAOCY AR 45 FT 1) —
DFAf o A T I T

(1) events(u) & events(v) ;

(2) events(v) & events(u) ;

3D ul v

EX 3. L ZER FT fIEARFEE, L
(i=1.2..m) & L W58 AHIE T4 1 EL 2 LA
T AT

(1) Yu, ve€ L;, W prob Cuv) 7 prob (u) X
prob(v) ;

(D Yu€ L, Yove L, H i#j, N prob(uv) =
probCu) X prob(v)
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Vi€ A v AR T AR A G R ¢ o 158
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EE L B ouo ZHER FT WEZEPAF
1 u_set Fl v_set 3B 3E w Fl v BB MIEE, H
u_set(Nv_set= | u_| v.

IEW. R AT BT AR A 1 AR AR
A uy € events(u) v, € events(v) , H probCuy vy ) 7
probuy) X probCoy) s BEHE E L 35 ue Fl v, BHKHS T
[R]— MRS, B w0 s vo € Ly 5 RN uy € events(u)
vy € events(0), FITLL wo ! L w H vy ! | v, IR IE &
SC3C3) wu Ml o FAKME TR 5 LN u_ser
Flv_set 5302 w Fl o W58 UKL . BT @ € u_set

Hi€Ev_set, X 5% u_set N\ v_set= T F ). fiy il

Tl A 2 742 SRy 5 AR OC AR S A 1 MO )
A RS ) A — A A X 7 A A8 RS 1 — > R B 3 R
SR DAY E SR i R R A 3 P T AR i AR
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S 3 Ao T AR ARS £ A A O B PEE AT A BT L TR
Sol) LB RS AR ) 2 S S R DA T A5 380 R I S AR 1 2
ST DU AT HE T A
6.1 PR R E &

28320 TUAL B AR R JS AR Y AR 25
PR AR J& PR AN B SR 1 R 3 g, kST A B R ] 5
2 IIM (Identification of Independent Module) 4R #
PR 2% 710 a1 A 56 4 Jm M RIS 4R & M 4730
. A VAR - B A SR RO 4 e L 4R
J5 RS ER S S0 B )5 AR R R T A e
TR B O £ J M A ES AR AS B Z N R
SRR A S A B AN B 4 PR,
ik 4. Mo BYORRIE D IM.
IdentificationIndependentModule( DT inputdep)
LI RE « PR AR Y g 57 AR
A MR DT (s, MNS, LNS), 2 75 5 (19 4 i 22

inputdep
- S B TM
1. IM<;
2. SetLeafSetDep(DT.LNS, inputdep) ;
3. for each u€ DT.LNS
4. for each v€ u.ancestor_set
5. v.depend_set < v.depend_setJu.depend_set;
6. for each u€ DT.MNS
7. bIM=TRUE;
8. for each v€ DT.MNS U DT.LNS /u.ancestor_set
9. if u & v.ancestor_set
10. if u.depend_set()v.depend_set# &
11. bIM=FALSE;
12. break;
13. if bIM==TRUE
14. IM~<=IMU {u};

15. return IM.
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EX e,
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FAIE 8% 3i € v.depend_set H. v 3 AU
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H R v.depend_set WG R4S, 3~5 17 A A,
WAL @ bl A FEARE A e R INAL R
Fu, € L AT v € uy.ancestor_set s T uo ! L v. @

OFQHARF & A .

(2.2) AP AUEB o B9 B A7 4K M 2R R TR
v.depend_set 1.

Bk k. ik 30 AR o RET T €&
v.depend_set.

i 3~4 17 H, events (v) L, = 5 & W &
uy € events (v) (\ Ly W v € uy. ancestor _set, i €
uy.depend_set, T It i € v.depend _set, 5 5t 7 ¥ %
FIE. L events(v) L, = . ®

F A v KT . W Ju, € events(v) su, € L, H.
prob Cuyuy ) 7= prob(uy ) X prob(u,) & X 3 1] H1,
w €L, T u €L, events(v). @
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Vu€ IM. 155 6 47 TR a0 AN 2 OB Y 55
ALY R AT R 0,

# vE€ u.ancesor_set , | events(u) Cevents(v) ;

2 u€ v.ancesor_set , | events(v) Cevents(u) ;

*r v u.ancesor_set H u & v.ancesor_set s W i
% 10~14 47 A 1, u. depend _set () v.depend _set =
DoHEM 115 u | v;
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FLUET: o AR B R A7 A SR v, (H2 w €
IM. |17 2 AT e BEAS 2 O A AN 2 35 15
5 8~12 fal Al AFELE— T M5 v, Ho € w.ancestor_set
1 we v.ancestor_set s 5 u.depend_set( ) v.depend_set 7
& 152 5 0)IM=FALSE.LIZE T u R IA IM
XX w RS YAE T JE . A DAL,

Hi (D F1(2) s 5 AR IE. RSN
6.2 HR/NESEHUARIE X
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PR w J&— A/ Nl SE L2 HAL Y AT 45 55 b — A
TSR o, W) w e v.ancestor_set.

H /Nl ST A B ] 1) & B IMIM (Identification
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9 1AT E SR NV SRR AR MM B Ry 23 4 L5 2
AR IV AR vp 2575 1)l I T B8 I 1 e peh 64T
Fe e I AE 25 IM,. HETE TM, 1) 8 ARl 5
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HLHE IM, s, dE i MIM B d5 /N 4 ST e
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IdentificationMinimizeIM (IM)

T Hg « Y3 dpe /N N7 AR R

BN B TM

it « NS B R MIM
MIM <~ ;

IM, < SortIM(IMD ;
while IM,# &
u<FirstNode(IM, ) ;
IM, <- RemoveFirstNode(IM, ) ;
MIM < AddLast(MIM, w) ;
AncestorSet <—u. ancestor_set () IM, ;
IM, < RemoveSet(IM, , AncestorSet) ;
return MIM.
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St AL PR, & 10 w5672 Jy & 11,

F1L BALBE G A 2 T B AL AR

P11 AP R AR (Y R O 2 F 0 IO PL A
P2 28 AND ['J 9 445 3¢ P8 1 s o 0 B —
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Background

Fault tree (FT) analysis is widely used for reliability
analysis of complex and critical computer-based system. Dy-
namic Fault Tree (DFT) extends traditional FT by defining
dynamic gates to model dynamic behavior. The research of
dynamic fault tree analysis has been investigated greatly for
these ten years, and the research center lies in University of
Virginia, Duke University and Loughborough University.
Markov model is always applied to solve DFT, which has its
own drawback. The number of system states involved in a
Markov process will increase exponentially with the number
of basic events in the dynamic fault tree. On the other hand,
usually only a small number of basic events are dependent and
require a Markov model. DFT can be modularized into inde-
pendent static subtrees and independent dynamic subtrees.
The results of each modular analysis can be then combined to
obtain the final system measures. So it is one of the key
questions in the research of dynamic fault tree how to parti-
tion and identify the independent module.

As we know, the interdependent basic events and re-
peated events complicate the identification in the dynamic
fault tree. Some previous researches gave some methods on
how to identify independent module of fault trees which have
interdependent basic events or dynamic gates. But to my best
knowledge, there is no method to be applied to the dynamic

fault trees with interdependent basic events and repeated
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events. Based on the kinship dependence relation. this paper
proposes an identification method of independent module,
called IMKDR. IIMKDR converts the fault tree to depend-
ent tree according the dependence relations among the nodes.
We construct the object of dependent tree and the node,
which consists of the dependent set property and the ancestor
set property. Through the analysis of these properties, we
can obtain all the independent modules and minimum inde-
pendent modules. This method has no relation with the exist-
ence of interdependent basic events, repeated events and dy-
namic logic gates, so it can be used to identify the independ-
ent module of the dynamic fault trees which have interde-
pendent basic events or repeated events.
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in the reliability quantitative analysis of the complex system.



