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Improved Algorithm for d-Minimal Path Set of Multistate
Network Using Node Flow Conservation

CHU Hongyan

(School of Computer and Software, Nanjing College of Infomation Technology, Nanjing 210023, China)

Abstract: To consider the calculation problem of the multistate network reliability, an improved algorithm for
multistate network d-minimal path set was proposed. The two-way side of the network is equivalent to one
side by introducing feasible flow vector. The capacity of the edge of the network is not special required. And it
can be used for a network with two sides. The algorithm is more applicable. By the introduction the capacity of
the edge. The reverse side of the network is equivalent to one side. Therefore, it educe the the viable solution
enumerated number of the d-minimal path set, and the complexity of the algorithm. To verify the results, it
shows that the proposed algorithm can acuurately obtain all d-minimal path set of the multistate network.

Keywords: network reliability; multistate network; minimal path set; feasible flow vector

XA RGN SRR T R AT T OREEE . B &% IR 2ROk I EE R a2 R
0 B R TR R/ B A R R/ RN AR U R R R BRI T R G T R Oy i RS
T /NS4 AR 00 fff 35 ) S A ARG — N S 2R B R 45 R GO0 i o AR ) S T R G
P 45 HLAL A R I B Ao 75 326t DA S . X T R R AR 2 I 4% AR 4 i T d /N I 2 ML i /N EVER I A
AR R )z L d- i) B DAL B A R 2 IR S I 2 I A L R AR 2 T R 1 R
C A R d-f /N B A 1 B30 — U B S SR R 46 BT A5 e/ B A L i R B2 20 L TR BB AR S il —
b AT W0 45 re /N A ELRESR B d-Sne /N AR Y T 3k

KB 2016-05-05
BEMEE: WE (1968 1 . AlEE ., EEMNFE B RE WL KR L5 I BFSE. E-mail: chu_hy@163. com.
EEWEB: EZRAAK/REESEIIH (61300122)



512 A R e Al CA R B 2R O 2016 4

1 MHEx
1.1 ExFEE

ESNE| Y8 F=Cf s fosmes fisms fre) s Hip f, RN F 30 e, I &, 3% F 3 <7 15 A
W) & F FR A — A AT A7 ) s >4 H A ] B 2 =X (D)~ (3) L B

D= D> fi=d. (D

GEE () GEE oy
E f‘i: E f.i’ j:2933"'9 ‘Vlila (2)
y,eE‘(wJ> G €E (v)
sz{O,l»””b,-,”Y}, i:1,2,"’,|E|. (3)
fi A G AR B {0, 1, uby, | HOH 2 FIRS AR IAT R0 B F R AATEm). 2
x; = min b » i=1,2,, | E|. 4
/)"'i € B, ./)w’_ =f !

D] o 5 IR 2 ) i X R o DN R 1Y T AT S

N 2% R AE AR BT v, Fllo, AL e, (e, EET (v) e, €EE™ (v)) e, €E" () e, €E™ (0,)), M
AR I — 5 T g AR Sy B ) i (BB D ) S by 5 5 0 AT 5L 0, Bl e, €E7 (0D v €E (0,))
XERL fi BUBESR G fi€{—bin s —bip T 1aee s = 1,00 1o by, b Ho G IEEACR BT o WA 05 TAU{E
R HT v WA v, A0 2% R[] IR A A 5 o AT o B9 es R o WA 8 o BT L e,
5y 133K G 2% Xt 19 445 1 S AL B D T 1 45 T R i 2 25 = — S A T BRARGE S AR 2R L AT — Sk
AR o WA R v B9 e, Bt e, Mey, s XIRE £/ € (0,0, » by A 1eee, —1,0,1,0 i, - BEXE

PR S I T 45 AR AT AT AT 1) F S DU D5 4% of O B AT AT I 1) A F

fio =1 f,=0. fi.=0. (5)
fi =0,  fi<o. (6)

LR 75 TR AP O . 3K (3) T 43 i Ay
fi € {01, ) s i€ {12, [ E |} HHmil, )
fi € A=bin s — by + 1 1 —,0,1,0000;, ) s i€ {12, [ E|) Xnl i1, (8)
fo€ by, by, T b b e e Fle, G (9

DA Ny

T = min bii i=1,2,, | E|. (10)

ihjy
17}4]1 €B;.b,

SRIBC d-fe/NVEIEE Sk b S A BT W A 0 8 SO RO T SR Y AR S R s — IR d-
B/NEVETTAT X DL A S TR A In £ Ce) L. T II B 1D MA R THA In (DT A
T d-f/ NS b 3SR () ~ (D I 2 i .

BI 1 32 Z= {bi, oo sbir | +0ubirn, v abipi, b #5 (2 >d A In £, (e) =038 O(Z)<
d,% In f,(e))= max iy s WL — d-F/NEEEE A 2, >1In [ (e,

b =(d—0(2) b €B
isiq isiq

I =1 /; 1

J

IEH Y (D) >d W x, € Bi ot 2,20, B} 2, >1n f, (e,) =032 &(Z)<<d B AR . >1n f,(e;),
)ﬂsuﬁ @{bl'”l ’".’biil'”lfl ’In f‘z (6,’) 7bi+l,1117 ""9[7\E\.uw }:@(Z)+In f‘z (6,’) 3X<{bl.n1 ""9[7[71.7117 7In

1 1

_fz(@,‘) ’b,’\ Loy %" 9[7\13‘\,”“,‘ } 9ﬁ& @(X)<@(Z)+In fg (@,):@(Z)+ max b”'jl <®(Z)+d7@

by, <Cd—e(Z) b, | €D,
(D =d B &(X)<<d,5 X d-F/NEETFTIE . 2.=In f,(e).
FF 531 KD~ 2N
fi€ {In frled In frle) + 1,00, s 1€ (1.2, [ E ]}, e; NI, (1D
fi€{In fole)In frle) +1,00ubiy t U (— by s —bi 150 —1In fr(e) s

i€ 120 [ELY . e WA, (12
fi - {761'2,1112 ’ 761’2.7117 +1,--,In fz(ei)} U {*In fz(f’f()v —In fz((*i) +1’".’bi.71’}’
e; N e Fl e, & IFH LR (13)

http: // www. hdxb. hqu. edu. cn



5 439 HBEE SR ST AR R AR P 4 d-fe /) B 4 1 5 30k 513

1.2 HESR
BT BT Bk Yeh SN R IR d-BoNSEAR LT 6 PR
FBL T Db, boy sorsbiin 50sbirn s sbig, b ZETEIH 1,005 In £ (e,
B2 AP AL BT — T o AR Ry L] .
W3 ALK B T R A A R ) R I I — AR BRI .
F$B4 ETFRD, 2, XA ~A3) kA (5. (6), /T 15 A Al 173 16 & F.
WS HETXA0 A BT AT & F AN E d-fo N AT iR X
F]o  WETA R ATATIE . AT X MAAAERIATAR Y W2 Y <X, 0| X ghJe—A> d-F/ Mg AR.

2 EEawm

B d-F/ NSRS R I 2R A 1 fras. DL 3. 8 50 BRI e Y 2 B 4
B b, =0, +1 BRLE R BN d-FRo DS REAC A B 5 M AL BPSEE i TE B k. 0, DA
Jane™ 15 I W 45 S ] S0 0E 0 e WA REIUEE S AW 0., 1 =0b.; T1 NS LRI R d-F/)
P& A BB s .

W 2 & U SR A e o Bi=1{0,1.2,3},B,=B;=1{0,1,2,3},B,=B,=B;={0,1} ,d=3.

H$E1 1,18 1In f,(e)=2,In f,(e;)=In f,(es)=1.In f,(es)=1In f,(e,)=1In f,(e;)=0.

e A TR WIS R URS T SURT T2

B3 KPR v v BIFFTER M e ey K AR I — SBT3 o7, X0 N ) 45 A0 18] 2 7.

E1 ZREMZ% K2 GIFEm2REMLS
Fig. 1 Multistate network Fig. 2 Combined multistate network
FH4 TN~ LA ~13), /]
Htfi=fot+fi =3, (14)
=1t S (15)
s+ fr = fos (16)

fi € (2,3}, f: € (1,2}, fs € {0,1}, fs € {1,2}, fr e {—=1,0,1}. AD

LTS F'=Cf1 o fosfss foo SO RTBEME N (3,2,0,1,1),(2,2,1,1,0),(2,1,1,2,1), 3 F K (14)
B L= L fi =0 BRI AT 104 F=Cf 1o foufssfosfosfo) A ATREM H(3,2,1,0,0,1),(2,2,0,0,1,
1),(2,1,1,0,1,2).

H$BS5 ETLA0), a5 FE A% X K(3,2,1,0,0,1),(2,2,0,0,1,1),(2,1,1,0,1,2).

TR6 PIMLLE, AT A 3-dR/ DA 5 SCHRLS 145 SRXT Ll o A 053 1 235 R 2 TE 1 119

TERF Y W 28 E BUE AR A3 M {0,3,5) ,d=5. B F5|# 1,745 In f,(e,) =0,i=1,2,-,5. B F
A (D~ (2) xR, 14§

fitfi=1ot =5, (18)
fo=fo+ fss (19)
fot+fi=fss (20)

fi € {0,1,--+,5}. 2D

SRR (18 ~ 21, i BT A W17 m & F.
FEF A AT R B F L3 IR (10D A5 2 %) 0 10 i A5 vl 47 ff XL a0 38 1 R, a3 He 3 nl 459% R 4%

http: // www. hdxb. hqu. edu. cn



514

A R e Al CA R B 2R O 2016 4F

]

57%/J\%%:(5’5909090)9(5’3939093)9(590759095)9(3’3709393)’(3,093’3’5)9(090909575)’

FRAR Yeh'™ K Hp b8k — R8N (3.3.0.3.3)

1 I 0 B AT 6 AT

Tab.1 All feasible flow vectors and feasible solutions of the network
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1 (5.,5,0,0.00  (5,5,0,0,00 | 8  (5,5,0,0,00 (5,3,3,3,3) | 15  (3,0,3,2,5)  (3,0,3,3,5)
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