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Analysis of link interaction regarding network failure subject to a
saturated nonhomogeneous poisson process

DU Yong-jun't, ZHANG Pan?, CAI Zhi-qiang?

(1.School of Economics and Management, Lanzhou University of Technology, Lanzhou 730050, China; 2. School of
Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The communication, computer and transportation systems can all be modelled as a network composed of
vertices and links. To economically and efficiently improve network reliability, the interactions of these coupled two
links regarding network failure must be analyzed. Therefore, under the condition that link failures appear according to
a saturated nonhomogeneous Poisson process, we propose a novel method to calculate the joint failure importance (JFI)
for the two links given , which can characterize how the links interact in contributing to network failure. Specifically,
based on the knowledge of combinatorial counting, the probabilities that arbitrary two links are in four different states are
derived. Then, combining the joint D-spectrum for the two links, a formula to calculate the JFI is established. Theoretical
analysis shows that when time ¢ approaches zeros or infinity, the interaction effects between the two links are more and
more weak. Since the exact computing for JFI is NP-hard problem, we provide a Monte-Carlo algorithm to evaluate JFI.
Finally, we perform a numerical example of a road network to demonstrate the method for computing JFI. The numerical
results show that proposed method for computing JFI can efficiently account for the interaction of links on network failure.
Keywords: network; reliability; saturated nonhomogeneous Poisson process; joint failure importance; link interaction;
Monte-Carlo
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E’Jfﬁn f AR, LB G D-US RS B T H A NP-AE
i el P, — AT AT B 7 VE A B SRy RIS A S
AR A R R A, BAR N T

BR1 HERE R EET.

N — A B n 5B 1 A 2%, AR AT R B ST
FARERE )RR E N (2);

Bt IR S R R L JFL (¢, 4.5).

step 1: ¥146tba; =0,i=1,2,...,n

step2: FEMLAE R — NEDEer € [T, LF IIp
WA 28 G A T B Wk R AR

step 3: Y& 110 B #emr, TR 5 /N I e, A
T2 E e m WHT - S5 IETL R A2 T BUEN M2 R

step4: a,.=a, + 1.

step 5: E & step 2 ~ step 4 & H IX.

step6: & S(k)=a1+as+...+ap, k=1,2,....n

step 7: ¥4 S(k) 73 N 45 S(k) = S(k, 1;,0;) +
S(k,1;,1;) + S(k,04,1;) + S(k,0;,05), Hrr S(k, 1;,
0;) i 2 T TH 2% 0 2 G B e i) B H T E
HIRD k25 BT R FBUEA M 45 Rk 2%, HiEil j
TEIX ke 2% 3% 10 H T3 30 4 A 53X k2% 0% 1 Hs T
S(k,1:,15)~ S(k,0;,1;) 5 S(k,0;,0;) A AL RS,
AR

step 8: flitt D(k, 1;,0;)~ D(k, 1;,1;) D(k, 0;,1;)
F1D(k,0;,0,) FITEI R R 575
S(k,0;,1;)

B(k707§71j) = o ’
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D(k,0;,0;) =
D(k,1;,1;) =

D(k,1;,0;) =

S(k,0

"Oj)

<

H )

S(k, 1

iyl

9

i)

=

H b
S(k, 1,0,

'7OJ).

<

H
step9: A(t) = fot)\(t)dt, 5 A(t) FONR (1), 5 5
P(N(H)=k)(k=0,1,...,n
step 10: ¥4 step 8 Fl step 9 [ 45 ARN K (15), AT
SLIFL(t,4, §) FIMA.
3 BUEHEB
AT R — AR I 1) B4, 22 SRR AN A A
R FEARA I R 25 A T, 5 I 28 B R RN L
(T BT, DA RE 28 100 9 T I 8% R 3 1) A8 ELAL B,

).

19— 04 L E 25 N5 RN 34 46 5 T 21 K,
— LG OB AN T 3 B ) DY RSP O iy, AU £
K = {1,10,12,18}. fE1ZE& M 1, 5 f KR & 5 4=
U, IR TR A B BUNTE. BRI s N T R, AR
AR 3K, T T 2 H T R B A D R A AR SR AT, Y
Z5IBAT 2 HAN M 2 S A FLTHD ()4 A 2> 28 i A L
HEIE. F RSB R, W I ) ¢ 2R PE R B A (1) =
Bt B 48 1 0 JBOS FR SR EE, oo > 0,
B>0. N THRBIARTHEELER, WSHEL=3,a=
0.8, A(t) = jot ot ldt =t =3t%8,

T R R B AIAAT 9 (¢ =0.01)
AT A (t = 1,2,3,4,5,6) KA1 4 (t = 100), 4
FTEETELH = 1000000). &1~ K3 NERZt =
0.01,1,2,3,4,5,6, 100 B} 1% 1 A AR B
R A% B Y.

W B 2 R R B JFL (¢4, 5) BUE M 7F 5 ek T
FE I Z1) ¢ I 2 4638 704 1§ 5% T W9 4% 2k R i A2 H. 2%
B AR ~R3TT W, FEN TR ¢ = 1,216, I(¢,1,5) >0
(1=2,3,...,34), RED | 5HATE —KIEL
IEFRDG, EATRT W4 RO IS “WhRVER” 1AL
S BRI HAAT B — 45 I R AN, &1 1 AR 1S
B T ] 2 IR, RN 1R AR Rk, A AT R —

1 M
F=1 JFI(1,5) EARE THEE (=2 ~ 11)
(1,4) t =0.01 t=1 t=2 t=3 t=4 t=5 t=6 t =100
(1,2) 2.36e-03 1.04e-01 1.69¢-01 1.80e-01 1.47e-01 9.80e-02 5.40e-02 6.43e-05
(1,3) 2.36e-03 1.04e-01 1.70e-01 1.82¢-01 1.51e-01 1.03e-01 5.88e-02 —6.63e-04
(1,4) 4.32¢-07 5.09¢-03 1.33e-02 9.96e-03 —3.74e-03 —1.84¢-02 —2.76e-02 —6.07¢-04
1,5 4.06e-07 4.13e-03 8.63e-03 4.96e-04 —1.66e-02 —3.21e-02 —4.03e-02 —2.14e-04
1,6) 6.12e-06 1.19e-02 3.23e-02 4.12e-02 3.42e-02 1.93e-02 4.91e-03 —7.52e-05
1,7 6.50e-06 1.22¢-02 2.70e-02 2.41e-02 5.94¢-03 —1.48e-02 —2.89¢-02 —8.02e-05
(1,8) 3.76e-07 2.38e-03 5.53e-03 1.12e-03 —9.82¢-03 —2.07e-02 —2.70e-02 —6.50e-05
(1,9) 3.70e-07 2.43e-03 8.58e-03 1.04¢-02 4.81¢-03 —4.16¢-03 —1.17e-02 —5.52e-05
(1, 10) 7.32e-07 2.96¢-03 8.87¢-03 8.81e-03 4.59¢-04 —1.08e-02 —1.93e-02 8.83e-05
(1,11) 3.76e-07 2.35e-03 5.26e-03 4.51e-04 —1.08e-02 —2.19¢-02 —2.83e-02 4.50e-04
Fz2 JFI(t, 1, )) EARELTHEE (=12 ~ 24)
(1,4) t =0.01 t=1 t=2 t=3 t=4 t=5 t=6 t =100
(1,12) 1.07e-06 3.43e-03 8.18e-03 3.84e-03 —9.15¢-03 —2.29¢-02 —3.14e-02 8.66e-06
(1,13) 4.04e-07 3.72¢-03 1.07e-02 8.97e-03 —2.33e-03 —1.56e-02 —2.48e-02 6.76e-04
(1,14) 7.53e-07 4.61e-03 1.26e-02 1.13e-02 6.40e-04 —1.19¢-02 —2.05e-02 5.02¢-04
(1,15) 7.04e-07 2.15e-03 6.32e-03 5.57¢-03 —1.72¢-03 —1.10e-02 —1.78e-02 —2.77e-04
(1,16) 3.56e-07 2.09e-03 7.18e-03 7.23e-03 —3.69¢-05 —9.74¢-03 —1.70e-02 2.43e-05
(1,17) 3.91e-07 3.37e-03 9.93e-03 9.32¢-03 5.84¢-04 —1.01e-02 —1.77e-02 —3.27e-05
(1,18) 4.35e-07 5.61e-03 1.43e-02 9.41e-03 —7.41e-03 —2.51e-02 —3.61e-02 3.85¢-05
(1,19) 3.51e-06 6.40e-03 9.30e-03 —4.77e-03 —2.83e-02 —4.81e-02 —5.74e-02 —1.60e-04
(1,20) 1.45e-06 3.68e-03 8.13e-03 4.51e-03 —6.18¢-03 —1.73e-02 —2.41e-02 1.45¢-04
(1,21) 1.38e-06 2.59¢-03 4.89¢-03 —6.82¢-04 —1.23e-02 —2.33e-02 —2.94¢-02 6.29¢-05
(1,22) 3.67e-07 2.35e-03 7.14e-03 5.89¢-03 —2.62¢-03 —1.29¢-02 —2.01e-02 —2.83e-05
(1,23) 3.54e-07 2.33¢-03 7.11e-03 5.59¢-03 —3.33e-03 —1.39¢-02 —2.13e-02 —2.25¢-04
(1,24) 7.45e-07 5.12¢-03 1.38e-02 1.05e-02 —3.92¢-03 —1.95¢-02 —2.94¢-02 1.50e-04
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#F=3 JFI(L, 1, ) EARE TFHEE( =25 ~ 34)

(1,5) t =0.01 t=1 t=2 t=3 t=4 t=25 t=26 t =100
(1,25) 3.92e-07 3.52e-03 1.07e-02 1.07e-02 2.31e-03 —8.16e-03 —1.56e-02 3.12e-05
(1,26) 1.41e-06 3.40e-03 7.54e-03 3.60e-03 —7.30e-03 —1.85e-02 —2.54e-02 2.13e-04
(1,27) 1.38e-06 3.26e-03 7.35e-03 3.52¢-03 —7.15e-03 —1.81e-02 —2.48e-02 7.26e-04
(1,28) 7.01e-07 2.69e-03 6.21e-03 —2.43e-04 —1.53e-02 —3.00e-02 —3.82e-02 —2.36e-04
(1,29) 7.43e-07 4.80e-03 1.40e-02 1.33e-02 1.06e-03 —1.40e-02 —2.47e-02 2.65e-04
(1,30) 1.39¢-06 2.91e-03 5.74e-03 4.87e-04 —1.11e-02 —2.22e-02 —2.86e-02 —2.90e-04
(1,31) 1.41e-06 2.98e-03 5.60e-03 2.74e-05 —1.18e-02 —2.32e-02 —2.96e-02 4.21e-04
(1,32) 3.70e-07 2.48¢-03 4.32e-03 —4.49¢-03 —2.07e-02 —3.51e-02 —4.23e-02 —2.53e-04
(1,33) 6.10e-06 1.11e-02 2.64e-02 2.71e-02 1.34e-02 —4.10e-03 —1.74e-02 —3.02e-05
(1,34) 6.12e-06 1.30e-02 3.65e-02 4.85e-02 4.29¢-02 2.77e-02 1.21e-02 —4.45¢-04

FOEID M E BRI R (HE, Mt =3,4,5, 60, Eil
15 o Ath— L3 10 1EAH G, T -5 HoAth 5 4h — 2634 3 11
FHIR. Bht = 3 IGO0, RS L 1 5412 1
A2 (FHER 2 IER 5 51 mT A1, JFL (¢, 1, 12) = 0.003 844),
H& I 1530 19 5AH OC (3R 2 1 55 5 41 T 4,
JFL(¢,1,19) = —0.004 771). $7E ¢ = 3}, 310 1 MIE
W19 KT W RIORIES “ AU ai i ” BIRCR, B4
TR AN 19 T — SR8 100 R A S AR, 5 T 06f I
AT R SUS R S st & S SN

Yk A5 4 20 B B OFI (4, 5) OO 446 6 i S i 7 7E
i 2] ¢ B, WX 4 vh 2 250D 5 5 e T N4 R R A2 L
FEREMGE5S. 2t = 0.01 i, BRIZEL 2 FNER 3,1E 1
5 HAAT 3 — 2% 3% 0 I B G % 2800 B R AL JFL (¢,
1,i) (i #£2,3) JLF R0 (3R 1 ~ R 3MEE 25 fiR), £
B 1 5 A% 22 B AR 55, X — 45 TR
DN EF TS 184 Pl 95 H 2 2 ¢ = 0.01 1, JFI (¢,
1,2) =JFI(t,1,3) =0.002 361 > 0, R W&l 1 5i&EL
2 DA K& 1 5% 33 1E A O, HE AT HAR E i
SRZY. IX — 25 B IR Ji DR AT R G R AR A 1,
515 % X R A SR RN, /b T B AR R A SR AL T
BN {1,2, 3} R FEHON 3 — A S AR R R
e FEUBEA WL IR TR, I 1 B R 3%, 2 fi
FRIE 2 N 3 AR T B 4 R, T IFL (¢, 1,
2) FHIFL (¢, 1, 3) BUE A& H. R 12 247 A0
34T AR A Tt = 1,2,3, 76 ¢ = 0.01 I}, JFI (¢, 1,
2) FIFL (¢, 1, 3) ()4 542230 1 0; [B] i), AR 40 5 38 1 1Y
55104 1 45 10 AT T, 2 i TR) ¢ — D 2
i (/0. 01), JFI (¢, 1, 2) F1IFI (¢, 1, 3) AR K &
KR T 0,REN 1 5iEih2 DL EDN 1 H5iEih3
(RAZ HAR B A 2o BRI 5. b Ak, R 1 ~ 3R 37
WL FEt = VI, 1 538102 IEAH G, HLAS HLFE P o
PR TRt =12,3,4,5 60, %0 1 5L 3 IEMAHKHRZ
HFEEBROR A At = 100 I, 30 1 5 HAAEE — 4%

I R A R R LB IFL (¢, 1, ) %R T 0,
RYIEANTN A ERE RG99, FI, X — g5 Rt — 2
BIE TR B 1A 2 O iR

25 8 W 2% HPAT 2 2508 T, YT HE 1L 3RS B &
KA L B S, TR R SR AR U572, LA BT 2
FIEDAEAE I Z] 2 HHUE, AE LA AL IR,

4 HZR5RE

TG [ E 19 AT I 21 R R 2% 2R G, A2 110 R
HR TR I SR AR S R 0 25 1 N, 45 6 [ 45 D3,
ASCRSE T 2% ] SRR A LSO A, SR AL
THEIEOR, 3 2 25 IETL AL T 4 Fh A [RPIRZS B ML
TR A IR & 2 L R A D1, RIS KR
MEZZI R A X AT oM 2 500E 10 Rk T4k
A HALEE, B TR, 2 e ¢ T 0 B T
T 53 KIS, 2 5% 30 1) A AR BR R T 55, eh T8
T ) T BB B K A%k R SR D NP-ME ) A, e it 52k R
WEIANSIE APP A ELAE. S5, 4 i I (1 S5 91, 3
WA R R LTI, R 1 2 50 L R T M
LR A BB, B 45 Rt — D IRE 1 HAR )
BT B IR P, AR SCRIETESE RS 58 1 W4 A SE k2 i
ANTTIE SR, 45 BT 70 W 3430 52 EALEE AR B K8 B,
ONAE L 2% A W 48 5 S B R 48 R GE O B
RIBE5E 1 JEAi.

AR S kA i R R e b M e 2 A 1
SR R R AL T 2 260 2 2 DL IR I TE TR — B
KRB R /MR A, ] B AT (ERE
HURERE A L A, R X — R SR AR AT & K 2 i
JS2F 75 5K, (E R A H At — 28 5 3 5 R, e v g
2% o, 2R B A L S R AR IR AL, T BRI [R]
WA 2 1) D R R AR T (R B R R B
FBCR 43 SO AR AT B, g I 48 42 8 e RO R R AT R A,
B R R I T SO RR I IL A LB 2 H7 )5
% AR TARBEE 1 SR Tt A o BEHRE A, 0 RE
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