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ABSTRACT

This paper estimates the reliability & mean time to failure (MTTF) of a cyclic or acyclic network system
by the Monte-Carlo simulation method. Estimates of MTTF and Reliability become difficult as the com-
plexity of a system increases.

The method in this paper finds all simple paths from the given network, and then simulates the reli-
ability of the required time and MTTF by using these paths. Life-times of the components in a network
follow some probability distributions (Exponential, Weibull, Normal, Lognormal, etc.).

The method, written in Level II, Basic Language, is validated for some simple examples and then

estimates the reliability and MTTF of some cyclic network system,
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[Table 1] COMPARISION THEORETICAL RESULTS WITH THIS PAPER'S RESULTS

No. of paths=1,

o =5% Monte—Carlo Simulation Trials=500

Required Theoretical results This paper’s results
: — :

T(T;e MTB};?”}" AR(t) [fl(t)] L [ﬁ(t)]u MTABF
100(h) 0.9704 0.968 0.953 0.983 9290(hr)
300 0.9139 0.91 0.885 0.935 3368
500 0.8607 0.866 0.836 0.896 3509

1000 0.7408 0.732 0.693 0.771 3228

2,000 0.5488 0.554 0.51 0.598 3586

3,000 0.4066 0.392 0.349 0.435 3097

5,000 0.2231 0.244 0.206 0.282 3317
10,000 | 5.;58 0.05 o1 0.069 3368
15,000 | 0.0111 0.014 0004 0.024 3438
20,000 0.0025 0003 0 0.006 3107
30,000 0.0001 0 i 0 0 3343
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[Fig 4] 10 NODES ACYCLIC NETWORK SYSTEM

[TABLE 2] WEIBULL PARAMETERS OF EACH

COMPONENT

Node # Scale par. K Shape par.M

1 103 103

2 2.8 1.8

3 2.7 1.7

4 2.6 1.6

5 2.5 1.5

6 24 1.4

7 2.3 1.3

8 2.2 1.2

9 2.1 1.1

10 2.0 1.0
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[Table 3] THIS PAPER—SIMULATION RESULTS

P=TH FOTH & 7 o
2~TH FETH = 1 4 7 A&
I-TH PATH ; 1 2 5 3 14
d-TH FPATH | = &
5-TH PATH ; | 2 & 7 1@
E-TH FRTH + 1 2 S 4 1a&
7-TH PATH &+ 1+ 3 & 7 18

ENEFFECFFFEFFF
¥ OF PATH = 7

B T T T AT T T P e ey P e L s AL N R AL R s R AT A R ARt et Ed i
FARAMETER: & OF EQCH WODE REL DIST
REGLITRED TE“T TIME .3

I=TH HODE ; SCALE = LE-B3 , ShAPE = 19ad , REL. = 1

2-TH HNODE 5 SEQLE = Z.8 , SHHFE = 1.9 » FEL = JBERZ451VE
I-TH HODE 5 SCALE = 2.7 » SHRPE = 1.7 » REL. = 83738371

4-TH NODE : SCALE = 2.6 » SHAFE = 1.6 » REL. = ,f479452F]
5-TH HODE ; SCALE = 2.5 » SHAPE = 1.5 , REL. = (33273655226
F-TH NODE ; SCALE = 2.4 , SHAPE = 1.4 » REL. = 82748221
T=TH HIDE 5 SCALE = 2.7 » SHAPE = 1.3 » REL. = 816228737
G-TH MODE ; SCALE = 2.2 , SHAFE = 1.2 , REL. = 6804416877
3-TH HODE 7 SCALE = 2.1 » SHAPE = 1.1 », REL. = .7313435238
16-TH NODE ; SCALE = 2 » SHAPE = 1 , REL. = .7782007E3

# OF TRIALS OF HOMTE-CARLD METHID 19835
# OF CLCCER= mab
# OF FRILURES 115
#3205 STEM RELIABILITY RO .S0= 335%%x¥s

LBESZ2R215C 95k COMFIDENCE INTERUAL OF SYSTEM REL <. 584773100
SYSTEM MTBF = V53816323

@ R(500) 9] 412§ 95 %2 P72k %4

0.929 < R(500) < 0.967

All branches : bidirection ® Systemo] HFaw HEZY
[Fig 5] 12 COMPONENTS CYCLIC NETWORK .
SYSTEM MTTF =2072



V. 4

2] 57 A]

E
2431 Algorithm & Hs|4 A
etwork System <12 A4 o] ZARHS
7+2 Monte-Carlo Simulation
223k o] 33 algorithm g¢jo|
o ek EEE AlEA4 R

olv} 1 acyclic network system 1} 23

Z

cyclic network systemol| a4 =|F7}
o Fg-Fo] vieiglel Systemo] 37
o oldt 2YAE Q3 F Aok AFHI T

4T Folsl el
Sk 71 e
g3 Hrrgel o
Fhelel glo A &
After Service)?
Aolm, vholsh4 k=

defd s ALeE 4

Q. A&

Simulat -~

N

oX

|

5:1._

r_rol_:
2
—

1

to o & o

4 ke

'y
L
1

Z]

>3
el

r_x_

32

[+]

7

=3k

ol {8k 7}
3} el 5
of 8%
Aolcl

B oo o] glolA 2] vhg A = Systempol
o] 2| AA-E =y E oo AlE A3 Htry
o gk FHolch, Systemge] Com -
Zupwio] = e},

Ho g E ol

e Az

A AAle

components o &l ] n} 3 Abuka] o
ponents 7} 4}% 9 & 2 (Dependent ) =4 | F
st Ak 2 el

wk

&3 & o

zol& o F4l
3|

o,
L o
| A0
o

£ £ X W

Jaydev. Sharma, ‘‘Algorithm for Reliability
Evaluation of a Reducible Network’, 1EEE
Trans. on Rel., Vol. R-25, No.5, Dec. 1976.
A.C. Nelson, JR., J.R. Batts, and R.L.
Beadles, ‘A Computer Program for Approxi-
mating System Reliability-Part I, II”’, 1EEE
Trans. on Rel., Vol. R-19, No.2, May 1970.

J. Demercado, N. Spyratos, and B.A. Bowen,
“A Method for Calculation of Network
Reliability,” 1EEE Trans. on Rel, Vol. R-25,
No.2, June 1976.

(4) R.N. Allan, R. Billinton, and M.F. De Oliveira,

1)

(2)

(3)

A ook

(5)

(6)

N

(8)

9

(10)

(11)

(12)

13)

(14)

“An Efficient Algorithm for deducing the
minimul cuts and Reliability indices of a
General Network Configuration,” IEEE Trans.
on Rel., R-25, No.4, Oct. 1976.

G.D.M. Pearson,
approximating the Reliability Characteristics
of Acyclic Directed Graphs,”” IEEE Trans. on
Rel, Vol. R-26, No. 1, Apr. 1977.

J.A. Abraham, “An Improved Algorithm for
Network Reliability,”’ 1IEEE Trans. on Rel.,
Vol. R-28, No.1, Apr. 1979.

A4 |, “Computation of the Reliability
for Reducible and/or irreducible Network by
the event-space method,”’ Q1 shef &}
A el sl EAdTF4 4 103, 1982,

S.J. Kamat, and M.W. Riley, ““Determination
of Reliability Using Event Based Monte-Carlo
Simulation,” IEEE Trans. on Rel., Vol. R-24,
No.1, Apr. 1975.

Hayao Nakazawa, “A Decomposition method
for Computing System Reliability by a
Boolean Expression”, 1EEE Trans. on Rel.
Vol. R-26, No.4, Oct, 1974.

H. Kumamoto, K. Tanaka, and K. Inoue,
“Efficient Evaluation of System Reliability
by Monte-Carlo Method,” 1EEE Trans. on
Rel., Vol. R-26, No.5, Dec. 1977.

M.O. Locks, “Evaluating the KTI Monte-Carlo
Method for System Reliability Calculation,’’
IEEE Trans. on Rel.,, Vol. R-28, No.5, Pec.
1979.

M.C. Easton, and C.K. Wong,” “Sequeniial
Destruction Method for Monte-Carlo Evaiua-
tion of System Reliability,” IEEE Trans. on
Rel, Vol. R-29, No.1, Apr. 1980.

J.E. Biegel, “Determination of Tie Sets and

“Computer Program for

Cur Sets for a System Without Feedback,
IEEE Trans. on Rel, Vol. R-26, No.1, Apr.

1977.

A, “clegg a9 Lol 9o
S8 gk oA-F (1)” ol shull ehsw Akgd w &+
Aaelfa, A8, 1981.4



