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Abstract: Problem statements: In this research, the researcher aimed to disdhgesystem failure
probability of the model 2-within-consecutive (2, @ut of (n, m) system for special values of m.
Approach: The basic idea for evaluating the failure prohibilvas the usage of the number of
configuration of k (k = 2, 3, 4) parallel columnach contained n components in a 2x2-matrix.
Results: The equation for the linear k-within (r, s) out(af m) system were reached. In this study the
failure probability of 2-within-consecutive (2, 2put of (n, m) system for m = 2, 3, 4.
Conclusion/Recommendations. In general, it was difficult to evaluate the faduprobability in the
two-dimensional reliability structures such as timear k-within (r, s) out of (n, m) system. The
researcher established the failure probability #rmeh the reliability of three special cases. It was
recommended to generalize the results for any sadfi&, r, s and m.

Key words: System reliability, consecutive-k-out-of-n: F syate 2-dimensional k-within-
consecutive-(r, s)-out-of-(m, n): F system

INTRODUCTION components arranged in m rows and n columns. The
) system fails whenever there is at least one cluster

The consecutive k-out-of-n: F system has beerze r x s, which contains k or more failed compuse
extensively studied in recent years The system is |t becomes a linear connected-(r, s)-out-of-(n, ):
specified by n, the number of components and k, theattice system when k = rs. The linear k-within €
number of consecutive failed components that lead tout-of-(n, m): F lattice system is applied to THiitm
system failure. Generalizations of the consecutive- Transistor Liquid Crystal Display failure model. If
out-of-n: F system has been reported in a condilera XGA (1024x768 = total 786432 dot) TFT display
number of papel8. One of the generalizations is the system fails if and only if more than or equal @ dot
linear connected-(r, s)-out-of-(n, m): F lattices®ym. It fajl in 10x10 dot matrix, then the system becomdeo
consists of mn components arranged in m rows and fhear 10-within (10, 10)-out-of (1024, 768): F tieé
columns. The SyStem fails whenever there is at l@aes Systen['?]_ Akiba and Yammol[bo] proposed approximate
rectangle of dimension rxs which contains all file yalues of reliability of this system. This studyes a
components.  Bounds, reliability evaluation andsimple, direct combinatorial method for determinthg
invariant optimal design of the linear connectedsfr  system failure probability of the following models:
out-of-(n, m): F lattice system is studiedfh Zuo, Lin
and Wi’ propose combined k-out-of-n: F, consecutive-2-within consecutive-(2, 2)-out-of-(n, 2): F system
k-out-of-n: F and linear connected-(r, s)-out-of#m: F  2-within consecutive-(2, 2)-out-of-(n, 3): F system
lattice system structures and provide recursivenflas  2-within consecutive-(2, 2)-out-of-(n, 4): F system
for the reliability of the combined system struetr
Koutra$” uses the Markov chain approach for reliability Notation: N _
evaluation of Markov chain embeddable systems. H&(N, k) Probability of system failure, k = 2, 3, 4

shows that the tool is very useful to a great wara T« Tables with rows indexed by r=0, 1, 2... and

well-known one-dimensional reliability ~structures. columns indexed by ¢ =0,1,2,..., k=2, 3, 4

However, it is very difficult or impossible to agpthe P Probability that a component functions

idea to two-dimensional reliability structures suchthe d 1-p

linear connected-(r, s)-out-of-(n, m): F latticeswym and (N, k, j) Number of configuration of k(k = 2, 3) 4

the above-mentioned combined system structures. parallel columns each contains n components
A further generalization of the linear connected-( having j total failures with at least two failed

s)-out-of-(n, m): F lattice system is the lineawkhin components in ax2-matrix

(r, s)-out-of-(n, m): F lattice system. It consissmn  C¢(n,]) Entryin T k=2,3,4
10
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MATERIALSAND METHODS

States of the system: We denote a functioning and a
failed component respectively By+). The typical

states of the system for n = 2, k = 2, 3, 4 willdb®wn
in Fig. 1.

The states of the system are denoted by ij, wher

the first digit denotes the number of failed congats
in the first row and the second digit denotes thminer
of failed components in the second row

Then we have:
L,(n.j)=L,(n-1j)+2L,(n-2,j-1)

The conclusion can be proved by induction: the
hypothesis asserts that:

Exn-1,1) = G-, )

and

Now , we denote the states in Fig. 1a by 10,20,and,(n-2, j-1) = G(n-j, j-1)

11 respectively and denote the states in Fig.yLhZ
21 and 11 respectively, for example the state 12nse

However, this implies:

the first row contains one failed component and two

failed components in the second row.

Assumptions:

L,(n.j)=C,(n-j.j)+2C,(n-j,j-1)

and since this is exactly the relation satisfiedtbhy
elements of 7, this is equivalent to {n-j+1, j):

» Each component and the system, is either working

or failed

Fork=3

e The failures of the components are mutually s-

independent

Theorem: Let L,(n,j) k=2,34, be the number of

configuration ofnx k-matrix having j total failures and
no two failed components occur in ea@k2) -matrix.
Then:

Le(n.j)=Cc(n-j+1])

Proof: First, k = 2, for j = 0, 1, we have by definition
and by using T

o

Now, if 2< j<2n, the required numbers which end

in 0 are enumerated by(n-1, j). Those end in 01, are
enumerated by 2(n-2, j-1).

Fig. 2b: Failed states
11

L3(n,j):(3jn],j:0, 1

If 2<j<3n, the required numbers which end in 0

are enumerated bys(n-1, j). Those end in 02, are
enumerated by 4(n-2, j-2). Those end in 01, are
enumerated by 3¥n-2, j-1). Those end in 011, 0111,...

J
and 1111...11 are enumerated B} L,(n-i-1,j-i)
i=2
=2
and complete the prove in the same way thef
case k = 2:

Fork=4
L4(n,j):[4jn], i=0 1

If 2<j<4n, the required numbers which end in 0
are enumerated byy(n-1, j). Those which end in 02 are
enumerated by 3kn-2, j-2). Those end in 01, are
enumerated by 4{n-2, j-1). Those end in 011, are
enumerated by 44n-2, j-1). Those which end by 011
are enumerated by @ln-3, j-2). Those end in 0111, are
enumerated by (4+6)(n-4, j-3). Thus the required
number which end in 01, 011, 0111,and 111... 11

J
are enumerated by Y al,(n-i-1j-i) where
i=1

a=g,+a, with a=4,a=¢€ and complete the
prove in the same way of the case k = 2.



J. Math. & Stat., 5 (1): 10-14, 2009

RESULTSAND DISCUSION

With a(n,k,j) as defined in the notation, number

of the states which cause system failtine, probability
of system failure is:

p(n,k)zga(n,k,j gl d (1)

0((7,2,2)=(124]—Q(6,3= 9t 66 3
a(7,2,3§:(1;]—c;(5,3: 364 8& 2¢

a(7,2,4):[14]—c;(4,2): 100+ 18 9¢

To enumerate the states which cause system 14
failure, we can evaluate, at first, the states at which thex(7,2,5 :[ ]: 2002 (7.2p= ( J

system is working and then we subtract this

from[kjj k=234

A direct method for obtaininga(n,k,j) is by
constructing table Jk = 2,3,4 as follows:

Case 1: When k = 2, we construct,.T

Given n, from row 0 through row (n-1) and column

0 through column (n-1) of Table L &s follows:

» Entries of row r = 0 are: A one followed by zeros

* Any entry in row r > 0 is the sum of the entry just «(7,2,13 = (14] =14 a 7,2,1)4:(“} =
above it and twice the entry immediate left

neighbors, i.e.:
Co(n=i+1)=C,(n-j.)+2G,(n- i~ (2)
The coefficients in p(n ,2) are:

2m _ n-j+1j, j=2,3,... n+1
a(n2)- e ©)

)

> n+1
2

Therefore, p(n, 2) is complete determined by)1-3 *

Example 1: Suppose that n = 7; to find p(7,2), we
construct Table 1 ;I following the previous steps, then
using (3), we get

Table 1: The elements inTh =7

C 0 1 2 3 4 5 6

r

0 1 0 0 0 0 0 0
1 1 2 0 0 0 0 0
2 1 4 4 0 0 0 0
3 1 6 12 8 0 0 0
4 1 8 24 32 16 0 0
5 1 10 40 80 80 32 0
6 1 12 60 160 240 192 64

12

30¢
a(7,2,7):[7]:3432 72)3-( 4} 300
0((7,2,9):[194]: 2002 af 7,2,1)3:(13]: 10(

0((7,2,11):(13: 364 af 7,2,1);(13:

13

Hence:

P(79=3a(7.2) B &

=31p% f + 284p" G+ + 14p G+

(4)

Case 2: When k = 3 we constructsT
Given n, from row 0 through row (n-1) and column
0 through column (n) of Table 27as follows:

 Entries of row r = 0 are consecutive runs of one
and zero

Entries of any row r>0 are the sum of the four
terms:

The entry preceding its left neighbor
The entry just above it

e Triple of the entry immediate left  neighbor
to the entry of 2)

« Twice of the entries immediate left neighbor to
the entry of 3)

Ciy(n-j+1)=C;(N- J+1J—?+

C(n- 1) +3C,(n= i)+ Y & i) ©)

22
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Table 2: The elements inh =4

(1): 10-14, 2009

Table 3: The elements i h =4

0 1 2

C 3 4 c 0 1 2 3 4
r r
0 1 0 1 0 1 0 1 0 3 0 9
1 1 3 4 8 9 1 1 4 12 24 79
2 1 6 16 34 65 2 1 8 37 130 414
3 1 9 37 105 250 3 1 12 78 372 1486
The coefficients in p(n,3) are: Given n, from row 0 through row n and column O
through column n of table,Bs follows:
3n N n+1 . _ .
|=Cy(n-j+1)), j=23.. — « Entries of row r = 0 are consecutive runs basd
J ©6) zeroforr=0,1,2...
a(n,3,)) = .

%) -]

Example 2: Suppose that n = 4; to find p(4, 3), we
construct Table 2 Jfollowing the previous steps, then
using (6), we get:

-G(33=66 3% 29

-G(23= 220 34 18¢

(4347 ]-c(14= a5 o a0
sl sl
worlfpm (o

o 4,3,1)2:[13 =1

P(43=2a(43) B 4
=200 ¢+ 180 d+- + 12p §+ &

(7)

Case 3: When k = 4 we construct,T

13

Entries of any row r > 0 are the sum of three terms
Triple of the entry preceding its left neighbor
The entry just above it.

a multiple of entry immediate left neighbors to
the entry 2) where; & a1+, with a=4,
&=6

i.e.:

C,(n-j+1)=3C,(n- j+ 1} ?

Y o (8)
+C,(n-ji)+>a G (n- i)
i=1
where, a= g;+a, with a =4, 3= 6.
The coefficient in p(n, 4) are:
[len]—CA(n—Hl,j), 1:2,3,...2["7”}
a(n,4,)= 9)

() sk

Example 3: Suppose that n = 4; to find P(4,4), we
construct Table 3 jfollowing the previous steps, then
using (9), we get:

a(4,4,2):[1;]—c;(3,2): 126 78 4

a(asd=[5)- G(29= 500 120 42
a(asd=[)- a(19= 1020 42 17
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16
j = 11440
9

(4,4,9):( af 4,4,1)0:[13: 80(

[N

(4,419 = [1(3 = 4368

of 4,4,1)2:(12}: 182

(4,4,13:[12}: 560 of 4,4,1)4:[12]: 12

(4,419 =G§j= 16 of 4,4,1)3:(12]: 1

Hence:

(4,4)=§2:a(4,4,) 6 4

=420 f + 440p° g+--- + 16p §+

(10)

CONCLUSION

In this study, we study the failure probapibf the

model 2-Within consecutive-(2, 2)-out-of-(n, m): F
system, for m = 2, 3, 4. We make exact simple fdamu
of the failure probability in these cases. We caudt
Table 1-3 from which we get(n, j, k) when m = 2, 3,

4,
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