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Summary & Conclusions — This paper constructs a new k-
out-of-n model, viz, a weighted-k-out-of-n system, and proposes
an O(n-k) algorithm for computing its reliability.

1. INTRODUCTION

The k-out-of-n systems were extensively studied in [1-7].
This paper proposes a new, more general model: a weighted-
k-out-of-n:G(F) system which has n components, each with its
own positive integer weight (total system weight = w), such
that the system is good (failed) iff the total weight of good (fail-
ed) components is at least k. The reliability of the weighted-£-
out-of-n:G system is the complement of the unreliability of a
weighted- (w —k+1)-out-of-n:F system. Without loss of
generality, we discuss the weighted-k-out-of-n:G system only.
The k-out-of-n:G system is a special case of the weighted-k-
out-of-n:G system wherein the weight of each component is 1.

An efficient algorithm is given to evaluate the reliability
of the weighted-k-out-of-n:G system. The time complexity of
this algorithm is O(n-k).

2. MODEL

Assumptions

1. Each component and the system is either good or failed.

2. All n component states are mutually s-independent.

3. Each component has its own positive integer weight.

4. The system is good iff the total weight of good com-
ponents is at least k.

Notation
n number of components in a system
k minimum total weight of all good components which

makes the system good
w; weight of component i
piq;  Pr{component i is [good, failed]}; p;+¢;=1
R(i,j) reliability of the weighted-j-out-of-i:G system.

Other, standard notation is given in ‘‘Information for Readers
& Authors’’ at the rear of each issue.

3. ALGORITHM

To derive R(n,k), we need to construct the table with
R(i,j), for i=0,1,...,n, and j= 0,1,2,...,k. Initially,
R(i,0) 1, for i=0,1,...,n;

8Y)

R(0,j) =0, for j=1,2,...,k. 2)

Considering R(i,j) for i=0,1,...,n, and j < 0, it is obvious
that R(i,j) =1. So, we propose a recursive formula to generate
each R(i,j), for i=1,...,n, and j=1,2,... k:
pirR(i~1j-w;) + ¢ -R(i—1,), if j—w; = 0;
R(ij) = , .
; + g;-R(i—1,j), otherwise.
3

Now, the final algorithm for R(n,k) is:

1. By (1) & (2), construct column #1 and row #1 in the
table.

2. By (3), construct row #2, row #3, ... , row #(n+1)
in that order; the R(n,k) is eventually derived. <

Because the size of the table is (n+1) - (k+ 1), the time com-
plexity and space complexity are O(n-k).

4. EXAMPLE

Consider a weighted-5-out-of-3:G system with weights: 2,
6, 4.

By (1), get column #1 wherein,

R(0,0) = R(1,0) = R(2,0) = R(3,0) = 1;
and by (2), get row #1 wherein,
R(0,1) = R(0,2) = R(0,3) = R(0,4) = R(0,5) = 0.

Therefore, by (3), derive rows #2, #3, #4 in table 1 as follows:
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TABLE 1
Weighted-5-out-of-3:G system
[Columns 1&2 are the same; columns 3&4 are the same]

iV 0 1&2 3&4 5
0 1 0 0 0
1 1 12} 0

2 1 P2+ 4Py P2 P2
3 1 $a p3taap; {p
$a4 = p3+qapr+q3qapys {8 = pap2t PaaP1+ 3P

Row #2

R(1,1) = p;-R(0,—1) + ¢,-R(0,1) = p,

R(1,2) = p;-R(0,0) + ¢,-R(0,2) = p,
R(1,3) = p;-R(0,1) + ¢;-R(0,3) =0
R(1,4) = pi-R(0,2) + q,-R(0,4) = 0
R(1,5) = p;-R(0,3) + q,-R(0,5) =0
Row #3
R(2,1) = p*R(1,=5) + ¢'R(1,1) = p, + ¢
R(22) = p-R(1,-4) + ¢;'R(1,2) = p; + @2 p»
R(23) = pp-R(1,-3) + ¢'R(1,3) = p,
R(2,4) = p-R(1,-2) + q»'R(1,4) = p,
R(2,5) = py-R(1,-1) + q:-R(1,5) = p,
Row #4
R(3,1) = p3-R(2,-3) + q3-R(2,1) = p3 + qp>
+ @3qopy
R(3,2) = p3-R(2,-2) + ¢3:R(2,2) = p3 + q»

+ ¢,

R(3,3) = p3-R(2,—1) + ¢3°R(2,3) = p3s + @3 p»
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R(3,4) = p3-R(2,0) + q3'R(2,4) = p3 + @312
R(3,5) = p3-R(2,1) + ¢3-R(2,5)

= ppr + P3gp1 + 43P

R(3,5) is the final result.
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