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Abstract. 
 

An exact enumeration of the reliability of some linear and circular connected X-out-of- 

(n,m) : F lattice systems is introduced. The reliability of (r,s): F lattice systems is presented via 

using a recursive algorithmic method. Then the reliability of (r,s)-or-(s,r)-out-of-(n,m) F : lattice 

systems is obtained by some development of the algorithm used in the case of (r,s)-out-of-(n,m) :F 

lattice systems. The algorithm depends on the relation between the representation of the 

specified (n,m) : F lattice systems and the class 'of (n,m) matrices having 0-1 entries. The 

suggested procedure counts all possible failure states of the System. 
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§ Introduction. 
 

The definition  of linear  and  circular  connected X  -out-of-(n ,m)  : F  lattice  systems i s 

introduced  by  Boehme  et  al [ 1]. A linear (circular) connected X-out-of-(n,m) : F lattice system 

fails whenever  at  least one set of connected   X  failed components occurs. In linear systems, the 
,J 

components are arranged in n ·rows and m columns. For circular systems, the components are 

arranged in n circles (centered that at the same point) with m rays, Each ray  contains m 

components . 

In this paper, we are interested in linear (circular) (r,s)-out-of-(n,m), as well as (r,s)-or- 

(s,r)-out-of-(n ,m) : F lattice systems. Exact reliability formulas for connected X -out-of- (n,m) : F 

lattice systems are given for some special cases in [1] and [4] . A recursive algorithm for 

computing the reliability of (1,2)-or-(2,1)-out-of-(n,m) is introduced in [2]. Bounds on the 

reliability of connected (r,s)-out-of-(n ,m) : F lattice systems with identical and nonidentical 

components are independently introduced in [3] and [5]. Approximation formulas and bounds for 

(r,s)-or-(s,r)-out-ot:.(n,m)  : F lattice systems with identical and nonidentical components are given 

in  [6]. However, it is difficult to obtain an exact formula for the reliability of such systems for any 

r, s, n and m. 

In the present paper, we give a recursive algorithm for computing the exact reliability of 

linear (circular) connected (r,s)-out-of-(n,m) : F lattice systems with identical components. A 

simple development of this algorithm produces a recursive algorithm for computing the 

reliability of linear (circular) (r,s)-or-(s,r)-out-of-(n,m) : F lattice systems. The relation 

between the representation of the specified {n,m) : F lattice systems and the class of {n,m) 

matrices having 0-1 
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entries, is used in designing the algorithm . 
 
 

§ 2. Assumptions  and  Notation. 
 

§§ 2. 1 Assumptions. 
 

1) For the linear system, we have m components in n rows. 
 

2) For the circular system, we have n circles, each having m components. 
 

3) Each component and the system are either operating or failed . 
 

4) The components are s-independent and identical. 
 

5) We assign a "0Type equation here." for an operating component and 
a "1 " for a failed component. 

 
This leads to represent the system by (n,m) 0-1 matrix, say A, which  is 

defined as: 

 

A= [aij] = � 1      𝑖𝑓 𝑡ℎ𝑒 {(𝑖 − 1)𝑚 + 𝑗}
𝑡ℎ

  0                            otherwise.
   component is failed

 

6) A is called a useless  matrix if and only if it represents a failed state of the 
system. This means that A contains a submatrix of order X in which all 
entries are 1 's, where 

X≡ �
(𝑟, 𝑠)𝑓𝑜𝑟 𝑡ℎ𝑒 (𝑟, 𝑠) − 𝑜𝑢𝑡 − 𝑜𝑓 − (𝑛,𝑚):𝐹 𝑙𝑎𝑡𝑡𝑖𝑐𝑒 𝑠𝑦𝑠𝑡𝑒𝑚𝑠

𝑒𝑖𝑡ℎ𝑒𝑟 (𝑟, 𝑠) 𝑜𝑟 (𝑠, 𝑟) 𝑓𝑜𝑟 𝑡ℎ𝑒 (𝑟, 𝑠) − 𝑜𝑟 − (𝑠, 𝑟) − 𝑜𝑢𝑡 − 𝑜𝑓 − (𝑛,𝑚):𝐹
𝑙𝑎𝑡𝑡𝑖𝑐𝑒 𝑠𝑦𝑠𝑡𝑒𝑚𝑠.

 

 

 

 

Otherwise A is called a useful one. 
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1 

§§ 2.2 Notation. 
 

X connected (r,s)-out-of-(n,m) . 
1 

 
X connected   (r,s)-or-(s,r)-out-of -(n,m). 

2 
 
∝i γi:  the  number of operating and failed states of the linear X1 : F lattice system with i failed 

components, respectively. 
 

  βiδi  :the number of operating and failed states of the circular X   
components,   respectively. 

: F lattice system, with i failed 

 
   ∝i′ γi′ : the number of operating and failed states of the linear 𝑋2 : F   lattice system with i failed 

     components, respectively . 
 
β′iδ′i         :the number of operating and failed states of the circular 𝑋2  : F lattice system with i  

failed components, respectively. 
 

p, q : reliability and unreliability of a component, p+q=l . 
 
𝜆 : implies L (linear) or C (circular). 

 
𝑅𝜆 ((r,s);(n,m);p) :the reliability function of an 𝜆X : F lattice  systems, with  component 

reliability p. 
 
𝑅𝜆 ((r,s)-(s,r);(n,m);p) :the reliability function of an 𝜆X2 : F lattice systems, with component 

reliability p. 
 
 

§3 The Reliability of x1 :F Lattice Systems. 

The reliability is calculated by means of a recursive algorithm. The algorithm enumerates the 

failed states of the system, i.e., the number of useless matrices. So, the useless matrices are 

considered the accepted ones to the specified algorithm. 
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§§3.1. The Linear System. 
 

There is a well-known 1-1 correspondence relation between (n,m)-matrices of 'O' or '1' 

entries and the linear systems of nm components ordered in n rows and m columns, see e.g. [1 ]. 

[2] and [7]. Depending on this relation and computing numbers of failed states of the system, 

we design an efficient recursive algorithm. 

The algorithm is based on the following  two  combinatorial objects: 
 
 
(1) Create  all  compositions of  z  integer into n parts in a colexicographic (colex.) 

ordering list. 
 
(2) Create  all m-tuples of 0-1 entries in a colex. ordering list. 

 
The  required 0-1 (n,m)-matrices that include at least (r,s)-submatrix of l 's entries, can be 

created by using (1) and (2) according to the following stages. 

First stage, create  a  composition  of  z ·integer into  n  parts by using  line  40)  or  190) of 

the following algorithm. Not all compositions are needed but only those having no parts exceed 

than m, the width of a system. This is clear because  no entry of a matrix exceeds than one. Also, 

all compositions with less than r consecutive parts of s values are not required . The redundant 

compositions are excluded by executing tests which are explained in lines 70) and 80). The 

accepted (unredandant) compositions that are not excluded will be used in the next stage to 

produce required (n,m)-matrices of 0-1 entries. 

Second stage, how to produce 0-1 (n,m)-matrices that are related to a current accepted 

composition, COMP. Let  the ith part of COMP be the number of l's that appear in ith row of a 
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matrix A, (l ≤i≤n). Each row can be considered as an m-tuple of 0-1 entries and so A is also 

viewed  as    a  collection   of n m-tuples . Thus, the number of I-entries of each tuple doesn't vary 

until COMP is varied . Hence creation of all related matrices to COMP depends only on changing 

the distributions of  1 -entries  of  each  m-tuple according to colex. ordering. 

At    the beginning, the algorithm creates the first  matrix  that is related to  COMP. This is easily 
 
done via getting the first colex. n m-tuples which occupy the rows of a matrix A Consider k1 to be 

the 1st part of COMP. Then to obtain the first colex. m-tuple of the 1st row of A, we put  1 for 

the  first  k 
1 

leftmost  columns  of 1st row of A. The same task is repeated to all rows of A This 
 
operation is explained in details  at lines 100)-120) below.  · 

 
Next, assume that we have an accepted (useless) matrix A  which  represents a failure state of 

the system. To get a next consecutive matrix to A, the algorithm takes the following major steps: 

i) Search for the largest row index of  A, say i (i≤n) at which an m-tuple is 
not the last one of the colex. list of 0-1 m-tuples with a fixed number of 
l's, (see details at lines 170) and 180)). 

 
 

ii) If there is no such  i,  all related matrices to the current COMP are obtained . 
And hence  if it  is possible,  we repeat all processes by getting a new next 
composition  according  to  line 150)  of  the  suggested  algorithm . The 
processes halt if there is no new composition. 

 
 

iii) If there  exists  such  i,  the  algorithm  works  to obtain  the  next colex. 
distribution of 0-1 entries of  m-tuple of  ith  row of A. The details of this 
task are given at lines 150) and 170). 

 
Unfortunately, not all constructed matrices represent the required failure states of the system. 

So, we don't take some of these matrices into our account. Necessarily, check whether or not a 

current   matrix, A,  contains  at  least  one  (r,s)- submatrix of l's entries. This  test  can't  be  used 
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unless the consecutive property of a current composition, COMP is determined. 
 
 

Executing step 90) leads to decided whether COMP contains at least r consecutive s parts 

or not. In case of COMP have such consecutive property, the algorithm tests whether or not A 

has an (r,s)-submatrix of l's as follows. 

Obviously, the parts of COMP are viewed as the sum  of A's rows entries. Also the sums of 

A's columns entries are viewed as parts of another composition say COMP 1. If COMP 1 does not 

contain at least s consecutive r- parts, we don't take A into account. Since it is a useful matrix. 

Otherwise, A is still not necessarily a useless one. So, the matrix-test can be interpreted as 

searching about a first (r,s)-submatrix of l's entries. To do ·so, we determine the following two 

boundaries for beginning an optimal search. 

* The top boundary, Tb, is the smallest index of A's row  which is the first position at which 
begins  r consecutive  s-parts  of  COMP. 

 
* The left boundary, Lb, is the smallest index of A's column which is the first position at which 

begins s consecutive  r-parts  of  COMP l. 
 
 
 

According to these boundaries the test can be accomplished in a more efficient way. We 

imagine, there exists a moving block of dimension r x s whose horizontal sides are i & i+r-1 while 

vertical sides are j & j+s-1. According to changing i, j where Tb≤i≤n+1-r and Lb≤j≤ m+ 1-s, 

the moving block assigns new (r,s)-submatrices.  Taking first i=Tb and j=Lb, the algorithm 

checks whether or not all entries of assigned submatrix are l's. If this condition is satisfied the 

matrix- test halts without checking the rest part of A. A represents a useless matrix and the 

counter of failed  states of the system is increased by one. Otherwise, take another value of i, j 

through any 
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nature order and  then repeat  the previous task again until no possible submatrix  of order (r,s) 

can be tested . In this case also the test procedure halts but A is not required . 

The sequence for creating compositions, testing , checking consecutive property , creating 

recursively all related matrices to a current composition and finally, during creation of matrices, 

testing whether or not a current matrix is required, is given by the following algorithm. The 

following data-structures are used : - 

A : array[l..n] of 
record L : array [1..m] of integer; 

Last Row : boolean 
end; 

SumOfRow,COMP : array[l ..n] of integer; 
SumOfCol : array[l..m] of integer; 
Failure-System : array[ 1..MaxSize] of real; 

 

 
The Algorithm  for Creating Useless  matrices and  Counting (𝜸𝒊) 

Begin 
 

10)  Enter the values of r, s, m, and n. 
20)  For z←rxs to mx n Do 
30)   Begin 
40)  Get the first Com position COMP of z into n parts; 

Put COMP[l]←Z, COMP[i]←0     2≤ 𝑖 ≤ n 
LastComp←false. 

 
50) While not (lastComp) Do 
60) Begin 
70) Test whether or not the current COMP is valid  w.r.t  the width 

of a given system. 
This is done as : 
for i←1 to n Do 
If COMP[i] > m  then go to 190). 

80) Check_Composition(r,s); 
Check if a current COMP having r  consecutive  parts, each of which is 
not less than s. 
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If the condition is not satisfied then goto  190); 
90) Put i ←l 

100)   Initial Step; 
Put all entries of ith Row equal zero 

II0)  Get_First_Colex_Distribution_Of_Row_i; 
This is done as: 
For k←1 to COMP[i] Do Put A[i].L[k]←1 ; 

Calculate  SumOfCol[k]; 
Put A[i].Last_Row←false; 
Put SumOfR.ow[i] ←COMP[i]; 

120) Forward Step; 
If (n ≠1) and (i < n) then  i←i+l; go to 100) 

130) Repeat 
140) Test whether or not a matrix represents a failed state of linear X : F 

1 
lattice system; 
This is done as : 
Test whether or not a current matrix including at least (r,s)-submatrix 

whose entries are ones. 
If the condition is true 
then Failure-System[z] ←Failure-System[z] + 1. 

150)  Gct_Ncxt_CoLcx_Distribution_Of_Row_i; 
This step executes as follows: 
Search for the first zero's location, say j, behind it at least left one; 
If j does not exist 
Then Put A[i].Last_Row←true 
Else Put A[i].Lfj] ←l; 

Put P← (Sum of ones left to j) - 1 
For k←1   to P Do A[i].L[k] ←1 
Erase all l's from kth location to G-1)st location Update the values 
of SumOfR.ow and SumOfCol 

160) Until (A[i].Last_Row); 
170) if ith row has a next distribution 

Then Get_Next_CoLex_Distribution_Of_Row_i; go to 120) 
180) Backward Step, 

if i ≠1 then  Put i←i-1; go to 170) 
190) Get the next Composition COMP of z into n parts; 

This is done as follows: 
Search for a first left location of non-zero entry; say j if there is no 
j≤m then Last-Comp←true; 
otherwise 

Put  COMP[j+ 1] ←COMP[j+ 1]+1; 
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200) End; 
210) End. 
End . 

Temp      ←COMP[j]; 
COMP[j] ←0; 
COMP[l] ←Temp-1 ; 

 
§§ 3.2. The  Circular system. 

 
 

 

The previous version of the algorithm is used for solving  the problem in a linear case only. 

Fortunately, this version can easily be developed to solve the problem in the circular case by 

modifying the linear matrix-test. 

A circular connected (n,m)-system,  also can be represented by  0-1 (n,m)  matrix, where the 

first  and  last   columns are considered consecutive.  This  means  that  the matrix representation 

can be viewed as a cylinder. This differs from the linear case, where the first and last columns arc 

not consective. 

Thus all useless matrices which represent failed states of the linear (n,m)-system are also 

useless matrices of the circular (n,m)-system. While the (n,m)-matrices which represent operating 

linear system are not necessarily operating circular ones.  Therefore, we  check again w.r.t. circular 

cases only those matrices that are rejected via applying the linear matrix-test. This additional test 

is done as follows. Clearly, We do not need examine a whole current matrix A. The only part of A 

that is needed to complete the circular matrix-test begins at column m+2-s and cyclically ends at 

column s-1. We imagine that there exists a moving stripe whose vertical boundaries are (m+l+i-

s,i), l≤i≤s-1. For i=l, (m+2-s,1) is the first stripe. The algorithm checks whether  or  not  this  

stripe  of  width  s having r  consecutive rows whose entries are l's. If this is 
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found the  algorithm  halts and A is a  useless matrix. Otherwise the algorithm moves  a  stripe  to 

the next i and repeat again the search until there is no other stripe. Then hence the algorithm is 

finished  and    the  matrix  is  not taken into account. Via  adding  this development  between   lines 

140) and 150) of the mentioned algorithm in §§ 3.1 we obtain a complete recursive algorithm 

for solving the problem  of finding reliability  of either linear or circular (r,s)-out-of-(n,m) for 

any integers m, n, r and s. 

 
 
 
§ § 3. 3. Calculations Of  ∝𝒊's   and 𝛃𝐢′𝐬 

 
 

To find the reliability of linear or circular X1 : F lattice system for some integers n, m, r and 

s, we implement the algorithm by any Language having the recursive facility such as Pascal or C. 

Then execute a program to compute 𝛾𝑖′𝑠 and  𝛿𝑖
   ′𝑠 for some values of n, m, r and s. Through 

these results, one can easily calculate  ∝𝑖 's and  βi′s by using the  following equations: 
  

 

 

𝛼𝑖 = �𝑚𝑥𝑛𝑖 �−𝛾𝑖;           0≤ 𝑖 ≤𝑚𝑛 (1) 
 

𝛽𝑖 = �𝑚𝑥𝑛
𝑖 �− 𝛿𝑖 ;              0≤ 𝑖 ≤𝑚𝑛 (2) 

 
 
 
Note that  : the values  of 𝛾𝑖  and  𝛿𝑖  for 0 ≤i ≤rs-1 equal zeros. The calculated numbers 
 ∝𝑖 's are the coefficients of the reliability function of a linear system, which is given by: 

 

𝑅𝐿�(𝑟, 𝑠); (𝑛,𝑚); 𝑝� = ∑ ∝𝑖
𝑚 𝑛
𝑖=0  𝑝𝑚 𝑛−𝑖𝑞𝑖                                       (3) 

 
 
Also, the numbers  βi′s are the coefficients of the reliability function of a circular system. It is 
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give by : 

 
𝑅𝑐�(𝑟, 𝑠); (𝑛,𝑚);𝑝� = ∑ 𝛽𝑖𝑚 𝑛

𝑖=0  𝑝𝑚 𝑛−𝑖𝑞𝑖                 (4) 
 

As an illustration, we introduce the numerical example of output results of the program in 

case of connected (2,2)-out-of-(4,3): F lattice system in both cases. The first and second columns 

of the following Table( 1) are the program's results while columns (3) and (4) are obtained via 

equations (1) and (2) respectively . 

Table (l) The Coefficients of 𝑅𝜆 ((2,2),(4,3),p) 
 

i Υ1 𝛿1 𝛼1          β1 
0 0 0 1 1 
1 0 0 12 12 
2 0 0 66 66 
3 0 0 660 660 
4 6 9 489 486 
5 48 72 744 720 
6 161 240 763 684 
7 290 420 502 372 
8 301 408 194 87 
9 182 220 478 440 
10 63 66 3 
11 12 12 
12 1 1 

 
Substituting p = 0.7 and the above values of  𝛼𝑖′𝑠 and 𝛽𝑖′𝑠 respectively, in equations (3) and (4), 

we have 

𝑅𝐿((2,2);(4,3);0.7) = 0.956956   and 𝑅𝐶 ((2,2);( 4,3);0.7)= 0.944647 

Some results of executing this algorithm are given in the Appendix (tables 4 and 5). The 

results in case of a linear and circular connected (2,2)-out-of-(4,4) and (2,2)-out-of-(4,3): F-lattice 

system, that are presented in table 4, concide with those in (1996, [3]). 
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§4 The Reliability of Linear (circula r) 𝒙𝟐: F Lattice Systems. 

 
Computing   the reliability of  a  linear  or  a  circular  X : F lattice system is a more 

 
complicated  problem . Generally,  for any  r,  s, n  and  m  neither  excat  formulae  nor recursive 

algorithms exist for computing the reliability of such systems. 

Fortunately,  the  above  algorithm   can be extended to solve the problem of  X case. The 
 
extension depends on two major modifications. The first one is concerned with determination of 

whether the current composition has at least r consecutive s-parts, or at least s consecutive r-parts. 

While the second one depends on testing whether a matrix A contains at least (r,s)- or (s,r) 

submatrix of  1 's entries. 

§§4.1The Linear System 
 

As  mentioned  before, not  all compositions that are constructed by the given algorithm in 
 
§§ 3.1 are required to create useless matrices. Here we use only those having at least k consecutive 

L parts where (k =r , L=s or k=s, L=r). From the second stage (§§ 3.1), we create all related 

matrices to current accepted composition . Not all those matrices represent the failed states of the 

system. So, we must check whether or not a current matrix, A, contains at least one (r,s)- or 

(s,r)- submatrix of l's entries. This test can't be used unless the consecutive property of a 

current composition is  determined . The two required types of a consecutive property are : 

P 1 : A composition has a subcomposition having at least r consecutive s-parts. 
 
 
P2 : A composition has a subcomposition having at least s consecutive r-parts. 

 
-  The algorithm classifies compositions according to Pl and  P2 as demonstrate in the following 
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updated  steps. 
 
 

75) PropertyNumber  ← 0; 
80) Check_Composition(r,s); 

Check if a current COMP having r consecutive parts, each of which is 
not less than s. 
If the condition is satisfied then put PropertyNumber ← P1; 

85) Check_Composition(s,r); 
Check if a current COMP having s consecutive  parts, each of which is 
not less than r. 
If  the condition is not satisfied then goto 190) 
else if (PropertyNo = 0) then put PropertyNumer ←P2; 

else  put PropertyNumber ←P3; 
 

Executing these steps leads to determine whether a current composition, COMP having either 

property P 1, P2 or both. If COMP has only P1, the algorithm tests whether or not A has an 

(r,s)-submatrix of l 's. But, in the case of COMP has only P2, the test executes for searching 

whether or not A has an (s,r)-submatrix of l's. While if COMP has P 1 and P2, we must first 

search for finding (r,s)-submatrix . If it does not exist,  we repeat again searching for a submatrix 

of order (s,r). Thus, step 140) of the above algorithm in § 3.1 is  modified to be: 
 

140) Test whether or not a matrix represents a failed linear 𝑋2:F lattice system; 
This is done as: 
Case PropertyNumber  Of 
'Pl ': Test whether or not a current matrix including at least (r,s)-submatrix 

whose entries are ones. 
If the condition is true 
then Failure-System[z] f- Failure-System[z] + 1. 

'P2':  Test whether or not  current matrix including at least (s,r)-submatrix 
whose entries are ones. 
Ifthe condition is true 
then Failure-System[z] f- Failure-System[z] + 1. 

'P3': Test whether or not a current matrix including at least (r,s)- or (s,r) 
submatrix of  1 -entries. 
If either one of the two conditions is true 
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End 
then  Failure-System[z]←Failure-System[z] + 1. 

 

• Entering the suggested modifications into the algorithm  in §§ 3.1. We can  obtain the number 

of useless (n,m)-matrices with i l 's entries rs≤i≤nm . The numbers of these useless matrices are 

equivalent  to  𝛾𝑖;  i  number of failed components. Clearly, it is easy to obtain the coefficients of 

𝑅𝐿 ((r,s);(n,m);p)  which is given by 
 

RL�(r, s) − (s, r); (n, m); p� = � (�
mxn

i
� − γi

m n

i=0
)pm n−iqi.              (5) 

 
 

§§4.2 The circular System 
 
 

Similar  to X 
1 

case, we can extend the algorithm of a linear X case (§§4.1) to calculate the 
 
coefficients  of  𝑅𝑐 ((r,s)-(s,r);(n,m);p). This is done by determining the number of useless matrices 

 
 
that represent the failed states of circular systems. This is achivied via checking again if the 

rejected matrices w.r.t. the linear system are also rejected w.r.t. circular case. To execute the 

circular test, the algorithm determines as demonstrated in lines 75),  80) and 85), whether a 

current composition that is used to construct A, have both consecutive properties P 1 and P2 or 

have exactly one of them. The following step explains how to decide whether a current matrix A, 

have  either (r,s)- or (s,r)- submatrix of  l's . 

145) If the system is a circular 
· Then  Begin 

Case PropertyNumber Of 
'Pl ': Test whether or not a current matrix includes at least one submatrix of 

order at least (r,s) with entries ones. This test is done at the region of 
A beginning at the column m+2-s and cyclically ending at column s-1. 
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If the condition is true 
Then Failure-System[z]←Failure-System[ z] + 1. 

'P2' : Test whether or not a current matrix including at least one submatrix of 
order at least (s,r) with entries ones. This test is done at the region of A 
beginning at the column m+2-r and cyclically ending at column r-1 . 
If the condition is true 
Then  Failure-System[z]←Failure-System[z] + 1. 

'PJ': Test whether or not a current matrix A contains at least one (r,s) 
submatrix of 1's entries as mentioned in the above step 'PI'. Then if A 
does contain such submatrix, test again whether or not A includes at 
least one (s,r)- submatrix of 1's entries as mentioned in the above step 
'P2'. If either one of the two conditions is true then 
Failure-System[z]←Failure-System[z] + 1. 

End 
End. 

 
The  results  of   implementing  the  circular version  are the numbers  of useless  matrices  which 

are   equivalent   to  𝛿𝑖 's, where rs≤ i ≤nm. These numbers are used  to determine the coefficients of 

the reliability function of  a circular  𝑋2:F lattice system, which is given by 
 

RC�(r, s) − (s, r); (n, m); p� = ∑ (�mxni � − δim n
i=0 )pm n−iqi (6) 

As an illustration, we introduce the numerical example of ou tput results of the program in 

case of connected (1,2)-or-(2,1)-out-of (5,3) :F lattice system in both cases. 

Substituting p = 0.9 and the following values of   γi's and δi's respectively in equations (5) and (6), 
 
we have 

 
RL ((1,2)-(2,1);(5,3);0.9) = 0.830029 and RC ((1,2)-(2, 1);(5,3);0.9)= 0.8006668 
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i Υi 
δi αi βi 

0 0 0 1  
I 0 0 15 
2 22 27 83 
3 240 284 215 
4 1089 1209 276 
5 2829 2955 174 
6 4952 50005 53 
7 6426 6435 9 
8 6434 6435 1 
9 5005 5005  
10 3003 3003  
11 1365 1365  
12 455 455  
13 105 105  
14 15 15  
15 1 1    

 

 
Table(2) The Coefficients of Rλ.((1,2)-(2, 1);(5,3);p) 

 
 
 

1 
                                   15 

78 
171 
156 
48 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The values of αi′s and βi′s in Table (2) and all other results of linear/circular connected (1,2)- 

or-(2, 1)-out-of-(n,m) : F lattices and some other given results in table 6 coincided with those 

appeared in [2]. 

Note :- 
 
 

The technique used in the present algorithm differs from that in[2], for connected (1,2)-or- 

(2, 1)-out-of-(n,m) : F lattice system. The later enumertes useful matrices without appling any  

tests. While the former enumerates the useless ones with applying tests for the consecutive 

property. 

For the present algorithm we prefer counting the useless matrices in order to reduce the running 

time. This is because generally for any r and s, s.t. r≠ l, s≠2, the number of useless matrices are 

much more less than that of useful ones. However, the case is different for r=l, s=2.This is clear 
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from tables (1),(2) and (3). 

 
Table (3) The Coefficients of  Rλ.((2,3)-(3,2);(4,3);p) 

 

I Υi 
δi αi          βi 

0 0 0 1 1 
1 0 0 12 12 
2 0 0 66 66 
3 0 0 660 660 
4 0 0 495 495 
5 0 0 792 792 
6 7 12 817 812 
7 42 72 750 720 
8 95 158 400 337 
9 102 156 558 504 
10 53 64 13 2 
11 12 12 
12 1 1 

 
 
 

For  specified  values  of  r, s, n and m some calculated reliabilities of linear/circular X2: F lattice 

systems are given in the appendix at tables' (6)-(10). 
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          Appendix 
 

               Table  (4) 
      Rλ ((2,2),(n,m),p)   
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Table  (5) 

                                                                              Rλ ((r,s),(n,m),p) 
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                                                                                        Table  (6) 
                                                                            Rλ ((1,2)-(2,1),(n,m)p) 
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Table  (7) 

                                                                               Rλ ((2,2),(n,m),p) 
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       Table  (8) 
                                                                               Rλ ((3,2)or(2,3),(n,m),p) 
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   Table  (9) 

                                                                                  Rλ ((2,2),(n,m),p) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

116 



 
Table  (10) 

                                                                          Rλ ((3,2)or(2,3),(n,m),p)  
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