
International Journal of Performability Engineering Vol. 10, No. 2, March 2014, pp. 143-154. 
© RAMS Consultants 
Printed in India 

_____________________________________________________________________________ 

*Corresponding author’s email:srinu_sarma12@yahoo.co.in                                                                            143    

Multi-Phase System Reliability Analysis using Excel 
P. S. SARMA BUDHAVARAPU1, S. K. CHATURVEDI2, DAMODAR 
GARG1, SUDHANGSHU CHAKRAVORTY1 
1Reliability Centre, Global R&D Centre, Crompton Greaves Ltd, Kanjur Marg 
(E), Mumbai, India  
2Reliability Engineering Centre, IIT Kharagpur, Kharagpur, West Bengal, India 

(Received on April 01, 2013, Revised on September 20, 2013) 

Abstract: This paper proposes an Excel based algorithm for evaluating phased mission 
systems. The algorithm estimates the system reliability for a given target operating period. 
A hybrid methodology has been implemented for developing the algorithm. This 
algorithm utilizes the powerful mathematical and statistical capabilities of Excel. In this 
proposed approach, the phase wise functional Reliability Block Diagram (RBD) of the 
system under investigation is first transformed into a table in an Excel Spreadsheet. Each 
cell within the table corresponds to a specific connection in the RBD. Failure distributions 
of the components are also taken as input through Excel sheet. Excel’s macro feature 
enables automatic running of phase algebra based calculations. The analysis time of a 
given system is dependent on its complexity, computer configuration, and the accuracy 
desired and may vary from a few seconds to a few minutes. The algorithm has been 
successfully applied on several examples taken from the literature.  

Keywords: Multi phase analysis, hybrid method, Excel based algorithm, phase algebra, 
random phase duration, random sequencing, RBD 

1. Introduction 

Acronym 

BDD  Binary decision diagram 
CEM  Cumulative exposure model 
PMS  Phased mission system 
FS-FD  Phased mission system with fixed sequence and fixed duration  
FS-VD   Phased mission system with fixed sequence and varying duration  
VS-FD  Phased mission system with varying sequence and fixed duration 
VS-VD  Phased mission system with varying sequence and varying duration 
 RBD  Reliability block diagram  

Many systems work in several phases to accomplish a certain mission. In different phases, 
the system configurations and the requirements of the system may be different. For 
example, the voyage of an aircraft can be divided into several phases such as take-off, 
cruise, and landing, each with completely different reliability requirements and behaviour. 
These kinds of systems are called as Phased Mission System (PMS). PMS are encountered 
in many industrial fields such as nuclear, aerospace, chemical, electronic, navigation, and 
military fields. For such systems, the system success in each phase is critical and if the 
system successfully operates throughout all of the phases then only the mission is said to 
be a success. 
     Compared with single-phase systems, reliability analysis of multi phase system is 
much more complex because of the dependence across the phases. For instance, the state 
of a component at the beginning of a new phase is identical to its state at the end of the 
previous phase [1]. 
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The dynamic structure and configuration of a multi phase system usually requires a 
distinct model for each phase, which also increases the complexity of modelling and 
analysis. Although reliability analysis of multi phase systems has been studied for more 
than 20 years, the size of problems that can be solved is still very small due to the high 
computational complexity of the known methods [2].  

There are two classes of models applied in reliability evaluation for phased mission 
system: combinatorial and state-based. The most widely used combinatorial models are 
Fault tree (FT) and Reliability block diagram (RBD). The combinational models are able 
to describe the mapping relation of model elements and system faults.  However, the 
combinational models exhibit a lot of drawbacks and limitations considering the 
dependency relation of components, the maintenance of broken-down components [3]. 
The assumption of combinatorial models for multi phase analysis is that all the states of 
all components in the system are s-independent [3]. This assumption can simplify the 
analysis, however it limits the applicability of the models because s-dependence within as 
well as across the phases does occur in some cases. When there is no s-dependence within 
a phase, the s-dependence across the phases still needs to be accounted. Esary [1] 
introduced a method which can deal with the s-dependence across the phases using a set 
of s-independent mini-components to replace the component in each phase. Phase algebra 
rules has been developed using the relation between the component and its mini 
components [1]. Somani and Trivedi [4] have developed ST algorithm using phase 
Boolean algebraic rules to analyze the PMS. Later, an improved algorithm, MT, for 
analyzing the multi phase systems based on phase algebra has been proposed by Ma and 
Trivedi [5]. These algorithms usually need to find minimal cut-sets of systems to calculate 
the sum of disjoint products, which can be computationally intensive in some cases. As 
the number of components and phases becomes large, the number of disjoint products also 
increases rapidly, which consequently increases the amount of storage and computation-
time.  

State-based models are more feasible to formalize phased mission. The state-based 
models such as Markov Chains and Petri Net can explain the complex dependency exist in 
the components [6]. The main idea of Markov-chain based models is to construct a 
Markov chain, directly or indirectly, to represent the system behaviour. These models at 
once account for the dependence among the components within a phase and the 
dependence across the phases. Alam [7] has given a Markov based approach for the PMS 
analysis. The notion on using non-homogenous Markov model for analyzing the PMS has 
been proposed in [8]. However, Markov-chain based models suffer from the state space 
explosion problem when the number of components becomes large. Mura and Bondavalli 
[9] have employed Markov regenerative stochastic Petri nets to model and evaluate 
phased mission systems dependability. Recently Amari [10, 11] presented a methodology 
for analytical analysis of phased missions which is based on the solution of cumulative 
exposure model for k-out-of-n systems. The reliability importance analysis of components 
in a generalized phased-mission system using the Birnbaum's measure has been explained 
by Xing [12]. Hu [13] has described a simulation model for evaluating reliability of 
phased mission systems with multi-mode failures. 
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1.1 Various Scenarios in PMS 

PMS discussed in this paper are classified into four types. This classification is based on 
the sequence and duration of the phases involved in a mission. 
Fixed sequence and fixed duration (FS-FD): 
In this kind of PMS, the sequence of phases traversed by the system to accomplish its 
goals is always constituted by a single path from the first phase to the last one. The 
duration of each phase is also predefined and will not change from mission to mission. 
Most of existing PMS analysis techniques focuses on PMS with fixed sequence and fixed 
duration [1 to 10]. 
Fixed sequence and varying duration (FS-VD): 
In this kind of PMS, the sequence of phases traversed by the system to accomplish its 
goals is always constituted by a single path from the first phase to the last one. But the 
duration of each phase is not predefined and will change from mission to mission. So 
these phase durations will be usually represented by a distribution. There are some 
analytical methods to solve these kinds of PMS. In reference [3, 10] there is a brief 
discussion on analytical solution to these kinds of systems. 
Varying sequence and fixed duration (VS-FD): 
The phase sequence followed by this kind of PMS may change from its current phase to 
next phase. Phase sequence will be selected at the starting of the each phase mission 
depending on the output expected from that particular mission. During the mission this 
selected sequence will not change. The duration of each phase is predefined and will not 
change from a mission phase to another.  
Varying sequence and varying duration (VS-VD): 
Multi phase systems sometimes consist of phases which may not be characterized as 
sequential, fixed duration or both. We call these systems as multi phase system with 
variable duration and variable sequencing. In this category once the sequence is selected 
at the starting of the mission it will not change during the execution of the entire mission. 
But from mission to mission the requirement of the phase sequence may change. A typical 
example of a phased mission with variable duration and variable sequencing is job shop 
where the sequence of machines used and duration of machines used is not fixed. For a 
particular job preparation a particular sequence of cutting, threading, polishing, welding 
machines will be required. For next job same sequence for same duration may not be 
useful. So reliability of overall job shop has to be calculated considering these patterns of 
usage.  Usually these systems are analyzed with an assumption of constant sequencing and 
constant duration. This may lead to inaccurate estimation of the reliability characteristics 
of the system. 

Most of the analytical approaches discussed earlier will become almost impossible to 
apply when the system is following any of the four discussed scenarios except FS-FD 
PMS. The simulation based model focuses on the logic rather than mathematical 
modelling [14], but complete simulation models require lot of computational space and 
time. On the other hand analytical models are quick and accurate, but when system 
follows either variable sequence of phases or variable phase durations they become too 
complex to implement.  

This paper presents a hybrid approach involving a combination of analytical and 
simulation for evaluating reliability of all four scenarios of PMS. Here, RBD based 
combinatorial method has been combined with the classic Monte Carlo simulation 
technique to create a hybrid approach.  In spite of the disadvantages of the combinatorial 
methods discussed earlier the computational complexity of combinatorial models is much 
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less than that of state based models. This encouraged us to select a RBD based 
combinatorial approach as the integrated part of the proposed hybrid methodology. The 
proposed approach is implemented in Excel, which reduces requirement of using 
expensive and complex software for multi phase system analysis.  

The proposed method is based on the following assumptions: 
1. The system and components under consideration are non-repairable. 
2. All the components and system are assumed to be binary state, i.e., the item can be 

either in a success or failed state. 
3. All the component failures are independent of each other. 
4. The failure distributions of components are assumed to follow Weibull 

distributions with their respective parameters. Further, the stress level experienced 
by each component in a phase may be different in different phases. 

5. The system mission consists of multiple, consecutive, and non-overlapping 
phases. 

6. System is following any one of the four scenarios (FS-FD, FS-VD, VS-FD, VS-
VD) discussed in Section 1. So from mission to mission the sequence of operation 
of phases and duration of phases may change.  

7. In any particular mission if the system is successfully able to complete the 
required phase sequence for required phase durations, the mission can be treated 
as success. Missions will be continuously performed one after one till the 
completion of specified target time period.  

Rest of the paper is organized as follows: Section 2 describes the basic phase algebra 
used in algorithm. Section 3 describes different steps in the algorithm. Section 4 explains 
proposed algorithm with an example. 

2. Phase Algebra  

In general, the RBD configuration of the PMS changes from phase to phase. Usually 
component failure distributions are assumed to be independent of each other in any given 
phase. But s-dependence exists among the same component in different phases. For 
example, consider component A in phase i of a PMS. If Ai is the event of successfully 
completing phase i by component A, because of s-dependency between the same  
component across the phase’s, a special treatment is needed for combination terms 
containing more than one Ai, 1 < i< m, where m represents the total number of phases. A 
set of Boolean algebraic rules called phase algebra rules have been proposed to deal with 
this type of s- dependency [2, 3]. For any phase, i< j,  

𝐴𝑖  ∗  𝐴𝑗𝐴𝑗  𝐴𝑖 + 𝐴𝑗𝐴𝑖  
𝐴𝚤� ∗  𝐴𝚥�𝐴𝚤�  𝐴𝚤� + 𝐴𝚥�𝐴𝚥�  
𝐴𝚤� ∗  𝐴𝑗 0 𝐴𝚤� + 𝐴𝑗 1 

In the proposed method, we first generate a phase set which consist of the minimal 
cut sets of the entire sequence of phases. Then phase set will be solved using phase 
algebra to get the sum of disjoint products expression for reliability at the end of given 
target operation duration. This expression consist of terms indicating probability of failure 
of individual components at the end of phase i, 1 < i< m, where m represents the total 
number of phases in the PMS phase sequence. These terms are calculated using 
cumulative exposure model (CEM). We use the concept of equivalent age associated with 
the cumulative exposure model (CEM) to account for effects of phase-dependent stress on 
the failure properties of the components [10, 11]. Let Fj(t) be the stress dependent failure 
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distribution of a component in phase j. If the life-stress relationship follows the 
accelerated failure time model (AFTM), then it can be represented as: 

Fj(t) = F( α jt) 
Where F is the base failure distribution and α j is the acceleration factor during the 

phase j. Let tj be the duration of phase j, and Qj be the cumulative failure probability of 
the component at the end of jth phase. According to the CEM, we have: 

Qj =F ( α1 t1 + α2 t2 + ….. α jtj) 
The reliability of the component at the end of phase j can be calculated as: Pj= 1-Qj. 

If the components are following two-parameter Weibull distribution (with scale, shape 
parameters as η, β respectively) as failure distribution then the cumulative failure 
probability of the component at the end of jth phase is 

Qj = 1 – exp (-( (α1 t1 + α2 t2 + ….. α jtj) / ηbase ) ^ βbase)) 

3. Excel VBA based Algorithm for Multi phase Analysis 

Since numerical format is most easily managed by the Excel, RBD of PMS in various 
phases has to be taken as input in the numerical matrix format. This format is useful for 
representing most of the relatively less complex RBD’s having unidirectional 
flow/connections. For example the RBD in Figure 1 can be represented in a matrix as 
shown in Figure 2. 
 
 

 

Figure 1: Example RBD Figure 2: Input Data Format of Example 
RBD 

Figure 2 shows the data input to the Excel sheet. Each cell in the table represents a 
connection between the components. Cell $2C value is ‘1’ which indicates there is a 
connection between components A and B (A to B) whereas Cell $2E value is 0 means 
there is no connection between components A and D. Similarly all other cells can be 
interpreted. The bottom half of the matrix is not required because this format is used for 
only unidirectional connections. 

Each phase-RBD configuration has to be entered in the Excel sheet in matrix format. 
The failure time distributions of individual components (Figure 3) have to be taken as 
input. The stress experienced by the components may change from phase to phase, so the 
following matrix has to be taken through the excel interface. It is assumed that the stress 
factor affects the scale factor (characteristic life) in the corresponding phase without 
altering the shape parameter. Once all the required parameters are collected through the 
Excel sheet, macro feature can be used to run the algorithm. 
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Figure 3: Component Failure Characteristics Matrix 

3.1 Proposed Algorithms:  

The proposed algorithm for FS – FD PMS mainly consists of four steps.  
Step 1: In step 1, the sequence of the phases is created to complete the specified target 
operating duration of the PMS. If target operating duration is completed in any of the 
mission phase (even in in-between the phase) then the remaining portion of the phase and 
phases will not be executed. The stress values experienced by different components in 
different phases may change. So age accumulated at higher stress levels has to be 
converted back to one base failure distribution. The components age accumulation is 
stored after converting the age increment into base line failure distribution using age 
transformation.  
Step 2: In step 2, as per the stored phase sequence, the RBD matrix of the phases are 
called. Then this RBD matrix is split into individual connections between the elements. 
These connections are matched with each other to formulate all possible paths between 
the starting element and the last element. Once all the possible paths are identified, paths 
are compared with each other to identify the minimal path sets. Cutsets of the RBD are 
generated from minimal pathsets. Again these cutsets are compared with each other to 
identify the minimal cut sets. Once mincuts are generated they are queued in phase set 
array in the same order as phases’ sequence.  
Step 3: In step 3 cut set cancelation technique is applied [3]. A mincut for a phase can be 
cancelled from the list of mincuts for that phase if it contains a mincut of a later phase. 
Since cut sets are stored in the same order of the phase sequence it will be easy to apply 
this technique. In other words, each cut set will be compared with the cut sets queued after 
it. If a subset is identified to appear in the later phases, then the cut set of the current phase 
will be deleted. This cancelation continues till the last cutset of the phase set. 
Step 4: In step 4, union operation is applied on the remaining mincuts stored in phase set 
matrix. For evaluating the union of phase set inclusion-exclusion methodology is used. 
Even though it has exponential complexity, for manageable systems it is easy to 
implement. While evaluating the union terms rule of phase algebra multiplication has to 
be kept in mind. After transforming mincuts into sum of disjoints each term will be 
evaluated using cumulative damage model.  

In the case of FS-VD, VS-FD, VS-VD PMS, since it is not possible to solve them 
analytically, a hybrid analytical- simulation method is used. In the case of PMS with 
random phase duration a time generating function is used for each phase. This allows us to 
incorporate the changing pattern of the phase duration in our analysis. If PMS is having 
random sequence then sequence generating function will be used for each mission. Since 
these time generating function and sequence generating functions are based on random 
number generation function following certain distributions, entire code sequence from 
step 1 to step 4 will be repeated for a predefined number of runs and average of the 
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outcome of all the runs will be taken as the final value. Since for each run the entire 
generated phase sequence with generated phase durations is solved analytically the final 
outcome accuracy will be more. For a given number of runs Hybrid method will have less 
variance in the outcome comparatively with complete simulation method. So Hybrid 
simulation requires less number of runs than complete simulation to achieve same level of 
convergence. The Pseudo code for solving PMS has been attached in the appendix. Let us 
consider an example to illustrate the algorithm.  
4. Example 

Consider a FS-FD PMS having three phases. The RBD of the PMS in different phases is 
as shown in the Figure 4. The RBD of the PMS in various phases can be represented in 
the matrix format as discussed in section 3 (example has been shown in Figure 5). The 
failure distribution of the components and their stress values are as shown in the Figure 6. 

 
Figure 4: System RBD in Various Phases 

 

 
 

Figure 5: Matrix Format of Phase 1  
 

Figure 6:Failure Characteristics of Components 

Let us consider 100 hrs as duration of each phase, whereas 500 hrs as the target 
operating duration for the PMS. The objective is to compute the probability of completing 
the operation during 500 hours with repetition of phase sequence, if any. Clearly, in the 
present scenario, after completion of 300 hrs, a repetition of phase sequence 1 and 2, each 
one of 100 hour duration would recur to complete a target operating hour of 500 hours. 
The system is analyzed by the algorithm in the following way 
Step 1:  
The Phase sequence will be created as 1 2 3 1 2. The component age accumulations in 
base failure distribution are as indicated in Table 7. Here, Component A accumulates 
100hrs in phase 1. Since phase 1 is having a stress factor 1 there will be no age increment 
transformation. It will be stored directly. But when it accumulates 100hrs at stress value 
1.26 in phase 2, this 100hrs of age increment at stress 1.26 has to be transformed to base 
failure distribution (stress 1) before storing. This is done in following way. 

Phase 1 RBD 
(duration 100hrs) 

A 

B 

C 

A 

B 
 

C 
 

A B C 

Phase 2 RBD  
(duration 100hrs) 

Phase 3 RBD 
(duration 100hrs) 
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Age increment at stress 1 = (Age increment at stress 1.26) × 1.26 = 100 × 1.26 = 126 
It means 100 hours age of component A in phase 2 is equivalent to 126 hours age in 

base failure distribution.  Note that the figures in the Table 1 are same for all components 
due to the same stress factor taken for each component. 

Table 1: Age Accumulation of Components 
Component 1 2 3 1 (4) 2 (5) 
A 100 126 152 100 126 
B 100 126 152 100 126 
C 100 126 152 100 126 

Step 2: 
In this step mincut sets for each phase are generated and these generated mincut sets of 
phases are stored in the phase set matrix in the sequence generated in step 1. 
mincut set of phase 1 RBD: A1B1C1 ; phase 2 RBD: A2, B2C2 ; phase 3 RBD: A3, B3, 
C3;  
Phase set will be created as:  
{A1B1C1}, {A2, B2C2},{A3, B3, C3},{A1(4)B1(4)C1(4)},{A2(5), B2(5) C2(5)}} 
Note: 2(5) means phase 2 is repeated in 5th place of sequence  
Step 3: 
In this step after cut set cancelation using phase algebra, phase set will be reduced to as 
indicated in Table 2. 

Table 2: Phase Set Cancelation 
Phase set Before cancelation Phase set After cancelation 

A1B1C1  Ø 
A2, B2 C2 Ø 
A3, B3, C3 B3, C3 
A1(4)B1(4)C1(4) Ø 
A2(5), B2(5) C2(5) A2(5), B2(5) C2(5) 

Step 4: 
Union terms of the phase set will be as follows 
B3+ C3+ A2(5) + B2(5)  C2(5)- B3 C3 - B3 A2(5) - B3 B5 C5 - C3 A2(5) -C3 B2(5)C2(5) - A2(5) B2(5) C2(5) 
+ B3 C3 A2(5) + C3 A2(5) B2(5) C2(5)+ B3A2(5) B2(5) C2(5) 
+ B3C3B2(5)C2(5) - B3 C3 A2(5) B2(5)C2(5) 

This will be reduced after applying phase algebra to 
B3+ C3+ A2(5)+ B2(5) C2(5) - B3 C3 - B3 A2(5) - B3 B2(5)C2(5) - C3 A2(5) -C3 B2(5) C2(5) - A2(5) B2(5) 
C2(5) + B3 C3 A2(5) + C3 A2(5) B2(5) C2(5) + B3A2(5)B2(5)C2(5) 
+ B3C3B2(5)C2(5)- B3 C3 A2(5)B2(5)C2(5) 
 
B3+ C3+ A2(5)+ B2(5) C2(5) - B3 C3 - B3 A2(5) - B3 C2(5) - C3 A2(5) -C3 B2(5) - A2(5) B2(5) C2(5) + B3 
C3 A2(5) + C3 A2(5) B2(5) + B3A2(5) C2(5) + B3C3 - B3 C3 A2(5) 
 
Reliability at the end of the 500hrs will be calculated by replacing the following terms in 
the above equation 
B3 = 1-  exp(-((100+126+152)/10000)^2.2), C3 = 1- exp(-((100+126+152)/5000)^1.2), A2(5)  = 1-  
exp(-((100+126+152)/1000)^1.57), B2(5)= 1- exp(-((100+126+152+100+126)/10000)^2.2), C2(5) = 
1- exp(-((100+126+152+100+126)/5000)^1.2) 
By substituting these values in phase set union expression the reliability of the PMS at the 
end of 500hrs is calculated as 0.607120809. The computational time for this example is 
687 msec. The same algorithm has been validated by analyzing the analytical examples 
given by several authors and found satisfactory. The results obtained are as shown in the 
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Table3. The execution time mentioned in Table 3 is by using a CPU with intel® core 2 duo 
2.93GHz (E7500) processor, 1.96GB RAM. 

Table 3: Comparison for Various Examples 

Example 
 

Source 
 

Results 
given in 

References 

Result obtained 
by Proposed 
Algorithm 

Execution time 
(msec) 

1 
Reference [2]  Example 2 
with XZY sequence of 
phases 

0.00499149 0.00499149 
546 

2 
Reference [15]  Example 
2.1 0.88 0.88136870 

437 

3 
Reference [16]  Example 5   
Set 1 0.0974 0.09739699 

484 

4 
Reference [16]  Example 5   
Set 2 0.00603 0.00602554 

406 

5 Reference [17]  Example 4 0.003993009 0.003993009 468 

5. Conclusion 

In this paper, a methodology for evaluating reliability of phased mission systems using 
Excel is proposed. Various steps of algorithm for solving FS-FD, FS-VD, VS-FD, VS-VD 
variations in phase mission system have been discussed. A hybrid analytical-simulation 
approach has been proposed and has been used to evaluate the reliability of the PMS of 
these attributes. The proposed algorithm has been implemented in Microsoft™ Excel. An 
example in Section 5 has been provided to demonstrate the usage of the algorithm. The 
entire implementation code in Excel can be obtained from the authors on request. 

Appendix 

Pseudo-code for solving VS-VD PMS 

Step 1: /* Generate the mission phase sequence till the target operating duration is completed  
/* Hour_Count: loop counter for operating hour with initial value 0 
/* mk total number of phases in mission k, where initial value of k is 1 
/* Generate_phase_sequence(k) is function which returns a randomly generated sequence for kth mission 
/* Generate_ phase_i_duration(i) is a function which generates a random phase duration for ith phase 
Do while Hr_Count<Target_operating_duration 
Sequence(mk) = Generate_phase_sequence(k)* 
       For i=1 to mk 

phase_i_duration = Generate_ phase_i_duration(i)** 
If (Hr_Count+ phase_i_duration<Target_operating_duration) 

Hr_count= Hr_count + phase_i_ duration 
Store_Phase_Sequence (i); 
Component_age_increment (phase_i, phase _i_ duration) 

Else if (Hr_Count<Target_operating_duration) 
Store_Phase_Sequence (i); 
Component_Age_Increment (phase i, Target_operating_duration- Hr_Count) 

  Break for 
 End if 
       Next i 
Loop 
Note: *   Should be replaced with constant phase sequence for FS PMS  
          ** Should be replaced with constant phase duration for FD PMS 
Step 2: /* storing the cut set of the phases in phase set matrix in their order of calling  
next =0 
Do while Get_Phase_Sequence(next) <> 0 
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 i  =Get_Phase_Sequence(next)  
Phase_set() = Get_cutset(phase i) 
next = next+1 

loop 
Step 3: /* Cut set cancellation 
next =0 
Do while Phase_set(next) <> 0 
 Temp()  = Phase_set(next) 

Z = next  
Do while Phase_set(Z) <> 0 

If ( Is_superset(Temp(), Phase_set(Z))) 
  Delete(Phase_set(next)) 
  Break  
 End if 

Z=z+1 
 loop 

next=next+1 
loop 
Step 4: /* Apply union operation on phase_set()  
/* initialize prex, prey, x with 1and y with 2  
Assign_sequence_Number(phase_set()) 
Union ()=phase_set() 
Encode_Union() 
Do While union(prex, prey, 1) <> 0 'loop for generating all union terms in the union array 
        Do While union(prex, prey, 1) <> 0 
                For p = 1 To phaseset_length 
                       If (union(prex, prey, prey)) < p Then 
                               For m = 1 To prey 
  union(x, y, m) = union(prex, prey, m) 
                               Next m 

             union(x, y, y) = p 
                               x = x + 1 
                        End If 
                Next p 
               prex = prex + 1 
        Loop 
        y = y + 1 
        prey = prey + 1 
        x = 1 
prex = 1 
Loop 
Decode_Union() 
/*Applying multiplication phase algebra in union array  
Do While union(i, j, 1) <> 0 
    j = 1 
    Do While union(i, j, 1) <> 0 

k=1      
Do While union(i, j, k) <> 0 

  T = 1 
Do While union (i, j, T) <> 0 

If ((union(i, j, k) = union(i, j, T)) And (sequence(union(i, j, k)) >= 
sequence(union(i, j, T)))) Then 

         If T <> j Then union(i, j, k) = delete 
        End If 

   End If 
  T = T + 1 
  Loop 
               k=k+1 
              loop 
      j = j + 1 
      Loop 
i=i+1 
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loop 
/*Reliability calculation  
sum = 0 
Do While union(i, j, 1) <> 0 
i = 1 
    Do While union(i, j, 1) <> 0 

k=1      
Do While union(i, j, k) <> 0 

temp = 1 - ((Exp(-((Age_of(union(i, j, k) ) / eta(union(i, j, k))) ^ beta(union(i, j, k)) 
                           product = product * temp 
                           k=k+1 
 loop 
 If (Is_even(j)) Then  sum = sum - product 
                  Else sum = sum + product 
                  End If 
 i = i + 1 
   Loop 
   j=j+1 
Loop 
Reliability = 1 - sum 
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