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Abstract 

Heuristic algorithms are practical, easy to implement, and work fast to provide short-term, feasible solutions for any kind of 

problem within economical budgets as compared to other meta-heuristic algorithms. This paper presents a novel heuristic 

algorithm named the Dahiya-Garg Heuristic Algorithm (DG-Alg) to find the optimal solution for constrained reliability 

redundancy allocation optimization problems. The cornerstone of the novel DG-Alg is its novel selection factor, which is a 

mathematical formula that helps the heuristic algorithm search for optimal subsystems for reliability optimization. A novel 

formulated selection factor in DG-Alg has increased its effectiveness and efficiency. To analyze the performance of the proposed 

heuristic algorithm and the other three existing heuristic algorithms, they are applied to a problem taken from a pharmaceutical 

manufacturing plant named Yaris Pharmaceuticals. During the application of the heuristic algorithms, it was ensured that 

redundancy allocation was done within stipulated cost constraints. Further, a comparative analysis of the obtained results has 

been done to judge the performance of the proposed heuristic algorithm. It is deduced that the proposed heuristic algorithm gives 

optimized and computationally efficient results in comparison to the other existing heuristic algorithms. 

 

Keywords- Reliability optimization, Reliability-redundancy, Allocation problem, Series system, Redundant component, 

Heuristic algorithm, Selection factor. 

 

 

 

1. Introduction 
Over the past few years, advancements in technology have led to massive growth in the process of 

industrialization. The complexity of the machinery has also increased to achieve the desired outputs in the 

manufacturing process. Efficiency is an important prerequisite for the expected life span of the machines. 
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The performance of a complex system is closely related to its reliability. However, it must also be taken 

into account that the failure of machines is an inherent event that is likely to happen. This has led to the 

concept of reliability engineering, which has the goal of attaining the demanded levels of reliability of 

complex systems in the process of planning, designing, and testing. The reliability of the system is 

increased by solving the Reliability Redundancy Allocation Problem (RRAP) under constraints such as 

weight, volume, and cost. A higher level of reliability in system structure can be achieved by using the 

minimum cost approach in RRAP. This can be done in two ways: either by swapping the existing units 

with much more reliable components or by employing components in parallel. However, swapping the 

existing units can stop the routine work of the system, thereby affecting the labour force employed on the 

system in addition to compromising their health and safety. Also, the production and delivery of services 

are affected. This is one of the reasons for the popularity of finding solutions for the cost constraint RRAP 

of a complex system in recent times. Redundancy allocation in complex systems has increased the 

reliability and quality of the system after imposing cost, weight, etc.-related constraints. In complex 

systems, while doing reliability optimization or maximizing the reliability of the system, the focus has to 

be on optimizing the reliability of subsystems that are not reliable enough for the proper functioning of 

the system. The reliability of the subsystems is increased either by attaching more reliable subsystems in 

parallel or by exchanging unreliable subsystems with more reliable subsystems. 

 

2. Literature Survey 
In the past few years, it has been seen that the popularity of Redundancy Allocation Problems (RAP) has 

increased in wide areas of the research field. Forcina et al. (2020) gave a systematic review on reliability 

redundancy allocation and proposed directions to pick out the optimal method for reliability allocation for 

the available resources, desired accuracy, and areas of application. Roa et al. (2020) proposed a meta-

heuristic algorithm to find a solution for an allocation problem, i.e., the dispatching and relocation of an 

ambulance. Yeh (2019) proposed boundary swarm optimization to solve RRAP. Nath and Muhuri (2022) 

studied RRAP as a multi-objective optimization problem, further formulated a Multi-Objective Reliability 

Redundancy Allocation Problem (MORRAP), and provided solutions for it. Ouyang et al. (2018) studied 

the RRAP employing the improved Particle Swarm Optimization (PSO) method to judge the optimal 

design for the system under multiple constraints to enhance system reliability. Further, it has been found 

that design flexibility and switching reliability provide greater system reliability and optimal system 

design configuration, respectively. Sarwar et al. (2021) proposed two meta-heuristic algorithms named 

multi-objective PSO and multi-objective BAT algorithms to find the solution for multi-objective 

programming problems to decrease the cost and storage space. Wang et al. (2020) proposed a model of 

the multi-objective production system to solve RRAP. Zaretalab (2020) proposed a mathematical model 

to optimize the multiple RRAP. Kim (2018) studied the optimal design for system reliability in RAP of 

mixed components and introduced the idea of sequencing the optimal components for cold standby 

subsystems to enhance system reliability. Devi and Garg (2020) maximized the reliability of the system in 

solving an RRAP by employing two heuristic algorithms (HA), viz., Constraint Optimization Genetic 

Algorithm (COGA) and hybrid genetic-PSO. Chambari et al. (2021) introduced a bi-objective simulation 

optimization algorithm to find a solution for RAP with series-parallel systems. Garg and Sharma (2013) 

have maximized the reliability of the redundancy allocation non-linear constraint problem of a 

pharmaceutical plant with the help of a meta-heuristic algorithm for several constraints. Rakhi and Phauja 

(2020) presented a meta-heuristic algorithm to find the solution to RRAP that is re-engineered for 

different designs of the system. Mellal and Salhi (2022) used a multi-objective plant propagation 

algorithm to maximize reliability by solving the RAP of the system of a pharmaceutical plant. Garg 

(2015) proposed a meta-heuristic algorithm to solve constraints in RRAP. 
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Several optimization techniques like heuristics, non-linear and linear programming, meta-heuristics, etc. 

are usually used to solve a wide variety of problems (Kumar et al., 2017; Ghosh et al., 2011; Hsieh, 2016; 

Feizabadi and Jahromi, 2017; Kim and Kim, 2017; Saleem et al., 2018; Devi and Garg, 2019; Peiravi et 

al., 2019) for reliability optimization in manufacturing plants. Golmohammadi et al. (2016) proposed a 

meta-heuristic algorithm to deal with the problem of optimization of storage location and vehicle routing, 

aiming to decrease the logistics cost. Babu et al. (2018) introduced a heuristic algorithm (HA) to deal with 

different kinds of scheduling problems in flexible manufacturing systems to minimize the makespan. 

Further, it has been found that the proposed heuristic algorithm provided a better optimal solution in less 

computational time. Kheirkhah and Ghajari (2018) proposed a three-phase heuristic algorithm to solve the 

problem of cellular manufacturing systems and production planning. Further, optimal solutions and 

computational efficiency were analyzed. 

 

In mathematical optimization, the heuristic method possesses a slight advantage over other methods due 

to its simplicity, low computational time, and suitability for usage in complex and serial networks. Other 

popular features of the heuristic method include its ability to address multiple problems with non-linear 

and linear constraints and the provision of integer computerized solutions, which are mostly true 

optimums. However, the heuristic method may also provide near-optimum solutions in some cases. In 

recent years, the heuristic algorithm or method has been modified in search of better solutions for 

constraint RAP. Ardakani et al. (2020) solved a kind of RAP, i.e., a truck-to-door sequencing problem, 

with the help of a heuristic algorithm to minimize the makespan. Chowmali and Sukto (2021) proposed a 

heuristic algorithm named FJA-ALNS to deal with the problems of multi-compartment vehicle routing 

associated with fuel delivery and minimize the distance and number of vehicles. Agarwal and Gupta 

(2005) proposed a penalty function-based heuristic method to find the solution to the constraint RAP and 

searched feasible and infeasible regions for the optimal solution. Gazani and Niaki (2021) used a heuristic 

algorithm and a Genetic Algorithm (GA) to identify the optimal solution for a maximal-covering location 

problem. Hwan and Bong (1993) created a heuristic method to find solutions to the constraint RAP of 

complex systems that allowed deviation across bounded and infeasible regions and reduced the risk of 

stuck at the local optimum. Aggarwal (2019) presented a three-neighbourhood approach-based heuristic 

algorithm to find the solution to the RAP of complex systems and provided computationally efficient 

results. Devi and Garg (2017) obtained increased reliability for the cost constraint RAP of the 

manufacturing plant by using a heuristic algorithm and a GA. The Shi method (Dinghua, 1987) was 

developed to find the solution to constraint RAP in complex systems, aiming to increase system 

reliability. Kumar et al. (2010) introduced two heuristic methods to find the solution to the RAP in a 

complex system. The obtained results showed that the first method based on the nomination of the 

optimal path and then on the nomination of its optimal redundant component, performed better than Shi’s 

method. Also, the second method based on the calculation of the sensitivity factor, is computationally 

efficient. Kumar et al. (2009) proposed a heuristic method to get the optimal solution to constraint RAP 

and analyzed the effect of the proposed heuristic algorithm with other existing heuristic methods. Garg et 

al. (2010) described and compared three heuristic algorithms, namely Shi’s method and pro-Alg for 

finding the optimal solution to the constraint RAP of the pharmaceutical plant. These studies show that 

the RAP of complex systems can easily be solved to maximize system reliability by implementing 

effective selection or sensitivity factors in the algorithm. 

 

It has been found during the literature survey that by developing and using an effective selection factor, 

the efficiency of the heuristic algorithm and the optimality of the problem is improved. In the present 

work, the focus is on proposing a heuristic algorithm with an effective novel selection factor that will 

make the search process more effective and efficient. In this paper, a heuristic algorithm is proposed. The 

novelty of the selection factor in the proposed algorithm has made a remarkable improvement in the 
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reliability of the system. The novel selection factor is a mathematical formula that is the ratio of the 

change in a subsystem’s reliability to the percentage of resources consumed, which will help the heuristic 

algorithm choose the optimal subsystem during redundancy allocation in the system so as to get an 

optimum solution. In order to prove the efficiency of the proposed heuristic algorithm, the proposed 

algorithm and the three other most efficient existing heuristic algorithms used by Garg et al. (2022) 

develops a new heuristic algorithm to achieve desired reliability, while solving constrained redundancy 

reliability optimization problems for complex systems using sets of minimal paths. 

 

The rest of the manuscript is arranged as follows: in Section 3, the system of liquid medicine 

manufacturers is described. Further, the RAP of the liquid medicine manufacturing system at “Yaris 

Pharmaceuticals” is described, and assumptions made for the problem are given. In Section 4, 

methodologies named ‘The Dahiya-Garg heuristic algorithm’ and heuristic algorithms defined by Garg et 

al. (2010) are described. In Section 5, the results of the proposed problem are discussed and compared. 

 

3. Problem Formulation 
Yaris Pharmaceuticals is a good Manufacturing Practice certified pharmaceutical company situated in 

Himachal Pradesh. Yaris Pharmaceuticals has all the manufacturing sections like capsules, tablets, liquid 

medicines, ointments, dry syrup, and sachets. In this paper, the liquid medicine manufacturing section is 

considered a system. This section includes a detailed system description, notations, and assumptions 

made for the RAP. 

 

3.1 System Description 
The liquid manufacturing section of Yaris Pharmaceuticals consists of three main subsystems that are 

connected in series: named stirrer machines, colloid mill machine, and twin-head volumetric filling and 

sealing machine. 

 

 
 

Figure 1. Subsystems and their mediating factors. 

 

 

In the manufacturing process of liquid medicines, there are definite inherent factors (like temperature, 

mixing time, shear rate, speed, etc.; see Figure 1) that affects the working of subsystems in the system. 

The process of manufacturing liquid medicines follows the following procedure. 

 

In the first step, raw material is put into a stirrer-connected tank, which helps in mixing raw material at a 

certain temperature and time. In the next step, mixed raw materials in liquid form are shifted to a colloid 

System’s subsystem Mediating factors in the working of subsystems 
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mill machine to minimize the particle’s size by considering the shear rate of the machine and the size of 

the droplet in the liquid solution. Finally, with the help of a twin-head volumetric filling & sealing 

machine, the prepared liquid solution is packed at a specific pace and volume. Subsystems of the liquid 

medicine manufacturing system are connected in series. 

 

3.2 Assumptions 

The assumptions made are the following: 

(i) The system and its subsystems are coherent.  

(ii) Path set, i.e., a set of subsystems, ensures that the working of all subsystems in the set along with the 

system is guaranteed. 

(iii) The structure of subsystems other than the coherence property is not restricted. 

(iv) Every constraint is an increasing function of 𝑢𝑖 with the addition of all the subsystems.  

(v) Redundant components are restricted to the boundaries of the subsystem in the system. 

(vi) System reliability 𝑅𝑠 is known in terms of the reliability of all the subsystems 𝑅𝑖. 

 

3.3 Notations  
𝑢𝑖 ith Subsystem/component of the system. 

𝑅𝑖(𝑢𝑖) Reliability of ith subsystem. 

𝑄𝑖(𝑢𝑖) Unreliability of ith subsystem. 

𝑅𝑠(𝑢) Reliability of system. 

𝑥𝑖 Total number of subsystems in ith subsystem 𝑢(𝑢1, 𝑢2, … , 𝑢𝑥). 
𝑢∗(𝑥1, 𝑥2, 𝑥3) Optimal solution. 

ΔRi Reliability difference for ith subsystem on adding a redundant component. 

𝑓𝑗(𝑢𝑖) Cost of 𝑗𝑡ℎresource absorbed by ith subsystem. 

Mj Maximum cost of resource 𝑗. 

𝑥 Number of subsystems.  

𝑦 Number of constraints. 

Fi Selection factor. 

 

3.4  Redundancy Allocation Problem of Yaris Pharmaceuticals 
In this paper, a liquid manufacturing system for Yaris Pharmaceuticals with three subsystems is 

considered. The system works only if all three subsystems are working accurately. Here, the objective is 

to increase the reliability, subject to cost constraints, of the liquid medicine manufacturing system by 

performing redundancy allocation. Therefore, the RAP for the liquid medicine manufacturing system is as 

follows:  

 

Maximize  

𝑅𝑠(𝑢) = ∏ 𝑅𝑖(𝑢𝑖)𝑥
𝑖=1                                                                                                                                   (1) 

 

Subject to cost constraint: 

∑ 𝑓1(𝑢𝑖) ∗ 𝑥𝑖
𝑥
𝑖=1 ≤ 335000                                                                                                                        (2) 

𝑅𝑖(𝑢𝑖) = (1 − (𝑄𝑖(𝑢𝑖))
𝑥𝑖)                                                                                                                         (3) 

 

where, 𝑓1(𝑢𝑖) and 𝑅𝑖(𝑢𝑖) are cost and reliability of the ith subsystem, respectively. Here, we considered 

the cost constraint, i.e., Mj =M1 = Rs. 335000, (since the number of constraints is one, i.e., y =1, therefore 

j=1), and obtained system reliability calculated using Equation (1) is: 𝑅𝑠(𝑢) = 0.7734. The reliability and 
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cost of each subsystem of the liquid medicine manufacturing system at Yaris Pharmaceuticals are 

tabulated in Table 1. 

 
Table 1. Reliability and cost of subsystems of the system. 

 

Subsystem 𝒖𝟏 𝒖𝟐 𝒖𝟑 

Reliability of subsystem 𝑹𝒊(𝒖𝒊) 0.9652 0.8261 0.97 

Cost of subsystem 𝒇𝟏(𝒖𝒊) 22444 85000 118000 

 

 

4. Methodology 
A heuristic algorithm is among the fastest, most precise, and most feasible approaches to deal with a 

problem. Here, four heuristic algorithms have been described to effectively find the optimal solution to a 

problem. The novel heuristic algorithm ‘The Dahiya-Garg Heuristic Algorithm’ will be referred to as 

‘DG-Alg’. The other three existing heuristic algorithms, i.e., ‘algorithm 1’, ‘algorithm 2,’ and ‘algorithm 

3,’ used by Garg et al. (2010) will be referred to as ‘GKP-Alg_1’, ‘GKP-Alg_2,’ and ‘GKP-Alg_3,’ 

respectively. A comparative analysis of the performance of DG-Alg and other existing heuristic 

algorithms (GKP-Alg_1, GKP-Alg_2, and GKP-Alg_3) will be done from the obtained results. Defined 

heuristic algorithms differ in the formula of the selection factor and in the conditions for choosing the 

most unreliable subsystem. The common pseudo-code for all the heuristic algorithms is described in this 

section and also shown in Figure 2. Differences in the formula of the selection factor and unreliable 

conditions for the respective algorithms are defined in upcoming sub-sections. 
 

 

Heuristic Algorithm 

Step 1 

Initialize 𝑥𝑖 = 1; for 1 ≤ 𝑖 ≤ 𝑥. 

Step 2 

Calculate the reliability and selection factor for each subsystem using Equation (3) and the corresponding 

selection factor formula, respectively.  

Step 3 

Identify the subsystem that is most unreliable. Add one redundant component to that subsystem.  

Step 4 

Check for constraint violations on the addition of one redundant component.  

1. If the constraint is violated, eliminate this subsystem for further consideration and then move to step 5. 

2. If the constraint is not violated, then check to improve the limit of the subsystem’s reliability by 

adding redundant 

2.1 If ∆𝑅𝑖 > 0.0001, then go to step 2. 

2.2 If ∆𝑅𝑖 ≤ 0.0001, then remove that subsystem for further consideration, and then move to step 5. 

Step 5 

If all subsystems are eliminated for further consideration, then, 𝑢∗ = (𝑥1, 𝑥2, 𝑥3) is the optimal solution. 

Otherwise, move to step 2. 

Step 6 

Finally, calculate the reliability of the system i.e., Rs(u*) using Equation (1). 

 

 

4.1 Dahiya-Garg Heuristic Algorithm (DG-Alg)  
Several heuristic algorithms were designed to improve the reliability of complex systems. Moreover, the 

effectiveness of heuristic algorithms fluctuates due to the selection factors that are used in them.  
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(i) In DG-Alg, the selection factor (Fi) is the ratio of change in the subsystem’s reliability to the 

percentage of resources consumed.  

𝐹𝐷𝐺−𝐴𝑙𝑔 = 𝐹𝑖 =

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑆𝑢𝑏𝑠𝑦𝑠𝑡𝑒𝑚 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑎𝑛𝑑 
𝐶ℎ𝑎𝑛𝑔𝑒𝑖𝑛 𝑠𝑢𝑏𝑠𝑦𝑠𝑡𝑒𝑚 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑜𝑓𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑
=

𝑅𝑖−𝛥𝑅𝑖

(
𝑓1(𝑢𝑖)

𝑀1
⁄ )

                                                         (4) 

where, ∆𝑅𝑖 = (1 − 𝑄𝑖(𝑢𝑖)2) − 𝑅𝑖(𝑢𝑖)                                                                                                        (5) 

 

(ii) In DG-Alg, the subsystem with the maximum value of the selection factor is unreliable. 

 

4.2 GKP-Alg_1 
Under this algorithm, a subsystem with minimum reliability is chosen for redundancy allocation in order 

to improve the subsystem’s reliability. The process continues till the cost constraint is not violated.  

 

(i) In GKP-Alg_1, the selection factor (Fi) is considered as minimum stage reliability. 

(ii)  In GKP-Alg_1, a subsystem with a minimum value of selection factor is unreliable. 

 

4.3 GKP-Alg_2 
This algorithm focuses on the subsystem with the maximum value of the selection factor in order to do 

redundancy allocation. The process of redundancy allocation continues till the condition of the cost 

constraint is verified. The selection factor for this algorithm is given below. 

 

(i) In GKP-Alg_2, the selection factor (Fi) is the ratio of the subsystem’s reliability to the percentage of 

resources consumed. 

𝐹𝐺𝐾𝑃−𝐴𝑙𝑔_2 = 𝐹𝑖 =
𝑅𝑖(𝑢𝑖)

(
𝑓1(𝑢𝑖)

𝑀1
⁄ )

                                                                                                                     (6) 

(ii) In GKP-Alg_2, a subsystem with the maximum value of the selection factor is unreliable. 

 

4.4  GKP-Alg_3 
This algorithm chooses the subsystem with the maximum selection factor for redundancy allocation. The 

selection for this algorithm is given below. 

 

(i) In GKP-Alg_3, the selection factor (Fi) is the ratio of change in subsystem reliability to the percentage 

of resources consumed. 

𝐹𝐺𝐾𝑃−𝐴𝑙𝑔_3 = 𝐹𝑖 =
𝛥𝑅𝑖

(
𝑓1(𝑢𝑖)

𝑀1
⁄ )

                                                                                                                     (7) 

where, ∆𝑅𝑖 = (1 − 𝑄𝑖(𝑢𝑖)𝑥𝑖+1) − 𝑅𝑖(𝑢𝑖)                                                                                                   (8) 

 

Here, ∆𝑅𝑖 will only be calculated by using Equation (8).  

 

(ii) In GKP-Alg_3, a subsystem with the maximum value of the selection factor is unreliable. 
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Figure 2. Flow chart for heuristic algorithm. 

 

5. Results and Discussion 
The performance of DG-Alg, GKP-Alg_1, GKP-Alg_2, and GKP-Alg_3 is detected with the help of the 

RAP described in Section 3.4. Obtained system reliability and redundancy allocation help to compare the 

performance of DG-Alg with the other three existing algorithms. In this section, the above-mentioned 

algorithms are applied to the RAP of Yaris Pharmaceuticals. 

 

5.1  Application of Dahiya-Garg Heuristic Algorithm (DG-Alg) 
In order to judge the effectiveness of DG-Alg, it is applied to defined RAPs by taking the initial allocation 

as (1,1,1). The selection factor of each subsystem is calculated, and the subsystem with the maximum 

selection factor is selected for further allocation. The process continues until either the cost constraint or 

desired limit of ∆𝑅𝑖 is violated. The application of DG-Alg to the proposed problem is described in Table 

2. 
Table 2. Results of the designed RAP using DG-Alg. 

 

S. No. Number of components in the 

subsystem 

Consumed Resources Subsystem Selection factor 

 𝑥1                       𝑥2                             𝑥3 
∑ 𝑓1(𝑢𝑖) ∗ 𝑥𝑖

𝑥

𝑖=1

 
F1                           F2                                F3 

1 1                1                    1 225444 13.9054                2.6895                     2.6712 

2 2                1                    1 247888 7.4452                  2.6895                     2.6712 

3 3                1                    1 270332   #                        2.6895                     2.6712 

4 2                2                    1 332888         #                        1.8529                     2.6712 

5 2                2                    2 450888?         #                         1.8529                         ! 

6 2                3                    1 417888?         #                            !                               ! 

7 2                2                    1 332888 Algorithm stops here 

Yes 

Yes 

No 

No No 

Calculate Reliability & Selection Factor for each subsystem 

Add one redundant component to unreliable subsystem 

If Constraint 

Violated 

If ΔRi≤ 

0.0001 

Eliminate this subsystem 

If all 

subsystems 

eliminated 

t* is optimal solution 

Set ti=1, for all i 
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! Indicate the removal of that subsystem for further consideration due to violation of cost constraint. 

? Indicate the violation of cost constraint. 

# Indicates the removal of that particular subsystem from further consideration as the desired limit of 

ΔRi is violated. 

 

Here, a violation of cost constraint has occurred at the 5th iteration. Redundancy allocation and reliability 

of the system for the defined problem obtained through Table 2 are 𝑢∗ = (2,2,1)and𝑅𝑠(𝑢∗) = 0.9690, 

respectively. Employing DG-Alg, system reliability for the defined problem increases by 25.29%. 
 

5.2 Application of GKP-Alg_1 
GKP-Alg_1 is an algorithm in which the selection factor is based on minimum stage reliability. The 

initial allocation is taken as(1,1,1) . For further redundancy allocation, a subsystem with minimum 

reliability is chosen and the process of redundancy allocation continues until the cost constraint is not 

violated. The application of GKP-Alg_1 to the proposed problem is described in Table 3. 
 

Table 3. Results of the designed RAP using GKP-Alg_1. 
 

S. No. Number of components in subsystem Consumed Resources Subsystem Selection factor 

  𝑥1                𝑥2               𝑥3 ∑ 𝑓1(𝑢𝑖) ∗ 𝑥𝑖

𝑥

𝑖=1

 F1                               F2                                 F3 

1 1            1                 1 225444    0.9652                      0.8261                           0.97 

2 1            2                 1 310444    0.9652                      0.9697                           0.97 

3 2            2                 1 332888    0.9987                      0.9697                           0.97 

4 2            3                 1 417888?    0.9987                       ! 0.97 

5 2            2                 2 450888?    0.9987                          !                                   ! 

6 3            2                 1 355332? !                                       !                                   ! 

7 2            2                 1 332888 Algorithm stops here 

! Indicate the removal of that particular subsystem from further consideration due to violation of cost 

constraint. 

? Indicate the violation of the cost constraint. 
 

Here, a violation of cost constraint has occurred at the 4th iteration. Redundancy allocation and reliability 

of the system for the defined problem obtained through Table 3 are 𝑢∗ = (2,2,1)and 𝑅𝑠(𝑢∗) = 0.9405, 

respectively. Employing GKP-Alg_1, system reliability for the defined problem increases by 21.60%. 
 

5.3 Application of GKP-Alg_2 
The GKP-Alg_2 is applied to the defined RAP by taking the initial allocation as (1,1,1). The selection 

factor of each subsystem is calculated, and the subsystem with the maximum selection factor is selected 

for further allocation. The process continues until either the cost constraint or desired limit of ∆𝑅𝑖  is 

violated. The application of GKP-Alg_2 to the proposed problem is described in Table 4. 
 

Table 4. Results of the designed RAP using GKP-Alg_2. 
 

S. No. Number of components in the subsystem Consumed Resources Subsystem Selection factor 

 𝑥1                        𝑥2                       𝑥3 ∑ 𝑓1(𝑢𝑖) ∗ 𝑥𝑖

𝑥

𝑖=1

 F1                                F2                                 F3 

1 1                     1                          1 225444        14.4071            3.2558              2.7538 

2 2                    1                           1 247888          7.4533            3.2558              2.7538 

3 3                    1                           1 270332#              #                 3.2558              2.7538 

4 2                    2                           1 332888              #                 1.9108              2.7538 

5 2                    2                           2 450888?             #                  1.9108                  ! 

6 2                    3                           1 417888?             #                      !                        ! 

7 2                    2                           1 332888 Algorithm stops here 
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! Indicate the removal of that particular subsystem from further consideration due to violation of cost 

constraint. 

? Indicate the violation of the cost constraint. 

# Indicate the removal of that particular subsystem from further consideration as the desired limit of ΔRi 

is violated. 

 

Here, a violation of cost constraint has occurred at the 5th iteration. Redundancy allocation and reliability 

of the system for the defined problem obtained through Table 4 are 𝑢∗ = (2,2,1) and 𝑅𝑠(𝑢∗) = 0.9394, 

respectively. Employing GKP-Alg_2, system reliability for the defined problem increases by 21.46%. 

 

5.4 Application of GKP-Alg_3 
The selection factor of GKP-Alg_3 is dependent on the defined reliability change of the subsystem. In 

order to increase the reliability of the proposed RRAP, further redundancy allocation is preceded by the 

subsystem with the maximum selection factor. The iterative process keeps repeating until the cost 

constraint is not violated. The application of GKP-Alg_3 to the proposed problem is described in Table 5. 

 
Table 5. Results of the designed RAP using GKP-Alg_3. 

 

S. No. Number of components in each subsystem Consumed Resources Subsystem Selection factor 

 𝑥1                              𝑥2                                      𝑥3 ∑ 𝑓1(𝑢𝑖) ∗ 𝑥𝑖

𝑥

𝑖=1

          F1                      F2                   F3 

1        1                          1                           1 225444         0.5051           0.5563            0.0826 

2        1                          2                           1 310444         0.5051           0.6646            0.0826 

3        1                          3                           1 395444?         0.5051                !                 0.0826 

4        2                          2                           1 332888         0.5188                !                 0.0826 

5        3                          2                           1 355332?           !                        !                 0.0826 

6        2                          2                           2 450888?           !                        !                     ! 

7        2                          2                           1 332888       Algorithm stops here 

! Indicate the removal of that particular subsystem from further consideration due to violation of cost 

constraint. 

 

Here, a violation of cost constraint has occurred at the 3rd iteration. Redundancy allocation and reliability 

of the system for the defined problem obtained through Table 5 are 𝑢∗ = (2,2,1) and 𝑅𝑠(𝑢∗) = 0.9676, 

respectively. Employing GKP-Alg_3, system reliability for the defined problem increases by 25.10%. 

 

In order to improve the reliability of the system, redundancies have been allocated to the subsystems 

while applying DG-Alg, GKP-Alg_1, GKP-Alg_2 and, GKP-Alg_3 to the proposed problem. As a result, 

the redundancy obtained for subsystems, viz., stirrer, colloid mill, and filling machine, is (2, 2, 1) which is 

the same for all four algorithms, is shown graphically in Figure 3. 

 

System reliability obtained by DG-Alg, GKP-Alg_1, GKP-Alg_2, and GKP-Alg_3 is 0.9690, 0.9405, 

0.9394, and 0.9676, respectively. In spite of getting the same redundancy allocation, i.e., (2, 2, 1), in the 

cases of DG-Alg, GKP-Alg_1, GKP-Alg_2, and GKP-Alg_3, system reliability varies in all four cases, as 

shown in Figure 4. Varying system reliabilities are obtained due to the selection factors FDG-Alg, FGKP-Alg_1, 

FGKP-Alg_2 and FGKP-Alg_3 of the respective algorithms taken in this paper. It clearly states that the selection 

factor plays a vital role in improving the reliability of the system. 

 

 

 



Dahiya et al.: Novel Heuristic Algorithm & its Application for Reliability Optimization 
 

 

765 | Vol. 8, No. 4, 2023 

 
 

Figure 3. Redundancy allocation using DG-Alg, GKP-Alg_1, GKP-Alg_2 and GKP-Alg_3. 

 

 

 

 
 

Figure 4. System reliability w.r.t. DG-Alg, GKP-Alg_1, GKP-Alg_2 and GKP-Alg_3. 

 

6. Limitations of Work 
Due to the increased reliance on approximation and estimation, the major limitation of the proposed 

research work is the requirement of certain mathematical theoretical assumptions. So that, one is able to 

find the best or most efficient optimal solution to the mathematical problems at a faster rate. In addition, 

the proposed method has been applied to a small sample size, obtained from a manufacturing plant, to 

avoid the possibility of inaccurate decisions and inadequate data leading to imprecise solutions. Major 

reasons for this issue could be the limited availability of complete and accurate data with respect to 

running conditions, stability, troubleshooting, and maintenance of the machinery in manufacturing plants. 
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7. Conclusion and Future Research Direction 
This paper introduces a new heuristic algorithm named DG-Alg to solve constraint redundancy reliability 

optimization problems. In this paper, a novel heuristic and three existing heuristic algorithms (DG-Alg, 

GKP-Alg_1, GKP-Alg_2 and GKP-Alg_3, respectively) are applied to the stated problem of a 

pharmaceutical manufacturing system in order to maximize system reliability, under the given cost 

constraint. Further, comparative analysis among the considered algorithms has been done to validate the 

performance of DG-Alg. System reliability was 0.7434, and after applying DG-Alg, GKP-Alg_1, GKP-

Alg_2, and GKP-Alg_3, system reliability becomes 0.9690, 0.9405, 0.9394, and 0.9676, respectively. On 

conducting a comparative analysis of the performances of algorithms, it is observed that DG-Alg provides 

maximum system reliability, i.e., 0.9690. Also, DG-Alg increases the reliability of the liquid 

manufacturing system at Yaris Pharmaceuticals to its maximum, i.e., by 25.29%. 

 

The proposed research techniques can be further extended for finding optimal solutions in a broad 

category of optimization problems that may be de facto practical, real-world, and authenticated. 

Integration of proposed heuristic problems with meta-heuristics can yield better dividends in terms of 

quick convergence towards optimal solutions to reliability redundancy problems of complex systems with 

better credibility, improved efficiency, and a lesser penalty in terms of failure rate under both single and 

multiple constraints like cost, risk, weight, etc. This technique, when applied in conjunction with meta-

heuristic techniques, can be well exploited and can become a valuable asset for seeking rapid and 

dependable solutions to challenging real-time problems; as ineffective maintenance management 

strategies in the manufacturing process can result in undesirable losses and the inability to provide 

reliable and quality-finished products. 
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