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Abstract 

This paper presents the development of a stochastic cost model aimed at determining the optimal number of operators 
required for a workstation, considering the activities performed by them, the time required for each activity, and the 
associated costs. The model takes into account the inherent variability in task performance and the corresponding costs 
involved. By utilizing the derived time equations, the study identifies both value-added and non-value-added activities, 
along with their respective costs. The proposed optimization model not only enables the estimation of the required 
number of operators but also provides insights into the impact of addition of workstation on the overall cost of the 
product. By considering the variability in task performance and associated costs, the model offers a comprehensive 
approach to operator allocation and workstation planning. Through the application of this stochastic cost model, 
organizations can make informed decisions regarding operator allocation, optimizing the utilization of available 
resources while minimizing costs. The findings of this research contribute to the understanding of the relationship 
between operator allocation, number of workstation, and production costs. The developed model serves as a valuable 
tool for decision-makers in the manufacturing industry, enabling them to analyze and optimize their operations 
effectively. 
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1. Introduction
Many companies are now including human resources as a core component of their business strategies due to the 
quickly evolving and fiercely competitive environment. Managers are looking for more effective tools to optimize the 
use and allocation of their available resources among the various services or systems in an effort to maximize or 
minimize certain functions related to performance and productivity. They are aware that human resources can play a 
significant role in the success of an organization. The issue arises in a number of real-world contexts, and research 
papers in the literature demonstrate a persistent interest in the human resource allocation problem and cover several 
useful applications. Costs are a relevant criterion that influences decision making and their estimation plays an 
important role in management. The key to a rising enterprise in the 21st century is product quality, competitive cost, 
fast delivery, and flexibility. The quality-functionality-price paradigm is a fundamental element of modern cost 
management that influences design changes that can be made collaboratively involving suppliers or clients towards 
the reduction of the costs of new products. Nevertheless, variability is a crucial aspect in costing models as it can have 
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a significant impact on the accuracy of cost estimates and the effectiveness of decision-making processes. Costing 
models that fail to consider variability may result in over or under-estimation of costs, leading to inefficient resource 
allocation, poor profitability, and ultimately, business failure. 

Manufacturing systems are designed and controlled to satisfy the customer’s orders and demands in a timely and cost-
effectively manner; therefore, it is important to deliver the manufactured products at the exact time that was agreed 
upon with the customer. This practice encouraged to develop methods to determine the allocation of cross-trained 
operators to handle more than one machine. Keeping with the high production rate and performance, assigning the 
correct and optimal number of machines to each operator is essential, it will assure the utilization of the operators and 
not overload them and keep the machine running with minimum downtime due to changeover or loading/unloading 
activities. Therefore, knowing how many machines and how many employees are needed to accomplish a specific 
manufacturing job is vital.  
 
It is not profitable to have more employees attending the production machines (fewer machines assigned to one 
operator) because this will act as a burden on the company as there will be extensive operator’s idle time and will 
increase the usage/workload on the machines which require extra maintenance over the production period. On the 
other hand, having fewer employees (more machines assigned to one operator) will result in overloading the operators 
and decrease their work moral standards, and machines will be idling for the operator availability. Both scenarios will 
cause a delivery delay. The purpose in both cases is to accomplish the task of the production or the service for all the 
customers within the time and cost constraints. The number of machines should be higher than the calculated numbers 
because there is a possibility that some of these machines will fail down. 
 
This paper focuses on development of the stochastic cost model on calculating the optimum number of operators 
required and their allocation considering the activities performed by them on the workstation and time to perform that 
activity taking into consideration the variability and associated costs. Using the time equations developed will help to 
identify the value-added activities and non-valued added activities along with their costs. Also, optimization model 
will help to understand requirement of workstation equipment in the assembly line and its effect on the cost of the 
product is analyzed.  
 
2. Literature Review  
Most manufacturing companies compete in global markets, in which competitors are offering similar products with 
almost the same quality and price. Due to these reasons the focus then turns towards the cost of the product. To survive 
in the market, it is mandatory to provide a competitive price of the product, which in turn asks for the use of accurate 
costing systems (Barth et al. 2008). There can be severe effects if the costing is not done well, namely, the company 
might lose money if the selling price of the product is underpriced or might not achieve proper sales target if the 
product is overpriced. Therefore, it is important to have a proper costing system and good control over the cost (Pember 
& Lemon 2015). 
 
Production lines managers are working non-stop to maximize profits by increasing yields and reducing the cost of 
manufacturing at the same time (Tirkel & Rabinowitz 2014). An important approach to achieve that goal is to 
determine the optimum number of operators needed to run the production machines. Using the fuzzy logic controller 
provide an easy tool where management can determine the optimal number of operators to be assigned, and the number 
of workstations that should be used by the operator in terms of controlling, or operation to reach the production goals 
(Keren & Hadad 2016) . 
 
Assigning several workstations to one operator may not increase the system’s overall performance (Chien et al. 2014). 
Although assigning the proper number of workstations to an operator is a critical and non-trivial decision. Trade-offs 
will take place and the manager will need to select trade-offs in the best scenario. Too many workstations assigned to 
one operator may increase overworked operator occurrences, idle workstation, defects and failures, safety, and health 
problems, and so on. On the other hand, few workstation assignments may cause unnecessary labor costs associated 
with idle or bored operators. 
 
The operator-workstation assignment affects both workstation and operator utilization and production yields’ cost 
(Haque & Armstrong  2007). The number of operators assigned to a given number of workstations, and the number 
of machines that will be controlled by each operator, must both be optimized. Additionally, different objective 
functions such as minimizing cost, maximizing profit, minimum idle time, and/or minimum overload, may require 
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different assignments. Many papers in the literature dealt with similar problems assigning the operations to 
workstation/ operators, both in job-shops or flexible manufacturing systems (Park et al. 2014). 
 
The notion of a bottleneck is important in many planning methods. A bottleneck is the group of similar machines that 
limits the production rate. As a result of this, the importance of an efficient machines capacity plan for this tool is 
required. Capacity planning problems appear in many forms and have attracted thousands of research papers. In order 
to structure this large body of research, comprehensive literature reviews by Costa et al. (2014)  and Wu et al., 
(2005) have been published. As stated by Costa et al. (2014), deterministic models have got much attention in solving 
capacity allocation models. To illustrate, Huang et al. (2014) considered the problem associated with the decentralized 
allocation of the finite capacity of a single facility among different business organizations with fuzzy demand. 
Simultaneously, game theoretic approaches have been widely applied to capacity planning problems in strategic and 
tactical levels of manufacturing organizations (Renna & Argoneto, 2010) . Renna & Argoneto, (2010) developed a 
distributed approach, for a network of independent enterprises, able to facilitate the capacity process by using a multi-
agent architecture and a cooperative protocol. In another application of game theory concepts in solving capacity 
allocation problems. Seok & Nof, (2014) proposed an adaptive collaborative demand and capacity sharing (CDCS) 
protocol based on dynamic contract mechanism. Liu et al. (2015) proposed a model of cloud manufacturing resource 
service sharing based on the Gale-Shapley algorithm and analyzed it in the context of fluctuating resource service 
supply and demand.  
 
With regard to machine capacity allocation models in photolithography, one of the earliest studies on both capacity 
allocation problem and machine capability is the study by  (Leachman & Carmon 1992), in which they defined a 
production plan by presenting a linear programming (LP) model in order to maximize total profit. A similar production 
plan with an LP model was also presented by Hung & Cheng (2002). The former study scrutinized machine process 
capability constraints by introducing ‘alternative machine set’ that is defined to represent a capability for a particular 
operation, and the capacity limitations of these machine sets are indicated by proposed models (i.e., step-separated, 
workload allocation and direct mix formulations) with the assumption of identical or proportional processing times. 
For LP formulations, the number of decision variables increases due to revisits of products to process areas because 
of the number of alternative machine types to the power of the number of re-entrant visits. 
 
With regard to a latter study, Hung & Cheng, (2002) presented the capacity partition generation procedure (CPGP) in 
which the uniformity assumption is relaxed in the direct mix formulation provided by Leachman & Carmon, 
(1992) with the capacity set generation procedure (CSGP). Toktay & Uzsoy (1998) transformed the capacity 
allocation problem into a maximum flow network problem for maximizing throughput. Their mathematical 
formulation includes not only machine capabilities but also tooling and set-up constraints together with integer side 
constraints. They compared results of the problem by two proposed heuristics, i.e., greedy, and extended heuristics. 
Toktay & Uzsoy (1998) decomposed the shift-scheduling problem into two sub-problems which are capacity 
allocation and lot sequencing, in order to analyze them sequentially. To solve the problem, capacity allocation routine 
(CAR) was applied by the greedy heuristic defined by Toktay & Uzsoy (1998), and embedded in a simulation model. 
Also, two different sets of capabilities (i.e., operation-stepper matrices) were defined as fully flexible and nested sets. 
That is, the fully flexible set was defined for processing capability of all operations, and the nested set was defined for 
the processing capability of a partial set of operations. Their simulation experiments included analyses of stepper 
capabilities, reticle, and setup constraints. 
 
The optimization problem is an important issue that has been studied by many types of research throughout the last 
decade in various manufacturing fields such as structural design (Yildiz, 2013), cell formation (Anbumalar & Sekar, 
2015, U-shaped manufacturing lines (Sirovetnukul & Chutima, 2009) and others. The research is related to applying 
Fuzzy logic to the machine operator allocation problem in the cellular manufacturing setting. Few researchers did 
utilize fuzzy logic to analyze facility layouts, working conditions, lighting effect on employee behavior, dynamic 
layout, and even the selection of the layout and machine allocations to estimate the downtime and Fuzzy Inference 
System (FIS) had been utilized to determine the machine criticality levels for maintenance activities (Kunduracı & 
Kazanasmaz 2019; Osuch et al. 2020; Torun & Çetinkaya, 2019; Zha et al. 2020). 
 
3. Methods 
In the manufacturing process, there are a variety of products which require multiple operations to transform them from 
raw material to the final product. So, it is important to calculate the time and cost required for these operations which 
can be done using the TDABC model and time equations. Time equations are an important building block of TDABC 
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(Hoozée & Bruggeman 2010), resulting in a powerful tool for both operational and strategic management decision 
making. Using time equations, complex activities and processes can be easily modelled, making the costing process 
much easier, accurate and cheaper. 
 
There are several activities performed during the production. But from a managerial perspective it is important to 
understand which activities are actually adding value to the product, and which are non-value added. The model 
developed helps to calculate the value-added time, non-value-added time, and unused unplanned time. 
 

Ti,p   =  β𝑖𝑖 × X𝑖𝑖,1 + (β𝑏𝑏 – β𝑖𝑖) × X𝑖𝑖,2 + �Q2 − Q1
Q1

� ×  β𝐿𝐿 × X𝑖𝑖,3 + ε𝑖𝑖   (1) 
 

 
β𝑖𝑖 × X𝑖𝑖,1 : Value added time 

(β𝑏𝑏 – β𝑖𝑖) × X𝑖𝑖,2 : Non-value-added time  

�Q2 − Q1
Q1

� × β𝐿𝐿 × X𝑖𝑖,3 : Unused unplanned time 

 
Ti,p – Total time taken by the operator to perform all manual operations at workstation i per unit or total units  
βi – Value added time by operator on the workstation i  
β𝐿𝐿 – takt time for manual operations 
Xi,j - 1 or 0 if time component j is to be included or not, respectively  
Q1 - real quantities  
Q2 - planned quantities 
εi - residual and error measurement time 
 
The three components of the time equations are important elements of this model and are described below. 
Value added time: 
This is related to the time required by the operator to perform certain manual operations, which adds value to the 
product. By multiplying the labor cost rate by the time required, the costs for value added operations can be obtained.  
 
Non-value-added time: 
This represents the cost of all the non-value-added operation costs such as setup, travel time between workstations, 
allowances etc. These operations are needed for the production, but they don´t add any value to the product so the cost 
incurred by these operations will be considered as non-value-added costs.  
 
Unplanned unused capacity time: 
There is a planned value for the quantities that need to be produced. If the real quantities are less than the planned 
ones, there will be additional unused time with non-value added by the operators.  
 
As the target cycle time of the line is defined by the production manager based on the availability of the operators and 
it is assumed here that operators are the bottleneck.  So, it is important to understand the optimum number of operators 
required, so an optimization model is implemented to fulfil this requirement and along with that it will also give an 
overview of on which workstation the operator should work. 
 
Labour cost optimization model: 
The objective of the optimization model was to understand how many operators are required and to minimize the 
cost of the labor. But there are certain conditions that work done by the operator shouldn´t exceed the target cycle 
time. The work on each workstation has to be done by just one operator. 
 
Objective function: To calculate and allocate the optimum number of operators to the workstation to achieve target 
cycle time of assembly line 
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� � 𝑐𝑐𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖
𝑗𝑗∈𝑊𝑊𝑊𝑊𝑖𝑖∈𝑂𝑂𝑂𝑂

         

where, cij - time needed on workstation by operator i on workstation j 

 xij – allocation of operator i on workstation j  

Constraints:  

The work in each WS is done by just one Operator 

� 𝑥𝑥𝑖𝑖𝑖𝑖
𝑖𝑖∈𝑂𝑂𝑂𝑂

= 1,   ∀𝑗𝑗 ∈ 𝑊𝑊𝑊𝑊      

Each Operator can work on zero or more WS 
 

� 𝑥𝑥𝑖𝑖𝑖𝑖
𝑗𝑗∈𝑊𝑊𝑊𝑊

≥ 0,   ∀𝑖𝑖 ∈ 𝑂𝑂𝑂𝑂 

 
Each Operator works no more than the bottleneck 
 

� 𝑐𝑐𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖
𝑗𝑗∈𝑊𝑊𝑊𝑊

≤ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,   ∀𝑖𝑖 ∈ 𝑂𝑂𝑂𝑂 

 
Workstation specific cost optimization: 
Increasing the number of workstations brings the advantage of achieving the target cycle time and reduce the 
bottleneck time of the assembly line, but it also comes with the disadvantage that having more workstations will result 
in the higher fixed cost of the resources and the amortization cost which will directly result in higher cost of the 
product as the cost tariff will be increasing.  
 
So, it is important to find a balance between the required number of workstations, bottleneck, and the cost of the 
product which can be calculated using cost equations developed by Vyas et al. (2022). Because the focus of the 
production manager will be to decrease the bottleneck time but also controlling the cost of the product. Using the 
Stochastic cost model developed, cost of the product will be calculated which will help us to understand the effect of 
increased cost tariff. Some iterations of the cost calculation can be made by increasing the number of workstation and 
effects of that on the cost can be observed. Reducing the bottleneck time will help reduce the cost and increasing the 
workstation will increase the cost so the optimised scenario must be chosen that how much bottleneck time should be 
reduced and increase the workstation in order not to have drastic increase in the cost of the product. 
 
4. Results and Discussion 
It is important to understand the optimum allocation of the operator as the variability persists even in their operation 
time. Also, it is important to understand the bifurcation between the value-added time and the non-value-added time 
by the operators along with the optimum number of operators required in the assembly line. Table 1 mentions the time 
spent in all the 3 components of Equation 1 along with standard deviation, upper and lower limits. 
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Table 1.  Time for Operator tasks for Line A 

 

WS number  
Value 
added 
time  

Non-
value-
added 
time 

Unplanned 
unused 

time  

Total 
time 

Standard 
deviation 

Lower 
limit 
time 

Upper 
limit 
time 

1 2 3 1 6 1.2 4.8 7.2 
2 5 6 2 13 2.5 10.5 15.5 
3 5 7 2 14 2.1 11.9 16.1 
4 3 6 2 11 1.9 9.1 12.9 
5 5 7 3 15 1.5 13.5 16.5 
6 4 6 2 12 1.8 10.2 13.8 
7 3 4 1 8 1.4 6.6 9.4 
8 4 4 2 10 2.1 7.9 12.1 
9 3 3 1 7 1.9 5.1 8.9 

10 5 5 2 12 2.3 9.7 14.3 
11 2 2 1 5 1.4 3.6 6.4 
12 3 4 3 10 1.9 8.1 11.9 
13 3 4 1 8 1.7 6.3 9.7 
14 3 4 2 9 1.5 7.5 10.5 
15 2 3 2 7 1.6 5.4 8.6 
16 4 8 4 16 2.4 13.6 18.4 
17 6 7 5 18 2.6 15.4 20.6 
18 2 2 1 5 1.8 3.2 6.8 

 
The target cycle time for the operator was 34 seconds for line A. The total time spent by the operator on 18 
workstations is around 186 seconds, as in the model it was defined in the constraint that an operator cannot work more 
than the target cycle time so based on that we got the solution that there is requirement of 7 operators. Based on the 
standard deviation considering the worst-case scenario i.e., the upper limit time which totals to 219 seconds is still 
less than 238 seconds (34 seconds x 7 operators). Hence, even considering the extreme situation 7 operators will be 
sufficient enough to work on these workstations. Using the optimization model, we can solve the allocation problem 
to understand what the best possible workstation for each operator is.  Solving the problem, results can be seen in table 
2. 

 
As it can be observed in the table 2, operator 1 will be working on workstation 1, workstation 2, and workstation 4. 
Operator 2 will be working on workstation 3 and workstation 5. Operator 3 will be working on workstation 6,8, and 
9. Operator 4 on workstation 7 and 10. Operator 5 on workstation 11,12,13, and 14. Operator 6 on workstation 15 and 
16. Lastly, operator 7 on workstation 17 and 18. The details on the total allocation for each operator can be found in 
table 3 
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Table 2.  Operator Allocation to Workstation on Line A 
 

Workstation Operator 
WS1 Operator 1 
WS2 Operator 1 
WS3 Operator 2 
WS4 Operator 1 
WS5 Operator 2 
WS6 Operator 3 
WS7 Operator 4 
WS8 Operator 3 
WS9 Operator 3 

WS10 Operator 4 
WS11 Operator 5 
WS12 Operator 5 
WS13 Operator 5 
WS14 Operator 5 
WS15 Operator 6 
WS16 Operator 6 
WS17 Operator 7 
WS18 Operator 7 

 

Table 3.  Total Allocation of Operator in Line A 

 
Operator Total allocation (s) Allocation (%) 

OP1 30 88.24 

OP2 29 85.29 

OP3 29 85.29 

OP4 20 58.82 

OP5 32 94.12 

OP6 23 67.65 

OP7 23 67.65 
 

The target cycle time for the assembly line was 34 out of which operator 1 will be working for 30s which accounts for 
88.24% of allocation. Operator 2 and 3 will be working for 29s which account for 85.29% of the total capacity. 
Operator 4 has comparatively less allocation of 20s which is 58.82%. Operator 5 will be working for 32s out of 34s 
with allocation of 94.12%. Operator 6 and 7 will be working for 23s with 67.65% of the allocation. Furthermore, the 
hourly cost of the operator is 13€/hr so based on the allocation and time spent by the operator it is important to calculate 
the cost of the labor for each unit. Table 4 presents the range of cost based on the tariff. 
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Table 4.  Cost of operator tasks for line A 

 

WS number Lower limit 
time 

Upper 
limit time 

Lower 
limit cost 

Upper 
limit cost 

1 4.8 7.2 0.017 0.026 
2 10.5 15.5 0.038 0.056 
3 11.9 16.1 0.043 0.058 
4 9.1 12.9 0.033 0.047 
5 13.5 16.5 0.049 0.060 
6 10.2 13.8 0.037 0.050 
7 6.6 9.4 0.024 0.034 
8 7.9 12.1 0.029 0.044 
9 5.1 8.9 0.018 0.032 

10 9.7 14.3 0.035 0.052 
11 3.6 6.4 0.013 0.023 
12 8.1 11.9 0.029 0.043 
13 6.3 9.7 0.023 0.035 
14 7.5 10.5 0.027 0.038 
15 5.4 8.6 0.020 0.031 
16 13.6 18.4 0.049 0.066 
17 15.4 20.6 0.056 0.074 
18 3.2 6.8 0.012 0.025 

 

In table 4, it can be observed the total labor cost on each workstation per piece of the product which ranges from 0.55€ 
to 0.79€ per unit which includes all the three components of value-added cost, non-value added cost and unused 
unplanned. 
 
From a total of 18 workstations in the assembly line, four workstations with the highest cycle time were chosen. 
Workstation 17 is the bottleneck workstation among all the other workstations in the assembly line. As the bottleneck 
time is also stochastic in nature, the range of the bottleneck was from 58 seconds to 62 seconds. Since the target cycle 
time of the assembly line is 34 seconds, there will be a need for 2 equipment on Workstation 17 to achieve the desired 
cycle time of the assembly line. But this increase in the equipment comes with the disadvantage of increased cost tariff 
which directly results in an increase in the cost of the final product.  
 
Since this cost was measured after installation of 2nd equipment the bottleneck of the assembly line was shifted to 
workstation 16 so the line cost is zero for that particular workstation. It is important to notice that line cost component 
decreased as the waiting period for all the workstation decreased which is somehow compensating the increased cost 
tariff. But considering the bottleneck time is stochastic in nature it is important to calculate the range of the cost.  

 
  

1362



Proceedings of the 6th European Conference on Industrial Engineering and Operations Management 
Lisbon, Portugal, July 18-20, 2023 

© IEOM Society International 

Table 5 . Component cost after installing 2nd equipment on WS 17 

 
WS 

Number 
Specific Cost Line 

Cost 
Flexibility 

Cost 
Unplanned Unused 

Capacity Cost 
Total 
Cost 

5 0.68 € 0.062 € 0.392 € 0.240 € 1.374 € 

17 0.82 € 0.004 € 0.40 € 0.212 € 1.436 € 

16 0.85 € -  € 0.391 € 0.274 € 1.515 € 

3 0.63 € 0.067 € 0.389 € 0.268 € 1.354 € 

 
After installing the 2nd equipment in the workstation 17 and performing this analysis, the new bottleneck of the 
assembly line is workstation 16. So, one more iteration was made to test if adding 2nd equipment on workstation 16 
will be still advantageous to reduce the cost of the product. So, following this model a simulation was made assuming 
to add an equipment to this workstation which resulted to the following results: 

Table 6.  Component cost after installing 2nd equipment on WS 16 

 
WS 

Number 
Specific Cost Line 

Cost 
Flexibility 

Cost 
Unplanned Unused 

Capacity Cost 
Total 
Cost 

5 0.96 € 0.059 € 0.413 € 0.448 € 1.88 € 

17 1.09 € -  € 0.40 € 0.432 € 1.923 € 

16 1.12 € 0.003 € 0.423 € 0.512 € 2.058 € 

3 1.10 € 0.063 € 0.441 € 0.491 € 2.095 € 

 

 
Figure 1.  Cost Comparison between WS16 and WS17 after installing 2nd equipment 

As it can be observed in figure 1 and table 6 that by adding an equipment on workstation 16 it increases the cost tariff 
drastically which results into significant increase in the cost of the product and the bottleneck than is shifted back to 
workstation 17. The decrease in the bottleneck time and cost is so negligible that it cannot manage to balance the cost 

1363



Proceedings of the 6th European Conference on Industrial Engineering and Operations Management 
Lisbon, Portugal, July 18-20, 2023 

© IEOM Society International 

of equipment. So, it is not worth to add an additional equipment to any workstation as it will only result into increased 
cost of the product.  
 
6. Conclusion 
It is evident that there exist huge variations in the demand from the customer. So based on that changes it is required 
to adjust the allocation of the resources accordingly. Over allocation or under allocation of the resources can have a 
huge impact on the production abilities and eventually on the profitability of the company. To avoid these situations, 
it is very important to design this allocation of resources carefully. But for allocation of resources, it is important to 
understand how much time is spent on each activity and variability that comes along and the calculation of the cost.  
 
In this paper, the optimization of resource allocation was divided into two parts namely Operators and Equipment of 
Workstation. Using the time equations, the variability in the operator tasks were measured and costs were calculated. 
As the assembly line had the target cycle time, it was necessary that the total time spent by the operator should be less 
than the bottleneck or target cycle time. By using the traditional linear programming resource allocation problem to 
obtain the optimum number of operators required and best possible workstations that should be allocated to them was 
decided. With the equations developed it was possible to understand the activities performed by operator which were 
value added and non-value added to the product. So, it was possible to bifurcate between them and calculate the cost 
for it to clearly understand how much it costs for value added activities and non-value-added activities along with the 
inclusion of the variability. 
 
Based on the target cycle time it is possible to calculate the number of equipment needed in order to achieve that 
target. Following that, various iterations were performed to find a balance between the cost and adding an equipment 
to the workstation, as adding an equipment had direct effect in the increase of the cost of the product. But in some 
cases, adding the equipment was advantageous as the waiting time for other workstations decreased along with the 
bottleneck of the assembly line. Therefore, the cost component of bottleneck decreased (might as well change to some 
other workstation) which compensated the increased cost tariff, so the cost of the product was reduced.  
 
But it is not always the case, as it was observed in table 6 that when the extra equipment was added it didn’t have 
much effect on the bottleneck, so the cost of bottleneck component didn’t reduce much but the tariff cost increased a 
lot which resulted into significant increase in the final cost of the product.  
 
Hence, it can be concluded that using this methodology in order to calculate value added time and non-value added 
time of the operator along with the information about the optimum number of operators needed and their allocation of 
the workstation will help a lot to take some managerial decisions as they will have clear picture about the cost and 
focus can be then shifted on the optimization of the non-value added activities. Also, in terms of decision making for 
the designing of the line this approach can be helpful to understand better the effect on the cost of the product by 
adding the equipment to the workstation.  
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