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Abstract 

With the astonishing technological progress in industry during 
the current epoch, companies are facing a dynamic unpredictable 
market environment that makes survival to a certain extent 
difficult for them. Consequently, flexibility seems to be the best 
approach to enable companies to have an effective response to 
environmental threats such as economic crisis, growing 
competitors and market demand fluctuation. Among different 
types of flexibility, labor flexibility seems to have a determining 
effect in making a system flexible, since labors are one of the 
most important resources of a company. This project tries to 
present a new method to achieve labor flexibility as an effective 
strategy for garment manufacturing companies that faces market 
demand fluctuations. The final result of the project shows the 
proposed algorithms are capable of finding the optimum strategic 
solution for applying labor flexibility on the production line of 
the case study. 
 
Keywords: Labor Flexibility, Optimization Algorithms, 
Simulation. 

1. Introduction 

The unpredictable condition of today’s market 
environment compels manufacturing companies  to switch 
to flexibility to enable them to effectively response to 
market changes [1]. For making a firm perfectly adapted 
and flexible according to the market demand, all the 
elements of the system such as product, process, volume, 
material handling, machine and labor need to be flexible 
[2]. However among the many elements of flexible factors, 
labor flexibility is the most challenging factor because of 
the different aspects of human behaviors that make it as 
the most valuable resource and the most flexible element 
of a system. For this reason more attention is needed for 
applying labor flexibility to companies in comparison to 
other elements of a system. In every manufacturing system 
there are many possibilities for the number of labors to 
perform work and many combinations for the skill level of 
labor. Thus optimization tools are needed in finding the 

best solution with regard to the labor cost and the 
productivity of the system [1]. Nevertheless few 
researches have been done to propose the methods for 
applying labor flexibility effectively. This project tries to 
propose some algorithms for using simulation as a 
planning tool in garment industry to evaluate different 
labor flexibility strategies on a case study and finding the 
optimal labor flexibility solution. 

2. Literature Review 

Nowadays flexibility is applied as a major competitive tool 
by organization to adapt to the unstable and changeable 
environment of the market [3]. The literature review on 
flexibility has been done to present a comprehensive 
definition for the concept of flexibility and develop its 
framework [4]. The most common types of manufacturing 
flexibility that have been discussed in the literatures are 
machine, product, operation, material handling, process, 
routing and labor flexibility [5],[6]. However labor 
flexibility is one of the foundational factors for flexibility 
pyramid of a system and consequently needs more effort to 
achieve [7].  Following a review on the labor flexibility 
literatures, it has been found that most of the labor 
flexibility definitions point to functional flexibility. For 
instance Koste (1999) defined the labor flexibility as the 
number and variety of operations that a labor can perform 
with the minimum penalty to the performance and 
operation process. However labor flexibility can be 
applied on the firm’s workforce in both quantitative and 
qualitative approaches. Qualitative approach of labor 
flexibility or functional labor flexibility is the labor’s 
ability to handle different tasks and move between jobs or 
duties as demand changes.  While quantitative approach of 
labor flexibility or numerical labor flexibility  is the ability 
of company to change the amount of work as demand 
changes by changing the number of labors or the number 
of working hours [8], [9]. Hence, based on the numerical 
and functional aspect of labor flexibility, the most 
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comprehensive definition for labor flexibility is the ability 
of a firm to change the amount of work by changing the 
number of labor or number of working hours and the 
variety of work performed by labor as demand changes 
with the minimum penalty to the operation processes.  

 

Permanent workers with changeable working hours or 
temporary workers are examples of numerical labor 
flexibility. However these approaches may not always be 
effective and possible, since having many permanent 
workers are costly and applying temporary labors may 
affect work quality and job standards of the company. 
Thus any suggestion for achieving labor flexibility 
strategies on a case study needs to be evaluated to find the 
optimized solution with minimum cost and without any 
penalty to the firm’s targets and production. The objective 
of this project is to investigate the effect of applying 
numerical and functional labor flexibility on the 
production time and labor cost of a case study (garment 
company) and to find the optimum solution. 

3. Problem statement 

Production lines of most garment industries have similar 
characteristics. They are mostly consisted of an assembly 
line that consists of a set of sequential workstations, 
typically connected by a continuous material handling 
system. It is designed to assemble component parts of a 
cloth and to perform any related operations to produce the 
finished cloth. 

There are many types for assembly lines and each type has 
special characteristics. One of the characteristic of an 
assembly line is the degree of automation [12]. The 
assembly line in most garment industries are semi- 
automated or fully manually. For this reason the role of 
labor in performing jobs in most garment industries are 
higher than machines. Consequently labor utilization, 
equalize workload percentage of each operator in assembly 
line and labor cost are challenging managerial issues in 
garment industry.  This project tries to propose some 
strategies for garment industries regarding to these 
challenges. The first strategy is numerical labor flexibility 
that tries to determine the number of operators in a simple 
assembly line of a garment industry and distribute 
workload between them with minimum labor cost and 
minimum delay in total required time for finishing 
products. 

The case study is the sewing department of a garment 
company in Malaysia, where all the operations for 
manufacturing cloths are semi-automated or completely 
manually. The production quantity and planning of 
product are based on the customer’s order. Normal 
working hours of the company is 8 hours per day, 6 

working days a week. Company has some permanent 
workers and some temporary labors. In some cases, based 
on the production quantity and the due time that customers 
request, the working hours and number of temporary 
labors are varied accordingly. For instance, overtime, 
subcontract, out sourcing and increasing the number of 
workers are the strategies that are done by company when 
normal working hours is not enough to fulfill demand in 
the desired due time [10]. This paper uses the case study 
company to assess the effect of applying numerical and 
functional algorithms to achieve labor flexibility.  

In this paper we assume the company receives an order for 
producing 3000 pieces of military cloths within 30 
working days. According to the companies’ rules each 
working day of company is 8 hours as normal working 
time and maximum allowed overtime work is 2 hours per 
day for each worker. Therefore, the maximum possible 
production working hours for each labor in sewing 
department during 30 days is 300 hours (30 working days 
× (8 + 2) hrs/day). Furthermore it is assumed that the 
labors’ skills are classified into 3 levels based on their 
speed in performing a duty. This classifications are  full 
skill, semi-skill and low-skill workers that each group is 
able to complete assigned jobs within the standard time, 
120% of standard time, and 140% of standard time 
respectively. In addition, in term of the availability of 
labors for performing operation process, the basic model is 
defined as a model in which for each operation one labor is 
always available and this model represents minimum 
production time that is possible based on the current 
production line of the sewing department. The number of 
operations are required to produce military cloths in 
sewing department are 36 operation processes, and the 
maximum required number of  labors for performing this 
order are 36 persons.  

The aim here is to apply labor flexibility to have the 
minimum cost without any penalty to production time and 
customer due date. To determine the relation between cost 
and time in this type of contract project, we divide the 
production cost to two terms: time related cost (TRC) and 
time unrelated cost (TUC) (refer Equation 1). Time 
unrelated costs are some costs such as the cost of raw 
material, factory rent, depreciation, taxes which can be 
determined before starting the project and can be assumed 
as predictable constant cost. While time related cost is cost 
related to production and labor which varies according to 
the total production time. Hence for minimizing the 
production cost, we need to minimize the TRC as it is 
shown in Equation 2. For this reason we do not consider 
TUC in this research. Instead we will try to minimize the 
TRC that is a function of production time and labors’ 
wages (Eq.3).  

     ݂ሺܶݐݏ݋ܥ ݈ܽݐ݋ሻ ൌ  ݂ሺܷܶܥሻ ൅  ݂ሺܴܶܥሻ                         
ൌ ݐ݊ܽݐݏ݊݋ܥ ൅  ݂ሺܴܶܥሻ                    ሺ1ሻ 
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           ݂Ԣሺܶݐݏ݋ܥ ݈ܽݐ݋ሻ ൌ  ݂ԢሺTRCሻ                                        ሺ2ሻ 

          ݂ሺܴܶܥሻ ൌ ݂ሺ݁݉݅ݐ ݊݋݅ݐܿݑ݀݋ݎ݌,  ሻ        ሺ3ሻ݁݃ܽݓ Ԣݏݎ݋ܾ݈ܽ

4. Proposed labor flexibility strategies 

After the model of assembly line in sewing department are 
built and verified using Witness simulation software, two 
labor flexibility strategies are applied to the model. 

4.1 Numerical labor flexibility strategy 

The proposed algorithm for numerical labor flexibility 
strategy is shown in Figure 1. Using the proposed 
algorithm (Figure 1) the experiment was conducted on the 
basic model to improve it by reducing the number of 
labors.  

 

 Fig. 1 The algorithm of numerical labor flexibility strategy. 

According to this algorithm in each model two most idle 
labors will be selected and then the duty of one of them 

will be added to another labor and the first labor that now 
does not have any job will be omitted from the model. The 
next step is running the model to test the result of labor 
reduction on the total production time. If the total 
production time changed favorably, the new model 
replaces the model and the reduction of labors will be 
continued in the same way until no reduction in production 
is possible. 

By performing the experiment based on the proposed 
algorithm, the numbers of labors were decreased from 36 
to 20 labors without any penalty to production time. The 
production time at each stage of the experiment is shown 
in Figure 2 based on the number of labors in each model. 
As it has been shown in Figure 2 by reducing the number 
of labors from 36 to 20 persons the production time do not 
change, but after reducing the number of labor from 20 
persons to 19 persons, the production time changes 
dramatically. Thus at this point the experiment was 
stopped and no more labor reduction is done.  

 

Figure 3 shows the inverse relation between number of 
workers and the cost of workers when the number of 
labors reduces from 36 to 20 persons. On the other hand it 
can be seen in Figure 3 after reducing the number of 
labors from 20 to 19 workers, even though the number of 
labors reduces, labor time and cost increases. This is 
because of increase in the overtime wage of the labors as 
production time increases beyond the normal work time.. 

 

 

 

 

 

 

 

 

 

Fig. 2 Total production time versus the number of labors. 

 

4.2 Functional labor flexibility strategy 

In this strategy the effect of changing the skill level of 
labors will be investigated on the optimum solution from 
the numerical labor flexibility strategy with 20 full skilled 
labors or model No.17 and then the number of full skilled 
labors in the model will be reduced by substitution with 
low-skill or semi-skill labors without any penalty to 
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production time. The algorithm of this strategy is shown in 
Figure 4. In this algorithm when the substitution of labor 
makes significant change in production time, the skill level 
of worker will be increased one step higher to decrease the 
production time again.  This will continue until the all 
possible skill level of all the workers were tested.  

 

 

 

 

 

 

 

 

Fig. 3 Total labor cost versus the number of labors. 

 
 

Fig. 4.  The algorithm of functional labor flexibility strategy. 

At the end of this experiment, 16 combinations of labors 
with different skill levels were found without any penalty 
to the production time (refer Figure 5).  

For finding the best combination of labors we consider the 
combination with minimum labor cost (refer Figure 6). In 
Figure 6 the changes of labor cost in the model is shown 
versus the changing in the skill level of worker. It shows 
that the labor cost is not constant among those models with 
minimum production time and varies as the combination 
of labors changes in the models. However among all of 
these combinations, there is one combination consisted of 
11 low skill labor, 4 semi skill labors and 5 full skill labor 
which resulted with the minimum cost. Therefore this 
model is the optimum combination of labors in term of 
number of labor as well as the skill level of labors [12]. 

 

5. Discussion 
 
Here we focus on the statistical result of the simulation 
model during the different steps of experiment and 
investigate the changes in the model specifications through 
each step of experiment. The details of some steps of first 
experiment (Numerical labor flexibility experiment) are 
shown in Table 1. 

Model No.1 shows the specification of the basic model of 
current sewing production line. As it was mentioned 
before, in the basic model it is assumed that for every 
single process, one labor is allocated and this labor is 
always available to perform process when it is required. 
The labors are sorted from the busiest to the idlest labor. It 
can be found from Table 1 that in the basic model (Model 
No.1) more than half of the total numbers of 36 workers 
have more than 50% idle time. Thus the experiment was 
performed by reducing the number of labors to distribute 
duties between labors more effectively.   

 

Comparing the final statistical result of labors in model 
No.17 (optimized model) with others in Table 1 shows the 
busy time of labors that perform the same duty through all 
the steps of experiment do not change until the last model.  

For example the busy time percentage of labor011 that had 
been assigned to one operation from first step is the same p 
(71%) in all the steps of experiment. On the other hand the 
percentage of busy time of some labors that during the 
experiment more processes were added to them were 
increased. For instance the busy time percentage of 
labor004 at first is 10.5% however after assigning two 
other operation processes to this labor, its busy time 
percentage was increased to 50.33% in the final model.  
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Fig. 5. Combination of labors with different skills versus production time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Combination of labors with different skills versus labor cost. 
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Table 1: The changes in the busy time percentages of each worker on some selected models in experiment one. 

 

Model No. 1 Model No. 7  Model No. 13 Model No. 17 No. of 
allocated 
processes 

in last 
model. 

36 Labors 30 Labors 24 labors 20 labors 

Name % Busy Name % Busy Name 
% 
Busy Name 

% 
Busy 

L001 99.88 L001 99.88 L001 99.88 L001 99.88 1 
L016 95 L016 95.03 L016 95.04 L026 99.32 2 
L019 77.26 L019 77.2 L019 77.14 L002 95.06 2 
L013 75.47 L013 75.47 L013 75.47 L016 95.05 1 
L006 74.43 L006 74.43 L006 74.43 L035 83.68 2 
L018 73.19 L018 73.19 L018 73.25 L019 77.09 1 
L011 71 L011 71 L011 71 L013 75.47 1 
L012 68.17 L012 68.17 L012 68.17 L006 74.43 1 
L030 66.41 L030 66.42 L030 66.41 L018 73.25 1 
L010 61.79 L010 61.78 L010 61.79 L011    71 1 
L015 59.79 L015 59.78 L015 59.8 L036 70.81 5 
L021 54.24 L021 54.31 L032 57.05 L012 68.17 1 
L023 53.46 L023 53.45 L021 54.36 L030 66.38 1 
L005 50.33 L005 50.33 L023 53.48 L010 61.82 1 
L031 49.75 L031 49.76 L004 50.38 L015 59.76 1 
L026 49.57 L026 49.57 L005 50.33 L032 57.04 8 
L002 48.35 L002 48.35 L031 49.74 L021 54.33 1 
L029 46.76 L029 46.77 L026 49.58 L023 53.5 1 
L035 43.82 L035 43.82 L002 48.35 L004 50.41 3 
L014 39.86 L014 39.86 L029 46.72 L005 50.33 1 
L017 39.45 L017 39.49 L035 43.82 
L008 26.54 L008 26.54 L014 39.86 
L028 14.29 L007 19.2 L017 39.42 
L003 13.87 L036 17.04 L036 31.33 
L009 13.29 L028 14.29 
L020 10.5 L003 13.87 
L004 10.5 L032 13.48 
L022 9.49 L009 13.29 
L025 8.34 L020 10.5 
L034 7.15 L004 10.5 
L007 4.75 
L036 4.36 
L024 4.36 
L032 3.97 
L033 2.38 

 

 
A comparison of the percentages of busy time of labors in 
the optimized model (Model No.17) with other models in 
the first experiment shows that in all models at least there 
is one labor with less than 50% idle time, while in the 
optimized model (model No.17) no labor has less than 
50% idle time. In fact in each step of the experiment the 
number of labors with more than 50% idle time decreases 

smoothly until it reaches 0% in the optimized model of 
first experiment (refer Figure 7).  

In this section, the result of the second experiment will be 
discussed. As it was mentioned before in the second 
algorithm the combinations of labors with different skill 
levels were applied to the model with the optimized 
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number of labor (final result of the first strategy, that is, 
model No.17) and finally the optimized model with best 
combination of labors and different skill levels were 
found. The idle time percentages of labors in the final 
optimized model are presented in Table 2.  By comparing 
the busy time percentages of labors with other models in 
both experiments, it can be found that task allocation of 
labors and work distribution between labors in this model 
has improved.  

 

 
Fig. 7. Labors percentages in the models with more than 50% idle time 

 

Finally the analytical results of both experiments are 
summarized as follows: 

 

1. Job combination of those labors that their busy time 
percentage is more than 50% will result in a significant 
increase in total production time.  Hence for reducing the 
number of labors without any delay in the total production 
time, it is suggested to combine the jobs of labors with 
busy time less than 50% only. 

 

2. Using high skilled workers who can perform jobs faster 
is not always the best solution in minimizing production 
time in an assembly line. Sometimes by allocating low 
skilled workers to the production assembly line, the total 
labor cost can be decreased without any penalty to 
production time. For finding the cheapest combination of 
labors with different skill levels in a production assembly 
line, the cycle time of those labors that have more slack 
time (idle time) can be increased and the effect of this 
increase on the total production time can be investigated 
by using simulation. Some combinations do not have 
significant effect on the total production time, while some 
of them increase total production time. However by using 
simulation, the optimized combination of labors with the 

lower cost and lowest total production time can be 
attained. 
 
Table 2. Specifications of labors in the optimized model (model No.17). 

 

6. Conclusion  

Two algorithms for numerical and functional labor 
flexibility were proposed. The effectiveness of these 
algorithms was investigated on a case study (a garment 
company) by using simulation. The purpose of this study 
is finding the optimized solution for the case study after 
testing the results of each alternative labor flexibility 
strategies on the production time and production cost of 
the case study. The following conclusions can be drawn 
from the research: 

 

1. By applying the first strategy (numerical labor 
flexibility) on the case study, the numbers of labors were 
reduced from 36 persons to 20 persons without any penalty 
to production time. 
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2. Taking the optimal solution after the application of 
numerical flexibility it is then subjected to the algorithm 
for the functional labor flexibility.  The solution was 
further improved when the number of full-skill labors was 
decreased from 20 to 5 persons without any penalty to 
production time. At the final stage the optimal model with 
the lowest labor cost was obtained by using 20 labors 
including 5 full-skill labors, 4 semi-skill labors and 11 
low-skill labors without any penalty to production due 
date.  

These results indicate that it is possible to achieve 
optimum labor flexibility strategy in a production 
assembly line of a garment factory through both numerical 
and functional flexibility algorithms proposed in this 
paper.  

 

References 
 
[1] Gert. Z. U, and Sven. R, and Thorsten. V. (2004). Simulation 

Approach For Planning And Re-Assigning Of Personnel In 
Manufacturing, International Journal of Production 
Economics. Vol.90, pp. 256-277. 

[2] Chang, A. Y.( 2004). On the measurement of labor flexibility 
, International Engineering Management Conference. NJ 
08855-1331, United States. 

[3] Vokurka, R. J., and O'Leary-Kelly, S. W. (2000). A review of 
empirical research on manufacturing flexibility. Journal of 
Operations Management. 18(4), 485-501. 

[4] Oke, A. (2005). A framework for analyzing manufacturing 
flexibility. International Journal of Operations & Production 
Management. Vol. 25 No. 10, pp. 973-996. 

[5] Narain,R .Yadav, and R.C. Sarkis, and J. Cordeiro, J.J. 
(2000).The Strategic Implications of Flexibility in 
Manufacturing Systems. International journal of Agile 
Manufacturing Systems. 2/3 202-213. 

[6] Koste, L. L., and Malhotra, M. K. (1999). A Theoretical 
Framework for Analyzing The Dimensions Of 
Manufacturing Flexibility. Journal of Operations 
Management.18(1), 75-93. 

[7] Karuppan, C.M.(2004). Strategies to Foster Labor Flexibility. 
International Journal of Productivity and Performance 
Management. Vol. 53 No. 6, pp. 532-547. 

[8] Looise, J.C. & Maarten van Riemsdijk & Frans de 
Lange.(1998). Company Labor Flexibility Strategies In The 
Netherlands: An Institutional Perspective. Journals of 
Employee Relations.  20 ( 5), 461-482. 

[9] Riley, M. and Lockwood, A. (1997). Strategies And 
Measurement For Workforce Flexibility: An Application Of 
Functional Flexibility In A Service Setting. International 
Journal of Operations & Production Management. 17(4), 
413-19. 

[10] Loqman, M. N. (2007). Productivity Improvement In a 
Garment Manufacturing Company using Line balancing and 
Simulation., (B.S thesis),Department of Industrial 
Engineering, Universit Teknologi Malaysia. 

 [11] Motandang, M. Z. Jambak, M. I. (2010). Soft computing in 
optimizing assembly lines balancing.  Journal of Computer 
Science 6 (2): 141-162.  

[12] Nassirnia, P. (2009). Evaluation of strategies to achieve 
labor flexibility., (Master thesis), Department of Industrial 
Engineering, Universit Teknologi Malaysia. 

 
 
Parisima Nassirnia. She received her bachelor's degree in 
Mechanical Engineering at Shahrood University of Technology in 
2005. After 3 years of experience as a technical consultant in Iran, 
she joined the Faculty of Mechanical Engineering in Universiti 
Teknologi Malaysia (UTM) and received her Master’s degree in 
Industrial Engineering in 2010 from UTM.  Currently she is PhD 
candidate and her research interests are application of modeling 
and simulation techniques in optimization of Manufacturing 
systems, Operation management, Supply chain management and 
logistics. 
 
Masine Md. Tap. She was born in Malaysia. She received her 
Bachelor’s Degree in Mechanical Engineering from Universiti 
Teknologi Malaysia in 1986, MPhil in Computer Aided Engineering 
from Herriot-Watt University, United Kingdom in 1989 and PhD. 
from Dundee University, United Kingdom in 1999. She is now an 
associate professor in the Faculty of Mechanical Engineering, 
Universiti Teknologi Malaysia. 
 

 

 
 


