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In this paper a hybrid genetic algorithmis used to study the employee scheduling problem in pharmaceutical industries. Scheduling is done 

based on the aspects of both management and employees. The management aspect is to reduce the total cost of the employee by minimizing 

the makes span. The employee aspects are a preferred number of shifts, shift types, days off, etc. In this scheduling an extra care is taken in  

not to assign a night shift on the day beforethe day off, because once a night shift assigned to the employee almost present in the next 

morning.  A mathematical model is formed based on flexible working of the employees. In this model, 6 hour shifts isallotted  to the 

employees, which reduces the total cost by 10.135% and the makes span by 4.145% compared to the other models. 
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INTRODUCTION 

In the present trend we often use computers and machineries to perform the jobs in a fraction of a second. These computers and 

machines should be operated by man power [1]. As of now there is no substitution for man intelligence power. So, manpower 

is an important tool in software companies, hardware companies and industrial areas. Therefore, using their knowledge, 

intelligence, creativity, personality, character and adapting capacity ofthe environment is very important [2]. Scheduling deals 

with arrangement, controlling and optimization of work and workloads in a manufacturing system. Scheduling is the main key 

for all organizations, which prepare a calendar for any activity to functioning the organization. Employee scheduling is one of 

the important process in the manufacturing system. The days off assignment problem in the employee scheduling was provided 

by Burns and Carter [3]. They defined a set of lower bounds and in their result; an employee should work for six consecutive 

days of the week.  Tour assignment problem is proposed by [4]. In their paper an employee is availing two consecutive days 

offin a week. The break assignment is proposed in [5].Later [6] and [7] proposed a total model consisting of shift scheduling, 

days off assignment and break assignment. Doctor scheduling, nurse scheduling and employee scheduling using genetic 

algorithm are available respectively in [8], [9] and [10]. But there is very less literature available in shift scheduling using a 

hybrid genetic algorithm. Therefore, in this paper, we are applying the Hybrid genetic algorithm for Employee scheduling.  

A genetic algorithm is a tool for solving optimization problems which are developed based on the principal of natural selection. 

In 1970 John Holland introduced the genetic algorithm for the first time. And he introduced basic principles of genetic algorithm 

[11].  Thereafter many more literatures are available in [12], [13] and [14] and few reports of the genetic algorithm are available 

in [15], [16], [17] and [18].  Genetic algorithm has a wide range of application due its independent of error free surface. Non 

differentiable, multimodal, non-continuous, and also NP- Complete problems are solved using genetic algorithm [19]. The 

multimodal problems are solved with the relative ease using genetic algorithm in [20] and [21].  This is also used in solving 

nonlinear identification problems [22]. It is also used in the secure communication systems [23] and [24].The above literature 

survey shows that there is no work on Employee scheduling usinga hybrid genetic algorithm. Therefore, in this paper, we are 

adapting hybrid genetic algorithm(HGA) for employee scheduling. 

A GA hybridized with a local search procedure is called a hybrid genetic algorithm (HGA). 

A basic HGA procedure has the following steps. 

(1) Define an objective/fitness function, and set the GA operators (such as population size, parent/offspring ratio, selection 

method, number of crossovers, and mutation rate). 
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(2) Randomly generate the initial population as the current parent population. 

(3) Evaluate the objective function for each individual (chromosome or solution) in the initial population. 

(4) Generate an offspring population by using GA operators (such as selection/mating, crossover, and mutation). 

(5) Evaluate the objective function of each individual in the offspring population. 

(6) Perform a local search on each offspring, evaluating the fitness of each new location, and replace the offspring if there 

exists a locally improved solution. 

(7) Decide which individuals to include in the next population. This step is referred to as “replacement" in that individual 

from the current parent population are “replaced" by a new population consisting of those individuals from the offspring and/or 

the parent populations. 

(8) If a stopping criterion is satisfied, then the procedure is halted. Otherwise, go to Step  4. 

Without Step  6, an HGA is just a GA. Therefore, HGAs have all the properties possessed by GAs. Like GAs, HGAs are a large 

family of algorithms that have the same basic structure but differ from one another with respect to several strategies such as 

stopping rules, operators which control the search process, and the local search meme. 

Based on previous experiences, in this study, we use a continuous HGA where chromosomes are coded as continuous 

measurement variables. Suppose there are variables; that is, there are genes in each chromosome. We also make the following 

assumptions. The (parent) population size is and the offspring population size is also . The type of selection we utilize is random 

pairing. The blending crossover is utilized and the number of crossover points depends on the number of dimensions of a 

specific objective function. Random uniform mutation is utilized and the mutation rate is set around or equal to. The type of 

replacement over both parent and offspring populations is either ranking or tournament. For details on the setting of the GA 

operators; see, for example [25-29]. 

In this paper, we concentrate on flexible working  an employee and also maximum utilization of machines. Flexible working 

of an employee is done by concentrating on the factors such as preferred number of shifts, requested day off and shift types in 

the scheduling period. In this paper, we are assigning a 6 hour shift to the Employees. The paper begins with the mathematical 

formulation, followed by implementation of an Artificial Immune System, computations and experiments and finally ends with 

result and discussion.  

 

Mathematical Formulation 

Every organization has its own fixed activities. In this research paper, we are giving attention to one fixed organization. This 

organization prepares employee's schedule. There are four 6hrs shift for an employee to work in a day. First is Morning Shift 

(MS) between 6am to12pm, second is Afternoon Shift (AS) between 12pm to 6pm, third is Evening Shift (ES) between 6pm 

to 12am and fourth is Night Shift (NS) between 12am to 6am.  According to this totally 28 shifts per week are available. In this 

Paper we are concentrating on both Organization objectives as well as the employee’s objectives. The Organization Objective 

is to minimize the Deflection or Modification in the required number of employees required for each shift. The Employee 

objective is to give preferences to the number of shifts, types of shifts, requested days off and consecutive days off working 

patterns in the employee schedules.  As per the organization, regulation an employee should adopt minimum 7 shifts and 

maximum 8 shifts per week. The preference of choosing shifts is given equally to all the employees. Final scheduling is done 

under the minimum requirement of employees for each shift. In this scheduling, we are mainly concentrating on giving two 

consecutive days off for an employee by avoiding on−off−on and off−on−off pattern of working. And also, a night shift is not 

assigned to an employee who is going to take a day off for the next day. The programming model created from a scheduling 

pattern as follows 

 

Indices 

𝑛   number of employees working in organization 

𝑚   number of days in the scheduling period.  

𝑖   index of employees, 𝑖 = 1,2,…….,𝑛 

𝑗   index of days in the scheduling period, 𝑗 = 1,2,……,𝑚 

𝑠   shift types, 𝑠 = 0,1,2,3,4.(𝑠 = 0 → day off, 𝑠 = 1 → morning shift  
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  𝑠 = 2 → afternoon shift, 𝑠 = 3 → evening shift and𝑠 = 4 → night       

  shift) 

𝑝   scheduling periods, 𝑝=1,2,3and 4.(morning shift →6am to 12pm,    

  afternoon shift → 12pm to 6 pm, evening shift →6pm to 12am  

  and night shift → 12am to 6am). 

 

Parameters 

𝑎𝑝𝑠 =  {
1     𝑖𝑓 𝑡ℎ𝑒 𝑠ℎ𝑖𝑓𝑡 𝑡𝑦𝑝𝑒 𝑠 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑠
0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                             

 

 

dur𝑠   duration of shift 𝑠. 

min−shift  minimum number of shifts allotted for an employee in the 

  scheduling period  

max−shift  maximum number of shifts allotted for an employee in the  

  scheduling period  

pns𝑖    preferred number of shifts of an employee 𝑖. 

pne𝑗𝑝 preferred number of employees required for the period 𝑝 on the day 𝑗   

 

lb𝑗𝑝, ub𝑗𝑝  lower bound and upper bound on the demand of employees  

  on the day 𝑗 in the period 𝑝.  

do𝑖𝑗    days off of an employee 𝑖 on the day 𝑗 

max−score  maximum score of an employee if he allotted to his preferred shift 

 

Decision Variables 

𝑥𝑖𝑗𝑠 =  {
1     𝑖𝑓 𝑎𝑛 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒 𝑖 𝑖𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑠ℎ𝑖𝑓𝑡 𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑎𝑦 𝑗
0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                               

 

pde𝑗𝑝   positive deflection from the preferred number of employees 

  required for the day 𝑗 in the period 𝑝 

𝑑𝑠𝑖
+, 𝑑𝑠𝑖

−  positive and negative deflection from the preferred number of  

   shifts for each employee 

𝑟𝑑𝑜𝑖    negative deflection for the requested days off of an employee 

𝑛𝑠𝑝𝑑𝑑𝑜𝑖              negative deflection of assigning night shift in the previous day  

  of the day off 

 

off−p𝑖𝑗    the pattern of off-on-off in the scheduling period 

on−p𝑖𝑗    the pattern of on-off-on in the scheduling period 

b𝑖𝑗𝑠   break for an employee 𝑖 on the day 𝑗 in the shift 𝑠 
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Objective Functions 

The objective of an organization management is to minimize the positive deflection from the preferred number of employees 

in the working period: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ ∑ pde𝑗𝑝

4

𝑝=1

𝑚

𝑗=1

 

(1) 

The objectives related to employees are given as follows.  

Minimization of positive and negative deflections of each employee to preferred shift is taken as the first objective: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑(𝑑𝑠𝑖
+ + 𝑑𝑠𝑖

−)

𝑛

𝑖=1

 

(2) 

Minimization of negative deflection of the requested days off for an employee is considered as second objective: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝑟𝑑𝑜𝑖

𝑛

𝑖=1

 

(3) 

Minimization of off−on−off pattern is considered as third objective: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ ∑ off − p𝑖𝑗

𝑚

𝑗=1

𝑛

𝑖=1

 

(4) 

Minimization of on−off−on pattern is considered as fourth objective: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ ∑ on − p𝑖𝑗

𝑚

𝑗=1

𝑛

𝑖=1

 

(5) 

Minimization of negative deflection of assigning night shift in the previous day of the day off is the final objective:  

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝑛𝑠𝑝𝑑𝑑𝑜𝑖

𝑛

𝑖=1

 

(6) 

Constraints:  

An employee should be assigned at least for any one of the shifts available for the day or should be taken day off: 

∑ ∑ ∑ 𝑥𝑖𝑗𝑠

4

𝑠=0

𝑚

𝑗=1

𝑛

𝑖=1

= 1 

(7) 

The number of shifts assigned should not exceed the maximum number of shifts:  

∑ ∑ ∑ dur𝑠 𝑥𝑖𝑗𝑠 ≤  max − shift

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

 

(8) 

The number of shifts assigned should be greater than or equal to the minimum number of shifts:  
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∑ ∑ ∑ dur𝑠  𝑥𝑖𝑗𝑠 ≥  min − shift 

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

 

(9) 

To avoid off−on−off pattern in the scheduled period, we consider the following constraint: 

∑ ∑ 𝑥𝑖𝑗0

𝑚−2

𝑗=1

𝑛

𝑖=1

+ ∑ ∑ ∑ 𝑥𝑖(𝑗+1)𝑠

4

𝑠=1

𝑚−2

𝑗=1

𝑛

𝑖=1

+ ∑ ∑ 𝑥𝑖(𝑗+2)0

𝑚−2

𝑗=1

𝑛

𝑖=1

− ∑ ∑ off − p𝑖𝑗

𝑚−2

𝑗=1

𝑛

𝑖=1

≤ 2 

(10) 

To avoid on−off−on pattern in the scheduled period, we consider the following constraint: 

∑ ∑ 𝑥𝑖𝑗0

𝑚−2

𝑗=1

𝑛

𝑖=1

+ ∑ ∑ ∑ 𝑥𝑖(𝑗+1)𝑠

4

𝑠=1

𝑚−2

𝑗=1

𝑛

𝑖=1

+ ∑ ∑ 𝑥𝑖(𝑗+2)0

𝑚−2

𝑗=1

𝑛

𝑖=1

− ∑ ∑ on − p𝑖𝑗

𝑚−2

𝑗=1

𝑛

𝑖=1

≤ 2 

(11) 

For each day the minimum staff level should be maintained: 

∑ ∑ ∑ 𝑎𝑝𝑠 𝑥𝑖𝑗𝑠 ≥  lb𝑗𝑝

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

 

(12) 

The employee should not work more than five consecutive days in the scheduled period:  

∑ ∑ ∑ 𝑥𝑖𝑗𝑠

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

+ 𝑥𝑖(𝑗+1)𝑠 + 𝑥𝑖(𝑗+2)𝑠 + 𝑥𝑖(𝑗+3)𝑠 + 𝑥𝑖(𝑗+4)𝑠 + 𝑥𝑖(𝑗+5)𝑠 ≤ 5 

(13) 

Care should be taken that the number of employees allotted for each shift should not exceed the preferred number of employees 

for each period of the working day: 

 

∑ ∑ ∑ 𝑎𝑝𝑠 𝑥𝑖𝑗𝑠 −  

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

∑ ∑ pde𝑗𝑝

4

𝑝=1

𝑚

𝑗=1

≤ ∑ ∑ pne𝑗𝑝

4

𝑝=1

𝑚

𝑗=1

 

(14) 

Night shift should not be allotted to an employee 𝑖 on the previous day of the day off: 

∑ ∑ ∑(𝑥𝑖𝑗𝑠

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

+ 𝑥𝑖(𝑗+1)𝑠 + 𝑥𝑖(𝑗+2)𝑠 + 𝑥𝑖(𝑗+3)𝑠 + 𝑥𝑖(𝑗+4)𝑠) − ∑ 𝑥𝑖(𝑗+5)𝑠

3

𝑠=1

≤ 5 

(15) 

An half an hour break is given for an employee in each shift: 

∑ ∑ ∑ 𝑥𝑖𝑗𝑠

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

− ∑ ∑ ∑ 𝑏𝑖𝑗𝑠

4

𝑠=1

𝑚

𝑗=1

𝑛

𝑖=1

 ≤ 1 

(16) 

Since an employee should not work more than five consecutive days and also giving two consecutive days off, we have to allot 

all the shifts in five days of the working period. As per the one of the organization regulation, an employee should do minimum 

7 shifts per week. In that 7 shifts 5 shifts may be allotted for 5 consecutive days, the remaining 2 shifts must be inserted in any 

two working days in the scheduled period.  
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Implementation Of Hybrid Genetic Algorithm 

Creating An Initial Population 

We randomly create the initial population of the employee chromosomes. Then we check whether primary goal is achieved or 

not trough minimum working requirements. 

 

Crossover 

The main intention of crossover is to combine the best properties of both the parents to yield a new better chromosome [34, 

35]. The simple crossover operator is consists of randomly selected crossover point and thereafter recombines the pair of 

chromosome in order to form a new chromosome.  

 

Mutation 

The next stage of the crossover is the mutation process which acts on the pair of chromosomes. Mutation is the important force 

for revolution, although it is infrequent in nature. There are two important mutation process, namely inverse mutation and 

pairwise mutation. 

 

Inverse Mutation                                    

We generate some random positions between (1, n), where n is the number of employees. Let us select two positions randomly 

for mutation, let it be 1 and 5. Then inverse mutation is obtained by reversing the order of the sequence between the positions 

1 and 5 as given below 

 

 

Pair wise Mutation          

We generate some random positions between (1, n), where n is the number of employees. Let us select two positions randomly 

for mutation, let it be 1 and 5. Then pairwise mutation is obtained by interchanging the positions 1 and 5 as given below 

       

 

Evaluation of Fitness value 

The fitness value is calculated using two criteria depending on the solution type. 

Criteria 1: If the chromosome is under the feasible solution, then the fitness value is the objective function value. 

Criteria 2: If the chromosome is under the non-feasible solution, then the fitness value is equal to 1000 iterations. 

 

Chromosome Selection  

Chromosomes are selected using Roulette. 

 

Preserving Strategy 

The chromosome with high fitness values are replaced by the new chromosomes with lower fitness value and used as initial 

population for the next generation. 

 

Termination Criteria 

Once we met the specified number of iterations, we stop the process immediately.  
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The general flow chart of a genetic algorithm is given in the figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

                                                          Yes  

 

                                                                                      No 

 

 

 

 

 

Figure 1: Flow chart of the Genetic Algorithm 

  

Computations And Results 

We are making a scheduling pattern for one week of the working period. In this problem we are concerned with a small unit of 

a manufacturing industry with 30 employees. There are four shifts available on each day of the working period, namely Morning 

Shift (6am to 12pm), Afternoon Shift (12pm to 6pm), Evening Shift (6pm to 12am) and Night Shift (12am to 6am).  As one of 

the regulation of management each employee should do a minimum of 7 shifts and maximum of 8 shifts per week. The minimum 

number of employees required (lb𝑗𝑝) for the week days (i.e., Monday to Friday) and weekend days (i.e., Saturday and Sunday) 

is given as follows. In the week days each 8 employees are needed for morning, afternoon, evening shifts and 7 employees are 

needed for night shifts. In the Weekend days each 8 employees are needed for morning, afternoon, evening shifts and 8 

employees are needed for night shifts. The maximum number of employees (ub𝑗𝑝) is determined as (lb𝑗𝑝+3). The preferred 

number of employees (pne𝑗𝑝) is determined as (lb𝑗𝑝+1). Since in the scheduling pattern has two consecutive days off, the 

employee has to choose any one of the Son & Mon, Mon & Tue, Tue & Wed, Wed & Thu, Thu & Fri, Fri & Sat and Sat & Sun 

pattern. The preferred number of shifts, shift types and days off for each employee are given in Table 1 and the number of 

employees required for each shift is given in the Table 2. 

Initial Population 

Crossover 

Mutation 

Evaluation of fitness value 

High fitness 

Select chromosome 
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Table 1: Preferred number of shifts, shift types and day off of the employees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Number Employees required for each shift 

Days # of Employees required 

Morning Shift Afternoon Shift Evening Shift Night Shift 

Mon 8 8 8 7 

Tue 7 8 8 6 

Wed 8 8 8 8 

Thu 7 7 8 8 

Fri 8 8 7 6 

Sat 7 7 8 6 

Sun 8 8 8 8 

 

The proposed algorithm is coded in the MATLAB R2013a (7.14.0.739), 64-bit (win64). All tests were executed on an Intel 

core i3 processor under a Microsoft Windows 7 (64-bit) operating system. The resulting employee schedule is given in the 

Employees Preferences of the employees 

Number of 

shifts 

Shift types Day’s off 

1 7 MS/AS Son & Mon 

2 7 MS/AS Son & Mon 

3 7 MS/AS Son & Mon 

4 7 MS/AS Son & Mon 

5 7 MS/AS Mon & Tue 

6 7 MS/AS Mon & Tue 

7 8 MS/AS Mon & Tue 

8 7 MS/AS Mon & Tue 

9 8 MS/AS Tue & Wed 

10 7 MS/AS Tue & Wed 

11 7 AS/ES Tue & Wed 

12 7 AS/ES Tue & Wed 

13 7 AS/ES Wed & Thu 

14 7 AS/ES Wed & Thu 

15 7 AS/ES Wed & Thu 

16 8 AS/ES Wed & Thu 

17 7 AS/ES Thu & Fri 

18 7 AS/ES Thu & Fri 

19 7 AS/ES Thu & Fri 

20 7 AS/ES Thu & Fri 

21 7 ES/NS Fri & Sat 

22 8 ES/NS Fri & Sat 

23 7 ES/NS Fri & Sat 

24 7 ES/NS Fri & Sat 

25 7 ES/NS Sat & Sun 

26 7 ES/NS Sat & Sun 

27 7 ES/NS Sat & Sun 

28 7 ES/NS Sat & Sun 

29 7 ES/NS Sat & Sun 

30 7 ES/NS Sat & Sun 
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Table 3 and the employee score for the obtained scheduling pattern is given in the Table 4. 

 

Table 3: Obtained employee scheduling pattern 

Employees Working Days 

Mon Tue Wed Thu Fri Sat Sun 

1  MS&AS MS&AS MS NS ES  

2 MS MS&AS MS&AS NS ES 

3 MS MS MS&AS MS&AS ES 

4 MS MS AS MS&AS MS&AS 

5  MS&AS NS AS MS MS&AS 

6 MS AS MS&AS MS MS&AS 

7 AS MS MS&AS MS&AS MS 

8 MS AS MS MS&AS MS&AS 

9   MS&AS MS MS MS&AS 

10 MS&AS MS MS MS&AS MS 

11 AS&ES NS NS AS&ES MS 

12 AS&ES NS NS ES AS&ES 

13 AS&ES AS&ES  NS NS NS 

14 MS AS&ES AS&ES NS ES 

15 MS MS AS&ES AS&ES AS 

16 MS&AS MS NS AS&ES NS 

17 AS&ES AS AS  NS AS&ES 

18 AS&ES AS&ES AS NS NS 

19 MS AS&ES AS&ES MS MS 

20 MS MS AS&ES ES AS&ES 

21 ES&NS ES MS MS  ES&NS 

22 MS AS ES&NS ES ES&NS 

23 AS AS ES&NS ES ES&NS 

24 AS ES ES&NS ES ES&NS 

25 NS ES&NS ES ES&NS ES  

26 ES&NS ES&NS NS AS AS 

27 ES&NS NS NS ES&NS ES 

28 NS ES&NS NS ES&NS ES 

29 NS NS ES&NS ES&NS ES 

30 NS NS ES&NS ES&NS ES 

Table 4: Preference score of the employees 

Employees Preferences scores of the employees 

Number of 

shifts 

Shift types Day’s off Not assigning night shift in 

previous day of the day off 

1 10 7.2 10 10 

2 10 7.2 10 10 

3 10 8.6 10 10 

4 10 10 10 10 

5 10 8.6 10 10 

6 10 10 10 10 

7 8.7 10 10 10 

8 10 10 10 10 

9 8.7 10 10 10 
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Conclusion 

In this scheduling an extra care is taken for not to assign Night Shift (12am to 6am) on the day before the day off because once 

night shift assigned, the employee almost present in the next morning. Also, we consider the following example to validate our 

model consisting of 6 hour shifts. 

 

A. Minimizing the Makes Span 

Assuming that we got an order, which will take approximately 1000 hours to complete. In the normal 8 hour shifts an employee 

will be availing 1 hour break (Including two short breaks and one lunch break) and therefore he will be working only for 7 

hours per shift.  So to complete the order it will take approximately 143 shifts of 8 hours i.e. 143×8=1144 hours. But if we allot 

6 hour shift it will be contained only one half an hour break and an employee will be working for 5½ hours per shift. To 

complete the same order, it will need nearly 182 shifts of 6 hours i.e. 182×6=1092 hours. It will reduce 52 hours of the total 

completion time compared to 8 hours shift. 

 

B. Minimization of Cost 

Suppose the same order should be delivered within a week, then we must assign the proper number of employees required to 

complete and deliver the order. In 8 hour shift each employee will be working only for 7 hours (remaining one hour is the 

break). Since each employee will be working only 5 shifts per week, then total working hour of each employee becomes 5×7=35 

hours per week. Therefore, we need a minimum of 29 employees to deliver the order in a week. But in the case of 6 hour shift 

each employee will be working 5½ hours (remaining half an hour is the break). Since each employee will be working minimum 

7 shifts per week, then the total working hour of each employee becomes 7×5½ = 38½  per week. Therefore, we need a 

minimum of 26 employees to deliver the order in a week. This will reduce 3 employee's salary in the total cost comparing with 

a 8 hour shift. The proposed model reduces the total cost by 10.135% and the makes span by 4.145% compared to the other 

models (8 hour shifts). Comparison between proposed model of 6 hour shifts and the existing 8 hour shifts is given in the figure 

2.  

10 8.7 10 10 10 

11 10 7.2 10 10 

12 10 7.2 10 10 

13 10 7.2 10 10 

14 10 7.2 10 10 

15 10 7.2 10 10 

16 7.8 7.2 10 10 

17 10 7.2 10 10 

18 10 5.8 10 10 

19 10 5.8 10 10 

20 10 7.2 10 10 

21 10 7.2 10 10 

22 8.7 7.2 10 10 

23 10 7.2 10 10 

24 10 8.6 10 10 

25 10 10 10 10 

26 10 7.2 10 10 

27 10 10 10 10 

28 10 10 10 10 

29 10 10 10 10 

30 10 10 10 10 
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Figure 2: Comparison of proposed 6 hour shift with 8 hour shift 
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