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Abstract. The paper contains the study of Multi skill training to the employees, which includes equalizing the work
pressure among the employees and managing the shortage of employees in the manufacturing process. A
mathematical model was formed with an objective of minimizing the total expected cost of the employees in the
manufacturing process. AHybrid Genetic algorithm was used to stimulate the solutions. The results showed that the
multi skill training program yields a better result compared to non-trained employees.
Keywords: Multi skill training, Hybrid genetic algorithm.

INTRODUCTION
The most important thing in the manufacturing process is to balance the workloads
among the employees. For example, if we take a car manufacturing process, suppose employee 1
is assigned a work of fixing the wheels to the car and the employee 2 assigned for painting the
car, then obviously employee 1 finishes assigned work early compared to the employee 2. This is
an unbalanced workload among the employees, which has happened due to reason that the
employees are trained for single skill. Such type of issues can be balanced by giving multi skill
training to the employees.
As we know that human resource is a key element for success of an organization [1, 2 and
3]. Now a day many organizations are putting an effort to train the employees for multi skill [4]
and [5]. As a search for talent increases, optimizing the skills at various levels becomes
necessary for stronger performance [6]. These training programs will help in gaining the
knowledge about other works related to manufacturing process, which also help in balancing the
work pressure among the employees. Another name of multi skill training is a cross training
process. Cross training is the process of finding the skills, pattern of a work force. In general,
there are two scenarios of cross training, one is full cross training and second is no cross training.
There are some intermediate policies such as chaining [7], in which each worker is trained for
one or more skills in addition to the normal skills of the home department. The importance of
cross training is to provide flexibility for an organized workforce. And it is shown that this
flexibility becomes expensive and difficult to maintain [8 and 9]. Karuppan showed that cross
training decreases productivity and quality [10]. In recent studies, Easton used a two stage
799

SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 2 (43)

stochastic model, presented some new results from cross training yielding better result
compared to previous literature. They demonstrated that the cross training leads to improved
performances compared to other dedicated specialist [11].But there is no literature of multi skill
training using Genetic Algorithm.
Genetic algorithm is a tool for solving optimization problems which is 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 [12]. There after many more
literatures are available in [13], [14] and [15] and few reports of the genetic algorithm are
available in [16], [17], [18] and [19]. Genetic algorithm has wide range of application due its
independent of error free surface. Non differentiable, multimodal, non-continuous, and also NPComplete problems are solved using genetic algorithm [20]. The multimodal problems are solved
with the relative ease using genetic algorithm in [21] and [22]. This is also used in solving
nonlinear identification problems [23]. It is also used in the secure communication systems [24]
and [25]. Genetic algorithms are also used in scheduling process of multiprocessor systems [26],
Nurse scheduling [27] and Doctor Scheduling [28]. The above literature survey shows that there
is no work on Employee scheduling using genetic algorithm. Therefore in this paper we are
adapting hybrid genetic algorithm(HGA) for employee scheduling with multi skill training
program.
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).
(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 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 individuals 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
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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[29-33].
MODEL NOTATION
The terms used in the mathematical is given as follows
Indices
𝑖
𝑘
𝑟
j
𝑇

Particular department
Experience level of the employees
Regular employees
Cross trained employees
Temporary employee

Domains
𝐼
𝐾

Total number of departments
Total number of experience levels

Parameters
𝐶𝑖𝑟
𝐶𝑖𝑐
𝐶𝑡
𝐷𝑖
µ𝑖
𝑆𝑚𝑖𝑛
𝑄𝑚𝑖𝑛
µ𝑘
µ𝑐
𝑛𝑖𝑚𝑎𝑥

Cost of regular employee in department 𝑖
Cost of cross trained employee in department 𝑖
Cost for a temporary employee
Random variable for demand for employee in department 𝑖
Mean demand for employee in department 𝑖
Minimum service level required
Minimum quality level required
Relative quality level of employee with experience level 𝑘
Relative quality level of cross trained employees
Maximum number of employees available in department 𝑖

Decision Variables
𝑛𝑖𝑟
𝑆𝑖
𝑄𝑖
𝑟
𝑛𝑖𝑘
𝑐
𝑛𝑖𝑘
𝑛𝑖𝑘
𝑛𝑖
𝐸(𝑠ℎ𝑜𝑟𝑡𝑎𝑔𝑒)

Number regular employees in department 𝑖
Service level in department 𝑖
Quality level in department 𝑖
Number of regular employees in department 𝑖 of experience level 𝑘
Number of cross trained employees in department 𝑖 of experience level 𝑘
Total number of employees in department 𝑖 of experience level 𝑘
Total number of employees in department 𝑖
Total expected shortage of employees
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MODEL DEVELOPMENT
The resulting proposed model is given as follows
K
I
Minimize =  k =1 i =1 nikr Cikr + nikc Cikc  + E  shortage Ct



(1)

Subject to

E  Si   S min ,

For i = 1, 2,......I

(2)

Qi  Qmin , For i = 1, 2,......I
K

(

(3)

)

Qi =  nikr + nikc  c k , For i = 1, 2,......I
k =1

(4)

Qmin  1, For i = 1, 2,......I

(5)

nikc  nik , For i = 1, 2,......I , k = 1, 2,.....K

(6)

ni  ni ,max , For i = 1, 2,......I (7)
K

ni =  nik , For i = 1, 2,......I (8)
k =1

nik = n + n , For i = 1, 2,......I , k = 1, 2,.....K
r
ik

c
ik

ni , nikr , nikc , nik = int egers

1  2  ....k = 1

(9)

(10)

(11)

Calculation of Expected Shortage
For two departments chain 𝑖 and −1 , the probability that a shortage 𝑠 occurs in the department 𝑖
was divided into without multi skill training effect and direct multi skill training effect.
P( shortage department i = s ) = P( Di = ni + s ) +
nic−1

 P( D

i −1

 ni −1 − xi −1 )  P( Di = ni + s + Ti −1 ) − P( Di = ni + s + Ti −1 − 1) 

Ti −1=1

(12)
Where the first term is for home department and second term is for multi skill trained
employees.
The expected shortage of individual department is based on the number of regular and multi skill
trained employees given by the mean demand as


E (total shortage department i) =  P(shortage department i = s)

(13)

s =1

The total shortage of all the departments is sum of individuals shortages based on total and multi
skill trained employees in each department.
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E total shortage =



  (shortage department i = s)s

for all

(14)

s =1

Hence, solving this model by analytical method becomes critical; therefore a heuristic approach
was used to solve the entire model.
IMPLEMENTATION OF 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
Main intention of crossover is to combine the good properties of both the parents to yield a new
better chromosome [34, 35]. Simple crossover operator is consists of randomly selected
crossover point and there after recombines the pair of chromosome in order to form 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.
i.

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

ii.

Pair wise Mutation:
We
generate some random positions between (1, n), where n is the number of employees. Let
us select two position 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.
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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 the low
fitness value and used as initial population for next generation.
Termination Criteria
Once we met the specified number of iterations, we stop the process immediately.

The general flow chart of genetic algorithm is given in the figure 1.

Initial Population
Crossover
Mutation
Evaluation of fitness value
Yes
High fitness
No
Select chromosome
Figure 1: Flow chart of the Genetic Algorithm
NUMERICAL RESULT
To study the proposed model, the researcher considered an industry with two departments. A
number of optimizations were performed with a mix of variable, including quality and service
level, mean demands as well as maximum available staffing. The data included five based upon
experience; <1yr; 1-4yrs; 5-9yrs; 10-14yrs and 15yrs+.
There are two scenarios, namely scenario A and scenario B. For scenario A, there were no
constraints on the maximum number of employees available in the department. But the scenario
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B has such a constraint. Initially we assume µ𝑐 = 1 for both regular and multiskills trained
employees. The comparison of staffing levels and service levels are given in table 1 and table 2
respectively.
TABLE 1: Comparison of staffing levels
L,H (5,10)

H, L (10,5)

L,L (5,5)

H,H (10,10)

Multi skill
trained

17

17

11

18

Non trained

20

20

15

24

TABLE 2: Comparison of service levels
L,H (5,10)

H, L (10,5)

L,L (5,5)

H,H (10,10)

Multi skill
trained

0.752

0.628

0.723

0.596

Non trained

0.626

0.438
0.422

0.575

TABLE 3: Percentage cost saving with multi skill training
L,H (5,10)

H, L (10,5)

L,L (5,5)

H,H (10,10)

Scenario A

5.2

5.3

5.4

5.5

Scenario B

3.7

4.8

4.5

3.3

Table 1 shows that there is a reduction in staffing level of employees in multi skill training. Table
2 shows that, there is a high service level in multi skill training. The percentage of cost savings
over non multi skill training is presented in Table 3.
CONCLUSIONS
In this paper a multi skill training program was given to the employees in to minimize the
cost, increase the service level and to balance the shortage of the employees. A mathematical
model was framed by setting the objective function and some constraints. An evolutionary
algorithm, namely Hybrid Genetic Algorithm was used to find the optimal solutions. The results
showed that the multi skill training program reduces the cost by 5.825% for scenario A and
4.225% for scenario B compared to regular (non -cross trained employees).
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