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 
Abstract: A laboratory needs at least one technician to 

maintain the laboratory’s activity every day. The technicians 

should prevent any technical interference in a daily learning 
activity. The technicians must be placed in a different lab the next 
day to check the work of the technician previously. This 
scheduling model has assigned 4 technicians into 3 laboratories in 
a month. We proposed a mathematical model for multi-objective 
optimization of laboratory technicians scheduling since it has 
many objective functions such as avoid collisions, workload 
balancing of technicians, and works distribution in the 
laboratories. We presented a Binary Genetic Algorithm to find the 
best technicians scheduling that can be used to support daily 
operations. As a result, we noticed that Binary GA could 
effectively be used in daily operational since the computing time 
was relatively short in finding the best laboratory technicians 
scheduling. From ten times of testing, the best solution needs 
285.406s to calculate with the minimum function value is 2. 

Keywords: Genetic Algorithm, Laboratory Technicians 
Scheduling, Binary GA, Multi-objective.  

I. INTRODUCTION 

Scheduling is the allocation of resources at a specific 
time that meets the constraints as much as possible to achieve 
the desired goals [1]. [2][3] provides an overview of various 
staff and rostering scheduling that have different constraints 
to solve and satisfy their needs. They also presented the 
scheduling problem into methods and models. The scheduling 
process is divided into several modules into one procedure, 
which consists of determining staff requirements, leave days, 
changing work shifts, tasks based on skill or levels, and staff 
assignments. Scheduling development can use only a few 
modules, depending on the scheduling problem that will be 
applied. [4] presented the algorithm with a simple 
module-based heuristic that can solve scheduling in four 
real-world companies that produce good, fair, and feasible 
schedules. 
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The laboratory is one of the facilities at the educational 
institution/university/hospital that support their daily 
activities. Every day, students/patients are scheduled based on 
shifts in the use of a laboratory. Many problems can occur 
during the use of a laboratory, such as a computer attacked by 
a virus which is caused by sending data through a USB flash 
drive and damage to computer components to cause a total 
failure of the computer system or medical equipment has a 
problem in the hospital. Also, we must maintain the 
cleanliness and comfort of the laboratory as well. Therefore, it 
is necessary to place a technician in each laboratory. 

Every day, a technician should check facilities before 
and after using the laboratory to ensure the laboratory’s 

equipment is always in good condition. A technician must 
understand how to maintain a laboratory in the short and long 
term. However, each technician has a different skill for fixing 
every computer problem. The allocation technicians in the 
different laboratories to check the computer problem that had 
been done by the technician on the previous day. The 
technician will report problems that occur every month. 

In this paper, we proposed a mathematical model for 
multi-objective optimization of laboratory technicians 
scheduling since it has many objective functions such as avoid 
collisions, workload balancing of technicians, and works 
distribution in the laboratories. to finding the best solution 
with many objectives is difficult, we transformed the 
multi-objective optimization problem into a single-objective 
optimization problem. The best solution in scheduling can 
generate for each month. 

In the real world, finding multi-objective problems is not 
accessible due to multiple conflicting objectives and the 
complexity of the problems [5]. In a multi-objective 
optimization algorithm, the solutions are identified using the 
Pareto optimal set, but not many multi-objective problems 
can be identified because the size of the solution is 
considerable [6].  

We consider laboratory technicians scheduling with four 
technicians and three laboratories as our case study. This 
scheduling will be arranged periodically every month. Some 
problems in laboratory technicians scheduling are a few 
technicians on duty in daily operations except 
Sundays/national holidays. Every technician is not allowed to 
work at the same laboratory for the next consecutive day, and 
the maximum day the work of every technician is 21 days in a 
month. Also, a technician can request a day off on a specific 
day and get off on Sundays/national holidays. 
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Manually arranging a schedule will be difficult, 
spending much of time and limited in choosing a feasible 
solution without focusing on optimization. Manually 
scheduling can also make some violations and unfairly  

assigned from each technician. Therefore, laboratory 
technicians scheduling needs to be made automatically and 
avoid problems in the scheduling. In this paper, we transform 
the multi-objective optimization problem into a single 
objective optimization problem to find the best solution of 
technicians scheduling. 

Furthermore, we performed a variant of genetic 
algorithm (GA) to find the best laboratory technicians 
scheduling. Chromosomes of GA using Binary number. In 
other words, our problem is category into a 0-1 
multi-objective optimization problem. We used GA as our 
basis solver since GA is relatively widely used in many 
domain problems, powerful in solving the optimization 
problem and easy to implement.  

Laboratory technicians scheduling is one of scheduling 
an educational institution/university other than class 
timetabling [7], courses timetabling [8][9] and lectures 
timetabling [10][11]. Besides, scheduling staff has also been 
applied in various areas such as nurseries [12][13], banks 
[14], and railways [15]. Various scheduling techniques can be 
chosen to make effective and efficient scheduling such as 
genetic algorithms, linear programming [12], integer 
programming 0-1 [13], heuristics [7][11], and mathematical 
programming [14]. 

One of an algorithm that is very powerful in completing 
optimization is Genetic Algorithm [16]. An automatic 
timetable using a genetic algorithm can save much time from 
the administrator in creating and providing optimal solutions 
[10]. The genetic algorithm has been solving employee 
scheduling problems with three intervals in a day, for all 
weekdays at mall type shops, that minimizes errors and 
obtained hourly/daily coverages [17].  

The genetic algorithm has also been applied in the 
scheduling of resources in well-services companies that 
solving call problems and people scheduling for working 
using two methods that are solving before deadline and 
makespan minimization [17]. [18] introduces the new 
application in a hostel that allocates bed space available for 
students that will achieve four-point TREE objectives of 
transparency, reliability, efficiency, and effectiveness using 
genetic algorithms. The genetic algorithm has been developed 
using a C programming language [19], Java programming 
language [1], PHP [10], and  C# programming language [20].  

 [21] presented a multi-objective optimization model for 
scheduling construction projects under extreme weather with 
three major phases that are initialization phase, fitness 
evaluation phase, and population generation phase. They 
presented the scheduling that can control the complexity 
optimization model in are combination crew formation option 
(daily production and cost rates) into a single variable, and the 
starting date variable is amount day in a year. To efficiency, 
multi-objective genetic algorithm for solving the 
transportation problems are exploring the less-crowded area 
to obtain more non-dominated solutions using local search 
technique as a neighborhood that will increase the speed-up 
search process [22]. 

II. MATERIAL AND METHOD 

A. Mathematical Model  

The formulation model is minimizing the working 
variant of distribution is based on the number of working days 
and the working variant of distribution each technician in each 
laboratory every month. 
Notation: 
I = number of technicians = 4 
J = number of laboratories = 3 
K = number of days = 31 (based on the number of days in a 

month) 
i = index of technician {1, 2, 3, 4} 
j = index of computer laboratory {1, 2, 3} 
k = index of working days {1, 2, ..., K} 

 
Decision variables: 


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Objective function: 
 

43210 100   Min ZZZZZZ   

 
Where: 
Z0 = variant work of distribution based on days 
Z1 = variant work of distribution in laboratory 1 
Z2 = variant work of distribution in laboratory 2 
Z3 = variant work of distribution in laboratory 3 

 Z4 = total violations 
 
Constraints: 

1) There are only three technicians that work every day 
except Sunday/national holiday. 

a) There are only three technicians that work every day. 

3 ,,4,,3,,2

3

1
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kj XXXX  for every k = 1, 
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b) All technicians get off on Sunday/National holiday. 
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kj XXXX for every k = 
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2) There is only one technician on duty in each laboratory 

every day except Sunday/National holiday. 
a) There is only one technician on duty in each 

laboratory every day. 
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c) Technician 1 can only work in one laboratory every 

day. 


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1
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k
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d) Technician 2 can only work in one laboratory every 
day. 
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e) Technician 3 can only work in one laboratory every 
day. 





31

1
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f) Technician 4 can only work in one laboratory every 
day. 
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k
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3) Every technician does not work at the same laboratory 
for the next day consecutively. 

a) If technician i was assigned at the laboratory 1 on the 
previous day, then the next day may not work at the laboratory 
1 again. 
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b) If technician i was assigned at the laboratory 2 on the 
previous day, then the next day may not work at the laboratory 
2 again. 
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c) If technician i was assigned at the laboratory 3 on the 
previous day, then the next day may not work at the laboratory 
3 again. 


 

 
4

1

31

1
1,3,,3, 1

i k
kiki XX  

4) The maximum day the work of every technician is 21 
days in a month. 
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5) Each technician can request a day off on a certain day, 
the decision variable that related is being 0 (i.e. the technician 
1 request the day off on August, 6th 2018, the technician 2 
request the day off on August, 9th 2018 and the technician 4 
request the day off on August, 13th 2018). 

0,0,0 13,,49,,26,,1  jjj XXX  

6) The number of days that the technician works in a 
month. 
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7) The average working day of the technician in a month. 

4
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8) The number of days that the technician i work in 
laboratory 1. 
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9) The average number of technician i work in laboratory 
1. 

4
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10) The number of days that technician i work in 
laboratory 2. 
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11) The average number of technician i work in 
laboratory 2. 
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12) The number of days that the technician i work in 
laboratory 3. 
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13) The average number of technician i work in 
laboratory 3. 
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14) The work variant of distribution based on the 
number of working days. 
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15) The work variant of distribution in laboratory 1. 
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16) The work variant of distribution in laboratory 2. 
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17) The work variant of distribution in laboratory 3. 
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18) Violation constraints from number 1-4. 
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  For every s = Sunday and n = National holiday 

B. Genetic Algorithm 

 

Fig. 1. Genetic Algorithm Flowchart 

Figure 1 explains the stage of the Genetic Algorithm until 
getting a solution in every testing. Following the several stage 
Genetic Algorithm: 

1) Initialize Population 
Figure 1 is a Genetic Algorithm flowchart we used in this 

paper that the beginning starts from the initializing 
population.  
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 We representation each chromosome value randomly in 
Binary 0 or 1 within dimension array (4 technicians x 3 
laboratories x 31days = 372 array).  

2) Fitness Evaluation 
Each chromosome raised in a population will be 

evaluated to determine its fitness value. Table I shows an 
example of the day’s technicians assigned in a month. 
Table - I: An example of the day’s technicians Assigned 

i Xi 

1 20 

2 20 

3 19 

4 19 

In this below is an example process to calculate each 
variant in equation 14-17. After getting the variant and total 
violation value, we calculate the objective function. 
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1. Obj_func (chromosome[1]) = 1.6666666666667 + 9 + 

3.6666666666667 + 9.6666666666667 + 100 * 16 = 
1624 

2. Obj_func (chromosome[2]) = 9.6666666666667 + 3 + 
11 + 4.3333333333333 + 100 * 10  = 1028 

3. Obj_func (chromosome[3]) = 3 + 6.3333333333333 + 
8.3333333333333 + 1.6666666666667 + 100 * 21 = 
2119.3333333333 

4. Obj_func (chromosome[4]) = 3 + 6.3333333333333 + 
9.6666666666667 + 3 + 100 * 19 = 1922 

5. Obj_func (chromosome[5]) = 11.666666666667 + 3 + 
4.3333333333333 + 6.3333333333333 + 100 * 16 = 
1625.3333333333 

6. Obj_func (chromosome[6]) = 3.6666666666667 + 7 + 
3.6666666666667 + 3 + 100 * 11 = 1117.3333333333 

7. Obj_func (chromosome[7]) = 0.33333333333333 + 3 + 
3 + 5.6666666666667 + 100 * 19 = 1912 

8. Obj_func (chromosome[8]) = 3 + 4.3333333333333 + 
9.6666666666667 + 13.666666666667 + 100 * 17 = 
1730.6666666667 

9. Obj_func (chromosome[9]) = 3 + 9.6666666666667 + 
23 + 13.666666666667 + 100 * 10 = 
1049.3333333333 

10. Obj_func (chromosome[10]) = 3 + 6.3333333333333 
+ 11 + 7 + 100 * 18 = 1827.3333333333 

 
3) Stopping Criteria 
The testing will terminate if the criteria are satisfied and 

will return the best chromosome. 
 

4) Roulette Wheel Selection 
The most general selection in GA is using a roulette 

wheel [9]. In a roulette wheel, the most fitness value will get a 
more significant area selected. Figure 2 is the example of 
roulette wheel selection.  

 

 

Fig. 2. Roulette Wheel Selection 

Here are the several phases in the roulette wheel [8]: 
1. Calculate the fitness value in every chromosome. 
2. Calculate the fitness value total in a generation. 
3. Calculate the selection probability. 
4. Calculate the cumulative probability. 
5. The selection process generates a new population. 

5) Crossover and Mutation 
In the crossover phase, we used a single-point crossover 

and defined the cut-off point from 14th until the end of the 
days. Figure 3 shows the crossover process of crossing the 
values to another chromosome that is selected. 

The mutation process is randomly selecting only one 
index and replace the value by randomly. Figure 4 shows the 
example mutation selection in index 7th values. 

 

Fig. 3. Crossover 

 
Fig. 4. Mutation 

6) Elitism 
To keep the best fitness value, we used elitism to store 

every best fitness value in each iteration.  
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If the best fitness value in the next generation is less than 
elitism value, then the elitism value will be replaced by a new 
one.  

7) Best Chromosome 
The best chromosome in every test is the optimal 

solution for scheduling. 

III. RESULT AND DISCUSSION 

 
We used Binary GA to solve this scheduling problem. The 

mathematical model was implemented using the PHP 
programming language, and experiments were done using a 
web browser Google Chrome. The experiments used 
Windows 7, processor Intel(R) Core (TM) i5-4590 CPU @ 
3.30 GHz, and memory 8 GB. For the limitation of the 
scheduling process, we defined chromosomes number is 30 in 
every population, the maximum generation is 150th. We also 

set the crossover probability value of 0.75, and the mutation 
probability value of 0.075. 

Table II shows the results experiment of the laboratory 
technicians scheduling. When the Binary genetic algorithm 
stops finding the solutions at less than of the 150th iteration, 
we obtained a minimum value of objective/fitness function 
and the best iteration/generation.  If a violation happened, 
then the objective value function is higher than 100, the value 
of the best generation is equal to maximum generation value 
and we notice the testing value solution is no. It means that the 
best solution will achieve more than the 150th iteration. But, if 
all constraints were satisfied, the minimum function value 
would be less than 100, we found a solution the best 
generation at the last generation, and we notice the testing 
value solution is yes. The computation time of our 
experiments based on either how long the search solution was 
found or stopped at the 150th iteration. 

Table - II: Several Experiment in Laboratory Technicians Scheduling  

Experimen
t 

Probability 
Crossover 

Probability 
Mutation 

Minimum Function 
Best 

Generation 
Time (s) Solution 

1 0.75 0.075 101.333 96 278.661 No 
2 0.75 0.075 2 146 285.406 Yes 
3 0.75 0.075 2.66667 145 290.789 Yes 
4 0.75 0.075 204.667 146 282.812 No 
5 0.75 0.075 4 127 293.878 Yes 

6 0.75 0.075 204 117 285.885 No 

7 0.75 0.075 205.333 135 240.869 No 
8 0.75 0.075 2.66667 135 284.042 Yes 
9 0.75 0.075 202.667 78 293.423 No 

10 0.75 0.075 2.66667 99 281.242 Yes 

 

 

Fig. 5. Minimum Value of Fitness Function 

 
Fig. 6. The Best Values of Fitness Function on The Corresponding Best Generation 
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Fig. 7. The Variant Work of Distribution 

Table - III: The Best Laboratory Technicians Scheduling Using Binary GA from the 2nd Experiment  

  

August 2019 
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L
a b 3 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 

 

T
ec

hn
ic

ia
n 

4 
L

ab
 

1 0 0 0 1 0 1 0 0 0 0 0 1 0 1   
 

L
ab

 
2 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 

 

L
ab

 
3 0 0 0 0 1 0 1 0 1 0 1 0 0 0 0 

 
 

Based on information in Table II, from 10 times testing, 
there were 5 times successful testing get resulted in the 
solution of scheduling and 5 times unsuccessful testing which 
has several violation constraints. The highest minimum 
function was 205.333 took computing time 240.869 second 
that was too short other than the smallest minimum function 
was 2 which have taken computing time 285.406 second. 
Figure 5 shows a graph of our experiment that has been 
carried out. We used the same probability crossover and 
mutation in every testing, but not every time testing found 

solution scheduling because GA worked randomly to finding 
the solution. 

Figure 6 shows the highest minimum function value in 
the first generation worth 1116.67, but after going through the 
process of improvement in the next generation, the minimum 
function value was changed to 2 in the 121st generation until 
the max generation that is 150th generation. 
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 Figure 7 shows that the working variant of distribution based 
on the number of working days value is 0.3. The work variant 
of distribution at laboratory 1 is higher than the other which 
means more technicians are placed in laboratory 1. Table III 
shows the best solution obtained from generating technician 
scheduling in August 2018, where all constraints are satisfied. 

In the previous paper, GA successfully used to solve 
scheduling problems in various fields as well as in this 
laboratory technicians scheduling. The GA operator is 
beneficial and took a short time in finding good solutions 
other than people that must find it manually. In future 
research, the scheduling should consider technician skills, 
fatigue, and personality [23].  

IV. CONCLUSION 

We have implemented the Binary Genetic Algorithm for 
technicians laboratory scheduling using PHP programming. 
The multi-objective optimization problem was transformed 
into a single objective optimization problem to the solver of a 
single objective optimization problem that can be performed. 
Genetic Algorithm was successful in finding the best solution 
for this scheduling in a month. Every testing has different time 
consumption to finding the best solution. We found the best 
solution in second testing needs 285.406s to calculate with the 
minimum function value is 2.  The genetic algorithm is the 
right solution in helping to arrange difficult and 
time-consuming scheduling if done manually. Testing results 
are also affected by the value of probability crossover and 
mutation. Based on our experiments, the Binary GA can be 
used to support making the laboratory technicians scheduling 
in school/university/hospital in daily operation. 
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