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Abstract

The article is to present the application of genetic algorithm in production scheduling in a
production company. In the research work the assumptions of the methodology were de-
scribed and the operation of the proposed genetic algorithm was presented in details. Genetic
algorithms are useful in complex large scale combinatorial optimisation tasks and in the en-
gineering tasks with numerous limitations in the production engineering. Moreover, they are
more reliable than the existing direct search algorithms. The research is focused on the ef-
fectivity improvement and on the methodology of scheduling of a manufacturing cell work.
The genetic algorithm used in the work appeared to be robust and fast in finding accurate
solutions. It was shown by experiment that using this method enables obtaining schedules
suitable for a model. It gives a group of solutions that are at least as good as those created
by the heuristic rules.

Keywords
Production planning and control, Production scheduling, Genetic algorithm, Production en-
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Introduction

Over the last decades researchers have started to
observe the nature more carefully and to learn from
it with humility. The result of such observations was
creating, among others, procedures capable to imitate
the nature, such as evolutionary algorithm or neuron
networks. The incrementing interest in genetic algo-
rithms has been observed since John Holland (Hol-
land, 1992) published his work. Furthermore, the con-
stant advancement in the computers development has
influenced the practical application of genetic algo-
rithms. The article presents the application of ge-
netic algorithm in a productive company to produc-
tion scheduling.

One of the basic task of the scheduling subsys-
tem is setting the order of the realization of manu-
facturing operations. The most important task is to
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meet the clients’ expectations through the guarantee
of meeting the deadline of the production orders’ re-
alization with the simultaneous profit maximization
gained through selling the productions orders received
for realization (Jardzioch & Skobiej, 2013; Lee & Kim,
2001). The simultaneous goal of scheduling is maxi-
mization of utilization the machines, which is more
widely described in the manuscripts (Jin et al., 2020;
Wang et al., 2020), where the authors discuss the
topic of improving resource utilization by timely fine-
grained scheduling and detailed planning, as well as
the problem of multi-objective production scheduling
for balanced production of manufactures. The issue
of scheduling the production tasks is a significantly
complex area analyzed in many research centers. The
analyzed problems concern the broad spectrum: from
theoretical issues looking for optimal solutions to the
works in which the authors suggest suboptimal so-
lutions emphasizing the possibilities of practical ap-
plication of the developed methods. The solutions
that are suggested most often include static priority
use, metaheuristic algorithms (ex. Tabu Search proce-
dure), simulated annealing, immunological algorithms
and genetic algorithms (Wang et al., 2013). In the
production scheduling there are often used priority
rules because of their simple structure and reduced
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computational complexity (Binchao & Matis, 2013;
Jardzioch & Bulwan, 2013). Recently more and more
research focus on the problem of robust scheduling
to reduce the impact of uncertainties during the op-
timization process (Paprocka & Skotud, 2013; Cheref
et al., 2016; Himmiche et al., 2018). The authors com-
bine various aspects and fields of using robust schedul-
ing in their works, for example in (Sobaszek et al.,
2020) authors presents the framework of a predic-
tive job scheduling technique for application in the
job-shop environment under the machine failure con-
straint. Due to the fast development in the produc-
tion engineering and the ongoing digitization trend,
production companies handle with important chal-
lenges in market environments: a continuous tendency
to shortening the production time and to optimization
of the production processes (Waschneck et al., 2018).

Genetic algorithms constitute a method for prob-
lems solving, especially for optimization tasks. They
are characterized by versatility and simplicity of the
best solutions searching through the stochastic meth-
ods. Genetic algorithms are search procedures based
on the mechanisms of natural selection and inheri-
tance. They use the evolutionary principle saying that
the most adapted beings are able to survive. They dif-
fer from the traditional optimizing methods in some
essential elements (Rutkowska et al., 1999). Because
of the topic of this study, the figure below (Fig. 1)
presents the fundamental characteristic of genetic al-
gorithms. The research question in this work is the
need of scheduling of the manufacturing cell work.
Each manufacturing cell works requires scheduling,
as shown by numerous researches using various tools
(Serrano-Ruiz et al., 2021). Detailed issues, assump-
tions and the essence of the problem are developed
more broadly and precisely in the further part of
the manuscript. The result of the research is also to
present in details the proposed algorithm operation

They
process the
coded form
of the task
parameters,

They apply They search

probabilistic Genetic based ona
selection algorithms certain
rules. population of

points.

They only
use the
objective
function.

Fig. 1. Selected features of genetic algorithms due to
the subject of the study
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to the scheduling of the manufacturing centre work,
basing on the example of a flexible production system.
The proposed and presented algorithm at work solves
the problem of scheduling of the manufacturing cell
work in a flexible production system.

Literature review

Genetic algorithms are iterative optimization algo-
rithms that simulate the process of natural evolution.
Genetic algorithms consist of three main operators
(Fig. 2) as shown in the figure below (Chen et al.,
2016; 2018).

)SELECTION |

) CROSSOVER |

) MUTATION |

Fig. 2. Operators constituting the genetic algorithms

The essence and application of genetic
algorithms

A group of candidate solutions are specified (the ini-
tial population). The fatnesses of these candidates are
calculated and a selection operator selects a subset of
the fitter candidates which are used to generate a new
population. In crossover some pairs of these selected
candidates are combined (using a variety of methods)
to produce new candidate solutions. Some candidates
are then subjected to mutation — random changes that
will produce changes in fitness. After crossing and mu-
tation, a new population was obtained. The process is
repeated a number of times in order to generate fitter
solutions than those in the initial population (Chen
et al., 2018).

Genetic algorithm enables forecasting the demand
for the particular products in order to set the produc-
tion in a given planning period (Savsani et al., 2016).
Genetic algorithms are a tool for searching optimum
of the objective function that enables parallel solu-
tions search. The function which is to search does not
have to be smooth or continuous. It can be any func-
tion notated in any way. It is important that after
substituting variables its value could be calculated.
Below there is an example of the function generated in
MATLAB (Fig. 3), which extremum can be searched
through genetic algorithms.

Three main groups of genetic algorithms can be
distinguished: search algorithms, optimisation algo-
rithms and machine learning algorithms ((Kwasnicka,
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Fig. 3. Example of a function generated in the MATLAB
environment, which extremum can be searched through
genetic algorithms

1999). However, those groups are not separate and
the boundary between them is smooth. The techni-
cal limitations are usually the same for the standard
genetic algorithms and the genetic algorithms that
were suggested and improved by the authors (An-
cveire et al., 2019). Among those technical limita-
tions there can be distinguished: population size lim-
itations, objective function limitations (Stylianou &
Andreou, 2012), the maximum number of iterations
(Stylianou & Andreou, 2011; Li & Dong, 2018; An-
toniol et al., 2004), data set size for model training
(Samath et al., 2017), one selection method (Stylianou
& Andreou, 2011), mutation rate and crossover rate
limitations, (Stylianou & Andreou, 2011; Antoniol et
al., 2004).

On the basis of (Rutkowska et al., 1999; Lee & Kim,
2001), block diagram of the classical genetic algorithm
operation is presented in the Figure 4.

| - |

| Selection of the initial solution population |

u |

| of the ion of indivi I
Indivduals

Is this end condition?
Selection
Genetic algorithm The end
operators

I

Create of
a new population

L]

Remember
the best solution

Fig. 4. Block diagram of the classical genetic algorithm
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Materials and methods

Application of genetic algorithm
in production scheduling

Assumptions of the methodology

The article presents the application of genetic algo-
rithm in scheduling work centre operation. The algo-
rithm used in conducting the research is shown below
(Fig. 5).

Description of work Me‘;?gr?:‘:g;z?:‘ng the Application of genetic Results analysis
centre operation algorithm st
sequence

Fig. 5. Research methodology

The code sequence presented in the research has a
simple structure, but reading the information on its
basis is slightly more complex. Next, the terms used in
the research part were described. “Element” indicates
on an item or a group of identical items produced in
the work centre. An example element is presented in
the figure below (Fig. 6). In the company that is the
subject of the research scheduling of the work cen-
tre operation is done in order to do several tasks. To
produce a particular element a certain number of op-
erations is to be realised. The operations are to be
conducted in a particular order. Only one machine
is occupied with a given operation in a specific time.
None of the operations in the analysed company needs
to be done through several machines at the same time.

Fig. 6. Example of an element produced in the analyzed
enterprise
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Description of production system

In the analysed company there are 5 machines. The
production system is an open system influenced by
the environment in which it is realised. The environ-
ment can be divided into nearer and further and the
factors affecting directly the production processes are
distinguished there.

The processes are multi-stage socket type with the
parallel machine (CNC milling machines). Each of the
operations implemented into the system can be done
by one of several machines available. Necessary condi-
tion is that each of the machines should enable doing
the particular operation completely. In other words,
it is impossible to divide an operation into a few sub-
operations done with the use of different CNC milling
machines. If more than one machine that can do an
operation is available, then it is possible to choose one
of many potential ways to pass the elements through
the system. The element will be done in 6 operations.
In the table below the possibility of doing a partic-
ular operation on a particular machine is presented
(Table 1).

Table 1
Machine assignment to particular operations
. Machine number
Operation number

My Mo M3 My Ms
E; YES | YES | YES NO NO
Eo YES | YES | YES NO YES
E3 YES | YES | YES | YES | YES
E4 YES | YES | YES | YES NO
Es YES NO YES | YES NO
Eg YES NO NO YES NO

Example: the E6 operation can be done by the ma-
chine M1 or M4, the machine M1 can do every oper-
ation. The operations E2 and E3 can be done by the
machine M5, the operation E3 can be done by every
machine, etc.

It is worth to emphasise that the time of doing an
operation may differ depending on the machine it will
be done by. Example: the operation E6 will last longer
when done by the machine M4 than by the machine
M1.

According to the assumptions mentioned above,
1440 routes of passing the material through the sys-
tem were created. In the table below (Table 2) there
are presented 20 examples. In the columns there are
numbers of the machines that should do the opera-
tions. Example: operation E1 by the machine M3 —
the operation E2 by the machine M5 — the operation
E3 by the machine M2 — the operation E4 by the
machine M3 — the operation E5 by the machine M4
— operation E6 by the machine M4.

Moreover, time of doing an operation by a particu-
lar machine means time needed to do this operation
for all the elements that are on the pallet with time of
the manipulating with these items. It is assumed that
pallet is the smallest production unit moving in the
production system. It is not relevant how many ele-
ments are on the pallet. To determine the size of the
production batch the amount of the elements on the
pallet is taken into consideration. Then, the amount
of the elements in the batch are divided by the size
(the amount of elements on the pallet) and this way
the size of the production batch is presented by the
amount of the pallets that are to be passed through
the system.

Input includes: time of doing the operation for
five machines introduced into the production sys-
tem; moreover, distance between production sites and
the velocity of the pallets movement are also in-
troduced, what enables determining the delays re-
lated to the transport of those elements. The time
needed for changeover is assigned to the particular
machines. This time is assumed to be constant and
the changeover occurs always between two different
operations and before the machine is to do the first
operation. In the case being discussed the deadlines
of the specific tasks are also important. Exceeding the

Table 2
Example routes for the element production in the system with five machines and six operations

Operation number Machine number
E1 M3 | My | M3 | Mg | M3 | Mg | M; | M; | Mg | M3 | My | M3 | M2 | M3 | M2 | M3 | M3 | M; | M; | M3
Ea Ms | My | M2 | M2 | Ms | M3 | M1 | Mg | Mg | M5 | M3 | My | Mo | M3 | Ms | M1 | M3 | M3 | Ms | My
E3 Mo [Mq | My | M2 | Ms | M3 | Ms | My | Ms | M3 | M3 | Ms | Mg | M3 | M2 | Mg | M1 | M3 | Ms | My
E4 Ms [ Mp | M3 | Mg | M1 | Mg | M; | M; | Ms | M3 | My | My | Mg | M2 | M3 | My | M3 | M2 | M | My
Es My My [ My [ M1 | M3 | Mg | Mg | M; | M3 | M3 | My | M3 [ Mg | Mg | M1 | My | My | M | M | My
Eg My | Mg | Mg [ M1 | My | My [ Mg | My | Mg | Mg [ M1 | My | My | M1 | Mg | My | My | Mg | My | My
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deadline of any task causes imposing additional penal-
ties on a code sequence representing the schedule. Be-
fore the schedule for the input given is established,
it is not necessary that the machines are free in the
beginning. It can be declared when, after the sched-
ule was started to be created, the particular machines
are free. In the tables below (Table 3-8) the necessary
input for which genetic algorithm was searching the
solution is presented. The task is to be understood as
an item or a group of items produced in the manu-
facturing cell, so from this the difference between the
operations’ time for particular tasks on the proper
machines in a flexible production system results. Var-
ious tasks are realized there. The aim of scheduling
is to create such a schedule in which — with the es-
tablished number of tasks to be done — work time of
the system, total time of the pallets transport and
total time of changeover will be the shortest, the de-
lays in performing a tasks will be the slightest and
the number of the delayed tasks (which deadline was
exceeded) will be limited to minimum. The time of
the deadlines is given in minutes. The velocity of the
pallets is 0.5 [m/s].

Table 3
Input for the task 1 — time of the operation, deadline: 700
. Operation number
Machine number

Eq Eo E3 Ey E5 E6
M; 12 6
Mo 20 34
M3 16 17
My 31
Ms; 36 58

Table 4
Input for the task 2 — time of the operation, deadline: 300
. Operation number
Machine number

Eq Eo Es E4 Es Eg
My 39 42 15
Mo 41 16
M3 56 51 64
My 16 19
M5 24

Moreover, the moment in which the machine can
start working was provided, respectively: M1 = 0 [s],
M2 =58 [s], M3 =30 [s], M4 =0 [s] and M5 =5 [s].

102

Table 5
Input for the task 3 — time of the operation, deadline: 360
. Operation number
Machine number
Ei | Eo | Bs | B4 | E5 | Es
M1 9 5
Mo 15
M3 32 15 14
My 19
Ms
Table 6
Input for the task 4 — time of the operation, deadline: 700
. Operation number
Machine number
Eq Eo E3 E4 Es Eg
My 16 28 19
Mo 14 23
M3 23 49 26
My 58 21
Ms 29
Table 7
Input data — distances between machines [m)|
My M2 M3 My Ms
M1 12 50 5 16
Mg 12 52 17 20
M3 50 52 50 34
My 5 17 50 17
Ms 16 20 34 17
Table 8
Time for machine retooling s
M1 M2 M3 M4 M5
2 3 1 5 0.17

Any required number of the pallets subject to trans-
port from one production site to another can be in
the system at any moment. In the analysed produc-
tion system there can be any required number of the
pallets subject to transport from one production site
to another. In the assumptions the time of transport
from the input warehouse and to the initial warehouse
has not been included.

Volume 13 @ Number 4 e December 2022
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Description of the genetic algorithm
operation

The way of data coding shown in the example lets
the pallets of one production run have different routes.
In the table below (Table 9) the structure of the code
sequence is presented.

Table 9
Example fragment of the code sequence structure

[task number, operation number, machine number],
[task number, operation number, machine number]. . .

2, 5, 1], [1, 3, 5], [4, 6, 4], [1, 1, 3], [3, 1, 2], [3, 2, 1],
[4,5,3],13,3,3], 13,2, 3], [1, 1, 1]...

In the table above it can be seen that in the sub-
sequent positions there are coded: task number, oper-
ation number and the number of the machine which
will do an operation. Code sequence includes all the
permissible configurations of the operations and ma-
chines. The order of machines and operations appear-
ing in a sequence is very important. After choosing
the sequence positions intended for further process-
ing the fitness function for the given sequence may be
calculated. The objective function is presented below
(1) and the limitations of the analysed production sys-
tem are described in detail in the earlier part of the
work. Each of the summands can be multiplied by the
appropriate weight what may allow to decide which
of the summands of the objective function is the most
important and which influences its value the most, de-
pending on the type of optimization problem to which
this function is to be applied. The objective function
(1) assumes minimization of the total time of the task
execution.

M
minFA:Tw—i—D-N—i—TS—f—ZTTm,

m=1

(1)

where: F4 — objective function, T, — system working
time, D — delays of the delayed tasks in total, N —
number of delayed tasks, Ts — transporting time of
the pallets with their elements between production
sites, Ty, — sum of the machine changeover time.
The mathematical model is presented by describ-
ing the parameters, variables, assumptions, and con-
straints in an earlier chapter. The main assumptions
taken into account for this mathematical model are:
the operating time of all pieces on any type of ma-
chine is definite, the number of operation is definite
and fixed, the number of machines in the system is
definite and fixed, not included a breakdown time for
the machines, and the start-up times for each machine

Volume 13 @ Number 4 e December 2022

are specific and depend on the cell sequence. The val-
ues of the input parameters that should be given at
the beginning of solving the mathematical model are
included in the tables (Table 1, Tables 3-8).

There are several criteria to consider in the overall
planning approach. All the criteria for cell production
planning must be combined in a way that functions as
a objective function. But because of the complexity of
the problem and the computing time required prob-
lem. It is not possible to include all of them. Therefore,
in this paper, only the total construction time comple-
tion of tasks. The aim of the mathematical model is
to minimize the total production time and transport-
ing time of the pallets with their elements between
production sites.

It is worth noticing that during scheduling for such
large number of tasks, operations and pallets the code
sequence has an adequate number of positions. Read-
ing information from the sequences occurs as pre-
sented below (Fig. 7). By the example of one code
sequence the order of inserting the specific operations
to the Gantt chart is presented. Decoding of the in-
formation provided in the code sequence is done as
follows: the number of task represented by the first
position of the code sequence is checked. Later, all
the positions with operations needed for this task are
searched. In each of the positions it is indicated which
machine can do the particular operation. After setting
the operations in the correct order in a specific task,
first fragment of the Gantt chart can be drawn. Po-
sitions representing the operations have already been
inserted into the Gantt chart (in a task given as first
in the chart they are in bold) and they are to be re-
moved from the code sequence. From the rest of the
positions again the first will be chosen and again it
will be checked which task’s operation this position

24 17 49 31 32 7 26 14 63 55 3 23
12.3.3) (1541 [34.41| [31.21] r3.2.2)| 1257 12.5.1) (1.4.17| [4.4.2)| [4.2.2) [1.1.3]] (2.3.1]
T 6 18 59 13 3 9 2 2 69 58 20
1.1.1 1.2.2] | [3.4.4]] [4.3.2])] [3.3.1]] [ 31} [2.1.2) [1.1.1]) [1.3.5] 4.5.3)] [4.2.3]) [2.15]
11 18 68 21 s V6 53 37 22 8 5 56
pasf) psal| wsnlr2.2 noA whs| sy 3] 2| n2si| pas)] w2
52 45 38 16 / ' 50 71 62 30 30 54 27
1810 ] 133.31] 13.2.2] 114311 13.4.41] 4.6.4) 14.351] 13.1.21] 131.21] 14.1.31] 12.5.3]
10 a7 2 5 /éfr 28 13 22 2 2 39 70
[1.3. [3.33] |/ [ 4]“’{/3]' [4.3.2])] [2.6.1]] [1.4.1]] (3.3.1]) [1.1.3]] [1.1.3]) [3.2.3]] [4.5.3]
33 20 3y 4 76 64 61 67 73 73 5T 36
3.19) [3.2.3] ﬁz/] 6.41| 132£31] 14.421] 1435 145.11] 33.11] 33.11] [4.1.11] 3.2.1]
24 749 3, 63 1 58 45
[2.33] fg (3.aa1] A1) 14421] 11.111) [42.31] [33.3)
26 31 |/ 48 55 3 68 50
sy lA25| 314 14321] 421] 11.221] (4511 (34.4)
19 14 37 59 11 65 30
[2.1.2] Xf[1.4.4] 3.1 13.3.11] 14.3.21] (1.35]) (4.451] (3.1.2)
21 ¥ 3 y a1 38 69 18 52 39
12.2.2] [1,1}1’ 13231 13.2.11] 145.31] 11541 14.1.11) 3.2.3]

25 53 T5 62

(2.4.4] 1.3.5] [4.1.3]] [1.4.3]] [4.35]

28 71 72

[2.6.1] [4.6.4] [4.6.4]
A A VR A A Y4

[1.13] [31.2] [3.1.2]
(1.2.5] [3.2.3] [3.21]
[1.35] [3.3.1] [3.3.1]
44] [141] [3.44] [344]
[251] [15.4]

[2.6.1]

Fig. 7. Reading information from the sequences
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represents. After finding all the positions representing
the other operations in a given task, they are ordered
and inserted into the Gantt chart and the operations
are ascribed to suitable machines. The found positions
are removed from the code sequence (in a task which
is given as the second they are in italics). The proce-
dure lasts until all the needed positions are removed
from the sequence and all the operations are inserted
in the Gantt chart.

As it can be observed, operations from the task 1
including two pallets are ascribed to the machines
in such a way that each of the pallets has different
route in a production system. In order to ensure the
maximum machines utilisation, the time breaks be-
tween some of the operations are taken into account.
The breaks are usually completed with the first oper-
ations, however, it is not a rule. During the genetic
algorithm operations in sequences the operation of
crossover with the 0.9 probability and the mutation
with the 0.01 probability were done. The genetic al-
gorithm processed 200 generations. During interme-
diate generation formation the elitist selection was
used. The pairs of sequences were chosen at random
and then, the sequence with a lower function value in
the pair was inserted into the intermediate generation.
Sampling was done until the intermediate generation
obtained the required number of beings.

Results

Genetic algorithm is one of the most important
metaheuristic algorithms that is used to optimize var-
ious functions. A genetic algorithm is a search algo-
rithm that searches for an answer in an area and mim-
ics biological evaluation processes. The genetic algo-
rithm according to the characteristics described was
used to solve the problem in this paper.

Changes in the objective function value during
the genetic algorithm operation is presented below
(Fig. 8). The chart presented below makes it possible

2900

) The lowest

T;s value noted

- 2400

Re)

*g The lowest

3 1900 value in a

0 generation

5 1400

bt Average

=) 1 40 80 120160200 .

value in a

@) . .

Generation number generation

Fig. 8. Changes in objective function value
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to assess the effectiveness of the proposed approach
to scheduling of the manufacturing cell in a flexible
production system. According to the research, this
problem is of the indefinite polynomial type, which
can be solved by increasing the number of tasks and
machines through optimization software. Approaches
such as branched and limiting and dynamic program-
ming have a limited computation time and limited
memory on the computer as the number of tasks in-
creases. Therefore, the use of innovative and meta-
heuristic algorithms can be effective.

As it can be observed, from the beginning of the
calculations the genetic algorithm has not found any
solutions that could be definitely better than the so-
lutions obtained in the previous generations. Long
breaks in machines working time are caused by the
rather slow movement of the pallets between the pro-
duction sites. Work centre operates 449 seconds, only
one of the tasks was delayed (its deadline was ex-
ceeded by 89 seconds). The results of the proposed
method have good results, as shown in the chart
above. It can therefore be concluded that the use of a
genetic algorithm to scheduling the work of the man-
ufacturing cell on the example of a flexible production
system is justified and helpful in solving this problem.

Conclusions

Genetic algorithms constitute a very good optimi-
sation tool which can be successfully used in prob-
lems which production engineering deals with. Pro-
duction companies are equipped with numerous pro-
cessing lines to produce elements that differ from each
other. Machines and devices forming components of
the production lines require continued optimisation.
Optimisation may be concerned about parameters of
the technological processes. Constructions and pa-
rameters of the machines and devices are significantly
diversified and it is caused by the variety of the pro-
cessed primary products, the produced products and
the changeability of their features. Genetic algorithms
may be useful in optimisation of the systems control-
ling technological-transport processes. The systems
may be supported by the procedures searching bet-
ter solutions with the artificial intelligence methods.

The work occupies with resolving the scheduling
of manufacturing cell work problem in a production
company, where the production is done in a flexible
production system. The aim of the work was to elab-
orate such a method of scheduling that would permit
to do this task effectively for the conditions of vari-
able and dynamic environment with less input and
time needed. The conducted research confirm that
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using genetic algorithms is justified and effective for
the production scheduling problem. Genetic algorithm
enables fast generating of acceptable solutions deter-
mining the order deadlines and balancing the produc-
tion line.

In comparison to the classical static optimisation
method, genetic algorithm requires more calculations,
because every present population is composed of the
particular number of beings for which all parameters
needed are calculated and it causes that the anal-
ysed process is more time-consuming (Rutczyriska-
Wdowiak & Stefariski, 2010). However, it cannot be
expected that a solution found by genetic algorithm
will be an optimal and the best solution. Although
it is not excluded, the obtained solution is very close
to the optimal solution and in majority of the prob-
lems it is satisfying as there is no necessity of further
searching of the optimal solution (Lee & Kim, 2001).
According to the author (Michalewicz, 1999), genetic
algorithms may be useful in complex combinatorial
optimisation tasks on a large scale and in engineering
task with many limitations. They differ from the ran-
dom algorithms as they connect the elements of direct
and stochastic search; this is why genetic algorithms
are more reliable than direct search algorithms. An-
other important feature of the methods based on the
genetic search is the fact that they preserve entire
populations of the potential solutions, while the other
methods process only one point of space search.
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