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Abstract

The warehouse facilities location is a complex multi-objective decision problem. In order to determine this location one can use a
different mathematical models that describe the location according to the accepted constraints and criterion functions. This paper
presents the warehouses location in the logistic network. The logistic network consists of suppliers, potentially warehouses with
the known location and recipients. The variety of constraints that must be considered e.g. the production capacity of suppliers,
buyers, the storage capacity makes it difficult to decide on the final location of objects of the logistic network. The warehouse
location problem in the logistics network is multi-criteria optimization problem that depends on quantitative and qualitative
criteria. In general, the optimization criteria takes the form: minimal storage costs, transition costs of the cargo through
warehouse facilities, the cost of cargo transport to the warehouse facility, etc. The complexity of the warehouse location problem
dictated by the diversity of constraints and decision variables (e.g. the type of binary decision variables and the real type of
variables), the search for the location of many warehouse facilities at the same time, multi-criteria aspects of the problem imposes
the need for the application of an appropriate optimization algorithm adequately to the presented location problem. The genetic
algorithm is a practical optimisation tool solving many difficult decision problems. It should be underlined that in complicated
problems this tool does not guarantee the optimal solution, but sub-optimal. Despite that, the quality of the solution is accepted
by decision-makers.
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1. The introduction

The problem of warehouses location is an issue that is generally known and widely discussed in the context of
decision-making problems forming the logistic network [1, 3, 15]. The main objective in the general warehouses
location problem is to find such a location of warehouse facilities that the costs arising from forwarding of a specific
volume of goods to the customers via warehouses are as low as possible. The warehouses location problem depends
on the complexity of the logistics network. The network structure may be single-level [15] (the direct relationship:
suppliers — recipients) or multi-level [2, 6, 17, 10] (the indirect relationship: suppliers — intermediate points —
recipients) which is called a hierarchical one.

The warehouse location problem in the logistics network is multi-criteria optimization problem that depends on
quantitative and qualitative criteria. In this issue the following criteria may be distinguished [8, 10]: labour costs,
transportation costs, storage costs, taxes, labour characteristics: skilled labour and availability of labour force,
existence of modes of transportation, quality and reliability of modes of transportation, proximity to customers,
suppliers or producers.

The presented criteria emphasise the complexity of the problem arising from location of storage facilities and in a
certain way determine the application of the multi-criteria decision-making assistance in selection of the optimum
solution [4, 19, 5, 12]. Whereas the warehouses location problem in the logistic network taking into account the one
optimization criterion is solved by the use of the genetic algorithm [9, 8] or branch and bound algorithm [1]. In turn
multi-criteria decision-making problem of warehouses location is solved by TOPSIS, ELECTRE, Grey Theory
methods [20], fuzzy logic [5] or Choquet integral [4].

The main aim of this article is to develop the tool which may be used in the multi-criteria warehouses location
problem in the logistic network. In order to solve the multi-criteria warehouses location problem the genetic
algorithm was developed. The application of the genetic algorithm in the multi-criteria warehouses location problem
was dictated by the fact that the authors do not find the application of this algorithm in the examined multi-criteria
problem.

Genetic algorithms belong to a group of heuristic algorithms, which do not guarantee the optimal solution, but
only close to the optimal solution so-called sub-optimal. Despite this inconvenience genetic algorithms are a
practical tool for optimization and are used in a variety complex decision problems e.g. vehicles routing problems
[18, 14, 13]. The complexity of the problem of locating warehouse facilities limits the use of accurate methods to
find optimal solutions and allows to accept sub-optimal solutions.

2. The warehouses location model

The warehouses location model refers to the logistic network which consists of suppliers, warehouses and
production companies — recipients. The suppliers provide different types of the raw material to the production
companies in a given working day. The material flow between warehouses is possible. The production companies
can store the raw material in own warehouses.

2.1. Decision variables

The warehouses location is designated on the basis of the decision variables. The first type of the decision
variables determines the volume of the raw material which flows between the facilities in a given working day. On
the basis of this volume taking into account constraints and criterion functions the warehouses location is
determined. The first type of variable is interpreted as the volume of raw materials which are transported between
network points in a given working day.

The second type of decision variable determines the warehouse location and takes the binary form. The variable
assumes the value of 1 when the given warehouse belongs to the logistic network of manufacturing plants and 0 if it
does not belong to the logistic network.
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2.2. Constraints and criterion functions

Warehouses location constraints take different forms referring to suppliers, warehouses, recipients. These
constraints result from the volume of cargo which flows between these facilities. Main limitations of the model have
been defined below:

e the production capacity of suppliers cannot be exceeded — suppliers can provide the raw material directly to the
recipients or indirectly by the warehouses,
recipients demand must be met — the raw material can flow to the recipients from suppliers or warehouses,
warehouses capacity cannot be exceeded — the raw material can flow to the warehouses from suppliers or other
warehouses,

e the raw material flowing out from the warehouses cannot exceed the volume of the raw material which is stored
in these warehouses,
the maximal processing capacity of warehouses cannot be exceeded,
the minimal stream of the raw material flowing into the warehouses decides about the choice of this warehouses
to the logistic network.

The selection of locations for warehouse facilities must take into account several multi-criteria aspects. In the
warehouses location one can distinguish the following criteria: the criterion of transportation costs between the
facilities of the logistic network, the criterion of the transition of the raw material via the warehouses, the criterion
of the fuel costs, the criterion of the additional costs associated with warehouses e.g.: local taxes, expenditure on
starting the warehouse, the constant costs, the labour force costs, the purchase costs of the additional land for the
expansion, the criterion associated with the distance of warehouses from the railway and road infrastructure.

In order to solve this location problem described by the above-mentioned the decision variables, constraints and
criteria the genetic algorithm was developed.

3. The genetic algorithm for multi-criteria warehouses location problem

A genetic algorithm was used to determine the volume of the raw material which flows between particular
facilities in the network. On the basis of this volume taking into account the constraints and the criterion functions
the warehouses location is determined. To form a genetic algorithm it is advisable to define the chromosome
structure, the adaptation function, cross-linking process and mutation [14]. The cross-linking process and mutation
are reiterated a given number of times, until the stop condition has been achieved. A condition for stop in the
developed algorithm is the fixed iterations number. In the selection process the roulette method was adopted, while
the process of cross-linking and mutation occurs with a defined likelihood set at the beginning of functioning of an
algorithm. In order to prevent early convergence of the algorithm linear scaling was used [7].

3.1. The chromosome structure

The structure of input data was presented as matrices M(#, #), which present the flow of the raw materials (/)
between particular elements of the logistics network in a given working day (#). On the basis of volumes in the
matrix M(#, k) the all criterion functions presented in the chapter 2.2 can be calculated. The crucial issue is the
determination of the correctly structure processed by the algorithm that meets limitations of the demand of
production companies, possibilities offered by suppliers, capacity of warehouses etc. For another types of the raw
material the matrices should be generated in the same way. This process needs to be repeated for each working day
taking into account the volume of the raw material which was stored in the warehouses in previous days.
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3.2. The adaptation function

On the basis of the adaptation function the genetic algorithms designate the final solution. The genetic algorithms
look for the maximal solution. In order to take into account the mentioned aspect and different criterion functions
the adaptation function must take the following form:

Fl(rnd) F2(nd) F3(nd) F4(nd) F5(0nd) F6(rnd)
F= + + + + +
F1 F2 F3 F4 F5 F6

> max . (1)

All decision variables can be read with the matrix M(z, #). In order to be able to add the values of all criterion
functions the adaptation function needs to be presented as the sum of quotients where e.g.: F1(rnd) determines the
randomly value of the criterion function and F1 determines the value which was generated by the genetic algorithm.
The function F will reach the maximum value in the case where the criterion functions F1 —F6 will reach the
minimum according to the assumptions of these functions. In the case where the criterion function e.g.: F1 looks for
the maximum value so this function must be put in the numerator.

3.3. The cross-linking operation

The cross-linking operator is adequate to the adopted matrix structure. To implement the cross-linking process
for each day () and for each type (h), two matrices are developed: DIV(¢, #) which comprises rounded up average
values from both parents, and matrix REM(z, h) containing information whether the rounding up was indeed
necessary. The full description of the cross-linking process was presented in [14]. The values with the matrix REM
are added to the matrix DIV. As a result of this operation two new structures are developed. The applied cross-
linking operator guarantees the correctness of individuals following a completed cross-linking process, without the
necessity of using repair algorithms.

3.4. The mutation operation

The operation rule of mutation operator consists in sampling of two figures p and g from the range: 2 <p <k
and 2 < g < n, which determine the number of lines and columns of a submatrix with dimensions p x g (k — number
of lines in the main matrix (processed by the algorithm), n — number of columns in this matrix). The generated
matrix is modified in such a way that the total value in columns and lines before and after the modification process
is not changed. The detailed mutation process has been outlined in [14].

The final effect of the genetic algorithm is matrix M(t, i) for one type of the raw material and one day of work.
For another types of the raw material and days another matrices must be designated. The final matrix M(z, h) for a
given working day contains all types of the raw materials which are transported between the facilities. On the basis
of this matrix the warehouses location is determined for a given working day.

3.5. The results

For the example data (for one type of the raw material and in first day of work) the genetic algorithm was
implemented in the C# programming language. The number of iterations was set on 200. The mutation likelihood
was set on respectively: p_mut = 0.01; 0.03; 0.05. The number of population: 50 chromosomes (matrices). The
graphical presentation of results was presented in the Fig. 1. The cross-linking likelihood was set on respectively:
a) 0.6 and b) 0.8. The linear scaling factor for the genetic algorithm accordance with the recommendations of the
literature [14] assumes the value 2.0. In order to present in clearly form of the results generated by the algorithm the
adaptation function F was multiplied be the value 10000.

It should be noted that the given solution is not optimally and depends on many factors i.e. randomly initial
populations of chromosomes, the cross-linking and mutation likelihood, the number of iterations, the way of
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selection. All of this factors are selected in randomly way and the stage of designating the finished solution is
preceded by many tests with different setting of parameters.

7400 7700
priod 0 | T 7500 1—f
7200 -/, 7400 |
i —p_mut=0,01 7300
7100 !,i P Fx104?200 —p_mut=0,01
2000 =—p_mut=0,03 7100 ——p_mut=0,03
. -p_mut=0,05 7000 p_mut=0,05
6900 6900
L I O - - =T E - 3 6800
- Mmu O 0 O MNMm P~
IS g e R i1 "*ﬂmﬂh“ZQQEEEﬁ%gE
eracions iteracions
a) b)

Fig. 1. The results of the genetic algorithm.
4. Conclusions

The multi-criteria decision support in choosing the efficient location of warehouses in the logistic network is
based on the work of the genetic algorithm. The optimal results generated by the algorithm depends on the many
parameters e.g.: mutation, cross-linking, the number of iterations, the size of the population. The selection of these
parameters takes place in the randomly way. In the implementation of the genetic algorithm the different
combinations of these parameters were examined e.g.: 200 chromosomes, 100 iterations, cross-linking likelihood 0.2
etc. It should be emphasized that the generated solution by the genetic algorithm is sub — optimal. The further
research in the context of the use of the genetic algorithm in the multi-criteria decision support in choosing the
efficient location of warehouses will be conducted using other selection methods described in the literature.
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