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Abstract: The present paper proposes a procedure to obtain a synthetic parameter on the basis of which to 
locate departments in a plant layout. This parameter synthesizes some aspects that generally mark the layout 
design problem: simultaneous presence of qualitative and quantitative parameters that express conflicting 
requests of closeness, uncertainty of numerical data, etc.. The uncertainty of the quantitative data is modelled 
by means of fuzzy numbers and the aggregation procedure of closeness and distance requests employs a 
weight function that, varying the distance request, modifies the importance of this parameter in respect to the 
closeness one. In this way, the decision maker can modulate the importance of the two parameters on the 
basis of the specific decisional context and can also fix a distance request threshold value beyond which the 
aggregation is no more compensative. The use of the proposed parameter is shown with relation to a simple 
line layout problem. 

Keywords: plant layout optimization, fuzzy 

  

1. Introduction  

The herein dealt layout problem regards a preliminary 
phase of the system design that consists in determining 
the optimal location of departments within the working 
area.  

The ideal approach should be to formulate a model as 
closer as possible to the reality and to implement an 
algorithm that allows to obtain an optimal solution. 
Because of the problem complexity, an extensive literature 
has been developed in this field considering both these 
aspects of the analyzed problem. 

Regarding the effectiveness of the resolution algorithms, 
recently a new algorithm has been proposed by González-
Cruz and Gómez-Senent Martínez (2011). The algorithm 
is based on the entropy concept as a way to evaluate 
system disorder. The entropy algorithm performs a 
selection of the candidates (departments) to be moved 
based on a multi-criteria technique and therefore 
differently operates from the classical algorithm used in 
CRAFT [Buffa, (1964)] that instead evaluates all possible 
exchanges through the exhaustive analysis. The criteria 
taken into account are the physical space, the processed 
material flow, the active time and the total cost, weighted 
by the multi-criteria Analytic Hierarchy Process proposed 
by Saaty (Saaty, 2010).  

Xu and Papageorgiou (2009) developed an efficient 
approach for large-scale single-floor process related to the 
plant layout problems based on the mixed integer 
optimization. The final plant layout, in terms of 
coordinates and dimensions for each equipment, is 
determined from an initial feasible solution followed by an 

iterative improvement procedure. The applicability of the 
proposed approach has been demonstrated through 
several examples and compared with a previous approach 
proposed by the same authors (2007). 

An aspect that should be taken into account in modelling 
the layout problem regards the variability and the 
uncertainty of the production scenarios. In literature two 
models of uncertainty have generally been considered 
separately. The first one considers successive time periods 
with different scenarios supposed to be certain (flexibility). 
The second model considers a single time period but the 
required production is supposed to be uncertain 
(robustness). In the first model, the best solution is that one 
minimizing the total cost of material flow and successive 
layout reconfigurations in the long time horizon 
(Rosenblatt, 1986), (Timothy, 1993), (Afentakis et al., 
1990).  

Balakrishnan and Change (2006) described and compared 
the algorithms developed in literature regarding to the 
flexibility paying particular attention to the genetic 
algorithms and simulated annealing. In particular, the 
paper provides an update survey on plant layout problems 
based on multi-period planning horizon. Within this 
horizon, the material handling flows between different 
departments may change. The same Authors (2009) 
investigated the algorithms performance under different 
scenarios. 

In the second model the objective is to find a solution 
that has a good level of performance for a wide variety of 
involved parameters, even though it generally will not be 
the optimal one under any specific scenario (Rosenblatt 
and Lee, 1987), (Kouvelis et al., 1992). 
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Such a second aspect of uncertainty is herein considered 
by using fuzzy numbers to express numerical parameter. 
The application of fuzzy theory to layout problem has 
been investigated by some researchers. A fuzzy linguistic 
approach (Evans et al., 1987), based on fuzzy relations, 
has been used in order to specify the location of each 
department in a manually generated layout and a fuzzy 
ranking method has been proposed to rank the different 
solutions. 

The problem has also been approached by using the fuzzy 
implication and the fuzzy consistency (Grobelny, 1987). 
The grade of satisfaction has been defined as an optimality 
criterion and the aggregation of experts’ assessments has 
been studied. 

Drida et al (Drida et al , 2007), in their survey regarding the 
facility layout problems, asserted that few approaches 
based on fuzzy concepts has been applied to the design 
layout. Deb and Bhattacharyya (2005) proposed a fuzzy 
decision support system, based on a set of fuzzy IF–
THEN rules combined with an heuristic construction. 
The objective function to be minimized is the total 
material handling cost. The position of facilities depends 
on factors as the personal flow, the supervision 
relationships, the environmental relationships, etc..  

Yang and Hung (2007) proposed a fuzzy TOPSIS (Chen, 
C.T. (2000)) approach to the layout design problem 
illustrated through a practical application related to an 
integrated-circuit packaging company. 
 
Aiello and Enea (2001), aimed to minimize the total 
material handling cost under the hypothesis that the 
product market demands, related to the different 
products, are uncertain data, modeled by fuzzy numbers. 
Since each department has a limited production capacity, 
not all possible combinations deriving from each 
product’s market demand are taken into account because 
of some combination could exceed the overall 
department’s productivity. The optimal solution is 
obtained by solving a constrained fuzzy optimization 
problem. 

In Enea et al (2005) the uncertainty associated with each 
product demand has been once again modeled as a fuzzy 
number, leading to a fuzzy material handling cost. To 
evaluate the fitness function of solutions generated by a 
genetic algorithm, the fuzzy material handling cost has to 
be defuzzified, thus allowing the implementation of a 
ranking criterion. The employed defuzzification function 
allows to take into account the decision maker’s degree of 
pessimism/optimism and his/her accepted degree of risk.  

The present paper is organized as follows: the procedure 
to calculate the aggregate parameter synthesizing the 
different aspects of the problem is described in section 2, 
a numerical example is reported in section 3 and finally 
the conclusion are drawn in section 4.  

2. Procedure for calculating the synthetic parameter  

The several models proposed in literature to individuate 
the optimal departments location consider quantitative 
and often uncertain aspects as well as qualitative ones. 

Furthermore, some of the previous aspects express the 
closeness request between two departments (a typical 
example is the flow exchanged between the departments) 
while other parameters express the necessity that two 
departments are far apart allocated in order to avoid that 
one “disturbs” the other one (for example because of the 
noise). 

In the proposed model aspects previously described are 
considered providing a methodology to obtain an 
aggregated parameter (aij,) that can be used in the different 
resolution methods for mono-objective functions 
proposed in the literature. The parameter aij, represents 
the synthetic request of location of the generic couple of 
departments i-j.  

In order to explain the aggregation procedure, two 
parameters that traduce the closeness request and one 
traducing the distance request are considered.  

The first couple of parameters is constituted by the flow 
fij,, expressed by the number of load units/unitary time,  
exchanged between the departments i-j and the closeness 
request ηij, expressed by a qualitative scale, defined in the 
range 0-10. This last parameter arises from the 
consideration of qualitative factors as sharing of human 
resources, skills, tools, etc..  

The third parameter considers the disturbance that a 
department exercises on the others, dependent, for 
example, on the noise ri (measured in decibel) produced by 
the department i and on the sensitivity si of the other one 
department to the disturbance (expressed by a qualitative 
scale defined in the range 0-10). 

As aforementioned, the uncertainty associated to 
quantitative parameters (fij and ri) is accounted by 
expressing the correspondent values as fuzzy numbers. 

The first step of the procedure consists of determining a 
single parameter representing the closeness request 
between two departments and another one synthesizing 
the distance request. Such an aggregation depends on the 
considered aspects and on the analyst knowledge about 
the specific problem.  

In our case, it has been thought to aggregate the closeness 
requests by increasing the value of the exchanged flow on 
the base of the value taken by the other qualitative 
parameter. With relation to the distance request 
parameter, it has been thought to take the maximum value 
of a function that combines the noise produced by a 
department with the sensitivity of the other department to 
such a kind of disturb. 

The procedure is here briefly described but it will appear 
more clear in the application case reported in the next 
section. 

Once the two parameters closeness request  and 
distance request  have been obtained, both expressed 
by fuzzy numbers, it is herein proposed a non 
compensative method to aggregate them in the unique 
parameter .  
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The method employs a weight function γ that, varying the 
distance request, modifies the importance of this 
parameter in respect to the closeness request. 

This function depends on the choices of the analyst for 
the particular examined problem. A typical trend of the 
function is that hypothesized for the numerical example 
and shown in figure 1.   

It is possible to note an horizontal trend preceded by a  
linear trend. The last one expresses an increasing 
importance of the distance with respect to the closeness 
while the first one traduces an outranking of the distance 
on the closeness. The value of the distance request at 
which the horizontal trend starts, constitutes a threshold 
assuring that, if the distance request of a department from 
another one overcomes this value, the two departments 
must be not adjacently located, disregarding the 
exchanged amount of flow.  

The aggregated parameter is expressed by the following 
equation: 

· 1 ·   (1) 

Since the distance and closeness parameters are fuzzy 
numbers, even the function γ will be fuzzy. In order to 
calculate the fuzzy value of the function corresponding to 
a value  of the distance parameter, the α-cut method 
(Klir, 1995) is applied: 

|      (2) 

The α-cut of a fuzzy set  on a given universal set X is the 
crisp set αA that contains all the elements of X whose 
membership grades in  are greater than or equal to the 
specified value of α. 

In practice, the values of γ corresponding to the bounds 

of the cut , constitute the extremes of . 

Obtained the   value, by applying one more time the 
α-cut method to the equation (2), it is possible to calculate 
the aggregated fuzzy number . 

The defuzzified values of aij, obtained by the centroid 
method, constitutes the parameter to be used in the 
optimization models. 

3. Numerical Application  

In a preliminary step of block layout procedure, 
departments are often considered as equal area squares. 
Referring to this model and considering, for the sake of 
simplicity, a line layout design problem, the objective 
function to be minimized is formulated as follows: 

∑ | |  (3) 

where zi and zj are the coordinates of the centres of a 
generic couple of departments. Indicating by dk the 
coordinate of generic position in which the departments 
can be located, the variable zj is linked to the previous 

ones by a Boolean decisional variable xjk, that takes value 
one if the department j is assigned to the position k: 

∑ ·              (4) 

The following constraints assure that each department 
must be located into just one position: 

 ∑   1     (5) 

 ∑   1     (6) 

The numerical example here examined is related to the 
location of six departments which input parameters are 
reported in tables 1 and 2. 

Couple of departments fij ηij 

1-2 10 2 
1-3 30 4 
1-4 0 6 
1-5 80 6 
1-6 40 1 
2-3 0 5 
2-4 100 8 
2-5 70 4 
2-6 20 3 
3-4 0 5 
3-5 50 2 
3-6 60 0 
4-5 80 10 
4-6 50 4 
5-6 30 0 

Table 1. Flow and qualitative closeness request 

Departments ri si 
1 80 2 
2 70 3 
3 60 4 
4 90 1 
5 50 8 
6 40 10 

Table 2. Noise and  sensitivity 

The value of the parameter ηij that, as said before, 
represents a qualitative factor, is expressed by a linguistic 
variable which corresponding numerical values are defined 
within the range 0-10. 

The aggregated crisp parameter vij is obtained by 
increasing the value of the flow, with relation to the value 
of qualitative closeness request ηij, by the following 
expression: 

· 1     (7) 

About the distance request lij, the values of noise ri (second 
column of table 2) are increased on the basis of the value 
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of sensitivity to the noise si (third column of the same 
table). A maximum operator is used to characterize the 
distance request between the two departments: 

· 1 ; · 1   (8) 

The values of the flow and noise are expressed by 
triangular fuzzy numbers with central value equal to the 
crisp value (reported in the tables) and extremes obtained 
by multiplying this value for 0.8 e 1.2 respectively.  

The values of the support interval of the fuzzy numbers 
are normalized between 0 and 1 by the following 
equation: 

  .
. .

               (9) 

The figure 2 shows the fuzzy number while the figure 3 
reports the value of the  corresponding to . 
Finally, in figure 4 the value of , obtained by applying 
(1), is shown. 

An example in which the  is not a triangular fuzzy 
number is reported in figure 1 with relation to the couple 
of departments 4-5. In fact, in this case the support 
interval of the fuzzy  includes the value 0.8 that 
represents the threshold value of the γ function. To 
determine the fuzzy number  it is sufficient to consider 
the values taken by the γ function in correspondence to 
the vertex and the bounds of the triangular fuzzy number 

, which correspond the α-cut 1 and 0 respectively. 
Furthermore, it will need to calculate the α-cut=0.182 
related to the value 0.8 of . In fact, in correspondence 
to such α-cut, the right value of the interval  is 
constant and equal to 1 up to the α-cut =0. 

 
Figure 1. γ function 

 

 

 

 

 

Figure 2. Distance parameter  

 

 

Figure 3. Value of the γ function for  parameter ( ) 

 
Figure 4. Value of aggregated parameter   

In table 3 the defuzzified values of aij parameters are 
reported while the figure 3 shows the optimal location of 
the departments.  

aij 1 2 3 4 5 6

1 - -0,02107 0,033201 -0,07838 -0,10184 -0,43303

2  - -0,04227 0,395036 0,066133 -0,23609

3   - -0,17753 0,117439 0,025126

4    - 0,339022 -0,81105

5     - 0,059864

6      - 

Table 3. Crisp value aij 
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‐1 ‐0,8 ‐0,6 ‐0,4 ‐0,2 0 0,2



 5

1 4 2 5 3 6
 

Figure 5. Optimal location of the departments 

4. Conclusions  

One of the most difficulty that the analyst meets in the 
block layout design phase is to take into account the 
numerous aspects of the problem that implies closeness or 
distance requests among the departments to be located 
into the workshop area. Moreover, these requests are 
generally expressed both in quantitative and qualitative 
way. Another problem arises from the uncertainty of the 
input data. 

In the present paper these aspect of the problem are 
tackled and an unique synthetic parameter that expresses 
the relationship between each couple of departments is 
proposed. In particular, the uncertainty of the quantitative 
data is modelled by fuzzy numbers and the aggregation 
procedure of closeness and distance requests employs a 
weight function that, varying the distance request, 
modifies the importance of this parameter in respect to 
the closeness request. In this way, the decision maker can 
modulate the importance of the two parameters on the 
basis of the specific decisional context and can fix a 
threshold value of the distance request beyond which the 
aggregation is no more compensative. In this case, the 
location of each couple of departments will just depend 
on the distance request value, regardless of the closeness 
request value.   

The employment of such a synthetic parameter allows to 
use the principal layout solution methodologies proposed 
in literature and in the commercial software for mono-
objective function, taking into account in the meanwhile  
important aspects of the layout problem.  

Just to fully describe the proposed procedure, the 
parameter is employed into a mathematical programming 
model for the optimal location of departments in a simple 
line layout. 
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