
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 237-245 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences  
 

Journal home page: www.ajbasweb.com 

 
 

Corresponding Author: Farhad Ziaei, Department of industrial engineering, Faculty of mechanical engineering, University  
                                         Technology Malaysia, 81310 Johor Bahru. 
 E-mail: ziaeifarhad@gmail.com 

Application of Minimax, Minsum and Analytical Hierarchy Process for Facility 
Location Problem 
 
Farhad Ziaei, Ali Mohammad Baniani, Masoud Rahiminezhad Galankashi, Seyed Sajad Ghashami, Zahra Ramzanpour Nargesi 

 

Department Of Industrial Engineering, Faculty Of Mechanical Engineering, University Technology Malaysia, 81310 Johor 
Bahru. 
 
A R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received  2 October 2013 
Received in revised form 20  
December 2013 
Accepted 23 December  2013 
Available online 1 February 2014 
 
Key words: 
Facility location problem, Minimax 
method, Minisum method,  
Analytical Hierarchy Process (AHP) 
 

 One of the most significant recent studies in previous papers is facility planning. In 
this article, we provide the identification of the best location to establish a new 
facility. The methods used in this research to find the location of aid room are a 
combination of Minimax and Analytical Hierarchy Process (AHP) method and for a 
kiosk is Minisum technique. There is an innovation in this article, which is to utilize 
the AHP method to complete the Minimax method after achieving the initial result. 
Due to inaccuracy of the primary result extracted from Minimax, AHP is used to 
choose the best alternative. Finally, the Minisum method is used to select the best 
location for building the kiosk. 
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INTRODUCTION 
 

Facility planning and its related decisions play an important role in a various industries regard to their 
strategic planning, development, market share and so on. Facility planning decisions are long term decisions 
due to the potential probability of companies’ development, environmental changes, shifts in customers’ 
attitude, demand fluctuation and etc. Facility planning decisions affect the human life respect to its potential 
ability to harm environment resources, easing the human life and many other factors affecting quality of life 
explicitly and implicitly. 

Facility location decisions are a crucial factor in strategic planning for a broad variety of private and public 
firms (Owen and Daskin, 1998). Facility planning is one of the most important branches of logistics 
management and aims to find the best location to locate new facilities such as transportation hubs, airports, 
machines retail outlets and so on (Huang, 2003). Facility location can be related, but not limited, to locate 
dangerous material enterprises to minimize destruction to the community, place a set of facilities to minimize 
demand satisfaction’s costs or settle railroad stations to minimize the maximum reaction to marine disasters 
(Hale, 2003). Facility location problems belong to optimization classification and are concerned about finding 
the most efficient location regard to predetermined objectives such as cost minimization or accessibility 
maximization (Teixeira and Antunes, 2008). 

Based on (Berman and Krass, 2002), the facility location problems can be classified into discrete facility 
location planning, continues facility location problems, network facility location problems and finally stochastic 
facility location problems. The group of demand points and possible facility locations are limited to a discrete 
facility location planning. Continues facility location problems are concerned about placing facilities in a 
general space endowed with some metrics. Network facility location problems are limited to the links and nodes 
of an underlying network. Finally, the stochastic facility location problem contains some uncertain parameters 
like demand or travel time. Facility location problems can also be categorized into a single facility and multi 
facility problem shown in table 1. 

 
Table 1: 

Facility Location Problem 
Single Facility Location Problem Multi Facility Location Problem 
Minisum Minimax Minisum Minimax 
Rectilinear    Euclidean    Tchebyshev 
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A single facility location problem (SFLP) is the most popular types of location problems. This type of 

facility problems is known as being “quick and dirty.” Due to their fast and easy application, it is recognized as 
“quick” and it is “dirty” since it is approximate. In this method, the new facility is located respect to a number of 
existing facilities. The aim of these models should be analyzed particularly when some location decision must 
be made rapidly and with restricted resource accessible for decision investigation. Once decision makers desire 
to place a single new facility in the plane, minimizing an objective function concerning Euclidean or rectilinear 
distances is desired. The first objective function should be considered is total travel distance, or total travel cost 
(Moradi and Bidkhori, 2009). 

Multi facility location problem (MFLP) is another type of location problem considering more than one new 
facility seeking to locate a high quantity of demand points. These kinds of problems aim to locate and allocate 
new facilities to desired points at a minimum total cost. Two significant assumptions should be considered in 
order to solve the multi facility location problems: 

1. At least two facilities should be selected. 
2. Each new facility is connected to at least one other new facility. 
There are two objective functions named Minisum and Minimax in order to solve facility location 

problems. These methods are also known as median and center problem, respectively. Minisum and Minimax 
criteria are applied to locate problems when a distance between two points is determined on the plane. 

Minisum method is used to determine the optimum location. It minimizes the weighted sum of distances 
between the new facility and all demand points. In addition, minimum method is applied to the public facility 
location problems (Drezner, 1995).  

Using Minimax criterion, the optimum location is given by a point that minimizes the maximum distance 
between the new facility and all demand points. Minimax approach is applied to emergency facility location 
problems (Matsutomi and Ishii 1998). Minimax method is used to select the best location for the aid room 
which is one of the objectives of this study. 

The below formula depict the MiniMax framework: 
Minimize f(x) = max ( + )      1≤ i ≤ n 
       In this formula (ai,bi) is defined as existing location coordinates and (x, y) is considered as a 

coordination of the new facility. It illustrates the fixed travel of existing facility i. In the case of emergency 
service, the fixed travel value might be the time needed to travel from the customers to the nearest emergency 
room. The fixed travel associated to each customer can be often assumed negligible (Tompkins and White, 
1984). 

As mentioned earlier, another significant criterion to deal with the location problems is Minisum method. 
Minisum is the most common objective in order to minimize the outcome of the system. The framework of the 
minisum method is shown in the below formula. According to this framework, X is considered as selected 
possible locations for facility. In order to locate M new facility among the N existing facility, the Y is defined as 

a set of fixed predetermined locations for given demand points. Moreover, expresses the cost per 
unit distance from a new facility to each existing facility (Snyder, 2006). 

x ϵ X 
There are many studies about locating new facilities in an existing plan which shows the importance of 

finding exact methods to ease the problem without decreasing the level of preciseness. The lack of integration 
between different methods to assess all the aspects of this problem motivated the authors to combine minisum 
and minimax with analytical hierachy process. Beside this, facilities with construction structures can hardly 
move from their fixed location and it shows the significance of facility decision problem. A good facility 
planner should consider many factors aligned with the available size which makes this task very rigid. This 
study applies three minisum, minimax and AHP to locate an aid room and kiosk in an existing plant. 

 
A. Methodology: 

The structure of this study is described in below chart. Figure 1 shows the different steps of this research.  
As figure1 shows, the first step of this research is collecting the data. Next, the questionnaire is used to 

collect essential data to rank the buildings. To achieve this goal, the map visualization is used. The minisum 
method is performed to find the best location for constructing the aid room building. Selected alternatives are 
compared using analytical hierarchical process (AHP) as well as four criteria including population, closeness to 
main road, closeness to entrance and environmental impacts. To perform AHP,the EXPERT CHOICE software 
is used. Having found the best alternatives for aid room, a minimum approach is deployed to choose the best 
location for the kiosk. It is critical for any minimax and minisum to do a distance measurement and determine 
coordinates which results in a better visualization. 
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Fig. 1: summary of the methodology  

 
B.   Minimax Method: 

As noted earlier, Minimax method helps the decision makers to find the optimum location which minimizes 
the maximum cost resulting from a given location. Minimax method is applied for the emergency situations. 
Therefore, in this paper minimax approach is used in order to find the best location for ‘Aid room’ as a case 
study. With the aim of Minimax method, the longest distances or maximum paths between all locations are 
considered. Then, the feasible location with the minimum value will selected from the available alternatives. 

Firstly, the Minimax method is solved by inserting initial coordinates into the formula using Microsoft 
Excel 2007. Figure 2 shows related data sheet. 

 
 
The optimal solution is the line that connects following points: 

( =   

( =   

 
 

  

 
 

 
In the mentioned formula “ ” and “ ” are the coordinates of buildings of Chemical Engineering faculty. 

The center points of each building are considered to compute the coordinates. Figure 2 shows the coordinates 
and calculation of  Following by connecting the  and  to achieve an optimum solution (Figure 3). 

 

Data  Collection 

Finding the weights and rank the  
buildings using quessionnair 

Map Visualization 

Using Minisum to Find 
Optimum Feasible Area 

Using AHP to Find the 
Best Building From the 
Optimum Feasible Area 

Using Minisum Method to 
Find the Best Location  

Distance Measurement  

Min f(x, y) =Max (  

 



240                                                                    Farhad Ziaei et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 237-245 

 

 
 
Fig. 2: Minimax calculations. 

 
Figure 3 shows the linkage of (  , ) and  (  , ) which gives the best solution by using the minimax 

method. 
 

 
 
Fig. 3: Answer of minimax method 

 
By solving the Minimax, two points of (  , ) and (  , )  are extracted. These two points are 

connected to show the best feasible area shown by the red line in Figure 3. As it is clear above, the best place for 
establishing aid room is one of the four buildings (N15, N16, N19 and N20). In the next step, the AHP method is 
used to find the best location from these buildings. It is essential to determine some criteria for any AHP to 
evaluate alternatives. Population, closeness to main road, closeness to the entrance and main areas, and 
environmental impact are defined as the criteria to evaluate buildings. Next, the questionnaire is provided and 
given to the experts to find the weight in the AHP method for criteria and alternatives (N15, N16, N19 and N20). 

It  is  essential to  determine  some  criteria  for  any  AHP  to evaluate  alternatives.  Population, closeness to 
main road, closeness to the entrance and main areas, and environmental impact are defined as the criteria to 
evaluate buildings. Next, the questionnaire is provided and given to the experts to find the weight in the AHP 
method for criteria and alternatives (N15, N16, N19 and N20). 

 
C.   Analytical Hierarchical Process (AHP) Method: 

Analytical hierarchical process (AHP) developed by Saaty (1980) is used for this part of study aims to find 
the best location for aid room. Any AHP has three main levels containing decision levels, criterion and 
alternatives.  The following three levels are used for the case of this study: 

• Objective: To select the best location aid room 
• Criterion: The main factors for decision making which are population, closeness to main road, 

closeness to entrance and environmental impact.  
• Alternatives: N15, N16, N19 and N20 which are the best optimum feasible are extracted from 

minimax.  
• A brief discussion about each criterion is presented below: 
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1. Population: Is the main factor which strongly affects the demand of each point. The scoring of the 

population criteria is assigned based on some factors such as the size of the building, number of classes, utility 
and experiences. 

2. Closeness to main road: It means the circle around the faculty which can greatly influence the demand 
especially by those people who can come from far place easily. So higher weights are assigned to these places 
comparing other areas. 

3. Closeness to entrance and main areas: There are two special entrances (one for cars and one for 
human) in the faculty so the buildings near these areas are more important. There are also some places in the 
faculty which are neither big nor very much utilized but they attract some cyclic demand. Chemical laboratories 
are one of the examples of these areas. 

4. Environmental Impacts: The environmental impact includes potential peoples' perception of beauty, 
safety, crowd and weather of the location.  

 
To Find the Best Location for 

AIDROOM

Population Closeness to main road Closeness to 
entrance

Environmental Impact

N 15 N 16 N 19 N 20
 

Fig. 4: AHP model of finding the best location for aid room 
 

Tables (2, 3, 4 , 5 and 6) show the criteria comparisons between these four buildings. 
 
Table 2: Population 

 
 

Table 3: Closeness to The Main Road 

 
 

Table 4: Closeness to Entrance and Main Area 
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Table 5: Environment Impact  

 
 

Table 6: Compare The Relative preference With respect to: Environmental Impact  
 
 
 
 
 
 
 
 
 
 
 
 
 

After entering data in the Expert Choice Version 2000 software, the final output of AHP is resulted. 
Figure 5 demonstrates the overall scores for each building and their rankings. As it is clear, N20 building has 
the highest score and is the best location to establish the aid room. Furthermore, N19, N16 and N15 are other 
best locations for establishing the aid room, respectively. 

 

 
 

Fig. 5: Final result respects to the AHP method 
 

D.   Kiosk’s best location in detail by Minisum method: 
This section discusses about selecting the best location for the kiosk assigned to faculty of chemical 

engineering. There are 25 main buildings in this faculty which serve the student and staff (Figure 6).  
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Fig. 6: Used alternatives in minisum method 

 
The lowest distance is the main factor which should be considered to establish a new building accessible for 

students and staff. The total distance between kiosk and the centers of the demands should be minimized. This 
circumstance is not desired to consider all the people involved in this area. It means that it is not essential to 
consider all the demand points for kiosk comparing to aid room which is supposed to satisfy all the demand due 
to its vital role. Totally, this place should attract the highest volume of the people. The locations of the buildings 
are as follows: 

 
The Model: 
X= (x, y) location of Kiosk 
Pi= (a, b) location of Demands 
Wi= weight associate with travel between new Kiosk and existing demands 
D(x, p)= Distance between new kiosk and existing demand i 
 

Objective function: 
( , )

( , )

i i i

i i i

MinZ W d x p

d X P x a y b

=

= − + −

∑
  

 
At first, the coordinates of the center of each building should be found. This is done by scaling of the 

existed map (Figure 6) from the real measurement. This task is done by measuring the length of some buildings. 
The next step is assigning the weight to each point. This is done by scoring each building from 1 to 5 based on 
each criterion mentioned in section C.  The importance of each criterion is ranked from 1 to 5 as well. The value 
of each criterion available in Table (7) is already calculated by the QFD method. 

 
Table 7: The Weights of Alternatives 

(Importance 
degree)

N01 N02 N03 N04 N05 N06 N07 N08 N09 N10 N11 N12 N13 N14 N15 N16 N17 N18 N19 N20 N21 N22 N23 N29 N30

Population 5 5 4 3 3 3 2 2 2 5 3 4 2 2 2 2 2 2 2 2 2 2 1 1 4 3

Closeness to the main 
road

4 5 2 2 4 5 3 2 2 3 3 3 2 2 1 1 3 5 5 3 3 2 5 5 4 3

Closeness to the 
entrances and main 

areas
2 5 2 2 2 3 2 1 3 4 3 3 2 2 1 1 1 2 1 1 4 4 5 5 3 3

Enviromental Impacts 1 2 2 3 3 2 3 1 4 5 5 5 4 3 1 2 1 2 2 2 3 2 1 1 4 2

  

    

 
 
The final weight of each point is the sum of each column value multiplied by the importance degree of 

each row. The formula is written as follows: 
 
=SUMPRODUCT ($B3: $B7*C3: C7) 
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Table 8 illustrates coordinates of each building. The absolute difference column is calculated based on the 

distance between each point and the initial one. The weight of each point is also written based on previous 
calculations. Moreover, the location of the place should be determined from the initial point. 

The initial solution formula is as follows: 
=SUMPRODUCT (E3:E27, G3:G27) +SUMPRODUCT (F3:F27, G3:G27) 
 

E.   The answer analyzes: 
This article determined the problem of finding and locating the best location for both aid room and kiosk.  

The Minisum method (for kiosk) is used for minimizing the sum of weighted distances between some given 
buildings. Also a combination of AHP and Minimax method is used to find the optimum selection of alternatives 
available for constructing the aid room. Using the Minisum method to find the best location for constructing the 
kiosk, the final result shows that the optimum place is located at the point X* = (7.5, 7.7). The total weighted 
distance traveled selecting this place will be 3269. It is located below the building and is called N13 using 
provided map (Figure 7). Therefore, the Minimax method offered two points (  , ) and (  , ), resulted in a 
line offering feasible area. This line is adjacent the four buildings (N15, N16, N19, N20) which are alternatives 
used in AHP to select the best one. 
 
Table 8: Answers of Minisum Me 

Number Name Weight
i Building ai bi |x-ai| |y-bi| wi

1 N01 7 4.7 0 0 60

2 N02 7.7 6 0.7 1.3 40

3 N03 6.6 6 0.4 1.3 33

4 N04 5.5 5.5 1.5 0.8 41

5 N05 4.7 5.3 2.3 0.6 46

6 N06 4.7 6.4 2.3 1.7 32

7 N07 6.5 6.4 0.5 1.7 27

8 N08 5.5 7.7 1.5 3 40

9 N09 4.5 7.7 2.5 3 59

10 N10 5.5 8.5 1.5 3.8 50

11 N11 6.6 9 0.4 4.3 58

12 N12 6.6 7.8 0.4 3.1 35

13 N13 7.5 7.8 0.5 3.1 34

14 N14 8 6.7 1 2 23

15 N15 8.5 7.7 1.5 3 21

16 N16 8 8.5 1 3.8 28

17 N17 9.4 9.5 2.4 4.8 39

18 N18 10 8.5 3 3.8 40

19 N19 9.4 7.7 2.4 3 29

20 N20 9 6.7 2 2 36

21 N21 8.6 5.6 1.6 0.9 34

22 N22 10 5 3 0.3 42

23 N23 10.8 4.2 3.8 0.5 42

24 N29 8.7 11 1.7 6.3 58

25 N30 10.6 12.4 3.6 7.7 44

Coordinates Absouloute differences
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Fig. 7: best location for Minisum method 

Target Cell (Min)
Cell Name Original Value Final Value

$G$29  F(x) wi 4354.9 3269.801679

Adjustable Cells
Cell Name Original Value Final Value

$C$29 P-initial ai 7 7.499951384
$D$29 P-initial bi 4.7 7.69999659
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