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 It is a known fact that basic health care services cannot reach the majority of the 

population due to poor geographical accessibility. Unless quantitative location-

allocation models and geographic information systems (GIS) are used, the final 

decision may be made on pragmatic considerations which can result far from 

optimal. In this paper, current and possible (or potential) new locations of 

pharmacy warehouses in Gaziantep are investigated to provide optimal 

distribution of hospitals and pharmacies. To do so, first of all, geographic 

information of 10 current and 10 potential pharmacy warehouses, 231 

pharmacies and 29 hospitals are gathered using GIS. Second, a set covering 

mathematical model is handled to determine coverage capability of current and 

potential pharmacy warehouses and minimize the number of warehouses to be 

opened. Finally, P-center and P-median mathematical models are applied to open 

potential warehouses and to assign pharmacies & hospitals to the opened 

warehouses so that the total distance and the demand’s longest distance to the 

source are minimized. Developed integer programming (IP) models and GIS 

software are compared with on a case study. Computational experiments prove 

that our approach can find new potential pharmacy warehouses which cover 

wider areas than current warehouses to service pharmacies and hospitals in the 

city.  
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1. Introduction 

In health care services context, pharmacies are the 

medicine markets that we try to reach quickly in case 

of any illness. Pharmacists are part of the healthcare 

team and provide advice to patients, case 

management, and benefits management. Thus, 

pharmacists have an important role in helping prevent 

medication errors and in identifying drug interactions 

and pharmaceutical care is an important aspect of the 

spectrum of healthcare.  

Continuous expansions of the city, development of 

multi-center urban structure and changes in population 

density have affected the spatial distribution of needs 

and demand for pharmacies. The aforementioned 

challenges make utilization of effective health care 

services more difficult. Besides rural regions, urban 

areas may also be unable to get transportation to the 

nearest pharmacy due to mentioned obstacles. While 

the growth of Internet and mail-order pharmacies 

might suggest that geographical limits to access are no 

longer a concern, many rural and urban residents do 

not have the equipment, technical skills, and/or 

telecommunications accessibility that these services 

require [1].  

Especially in developing countries, pharmacies play 

an important role, in providing information and advice 

on health to low-income people. However, unbalanced 

distribution of pharmacies with respect to population 

and resources (such as warehouses and hospitals) 

would severely limit the accessibility of pharmacy 

services. 

Thus, one of the principal reasons for the success of a 

pharmacy is suitable location and number of existing 

pharmacies. Despite this, locations and selection of 

http://www.ams.org/msc/msc2010.html
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new pharmacies are too often selected in an 

unscientific manner. Sometimes pharmacies suffer 

because they are just outside the flow of traffic [2]. 

Unless quantitative location-allocation models are 

used, the final decision may be given on pragmatic 

considerations which can result far from optimal. 

Pharmacy distribution depends greatly on 

geographical location; approximately 35.45% of 

community pharmacies are found in Istanbul 

(19.90%), Ankara (8.32%) and Izmir (7.23%), where 

30.60% of the population lives. Table 1 indicates top 

10 cities in terms of population with number of 

pharmacies, number of people per pharmacy and 

number of required pharmacies. The regulation about 

controlling of number of pharmacies was published in 

the Turkish official gazette on May 17, 2012. 

According to published directive, number of 

pharmacies is determined per 3500 people. As it can 

be seen from Table 1, there are 4840 pharmacies 

which serve all people in İstanbul while 4188 

pharmacies are enough. So, 652 pharmacies in 

İstanbul are surplus. As opposite, 75 pharmacies are 

deficit in Gaziantep which is the 8th most crowded city 

in Turkey. Totally 1821 pharmacies are unnecessary 

in Turkey [3]. The most important indicator in Table 1 

is that, although there are redundant pharmacies in 

Turkey, optimal location and allocation of existing 

pharmacies is lacking.  

Table 1. Top 10 cities with pharmacies in Turkey [4]. 

Cities 
No. 

Pharmacies 
Population 

No. 

People 

per 

Pharmacy 

No. 

Required 

Pharmacies   

Gap 

İstanbul 4840 14657434 3029 4188 652 

Ankara 2023 5270575 2606 1506 517 

İzmir 1759 4168415 2370 1191 568 

Bursa 828 2842547 3434 813 15 

Antalya 1013 2288456 2260 654 359 

Adana 653 2183167 3344 624 29 

Konya 711 2130544 2997 609 102 

Gaziantep 477 1931836 4050 552 -75 

Şanlıurfa 370 1892320 5115 541 -171 

Kocaeli 431 1780055 4131 509 -78 

Turkey 24319 78741053 3238 22498 1821 

 

Many factors as proximity to hospitals, proximity to 

pharmacy warehouses and coverage level are effective 

in spatial distribution of pharmacies in settlement 

areas. This distribution is noteworthy in urban places 

especially in metropolitan areas. Thus spatial 

distribution of pharmacies affects their accessibility 

and provided services which must be socially 

available. To give satisfactory decisions for location 

and allocation of pharmacies, mathematical models 

and GISs are the most common tools in literature and 

practice [5].  

Considering this situation, in this paper; current and 

possible new locations of pharmacy warehouses in 

Gaziantep are investigated to provide optimal 

distribution of hospitals and pharmacies. To do so, a 

two-step approach is followed. First, geographic 

information of 10 current and 10 potential pharmacy 

warehouses, 231 pharmacies and 29 hospitals are 

gathered using GIS. Secondly, set covering, P-center 

and P-median models are applied to setup potential 

warehouses then assign pharmacies and hospitals to 

the opened warehouses so that the total transportation 

distance can be minimized. Then this approach is 

applied to an illustrative case study in Gaziantep. 

The remainder of the paper is organized as follows. 

Next section, we provide an overview and a summary 

of the existing literature of mathematical location-

allocation models and GIS on healthcare services. 

Section 3, describes and gives details about proposed 

location-allocation models. Section 4 contains both 

computational experiments and a case study, and 

finally Section 5 presents our conclusion. 

2. Literature review 

This section presents a brief review on the location-

allocation models for healthcare service problems, 

followed by the same steps for GIS applications. 

2.1. Location-allocation models on healthcare 

services 

Location-allocation models try to determine the 

optimal location for facilities and assign customers to 

these facilities in order to meet their demands. There 

are many studies in the literature related to facility 

location problems, which attracts the researchers for 

more than 50 years. In this context, the studies of 

Daskin [6], Owen and Daskin [7], Narula [8], Arabani 

and Farahani [9] can be examined. The location-

allocation problems can be classified generally as 

public location problems (e.g., school, clinics, 

hospital, ambulance etc.) and private location 

problems (e.g., retail store, industrial facilities etc.). 

While cost minimization is important in private 

location problems, it is more important to ensure the 

accessibility of the facility in public location problems 

[10]. 

The application of location-allocation models in 

healthcare services are explained in Rahman and 

Smith [11], Daskin and Dean [12], Rais and Viana 

[13] and Afshari and Peng [14]. In Rahman and Smith 

[11], the location-allocation models for healthcare 

service are gathered in 2 categories such as single 

level models and hierarchical models. The single level 

models are used for determining the most suitable 

places for health care system facilities. P-median, P-

center, set covering and maximal covering models are 

evaluated in this perspective. Hierarchical models are 

problems in which the upper level and lower level 

facilities are considered together [15]. Mestre et al. 

[16], Farahani et al. [17] and Teixeira and Antunes 

[18] can be examined as examples of hierarchical 

models in healthcare services. 

A summary of the literature related to the single-level 

facility location-allocation models are given in Table 

2. Also, Harper et al. [28], Abdelaziz and Masmoudi 

[29] and Mestre et al. [30], suggested stochastic 

models for planning healthcare facilities. Lovejoy and 

Li [31], Stummer et al. [32] have proposed multi 
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objective approaches in the literature. 

 

Table 2. A summary of the literature. 

Source Solution Method Application Area 

Berghmans et 

al. [19] 

P-center and set covering 

models 

Determining the number of 

new healthcare facility in 

Saudi Arabia 

Tavakoli and 

Lightner [20] 
Set covering model 

Locating/allocating 

emergency vehicles in 

Fayetteville, NC 

Jia et al. [21] Maximal covering model 

Determining the facility 

locations of medical 

supplies 

Jia et al. [22] 
P-median, P-center and 

covering models 

Optimizing the locations of 

facilities for medical 

supplies in Los Angeles 

Shariff et al. 

[23] 

Capacitated maximal 

covering model 

New healthcare facility 

location in Malaysia 

Valipour et 

al. [24] 

Maximal covering model 

and particle swarm 

optimization 

Determining new 

healthcare facility locations 

Jia et al. [25] Modified P-median model 

Determining three location 

for healthcare facility in 

China 

Kunkel et al. 

[26] 

P-median and capacitated 

facility location models 

Distribution of health 

resources in Malawi 

Guerriero et 

al. [27] 

P-median, P-center, set 

covering models and 

mathematical formulation 

for network reorganization 

problem 

Public hospital network 

reorganization in Italy 

2.2. GIS applications on healthcare services 

GIS is a computer based system that collects, stores, 

analyzes and displays spatial data according to their 

locations [33]. The most powerful aspect of GIS is 

performing spatial analyses for getting information in 

many fields. Network analysis has been used 

extensively to examine relationships between 

organizations. This type of analysis can be used to 

find the shortest routes or to find the service areas of 

facilities. GIS has become an important tool in 

healthcare activities such as database management, 

planning, emergency situations, service area problems 

etc.[34,35].  It is also used as a decision making 

system that helps the managers in better planning, 

utilization of available health resources and improving 

health care delivery [35, 36]. 

Lovett et al [37] examined accessibility to surgeries by 

GIS. High-risk emergency maps are generated by 

Grekousis and Photis [38]. They analyzed health 

emergency data and revealing relationships in GIS, in 

order to show where strokes are likely to occur. 

Geographic distribution is used to compare GP clinics 

and musculoskeletal health care clinics in Sanders et 

al. [39]. Travel distance between women with breast 

cancer and the nearest mammography facility is 

analyzed by Huang et al. [40]. Pearce et al. [41] 

applied GIS to calculate travel time for geographical 

access to health facilities. Network analysis is used to 

select rotary air transport or ground transport of a burn 

care facility by Klein et al. [42], McLafferty [36] 

provide timely emergency responses for ambulance 

services. 

As it seen from the reviewed studies in above, 

application of mathematical modeling and GIS 

approaches to location and allocation problems in 

healthcare is still lacking. To the best of our 

knowledge, the proposed study which applies three 

different location and allocation models and GIS to 

pharmacy warehouses location and allocation problem 

is the first as a case study. The contributions of this 

paper are twofold and are stated as follows: (i) To 

apply well-known three location-allocation models to 

pharmacy warehouses distribution problem, and (ii) 

To compare IP models and GIS software. In practical 

side, potential pharmacies offered by the proposed 

model provide better service quality than the current 

pharmacies. 

3. Location-allocation models 

Pharmacy logistics is an important issue in healthcare 

services. Thus, determining the locations of 

pharmacies and pharmacy warehouses are strategic 

decisions. In this section, the location-allocation 

models -which are used in this study to ensure the 

optimal distribution of the pharmacy warehouses to 

hospitals and pharmacies-, are described. 

3.1. Set covering problem 

G (N, A) is a fully connected network and N is the set 

of nodes while A is set of edges between these nodes. 

N consists of nodes, I consists of customers and K 

consists of potential warehouses. There are distances 

identified as dik between all node pairs within the 

network. The set covering problem is identified as a 

facility location selection problem in a way to reach 

every cluster at least once in a predetermined time on 

this network. Farahani et al. [43], Caprara et al. [44] 

and Li et al. [45] can be examined as set covering 

problem examples. The formulation of the set 

covering problem is as follows [46]: 

Decision variables: 

yk = 1, if potential warehouse k is opened (∀k
∈ K); 0 otherwise 

Objective function: 

Min Z = ∑ ykk∈K                                             (1) 

s. t.  
∑ aikyk ≥ 1k∈K    ∀i ∈ I                              (2) 

yk ∈ {0, 1}   ∀k ∈ K                            (3) 

The objective function (1) is to minimize the number 

of facilities to be opened. Constraint (2) is to provide 

service from at least one opened warehouse to all 

pharmacies and hospitals within the predetermined 

time. Constraint (3) is the integrality constraint of the 

decision variable. Here, 𝑎𝑖𝑘 is 1, if can be reached 

from k to i in a predetermined time; 0 otherwise. 

3.2. P-median problem 

On the network which is defined in sub-section 3.1, 

positive demand identified as wi and transportation 

costs per unit between all customers identified as cik 

are taken into consideration. The P-median problem 
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tries to determine P amount candidate facility that is 

to open and which customers will be assigned to each 

facility. The P-median problem was examined in 

literature for the first time by Hakimi [47]. Kariv and 

Hakimi [48] proved that the problem is a 

combinatorial NP-Hard problem. The formulation of 

the P-median problem is as follows [18]: 

Decision variables: 

yk = 1, if potential warehouse k is opened (∀k
∈ K); 0 otherwise 

xik = 1, if customer i is assigned to potential  
warehouse k (∀i ∈ I, ∀k ∈ K); 0 otherwise 
Objective function: 

Min Z = ∑ ∑ wicikxikk∈Ki∈I                               (4) 

s. t.  
∑ xikk∈K = 1   ∀i ∈ I                              (5) 

xik ≤ yk   ∀i ∈ I, ∀k ∈ K                 (6) 

∑ ykk∈K = P                 (7) 

yk, xik ∈ {0, 1}  ∀i ∈ I, ∀k ∈ K               (8) 

The objective function (4) is to minimize total costs. 

Constraint (5) provides the assignment of each 

customer to a warehouse, while Constraint (6) 

provides the assignment of customers to the opened 

warehouses Constraint (7) determines the number of 

warehouses which should be opened. Constraint (8) is 

the integrality constraint of the decision variables. 

3.3. P-center problem 

The P-center problem tries to determine P amount 

candidate facility that is to open and which customers 

will be assigned to each facility while minimizing the 

customer’s longest distance to the facility. The 

formulation of the P-center problem is as follows [6]: 

Decision variables: 

yk = 1, if potential warehouse k is opened (∀k
∈ K); 0 otherwise 

xik = 1, if customer i is assigned to potential  
warehouse k (∀i ∈ I, ∀k ∈ K); 0 otherwise 

Objective function: 

Min Z = Max(dikxik)                  (9) 

s. t.  
Constraints (5) to (8) 

For the linearization of the model the MaxL decision 

variable is added. The objective function is written as 

Z = MaxL and MaxL ≥ dikxik and MaxL ≥ 0 

constraints are added to the model. 

4. Computational experiments 

In this section, the current and potential locations of 

pharmacy warehouses in the province of Gaziantep are 

examined and the results are discussed using 

mathematical models described in the previous 

section. Finally, GIS software results and proposed 

mathematical model’s results are compared. 

4.1. Case study 

This section presents the results of implementing the 

proposed technique on a city-wide area. Gaziantep is 

the 8th most crowded city of Turkey. The city has a 

mean elevation of 706 meters, and in 2015, its 

population was 1,931,836 with a total acreage of 

7,642km2. The city is an important commercial and 

industrial center for Turkey and it is located at 

37°04′North, 37°23′East. The biggest two districts of 

Gaziantep, namely Şehitkamil and Şahinbey, are 

considered as our study area (Figure 1). 

 
Figure 1. Location map of the study area. 

 

Firstly, 231 pharmacies, 29 hospitals, 10 current 

warehouses and potential 10 pharmacy warehouses are 

determined with GIS then the distances are calculated. 

The locations of potential pharmacy warehouses are 

determined by Gaziantep Chamber of Pharmacies. All 

facilities in the case study are shown in Figures 2 and 

3. The spatial positions of every facility (hospitals, 

pharmacies, current and potential pharmacy 

warehouses) are defined by geographic coordinates 

(longitude and latitude). ESRI ArcGIS 10.2 software 

as a GIS tool is used to calculate the real distances 

between the facilities in the network. 

 
Figure 2. Considered 29 hospitals and 231 pharmacies in 

Gaziantep city center. 

 
After determining the all facility locations, road 

network of Gaziantep is used to calculate distance 

between facilities rather than top view distances. For 

instance, Figure 4 shows the network distance 

between 1st current pharmacy warehouse and 190th 

pharmacy. While top view distance between two 

facilities is 2502 meters, network distance getting 

from the road network of Gaziantep is 2993 meters. 

The network distances between the all facility types’ 

are available upon request. 
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Figure 3. Considered 10 current and 10 potential pharmacy 

warehouses in Gaziantep city center. 

 

 
Figure 4. Network distance between 1st current pharmacy 

warehouse and 190th pharmacy. 

4.2. Application of location-allocation models 

In this section, three different location-allocation 

models named as set covering, P-median and P-center 

problems are applied to different scenarios in 

Gaziantep city center. Generated scenarios based on 

locations of pharmacy warehouses are described in 

below:   

Scenario1: This is the situation which considers 10 

current pharmacy warehouses in Gaziantep city center.  

Scenario2: This is the situation which considers 10 

potential pharmacy warehouses instead of 10 current 

pharmacy warehouses in Gaziantep city center. 

Scenario3: This is the situation which considers 10 

current and 10 potential pharmacy warehouses 

together in Gaziantep city center. In other words, there 

are 20 pharmacy warehouses in this scenario.  

Set covering, P-median and P-center models are 

applied to aforementioned scenarios and results are 

given below. It is noted that all IP runs were 

completed on a server with 1.8 GHz Intel Core 

processor and 4 GB of RAM. The computation time 

required to solve the model using the GAMS-CPLEX 

solver is less than 10 CPU seconds. 

 

 

 

 

 

4.2.1. Solution of set covering problem 

The set covering model is primarily solved with the 

data obtained on the basis of GIS to investigate the 

coverage ability of three scenarios. To do so, 6 

different coverage areas in the range of 1km and 6km 

are examined. The results are presented in Table 3. 

 

Table 3. Results of set covering model using IP. 

Coverage 

area (m) 
Scenarios 

No. 

demand 

points in  

coverage 

area 

No. demand 

points out  

of the 

coverage 

area 

Opened  

warehouses 

Number of  

opened 

warehouses 

1000 

Scenario1 * * * * 

Scenario2 * * * * 

Scenario3 * * * * 

2000 

Scenario1 * * * * 

Scenario2 * * * * 

Scenario3 * * * * 

3000 

Scenario1 * * * * 

Scenario2 * * * * 

Scenario3 * * * * 

4000 

Scenario1 * * * * 

Scenario2 260 0 12-13-15-16 4 

Scenario3 260 0 3-8-10-16 4 

5000 

Scenario1 * * * * 

Scenario2 260 0 17-18 2 

Scenario3 260 0 17-18 2 

6000 

Scenario1 260 0 2-9 2 

Scenario2 260 0 16-17 2 

Scenario3 260 0 2-9 2 

*Infeasible solution 

 

The results given in Table 3 indicate that, IP model 

cannot find an optimal solution for 1km, 2km and 3km 

coverage areas. To make a comparison and get a 

detailed solution, set covering tool of ArcGIS 

Network Analysis tool is also applied to the problem. 

Network Analysis tool is based on the well-known 

Dijkstra's algorithm for finding shortest paths. The 

classic Dijkstra's algorithm solves a shortest-path 

problem on an undirected, nonnegative weighted 

graph.  

 

Table 4. Results of set covering model using GIS. 

Coverage  

area (m) 
Scenarios 

No. 

demand 

points in  

coverage 

area 

No. 

demand 

points 

out  

of the 

coverage 

area 

Opened  

warehouses 

Number of  

opened 

warehouses 

1000 

Scenario1 105 155 1-2-4-6-7-8-9 7 

Scenario2 164 96 
11-12-13-14-15-

16-17-18-19-20 
10 

Scenario3 174 86 

1-4-7-9-11-12-13-

14-15-16-17-18-

19-20 

14 

2000 

Scenario1 187 73 1-3-4-5-9 5 

Scenario2 234 26 
11-12-13-14-15-

16-17-18-19-20 
10 

Scenario3 238 22 
4-5-13-14-16-17-

18-19-20 
9 

3000 

Scenario1 225 35 1-2-3-4-9 5 

Scenario2 259 1 12-13-14-16-18-20 6 

Scenario3 259 1 1-8-9-13-16-17 6 

4000 

Scenario1 246 14 3-8-9-10 4 

Scenario2 260 0 12-13-15-16 4 

Scenario3 260 0 8-10-13-16 4 

5000 

Scenario1 254 6 3-4-5-9 4 

Scenario2 260 0 17-18 2 

Scenario3 260 0 17-18 2 

6000 

Scenario1 260 0 2-9 2 

Scenario2 260 0 17-18 2 

Scenario3 260 0 9-17 2 
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Figure 5. Set covering problem results obtained by GIS 

 

 
Figure 6. Comparison of IP (left) and GIS (right) for set covering problem (coverage area is 4000m for Scenario 3). 

 

To use it within the context of real-world 

transportation data, this algorithm is modified to 

respect user settings such as one-way restrictions, turn 

restrictions, junction impedances, barriers, and side-

of-street constraints while minimizing a user-specified 

cost attribute. The performance of Dijkstra's algorithm 

is further improved by using better data structures 

such as d-heaps. The d-heap is a priority queue data 

structure, a generalization of the binary heap in which 

the nodes have d children instead of 2. In additio, the 

algorithm needs to be able to model the locations 

anywhere along an edge, not just on junctions. Table 4 

gives the results obtained by ArcGIS Network 

Analysis tool. 

According to results of Tables 3 and 4, the following 

outcomes can be obtained: 

• It is clear that Scenarios 2 and 3 have wider coverage 

ability than the Scenario 1 in all coverage area except 

in 6km. For example, while current pharmacy 

warehouses (Scenario 1) can cover 246 pharmacies 

and hospitals, Scenarios 2 and 3 can cover all the 

demand points in 4km coverage area. This result 

shows that current warehouses are not enough for 

supplying hospitals and pharmacies (Figure 5).  
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• While IP finds infeasible solutions in some coverage 

areas (Table 3), GIS provides detailed results for all 

coverage areas (Table 4). However, obtained number 

of demand points in and out of coverage areas is the 

same for both solutions.  

• In some coverage areas, although IP and GIS cover 

all demand points, opened pharmacy warehouses can 

be different. For instance, while IP model opened 3rd, 

8th, 10th and 16th warehouses, GIS opened 8th, 10th, 

13th and 16th warehouses for 4km coverage area 

(Figure 6). It means that there are at least two ways on 

which warehouses will be opened to cover all demand 

points. 

• As expected, increasing the coverage area also 

increases the covered demand points. Increasing the 

coverage area from 1km to 6km leads to an increment 

from 40% to 100% coverage percentage for current 

warehouses (Figure 7). 

 

Table 5. Fixed costs of potential pharmacy warehouses. 

 Potential pharmacy warehouses 

 1 2 3 4 5 

Fixed cost (𝒇𝒌)($) 8151 7736 6556 6989 5769 

 6 7 8 9 10 

 5942 5368 6252 7076 5360 

 

 
Figure 7. Coverage percentages in different coverage areas. 

 

In addition to analysis above, set covering problem 

with fixed costs of potential pharmacy warehouses are 

considered. To do so, data between 5000$ and 1000$ 

are generated randomly for each potential pharmacy 

warehouse (Table 5). A parameter (fk) which 

represents the fixed cost of potential warehouse (k) is 

added to the objective function (Eq. 1) of set covering 

problem. 

 

 

Table 6. Results of set covering problem with fixed costs solved by IP. 

    With fixed-costs Without fixed-costs 

Coverage 

area(m) 
Scenarios 

No. demand points 

in  

coverage area 

No. demand points 

out  

of the coverage area 

Opened  

warehouses 

Number of  

opened 

warehouses 

Opened  

warehouses 

Number of  

opened 

warehouses 

1000 
Scenario2 * * * * * * 

Scenario3 * * * * * * 

2000 
Scenario2 * * * * * * 

Scenario3 * * * * * * 

3000 
Scenario2 * * * * * * 

Scenario3 * * * * * * 

4000 
Scenario2 260 0 

12-13-16-

20 
4 

12-13-15-

16 
4 

Scenario3 260 0 3-8-10-16 4 3-8-10-16 4 

5000 
Scenario2 260 0 17-18 2 17-18 2 

Scenario3 260 0 3-4-5-16 4 17-18 2 

6000 
Scenario2 260 0 16-17 2 16-17 2 

Scenario3 260 0 2-9 2 2-9 2 

* Infeasible solution 
 

Set covering problem with fixed cost is applied to 

Scenarios 2 and 3 due to consideration of potential 

warehouses. The results are presented in Table 6 

which also shows the related part of solutions without 

fixed-costs. As it is seen, all demand points are also 

covered with fixed costs except in 1, 2 and 3km 

coverage areas. There are two different results which 

are shown in bold. While, 20th potential warehouse is 

opened instead of 15th potential warehouse in 

Scenario 2 with 4km coverage area; 3rd, 4th, 5th and 

16th current and potential warehouses are chosen 

instead of 17th and 18th potential warehouses in 

Scenario 3 with 5km coverage area. As expected, 

considering the fixed costs of potential warehouses 

causes to select current warehouses instead of 

potential warehouses in one solution. 

 

4.2.2. Solution of P-median problem 

After showing the benefits of potential warehouses, 

we implement P-median and P-center models to 

assign current and potential warehouses to demand 

points (hospitals and pharmacies) so that the total 

transportation distance is minimized. P-median model 

is implemented assuming the demands are equal 

(wi=1). Due to information privacy, demand data of 

hospitals and pharmacies cannot be obtained. We 

apply the P-median model for the demand points by 

setting 1 to 10 values for p. The results of P-median 

problem obtained by IP and GIS are given in Tables 7 

and 8, respectively. As it can be seen from Tables 7 

and 8, results are also classified based on three 

scenarios as set covering problem. 
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Table 7. Results of P-median problem using IP. 
 Scenario1 Scenario2 Scenario3 

P Total Distance 

(m) 

Opened 

Warehouses 

Total Distance 

(m) 

Opened Warehouses Total Distance 

(m) 

Opened Warehouses 

1 703648.3 10 676557.4 15 676557.4 15 

2 549791.0 4-8 561416.9 15-16 549791.0 4-8 

3 473911.7 5-9-10 446711.5 11-15-16 430234.3 6-8-16 

4 448085.6 1-4-5-9 389665.1 12-15-16-17 374944.0 8-10-16-17 

5 431530.3 1-3-4-8-9 347900.4 12-16-17-19-20 330811.2 8-9-10-16-17 

6 418835.5 1-3-4-7-8-9 322475.6 12-16-17-18-19-20 311459.3 5-10-16-17-18-19 

7 409915.8 1-3-4-6-7-8-9 305611.0 12-15-16-17-18-19-20 294954.5 7-10-11-16-17-18-19 

8 401939.2 1-2-3-4-6-7-8-9 288979.1 11-12-15-16-17-18-19-20 278586.5 7-10-11-13-16-17-18-19 

9 399889.8 1-2-3-4-6-7-8-9-10 272611.1 11-12-13-15-16-17-18-19-20 265841.8 4-6-7-11-13-16-17-18-19 

10 398401.8 1-2-3-4-5-6-7-8-9-10 261275.8 11-12-13-14-15-16-17-18-19-

20 

257254.8 1-4-6-7-11-13-16-17-18-

19 

 
Table 8. Results of P-median problem using GIS. 

 Scenario1 Scenario2 Scenario3 

P Total Distance (m) Opened Warehouses Total Distance (m) Opened Warehouses Total Distance (m) Opened Warehouses 

1 703648.3 10 676557.4 15 676557.4 15 

2 549791.0 4-8 561416.9 15-16 549791.0 4-8 

3 473911.7 5-9-10 446711.5 11-15-16 430234.3 6-8-16 

4 448085.6 1-4-5-9 389665.1 12-15-16-17 374944.0 8-10-16-17 

5 431530.3 1-3-4-8-9 352926.1 12-15-16-17-18 330811.2 8-9-10-16-17 

6 418835.5 1-3-4-7-8-9 322475.6 12-16-17-18-19-20 314443.3 8-9-10-13-16-17 

7 409915.8 1-3-4-6-7-8-9 305611.0 12-15-16-17-18-19-20 301660.6 4-6-8-9-13-16-17 

8 401939.2 1-2-3-4-6-7-8-9 288979.1 11-12-15-16-17-18-19-20 278586.5 7-10-11-13-16-17-18-19 

9 399889.8 1-2-3-4-6-7-8-9-10 272611.1 11-12-13-15-16-17-18-19-20 265841.8 4-6-7-11-13-16-17-18-19 

10 398401.8 1-2-3-4-5-6-7-8-9-10 261275.8 11-12-13-14-15-16-17-18-19-20 257770.8 4-7-11-13-14-16-17-18-19-20 

 

According to Table 7, all P-median problems are 

solved optimally. Although, the results obtained by 

GIS seem similar with the results of IP, all solutions 

of GIS are not optimal (Table 8). Results which are 

not optimal are shown with bold in Table 8. Figure 8 

indicates the optimal (obtained by IP) and non-optimal 

(obtained by GIS) solutions for P= 5. As expected, 

increasing the number of P decreases the total distance 

between warehouses and demand points in all 

solutions. Results in Figure 9 show that increasing the 

number of pharmacy warehouses from 1 to 10, 

decreases the total travelled distance by 43.38%, 

61.38% and 61.98% for Scenarios 1, 2 and 3, 

respectively. 

Another outcome can be seen from Figure 9 that 

potential warehouses provide shorter distance than the 

current warehouses in all P values except P= 2. While 

the gap between current and potential warehouses is 

3.85% in P= 1, this gap is increased dramatically by 

34.42% in P= 10 (Figure 10). On the other hand, 

Scenario 3 outperforms other scenarios in P-median 

problem. 

 

 

In addition to analysis above, P-median problem is re-

solved with generated demand data for three 

scenarios. While demand for pharmacies is randomly 

generated between 5 and 10 boxes of medicine, range 

for hospitals is determined as 20 and 30 boxes of 

medicine. Demand dataset is available upon request 

from corresponding author. The results of P-median 

problem with different demand data obtained by IP are 

given in Table 9. 

According to Table 9, all P-median problems are 

solved optimally. As expected, increasing the number 

of P also decreases the total distance when different 

demand values exist. In fact, the case with different 

demand values provides less travelled distance than 

the case with equal demand values. Improvements (%) 

in travelled distance are shown in Figure 11. Results 

in Figure 11 show that embedding different demand 

values into the P-median model improve the solutions 

averagely by 6.68%, 8.46% and 8.71% for Scenarios 

1, 2 and 3, respectively. It must be noted that changing 

the demand values of each pharmacy and hospital can 

yield different results. 

 

 
Figure 8. Comparison of mathematical model (left) and GIS (right) for P-median problem (P=5). 
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Figure 9. Comparison of total distances obtained by IP for P-median problem. 

 
Figure 10. Results of P-median problem obtained by IP (P= 10). 

 
Table 9. Results of P-median problem with demand data using IP. 

 Scenario1 Scenario2 Scenario3 

P Total Distance 

(m) 

Opened 

Warehouses 

Total Distance 

(m) 

Opened Warehouses Total Distance 

(m) 

Opened Warehouses 

1 6640359.3 10 6340796.2 15 6340796.2 15 

2 5171164.4 4-8 5222308.7 15-16 5171164.4 4-8 

3 4384727.3 5-6-9 4139945.6 11-15-16 3986775.3 8-10-16 

4 4185826.5 4-5-6-9 3624850.3 12-15-16-17 3464420.1 8-10-16-17 

5 4008892.3 3-4-6-8-9 3187588.7 11-16-17-19-20 3013817.0 8-9-10-16-17 

6 3905634.2 3-4-6-7-8-9 2938938.2 11-16-17-18-19-20 2813233.8 5-10-16-17-18-19 

7 3818425.7 1-3-4-6-7-8-9 2763719.7 11-12-16-17-18-19-20 2648571.2 5-10-13-16-17-18-19 

8 3741018.6 1-2-3-4-6-7-8-9 2599057.0 11-12-13-16-17-18-19-20 2485439.7 7-10-11-13-16-17-18-19 

9 3724589.6 1-2-3-4-6-7-8-9-10 2438867.3 11-12-13-15-16-17-18-19-20 2379573.6 4-6-7-11-13-16-17-18-19 

10 3714122.3 1-2-3-4-5-6-7-8-9-

10 

2360164.0 11-12-13-14-15-16-17-18-19-

20 

2316881.7 4-6-7-11-13-16-17-18-19-20 
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Figure 11. Distance improvements when different demand values are considered.

4.2.3. Solution of P-median problem 

In addition to considered set covering and P-median 

problems, P-center problem is also investigated to 

minimize the longest distance between pharmacy 

warehouses and demand points. Table 10 presents the 

results of P-center problem obtained by IP. It is noted 

that P-center problem cannot be solved via GIS 

because of non-availability of the required tool in the 

software. 

According to Table 10; increasing the number of 

warehouses to be opened, decreases the longest 

distance between serving warehouses and underserved 

pharmacy/hospitals. In the current situation 

(Scenario1), the longest distance between source and 

demand points is fixed by 5477.8m after opening three 

warehouses. On the other hand, the longest distance 

between assigned pharmacy warehouse and demand 

point is obtained as 3666.7m in Scenarios 2 and 3. 

Figure 12 illustrates the improvements in terms of 

longest distance for Scenarios 1 to 3. As it can be seen 

from Figure 12, the minimum longest distance 

(5477.8m) is obtained with 3 warehouses (1-3-9) in 

Scenario 1. On the other hand, Scenarios 2 and 3 

provide the minimum longest distance (3666.7m) with 

5 warehouses. Although Scenario 1 appears like 

successful due to succeeding the minimum longest 

distance with fewer warehouses, it is clear that P-

center model with 5 warehouses (Scenarios 2 and 3) 

leads to shorter longest distance by 33.96% than the 

current warehouses situation (Scenario 1). 

The results show that with the suggested new 

warehouse locations, the current coverage level of 

pharmacies and hospitals has increased, the total 

transport distance has reduced substantially and the 

distance to the demand node, which has the longest 

distance to the warehouse, has also decreased. 

5. Conclusion 

In this paper, current and possible new locations of 

pharmacy warehouses in Gaziantep are investigated to 

provide optimal distribution to hospitals and 

pharmacies. To do so, firstly geographic information 

of 10 current and 10 potential pharmacy warehouses, 

231 pharmacies and 29 hospitals are gathered using 

GIS. Secondly, set covering, P-center and P-median 

models are applied to set up potential warehouses and 

assign pharmacies and hospitals to the opened 

warehouses so that the total transportation distance is 

minimized. Computational experiments on the case 

study prove that proposed approach can find new 

potential pharmacy warehouses which cover wider 

area than current warehouses to support pharmacies 

and hospitals in the city.  

 

 

Table 10. Results of P-center problem using IP. 

 Scenario1 Scenario2 Scenario3 

P Distance (m) Opened warehouses Distance (m) Opened warehouses Distance (m) Opened warehouses 

1 7321.0 6 7380.1 14 7321.0 6 

2 5909.1 2-9 4747.1 17-18 4747.1 17-18 

3 5477.8 1-3-9 4674.0 13-17-18 4674.0 3-17-18 

4 5477.8 1-3-9-10 3720.9 12-13-14-16 3720.9 1-12-13-16 

5 5477.8 1-2-3-5-9 3666.7 12-13-14-16-19 3666.7 8-13-16-19-20 

6 5477.8 1-2-3-4-9-10 3666.7 11-12-13-14-16-19 3666.7 9-12-13-14-15-16 

7 5477.8 1-2-3-4-6-8-9 3666.7 11-12-13-14-16-18-20 3666.7 1-2-3-4-9-13-16 

8 5477.8 1-2-3-4-5-7-8-9 3666.7 11-12-13-14-15-16-18-20 3666.7 1-2-3-4-5-13-16-18 

9 5477.8 1-2-3-4-6-7-8-9-10 3666.7 11-12-13-14-15-16-17-18-20 3666.7 1-2-4-6-9-13-16-17-18 

10 5477.8 1-2-3-4-5-6-7-8-9-10 3666.7 11-12-13-14-15-16-17-18-19-20 3666.7 1-2-4-7-8-9-11-13-16-20 
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Figure 12. Results of P-center problem using IP. 

 

Consideration of the study area as city center, testing 

the proposed approaches with only the hospitals and 

pharmacies, generalization of the proposed method 

and determination the locations of potential 

warehouses are the limitations and shortcomings of 

the paper. To overcome mentioned shortcomings and 

direct potential researchers, several extensions to our 

method are worth further investigation. First, a web-

based GIS application can be developed. Second, 

community health centers can be considered as 

another demand points besides hospitals and 

pharmacies. Third, investigated area can be expanded. 

In this case, heuristics can be required to obtain a near 

optimal solution, and finally multi-criteria decision 

making tools can be applied to determine alternative 

locations.   
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