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ABSTRACT 

 

This paper describes a Multi-Trip Heterogeneous Fixed Fleet Vehicle Routing Problem (MTHFFVRP) arising 

at one of the major retail chain in Turkey. The paper presents a GIS-based optimization method, based on a 

tabu search algorithm, that can be used to store, analyze and visualize all data as well as model solutions in 

geographic format. The solution method is applied on a real dataset of the supermarket store chain operates in 

Turkey. The paper presents computational and managerial results by analyzing the trade-offs between various 

parameters such as demand, number of vehicles, vehicle speed and capacity, and also a single-trip version of 

the problem. According to the one of the results, the total en-route time is increased by 5.18%, 4.25% and 

1.82%, when the capacity of each vehicle type is decreased by 30%, 20% and 10%, respectively. 

Keywords: Geographical information system, vehicle routing, multi-trip, heterogeneous fleet, tabu search. 

  

 

1. INTRODUCTION 

 

Fulfilling consumer demand for diverse and premium products is a challenge in logistics 

operations. A key strategy to increase the number of customers served and the margin and the 

basket size in many businesses is to offer premium services and a variety of products that meet 

the needs and desires of consumers (Yanik et al., 2014). In the classical Vehicle Routing Problem 

(VRP), the aim is to determine an optimal routing plan for a fleet of homogeneous vehicles to 

serve a set of customers, such that each vehicle route starts and ends at the depot, each customer 

is visited once by one vehicle, and some side constraints are satisfied. In the last sixty years, many 

variants and extensions of the VRP have intensively studied in the literature (Laporte, 2009; Toth 

and Vigo, 2014). For example, Yu et al. (2013) proposed an improved ant colony algorithm to 

solve the dynamic multi-depot VRP. Cattaruzza et al. (2014) developed an iterated local search 

algorithm for the multi-commodity multi-trip VRP with time windows. Koç et al. (2015) 

developed a unified evolutionary algorithm to solve four variants of the heterogeneous VRP with 

time windows, including the fixed fleet. Crainic et al. (2015) studied the multi-zone multi-trip 

VRP with time windows. The authors developed a decomposition-based heuristic as well as 
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lower-bound procedures. Koç et al. (2015) studied the green VRP and developed an exact 

algorithm based on branch-and-cut. Min et al. (2016) studied a model-based decision support 

system to solve routing and scheduling problems under hours of service regulations. The multi-

period fleet size and mix VRP is studied by Pasha et al. (2016) where the authors proposed simple 

heuristics including a tabu search. Cust´odio and Oliveira (2006) considered a real-world 

application concerning the distribution in Portugal of frozen products of a world-wide food and 

beverage company. The authors considered integrating inventory management and vehicle routes 

design. 

In most practical distribution problems, heterogeneous fleet of vehicles are used to serve for 

customer demands (Baldacci et al., 2008; Koç et al., 2016). Fleet dimensioning or composition is 

a common problem in industry. Fleet dimensioning decisions predominantly involve choosing the 

number and types of vehicles to be used, where the latter choice is often characterized by vehicle 

capacities. These decisions are affected by several market variables such as transportation rates, 

transportation costs and expected demand. In the multi-trip VRP, vehicles can perform several 

trips per day, because of their limited number and capacity (Olivera and Viera, 2007; Cattaruzza 

et al., 2014). 

Several Geographical Information System (GIS)-based solution methods have been used to 

solve several optimization problems and also for the VRP and its variants. Casas et al. (2007) 

developed an automated network generation procedure for routing of unmanned aerial vehicles in 

a GIS environment. Bozkaya et al. (2010) studied the competitive multi-facility location-routing 

problem and presented a hybrid heuristic algorithm. Genetic algorithm is used for the location 

part, and tabu search of GIS-based solution method is used for the VRP part. The authors applied 

the method on a case study arising at a supermarket store chain in Istanbul, Turkey. Samanlioglu 

(2013) developed a multi-objective location-routing mathematical model and implemented it in 

the Marmara region of Turkey. The author used a GIS software to obtain the data related to the 

Marmara region. Krichen et al. (2014) presented a GIS solution method to solve the VRP with 

loading and distance constraints. Yanik et al. (2014) studied the capacitated VRP with multiple 

pickup, single delivery and time windows. The authors developed a hybrid metaheuristic 

approach that integrates a genetic algorithm for vendor selection and allocation, and a GIS-based 

solution method which uses a modified savings algorithm for the routing part. Demirel et al. 

(2017) designed a spatiotemporal model for detecting the interaction between accessibility and 

land use before implementing a transport infrastructure investment and after its completion. In 

order to test the designed GIS-based model, a study area composed of eleven districts with high 

traffic density is selected at the European side of Istanbul. Fried et al. (2018) analyzed inter-ounty 

grain trucking in the grain supply chain utilizing ArcGISs network analyst. The model is used to 

further inform an ongoing infrastructure development project in the Twin Cities metro area by 

contextualizing road usage within the economic framework of the grain supply chain.  

This paper is concerned with the joint Multi-Trip Heterogeneous Fixed Fleet VRP 

(MTHFFVRP). To our knowledge, Prins (2002) is the only author who studied the MTHFFVRP. 

Without proposing any mathematical model, the author developed several heuristics, namely 

sequential heuristics, a new merge heuristic, steepest descent local search and tabu search. The 

heuristic is applied to the case of a furniture manufacturer located near Nantes on the Atlantic 

coast of France, with 775 destination stores and 71 trucks. 

In this paper, we first formally define the MTHFFVRP and propose a mixed integer 

programming formulation. To solve the MTHFFVRP, we present a GIS-based solution method 

employs a tabu search algorithm which can be used to store, analyze and visualize all data as well 

as model solutions in geographic format. We then considered a real dataset of a company which is 

one of the major supermarket store chain in Turkey. We finally provide several managerial 

insights by exploring the trade-offs between various parameters such as demand, number of 

vehicles, vehicle speed and capacity, and also single-trip problem extension. 
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The remainder of this paper is structured as follows. Section 2 formally defines the problem 

and presents a mathematical formulation. Section 3 provides a detailed description of the solution 

methodology. Section 4 presents a case study and the solutions we propose. Section 5 presents the 

conclusions. 

 

2. PROBLEM DEFINITION AND MATHEMATICAL FORMULATION 

 

The MTHFFVRP is defined on a complete directed graph 𝐺 = (𝑁, 𝐴), where 𝐴 = {(𝑖, 𝑗): 𝑖 ∈
𝑁, 𝑗 ∈ 𝑁, 𝑖 ≠ 𝑗} is the set of arcs. 𝑁 = 0 ∪ 𝑁𝑐 is a set of nodes in which “0” is the depot node and 

Nc is a set of shop nodes. Each arc (i, j)  A has a nonnegative distance dij. The distance matrix is 

asymmetric if for some pair (i, j), dij  dji. Each arc (i, j)  A has a nonnegative travel time cij 

which is calculated as cij = dij/Speed. Each shop i  Nc has a demand qi and a service time pi. The 

index set of vehicle types is denoted by H and for each vehicle type a fixed number of limited 

identical vehicles mh are available. The index set of routes is denoted by R = {1,…, r, ,,,}. The 

capacity of a vehicle of type h  H is denoted by Qh. The maximum allowed working duration is 

Tmax for each vehicle. 

In the MTHFFVRP, one considers a fixed fleet of heterogeneous vehicles with various 

capacities as well as a set of shops with known demands. The problem consists of determining a 

set of vehicle routes such that all vehicles start and end their routes at the depot, each shop is 

visited exactly once by a vehicle, and the load of each vehicle does not exceed its capacity. 

Vehicles can perform several trips per day. Figure 1 presents an illustration of the MTHFFVRP, 

where Lightduty vehicle only serves to Route 1, Medium-duty vehicle serves to Routes 2 and 3, 

and finally Heavy-duty vehicle only serves to Route 4. 

To formulate the MTHFFVRP, we define the following decision variables. Let xh
ijr be equal 

to 1 if a vehicle of type h  H travels directly from node i to node j on route r  R. Let fh
ijr be the 

amount of commodity flowing on arc (i, j)  A by a vehicle of type h  H on route r  R. 

 

 
 

Figure 1. An illustration of the MTHFFVRP. 
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The objective function (1) minimizes the total en-route time. Constraints (2) bounds the 

numberof vehicles for each type. Constraints (3) and (4) ensure that each customer is visited 

exactly once. Constraints (5) impose that a vehicle cannot start the next route (r + 1) before 

finishing the router. Constraints (6) and (7) define the flows. Constraints (8) state that each 

customer is assigned to only one vehicle type. Constraints (9) ensure that the total travel and 

service times cannot exceed the maximum allowed working duration. Finally, constraints (10) and 

(11) enforce the integralityand nonnegativity restrictions on the variables. 

The formulation presented above is that of a multi-trip heterogeneous fixed fleet VRP, which 

is hard to solve optimally as it requires the joint solution several difficult subproblems. To 

overcome this barrier, we present a GIS-based solution method in the next section. 

 

3. SOLUTION METHODOLOGY 

 

The literature of solution methods for the VRP is extensive with many commercial 

applications. We choose to use the ArcGIS software platform commercial GIS package for this 

purpose and also for building our GIS-based decision support framework. The ArcGIS is 

commonly used in many broad areas where spatially-enabled data need to be stored, retrieved, 

analyzed, visualized and even served online ArcGIS (2016). 

In this paper, we first use the ArcGIS as a platform to store all MTHFFVRP data in 

geographic format and visualize them as well as the solutions we obtain through our heuristic 

approach. We then use it for running the Network Analyst Extension repeatedly to solve the 

MTHFFVRP. The Network Analyst Extension allows us to define the problem and specify its 
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parameters such as costs, demands, vehicle capacities, network restrictions, and type of output. 

Figure 2 shows several examples from the interface of the Network Analyst. 

For the MTHFFVRP, a tabu search metaheuristic is used by the ArcGIS where it follows the 

classical tabu search principles such as non-improving solutions are accepted along the way, but 

cycling of solutions are avoided using tabu lists and tabu tenure parameters (see Glover and 

Laguna, 1998). 

 

 
 

Figure 2. Several examples from the Network Analyst interface. 

 

In the initialization phase, the ArcGIS first creates an origin-destination matrix of shortest 

travel costs between all locations that must be visited by a route. It then generates a feasible initial 

solution by inserting each location one at a time into the most suitable route. In the improvement 

phase, the algorithm aims to obtain better solution by applying the following three procedures. 
 

 Changing the sequence nodes on a single route. 

 Moving a single node from its current route to a better route. 

 Swapping two nodes between their respective routes. 
 

For further details about the ArcGIS, the Network Analyst extension and its application on the 

VRP, but not much details on the mechanics of the metaheuristic algorithm since solver is 

proprietary software, the reader is referred to the ArcGIS (2016). 
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4. A CASE STUDY 

 

In this section, we present an application of the solution method on a case study arising in one 

of the major supermarket store chain in Turkey. We will first describe the case study in more 

detail, including the input data used, and then present the associated results obtained with the 

ArcGIS. 

 

4.1. Input data 

 

The company, BİM Inc., is known for offering a limited range of basic food items and 

consumer goods at competitive prices but with highest quality. BİM Inc. limits its product 

portfolio to approximately 600 items and aims at having diverse private label products. Products 

that are offered to consumers at the stores are selected in such a way that they satisfy 80% of the 

basic daily requirements of a household. Products are displayed on pallets and not on shelves in 

such a way as to provide easy access for the customer. It makes sure that customers reach to what 

they need without getting lost between huge shelves and lanes. At stores, they do not cater to 

fancy interior designs or expensive product marketing, instead these savings appear as reduced 

prices for their products. Stores have a minimalist interior design, simple systems with store-

related costs kept at a minimum. Store sizes, positioning, lighting systems and direction signs 

have been designed to reflect a cozy and comfortable shopping atmosphere. BİM Inc. aims to 

provide a non-stressful and no hassle environment for customers. In terms of product selection 

and pricing, the company has employed a detailed and well-thought out mode of operation. 

Products that are offered to consumers at the stores are selected in such a way that they satisfy the 

basic Daily requirements of a household. BİM Inc. carries out effective controls on quality 

standards, thus assisting customers to buy products at the most reasonable price possible. BİM 

Inc. is the Pioneer of this discount store model in Turkey where it began in 1995 with 21 stores 

and by the end of 2016 had reached 5530 stores, making it the country’s leading food retailer. For 

more than twenty years, BİM Inc. continued to pursue the policy of opening new stores and 

continuously increase its turnover. BİM Inc. does not offer franchises, all stores are owned and 

operated by the company itself (BİM Inc., 2017). 

BİM Inc. aims to speed up decision-making and implementation processes by establishing a 

welldesigned logistic network between depots and stores. In this study, we consider a depot and 

90 stores which are located in the city of Gaziantep (see Figure 3). The locations of the depot and 

90 stores are illustrated in Figure 4. Gaziantep with its 1,975,302. population in 2016 is the 8th 

most crowded city of Turkey. The city is an important commercial and industrial center for 

Turkey and considered stores are located in two districts cover 85% of total population of 

Gaziantep. BİM Inc. has four types of vehicles, A, B, C and D, each with a fixed number. The 

details about the current vehicle fleet is given in Table 1. The demand of each store is expressed 

as pallet and each vehicle are designed to satisfy these specific store demands. BİM Inc. has 

variable number of orders from stores which can be seen as several benchmark instances in this 

study. In total, there are 10 benchmark instances which includes from 36 to 75 shops. Each shop 

has a service time which includes the unloading time (6 minutes per pallet), and parking time and 

handling paperwork for shipment (30 minutes per shop). As a company policy, the maximum 

allowed working duration for each vehicle is 6 hours. Furthermore, the vehicle speed is fixed at 

50 km/h. 

We use the real network distances when we computing the cij values on each arc (i, j)  A. 

Therefore, it is possible that cij  cji, i.e., asymmetric, which is illustrated in Figure 5. In Figure 

5.a, the distance from shop MO5 to M62 is 1116.86 meters. On the other hand, in Figure 5.b, the 

distance from shop MO5 to M62 is 882.13 meters. 
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Table 1. The details of the vehicle fleet. 
 

Type Capasity Number 

 (pallets)  

A 6 2 

B 15 2 

C 18 8 

D 21 6 

 

 
 

Figure 3. The location of city of Gaziantep in Turkey (Google Maps, 2017). 

 

 
 

Figure 4. Locations of the depot and shops. 
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a)                                                                          b) 

 

Figure 5. Asymmetric paths between two nodes. 

 

4.2. Computational experiments and analyses 

 

We now present the results of our computational experiments. All experiments were 

conducted on a server with an Intel Core i7 CPU 3.07 Ghz processor. All solutions are solved less 

than 5 CPU seconds. 

The analysis of the ArcGIS for the case study has considered fixed parameters, such as store 

demands or number of available vehicles. In our experiments, we will explore the effects of 

possible changes in the values of the main parameters on the total cost of the system. In particular, 

we will investigate whether the solution method yields cost-effective solutionswhen there is 

growth in the values of these parameters. The aim of the computational experiments is sixfold; 1) 

to solve the problem described in Section 2, and in particular to empirically calculate the effect of 

any changes in: 2) the shop demand, 3) vehicle capacity, 4) number of vehicles, 5) single-trip, and 

6) vehicle speed. 

 

4.2.1. Results obtained on the instances 

 

Table 2 presents the average results obtained on benchmark instances of the BİM Inc.. The 

first column shows the instance name. The other columns display the number of shops (jNcj), 

fleet composition, vehicle capacity utilization rate, the total distance in kilometers, total travel 

time in minutes, total en-route time in minutes, and finally total CPU time in minutes. In column 

“Fleet composition”, shows the actual number of vehicles used where the letters A–D correspond 

to the vehicle types and the next number denote the number of each type of vehicle used. For 

example, “A2 B1” indicates that two vehicles of type A and one vehicle of type B are used in the 

solution. Vehicle capacity utilization rate displays the average percentage capacity utilization of 

the vehicle fleet, which is calculated as 100 (total demand of route)/(capacity of the vehicle) for 

each vehicle. Figure 6 presents an illustration of the routes of the instance Gaziantep-BIM-10.  

Table 2 shows that for instances Gaziantep-BIM-1 to Gaziantep-BIM-8, mostly C and D 

vehicle types frequently used which indicates that types of vehicles are more suitable for medium-

size instances. However, for large-size instances (Gaziantep-BIM-9 and Gaziantep-BIM-10) all 

vehicle types are frequently used since the shop demand requires larger fleet size. One can see 

that all computation times are below 0.15 seconds, which is quite fast for a problem that has rich 

VRP characteristic. 
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Table 2. Detailed results on 10 instances. 
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Figure 6. Illustration of routes of the Gaziantep-BIM-10 instance. 
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4.2.2. The effect of the shop demand 

 

In this section, we investigate the effect of the shop demand on solution quality. To do so, we 

decrease and increase the demand of each shop by 10%, 20%, and 30%. Table 3 presents the 

average results for these experiments. The column Dev (%) shows the percentage deviation in 

total en-route time of the each scenario over the base case. The detailed results of these 

experiments can be found in the Appendix. Figures 7 and 8 show an illustration of the effect of 

the shop demand on total distance and on vehicle capacity utilization, respectively. 

Table 3 indicates that the total en-route time is decreased by -21.56%, -13.37% and -6.77%, 

when the shop demand is decreased by 30%, 20% and 10%, respectively. Similarly, the total en-

route time increased by 7.24%, 10.88% and 15.09%, when the shop demand is increased by 10%, 

20% and 20%, respectively. It is important to indicate that 10%, 20% or 30% increases in shop 

demand result in infeasible solutions for large-size (Gaziantep-BIM-9 and Gaziantep-BIM-10) 

instances. In other words, the vehicle fleet becomes insufficient when the total shop demand is 

higher than the base case. It is interesting to note that the same amount of increase or decrease in 

shop demand, do not result in very similar change in solution. For example, when we decrease the 

shop demand by 30%, the total en-route time is decreased by -21.56% which is almost 7% higher 

than the 30% increase case. As can be clearly seen in Table 3 and Figure 7, any changes in shop 

demand directly effects en-route time, travel time, as well as traveled distance in similar manner.  

 

 
 

Figure 7. Illustration of the effect of shop demand on total distance. 
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Figure 8. Illustration of the effect of shop demand on vehicle capacity utilization. 

 

Table 3. Average results of the effect of the shop demand. 
 

  
 

4.2.3. The effect of the vehicle capacity 

 

This section analyzes the effect of the vehicle capacity on solution quality. To do so, we 

decrease and increase the capacity of each vehicle type by 10%, 20%, and 30%. Table 4 presents 

the average results for these experiments. The detailed results of each experiments can be found 

in the Appendix. Figures 9 shows an illustration of the effects of changing capacity on vehicle 

type utilization rate. 

Table 4 shows that the total en-route time is increased by 5.18%, 4.25% and 1.82%, when the 

capacity of each vehicle type is decreased by 30%, 20% and 10%, respectively. It is important to 

indicate that 10%, 20% or 30% decreases in vehicle capacity result in infeasible solutions for 

large-size instances which means that the vehicle fleet becomes insufficient to satisfy the shop 

demands. The total en-route time is decreased by -1.60%, -3.24% and -3.80%, when the capacity 

of each vehicle type is increased by 10%, 20% and 30%, respectively. These results demonstrates 

that any changes in vehicle capacity directly effects en-route time, travel time, as well as traveled 

distance in opposite manner. Figure 9 indicates that when we increase the vehicle capacity by 

10%, 20% and 30%, the utilization rates of type D vehicle are 42.75%, 49.18% and 52.14%, 

respectively. Similarly, the utilization rates of type A vehicle are 5.07%, 4.92% and 5.13%, when 
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we increase the vehicle capacity by 10%, 20% and 30%, respectively. These results show that 

when there is an increase in the capacity, the model prefers to use more A and D type vehicle than 

C type. 

 

Table 4. Average results of the effect of the vehicle capacity. 
 

  
 

  
 

Figure 9. Illustration of the effects of changing capacity on vehicle type utilization rate. 

 

4.2.4. The effect of the number of vehicles 

 

In this section, we investigate the effect of the number of vehicles on solution quality. To do 

so, we decrease and increase the fixed numbers of each vehicle type by “1” and “2”. Table 5 

presents the average results for these experiments. The detailed results of each experiments can be 

found in the Appendix. 

Table 5 shows that the total en-route time is increased by 1.97% and 0.23%, when the number 

of each vehicle type decreased by “2” and “1”, respectively. It is important to indicate that “2” 

and “1” decreases in the number of each vehicle type result in infeasible solutions for instances 

with have 50 or more shops. In other words, the vehicle fleet becomes insufficient to satisfy the 

shop demands when the number of vehicles decrease. The total en-route time is decreased by        

-0.79% and -2.26%, when the number of each vehicle type is increased by “1” and “2”, 
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respectively. These results demonstrates it is required to increase the fixed number of vehicles for 

solving the instances which has more than 50 shops. Furthermore, our results show that any 

increase in fixed number of vehicles can reduce the total en-route time. 

 

Table 5. Average results of the effect of the number of vehicles. 
 

 
 

4.2.5. The effect of the single-trip 

 

In this section, we investigate the impact of the single-trip on solution quality. To do so, we 

did not allowed vehicles to serve more than one route such as in the classical VRP. Table 6 

presents the detailed results for these experiments. The column Dev (%) shows the percentage 

deviation in total en-route time of the single-trip case over the base case. The penultimate column 

shows the number of unserved shops. Figure 10 shows an illustration of unserved shops in 

Gaziantep-BIM-9 (yellow) and in Gaziantep-BIM-10 (yellow and blue) for the case of the single-

trip. Figure11 shows an illustration of the ratio of the traveled distance in single-trip case to 

traveled distance in multi-trip case. 

The percentage deviation in the total en-route time is variable from one instance to another. 

For the instances Gaziantep-BIM-9 and Gaziantep-BIM-10, 11 and 14 shops could not served, 

respectively. These results clearly indicate that when the number of shops are higher the current 

vehicle fleet is not able to satisfy all shops demands which shows the importance of multi-trip 

case for the company. Figure 11 indicates that the multi-trip case decreased the total traveled 

distance when compared with the single-trip case, which indicates the importance of the multi-trip 

attitude. 

 

4.2.6. The effect of the vehicle speed 

 

We finally analyze the effect of the vehicle speed on solution quality. To this end, we set 

vehicle fixed speed at 35, 40, 45, 55, 60 and 65 km/h. Table 7 presents the average results for 

these experiments. The detailed results of each experiments can be found in the Appendix. Figure 

12 shows an illustration of the effects of speed on total en-route time utilization rate. 
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Figure 10. Illustration of unserved shops in Gaziantep-BIM-9 (yellow) and in Gaziantep-BIM-10 

(yellow and blue) for the case of the single-trip. 

 

  
 

Figure 11. Illustration of the ratio of the travelled distance in single-trip case to travelled distance 

in multi-trip case. 
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Table 6. Results for the single-trip case. 
 

  
 

Table 7 shows that the total en-route time is increased by 6.74%, 4.13% and 2.24%, when the 

vehicle speed is fixed at 35, 40 and 45 km/h, respectively. We can observe from the detailed 

results that when vehicles travels with lower speed than the base case, the method cannot provide 

any feasible solutions for large-size instances. The total en-route time decreased by -1.15%,          

-2.94% and -4.23%, when the vehicle speed is fixed at 55, 60 and 65 km/h, respectively. These 

results demonstrates that any changes in vehicle speed directly effects en-route time, travel time, 

as well as traveled distance. Furthermore, Figure 12 indicates that the total en-route time 

utilization rate is decreased when the vehicle speed is increased for the medium-size instances. 

However, it significantly increased for large-size instances.  

 

 
 

Figure 12. Illustration of the effects of speed on total en-route time utilization rate. 
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Table 7. Average results of the effect of the vehicle speed. 
 

  
 

5. CONCLUSIONS 

 

We have formally described the Multi-Trip Heterogeneous Fixed Fleet Vehicle Routing 

Problem (MTHFFVRP), and we have proposed a mixed integer programming formulation. To 

solve the MTHFFVRP, we have used the ArcGIS software platform commercial GIS package, 

which employs a tabu search algorithm which can be used to store, analyze and visualize all data 

as well as model solutions in geographic format. We have applied the method on a real dataset of 

a company which is one of the major supermarket store chain in Turkey. We have finally 

provided several managerial insights by exploring the trade-offs between various parameters such 

as demand, number of vehicles, vehicle speed and capacity, and also single-trip problem variant. 

We have shown that if current vehicle fleet travels with lower speed than the base case (50 

km/h), it is not possible to obtain feasible solutions for large-size instances. We have also shown 

that the current vehicle fleet will be insufficient if the shop demands are higher. We have 

demonstrated the importance of multi-trip case for the company which makes it possible to satisfy 

all shops demands. We have also shown that the multi-trip case decreased the total traveled 

distance when compared with the single-trip case. 

Beyond the computational comparisons we have just made, we stress the importance of the 

availability of a flexible decision support tool, such as ArcGIS, capable of analyzing the trade-

offs that can be established between various parameters within quite short computation time. 

Consideration of the parameters as deterministic, developing the model without time windows 

and running the proposed model with a limited area are the limitations and shortcomings of the 

paper. For the future researches, we recommend the following directions: (i) different heuristics 

can be investigated as solution approaches when the complexity issue becomes a challenge, (ii) 

fuzzy extension of the model can be worked on in order to cope with the fuzzy demand and 

finally (iii) environmental issues can be considered. 
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Appendix 

 

Tables A.1 and A.2 presents the detailed results of the effect of decreasing and increasing the 

shop demand, respectively. Tables A.3 and A.4 presents the detailed results of the effect of 

decreasing and increasing the vehicle capacity, respectively. Tables A.5 presents the detailed 

results of the effect of the number of vehicles. Tables A.6 and A.7 presents the detailed results of 

the effect ofdecreasing and increasing the vehicle speed, respectively.  
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Table A.1. Detailed results of the effect of decreasing the shop demand. 
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Table A.2. Detailed results of the effect of increasing the shop demand. 
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Table A.3. Detailed results of the effect of decreasing the vehicle capacity. 
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Table A.4. Detailed results of the effect of increasing the vehicle capacity. 
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Table A.5. Detailed results of the effect of the number of vehicles. 
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Table A.6. Detailed results of the effect of decreasing the vehicle speed. 
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Table A.7. Detailed results of the effect of increasing the vehicle speed. 
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