
International Journal of Early Childhood Special Education (INT-JECSE) 
DOI:10.9756/INTJECSE/V14I2.994 ISSN: 1308-5581 Vol 14, Issue 02 2022 

 

9097 

SOLVING VEHICLE ROUTING PROBLEM OF MEDICINE 

DISTRIBUTION IN TABRIZ WITH A TIME WINDOW USING BAT META-

HEURISTIC ALGORITHM 

 

Mohammad Reza Asadollahi 

Master of Industrial Engineering from Islamic Azad University, Bonab Branch 

 

Abstract:-Many studies have been carried out on how to model problem types, develop problem 

hypotheses to adapt to real-world applications and create or develop problem-solving methods to 

reach better results. The present study intended to use the single-objective bat algorithm for the 

medicine distribution process in the Tabriz metropolis to solve the vehicle routing problem (VRP) 

with time windows. Given the continuous nature of the meta-heuristic algorithm, the generation and 

decoding method designs a new solution for routing that leads to the shortest transport route in the 

least possible time. Regarding this, the medicine distribution method by the medicine distribution 

company, which is a commercial-service company (non-technological), has been taken into account. 

Problems with various dimensions based on real problems associated with the transfer of medicines 

to pharmacies in Tabriz, which the medicine distribution company does, have been considered to 

evaluate the performance of the proposed method. The proposed method was implemented in 

MATLAB and GAMS software. According to the results obtained, the routing was carried out on 

various sets, the result was performed, and the cost spent for each of them was presented. 

Furthermore, GAMSsoftware was used to verify the reference paper showing that optimal routing is 

done considering the optimal nature of the meta-heuristic algorithm, and the costs incurred for this 

task have significantly reduced compared to previous similar ones. 

 

Keywords—Bat algorithm, routing, GAMS, MATLAB, Medicine Distribution, Shortest Path. 

 

INTRODUCTION 

VRP is at the heart of the distribution organization. Thousands of companies involved in the 

delivery, collection and transportation of objects and people face this problem daily. Organizations 

have various conditions, and the goals and constraints of this problem are very diverse. In medicine 

distribution, one of the central processes is the effective delivery of medicines from the warehouse 

(treasury) to customers (branches). The Medicine delivery process is very complex. Large 

pharmacy branches in metropolitan areas are very scattered. As medicine is a highly sensitive 
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product, considering even minor problems is very important. The necessity to complete the 

medicine delivery operation on time to provide timely services increases the complexity of the 

problem. The simplest form of routing problem is the TSP itinerary. In the real world, VRP 

constraints appear, and adherence to them greatly affects the solution choice. 

However, in large pharmacies, given a large number of branches in metropolitan areas, services are 

provided from several treasuries to several branches, whereas each of the treasuries has several 

independent vehicles and facilities. Cabinets and vehicles are unlimited in terms of capacity given 

the small volume of medicine, and the main limitation is the delivery of medicine on time. Some 

branches request medicine daily; thus, it is necessary to solve the VRP problem for pharmacies 

daily. 

 

When choosing the optimal route, the minimum risk index of the route is way more important than 

its being short. Thus, the paper has designed a multiple routing model for minimizing transportation 

time if services to branches are completed on time. It must be noted that in this work, measurable 

indices such as street type, type of allowed traffic, street width, and average street traffic are used, 

and indices such as instantaneous traffic and unforeseen moments or events are ignored to calculate 

the road risk according to the experts in this field. 

Bae et al. considered the MDVRP problem with a time window and proposed an improved genetic 

algorithm to solve this problem. They used three innovative methods to minimize logistics costs by 

observing the delivery time and the capacity of vehicles to find the initial solution for this algorithm 

[1]. Chen, Ichsue, and Chang proposed a nonlinear mathematical model that considered production 

timing and routing of time-lapse vehicles for perishable food products to maximize total expected 

profits. In their proposed model, they assumed retailers' demand as probable [2]. 

Mirabi, Fatemi Qomi, and July considered the MDVRP problem, and besides routing and 

scheduling, they raised the problem of grouping. To solve their proposed model, they proposed a 

possible efficient hybrid heuristic method that was a combination of constructive and improvement 

techniques, one of the best innovative methods available [3]. Qeisari and Qanadpour proposed a 

new mathematical model for the VRPTW problem with multiple objectives, in which the decision-

maker considers different levels for its objectives and ideals and tries to minimize the deviation 

from them. They used the idealization program to model this multi-objective model and an efficient 

genetic algorithm to solve it [4]. 

Kouch et al. introduce determining the fleet's composition and size by locating and routing the 

problem by considering the time window where the routing and location problem by considering 

the heterogeneous fleet and the time window is expanded and developed. The paper aims to 



International Journal of Early Childhood Special Education (INT-JECSE) 
DOI:10.9756/INTJECSE/V14I2.994 ISSN: 1308-5581 Vol 14, Issue 02 2022 

 

9099 

minimize the sum of fixed vehicle costs, warehouse costs and route costs [5]. Shahr Ayini et al. 

dealt with applying a genetic algorithm (GA) to solve the capacitated vehicle routing problem 

(CVRP) problem. In this problem, the purpose is to find optimal paths for a specific number of 

vehicles, each of which has a certain volume and must deliver customers' orders from a central 

warehouse. The best-known results for these problems are obtained using tabu search heuristic 

algorithms and simulated annealing [6]. 

 

Khademi Zare et al. formulated a new vehicle routing problem model as an integer linear 

programming where, unlike conventional models of routing problems, the vehicle is not needed to 

return to the original warehouse after service. The results of solving several examples show that by 

using a flexible model instead of conventional routing models, distribution costs are reduced by an 

average of 15%, and customer satisfaction is increased by 18% [7]. Kahfi et al. designed a 

multipurpose two-way routing considering the type of goods shipped to solve this problem. The 

solution results are compared with the NSGA-II algorithm. Comparing the results of algorithms 

with multi-objective indices indicates the efficiency of the bat algorithm for the problem [8]. 

Moradi et al. have attempted to identify and introduce mathematical models associated with routing 

problems. Then why the uncertainty of the optimality of the proposed solutions in the distribution 

industry will be examined, and the complexity classes of such problems will be explained. 

Additionally, a basic mathematical model for routing problems has been introduced [9]. 

Khoshbakht et al. suggested an effective, comprehensive competitive method as a new meta-

heuristic algorithm to solve this problem. The computational results indicate that the proposed 

algorithm is competitive with other results of meta-heuristic methods for solution. 

Furthermore, 9 of the best solutions obtained so far have been obtained using the proposed 

algorithm [10]. Fattahi et al. have presented a two-stage mixed-integer programming model for the 

problem of multi-commodity location and routing, considering the processing centers concerning 

its potential applications in distribution networks. The computational findings indicate that the 

proposed algorithm provides better solutions than the other algorithms and has good convergence to 

the desired solutions [11]. 

The present study intends to use the single-objective bat algorithm for the medicine distribution 

process in the Tabriz metropolis for solving VRP with time windows. Given the continuous nature 

of the meta-heuristic algorithm, the generation and decoding method designs a new solution for 

routing that leads to the shortest transport route in the least possible time. Regarding this, the 

medicine distribution method by the medicine distribution company, which is a commercial-service 

company (non-technological), has been taken into account. The company is engaged in preparing 
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and supplying different medicines in northwest Iran, and distributive medicines include different 

types of common medicines in the Iranian pharmaceutical market. 

 

Methods 

In the first stage, after collecting information that is based on valid papers and data associated with 

the medicine distribution company, we started the work and then fully described the mathematical 

modeling used along with the existing equations. The method used is the solving method of the t 

bat meta-heuristic algorithm, implemented to implement the new method in MATLAB software 

and perform validation in GAMS software. Finally, the results obtained from this implementation 

were examined and analyzed. 

 

Mathematical model 

For better designing of the mathematical model, first, the assumptions, signs, parameters, and 

variables were defined, and then the objective functions and their constraints were presented. 

 

Hypotheses 

1- The problem is designed as a discrete network where the pharmacies and warehouses are the 

nodes. 

2- The demand of each pharmacy is clear and constant at the onset of the day. 

3- Each vehicle moves from a warehouse and returns to the warehouse after covering the path. 

4- Each pharmacy gives services in exactly one vehicle. 

5- Each vehicle passes exactly through one warehouse. 

6- All vehicles are homogeneous and limited in time. 

7- There are several warehouses to deliver the demand to the pharmacy. Indeed, a particular branch 

does not necessarily receive service from a specific warehouse. 

8- The number of vehicles in each warehouse has a certain limit, but not all of them should be used. 

9- The vehicles cannot be transferred to other warehouses. 

 

Parameters  

I: Number of warehouses 

J: The sum of the number of customers equals the total number of warehouses and pharmacies 

{j|j = 1, … . N + M} 

K: a set of vehicles {k|𝑘 = 1, … . K} or the same set of routes (vehicle-k represents the kth route)  
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τkj: Maximum delivery time for pharmacy demand j by vehicle k (jϵI and kϵK) 

Tk: The maximum time allowed for the movement of the kth vehicle. 

Yi: Maximum number of vehicles per warehouse 

tijk: The time of movement from point i to j by vehicle k 

 

Decision variables 

Xijk: If the point i is immediately preceded by j by vehicle k (i, jϵI∪J, kϵK), it is one, otherwise zero. 

Zij: If pharmacy j is assigned to warehouse I, it is one, otherwise zero. 

Uik: Auxiliary variable in sub-tour deletion constraint 

 

Proposed mathematical model 

The reason for not direct use of the vehicle cost minimization function in the problem is that the 

number of vehicles in each warehouse is specified, and its fixed cost has already been paid; 

therefore, timely service to pharmacies and reduction of total transportation time is more important 

than reducing the vehicles cost of the vehicle. 

(1) Min𝑍 = ∑ ∑ ∑ tijkXijk

k∈Kj∈Ji∈I⋃J

 

(2) ∑ ∑ Xijk   = 1             

i∈I∪Jk∈K

∀j ∈ J 

(3) ∑ τkj + ∑ ∑ tijkXijk ≤ Tk    ∀k ∈ K

j∈Ji∈I∪Jj∈J

 

(4) Ulj − Ujk + KXljk ≤ K − 1       ∀l, j ∈ J, k ∈ K 

(5) ∑ ∑ Xijk

j∈Ji∈I∪J

≤ 1    ∀k ∈ K 

(6) ∑ Xijk − ∑ Xjik = 0  ∀i ∈ I ∪ J, k ∈ K

j∈I∪Jj∈I∪J

 

(7) −Zij + ∑ (Xiuk + Xujk) ≤ 1 ∀i ∈

u∈I∪J

I, j ∈ J, k ∈ K 

(8) ∑ Xijk ≤ Yi

j∈J

  ∀i ∈ I ∪ J, k ∈ K 

(9) Xijk ∈ {0,1}      ∀i, j ∈ I ∪ J, k ∈ K 

(10) Zij ∈ {0,1}       ∀i ∈ I, j ∈ I     

(11) U𝑖𝑘 ≥ 0  and integer   ∀i ∈ I, k 
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Equation (2) indicates that each pharmacy is serviced by only one vehicle and one warehouse. 

Equation (3) indicates that the movement duration of a vehicle should be less than the maximum 

allowable time. Equation (4) guarantees the elimination of any sub-tour. Equation (5) indicates that 

each vehicle is assigned to exactly one path. Equation (6) reveals that any vehicle that enters any 

pharmacy must leave it. Equation (7) indicates that a branch may be assigned to a warehouse only if 

a vehicle is assigned to the warehouse serving that branch. Equation (8) is the constraint on the 

number of vehicles in each warehouse is equal to a certain number, but not all vehicles are 

necessarily used. Equations (9) to (11) determine the type of decision variables and the auxiliary 

variable. 

 

Proposed method design 

The study intended to use the single-objective bat algorithm for the medicine distribution process in 

the Tabriz metropolis for solving VRP with time windows. Given the continuous nature of the 

model and selected algorithm type (continuous algorithm), it is inspired by the representation in a 

paper by Setak et al. (2013) that can be represented as a fixed-length vector. In this task, generating 

the initial solution, decoding the solution, and generating a new solution are simple. 

Step 1: Generating the initial solution 

The initial solution is generated randomly. This initial solution is not meaningful considering how it 

is presented here. The solution is shown by generating a vector of random numbers between [0,1] 

with a constant length equal to the number of pharmacies (N). At this stage, the string of vector 

numbers is arranged in descending order. The obtained vector is converted to a permutation of the 

number of pharmacies examined, with the number of pharmacies varying in the range [M + 1, N + 

M] and M representing the number of warehouses and N the number of pharmacies. 

As the obtained solutions are not meaningful, the obtained solution needs to be turned into a 

possible solution, then the objective function for the obtained solutions should be evaluated to 

evaluate the obtained solutions. The following should be done to create a meaningful solution. 

Firstly, the nearest pharmacy to the warehouse is determined and added to the beginning of the 

existing sequence to find better routes. The travel time in the created path is the sum of the 

transport time from point i to point j and the time of delivery of medicines to point j, as the kth 

vehicle time (k = 1, 2,… k) where k begins from 1. 

As long as the sum of the times does not exceed the maximum allowable time of the kth vehicle 

(equal to the maximum allowable delivery time to the pharmacies), the next pharmacy in the initial 

sequence is added to the evaluated solution. 
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When the sum of times exceeds the maximum time of the vehicle, the total time calculated is 

considered as the time of the kth vehicle, one unit is added to k, and the algorithm returns to the 

first step. 

Another problem is the number of vehicles moving from the warehouse to the pharmacies, which 

can be described in different cases as follows. When one vehicle leaves the warehouse for the 

pharmacies, the created sequence moves as 1-2-9-3-1, and when two vehicles leave the warehouse, 

the sequences 1-6-8-4-1 and 1-7-5-1 move. Thus, the solution obtained will be as follows. 

 

Table 1. Decoding the solution 

8 6 1 9 3 6 8 4 1 

 

To create a new solution, considering the discrete nature of the bat algorithm, the method of 

displaying the solution of a vector of random numbers is in the range [0,1]. In the step of updating 

the speed and location of the bats, it is applied to this vector, and then, in line with the logic 

expressed in the step of producing the initial solution based on the LPV rule, the vector produced in 

the previous steps is converted into a permutation of the number of branches, and in the decoding 

stage, it becomes a justified new solution. 

 

Implementation of the proposed method 

Problems with various dimensions based on real problems related to the transfer of medicines to 

pharmacies in the city of Tabriz, done by the medicine distribution company, have been considered 

to evaluate the performance of the proposed method. Furthermore, these studies align with the real 

data obtained from the company's database and how this company distributes the medicine. In all 

problems of the map of Tabriz, all the required information such as the location of the desired 

pharmacy branches, the type of streets, the type of traffic allowed, the width of the street and the 

length of the street are determined. 

The areas considered include three in Tabriz: Abrasan Street, New 17 Shahrivar Street and Jihad 

Square. The pharmacies in these three areas are considered in this study. The selected pharmacies 

are the target of 10 pharmacies in each area: 17 Shahrivar St., including Ferdows Pharmacy, Dr. 

Afkham Pharmacy, Dr. Fazli Pharmacy, Dr. Salimi Pharmacy, Dr. Rasouli Pharmacy, Dr. Shirzad 

Pharmacy and in Abrasan Street, the Red Crescent and Khavar pharmacies, Dr. Shafaq Pharmacy 

and Valiasr Pharmacy in Jihad Sq. Street. There are various routes between these three areas and 

between the warehouse and the pharmacies. According to the defined problem, the routes between 
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the warehouse and the pharmacies located outside the city, there are several routes that the purpose 

of routing in this method is to find the best route with the lowest cost and the shortest route. In the 

proposed method, the bat method has been selected as a meta-heuristic method with a very high 

power of search and finding the most optimal route. This method has been introduced to find the 

best route to transfer the medicine from the warehouse outside Tabriz to the pharmacy in three 

areas where the route is selected as the optimal route according to the cost minimization and the 

shortest route between the origin and destination. 

The proposed method has been implemented in MATLAB and GAMS software. The requirements 

for the data to be implemented are presented in Table (2) as follows. 

 

Table 2. Specifications of the parameters studied 

 

Row  Specifications Frequency  

1 Company Medicine distribution 

2 
Medicine’s being technological or 

non-technological  

Public and private supplier 

3 Medicine limitation Expiration date 

4 Company rating 7 

5 Number of warehouses West Industrial Company 

6 
Number of pharmacies Ten pharmacies in the Abrasan area up to New 17 

Shahrivar St. 

7 
Number of routes (route constraints) Water supply area up to New 17 Shahrivar Jadid 

St. 

8 
Medicines examined (pharmacy 

demand) 

Amoxicillin 500 mg tablets 

9 Items produced 2000 

10 Vehicles  One truck 

 

The Tabriz branch of Mahyadaro Company covers about 350 customers in East Azarbaijan. In the 

proposed approach in the study, the transportation equipment of the company in the area examined 

is a truck that has received medicines from an existing warehouse of the company and delivered to 

the pharmacies of the contracting party, which has ten pharmacies in the Abrasan St., New 17 

Shahrivar St., Jihad Square, Tabriz. 
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There are many statistical methods for designing experiments in this study, of which the Taguchi 

method has been used to adjust the parameters in this algorithm. As the objective function 

associated with vehicle routing is of the minimization type, the corresponding S / N rate is 

calculated as the following equation. 

(12 )  S

Ns
= −10log (

1

n
∑ yi

2
n

i=1
) 

 

Here, n is the number of iterations of the experiment and yi is the solution to the problem. 

The proposed method was examined under five proposed problems. The problem dimensions in the 

proposed solution are given in Table (3), described below. 

 

Table 3. Dimensions of sample problems 

Problem number 1 2 3 4 5 

Number of 

warehouses 
1 1 1 1 1 

Number of 

pharmacies 
2 4 6 8 10 

 

Results  

In the problem of the paper, some hypotheses have been considered for application in the proposed 

method. These hypotheses are described below. 

- In this problem, there are some demand nodes whose demand is answered through a single 

warehouse. 

- There are several vehicles with the limited weight capacity. 

- Suppliers are unlimited. 

- The demand for nodes is clear and unchanged before planning begins. 

- Vehicles start moving from the depot and pass through the nodes, then return to the depot. 

- A type of product is considered whose value and volume are all the same. 

 

Bat Algorithm: 

Objective function f(x), x = (x1, … ,xd)
T 

Initialize the but population xi (i = 1, 2, ..., n) and vi 

Define pulse frequency fi at Xi 

Initialize pulse rates ri and the loudness Ai 
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while (t <Max number of iterations) 

Generate new solutions by adjusting frequency, 

and updating velocities and locations/solutions {equations 2 to 4} 

if (rund >ri)  

Select a solution among the best solutions  

Generate a local solution around the selected best solution  

end if  

Generate a new solution by flying randomly  

if {rund <Ai& f(xi) < f(x*)}  

Accept the new solutions  

Increase ri and reduce Ai 

end if  

Rank the bats and find the current best x* 

end while  

Postprocess results and visualization 

In the proposed method, the problem stated is solved in MATLAB through the following steps: 

1- Start the proposed method 

2- Executing the Main code from the MATLAB page 

3- Loading the page and selecting the collection of data taken from the source by the user 

4- After selecting the data needed based on the environment and the number of nodes on the page, 

the program will be executed and enter the main algorithm. 

5- First, it will be checked whether the program has finished its work; if it has finished, it will 

display the results and go to step 9, and if not, continue the algorithm in the 6th step. 

6- The bat algorithm will be implemented, and as previously explained, the algorithm will examine 

and find the best result for the input data. 

7- The result of step 6 will be stored in a dataset. 

8- If the number of these data reaches the required limit, it will return to step 5; if not, it will return 

to step 6. 

9- Completion of the method 

In this problem, the condition of ending the method and reaching the end of the algorithm will 

occur in two cases. In the first case, the method will be completed by reaching the maximum 

execution of 2000 performances or, in the next case, without changing the result in more than the 

last 20 performances. The implementation findings of the method proposed in the study in the 

MATLAB environment are given below. 
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Figure 1. View of the program implementation 

After selecting the desired dataset, the program starts running, in the image above, the best cost is 

calculated in different iterations, and this and program execution continue until the termination 

condition is reached. After reaching the stop conditions, the results will be as follows. 

 

 

Figure 2. Display of the optimal state obtained for the first dataset 

 

Figure (2) shows the optimal position of the warehouse and pharmacies, the route between the 

warehouse and the pharmacies, and the best-selected route between the pharmacy and the 

warehouse in case the number of pharmacies is 8. In this problem, there are some demand nodes 

whose demand is solved through a single warehouse. Vehicles start moving from the depot and 
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pass through the nodes, then return to the depot. Figure 2 shows the move through the depot and the 

nodes, representing the pharmacies that have requested it, and this image shows the final shape and 

routing created.  

The obtained graph is considered in a search space of 200 * 100. Warehouses and pharmacies are 

shown with square and circle symbols, respectively. The figure above is a symbolic form of how 

the warehouse and pharmacies are located and shown to be fixed. The warehouse location is outside 

Tabriz, and the above figure is just a symbol of the warehouse location and how to route the car 

containing the medicine. It is towards the pharmacies, and the location of the warehouse does not 

show the location of the warehouse in the city, and the coordinates between the pharmacies are not 

in any way. The medicine-containing vehicle is considered a target in three areas in Tabriz, 

including 17 Shahrivar St., Abrasan St. and Jihad Square. In these areas, ten pharmacies are 

considered target pharmacies for medicine distribution, and the names of these pharmacies have 

already been mentioned. The proposed method uses the bat algorithm to find the optimal route 

among the different routes between the warehouse and the pharmacies, which is the optimal route 

with the lowest selection cost.  

In Figure (2), among the pharmacies available in the figure, three routes are selected as optimal 

routes from among the available routes, and the vehicle containing medicine to serve the existing 

pharmacies has identified and considered three routes as optimal routes to move from these routes 

and delivers medicines to these destinations through these routes. 

 

 

Figure 3. Cost of the first dataset 

 

Figure (3) is the improvement of the proposed method under the first dataset numerically, showing 

the cost reduction for the desired VRP according to the proposed algorithm. 
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Figure 4. Display of the optimal state obtained for the second dataset 

 

In Figure (5), the second dataset is applied to the problem by increasing the number of pharmacies, 

and the optimal mode for routing results is obtained. 

 

Figure 5. Cost of the second dataset 

In Figure (6), the results obtained for the cost obtained by applying the second dataset are obtained. 

 

Figure 6. Display of the optimal state obtained for the third dataset 
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In Figure (7), the third dataset is applied to the studied problem by increasing the number of 

pharmacies and reaching the optimal mode for routing results. 

 

Figure 7. Cost on the third dataset 

 

Figure (8) shows the optimal position of the warehouse and pharmacies, the route between the 

warehouse and the pharmacies, and the best-selected route between the pharmacy and the 

warehouse in a situation where the number of pharmacies is equal to the third dataset. In this 

problem, there are some demand nodes whose demand is answered through a single warehouse. 

Vehicles start moving from the depot and pass through the nodes, then return to the depot. Figure 

(8) is the movement through the depot and the nodes that indicate the pharmacies that have 

requested, and this image shows the final shape and routing developed. 

 

 

Figure 8. Display the optimal state obtained for the fourth dataset 
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Figure (9) shows the fourth dataset applied to the problem examined by increasing the number of 

pharmacies and the results obtained from the optimal mode for routing obtained with this amount of 

data. 

 

Figure 9. Cost on the fourth dataset 

 

Figure (9) is the results obtained to enhance the method numerically and reduce the cost for the 

desired VRP according to the proposed algorithm. 

The results of implementation in GAMS 

This section presents the proposed method's implementation using GAMS software and the results 

obtained from this implementation. 

 

Table 4. The evaluation of values obtained in GAMS and MATLAB 

 

Proble

m 

numbe

r 

The 

number 

of 

warehous

es 

The 

number 

of 

pharmaci

es 

The 

numbe

r of 

variabl

es 

GAM

S 

solutio

n 

GAMS 

solutio

n time 

(second

s) 

Calculatio

nal gap 

Algorith

m 

solution 

Algorith

m time 

(seconds

) 

1 1 2 50 30 5 0 % 31 0.5 

2 1 5 320 50 8 0 % 33 2 

3 1 8 500 65 12 0 % 38 5 

4 1 10 700 80 60 0 % 45 5 

5 1 12 950 96 90 0 % 48 10 



International Journal of Early Childhood Special Education (INT-JECSE) 
DOI:10.9756/INTJECSE/V14I2.994 ISSN: 1308-5581 Vol 14, Issue 02 2022 

 

9112 

6 1 15 1400 120 140 5 % 52 10 

7 1 18 2300 160 190 5 % 70 10 

8 1 20 3000 195 230 10 % 84 15 

9 1 30 4700 264 350 10 % 115 15 

10 1 100 
15000 

+ 
- 

14000 

+ 
60 % 390 60 

 

As is clear, considering the increase in dimensions of the model, the problem-solving time and the 

resulting gap to calculate the result have increased, showing that the mathematical programming 

model is NP-Hard. Additionally, the solution time of the algorithm is much shorter compared to the 

exact solution method. It must be noted that the data used has been used using probabilistic 

functions and randomly. 

 

Conclusion 

VRP of medicine distribution with a generalized time window is a VRP and is a complex NP 

problem. VRP and its different variants are an important field of study in the logistics, 

transportation, and supply chain industries. The problem becomes more significant as thousands of 

companies are involved in the delivery, collection and transportation of objects, and people are 

involved in this problem daily. In medicine distribution and distribution, accurate and regular 

transfer of medicine from the factory warehouse or distribution center warehouse to the pharmacy 

is essential. Optimal and efficient distribution of medicines prevents the date of the medicine from 

expiring and the accumulation of low and excess medicines in factories and manufacturing 

companies. On the other hand, there is a need to route the vehicle with a correct and accurate time 

window as the dispersion of pharmacies in the metropolis of Tabriz and the need to complete 

medicine delivery operations within a certain period. 

The optimal position of the warehouse and pharmacies, the route between the warehouse to the 

pharmacies, and the best-selected route between the pharmacy and the warehouse are given in a 

state where the number of pharmacies differs. In this problem, there are several demand nodes 

whose demand is met by a single warehouse. Vehicles start moving from the depot and pass 

through the nodes, then return to the depot. The output obtained indicates the moving from the 

depot and passing through the nodes the pharmacies that have a request. Indeed, these images show 

the final shape and routing created. Additionally, the routing cost in each case was examined by 
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increasing and decreasing the number of pharmacies. Moreover, validation of the reference paper 

was carried out in GAMS software, and the results were given. 
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