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Abstract  

The Vehicle Routing Problem (VRP) can be solved using Genetic Algorithm (GA) because the 

wholesale points under focus here are random. The main objective or goal here is to find the minimum total 

distribution distance by the vehicle to N different wholesale locations. Upon studying the operations of Amponsah 

Effah Pharmaceutical Limited (Kumasi) carefully, the operations of this company is to distribute their medicine after 

production to their nineteen (19) wholesale points starting from their depot in Adum to different cities with their 

delivery vehicle. Since the wholesale points of the company are sited in random cities and the delivery vehicle have to 

distribute the medicines without passing through a specific route, their operations can be modeled by Vehicle Routing 

Problem. A data was collected from Amponsah Effah Pharmaceutical Limited which has been used to create a set of 

routes on which the company uses to minimize the total distribution distance of the vehicle. Testing every probability 

for N wholesale tour would be !N . This implies that testing 19 wholesale points including their main depot in Adum 

making it 20 tour, we would have to measure 
1820!  2.432902008  10        different tours. To calculate the 

fittest of 
182.432902008  10  tours for its minimum distance would take years. However, genetic algorithm can 

be used to find a solution in the shortest possible time, although it might not find the best solution, it can find a near 

perfect solution for a 100 wholesale tour in less than a minute. There are couples of basic steps to solving the vehicle 

routing problem using GA which has been discussed below.  

 

I. MODEL 

Amponsah Efah Pharmaceuticals Limited has their main depot in Adum where it has all its vehicle located. A delivery 

van is used for the distributions in the northern sector to the depot. The nineteen (19) specific wholesale points for the 

northern sector including their depot Amponsah Efah located in different cities are: 

 

 Action Pharmacy 

 Amponsah Efah 

 Asempa Pharmacy 

 Benita Pharmacy 

 Big Maron Pharmacy 

 Concept Medical 

 Costa Pharmacy 

 Danni Herbal 

 Evergreen Pharmacy 

 Fredemens Pharmacy  

 Nyankwa Pharmacy 

 Kojach Pharmacy  

 Kojach Pharmacy Annex 

 Lansa  Chemist  

 Mensaf Chemist 

 Noble Chemist  

 Numens Chemist 

 Oson’s Chemist 

 Panacea Pharmacy 

 Porter Pharmacy 
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The delivery van has to set off from the central depot point. The schedule of the delivery van and its assigned route as 

partitioned is as follows: 

Amponsah Efah  Action Pharmacy Panacea Pharmacy Nyankwa Pharmacy  

Asempa Pharmacy  Kojach Pharmacy Annex Evergreen Pharmacy Costa 

Pharmacy  Lansah  Chemist  Noble Chemist  Fredemens Pharmacy

   

  

     Numens 

Pharmacy   Danni Herbal   Big Maron Pharmacy  Kojach Pharma  Benita 

Pharmacy  Oson's Pharmacy Concept Medicals  Porter Pharmacy Mensaf Pharmacy 

  



   

   

 

The total distance travelled by the delivery van from the depot to all the nineteen (19) wholesale points and back to 

the depot was found to be 11336meters (11.3360km). 

 

 

II. DATA 

In using their local grid points (coordinates), all the 19 wholesale points and their depot are plotted in a graph using 

Matlab. 

 

Table 4.2: (X,Y) Coordinates of wholesale points and depot 

ID X_m Y_m 

ASEMPA PHARMACY 652315 740442 

BENITA PHARMACY 652597 740991 

BIG MARON PHARMACY 652292 741221 

CONCEPT MEDICAL 652589 740905 
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COSTA PHARMACY 651964 740712 

DANNI HERBAL 652110 741159 

EVERGREEN 

PHARMACY 652289 740483 

FREDIMENS PHARMACY 652402 740774 

KOJACH PHARMACY 652589 741092 

LANSAH CHEMIST 652413 740702 

MENSAF CHEMIST 652936 740676 

NOBLE CHEMIST 652403 740725 

NUMENS PHARMACY 652505 740787 

NYANKWA PHARMACY 652235 740171 

OSONS CHEMIST 652514 740976 

PORTER PHARMACY 652766 740795 

AMPONSAH EFFAH 652639 739588 

ACTION PHARM 653042 739361 

PANACEA PHARMACY 653161 739632 

KOJACH PHARMACY 

ANNEX 652468 740367 

 

 

 
Graph Showing The Coordinates 

 

III. ENCODING 

Permutation encoding is used. Numbers are assigned to all the 20 points as shown below. 
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Let WP represent Wholesale Point

WP   1  Amponsah Efah

WP   2  Nyankwa Pharmacy

WP   3  Asempa Pharmacy

WP   4  Evergreen Pharmacy

WP   5  Kojach Pharmacy Annex 

WP   6  Costa Pharmacy

WP   7  Lansah 













  Chemist

WP   8  Noble Chemist

WP   9  Fredemens Pharmacy

WP 10  Numens Pharmacy

WP 11  Benita Pharmacy

WP 12  Porter Pharmacy

WP 13  Mensaf Pharmacy

WP 14  Concept Medicals

WP 15  Action Pharmacy

WP 1

















6  Oson's Pharmacy

WP 17  Kojach Pharmacy

WP 18  Panacea Pharmacy

WP 19  Big Maron Pharmacy

WP 20  Danni Herbal









  
The distance matrix is shown and the corresponding distance square matrix is plotted using Matlab as shown  

 

Distance Square Matrix for Wholesale Points (WP)
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  WP  1 WP  2 WP  3 WP  4 WP  5 WP  6 WP  7 WP  8 WP  9 WP  10 WP  11 WP  12 WP  13 WP  14 WP  15 WP  16 WP  17 WP  18 WP  19 WP  20 

WP  1 0 759 894 967 1160 1400 2253 2278 2333 2521 2478 2753 2961 2823 2941 2923 3083 3211 2431 2321 

WP  2 759 0 309 382 575 888 1741 1766 1821 2009 1966 2241 2449 2311 2429 2411 2571 2650 1859 1809 

WP  3 894 309 0 73 266 579 1432 1457 1512 1700 1657 1932 2140 2002 2120 2102 2262 2341 1559 1500 

WP  4 967 382 73 0 339 592 1359 1384 1439 1627 1584 1859 2067 1929 2047 2029 2189 2268 1555 1427 

WP  5 1160 575 266 339 0 845 1612 1637 1692 1880 1837 2112 2320 2182 2300 2282 2442 2521 1816 1766 

WP  6 1400 888 579 592 845 0 767 792 847 1035 992 1267 1475 1337 1455 1437 1597 1676 885 835 

WP  7 2253 1741 1432 1359 1612 767 0 25 80 199 242 500 708 570 688 670 830 909 664 714 

WP  8 2278 1766 1457 1384 1637 792 25 0 55 174 217 492 700 562 680 662 822 901 630 689 

WP  9 2333 1821 1512 1439 1692 847 80 55 0 119 162 437 645 507 625 607 767 846 584 634 

WP  10 2521 2009 1700 1627 1880 1035 199 174 119 0 43 318 526 388 506 488 160 239 465 515 

WP  11 2478 1966 1657 1584 1837 992 242 217 162 43 0 275 483 345 463 445 605 684 508 558 

WP  12 2753 2241 1932 1859 2112 1267 500 492 437 318 275 0 208 208 326 308 468 547 640 896 

WP  13 2961 2449 2140 2067 2320 1475 708 700 645 526 483 208 0 416 534 516 676 755 848 1154 

WP  14 2823 2311 2002 1929 2182 1337 570 562 507 388 345 208 416 0 118 100 260 339 432 738 

WP  15 2941 2429 2120 2047 2300 1455 688 680 625 506 463 326 534 118 0 156 202 316 556 862 

WP 16  2923 2411 2102 2029 2282 1437 670 662 607 488 445 308 516 100 156 0 160 239 332 638 

WP  17  3083 2571 2262 2189 2442 1597 830 822 767 160 605 468 676 260 202 160 0 142 382 688 

WP  18 3211 2650 2341 2268 2521 1676 909 901 846 239 684 547 755 339 316 239 142 0 270 576 

WP  19 2431 1859 1559 1555 1816 885 664 630 584 465 508 640 848 432 556 332 382 270 0 306 

WP  20 2321 1809 1500 1427 1766 835 714 689 634 515 558 896 1154 738 862 638 688 576 306 0 
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Fig. 4.24 Plot of Distance square matrix 

 

 

IV. INITIAL POPULATION 

A group of many random tours called an initial population is created where a population is a combination of 

chromosomes. We represent the population as array of   

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  chromosomes which represent all the 

different wholesale locations and the main depot as 20. For each chromosome we calculate the length that is coded 

into it, actually this is the fitness of the tour. Fitness function is nothing but the minimum cost. Initially the fitness 

function is set to the maximum value and for each tour the cost is calculated and compared with the fitness function. 

The new fitness value is assigned to the minimum cost. Initial population is randomly chosen and taken as the parent. 

  

V. CROSSOVER AND MUTATION 

There are two main problems associated with the use of GA to solve VRP. These problems are the choosing of proper 

methods of crossover and mutation that is used to combine the two parent tours to make the child tours. The two point 

crossover is used. Given a random population of

12  16  6  9  2  15  11  5  18  10  13  14  4  1  3  8  19  17  7  20 . This means that we start from the depot 

1, the van goes to wholesale point 3 to point 8 to point 19 to point 17 to point 7 to point 20 or from the depot 1, the 

van goes to in the opposite direction, thus from 1 it goes to wholesale point 4 to point 14 to point 13 to point 10 to 

point 18 to point 5 to point 11 to point 15 to point 2 to point 9 to point 6 to point 16 and then to point 12. To reduce 

bias and the endpoint effect, two-point crossover is used in which two positions in the parents are chosen at random 

and the segments between them are exchanged. 

If our parents with the two random points chosen are 

 

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

Parent  2    12  13  3  19   7   10  1  11  18      16  2  15   6   4     8  20   9  11  14  5





M M

M M

 

 

Then after the crossover, the offspring produced will be  
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Offspring  1    18  16  3  12  20  7    6   1   17      16  2   15   6     4     9  13  10  8  19  5

Offspring  2    12  13  3  19   7   10  1  11  18      15  4    2  14   11     8  20   9  11  





M M

M M 14  5

 

 

 

The problem of not being trapped in a local optimum could be solved by mutation after crossover. Due to the 

randomness of the process we will occasionally have chromosomes near a local optimum but not the global optimum. 

Therefore the better the fitness the less chance of hiding the global optimum. So mutation is a completely random way 

of getting to a possible solution that would otherwise not be found. 

 

Mutation is performed after crossover. The mutation index must decide whether to perform mutation on this offspring 

or not. We then choose a point to mutate and switch that point. Like we had 

Offspring  1    18  16  3  12  20  7    6   1   17      16  2   15   6     4     9  13  10  8  19  5

Offspring  2    12  13  3  19   7   10  1  11  18      15  4    2  14   11     8  20   9  11  





M M

M M 14  5

 

 

If we decide to choose the mutation point in offspring 1 to be 3 and 10,  and that of offspring 2 to be 7 and 9, then the 

two offspring would become 

 

Offspring  1    18  16  10  12   20  7    6   1   17  16  2  15   6   4    9  13   3   8   19  5

Offspring  2    12  13   3   19   9   10   1  11  18  15  4   2   14  11  8   20  7  11  14  5





 

 

The process makes a strict verification of the chromosome after the mutation process to ignore non legal chromosome. 

 

The product finds a solution to the Vehicle Routing Problem. For this purpose of VRP of finding the minimum total 

tour, we use cities, chromosomes and populations, where our cities are the wholesale points, chromosomes are the 

individual tours and the population is the combination of all the individual tours, ie., 20! =  

 

Each wholesale point is situated on coordinates (x,y) on the map. In the working process a defined number of 

wholesale points are being created. Then the program solves the vehicle routing problem foe these wholesale points 

in different cities.     

 

VI. FITNESS FUNCTION 

To decide if a chromosome (tour) is good and how good it is, is the purpose of the fitness function. The criteria for 

good chromosome (tour) in VRP is the length of the chromosome. Thus, the longer the chromosome that is coded, the 

better the chromosome. Calculation takes place during the creation of the chromosome. Each chromosome is created 

and then its’ fitness function is calculated. The length of the tour is measured in pixels by the scheme of the tour. 

1

Fitness tour  
n

i

i

d


   

where n is the number of wholesale points and id  is the distance between a wholesale point and the depot. 

 

Matlab code is used to find the optimal route (tour) which is given as 

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

and its corresponding graph is shown below in Fig. 4.26 
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Fig. 4.26 

 

Bearing it in mind that Amponsah Efah Pharmaceuticals Limited uses one delivery van, the optimal route is rearranged 

for the one vehicle as represented below. 

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

 

Rearranged 

 

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

 

 

VII. OPTIMAL ROUTE WITH DELIVERY POINTS 

The optimal routes after they have been rearranged is as follows. This is done together with the main depot point as  

 

Amponsah Efah  Nyankwa Pharmacy  Asempa Pharmacy  Kojach Pharma  

Evergreen Pharmacy  Lansa  Chemist  Noble Chemist  Fredemens Pharmacy  

Numens Pharmacy  Benita Pharmacy  Porter Pharmacy  Me

   

   

   nsaf Pharmacy  

Concept Medicals  Action Pharmacy  Oson's Pharmacy  Kojach Pharmacy  

Panacea Pharmacy  Big Maron Pharmacy  Danni Herbal  Costa Pharmacy



   

  

 

 

Total distance for the delivery van (for the northern sector) is calculated to be 7560metre (7.5600km). The fitness tour 

was calculated based on the following assumptions being used by Amponsah Efah Pharmaceutical Limited, Kumasi. 

 One delivery van is used to make the distributions in the northern sector. 

 The van picks up all the wholesale points demand from only one source which is the depot, Amponsah Efah 

Pharmaceutical Limited, Adum. 

 The van is big enough to contain the requested demands of all the wholesale points in a single distribution 

without shortage for more. 

 There are no traffic and other constraints after a tour has been established. 
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Then the optimal tour from the population depends on  

 The shortest distance from the starting point which is the depot, to any of the wholesale points. 

 All the distances from the depot to the wholesale point locations gives the minimum fitness value. 

 

 

VIII. CONCLUSION 

Genetic Algorithms can be applied to solve combinatorial optimization problems (COPs) such as VRP. Optimal 

solutions among the search space can be found by Genetic algorithm with the use of the operators like crossover and 

mutation. They are not instantaneous, but can perform an excellent search. In this work, Genetic algorithm is tested to 

find the optimal route for the VRP which shows the superiority of Genetic Algorithm over the company’s normal 

route.  

 

It is also proven that if Amponsah Effah Pharmaceutical Limited in retrospective uses this work, they would be able 

to reduce their operational distance by 3776m (3.7760km) thereby reducing their cost of fuelling their delivery vans 

which intend reduces the cost of operations of the company. We are of the view that this work if adopted would 

increase the profit margin of the company y and as well help the company to improve remuneration of all staff 

members of the company. 

  

As an efficient tool for combinatorial optimization problems, Genetic Algorithm is very useful for solving problems 

which can be modeled as the VRP, thereby finding the optimal distance. In light of this capacity of Genetic Algorithm, 

it is recommended that GA should be used to solve Vehicle Routing Problem (VRP) instead of other traditional 

heuristic methods. 

 

The following recommendations should be considered by the company, 

 It is recommended that the deliveries of Amponsah Effah Pharmaceutical Limited (distributions of 

medicines) should be done before 07:00am or after 06:00pm where there will be no traffic congestions. 

  
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