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Abstract
The classic Vehicle Routing Problem (VRP) has been extensively studied in recent decades due 
to its practical application as a tool to support logistics and transport. The main focus of most 
studies in the literature is the development of methods aimed at finding solutions to tenths of 
improvement for bodies established in the literature. However, the main focus of this work is 
the practical application of a variant of this problem through integration with a free Geographic 
Information System (GIS). From a problem identified in a food sector company, we identified 
the need to extend the VRP to Multi-Depot VRP (MDVRP) and use heuristic techniques to 
solve large problems of the company. The prototype showed better results than the commercial 
software out on the market.
Keywords: Vehicle routing, Multi-depot, Geographic information system, Free software.

Introduction
Among the diverse applications integrated into the Logistics sector through 

Information Technology, one that stands out most is the Geographic Information System 
(GIS), which provides decision-making support for diverse areas of planning and 
operation. It is basically a system composed of hardware, software, spatial information 
and computational procedures that permits and facilitates the analysis, management or 
representation of a given space and the phenomena in which it occurs.

As known today, the first developed GIS was created in Canada in the 1960s 
and was referred to as the CGIS (Canada Geographic Information System) (Breternitz, 
2001). However, the large explosion in the use and development of GIS came in the mid 
1990s, when the new generation of microcomputers with high capacities for processing 
and storage became low cost and at the same time an increasing amount of spatially 
identified socio-economic and environmental data (georeferenced) were made available.

With the invention of vehicle navigation systems, more commonly known as 
GPS, a geographic revolution began in which diverse data banks were created for the 
representation of highway systems at federal, state and municipal levels. Allied with 
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a GIS, these data allow for a significant increase in the details of a practical vehicle 
routing application because they permit the incorporation of information such as the 
direction of the highways, the real distance traveled by vehicles, the exact location of 
the clients and the graphical visualization of the routes with satellite images.

Therefore, the majority of GISs available on the market are proprietary, 
i.e., they are developed and commercialized by private companies. Because these are 
specialized systems, the cost of acquisition is generally quite high. One disadvantage of 
proprietary GIS is their low flexibility for the inclusion of new tools, as it is generally 
necessary that the developer use a determined programming language. Their algorithms 
function only as black boxes, making computational improvements impossible.

One alternative to these problems is the use of free software, as there are no 
costs of acquisition, the software programs are highly flexible for the development of 
new tools because they utilize programming languages known around the world, such 
as Java, and the algorithms can be modified and improved using the original source 
code. This is considered the best option for academic studies, because it allows the 
continuity and improvement of the functions that are developed.

The objective of this study was to develop a procedure to solve the Multi-
depot Vehicle Routing Problem (MDVRP) and implement it as a plug-in to a free 
Geographic Information System (GIS).

Free Geographic Information Systems
There are various software programs that aid in performing GIS tasks. 

Currently, the most globally utilized software programs in companies, universities and 
public organizations are patented and commercialized. In this case, the diverse program 
packages in binary archives, resultant from the compilation of the source code, are 
commercialized for specific operational systems.

However, there are also interesting free software alternatives for this 
purpose, developed by several groups around the world. Free software programs are 
also expressive in their capacity to develop GIS tasks. According to Kinberger and 
Puncher (2005), the use of free software in the geoprocessing field is gaining more 
traction in business and public administration because it is often capable of substituting 
for commercial software.

In this study, free software programs are those whose source codes are 
freely distributed and normally licensed by the GNU General Public License or by 
the LGPL (GNU Lesser General Public License). The use of free software offers the 
advantage of not having to pay for the software. This may be advantageous in certain 
situations, for example, when a large number of copies must be installed on various 
workstations. Moreover, free software may offer the advantage of easily obtaining 
software updates upon the rapid evolution of the hardware. However, with regard to 
the labor for installation, training and maintenance, it is currently more difficult to 
find professionals qualified in free software than those qualified in patented software.

In the development of specific software for GIS, whether free or proprietary, 
two trends can be observed that are also related to the usage license. On the one hand, 
complete and complex systems are developed that are capable of performing almost 
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all involved functions, offering graphical interfaces that are user-friendly. This is the 
case for proprietary software. In free software, development occurs differently. The 
incentive is normally financed by research and development funds from businesses, 
universities or public organizations around the world. There are also enthusiastic 
programmers who contribute independently. Development is therefore more spread 
out, with smaller-scale software normally developed for specific necessities. Câmara 
and Onsrud (2004) presented a similar conclusion. 

These, among other facts and discussions related to the subject, have become 
relevant for the identification of a set of free software that, working together, is capable of 
storing georeferenced data and offering tools for the management, consulting, processing 
and visualization of alphanumeric and geometric information, constituting a GIS. This 
study seeks to satisfy this task, wherein possible solutions for desktops are analyzed.

Based on the lack of understanding of free software due to either the lack of 
documentation or the greater associated difficulty, this influences the decision to use this 
alternative. The software chosen in this study must be as user-friendly and intuitive as 
possible. This implies that graphic interfaces will be available to perform the greatest 
number of tasks possible, avoiding the use of command-line terminals. Moreover, the 
degree of software development and the consistency of the mounted system are also 
decisive factors in the selection. At the end of the study, a complete GIS should be 
characterized, constituted exclusively by free software.

Softwares

The process of searching for software may be performed with the aid of 
a search tool on the internet. Free software development groups normally maintain 
pages on the internet where it is possible to obtain the source code of the software, 
pre-compiled packages for specific operational systems, documentation and other 
resources. There is a large quantity of software that can be found in this way. The work 
of selecting a particular software application, according to the presented criteria, relies 
on its installation and the performance of tests with specific data.

Three main groups of software can be established, and when working together 
they are capable of constituting a complete GIS. These include the specific software 
for GIS operations, database software and support software.

Primarily, specific software applications for GIS were sought, where these 
included data reading and writing functions and tools for consultants, visualization 
and processing. Quantum GIS (version 0.8.0 Preview 1, obtained at http://download.
qgis.org), GRASS (version 6.0.1, obtained at http://grass.itc.it/download/index.php) 
and OpenJUMP (version 1.2.0, obtained at http://sourceforge.net/projects/jump-pilot) 
were chosen from among several other analyzed software programs.

Quantum GIS is a GIS with a user-friendly graphic interface and 
characteristics that mainly compete with the commercial ArcView software from the 
ESRI company. It is capable of loading a large variety of data utilizing support libraries 
in rectangular and vectorial formats and has a large capacity for editing the visual 
properties of layers. This allows for the editing of the alphanumeric and geometric 
information of vectorial layers in archives and direct editing in data banks. It also offers 
a tool for the development of imprinted maps (layouts).
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GRASS (Geographic Resources Analysis Support System) is a complete GIS, 
including more than 350 functions for geospatial analysis, environmental modeling, 
thematic mapping, data bank interaction, image processing and visualization. It also 
includes a well-developed graphical interface, but it is not as intuitive as Quantum 
GIS. GRASS is normally utilized to execute more complex GIS operations. According 
to Kinberger and Puncher (2005), the possibilities offered by GRASS are difficult to 
reach with the use of today’s proprietary software, where GIS support for rectangular 
and vectorial data are combined with visualization and image processing techniques.

The project OpenJUMP is a GIS with a user-friendly graphical interface and 
is also capable of loading a wide variety of data in both rectangular vectorial formats. 
It was developed entirely in Java and possesses a high modularity, facilitating the 
development of new plug-ins. Many previously developed plug-ins can also be found 
that solve problems in the diverse fields of GIS use.

Adopted Free GIS

The number of available free software programs performing GIS tasks is 
substantial. There are many possible choices, and each has specific advantages. Various 
degrees of development are also encountered among the software programs. Taking into 
consideration the established requisites for selecting software to constitute a complete 
GIS, which include the availability of the source code, the degree of development, the 
system establishment and the user friendliness, this study chose OpenJUMP.

The Multi-Depot Vehicle Routing Problem
Despite possessing diverse functionalities for geospatial analysis and 

processing and a connection with data banks, none of the analyzed GIS programs had 
support tools for logistical decision-making, for example, determinations of the shortest 
route and vehicle routing. In this work, the filling of this gap through the integration of 
the OpenJUMP GIS with the vehicle routing procedure is proposed.

The Vehicle Routing Problem (VRP) has been extensively studied due to its 
wide applicability in many real-life situations. This problem considers a company with 
a single depot, an unlimited capacity, a fleet of vehicles with a homogeneous (equal) 
capacity and a group of clients with information on demand and location. Generally, 
the total demands of the clients exceed the capacity of one vehicle, so more than one 
vehicle is used for product distribution from the depot to the clients. Each vehicle is 
designed for one route, and one client is served by one vehicle in a single route. Each 
route begins and ends at the depot.

The objective of the VRP is to determine the shortest total distance or time 
spent to serve all clients. A minimal delivery time results in a higher level of client 
satisfaction. Additionally, the objective also aims to reduce the necessary number of 
vehicles. Fewer vehicles imply a reduction of the fleet and consequently the total cost 
of the operation. Therefore, it can be concluded that the final objective of the VRP is 
to increase delivery efficiency and reduce company costs (Ho et al., 2007).

Many applications of the VRP have been utilized, but all are based on a single 
depot. Although this problem is the most attractive among researchers in the field, it is 
not appropriate for companies with more than one depot. In these cases, it is necessary 



Brazilian Journal of Operations & Production Management
Volume 8, Number 1, 2011, pp. 103-120

107

to solve the Multi-Depot Vehicle Routing Problem (MDVRP). In these problems, the 
decision-makers must also determine which clients will be served by which depots. For 
this, it is necessary that the clients be allocated to the depots according to the objective 
of optimizing the overall cost. The MDVRP has been observed to support the three 
decision-making processes, as shown in Figure 1.

Therefore, the objective of the MDVRP consists of assigning the clients 
to the depots and forming sub-problems of VRPs, which are solved individually. To 
better understand this problem, a practical example with 2 depots and 12 clients is 
illustrated in Figure 2.

Figure 1. Sequence of decision-making in the MDVRP.

Figure 2. Example of a MDVRP.
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The values in parentheses beside the depots and above or below the clients 
represent the coordinates. The second values in parentheses above or below the clients 
indicate the demands of the clients. Each depot has a limited storage capacity and various 
vehicles with a homogeneous (equal) and limited capacity. In this example, each depot 
has the capacity for 24 units and each vehicle can transport up to 12 units per route, as 
is shown in the second values within parentheses beside the depots.

It can be observed that Depot A is utilizing 24 units to serve its clients via 
two routes. Each route is associated with a vehicle that is attending to the total demand 
of 12 units. It can be noted that despite Client 7 being closer to Depot A, he had to 
be served by Depot B because Depot A did not has the capacity to serve his demand.

Under computational logic, both VRPs and MDVRPs are NP-hard, i.e., as the 
problems increase in size the computational forces to solve them grows exponentially. 
This signifies that it is not possible to obtain a solution by means of exact methods, 
such as linear programming, in an acceptable processing time.

Thus, it is necessary to use intelligent techniques known as heuristic and 
metaheuristic techniques. Due to the additional complexity that the MDVRP possesses, 
a reasonable approximation should involve dividing the problem into various routing 
and programming sub-problems, initially assigning the client to a depot and solving 
the sub-problems individually (Renaud et al., 1996).

Methods to solve the MDVRP can be classified according to the number of 
stages necessary to find a solution. Each stage consists of an independent solution in a 
complex problem. In the first stage, the decision to assign the clients to the depots is solved 
by the Assignment Problem (AP). In the second stage, the decisions to allocate the clients 
of the same depot to diverse routes and to sequence them for delivery are solved by the 
Vehicle Routing Problem (VRP). The first method for solving a MDVRP possesses one 
stage and consists of solving the AP and VRP simultaneously. The second method has two 
stages and consists solving the AP and VRP separately, i.e., it initially assign the clients 
to the depots and then solves the sub-problems one by one with the VRP.

Among the 14 methods are shown in Table 1, two utilize the one-step method 
and 12 utilize the two-phase method. Among the solutions to the problem utilizing 
the one-step method, that solving the greatest number of problems was proposed by 
Laporte et al. (1988), who used the branch and bound exact method and reported results 
for the asymmetric problem with three depots and 80 clients.

Among the solutions in the literature utilizing the two-stage method, that 
solving the greatest number of problems found was proposed by Chan and Baker (2005), 
who applied the minimum spanning forest to solve the first phase and the method of 
savings of Clarke and Wright in the second phase. The authors presented results for 
the problem with up to 12 depots and 181 clients.

Proposed Methodology

Mathematical Formulation

The MDVRP is classified as NP-hard, thus limiting the use of exact methods 
to viably solve the problem. However, even with these limitations, the importance 
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Table 1. Methods for solving a MDVRP.
Author  
(year)

AP solution 
method

VRP  
solution method Size

Tillman  
(1969)

Heuristic – 
parallel

Constructive heuristic – savings 
(Clarke and Wright)

d = #

c = #

Wren and Holliday 
(1972)

Heuristic – 
parallel

Constructive heuristic – Cluster-first 
– Route-second

d = 2

c = 176

Gillett and Miller  
(1974)

Heuristic – 
parallel

Constructive heuristic – Cluster-first 
– Route-second

d = 2 a 5

c = 249

Golden et al.  
(1977) Heuristic – sweep Constructive heuristic – savings 

(Clarke and Wright modified)
d = 4

c = 100

Laporte et al.  
(1984) Exact method (symmetric problem) branch and bound d = 2,  

c = 50

Laporte et al.  
(1988) Exact method (asymmetric problem) branch and bound d = 3,  

c = 80

Chao et al.  
(1993) Heuristic – sweep Constructive heuristic - savings 

(Clarke and Wright modified)
d = 9

c = 360

Renaud et al.  
(1996)

Heuristic – 
improved petal

Metaheuristic –  
tabu search

d = 9,  
c = 360

Nagy and Salhi  
(2004)

Heuristic 
borderline 

customers (Salhi 
and Sari, 1997) 

Constructive heuristic –  
multiple giant tour  
(Salhi et al., 1992)

d = 5, 

c = 50 a 249

Lim and Wang  
(2005)

Heuristic 
borderline 

customers (Salhi 
and Sari, 1997)

Metaheuristic –  
tabu search

d = #

c = 200

Bonasser  
(2005)

Heuristic – 
parallel

Hybrid metaheuristic -  
tabu search and ant colony (AnTS)

d = 7

c = 182

Chan and Baker  
(2005)

Heuristic – 
minimum 

spanning forest 

Constructive heuristic –  
savings (Clarke and Wright)

d = 12

c = 181

Crevier et al.  
(2007)

Exact method – 
branch and bound

Metaheuristic –  
tabu search

d = 7,  
c = 288

Ho et al.  
(2007)

Heuristic – 
parallel

Hybrid metaheuristic –  
generic algorithm

d = 2, 

c = 50 a 100

of developing a mathematical formulation for these problems is recognized both for 
evaluating the results from approximation methods in small cases and for obtaining 
lower quality limits for the optimal value (the value or objective function associated 
with the optimal solution). Therefore, a mathematical formulation of the MDVRP is 
proposed in this section, modeling it as integer programming problem with linear and 



Brazilian Journal of Operations & Production Management
Volume 8, Number 1, 2011, pp. 103-120

110

non-linear restrictions. Thus, the following constants and variables are employed in 
this model:

{ }
( ) ( ) ( ) ( ) ( ){ }

{ }
{ }

1 nodes

1 2 1 3 1 1 2 1 all arcs for each pair of nodes
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Parameters:

RLi = maximum route size for vehicle i;

CAPi = maximum capacity of vehicle i;

MAXj = maximum demand that can be met by depot j;

distk,l = distance of the arc (k,l);

demk = demand of the client located at node k.

Decision variables:

1 if vehicle i is attributed to depot j passing through arc (k,l)
0 otherwise
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k ijkl i i
j J k:(k ,l ) A

dem x CAP I∑ ∑
∈ ∈

≤ ∀ ∈  (10)

The objective function (1) represents the total distance to be minimized. 
Restriction (2) imposes that the depot capacity must not be exceeded; restriction (3) 
implies that each client may be served by a single vehicle; restriction (4) states that 
an encountered vehicle must be used; restrictions (5) and (6) impose, respectively, 
that only one vehicle arrives and leaves from a client; restriction (7) imposes that the 
vehicle arriving at a client should be the same vehicle that leaves the client; restriction 
(8) imposes the sub-route limit; restriction (9) implies the route size limit; and finally, 
restriction (10) imposes the capacity limit of the vehicles.

Adapted Heuristic Methods

The proposed procedure for solving the MDVRP is based on the two-
stage method. Although this method does not provide an optimal solution when not 
considering the two stages simultaneously, it was selected because of its large-scale 
problem-solving capacity with reduced computational time.

The parallel assignment algorithm (Giosa et al., 2002) was selected for the 
ascription of the clients to the depots in the first stage. This algorithm was selected due 
to its good computational performance and simplicity of implementation.

The parallel assignment derives its name because the priorities for each 
client are calculated considering all depots at the same time. This heuristic compares 
the cost of assign a client to the closest depot with the cost of assign the same client to 
a different depot. This heuristic has the following operation:

1) Each client belongs to only one of the following groups:

a) A if a client was assigned to a depot; 

b) NA if the client was not yet assigned to a depot. 

2) Each depot belongs to only one of the following groups: 

a) DS if the demand of the depot was satisfied; 

b) DNS if the demand of the depot was not yet satisfied. 

3) An assignment of a client to a depot is possible if: 

a) the depot belongs to the DNS group; 

b) the client belongs to the NA group. 

4) The urgency u of each client is then calculated using the following 
expression:

c
c D

u (dist(c,D) (dist * (c,D*))= ∑
∈

−

5) An ordered client list is created in descending order by the value of urgency 
u, and the client with the greatest urgency is assigned to the closest depot contained 
in the DNS group.
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6) The heuristic is finished when all clients are served.

For the second stage, a constructive heuristic of savings by Clarke and Wright 
(1964) was selected for the routing and programming of the vehicles from each group 
of clients assigned to their depot. This heuristic was chosen because it provides good 
results in a reduced computational time. According to Ballou (1993), the utilization 
of this algorithm may result in solutions approaching 2% deviation from the optimal 
solution. This method can also be considered the most flexible among those available, 
permitting the incorporation of diverse restrictions that adapt to the characteristics of 
a business.

The Clarke and Wright (1964) heuristic is based on the notion of savings, 
which can be defined as the cost of the combination, or union, of two existing sub-
routes. Initially, each client is served by one vehicle, establishing routes between the 
depot and each client.

The variable cij is the cost of the trip from client i to client j and can be given 
in the distance traveled or the time of displacement. Two routes connecting clients i and 
j may be combined as long as i and j are on the first or last positions of their respective 
routes and if the total demand of the combined routes does not surpass the capacity of 
the vehicle and/or the total traveling time. In each iteration, all route combinations are 
analyzed using the formula Sij = cio + c0j – cij, where 0 represents the depot. The two 
routes that yield the greatest savings are united. The Clarke and Wright algorithm is 
detailed as follows:

1) Calculate the Sij gains for all ij pairs (ij, i0, j0);

2) Order the ij pairs in decreasing order of the Sij gain; 

3) Begin with the ij pair with the greatest Sij gain and proceed in the sequence 
obtained in 2;

4) For a pair of nodes ij corresponding to the k-th element of sequence 2, 
verify whether i and j are or are not included in an existing route:

4.1) If i and j are not included in any existing routes, create a new route 
with the nodes i and j;

4.2) If exactly one of the points i or j already belongs to a pre-established 
route, verify whether this point is the first or last of the route (adjacent to the node 
0, depot); if this occurs, add the ij arc to this route; if not, continue to the next step, 
skipping the ij pair;

4.3) If both nodes already belong to two pre-established routes (different 
routes), verify whether both are extremes in their respective routes (adjacent to the 
node 0); if this is the case, consolidate the two routes into one; if not, continue to the 
next step, skipping the ij pair;

4.4) If both nodes i and j belong to a single route, skip to the next step.

5) Continue the process until all clients on the gains list have been considered. 
If there is a point not included on any route, individual routes must be formed, connecting 
the depot to each point and returning to the base.
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Proposed Methodology

The methodology divides the elaboration of the problem into five basic 
steps, logically interconnected with the activities and data necessary for the execution 
of each. These steps correspond to the first level of information. Each of these steps is 
detailed using a second level of application, as shown in Chart 1.

The first step is to obtain data on the highways, depots, clients and vehicles. 
These data can be determined based on the creation or importation of layers in the 
GIS. The highway layer is represented by lines, and the client and depot layers are 
represented by points. Information on the vehicles including the load capacity, average 
velocity, average cost per kilometer traveled, average unloading time and maximum 
working time are imported based on the manual inputs.

The second step includes the generation of a distance matrix. For this, the 
traveled Euclidian distance corrected by an adjustment coefficient for highways or the 
real distance obtained by a shortest path on the road network could be used. Based on 
the locations of the depots and clients, a minimal distance matrix can be created for 
each origin and destination using the shortest path algorithm of Dijkstra (1959).

The third step considers the assignment of clients to depots. It is first verified 
whether the capacities of the depots are sufficient to meet the demands of the clients. 
If they are not sufficient, it is necessary to alter the capacity of a depot or remove a 
certain client in order for the capacity to be greater than or equal to the demand. Soon 
thereafter, the clients are assigned to the depots using the parallel assignment algorithm.

Chart 1. Steps of the methodology.
Level 1 Level 2

St
ep

 1 Data  
input

1- Creation or importation of the road network

2- Client records

3- Depot records

4- Vehicle information records

St
ep

 2 Creation of the 
distance matrices

1- Reading of the road network

2- Creation of a graph with the road network

3- Creation of the distance matrices using  
the Dijkstra shortest path algorithm

St
ep

 3 Assign of the  
clients to the depots

1- Verification of the capacities of the depots  
and demands of the clients

2- Assign of the clients to the depots using the  
assignment algorithm with parallel urgencies 

St
ep

 4 Routing and  
programming

1- Routing and programming of the vehicles from  
each depot using the Clarke and Wright algorithm

2- Application of post-optimization using the 2-opt algorithm

St
ep

 5 Production of  
reports

1- Generation of the graphical routes in GIS

2- Generation of the itineraries for each vehicle
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The fourth step relates to the routing and programming of the vehicles. For 
each sub-problem generated by the assignment algorithm, the routing and programming 
of the vehicles is done for each depot using the Clarke and Wright algorithm. Next, 
in the post-optimization phase, the iterative 2-opt optimization algorithm is applied 
(Croes, 1958).

The fifth step includes the production of reports. A new layer is generated 
for graphical visualization in the GIS for all routes. For each route, information on 
the itinerary of the vehicle, total distance traveled, total time, total route cost and total 
demand met by the vehicle is included.

Developed Prototype

To solve the studied problem, a computational tool was developed based on 
the proposed methodology, and the Java programming language was used within the 
object orientation paradigm. This tool was designed as a plug-in of the free OpenJUMP 
GIS. The system was modeled based on the UML diagrams for the case of use, activities 
and classes. The system was also internationalized and translated into the languages 
of English, Spanish, French, Italian and Japanese, in addition to the original language 
of Portuguese, with the objective of amplifying its dispersion in the free software 
community.

Case Study
The present case study was performed with a well-known Italian food 

company, Parmalat. This study contemplated the company units in the Brazilian 
subsidiary.

When purchasing new plants, the Parmalat had an increase in production 
capacity, but according to internal reports, there was increased demand in proportion 
to the new capacity installed. One of the hypothetical hindering the increase in sales, 
generating difference between demand and supply is the constraint on the existing 
distribution in the current model, the main customer for the large retailers. The large 
retailers consume, according to an interview held at Parmalat, 70% of the production 
plant.

The positive is the reduction in logistics costs due to the low capillary delivery 
held by its own fleet of trucks through closed (each vehicle carries all your cargo to 
a single destination). But the problem is the large degree of dependence generated by 
this model.

To minimize excess capacity generated by the purchase of new plants, 
Parmalat has analyzed the modification of your model from diversification of its parent 
company sales of simulating customers of all sizes. This may give greater capillarity 
in the scope of Parmalat’s care, increasing the current production above demand and 
minimizing the degree of dependence to major retailers. The increased coverage will 
aim to increase the number of milk suppliers in various basins in Brazil, minimizing 
the risk and dependency caused by the excessive concentration of suppliers and large 
customers.
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In order that future changes in the array of sales, Parmalat has to worry about 
the logistics, looking for tools that provide decision support to the vehicle routing and 
meet their physical and operational characteristics, such as:

• Multiple depots: It possesses 13 factories, 12 distribution centers and one cross-
dock (distribution center without storage), totaling 26 depots according to the 
denomination utilized in this study;

• A homogeneous fleet with a capacity restriction: The company’s fleet is constituted 
of large-scale vehicles (semi-trucks with a capacity of 26 thousand kilograms 
each);

• A large quantity of clients: Four hundred clients are served.

The area of study was the Brazilian territory. The geographic road network 
was obtained together with the Military Institute of Engineering and was in its final 
phase of updates, with some roadways still to be added. It constitutes federal, state and 
municipal highways totaling 6,756 road stretches.

The client and depot bases were imported using the GIS. Information 
contained in the client base included a description, the address and the demand. The 
deposit base contained a description, the address and the capacity. From the addresses, 
each client was georeferenced to his real location. Thus, each client was represented 
by a point. To obtain the routes for each vehicle, the user must click on the Search 
Routes button (Figure 3).

Upon finishing this execution, the total cost of the encountered solution is 
shown, i.e., the sum of the costs of all routes encountered (Figure 4).

Figure 3. Visual display of the developed prototype.
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To facilitate the visualization of the individual routes, these were created 
graphically in OpenJUMP with different colors, as shown in Figure 5. It can be 
observed in Figure 5 (a) that not all routes utilize the road network. This is because 
the utilized road network is not connected, i.e., there are some road stretches that are 
not interconnected to the others, making it impossible to obtain a route from any origin 
to any destination. For these cases, the prototype automatically assumes the use of a 
Euclidian adjusted distance.

With the objective of validating the results obtained with the aid of the 
developed prototype, the same procedure was performed while TransCAD and the 
same information provided by the company were utilized. Table 2 presents the total 
values obtained by the two systems. It can be observed that the solution obtained by 
the developed prototype presents a savings of approximately 5% in the total distance 
and consequently in the total solution in comparison with that obtained by TransCAD.

It would be interesting to compare the solution obtained in this case study 
with a solution that was used by the company to identify the time reduction, fleet and 

Figure 4. Attributes of the route layer.

Figure 5. The routes obtained for all depots (a), and two routes from one depot in detail (b).

a b
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costs obtained from the use of the prototype. But as the company is still analyzing the 
modification of your model from diversifying its array of sale and routing solutions 
do not exist, this has become invalid comparison.

Conclusions
In this study, a procedure for multi-depot vehicle routing utilizing an 

information technology (GIS) in a physical distribution system was developed. It was 
elaborated to consider the load and volume restrictions of vehicles and depots, the 
working limits, the unloading times at the clients as well as the restrictions of the road 
network and was obtained with the utilization of GIS.

In light of this, a study of the principle existing methods of the MDVRP 
was necessary. Due to existing operational complexity of solving large-scale problems 
with various depots, a two-phase method with heuristic algorithms was utilized. In the 
first phase, assign with a parallel urgencies algorithm was utilized, and the second step 
involved the Clarke and Wright savings method with a 2-opt post-optimization step. 
These proved to be quite simple and easy to develop.

To evaluate a practical application, a prototype was developed that integrated 
the OpenJUMP GIS with a routing procedure, which was designed as a plug-in. 
Consequently, the principle benefit when using OpenJUMP is the absence of installation 
licensing and use fees, as it is an open-source system.

The performance of a case study allowed for the application of the proposed 
procedure and the validation of the developed software prototype. It permitted rapid 
problem-solving and provided a series of benefits such as a reduction of the distance 
traveled, a lower fuel consumption, a smaller number of over-time hours and a reduction 
of the product delivery time. The developed prototype was validated by comparing the 
results with those from a commercial software program, showing that the prototype 
provided good results.

The procedure, as well as the prototype can be improved to allow for other 
operational constraints, eg, time windows, simultaneous pickups and deliveries. It 
could also be enhanced to treat different types of vehicles, as in the case of refrigerated 
vehicles, vehicles carrying hazardous materials, etc. This would allow a wider 
application of the procedure.

The case study requires an analysis designed to assess the degree of reduction 
of transport costs. This would be of great importance to prove the efficiency of the 
procedure. After changing the distribution model the company will make a valid 
comparison between the solution obtained from the use of the prototype with the 
solution used by the company without the aid of software.
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