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The description of the processes that can be carried 
out with the software and the implemented 

applications that have been programmed in the Java, 
Python and C ++ languages for the Windows platform 
is presented. It can be run on any system that has the 

Java virtual machine installed, and the respective 
compilers available on the websites:

http://www.java.com o http://www.java.com/es, 
https://www.python.org/ y http://www.mingw.org/.

INTRODUCTION
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Meaning of work:
Solving the M-VRPSPD-MD means looking for routes or delivery and  pickup  routes that are feasible and   

that satisfy a certain objective function, respecting restrictions on the capacity of both tanks and 
vehicles.

INTRODUCTION
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The objective of the problem:

To find a series of routes with minimal cost

For products (or people) that must be pickups and / or 
delivered to each client (node).

To provide a depot service or several depots to some 
clients in the most appropriate way possible

That complies with the transport capacity restriction

INTRODUCTION
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For this reason, heuristic and metaheuristic techniques have been applied.
good solutions to the optimization problem in reasonable

computational times.

1

Scope: mathematical techniques to solve the problem of routing vehicles
with deliveries and pickups considering environmental impacts.

Limitations: complexity of the VRPSPD problem, it is not convenient to apply
exact methods due to the number of variables and restrictions that are part
of the mathematical formulation of the model.

The M-VRPSPD-MD is a NP-hard type combinatorial optimization problem.

The real cases of VRPSPD application are always large problems (P. Toth and
D. Vigo).

INTRODUCTION
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DESIGN AND APPLICATION OF THE

CLUSTERING ALGORITHM

2



Pedro Pablo Ballesteros Silva E-mail: ppbs@utp.edu.co

2 DESIGN AND APPLICATION OF THE
CLUSTERING ALGORITHM

This algorithm makes it easy to assign customers to depots. 
It has the following phases:

Phase 2Phase 1 
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SOFTWARE DESIGN FOR THE IMPLEMENTATION

OF THE CHU - BEASLEY GENETIC ALGORITHM 

TO SOLVE THE M-VRPSPD-MD

3
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SOFTWARE DESIGN FOR THE IMPLEMENTATION OF THE CHU -
BEASLEY GENETIC ALGORITHM TO SOLVE THE M-VRPSPD-MD

Construction of the 
initial population

Replacement stage

Selection

Genetic operators
Recombination 

MutationDistributed optimization 
process
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3.1 Construction of the 
initial population

Constructive 
heuristics

Random 
settings

3.2 Genetic operators
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3 SOFTWARE DESIGN FOR THE IMPLEMENTATION OF THE 
CHU - BEASLEY GENETIC ALGORITHM TO SOLVE THE M-

VRPSPD-MD (Continuation)

Shift (1,1)

Swap (1,1)

o.f

Pi 6 7 5 4 9 10 11 12 8 1 2 3 549

o.f.

Pj 6 7 5 3 9 10 11 12 8 1 2 4 499

Route 1 Route 2 Rout 3

Route 1 Route 2 Route 3

0.f.

Pi 6 7 5 4 9 10 11 12 8 1 2 3 549

O.f.

Pj 6 7 5 9 10 11 12 8 1 2 3 4 505

Route 1 Route 2 Route 3

Route 1 Route 2 Route 3
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3 SOFTWARE DESIGN FOR THE IMPLEMENTATION OF THE 
CHU - BEASLEY GENETIC ALGORITHM TO SOLVE THE M-

VRPSPD-MD (Continuation)

3.3 Distributed 
optimization process

After selection, recombination
and mutation.

To build subproblems with a single 
path each and a depot

Application of the exact branch - and - cut 
technique to solve each problem

Reconstruction of partial routes through their 
optimal solutions

The resulting configuration goes to 
the replacement stage.
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3 SOFTWARE DESIGN FOR THE IMPLEMENTATION OF THE 
CHU - BEASLEY GENETIC ALGORITHM TO SOLVE THE M-

VRPSPD-MD (Continuation)

3.4 Replacement stage

Comparison of the resulting configuration with  the 
individual with the lowest objective function in the initial 
population, prioritizing feasibility over infeasibility.

Reapplying the Chu Beasley Genetic Algorithm
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Application of PMX recombination in 

a configuration of twelve clients.

Pi 1 8 9 10 11 12 5 7 6 3 2 4

Pj 10 9 6 5 7 8 12 11 4 1 2 3

Pi 1 8 9 10 11 12

Pj 10 9 6 5 7 8 12 11 1

Hk: 1 8 9 10 11 12 7 5 6

Hk: 1 8 9 10 11 12 7 5 4 6 2 3

O.F:  372,

O.F:  633

O.F:  582

SOFTWARE DESIGN FOR THE IMPLEMENTATION OF THE CHU - BEASLEY 
GENETIC ALGORITHM TO SOLVE THE M-VRPSPD-MD (Continuation)
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DESIGN OF THE MATRIX 

GENERATOR ALGORITHM
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4 DESIGN OF THE MATRIX GENERATOR ALGORITHM

With this algorithm, distance matrices are generated with the quantities to be 
delivered and pick upped for each vehicle, for each of the configurations obtained 

with the AGCB

Quantities to be 

delivered di

Distance matrix for vehicle 1

Each matrix becomes a small problem that is solved with the exact technique 
through the GAMS software or the mathematical model encoded in C ++.

[0-17-27-14-40-10-25-8-22-35-34-32-24-15-16-1-36-48-29-33-44-18-6-26-13-28-11-47-5-37-38-50-31-23-3-7-46-42-49-20-
41-45-2-21-12-39-30-43-19-4-9-0]

i0 i1 i2 i3 i4

i0 0.00 31.00 29.50 23.30 44.10

i1 37.90 0.00 6.00 41.50 58.70

i2 29.50 8.90 0.00 34.10 49.80

i3 23.30 41.50 34.10 0.00 16.30

i4 29.40 39.20 33.20 10.90 0.00

di

i0 0

i1 41.9

i2 59.2

i3 92.1

i4 79.1

pi

i0 0

i1 47.4

i2 32.5

i3 49.6

i4 51.9

Quantities to 

pickup pi
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4 DESIGN OF THE MATRIX GENERATOR ALGORITHM
(Continuation)

Quantities to be 

delivered di

Distance matrix for vehicle 2

Each matrix becomes a small problem that is solved with the exact technique 
through the GAMS software or the mathematical model encoded in C ++.

Quantities to 

pickup pi

i0 i1 i2 i3 i4 i5 i6

i0 0.00 58.70 42.40 43.00 59.30 59.80 59.00

i1 48.00 0.00 37.00 33.00 52.60 70.90 85.60

i2 42.40 24.60 0.00 6.00 35.10 57.70 36.50

i3 28.70 33.00 7.40 0.00 33.10 47.70 39.80

i4 39.50 78.80 35.10 33.10 0.00 13.70 8.60

i5 73.10 86.70 38.50 47.70 20.60 0.00 8.00

i6 59.00 57.10 44.60 39.80 10.50 8.00 0.00

di

i0 0

i1 14.94

i2 35.53

i3 39.17

i4 56.67

i5 66.21

i6 56.48

pi

i0 0

i1 8.37

i2 20.25

i3 57.71

i4 36.01

i5 52.17

i6 39.64
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APPLICATION OF MATHEURISTICS TO SOLVE

THE M-VRPSPD-MD WITH ENVIRONMENTAL IMPACT
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APPLICATION OF MATHEURISTICS TO SOLVE

THE M-VRPSPD-MD WITH ENVIRONMENTAL IMPACT
5

This mathematical model was proposed by Dell ’ Amico, Righini, & Salani, 2006 and applied by Subramanian, Satoru 
& Uchoa, 2010 with the following notation:
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The objective function and the constraints are:

APPLICATION OF MATHEURISTICS TO SOLVE

THE M-VRPSPD-MD WITH ENVIRONMENTAL IMPACT
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APPLICATION OF MATHEURISTICS TO SOLVE

THE M-VRPSPD-MD WITH ENVIRONMENTAL IMPACT

Solutions obtained with the mathematical model proposed by Dell’Amico, 

Righini, & Salani, 2006) for the CON 3-8 instance for a depot.
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5 COMPUTATIONAL RESULTS IN THE IMPLEMENTATION 

OF THE CHU-BEASLEY GENETIC ALGORITHM USING 

THE CON 3-8 INSTANCE OF DETHLOFF

Technical characteristics for the application of the AGCB.
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5 COMPUTATIONAL RESULTS IN THE IMPLEMENTATION 

OF THE CHU-BEASLEY GENETIC ALGORITHM USING 

THE CON 3-8 INSTANCE OF DETHLOFF
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5 COMPUTATIONAL RESULTS IN THE IMPLEMENTATION 

OF THE CHU-BEASLEY GENETIC ALGORITHM USING 

THE CON 3-8 INSTANCE OF DETHLOFF (Cont,)
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5 EXPERIMENTAL RESULTS OF MATHEURISTICS

Solution obtained with AGCB.
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5
EXPERIMENTAL RESULTS OF MATHEURISTICS

Solution obtained with matheuristics
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CONCLUSIONS
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 The incorporation of the algorithms designed by the

author as a clustering algorithm and the matrix generator

that are integrated with the Chu Beasley genetic algorithm

and the exact technique, facilitates the solution of the M-

VRPSPD-MD in very reasonable computation times with

results efficient.

On the other hand, since the first version of the VRPSPD

dating from 1989 was proposed (Min, 1989) to date, its

growing evolution has been known with the design of a

large number of variants of the problem, which has

allowed to expand this important area research.

CONCLUSIONS 
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 The proposed mathematics considers the costs of the routes

(measured in distances) and their environmental impact (generation

of CO2).

 The field of action of the hybrid algorithm proposed to solve this

class of problems is very broad and depends fundamentally on the

knowledge and ability of researchers to achieve a very good

implementation.

 The parameterization of the Chu - Beasley genetic algorithm

requires a lot of time and dedication, to achieve its fine-tuning and

its corresponding synchronization.

CONCLUSIONS 
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 The fact of incorporating environmental aspects is another of the

contributions of the work and from there other lines of research

emerge, which can enrich the exciting field of action of the vehicle

routing problem with simultaneous deliveries and pickups.

 The results achieved with the applied mathematics can become a

starting point for new research, since at present there are no known

investigations that include the proposed mathematics.

 It should be borne in mind that Matheuristics do not guarantee

obtaining an optimal global solution to problems, but they do

generate good solutions in very reasonable computational times.

CONCLUSIONS 
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