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������ Mix Fleet VRP. This is a VRP in which the
vehicles have different capacities, in other words, fleet of
vehicles with a heterogeneous capacity. Each resource must
consider these capacities for each route.
������ Multi-depot VRP. A company can have several
depots or warehouses for use when supplying client demand.
If clients are grouped around the depots then the problem
can be viewed as a set of independent VRP problems.
However, if the clients and depots are spread apart, then this
scenario is known as a MDVRP.
����� � Period VRP. In the classical VRP the planning
period of the route is one day. The PVRP expands the
planning period to M days. During this period of M days,
each client should be visited a given number of days.
	������ Split-up Delivery VRP. This problem is a VRP in
which a client is allowed to be serviced by several vehicles if
the total cost decreases. Order size is important since the
total size of the client orders must exceed the capacity of one
vehicle.
����� � Pickup and Delivery VRP. This variation is a VRP
since it allows clients the possibility of returning certain
goods that have to be delivered to other clients. Therefore,
each vehicle that is fitted must consider client pickup and
delivery amounts as well as a planned order.
���
�� VRP with Backhauls. This problem is VRP where
clients can order or return articles. Therefore the formulation
requires that returned goods from clients fit in the vehicle.
In addition, all deliveries must be completed before pickups
begin because vehicles are back-loaded and pickups in the
vehicles are considered uneconomical or unfeasible. Orders
and pickups must be known ahead of time.
����
� VRP with Time Windows. This variation is a VRP
with the additional constraint that associates a time window
to each client which identifies the only interval of time when
the client is willing to receive goods or services. If a vehicle
arrives to the client early the vehicle has to wait. If it arrives
during the interval of the time window, the vehicle makes
the delivery at that moment. Finally, if it arrives late the
client is not serviced.
���� - Open VRP. This problem is a special class of VRP
within all open delivery routes, since vehicles are not
required to return to the depot.
Finally, other versions of VRP do exist. Some versions are
mixes or hybrids of the previously mentioned typologies,
such as the MDVRPTW or OPDVRP. Other problem types
introduce specific characteristics which require the
corresponding modifications in the model. For example, one
version of a particularly interesting (and increasingly
complex) problem is a dynamic version of the route problem
with or without time windows (DVRP, Dynamic VRP). In
this version the problem characteristics vary as time passes.

� ���������������������������

An optimization problem can be described as the search for
the value of specific decision variables so that identified
objective functions attain their optimum values. The value of
the variables is subject to stated constraints. In these
problems the objective functions are defined on a set of
solutions that we will denote by X. The objective function is

not subject to any condition or property nor is the definition
of the set X. Typically the number of elements of X is very
high, essentially eliminating the possibility of a complete
evaluation of all its solutions while determining the optimal
solution.
Optimization problems in their most general form involve
finding an optimal solution according to stated criteria. In
practice, however, many situations lack the exact
information that is needed in the problem, including its
constraints, or in other cases, where it is unreasonable to
access such specific constraints or clearly defined objective
functions. In these situations it is advantageous to model and
solve the problem using soft computing and fuzzy
techniques.
Among all the optimization problems, the models that have
received the most attention and have offered the most useful
applications in different areas are Linear Programming (LP)
models, which is the single objective linear case with linear
constraints. The classic problem of LP is to find the
maximum or minimum values of a linear function subject to
constraints that are represented by linear equations or
inequalities. The most general formulation of the LP
problem is:

max
subject to

0

z cx
Ax b
x

�

�

�

(1)

The vector � �1 2, ,..., n
nx x x x� �� represents the decision

variables. The objective function is denoted by z, the
numbers cj are coefficients and the vector

� �1 2, ,..., n
nc c c c� �� is known as the cost vector. The

matrix n m
ijA a �	 
� �� � � is called the constraint or

technological matrix and the vector � �1 2, ,..., m
mb b b b� ��

represents the independent terms or right-hand-side of the
constraints.
In many real situations not all the constraints and objective
functions can be valued in a precise way. In these situations
we are dealing with the general problem form of Fuzzy
Linear Programming (FLP). FLP is characterized as follows:
aij, bj and ci can be expressed as fuzzy numbers, xi as
variables whose states are fuzzy numbers, addition and
multiplication operates with fuzzy numbers, and the
inequalities are among fuzzy numbers.
Different FLP models can be considered according to the
elements that contain imprecise information that is taken as a
basis for the classification proposed in [22], [2]. Short
descriptions of these models follow.
Models with feasible fuzzy set (fuzzy constraints)
This is the case where constraints can be satisfied, and
consequently the feasible region can be defined as a fuzzy
set; it should be defined by means of a membership
function : [0,1]n� 
� . In such a situation, for each
constraint, a desirable quantity b is considered, but the
possibility that it is greater is accepted until a maximum b+t
(t is referred to as a violation tolerance level). This model is
represented by:
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