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Abstract The current economic context generates in supply chain management

greater demands for flexibility and dynamism. In addition, there is an increase in

uncertainty that adds more complexity to the problems associated with planning and

management. Soft Computing offers a set of methodologies capable of responding

to these challenges. This work provides an overview of transport and logistics prob-

lems, as well as the most representative combinatorial optimization models. Specifi-

cally, it focuses on the treatment of uncertainty through fuzzy optimization and meta-

heuristics methodologies. Promising results from the use of this approach suggest

emerging areas of application, which are presented and described.

1 Introduction

Logistical, transport and distribution planning have adapted to the evolution of new

business organization models. Distribution strategies and transportation decisions

are some of the main subjects in supply chain management and play an important

role in its success because they improve service quality, reduce costs and optimize

resources [20]. Supply chain management (SCM) involves all activities related to

integration, planning and control of product and information flows that are gener-

ated between suppliers and clients. The supply chain can be broken down into three
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Fig. 1 Cycles of the supply chain procurement, production and distribution

cycles, procurement, production and distribution (Fig. 1). The distribution cycle

refers to the activities and processes associated with storage and distribution [21].

One of the basic activities in the integral management of the supply chain is

implied planning and decision making. Three levels of planning are apparent: strate-

gic, tactical and operational [33]. Each one of these three levels is associated with

different time horizons and creates a distinct set of important problems which usu-

ally correspond to optimization problems. Thus long term strategic problems include

decisions on the number, size, location and capacity of the storage units and trans-

port; tactical decisions in the medium term are the design of the distribution network,

location and assignment of distribution zones/areas and the supply rate; and finally,

operational aspects, studied in the short term, such as the establishment of pickup

and delivery routes, and/or the organization of vehicle loading/unloading [67].

Methods/methodologies found in Soft Computing offer a useful alternative to

solve problems with this type of complexity [6, 58]. The design of Intelligent Sys-

tems to aid in decision making in real settings, such as transport and logistics plan-

ning, needs to take advantage of Soft Computing methodologies [37]. The design of

Intelligent Systems to aid in decision making in real settings, such as transport and

logistics planning, needs to take advantage of Soft Computing methodologies. The

quality of information is the most common scenario, especially in real-world appli-

cations, and this incomplete or imprecise information is reflected in the parameters

and variables. Fuzzy set theory offers an appropriate methodological framework to

approach this class of uncertainty, which is not the product of absence of informa-

tion, nor of a random nature, but instead of the imprecise nature of the expression.

Some solution techniques employ exact methods but in real-world problems, these

methods do not guarantee that an optimal solution will be found. Heuristic and meta-

heuristics techniques are important tools constituent of Soft Computing [81] to tackle

complex optimization problems. They are capable of evaluating possible alternatives

and determine the preferred solution in efficient time, by means of strategies that

integrate problem knowledge.

Our discussion is centered on problems and application of the levels of tactical

and operational transportation planning. Transportation planning concerns the short-

term planning of the distribution operations and mostly deals with the planning of
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deliveries to different customers. Typical considerations at this decision level are the

details of delivery routes: that is, at what exact times, by which vehicle, and in what

sequence customers will get their products delivered. In addition, location decision

problems may have to be made on these levels.

The aim of this chapter is to analyze some relevant and emerging problems and

application in transport and distribution. The application of fuzzy optimization in

this field can be significant. In addition to providing an overview of transport and

distribution problems and their models, the purpose is to give an overview of the

fuzzy optimization and metaheuristic approach for the treatment of uncertainty in

these models, to review their use and to propose new areas of application in real

practical problems.

The remainder of this chapter is organized as follows. Section 2 introduces the

Soft Computing based approach. Section 3 then presents a review of some problems

that we have considered emerging, which are of interest for the application of Soft

Computing methodologies, fuzzy optimization and metaheuristics. The chapter ends

with some conclusions in Sect. 4.

2 Soft Computing Based Solution Approach

This section describes the use of an approximation that integrates specific techniques

from Soft Computing, such as fuzzy optimization and metaheuristics. An outline of

how these techniques are applied in the resolution of classic transport and logistics

problems is also given.

2.1 Fuzzy Optimization

Fuzzy sets and systems are used to build computing systems to solve decision and

optimization problems whose modeling is difficult to define accurately, managing

the uncertainty and the imprecision of the available information, as well as of the

formulation of preferences, restrictions and objectives expressed by decision mak-

ers. If there is imprecision in some of the formulation components of the optimiza-

tion problem and we can express it with fuzzy terms then we are faced with fuzzy

optimization problem. Discussions concerning solutions do not focus on their feasi-

bility, nor if they are optimal solutions. We, in turn, have chosen to discuss the degree

of feasibility and optimality of the solution. Bellman and Zadeh [10] are the authors

who introduced the fundamentals for fuzzy optimization problems, where objectives

and constraints can be defined in an imprecise way and characterized using member-

ship function such as fuzzy sets. This approximation requires that the formulation

and problem solutions be dealt with adequately by making use of fuzzy number rep-

resentations and their operations.
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An optimization problem is described as the search for the value of specific deci-

sion variables x so that identified objective functions f (x) attain their optimum values.

The value of the variables is subject to stated constraints g(x). In these problems the

objective functions are defined on a set of solutions that we will denote by X. Thus, an

optimization problem can be represented by: max{ f (x) ∶ g(x) ≥ 0}, ∀ x ∈ X. When

some of its components are considered fuzzy, we are facing a problem of fuzzy opti-

mization. Among all optimization problems, Linear Programming are those whose

objective function and constraints are linear. The general model of Linear Program-

ming is formulated asmax{ f (xj, cj) ∶ g(xj, aij) ≥ bi, i = 1, ...,m, j = 1, ..., n, xj ≥ 0}.

In the formulation aij ∈ ℜm×n
is the technological matrix, bi ∈ ℜm

the resources,

cj ∈ ℜn
the costs and xj ∈ ℜn

the variables. Fuzzy Linear Programming (FLP) con-

stitutes the basis for solving fuzzy optimization problems and their solution methods

have been the subject of many studies in the fuzzy context. Different FLP models can

be considered according to the fuzzy components [80]. These models can be solved

in a direct and simple way, obtaining solutions that are coherent with their fuzzy

nature.

(a) Models with fuzzy constraints. In this case there is a certain tolerance in the

fulfilment constraints and consequently the feasible region can be defined as a fuzzy

set. This is max{ f (xj, cj) ∶ g(xj, aij) ≥f bi, i = 1, ...,m, j = 1, ..., n, xj ≥ 0}. In partic-

ular, Verdegay [79], using the representation theorem for fuzzy sets, proves a solu-

tion which can be obtained from the auxiliary model: max{ f (xj, cj) ∶ g(xj, aij) ≥f
bi + 𝜏i(1 − 𝛼), i = 1, ...,m, j = 1, ..., n, xj ≥ 0}, where 𝛼 ∈ [0, 1] and 𝜏 = (𝜏1, ..., 𝜏m)
is referred to as a violation tolerance level.

(b) Models with fuzzy cost. In this case the model is represented bymax{ f (xj, c
f
j ) ∶

g(xj, aij) ≥ bi, i = 1, ...,m, j = 1, ...n, xj ≥ 0}, where cf
j is a fuzzy number described

by its corresponding membership function 𝜇j(x). [23] prove that the solution can be

obtained with the multi-objective auxiliary model. We can also used a simple method

considering fuzzy solutions that are solved with the application of an ordered func-

tion h for the constraints [35], i.e. max{ f (xj, h(cj)) ∶ g(xj, aij) ≥ bi, i = 1, ...,m, j =
1, ...n, xj ≥ 0}.

(c) Models with fuzzy coefficients in constraints. This model considers a prob-

lem of the type max{ f (xj, cj) ∶ g(xj, a
f
ij) ≥f bf

i , i = 1, ...,m, j = 1, ...n, xj ≥ 0} where

the values of the technological matrix and the coefficients are fuzzy numbers and

are described by its corresponding membership function. Delgado et al. [22] also

include imprecision in the constraints. They propose considering fuzzy solutions that

are solved with the application of an ordered function h for the constraints. The new

formulation is expressed by the auxiliary problem: max{ f (xj, cj) ∶ g(xj, a
f
ij) ≥h bf

i +
𝜏

f
i (1 − 𝛼), i = 1, ...,m, j = 1, ...n, xj ≥ 0} where the symbol ≥h stands for a compar-

ison relation between fuzzy numbers, 𝛼 ∈ [0, 1] and 𝜏

f
i is a tolerance of fuzzy nature

set by the decision maker.
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2.2 Evolutionary Heuristic and Metaheuristics

In Artificial Intelligence (AI), the qualifier Heuristic is usually applied to all those

aspects related with the use of knowledge in the dynamic realization of tasks. Heuris-

tics are used to refer to any intelligent technique, method or procedure of performing

a task that is not the product of a rigorous formal analysis, but of expert knowledge

about the task. In particular, the term heuristic is used to refer to a procedure that tries

to provide solutions of a problem with a good performance, as regards the quality of

the solutions and the resources used. Successful heuristic procedures have emerged

in solving specific problems or performing difficult tasks. It has been tried to extract

from them what was essential in their success in order to apply it to other problems or

tasks, or in larger contexts. As has clearly occurred in various fields of AI, especially

with expert systems, this line of research has contributed to the scientific develop-

ment of the field of heuristics and to extend the application of its results. In this

way, both specific computational techniques and resources have been obtained, as

well as general design strategies for problem resolution heuristic procedures. These

general strategies for constructing algorithms, which go beyond heuristics, and go

further, are called Metaheuristics. Specific and elaborated heuristics for solving a

simple problem in a narrow context have usually better performance than any algo-

rithm based on metaheuristics. However, the metaheuristics tries to exploits other

kind of advantages. They can improve while are used, are flexible and adaptable.

They get good performance with low level of knowledge. Some recent reviews and

survey show the relevance of the methods [7, 11, 68, 90].

2.3 Fuzzy Optimization in Transport and Logistics Problems

Vehicle routing, scheduling, locations and relations between them are the most

important processes and decisions in transport and logistics. From a mathematical

point of view, they can usually be modeled as a combinatorial optimization problem.

The numerous applications of these problems include, among others, movement of

goods, public transport, fresh and perishable food distributions, courier services,

solid waste collection and caterers. Each problem has its own objectives, associated

with cost, available resources or quality of service which in general is expressed in

terms of time or distance. They also have their own specific constraints that may

reflect vehicle capacity, fleet size, warehouse number and capacity, collection and/or

delivery, points of loading/unloading, distances traveled and specific time windows.

Most of the transportation and logistics models reviewed in this work are based on

well-known problems.

Routing problems have been widely addressed in the literature and among them

the Vehicle Routing Problem (VRP) is one of the most widely studied [75]. VRP is

commonly defined as the problem of designing optimal delivery or collection routes

for a vehicle fleet from one or several depots to a set of geographically scattered
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demand points, under an extensive variety of conditions. Some real-life examples,

which are variants of the classic VRP with different constraints, are presented in [1].

Location problems (LP) deal with the optimal choice of a set of points for establish-

ing certain facilities that take into account different criteria and constraints. Several

models have been proposed to address these problems such as that of the P-median,

P-center or covering [56]. A literature review of facility location models in the con-

text of supply chain management is given in [49]. The Location routing problem

(LRP) models and solves the facility location problem by taking into account simul-

taneous route planning which implies an integrated solution. Two recent surveys

have been presented that describe models and variants investigated [25, 61].

In practical real-world problems decision makers use subjective knowledge or lin-

guistic information when making decisions, measuring parameters, objectives and

constraints and even when modeling the problem. In this context, a Soft Computing

approach, specifically fuzzy optimization and metaheuristics, is useful for solving

routing and location problems because they are flexible enough to deal with com-

plex systems, provide acceptable approximate solutions and therefore add value. Our

specific interest is in problems where various components are imprecise, treated as

fuzzy and addressed with fuzzy optimization and metaheuristics.

In the literature we can find several approaches, models and solutions of the VRP

considering some fuzzy component. The most widely discussed models are the ones

that have imprecision demand, time travel and time services. The fuzzy optimiza-

tion approach described in previous subsection are applied to VRP and some of its

variants [13, 14, 74].

Several authors formulate and solve fuzzy LP, on networks [51], on networks

using p-center [53], using p-median [15] or with covering [34]. Models of the fuzzy

LRP problem have also been presented such as the capacitated model with fuzzy

demands in [48] or a realistic version with more fuzzy components [31].

3 Applications and Emergent Problems

This section analyzes some relevant and emergent problems and application in trans-

port and logistics, in which the application of fuzzy optimization can be significant.

In addition to providing a synthesis of the existing literature on the subject, we give

an overview of the problem in the context of the field to help researchers better

understand the practical motivations where to apply methodologies. Thus it iden-

tifies the challenges and the direction in which future researches could be conducted

in this field. The relevant and emergent problems and applications selected to realize

an overview in the remainder of this section are Disaster Emergency Humanitarian

Logistics, City Logistics, Green Logistics, and Tourist Trip Logistics.
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3.1 Disaster Emergency Humanitarian Logistics

The International Federation of Red Cross and Red Crescent Societies defines a dis-

aster as a sudden, calamitous event that seriously disrupts the functioning of a com-

munity or society and causes human, material, and economic or environmental losses

that exceed the community‘s or society‘s ability to cope using its own resources.

Though often caused by nature, disasters can have human origins. Disaster impacts

more than 200 million people and produce around 75,000 fatalities every year [87].

The authors in [64] define emergency logistics as a process of planning, manag-

ing and controlling the efficient flows of relief, information, and services from the

points of origin to the points of destination to meet the urgent needs of the affected

people under emergency conditions. In this context, there are many challenges in

logistics that differ from those encountered in commercial supply chains. Some of

these challenges that introduce complexity and uncertainty are listed by [9] as:

∙ High level of uncertainty of demands in terms of capacities, travel times, locations,

etc.

∙ Limited resources in large scale disasters, lack of supplies, people, technology,

transportation capacity and money.

∙ Sudden changes in terms of demand, large resource demands in short time frames.

∙ Difficulties in achieving efficient and timely delivery.

In [17], an analysis of the literature is presented, showing the main optimization

models used in emergency logistics. Facility location, location-evacuation, location

with relief distribution and pre-positioning, relief distribution and casualty trans-

portation, resource allocation, commodity flow, resource allocation and commodity

flow, and other models are others just some of the cited models.

A survey of recent advances in bio-inspired meta-heuristics, including genetic

algorithms, particle swarm optimization, ant colony optimization, etc., for solving

emergency transportation problems is also presented in [92].

Optimization problems of emergency logistic involve complex systems introduc-

ing fuzzy sets and systems. In the literature there are several papers related to fuzzy

location and routing problem, for instance, in [66], a hybrid fuzzy optimization

methodology to solve the large-scale disaster relief distribution problem is presented.

The solution approach is made up of three steps. In the first step fuzzy clustering tech-

niques are used to classify the damaged areas, while the second and third steps use

FLP to deal with lack of resources. The authors in [65] provide a hybrid fuzzy cluster-

ing optimization approach to the operation of an emergency logistics co-distribution

center responding to the urgent relief demands in the crucial rescue period.

The fuzzy LRP is a research area with several papers in emergency logistics. In

[84] a model considering fuzzy demands of relief materials, timeliness and limited

resources is proposed. The objective function of the model minimizes the total cost

and the relief time of the system.
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Other papers focus on emergency logistics transportation path optimization using

fuzzy approaches. In [89] a multi-objective optimization model for emergency logis-

tics transportation path is proposed. Factors such as transportation time, safety factor

and transportation costs are described using trapezoidal fuzzy numbers in order to

deal with the uncertainty of these factors.

3.2 City Logistics

Urban mobility plays a key role in the promotion of the sustainable urban develop-

ment of a city. In particular, an efficient freight transport system is required as it plays

a significant role in its competitiveness and represents an important element for the

local economy regarding the employment and income that it generates [63]. Logis-

tics activities and operations, especially transportation and distribution of goods,

now receive a specific treatment which is known as urban logistics or city logistics.

This concept has its origins in the 1980s, it has become in the last decades more

relevant by the development of cities, the growing demands for supply that is more

efficient and concern about the negative impacts of it. Taniguchi et al. [73] defined

city logistics as the process for totally optimizing the logistics and transport activities

by private companies with support of advanced information systems in urban areas

considering the traffic environment, the traffic congestion, the traffic safety and the

energy savings within the framework of a market economy [73].

Urban distribution and transport of goods is an important part of urban logistics.

In cities complicated problems arise related to urban freight transport: demand of

higher levels of service in terms of time, need for better services with lower costs

for customers, use of fewer vehicles, better utilization of vehicle capacity, reduc-

tion of negative environmental impacts, lower energy consumption, reduction of

noise, contribution to traffic congestion, the use of alternative energies and improv-

ing safety [26]. In the next coming years, changes from increased e-commerce and

home delivery will be apparent. This growth reinforces the general trend in logistics

towards smaller consignments, single orders and thus higher delivery frequency and

an increase in vehicle movements within cities [83].

In urban areas, goods distribution services are the most important transportation

and logistics activities and are usually called the last mile. Clear examples of these

are courier express and parcel services food delivery, perishable products, milk and

newspaper, urban solid waste collection and emergency transport. Surveys about

these problems are available in [16, 41].

Important areas in urban freight routes are concerned with reduction of fuel con-

sumption and emissions [70], and the use of night delivery schemes [18]. In contem-

porary living the travel speed between locations varies throughout the day according

to traffic conditions, especially in urban areas. Therefore, it is necessary to adapt the

models with time-dependence for routing planning [27]. The effects of e-commerce

on the urban freight transport using vehicle routing and scheduling problem model

are studied in [36, 72].
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The design and development of city logistics systems requires the availability

of the models for the location of the logistics centers. The location of warehouse,

distribution centers and/or consolidation centers should be appropriately determined

for optimal operations [54]. On the other hand, depot location and vehicle routing are

two interdependent decisions and there are many authors who consider the integrated

problem of locating distribution centers in urban areas and the corresponding freight

distribution [52]. Recently, the authors in [38] investigate the combined impact of

depot location, fleet composition and routing decisions on vehicle emissions in city

logistics. When real-time information is available, dynamic models can support the

developed systems. For example, in [29] on-line re-optimization based on current

traffic information and soft time constraints are proposed.

All of these problems are subject to the uncertainty of the environment. In some

situations logistic problems cannot exactly specify attributes as either deterministic

numbers or probabilistic random variables and it is natural and realistic to express

vagueness and ambiguity in fuzzy terms and to solve the problem with a fuzzy

approach [88]. In the literature, Soft Computing methodologies have been considered

in routing, scheduling and location. But integrating such methods into city logistics

has not been fully considered and needs to be addressed. Only a few references are

found in the literature. In [45] a postal delivery in agglomerations with a large num-

ber of customers modelled as a street routing problem is solved using fuzzy clus-

tering. Customer clustering is also used for VRP and is solved in the framework of

urban freight transport [85]. Another paper studies the dynamic operational envi-

ronment of courier service with fuzzy time windows [44]. Location models [86] and

specifically the design of e-commerce distribution systems [40] complete the papers

found in the literature.

3.3 Green Logistics

For decades, the main goal of logistics has been to improve its objectives from a

purely economic point of view. Through this period logistics professionals have per-

petuated this economic and commercial paradigm by allowing organization and man-

agement logistics to focus on maximizing economic profitability. Economic perfor-

mance did not include costs such as environmental and social impact, instead it only

considered operational economic costs.

Nowadays there is a growing demand for multi-objective metrics associated with

logistical processes, where reduced operational costs and the negative impact of the

environment are some of the most common. As regards the last objective, logistic

stakeholders are pressured from public administrations and government to reduce

the environmental impact of their logistics operations. The environmental impact of

logistics companies can be measured in different ways such as generation of noise

and vibrations, air quality and the contribution to global warming.
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Mckinnon et al. [47] present a classification of the main pillars that compose what

we call green logistics:

∙ Reducing Freight transport externalities. The largest part of the research on the

environmental impact of logistics is due to growth of freight traffic volumes. As

a consequence, the search for ways of reducing freight-related externalities is a

priority.

∙ City Logistics. The study of transport efficiency and environmental impact of

logistics in urban areas. This topic will be further developed in later sections.

∙ Reverse Logistics. The logistic associated with waste product and packaging for

reuse, is a promising area of green logistics. The logistics of waste management

help to increase the proportion of waste material that is recycled and reused.

∙ Corporate environmental strategies. Companies have adopted and improved strate-

gies to reduce environmental impact and manage a balanced relationship with

nature. These strategies generate a wide range of actions on logistics operations

of the company.

∙ Green Supply Chain Management. This pillar can be defined as the alignment and

integration of environmental management within supply chain management. This

is based on that part of the environmental impact that is extended beyond their

own structure.

It is possible to find several surveys and literature reviews related to green logis-

tics. In [93] a review of combinatorial optimization problems related with green

logistics and meta-heuristics in the swarm intelligence field is proposed. A review

of Green Logistic Vehicle Routing Problems (GVRP) and a discussion of the next

wave of research into GVRP is presented in [43].

In general, the complex infrastructure of logistics and working in a dynamic busi-

ness environment imposes a high degree of uncertainty in the logistics process that

affects its overall performance. More specifically, there is a complex system present

in green logistics with highly imprecise parameters and environmental factors with

a complexity that requires fuzzy sets to be represented.

In the literature, it has been proven that green logistics belong to a wide range

of practical application areas. In most cases, these optimization problems involve

complex systems introducing fuzzy sets and systems. A literature review and a dis-

cussion of the applications of fuzzy green logistics focus on fuzzy optimization in

green transport are provided in the remaining part of this section.

There are several papers in literature related with green logistics and fuzzy

approaches, specifically in green routing problems. A transport spatial decision sup-

port model for the optimization of green routes for city logistics centers is presented

in [57], where the solution integrates a multi-criteria method of Weighted Linear

Combination and the modified Dijkstra algorithm with a geographic information sys-

tem for processing spatial data in order to minimize the environmental impact of the

routes. In freight transportation activities, [28] puts forward the use of green logis-

tics in order to reduce the negative impact on the environment considering demand

and travel time uncertainty.
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Other papers focus on aspects such as reverse logistics and green scheduling. In

[62], a bi-objective mathematical model in the distribution of perishable products

with specified expiration date in inventory routing problem is presented. In order to

solve the model the Torabi-Hassini method based on a fuzzy approach is applied. A

green train scheduling model with a fuzzy multi-objective optimization algorithm is

presented in [42]. In order to solve the problem and obtain non-dominated solutions

which has an equally satisfactory degree on both objectives, a fuzzy mathematical

programming approach is proposed.

3.4 Tourist Trip Logistics

The Tourist Trip Design Problem, (TTDP) [78] arises when a tourist visiting a tourist

area, for one or more days, and is interested in visiting a number of points of interest

(POI). The problem more specifically deals with the choice of the POIÂt’s of the

trip and the order to follow each day. Each one of these POIs is associated with sev-

eral features that are taken into account in the selection. The main features are the

minimum time required for the visit, the days and hours of operation, the cost of the

activities within the visit and some indicators of profit or degree of satisfaction that

could be perceived by the tourist for the visit. Information regarding distance, travel

time and cost between the POIs, and between these points and the hotel or stay resi-

dence of the tourist (start and end point of the trips), must also be taken into account.

This information together with some information about the tourist, such as his/her

preferences, budget and time limitations must be used to decide the trip selected for

each day of the stay at destination. The corresponding optimization problems have

received increasing interest in the tourist management and service in order to be

incorporated to recommenders, tourist planning tools and electronic guides. Since

most of the features that have to be used are subjective or subject to some level of

imprecision and vagueness, the fuzzy techniques and points of view have been used.

The problems may be complicated and made more realistic by considering addi-

tional features and constraints. Some of them are maximum budget (daily or com-

plete stay at destination), specific requirements on the minimum and/or maximum

number of days that the tourist visits to the POIs within a certain category (restau-

rants, beaches, historic sites, nature facilities, etc.), or on the number of visits to POIs

of a category some days. Travel times that depend on traffic congestion, weather

conditions, or the time of the day when traveling. Other realistic variants arise when

some of the POIs have time window constraints and the time used to visit them have

to be taken into account in the cost or profit of the visit. Finally, in realistic cases

evaluation of the profits or interest of the POIs depend on the already visited POIs

or some additional information [5].

The literature firstly distinguishes between problems with only one tour and with

several tours. Most research considers two opposed features or criteria: the profit and

the cost. In the single tour problem, the main variants are the Profitable Tour Problem

(PTP) where the objective is to maximize the difference between the profit and the
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total cost that has been considered in [24], the Prize Collecting Travelling Salesman

Problem (PCTSP) where the objective is to minimize the travel cost subject to a

minimum profit [2], and the Orienteering Problem (OP) where the objective is to

maximize the total profit subject to a limit on the travel costs that was introduced by

[77].

Problems with multiple tours are usually known as Vehicle Routing Problems

with Profit (VRPP), and the simplest version is the well-known Team Orienteering

Problem (TOP), which is an extension of the OP in which there is a fixed number m
of routes and m also corresponds to the number of days available to tourists.

There are other problems using different objective functions, such as the Prize-

Collecting VRP (PCVRP) [71] and the Capacitated Profitable Tour Problem (CPTP)

[3]. In PCVRP, the objective function is given by the combination of three different

objectives: minimizing the travel distance, minimizing the number of vehicles used

and maximizing profits collected, while in CPTP the goal is to minimize the differ-

ence between the total harvest profit and the total trip cost.

The Team Orienteering Problem has been extensively studied in the literature [4]

and several versions, such as the Team Orienteering Problem with Time Windows

(TOPTW) [76] and Time Dependent Team Orienteering Problem with Time Win-

dows [30].

The use of metaheuristics and fuzzy approaches are quite common in wide range

of recent TTDP and other routing problems. The early work [46] considers a fuzzy

routing problem for sightseeing. A Genetic Algorithm for the VRPTW with fuzzy

demand is applied in [91]. In [55] a supplier selection model using fuzzy logic is

developed. Several multi-objective metaheuristics are used in [69] to solve VRP with

fuzzy demands. Several authors [19, 59, 60] apply a Particle Swarm Optimization for

a VRP with fuzzy demands and [8] use Genetic Algorithm. The paper [94] deal with

the CVRPTW with fuzzy travel time and demand using a hybrid between Ant Colony

and Genetic Algorithm. A fuzzy capacitated location routing problem is solved in

[32] by applying a Simulating Annealing with a mutation operator. Recently [82]

apply fuzzy optimization to the orienteering problem, [39] apply a fuzzy Ant Colony

system to solve the dynamic vehicle routing problem with uncertain service time,

and [50] uses fuzzy number comparisons to deal with VRPTW with fuzzy scores.

Finally, [12] apply a GRASP for solving the TOP with fuzzy scores and constraints.

4 Conclusions

This review has focused on two major areas of Soft Computing applied to optimiza-

tion: metaheuristics and fuzzy optimization. Works in metaheuristics are numerous

and often applied in emerging logistics areas. Relevant works with metaheuristics

outperform other methods, such as exact algorithms. Fuzzy optimization methods

are less frequent in the literature, providing additional research opportunities for Soft

Computing in a very open and promising field.
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