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Abstract:Vehicle Routing Problem (VRP) plays an important role in logistics management and has been 

broadly used as a partof Transportation Framework, Logistics Distribution Frameworkand Faster Delivery 

System. In this paper, we have conducted a literature review on the recent developments and publications 

involving the Vehicle Routing Problem and its variants, namely Vehicle Routing Problem with Time 

Windows (VRPTW) and the Capacitated Vehicle Routing Problem (CVRP) and also their variants. The 

VRP is classified as an NP-hard problem. Hence, the use of exact optimization methods may be difficult to 

solve these problems in acceptable CPU times, when the problem involves real-world data sets that are very 

large. The vehicle routing problem comes under combinatorial problem. Hence, to get solutions in 

determining routes which are realistic and very close to the optimal solution, we use heuristics and meta-

heuristics. We discuss the characteristics and classification of VRP, the constraints in VRP Solutions and 

future of VRP solutions in coming years.We also discuss the various VRP Solutions using Bio-inspired 

algorithms like Ant Colony Optimization(ACO), Artificial Bee Colony (ABC), Particle Swarm 

Optimization (PSO) and Genetic Algorithm (GA). VRP is viewed as a smart vehicle routing problem and 

the intelligent heuristic algorithm will be a critical field of futureresearch. 
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1. Introduction 

 Vehicle Routing Problem was first proposed by Dantzig and Ramsarin 1959[1],and is mainly used to 

design an optimal route for a fleet of vehicles to service a set of customers, given a set of constraints. The 

subject quickly attracted the attention of experts and scholars, such as operations researchmanagement, 

computer graph theory, and proved to be widely used in transportation system, logistics distribution system 

and express delivery system. After several decades of development, the vehicle routing problem has become 
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an important part of logistics management research, and is classified as the general term for such type of 

problem: by a number of vehicles from one or more warehouses to multiple geographically distributed 

customers, how to arrange the vehicle and itsroutes tominimize the total distribution costs. The vehicle 

routing problem (VRP) has been very extensively studied in the optimization literature.Now VRP offers a 

wealth of heuristic and meta- heuristic approaches. The VRP is so widely studied because of its wide 

applicability and its importance in determining efficient strategies for reducing operational costs in 

distribution networks. 

 

The VRP was first statedby[1] that was about the routing of a fleet of gasoline delivery trucks between a 

bulk terminal and a number of service stations supplied by the terminal. The distance between any two 

locations is given and a demand for a given product is specified for the service stations. The VRP can be 

defined as the problem of designing least cost delivery routes from a depot to a set of geographically 

dispersed locations (customers) subject to a set of constraints. Today, exact VRP methods have a size 

limit of 50-100 orders depending on the VRP variant and the timeresponse requirements. Consequently, 

current research concentrates on approximate algorithms that are capable of finding high quality 

solutions in limited time, in order to be applicable to real life problem instances that are characterized by 

large vehicle fleets and affect significantly logistics and distribution strategies.   

 

2. Classification of Vehicle Routing Problem. 

 At present, the enthusiasm of experts and scholars of the VRP research is high, and according to 

different perspectives, the classification of VRP: 

1. According to the number of distribution centers: single distribution center and multi-distribution center 

problem; 

2. According to the type of vehicle:single –vehicle type and multi-vehicle type problem;   

3. According to the characteristics of the task: pure send (take) cargo problem and loading and unloading 

mixing problem; 

4. According to whether the time constraints: no time window problem and time window problem; 

5. By vehicle loading: And the problem of non-full load; 

6. According to the optimization of the number of goals: a single objective and multi-objective problem; 

7. Vehicle and vehicle by the ownership of the points: the vehicle open problem and vehicle closure 

problems; 

8. By mastering the information of certainty: Sexual VRP and non-deterministic VRP problems; 

 

 As can be seen from these classifications, solutions to the VRP problem are varied, each category 

will be mapped a corresponding models and algorithms for solving the natural process is varied. But back 
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to the original point of view to build the model of VRP,VRP problem can be seen as a variant or in 

combination with integer programming model of graph theory model or other models among which we 

can find some rules, to achieve the purpose of solving. 

 

3. Constraints of vehicle routing problem 

 As mentioned earlier, VRP problems have a variety of classification methods, for different 

classification methods also have different corresponding models and algorithms. However, no matter 

how complex the model of the algorithm, common constraints in the discussion of VRP problem is the 

same capacity constraints [2]. 

 

1. Capacity constraints: regardless of which vehicle, it should be less than the total path of the vehicle 

load capacity. The vehicle routing problem with capacity constraints is brought forward. 

2. Priority constraints: leads to the priority of the vehicle to constrain the path problem. 

3. Vehicle constraints: leads to multi-vehiclevehicle routing problem.   

4. Time window constraints: including hard time window, soft time window constraints. The vehicle 

routing problem with time window (including hard time window and soft time window) is brought 

forward. 

5. Compatibility constraints: leads to compatibility constraints of the vehicle routing problem. 

6. Radom demand: leads to a random demand for the vehicle routing problem. 

7. Open: leads to open the path of the vehicle problem. 

8. Multi- transport center: leads to a multi-transport vehicle routing problem. 

9. Return transport: leads to a return route with the vehicle routing problem.         

10. The last time period: leads to the vehicle with the last time period issue. 

11. Vehicle speed changes with time: with time leads to the vehicle speed with time changes in vehicle 

routing problem.  

 

4. Variants of VRP 

          In this section vehicle routing variants are explained. 

 

4.1 VRP with Time Windows 

         In VRP Time Windows, for every consumer,goods must be distributed in certain time window with 

known demands along with least cost and distance. The vehicles cannot arrive earlier or later than the 

time [3,4,5] . In case if the vehicle arrives earlier then the earliest arrival time and waiting time will 

occur. Each customer should also consider the service period for loading or unloading the goods for each 
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route. VRP using Time Windows aims to reduce the vehicle fleet, overall travel period and waiting time 

[5] . 

 

4.2 Capacitated VRP  

 In CVRP, the vehicle has capacity limitation where the goods must be distributed to the customer 

from a common depot at lowest travel cost and every vehicle must have equal capacity for a single 

product. CVRP aim is to reduce the vehicle fleet, sum of travel period and the overall demand of 

commodities for each route that may not exceed the capacity of the vehicle, which serves that route 

[6,7,8]. The solution is achievable if the overall quantity assigned to each route should not go beyond the 

vehicle capacity. 

 

4.3 Multiple Depot VRP 

 In Multi-Depots Vehicle routing problem, first it entails the assignment of customers to the depots. 

Customers are serviced by several depots, each depot having their own fleet of vehicles. Each vehicle 

departs from a depot and finally turns back to the original depot with respective constraints (capacity 

distance travelled along with time window). The routes of all vehicles are intended before they depart 

from the original depots [9,10] . MDVRP goal is to reduce the vehicle fleet, travel period, and overall 

demand of commodities that must be distributed from various depots. The solution is achievable if each 

route fulfils the standard VRP conditions. 

 

4.4 Periodic VRP 

 In periodic vehicle routing problem variant customers must be served many times for a given 

designed period and the set of dates in which a vehicle serves a customer is not fixed earlier, but instead a 

list of possible set of dates is related through every customer. Whenever the customer is served and its 

duty period or vehicle capacity is over the vehiclescan turn backs to the original depots [11,12]. The 

objective is to reduce the vehicle fleet and the overall travel period needed to supply all customers while 

satisfying operational constraints. 

 

4.5 Split Delivery VRP 

 In the Split Delivery Vehicle Routing Problem, visiting each customer only once rule is removed, 

instead deliveries can be split and served many times and the demands can be larger than the vehicle 

capacity and number of vehicle constraints is also excluded. The main intention of SDVRP is to 

distributing the customers goods and in each tour, it does not exceed the capacity of the vehicles and the 

overall distance travelled is reduced. A solution is possible by satisfying the VRP rules including that the 

customers may be delivered by using a greater number of vehicles [13,14]. 
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4.6 Stochastic VRP  

 In stochastic vehicle routing problem where some information is random, it is not necessary to 

satisfy all the rules.The goal of this variant is to reduce the vehicle fleet and stochastic or service period 

along with the customer demands. A feasible policy for the vehicle is any strategy of visiting locations 

such that all demands are satisfied[15]. 

 

4.7 VRP with Backhauls 

 The vehicle Routing Problem with Backhauls incorporates customers to whom the goods are to be 

distributed and a set of sellers whose goods need to be shift back to the depots. In VRPB, distributions 

for each path must be accomplished earlier any pickups are made, this is to avoid the rescheduling the 

loads on the vehicles. The goal of VRPB is to minimize the overall distance toured. In VRPB routes 

which have only pickup is not acceptable and deliveries should be made before pickups without omitting 

the constraints [15]. 

 

4.8 VRP with Pick-Up and Delivery 

 In VRPPD customers can resend some goods and it must fit into the vehicle and this constraint faces 

challenging problems like planning, bad consumption of the vehicle volumes, enlarge travel distances 

and number of vehicles also increases. Due to this issues cost is increases to face the consumer needs. 

The solution is achievable if each route fulfils overall quantity allotted without violating capacity rule 

and also vehicle should have sufficient capacity for picking – up the products at the customers [16]. 

 

4.9 VRP with Satellite Facilities 

 In satellite Facilities there are no restrictions for the vehicle to return back to the depot, it can 

continuously deliver the goods to the customer until the duty period of the deliver is over. Distribution of 

fuels and certain retail items are the main application for this variant. Satellite facility is an intermediary 

facility with unlimited supply used for the replenishment by a vehicle. Extra cost arises to optimize the 

routes when the customer needs is random and this variant helps to safeguard against unpredicted 

demands [17]. 

 

4.10 Open Vehicle Routing problem. 

 In OVRP variant, vehicles not necessary to return back to the distribution center if it requires, similar 

route in the reverse order is used [18,19]. The OVRP describes well-organized paths with least overall 

distance and cost for the vehicles that distribute the goods to the consumers.Each consumer must visit 

once by unique vehicle,along with capacity and time constraints. The foremost variance among Open 

Vehicle Routing Problem and Vehicle Routing Problem is that the paths in the Open Vehicle Routing 
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Problem contains Hamiltonian paths starts at the depot and ends with customer, while the paths in the 

Vehicle Routing Problem remains Hamiltonian cycles. OVRP aims to reduce the total vehicles used and 

minimize the overall distance covered and the issue faced by this variant is cost for the extra vehicle but 

it reduces the distance with extra paths. 

 

5. Bio-inspired algorithms 

            Swarm Intelligence (SI)-based algorithms belong to a wider class of algorithms, called Bio-

Inspired Algorithms (BIA). In fact, bio-inspired algorithms form a majority of all nature–inspired 

algorithms. From a theory point of view, SI-based algorithms are a subset of bio-inspired algorithms, 

while bio-inspired algorithms are a subset of nature –inspired algorithms. Vehicle routing problem is one 

of the Nondeterministic Polynomial-Hard combinatorial optimization problems which focuses on 

optimizing the routes and reduces the overall cost of the routes with minimum distance. Bio-inspired 

algorithms solve optimization problems which have the capability to define and decide difficulty dealings 

from nature by using simple rules. 

 

5.1 Ant Colony Optimization (ACO) 

 ACO is a technique useful in problems that deal with finding better paths through graphs. In 

(G.Dantzig and J.Ramser,1959) a mathematical model and an algorithm based on ant colony 

optimization to solve a long distance routing problems are considered. Small Freight size with several 

time constraints is solved using Last In First Out “LIFO” policy. The objective here is about reducing 

costs by optimizing the loading of the passenger in vehicles, grouping orders and minimizing a number 

of routes. The performance of the algorithm is said to be verified by using experimental data based on 

historical data from a large Spanish transport company. 

 

5.2 Artificial Bee colony (ABC) 

            Artificial Bee Colony is a predominant algorithm simulating the intelligent foraging behavior of a 

honeybee swarm, proposed by Karaboga and Basturk[20].In ABC algorithm, the colony of artificial bees 

contains three groups of bees: employed bees, onlookers and scouts.A bee waiting on the dance area for 

deciding to choose a food source is called onlooker and one going to the food source visited by it before 

is named employed bee. The other kind of bee is scout bee that carries out random search for discovering 

new sources. The position of a food source represents a possible solution to the optimization problem and 

the nectar amount of a food source corresponds to the quality(fitness) of the associated solution. A swarm 

of virtual bees is generated and started to move randomly in two-dimensional search space. Bees interact 

when they find some target nectar and the solution of the problem is obtained from the intensity of these 

bee’s interactions. 
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5.3 Partial Swarm Optimization (PSO) 

 PSO is an evolutionary computation technique firstly introduced by Kennedy Eberhart (John Jairo 

Santa Chavez, 2015).It is inspired by the behavior of birds when looking for their food. This algorithm is 

based on population. In PSO terms swarm is used for a group of particles say a population which moves 

in search space to find the shortest distance between source and destination (IvonaBrajevic,2011). The 

fitness of particles is evaluated on the basis of a search function. Particles move through search space by 

dynamically updating their velocities leading to the new position of the particle. This method achieves 

local best and global best if and only if the new values are better than previous values. After maximum 

iteration, this algorithm generates global best having best fitness. 

 

5.4 Genetic Algorithm (GA) 

 Genetic algorithm [21, 22]was derived from Darwin’s theory of evolution. A genetic algorithm-

basedhybrid approach is to solve clustered VRP. In this type of VRP passengers are grouped together to 

form clusters and these clusters are served by the same depot. To find optimum clustered route for the 

above genetic algorithm is used in combination with local – global approach. This approach is used to 

distinguish between local and global connections of clusters. Hence genetic algorithm presence a search 

technique which can be used to generate true or approximate solutions to optimization and search 

problems in a better   manner. The objective for a VRP function is to minimizethe number of routes or 

the number of vehicles utilized; the optimal number of routes is unknown. A secondary objective is to 

minimize the total time or distance travelled [Sheng-HuaXu,2015]. 

 

 Many of the most successful meta-heuristics for the large VRPTW instances are based on some form 

of parallel computation. In [22], they were the first to apply a genetic algorithm to VRPTW.They 

hybridized a genetic algorithm with a greedy heuristic. Under this scheme, the genetic algorithm searches 

for a good ordering of customers,while the construction of the feasible solution is handled by the greedy 

heuristic. During the past few years, numerous papers have been written on generating good solutions for 

VRPTW with GAS. Almost all these papers present hybridizations of a GA with different construction 

heuristics [22, 23] a, local searches [24] and other meta-heuristics such as tabu search [25] and ant colony 

system [26]. 

  

 The authors [27] have considered a variant of VRPTW constrained by a limited vehicle fleet, which 

is a more realistic problem in logistics. A limited number of vehicles is given (m- VRPTW)). Under this 

scenario,a feasible solution is one that may contain either un-served customers and /or relaxed time 

windows. They present an analytical upper bound for that formulation, and show that their tabu search 

approach came fairly close to the upper bound. This algorithm is also good from the stability point of 
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view.They also show that the same algorithm could be used to give reasonably good results for the 

standard VRPTW problem. 

 

 The authors [28] propose a cellular Genetic Algorithm (CGA)which is a kind of decentralized 

population-based heuristic, which is used for solving CVRP, improving several of the best existing 

results so far in the literature. Their study shows a high performance in terms of the quality of the 

solutions found and the number of function evaluations (effort). 

 

5.5 Evolutionary Algorithm 

                 A multi-objective evolutionary algorithm (EA)for solving the VRPTW was suggested by [29], 

For multi-objective problems, heuristics generally have two aims (1) To minimize the distance of the 

generated solutions, called the pareto approximation, from the true pareto front, and second to maximize 

the diversity of them.Evolutionary algorithms (EAs) are optimizers based on Darwin’s theory of 

evolution, where only the fittest individuals survive and produce offspring to populate the next 

generation. 

 

 In this article, [30] proposed a hybrid ACO algorithm for solving vehicle routing problem (VRP) 

heuristically in combination with an exact algorithm. In the basic VRP, geographically scattered 

customers of known demand are supplied from a single depot by a fleet of identically capacitated 

vehicles. The intuition of the proposed algorithm is that nodes which are near to each other will probably 

belong to the same branch of the minimum spanning tree of the problem graph and thus will probably 

belong to the same route in VRP. Given a clustering of client nodes, the solution is to find a route in 

these clusters by using ACO with a modified version of transition rule of the ants. At the end of each 

iteration, ACO tries to improve the quality of solutions by using a local search algorithm, and update the 

associated weights of the graph arcs. 

 

6. Conclusion 

             Vehicle routing problems forms an integral part of supply chain management, which place the 

significant role for productivity improvement in organizations through efficient and effective delivery of 

goods/services to customers. In this paper an attempt has been made to survey the resent development in 

the vehicle routing problems (VRP) and its variants. The literature is classified into exact methods, 

heuristics approaches, meta-heuristics. Since the VRPTW is a combinatorial problem, development of 

efficient heuristic is inevitable to find near/ global optimal solution. So, in this paper, in the next section, 

the contributions of researches in two categories, viz   heuristics& meta – heuristics have been presented. 
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 Various vehicle routing problems and its solutions by applying bio-inspired algorithms like Ant 

Colony Optimization (ACO), Artificial Bee Colony (ABC), Particle Swarm Optimization (PSO) and 

Genetic Algorithm (GA) are studied in this paper. It is found that the total demand of each passenger is 

fulfilled. Guarantee that the vehicle capacity will not be exceeded. It is known that the demand of each 

passenger will only be fulfilled if a determined vehicle goes by the place. A research shows that with the 

expansion of the scale of logistics distribution, the research of exact algorithm has little significance. In 

the future for a long time, construct the approximate algorithm, especially the intelligent heuristic 

algorithm will be the important content of VRP algorithm research. The rapid development of social 

economy, consumer demand for quality of service is also progress, logistic, as a producer services 

industry, the importance of this area should be increased. 
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