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Abstract— Competition among manufacturers and improving customer satisfaction resulted in achieving high efficiency 

in supply chain methods especially trough the effective use of computational methods of optimization. An integral part of 

this is the approaches on vehicle routing with various routes and strategies. Generally in a Vehicle Routing Problem 

(VRP) the main objective is to minimize the cost of the system by reducing the transportation cost and the time of 

delivery of materials. At the same time they have to see the quality of product delivered also. Here an attempt is made to 

classify the literature on supply chain management with more emphasis on VRP based models on supply chain while 

considering certain criteria such as, modelling method, objectives, characteristics of the parameters used, nature of 

demand, possibility of rerouting, solution methodology etc. In this paper literature survey also focuses on the future 

scopes and solution methods.   The survey finds that majority of the literature is based on mathematical modelling and 

use meta-heuristic methods as the solution methodology. 

Keywords— Supply chain management, Vehicle routing problem, Optimization, Evolutionary algorithm. 

 

I.INTRODUCTION 

 

 The optimization of logistics planning decides the future of an industry and it will directly affect the overall cost of 

products or services of a company. Hence severe competition at different levels is an important parameter to think 

on future strategies to face competition. Thus, effective planning to produce the right product and achieving 

delivery on promised dates is the primary factor for customer satisfaction and all companies will try to find an 

optimum strategy move forward. Supply chain management (SCM) is the management of the transfer of materials 

and involves the decision of routing through a network that faces many constraints. It involves the analysis of 

characteristics of each route, number of vehicles, dynamic nature of demand, possibility of change of routes etc. 

The effective design of SCM is the primary focus then; Vehicle Routing Problem (VRP) is in integral part.  

Many times it can be modelled as a multi-objective optimization as it involves conflicting objectives. The main 

objectives vehicle routing problem is the minimization of overall cost, minimizing time and other external factors 

to foresee the effects of dynamic demand, humanitarian and green aspects of supply chain. Ultimately everything 

should be leading to greater customer satisfaction. The vehicle routing problem (VRP) is a problem to find out the 

best route for the carriers to deliver their goods from a particular destination from a supply point without affecting 

the total cost of the system or to minimize the time to deliver which are the most important performance measures. 

Here this paper reviews some of the articles related to the routing decisions in a supply chain according to various 

aspects like the method adopted, objectives, solution methodology, etc and also discuss about the future scopes  

II. VEHICLE ROUTING PROBLEMS 

 

The vehicle routing problem (VRP) is generally combinatorial optimization problem which are required for 

transportation scheduling and logistics management activities in supply chain management. Finding the routes for a 

set of vehicles to provide goods and/or services from source to a set of customers in different location with 

minimum cost is the fundamental VRP problem [1]. Increasing customer satisfaction and maintaining an accurate 

delivery time and providing right quality product is the primary focus of industries by implementing an efficient 

SCM policy.  Many challenges are faced in SCM when there are multiple sources, multiple destinations and 

multiple routes. Solving situations with Distribution from many origins to many destinations is the key requirement 

in logistics management [2] 
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The purpose of this paper is to review the literature related to VRP problems, with respect to the modelling method, 

solution methodology, parameters and objectives etc. Articles published between 1996 and 2019 are selected for 

this purpose and more emphasis is made on models that used computational methods and mostly evolutionary 

algorithms.  The VRP problems can be classified based on many criteria like VRP with Pickup and Delivery, The 

Multi-Depot VRP, methods used (Conventional methods or meta-heuristics), Onsite service or waiting times, 

number of vehicles available, objective function used etc [3]. Some papers consider time windows in model [4,5], 

Dynamic vehicle routing [6,7] split delivery [8],  multi depot [9,10] etc. Hetaeristic based solution methods like 

Genetic Algorthm [11, 12]  Tabu search [13, 14] Simulated annealing  [15],  and many other were widely seen in 

the literature., Recently many some studies focuses on humanitarian supply chains in response to a disaster. Some 

of the recent developments in the area of VRP are described below based on some articles 

 

Donto et al [16] has developed a model for handling hybrid multi echelon multi item distribution networks with 

cross docking. When cross-docking is applied products are not required to be stored at intermediate depots. As an 

alternative, cross-dock services combine incoming products based on customer requirement and right away 

transport them to their destinations. They formulated the problem as a Mixed Integer Programming Model 

(MIPM). Another MIPM developed by Madan Kumar and Rajendran [17] considered alternative fuel vehicles in 

their design along with  fuel prices at different refueling stations 

 

Hassanzadeh and Rasti-Barzoki [18] propose a new bi objective mathematical model and the objective was to 

reduce the consumption of resources and energy, along with reduction of tardiness penalty in an SCM scheduling 

and VRP. There they used a novel method of Non dominated Sorting Genetic Algorithm based on shaking and 

special strategies of Variable Neighbourhood Search algorithm and found better than non dominated sorting GA. 

Tavana et al [19] proposed a multi echelon supply chain network that considers the location of central warehouses, 

for managing perishable products in the pre-disaster time, and routing the relief vehicles in the post-disaster time. 

 

 

Zhang et al [1]  presented a a multi-objective vehicle routing problem with flexible time windows and they claim  

that this flexibility enable a supply chain to save delivery costs at the cost of customer satisfaction. Here the two 

objectives considered are to minimize delivery costs and maximize customer satisfaction often which is conflicting. 

They experimented their model with some bench mark problems and found that better compared to some of the 

existing methods from the literature. 

[20] developed a multi-product VRP model considering time windows (MPVRPTW) as an operational decision 

which is integrated with net- work design strategic decisions solution methodology developed were based on three 

hybrid algorithms swarm intelligence techniques (particle swarm optimization, artificial bee colony (ABC)) 

electromagnetism mechanism algorithm (EMA), and  then each method is hybridized with variable neighbourhood 

search algorithm (VNS). As per their studies, the power of EMA is improved with VNS local search. 

A model for finding location of temporary relief centres and aerial rescue vehicles dynamic routing is proposed by 

Alinaghian et al [21]  while dynamic inbound supply chain was developed by Lee et al [22]. Alinaghaian’s model 

considered the importance of rapid action in the time of a post-disaster environment with characteristics like 

uncertainty in demand for relief supplies, errors regarding victims information, aftershocks, and extensively 

unusable transportation facilities. Lee et al. in his model a vehicle routes plan is generated by considering 

production start time, transportation time, delay time, and load/unload time for the transportation control. 

Hence it is seen from the literature that the articles vary in many dimensions concerned with the objectives, 

problem  environment, methodology etc. 

 

III  REVIEW FINDINGS 

 
Twenty articles were selected for critical review and mostly from the year 2019. Table 1 shows the objectives, 

problem environment, methods used and solution methodology used in these articles. The outcome is also is 

narrated in Table1. From this it is understood that the majority of the researchers use mathematical formulation to 

model the system (more than 80%). Also most of the solution methods also rely on evolutionary algorithms like 

Genetic Algorithm (GA). Most of the Vehicle routing models are combinatorial optimization problems and easy 

representation in the required coded form due to the combinatorial nature of VRP also attracts researchers to 
select GA as the solution methodology 
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Table 1: COMPARISON ON VRP LITERATURE 
 

 

 

No Year     Name of 

the Authors                

Objective 

function 

Type of 

Model 

Problem 

environmen

t 

Solution 

Methodology 

Outcome of 

the paper 

1 2011 Dondo et al 

[16]  

Minimize 

transportatio

n cost 

Mixed 

integer 

programmi

ng 

Multi 

echelon VRP 

with cross 

docking 

Computational 

method 

A 

generalized 

model for a 

multi 

echelon VRP 

developed 

2 2014 Lee et al 

[22] 

minimizatio

n of vehicle 

operating 

cost and 

maximizatio

n of vehicles 

Algorithm 

based 

Simultaneou

s control of 

vehicle 

routing and 

inventory for 

dynamic 

inbound 

supply chain 

 

 

Vendor-based 

vehicle routing 

procedure 

The 

simulation 

results 

indicate that 

the 

simultaneous 

control 

approach 

requires 

fewer 

vehicles than 

the existing 

system and 

shows better 

efficiency of 

transportatio

n 

3 2015 Ahmadi zar 

[23] 

Minimize  

purchasing, 

transportatio

n and 

holding 

costs 

Mathematic

al model 

Two-level 

vehicle 

routing with 

cross-

docking in a 

three-

echelon 

supply chain 

Genetic 

algorithm 

The results 

shows  

temporary 

storage at 

cross-docks 

can increase 

the flexibility 

of the model 

4 2017 Hassansadeh 

[18] 

Minimize 

Total 

resource 

consumption 

and total 

tardiness 

penalty 

Bi-

objective 

mathematic

al model 

VRP in a 

resource 

allocation 

supply chain 

Non dominated 

sorting genetic 

algorithm 

New 

algorithm 

found better 

than the 

classic non-

dominated 

sorting 

genetic 

algorithm II 

5 2017 Hiassat et al 

[24] 

Minimize 

warehouse 

fixed-

location 

cost,  retailer 

unit-

inventory 

holding cost 

Mathematic

al 

modelling 

location-

inventory-

routing 

problem 

with 

perishable 

products 

Genetic 

algorithm 

Better than 

exact 

methods in 

terms of 

solving large 

problems and 

time 
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and  routing 

cost 

6 2018 Tavana et al 

[19] 

Minimise 

cost and 

time 

Mixed 

integer 

programmi

ng 

Humanitaria

n supply 

chain 

Non dominated 

sorting genetic 

algorithm 

Two 

methods has 

been 

developed 

for solving 

the 

humanitarian 

supply chain 

model 

7 2018 Madan 

kumar and 

Rajendran 

[17] 

 

 Minimize 

cost of 

routing and 

schedules 

for the 

alternative 

fuel vehicles 

 

 Mixed 

Integer 

Linear 

Programmi

ng (MILP) 

Green 

vehicle 

routing in a 

semiconduct

or industry 

Computational 

evaluation 

Improvement 

in terms of 

computation

al time 

8 2018 Baneaameri

an et al[25] 

Maximize 

total profit 

Algorithm based vehicle 

routing 

problem 

with cross-

docking 

Genetic 

algorithm 

(GA) and 

Modified 

Variable 

Neighborhood 

Search (MVNS) 

Good in 

terms of 

computation

al time 

9 2019 Shang et al  

[1] 

Minimize 

the total 

distribution 

costs 

Multi 

objective 

modelling 

Vehicle 

routing with 

flexible time 

windows 

Hybrid ant 

colony 

optimization 

Proposed 

method 

found good 

in 

benchmark 

solomons 

instances 

10 2019 Saif eddine 

et al [26] 

Minimize 

total supply 

chain cost 

Mathematic

al 

modelling 

Inventory 

location 

routing 

problem 

Genetic 

algorithm 

Improvement 

in terms of 

computation

al time 

11 2019 Kannan et al 

[20] 

minimizes 

the total 

variable and 

fixed costs 

and 

calculates 

total 

environment

al effects 

and social 

im- pacts 

across the 

network. 

Mathematic

al 

modelling 

 

 distribution 

network in 

which the 

triple bottom 

lines of 

sustainabilit

y 

 

 three hybrid 

swarm 

intelligence 

techniques 

(particle swarm 

optimization 

(PSO), 

electromagnetis

m mechanism 

algorithm 

(EMA), and 

artificial bee 

colony (ABC)) 

EMA found 

to be better 

than VNS 

12 2019 Dai et al 

[27] 

minimizes 

the sum of 

the fixed 

costs of 

Mathematic

al 

modelling 

 

 multi-

echelon 

location-

two-phase 

method (TPM) 

based on 

improved Clarke 

Good in 

terms of 

computation

al time 
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opening 

facilities, the 

fixed costs 

of using 

vehicles for 

three ech- 

elons, and 

the 

transportatio

n costs for 

three 

echelons 

routing Wright savings 

algorithm 

13 2019 Chen and 

Shi [28] 

minimizes 

the total 

travel cost 

Mathematic

al 

modelling 

multi-

compartment 

vehicle 

routing 

problem 

with time 

windows for 

urban 

distribution 

particle swarm 

optimiza- tion 

(PSO), 

The results 

show that 

both 

algorithms 

can solve 

the relevant 

cases within 

a reasonable 

time range 

14 2019 Ruiz et al 

[29] 

minimize 

the total 

distance 

traveled by 

the vehicles 

Mathematic

al 

modelling 

vehicle 

routing 

problem 

with 

capacity and 

distance 

constraints 

Random key 

genetic 

algorithm 

Found better 

compared to 

some other  

algorithms 

15 2019 Rezgui [30] Minimize 

cost 

including 

the 

acquisition, 

the travel 

and the 

recharging 

Mathematic

al 

modelling 

fleet size and 

mix vehicle 

routing 

problem 

with electric 

modular 

vehicles 

variable 

neighborhood 

search algorithm 

The 

algorithm 

performed 

better for 

certain 

instances 

compared to 

others 

16 2019 Xu et al [31] minimizes 

the total 

expected 

fuel 

consumption 

and  

maximizes 

the customer 

satisfaction 

multi-objective 

mixed integer 

nonlinear 

programming 

(MINLP) 

model 

capacitated 

green 

vehicle 

routing 

problem 

with the 

timevarying 

vehicle 

speed and 

soft time 

windows 

An improved 

non-dominated 

sorting genetic 

algorithm 

(NSGA-II) 

proposed 

model 

outperforms 

most of the 

best-known 

solutions 

obtained 

from the 

traditional 

modeling 

approaches 

17 2019 Alinaghian 

et al [21] 

minimizes 

the arrival 

time at the 

last 

designated 

temporary 

relief center 

Mathematical 

modelling 

model for 

location of 

temporary 

relief centers 

and dynamic 

routing of 

aerial rescue 

vehicles 

hybrid meta-

heuristic 

algorithm based 

on scatter search 

combined with 

variable 

neighborhood 

search 

Shown better 

results 

compared to 

exact method 

and GA 
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Regarding the objectives almost 90 percent of the articles consider the transportation cost as the main criteria for 

minimization. Time and quality are also seen as objective criteria for optimization in many papers. Multi objective 

models are also found in the literature as in many cases as the researchers has to deal with conflicting objectives. 

Cross decking in a multi echelon environment is another area in which the new research articles are focussing on.  

Green aspects of supply chain are considered in some of the articles and they are found increasing in each year. 

More attention to this area is essential since green protocol is implemented in many countries and everyone has to 

adhere to that. The main hurdle in modelling supply chain considering green aspects is that the parameters are 

mainly dependant on type of industries. For example it is required to reduce the effect of chemicals used in a 

cashew industry while in many other cases it may be to reduce the CO2 emissions.  

The dynamic nature of demand at each stage, the presence of alternative routes, dynamic route selection decisions 

are another criteria considered by many researchers. These things are also relevant due to the dynamic nature of 

environment, which can be due to social, economic, technological and political changes. The cost of different 

products through the supply chain also may vary and will affect the whole system. Hence firms dealing with 

multiple products face more challenges in designing SCM and VRP 

 

IV CONCLUSION 

 
A literature survey has been carried out on Vehicle Routing problems mostly taken from the year 2019. The four 

important aspects of VR taken for comparison are, problem nature, objectives, modelling method and solution 

methodology. Problem nature differs in many ways like models considering, multiple depots, slit delivery, time 

windows, and dynamic nature of vehicle routing and product demand, green aspects etc. The most commonly used 

objective in majority of the model is to minimize the total cost and then accuracy in the time of delivery. Majority 

of the methods are formulated as mathematical models so that use of software and computational methods can be 

easily applied to find the solution. Due to the combinatorial nature of the VRP problems most of the researchers 

used GA as the solution methodology. There is a huge scope for further research in this area by considering many 

18 2019 Andelmin 

and 

Bartolini 

Minimize 

total cost 

Algorithm based Green 

Vehicle 

Routing 

Problem 

based on a 

multi graph 

reformulatio

n 

 

Local search 

heuristic 

Algorithm 

shows good 

results 

competitive 

with state-of-

the-art 

heuristics 

19 2019 Wang et al 

[33] 

Minimize 

service time 

Mathematical 

modelling 

Vehicle 

Routing 

Problem 

with Time 

Window 

Multi-Ant 

System with 

Local Search 

good and 

robust 

performance 

of finding 

solutions 

with lower 

travelling 

distance 

20 2019 Liu and 

jiang [34] 

Minimize 

routing cost 

Mathematical 

modelling 

Cumulative 

capacitated 

vehicle 

routing 

problem 

with time-

window 

constraints  

Large 

Neighborhood S

earch 

Algorithm and 

hybridizes 

with Genetic 

Algorithm 

algorithm is 

able to 

improve and 

obtain some 

best-known 

solutions 

found by 

existing state

-of-the-art 

methods. 
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characteristics together. Development of multi-objective modelling is few in the literature, even though many 

objectives are conflicting in VRP problems. Hence working on such models will help the companies to choose 

from many non dominated optimum solutions. Also new meta-heuristics can be tested for finding better solutions 
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