Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 1 Pages: 75-84 ISSN 1339-5629

VEHICLE ASSIGNMENT WITH PENALTY COSTS: A CASE OF MEXICAN FREIGHT TRANSPORT
Felix Eduardo Bueno-Pascual; Jose Luis Martinez-Flores; Diana Sanchez-Partida; Patricia Cano-Olivos

doi:10.22306/al.v9i1.272 Received: 09 Nov. 20Revised: 09 Dec. 2021; Accepted: 06 Feb. 2022

VEHICLE ASSIGNMENT WITH PENALTY COSTS: A CASE OF MEXICAN
FREIGHT TRANSPORT

Felix Eduardo Bueno-Pascual
UPAEP University School of Logistics and Supply ®hslanagement Avenida 9 Poniente 1712 CP 72410Iueb
Puebla, Mexico, felixeduardo.bueno@upaep.edu.mxegsponding author)
Jose LuisMartinez-Flores
UPAEP University School of Logistics and Supply ®hslanagement Avenida 9 Poniente 1712 CP 72410Iueb
Puebla, Mexico, joseluis.martinez01@upaep.mx
Diana Sanchez-Partida
UPAEP University School of Logistics and Supply ®hslanagement Avenida 9 Poniente 1712 CP 72410I8ueb
Puebla, Mexico, diana.sanchez@upaep.mx

Patricia Cano-Olivos
UPAEP University School of Logistics and Supply ®hslanagement Avenida 9 Poniente 1712 CP 72410Iueb
Puebla, Mexico, patricia.cano@upaep.mx

Keywords: assignment model, freight transport, trucks praiitg, operations research, vehicle assignment.
Abstract: The reduction of logistics costs is very importémt Mexican companies, especially for those fromigit
transport industry. They must manage their openatafficiently and effectively to increase the newe, which is reduced
if trucks are not being productive. The objectifehis research is to provide a model for a Mexiéaight transport
company, which lets the company reduce transponatosts, based on assignment models to make akslgnment
programme of trucks. One particularity of the mdakshg built is the fact that it will not only ingdle general costs as in
a Generalised Assignment Procedure (GAP), butdsalty costs caused by truck drivers. The maiblpro consisted
in minimize the total cost of assigning 100 velsatsvned by the company to 10 routes (in which i vesuired to be
transported molasse, and sand), consideringrilzkst cannot be assigned to some routes due toctiegiacteristics, as
well as they must assign different operators to rihées (which are classified as A, B, and C, ddpenon the
characteristics like license type, performance, ragnathers); thus, it was able to assign 100 operatith different
characteristics to 100 different units required@routes to satisfy market demands, achievinglacten about 44.11%
of current costs related to assignment, maintenadiectime, penalty, and logistics costs.

1 Introduction considering the penalty cost for maintenance ocktru

Freight transport is an important activity aroume t driver, it is expected to improve the delivery timed to
W0r|d, but particulaﬂy in MeXiCO, according to []rbad fulfil the Estimated Time Of Arrival (ETA) of eaQﬂDUte,
freight transport is accounting for 56% of the dstitreand  OF at least, reduce the difference between ETA readi
international freight transport. This activity ptayan arrival time
important role for the economy of the country. Many
companies must deal with delays of their produgtsny 2  Freight transport
issues, such as mentioned by [2], in which they are Logistics activities are core among companies, aad,
including natural disasters, road closing, roaddsrds, established by [3], it is part of the value chaitareover,
and others such as truck drivers time, vehicle #ges. logistics function provides a link between supplyda
important for the assignment to trucks and driterthe demand, product transformation and market of goasis,
routes consider different factors related to pgnettsts, result we deal with business complexity [4]. Toregase
which results in the reduction of the company masgice supply chain productivity for freight transport cpamies,
prices are not able to be changed once the coriBactit is important to work with the distribution netvkoon
signed. Thus, through this document we will propase daily basis, it means, take in count the assignmétite
model to assign trucks weekly to help the company driver to the truck, regarding the client and reliyag the
assign and move the transport from one route tthanto type of employee.
accomplish customer plans. One of the main probfems Assignment problem is a method to match “tasks”
the company under study is the fact that 50% ofithe is  (jobs) with an “agent” (man, machine capacity, aris
loss by operators, 40% due to maintenance and 1@%od applied to vehicle assignment problems to minintatel
external factors, which causes reduction of routassignment costs [5], one characteristics of thesigdlems
productivity, which is about 60% average. With pyepd is the fact that the demand is not stochastic;tikkis case,
model, it will be measured the impact of time ists0By  since they have to work with a monthly programigie
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which is known in advance, but they have to prognam e Consistency: Oriented to people, time
the units in a way that the productivity was incesh consistency, delivery consistency, issues
Moreover, even though there are some algorithmsed management.
by [7], everything depends on the problem, it meamst «  Simplicity: Separation, truck segmentation or
applies to one problem does not mean will applgtiers service segmentation.
or will impact in the same way. « Reliability: Expected cost or loss, probability
Due to the high demand of logistics activities, in of failure, risks management, truck driver
Mexico, Third Party Logistics (3PL) or outsourcing management.
companies are important in states and Estado décblex « External factors: Emissions, safety risks,
being large companies or small those who more tées social factors.
kind of service [8], which is critical for every wpany, On the other hand, even though [9] and [12], mentio
since they put their products on the hands of othgfese factors, they do not use or propose any riadel
companies looking for benefits like]: which those factors are able to be used to imptaek
* Logistics operations flexibility. productivity. Moreover, talking about Mexico, some
+  Concentration on business core activities.  problems related to transport products we have:
» Improved expertise to market since secondary « Lack of road maintenance, having poor
activities are carried by a third party. conditions of roads, producing productivity
» Cost savings from having their own trucks. reduction.
» Re-engineering of logistics processes. » Lack of preventive maintenance to units, and
» Access to new methods and technologies to more corrective maintenance.
develop core activities and involvement of alll e Lack of truck training.
personnel. * Truck drivers have inadequate maintenance
* Risk reduction in transportation management. and poor driving habits.
* Managerial and operational practices are not
3 Freight transport productivity factors accurate, causing the delay and liberation of
According to [9], there are some factors to takedont daily assignment programme for units.
regarding truck utilization, which were relatedvehicle * Measurement system was not accurate to
capacity utilization, average speed, average lmse,t measure the quantity of fuel used in each
average distance of transport, as well as the resigute, travel.
which is important to make the right assignmergntiied Despite the factors considered in the different efmd
as main factors affecting cost of truck operatign$0]: we always talk about cost minimization or profit

+ Lorry size and its utilization (productivity).  maximization, in terms of profits. However, time as
«  Use of Back-hauls (according to the demandgssential factor in products delivery by third pdogistics,

«  Empty running. since we have some constraints like:

« Freight forwarding availability as well as *  Opening hours of load and unload depot.
other services. » Closing hours of load and unload depot.

e Traffic conditions. * Road closure because of social problems in

e Road conditions. any region or climate.

«  Social problems. Those other factors cannot be controlled by the. 3PL

« Direct costs such as lubrication oil, labour . .
costs, tires, vehicle maintenance, spare partd, Vehicle Routing Problems

and fuel. In order to solve vehicle assignment problems iictwvh
«  Quality management. capacity constraints must be addressed (ensurieg th
Other categories used for the optimization of th&lnimum quantity required by the market is sattifje
transport use are [11]: whilst costs are minimised and truck drivers hawebe
«  Profitability: Related with performance ratios,assigned, it can be used the classical model ofcléeh
truck use, profits, use of outsourcing. Routing Problem (VRP), which can be found in the

. Service quality: Objective’s achievement literature as many models adapted to differentlprob, as
measurement of inconveniences, servicB'€ntioned in papers [13] and [14]; however, nonthefn
levels. non-conformance. uses penalty costs as it was mentioned previoesign(

- Equity: Service equity, client prioritization tough time or distance can be considered as 3. cost

Regarding the literature review, in the Table s shown

and segmentation, workload balance, ~* )
collaborative planning. main factors considered by each model.

Table 1 Vehicle routing problems models
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Paper \ VRP Model

Fixed Origin and Destination
Fuel Consumption Minimizing

Stochastic

Time Dependent/ Periodic
Cross-Docking

Dynamic

Occasional Drivers
Emission

X |Simultaneous Pickup and Delivery
XMixed Pickup and Delivery

XM ulti-Depot
X M ulti-Depot with Mixed Pick Up

X|Asymmetric Capacitated VRP
X|Heuristic

X|Capacitated VRP
X |0pen Vehicle Routing

X|Classical VRP

Subramanian et al. [1
Korablev et al. [1€
Haughton [17
Cordeao et al. [1
Huang and Liu [1¢
Vidal et al. [11

Yeun et al. [2(
Christofides [21
Sain-Guillain [22]
Archetti et al. [23
Nazari et al. [2¢
Ghannadpour anHooshfar [25 X X
Caric and Gold [2¢

Lu, Zhang, and Yang [
Londofio et al. [2:
Haughton [2€
Gendreay [2¢ X
Dahle et al. [3( X
Nagy et al. [31] X X
Frazzoli and Pavone [
Guo etal. [33]

Hanum et al. [3¢
Ibrahim et al. [3¢

Irnich et al. [36

Maleki et al. [37 X
Kara and Bektas [3
Toro et al. [3€
Braekers et al. [4
Khodabandeh et al. [4
Bent and Hentenryck [4 X
Coene, [45 X
Pavone et al. [4 XX
Hoogeboom et al, [4
Backer et al. [4¢
Ocho«Ortiz et al. [47
Chepuri and Home-De-Mello [48] X
Belachgar, [4¢ XX
Kallehauge et al [5! X
Lifian-Garcia [51 X
Ralphs [52 XX

x| [TimeWindows

x
X[ X

X |[X
X[ X

x
x
XXX

XX [X([X

XXX XXX

XXX

XXX XXX

XXX

XXX | XX
x
x
>

XXX
X[ X

XXX
XXX

~ 77 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 1 Pages: 75-84 ISSN 1339-5629

VEHICLE ASSIGNMENT WITH PENALTY COSTS: A CASE OF MEXICAN FREIGHT TRANSPORT
Felix Eduardo Bueno-Pascual; Jose Luis Martinez-Flores; Diana Sanchez-Partida; Patricia Cano-Olivos

As it can be seen in Table 1, many models work iway with environmental focus. It is important tglhiight
general way with constraints of time, capacitykpand this since the models continue to use general ctusts
delivery and routing. In fact, regarding modelssading times from one departure point to a destinatiomtpdime
to [29] the more used VRP models according to 1ddles  constraints, but they are not considering imporfaciors
are (Figure 1): Capacitated Vehicle Routing Problerhat costs that can be caused by delays in thedeaites,
(CVRP), VRP with Time Windows (VRPTW), delays in destinations centres, delays due to tgera
Heterogeneous VRP, Multi-Depot VRP, Backhauls VRRyndiscipline or due to truck failure due to it hade send
Split Delivery DRP and Dynamic DRP. Which is what ito maintenance, as well as the sending of the ianit
was found in the literature review, but there are inodels advance to comply with preventive maintenance @rogr
that were not considered previously like VRP witkelf (in this company trucks have to be deviated from th
consumption proposed by [25] and VRP with emissionsurrent route just because the preventive maintEnams
proposed by [31] and [39]. Those late models amgrogrammed with one day in advance, instead ofgbein
important, since they are not just focusing on tionea programmed at least with one week in advance toemov
general constraint, but a constraint per unit oa iglobal units impacting the less possible the transpogammme).

140 1002
120
100
80
60
40

20

3 4 5 6 7 8 9 10 11 12 13 14

mmmm Number of Articles ~—@— % Cumulative
Figure 1 Most used VRP models in literature, ovabetation with data from [53]

As it can be seen, from literature, there are margonsidering not a global unitary cost, but unitstscof
variants of VRP models, but all of them works imgel maintenance idle time, costs of truck driver idieet, as
way with distances, costs, or revenues, in globay,w well as internal logistics costs, which will impact
without taking in count any penalties caused fooperations as reduce company profits. It helpsh® t
transportation delay, being responsible mainly tluek organization to provide a better trucks assignment,
driver. Moreover, this costs are not considereddme reducing in the short-term these costs and indhg-term
cases, since they only are focusing on distaneeaintenance costs as well as the loss of custoduerso
optimization, when not necessarily the distance isck of programmes fulfilment. Finally, it is compd the
proportional to the cost, since they are otherofacas the current assignment costs (for one day) to the cetted
fuel, which is spent depending on the route, itmsed the with the assignment using the mathematical model.
street has a slope, the effort required to moveuttiewill

be greater and they will require more fuel thamé truck 5.1  The Classic Vehicle Routing Problem

was operated in a plain road. This problem parts from a Classic Vehicle Routing
Problem (VRP). However, since trucks must stayh t
5 Methodology same route going from an origin to a destinatidre t

The objective of this research was to help the @mp problem is simplified to an assignment problem ol it
to create the daily programme of units assignedheo must be assigned trucks and operators to any {80te
routes, using assignment on the vehicle routinglpro  The general model for this problem is an assignment
considering costs of maintenance, for trucks agsggn model, which is given by the direct costs (cd) latesl to
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unit wear, tires, toll payment, driver wage, fuekurance
— and penalty costs — truck driver idle time,)(
maintenance idle timecy), internal logistics costs (cl),
caused by delays for the traffic department, ane fosts
(cs), the following equations.

Objective function:
Minz = XX XY caXiji + X(ce + ¢ty + Xcmtm + X it
1)

Subject to:
2 Xijie e < Q Route programme (2)
Y X < 0 Operators available 3)
XX S U Trucks available 4)
Xije =0 Vi>0,vj=0,vk =0 (5)
Where:

x;j, = Binary variable representing the assignment (6)
of uniti to the drivelj, to the rout

q, = Quantity of product transported by the @)
assigned unit (truck capaci

Q; = Quantity of product demanded in rou (8)

0 = Total number of operators availa 9

U = Total number of trucks availal (10)

5.2 Theapplication of VRP modd to a Mexican
freight transport company

As the objective of this research is to define alehto
assign vehicles to a route, it will be applied diative
cross-sectional research because the sample is fiake
one part in time [54]. For this study, data weréected
from logs used in the company to record times ohemit,
which are divided into: Departure time, Arrival Témo
Load, Documentation, Departure Time from Load Ggntr
Arrival Time to Destination, Unload Time in Destiin,
Documentation Time, Available Time. All those timee
arranged in a matrix to measure times from theirotig
the destination and compare it with the EstimatedeTof
Arrival (ETA), which allows to see how much diffeee
of time there are between planned and real timéso, A
using the data from truck logs, it was obtaineddheer
performance.

To create the model, it was used a set of datanef o
day, it means, it is going to be created the progna for
the units assuming 100 trucks are available, aed will
be assigned to any route, and it was selected th& m
representative products which account for 80% aidiines.
These data were selected since it is a planninggaeér
which the company, and once units are assignednite
used the adapted VRP model to work with the units

Since each operator has specific characteristastsc attending close routes without increasing costs

depend on assigned operator and units available. Tiyeaningfully. Moreover, it is important to mentitimat
objective is to minimize the assignment cost foe thyigin and destination centres normally does natvam

company, taking in count penalties. Once the roates
stablished, it must be analysed if any of them dose

weekend, allowing units to be swapped between spute
unless the programme has been finished. The saisiple

enough to interchange operators or units and am¥presentative, because we are going to use alhitethat
programme can be completed faster or can be coeblef, this case are 100 and they are classified azepitd

reducing costs, depending on the conditions.

number of trailers they can pull, type of trailproduct to
be transported, the capacity of the truck and dhserthat
can be assigned due to vehicle aging (Table 2).

Table 2 Trucks classification

Number of Trucks | Trailers Type Product Volume Route | Classification
40 2 Tanke Molasse 60 Any A
25 1 Tanke Molasse 30 Plain B
15 2 Tanke Molasse 60 Plain C
20 2 Dumpbody San« 60 Any A

Trucks Type A are the newest, requiring zero

Table 3 Driver’s classification

maintenance, Type B requires preventive maintenah@@uck Type

(which is scheduled based on the kilometres trasdily

the truck, established as 15000 kilometres) ané tgp
requires corrective maintenance, whose hours wil

calculated based on the company standard workfrates

Maintenance($/Hour) | Required hours
A 0 0
ore B 250 5
C 750 24

the maintenance system (Table 3). Maintenance eosts
given in Table 3.

Table 4 Driver's classification

Table 4 shows number of available Truck Drivers for
each type, classification used by the company derisig
driver performance, type of license (which is cdased
when transporting dangerous material such as dlcoho
which can be only transported by drivers A).

Driver Type | Number of Drivers
A 50
B 40
C 10
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To run the mathematical model, it was selectedlthe 5. “Routes A” are plain, and it can be used anyd ki
main client routes, which accounts for about 60%hef truck, Routes B are able to be assigned TrucksAyped
sales. And the programme for each one is showraileT B, and Routes C only can be assigned Trucks Type A.

Table 5 Routes and programmes

Route 1 2 3 4 5 6 7 8 9 10
Tons 50C 50C 40( 60C 55( 65( 12C 24C 30C 12C
Type A B C A A B B A B C
Product | Molasse | Molasse | Molasse | Molasse | Molasse | Molasse | Sanc | Sanc | Sanc | Sanc

To assign every unit to a driver and a route, therse Table 6. Also, to differentiate the units of moksdrom
cost, as it was mentioned previously, which aresshm  sand, it was used the letter M and S.

Table 6 Assignment cost for every route regardingkt and driver type

Truck | Driver 1 2 3 4 5 6 7 8 9 10
MA A 50 10C 50 50 50 10C 100C | 100( 100( 100(
MA B 75 50 50 75 75 50 100C | 100( 100( 100(
MA C 20C 15C 50 20C 20C 15(C 100C | 100( 100( 100(
MB A 50 75 15C 50 50 75 100C | 100( 100( 100(
MB B 75 50 15C 75 75 50 100C | 100( 100( 100(
MB C 20C 15C 15C 20C 20C 15(C 100C | 100( 100( 100(
MC A 75 50 15C 75 75 50 100C | 100( 100( 100(
MC B 50 25 15C 50 50 25 100C | 100( 100( 100(
MC C 15C 75 15C 15(C 15(C 75 100C | 100( 100( 100(
SC A 100( 100( 100C | 100( 100C | 100( 75 50 50 50
SC B 100( 100( 100C | 100( 100C | 100( 50 75 50 75
SC C 100( 100( 100C | 100( 100C | 100( 10C 10C 10C 10C

6 Resultsand findings many trucks of each type and driver type is assigoe

According to the results obtained from running th&ach route. Assigning 5 trucks classified as TydéaAks
problem by using Excel solver and GAMS, it was oigtel  transporting volumes of 60 tons) that transportasse to

the solution shown in Table 7, in which it is sholhow the route 1 using drivers type A, 5 units of tlyiset to the
route 3 and so on.

Table 7 Route assignment by truck and driver type

Route

Truck Type Driver 1 2 3 4 5 6 7 8 9 |10
MA A 5 0 5 6 7 1 0 0 0 0
MA B 0 5 1 0 0 9 0 0 0 0
MA C 0 0 0 0 0 0 0 0 0 0
MB A 0 1 0 8 3 0 0 0 0 0
MB B 0 0 0 0 0 0 0 0 0 0
MB C 0 0 0 0 0 0 0 0 0 0
MC A 0 0 0 0 0 0 0 0 0 0
MC B 0 0 0 0 0 0 0 0 0 0
MC C 4 3 1 0 1 1 0 0 0 0
SA A 0 0 0 0 0 0 1 3 5 1
SA B 0 0 0 0 0 0 1 1 0 1
SA C 0 0 0 0 0 0 0 0 0 0

TONS | 54C | 51C | 42C | 60C | 57C | 66C | 12C | 24C | 30C | 12C

As it is shown in Table 7, in some cases, the demademand surpasses the transported quantity, since
was satisfied and in other cases the demand wageded everything depends on the unit capacity, and ihas
(Table 8 shows decoded results built by consideebtes allowed to run any route with less product thanttiuek
2 — 6), for this kind of problems there is not ssuie if the capacity.
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Table 8 Units and type of drivers assigned by route

Route

TT PR TR |Tons|Route] DR 1 2 3 4 5 6 7 8 9 |10
MA | Mol. 2 60 | Any A 5 0 5 6 7 1 0 0 0 0
MA | Mol. 2 60 | Any B 0 5 1 0 0 9 0 0 0 0
MA | Mol. 2 60 | Any C 0 0 0 0 0 0 0 0 0 0
MB | Mol. 1 30 |Plain| A 0 1 0 8 3 0 0 0 0 0
MB | Mol. 1 30 |Plain| B 0 0 0 0 0 0 0 0 0 0
MB | Mol. 1 3C |Plain] C 0 0 0 0 0 0 0 0 0 0
MC | Mol. 2 60 |Plain| A 0 0 0 0 0 0 0 0 0 0
MC | Mol. 2 60 |Plain| B 0 0 0 0 0 0 0 0 0 0
MC | Mol. 2 60 |Plain] C 4 3 1 0 1 1 0 0 0 0
SA | Sanc 2 60 | Any A 0 0 0 0 0 0 1 3 5 1
SA | Sanc 2 60 | Any B 0 0 0 0 0 0 1 1 0 1
SA | Sanc 2 60 | Any C 0 0 0 0 0 0 0 0 0 0
TONS | 54C | 51C | 42C | 60C | 57C | 66C | 12C | 24C | 30C | 12C

Keys: TT: Truck Type TR: Trailers PR: Products DR: [2rig Mol.: Molasses

According to the values in Table 8, it is importémt
assign the right type of driver and truck to theteoto
reduce costs, if it is not done, costs start irsirgadue to
penalties caused by maintenance, truck driverstioer
factors. The minimum cost found by running the nidgsle

shown in Table 9, which it can be observed that
maintenance represents an important cost in thsticg
process, as well as idle time cost, due to it jgartant to
train drivers to reduce or eliminate those codtsctihg the
company incomes and profit.

Table 9 Assignment total cost

Costs Current Using the Assignment Modedl | % Reduction
Assignmer $27¢ $22¢ 18.27%
Maintenanc $367,33. $195,00! 46.91%
Idle Time $123,98. $75,25( 39.31%
Penalt $13,95 $11,40( 18.32%
Logistics $3,23: $2,50( 22.64%
TOTAL $508,779 $284,378 44.11%

In this case, since the data from company is geesit on the classic vehicle routing problem to create dhily
there were used values representing costs of pEnalt programme in which it was assigned the one hunainéd,

however, those costs are proportional to the ctizests
in the company; thus, it is important to make agramhent
into the operations of the logistics and traffipalgment to
reduce costs and increase revenues. Savings ardatadl
just for one assignment, showing the impact inétamssts,
but if it is considered that each month units asgned at
least 20 times (depending on the route), it woeldtown

however, to apply the model in posterior days, gaesi
units should be removed from it, or add some cairgs
to avoid consider them. Moreover, with obtainediltss it
was confirmed the impact of low trucks productiudiye to
delays due to maintenance, idle time caused byrtio&
drivers or by delays on road from a source poingto
destination point, which will cause additional cost less

the real impact that can be achieved by considesingincomes since the units will make less travels,sicay

mathematical model instead of just using trial @nocbr
techniques as currently it is done.

7 Conclusion and recommendations

those trucks cannot be assigned to other routes or
programmes. The application of the VRP adapted to
consider penalty costs shows a reduction aboutl%d df
the total costs, which is important, since maniofden

For freight transport companies, it is important t&osts of the company are due to lack of produgtitite to

develop a strategy to minimise logistics costsgesitheir
main business is related to this activity, and the case of
this Mexican freight transport company, for whig¢his
important to consider costs incurred in operatimnkelp
the company to find out ways to reduce them. Hehogs

short time in scheduling preventive maintenance
programmes, idle time caused by the truck drivetaybs
caused in origin and destination centres, andddkys on
road (caused, for instance, by weather conditiombjch
impacts to the company and it is reflected direstlyhe

applied and adapted a vehicle assignment problesadba COsts and incomes.
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On the other hand, this research can be extended [ip] VELARDE, J.M., GARCIA, S., LOPEZ, M.,
taking in count different factors identified as $kothat BUENO-SOLANO, A.: Implementation of a
cause more impact to the company, since in this e Mathematical Model to Improve Sustainability in the
were included the penalty costs, but there arerothe Handling of Transport Costs in a Distribution
considerations that can impact the operations aock w Network, Sustainability,Vol. 12, No. 1, pp. 1-10,
with the segregation of them, like the logisticsstso 2019. https://doi.org/10.3390/su12010063
(caused by the delay in the release of daily progre, [11] VIDAL, T., LAPORTE, G., MATL, P.: A Concise

lack of deposits of travel expenses to the trudkeds,
delay in releasing load orders or purchase ordefsiel

stations, among others). Also, further research loan
developed by using the VRP model to move trucks
[12] MEHDIZADEH, A., CAIl, M., HU, Q., YAZDI, M. A.

between routes, considering a specific rout afirstgpoint
and incorporating it to others until it is assignedhe final

Guide to Existing and Emerging Vehicle Routing
Problem VariantsEuropean Journal of Operational
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