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ABSTRACT
The problem addressed the present thesis, concerns a Vehicle Routing Problem
with Dynamic Pickups (VRPDP). Iauch a problem, vehicles are destined to serve
delivery requests known prior to the start of operations, and as the working plan
unfolds newly arrived pickup requesise assigned to the fleet of vehicleSolution
approachegproposed by the DeOPSyab to addresghis problem, allocate the
dynamic requests to the most appropriate
change in sequence of the delivery ord#ra certain vehicle. Each vehicle, however,
is restricted to serve the delivery orslexssigned to it at the beginning of the time

horizon.

The main purpose of thmirrentthesis wago solvethe VRPDP using a novel strategy
that allows transshipment of delivery orders between vehicles. This strategy leads to a
holistic view of routing oprations at a reoptimization period allowing each request
(static or dynamic) to be served by any vehitherefore the stratedyas the potential

to provide more effective solutions, in terms of travel costs and service quality. So,
the main contributiorof the thesis concerns tldefinementof this original strategy,

first proposed in the DeOPSys ladmd the implementation of Load Exchange
Strategy (LES) in a VRPDRnvironmentof two vehicles. Computational results
illustrate that the proposed strategyfers superiorresults in many cases, improving
the solutionsof the previous approachesver 15% on averageThe strategy
investigated inthis thesis mayorm the basis for further researah the DeOPSys

laboratory.
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Chapter lintroduction

CHAPTER 1 INTRODUCTION

Supply chains have become a competiteneragein the global economySupply

chain management refers to the design and management of all operations and
activities related with procurement procedures, production, processing and all
distribution activities The remarkable advances in telecommunications and
information technology have enabled companies to focus on velocity and timeliness
throughout the supply chaifbarsenet al, 2008) Low-cost and leanransportation

and distributionactivities have receed significant attention, since they affabe
overall supply chain costgjuality of customer servicand the total cost of the
product. Additionally, in addition to costreduction aspects of the transportation
activities, environmental issues appeaplay a very important role in the strategic
and operational perspectives of modern companies worldwide. Optimizing the routing
of vehiclesmaylead to better vehicle utilization and, consequently, to the reduction of
0 U emissions, thus leading tamore evironmentfriendly operations in

transportatioractivities
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In an attempt to address the above isssigsjficant research has been conducted in
vehicle routing.The majority of this research has focused on deterministic and static
models, mainly for helping companies during the planning phase of their routing
procedures. Distribution companies often use a fleet of vehicles (own or rented)
commencing from a single or multiple depwotorder to serva number of customers
with known demandsind service costs. The Vehicle Routing Problem (VRP), as
addressed in the dtature is usually modeled as an integer programming problem,
where the objective is the minimization of distribution costs.

However, thecurrentway of conductingbusiness hasaisel significantly customer
service expectationst is not unusual for customers t@quire service in redlme
during the execution of the designed plan. Additional disruptions in the execution of
the original distribution plan may stem frodelays de to traffic congestion, or to
unavailability of docking space, vehicle breakdowns, temporary alterations in the road
network, etc.The disruption caused by thedgnamic and unexpected events, led
research community to focus on the dynamic counterparthef generic VRP
(Dynamic VRP DVRP. The DVRP is a typica¢xample of distributionin which
companies must quickly and smartly use #téak information, in order to reduce
their total costs and providsuperior customer serviceFor instance,in courier
operations dynamism is commonly implied by arrival of new requesthose
requests arise dynamically over time as the working plan unfBklgeral variations

of the DVRP exist in order to adapt to various practical characterstisonstraints.
DVRP corresponds to anore demanding and difficult problem than the VRB.a
consequenceitd 1ot always feasible to obtain optimal solutionsto problems of

practicalsizeswithin reasonabléimeframes.

During the past decadeore and moreesearchergeal with dyamic transportation
models The DVRPis only a subset of these modefs.typical way of solving a
DVRP isto employ a sequena# reoptimization steps, wher¢ @ach step a suitable
(static) problem is solved, incorporating an appropriatéigonof the dynamiaip-to-
dateinformation. Severalmethods for solving DVRPs exist in the literature, ranging
from exact algorithms,simple policy based techniqyesroblem specific heuristics
and metaheuristic3.ypically, a static algorithm is initiallppplied to thenformation
knowna priori in order to design an originglan Two basic approaches are usually
applied to deal with the newly emergindormation i) local update procedurethat

2
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try to incorporate the newly received information to tierently designed plan and
il) reoptimization procedurgghat provide a solution of the past and new information
from scratch. Latelyseveraladvancedther strategies are being investigated in order
to react to the occurrence of dynamic evestsgh aswaiting strategies, diversion

anticipation of future requesésmd timedependent solution methods.

Thisthesisis based on the work of Ninikas and Minis (20&hich was motivatethy
practical courier applications (Ninikat al, 2011). As stated in the@forementioned

w o r kn:a typidal courier distribution setting, a set of delivery vehicles, originating
from a local distribution hub (depot), is tasked to serve delivery orders known prior to
the start of operationgalledstatic orders As the workingplan unfolds, however,
customer orders are received through a call ceotdleddynamic ordes, requesting
onsite pickup within the current period of operatiodd. a giventime instance,
selected by the dispatchehe newly arrived orderseed to bancorporated in the
partially executed planThose pickup orders have to be collected and returned to the
depot for further processingt Backup o vehicles may be initd.i
in order to be dispatched when necessary to serve newlgduoidersExactly this

case is considered in the current thesis and for simplicity is referred ¥eltide
Routing Problem with Dynamic PickypgRPDP(Ninikas and Minis, 2011

Transportation companies that operate within such a context, facefaltitcolties
during their effortto incorporaé the dynamic orders into the planned routes. Those

difficulties correspond to the following:

1 The large number of dynamic requettat arisewithin the day compliates
significantly the decisioiaking of the dispatchers in ordep timplement
Agoodo s trepatn|egtheie fieeinfa oerltime fashion.

1 In ahigh density urbaenvironmentthere areoverlapping service regions for
vehicles, resulting to complex decisions regardwmgich vehicle will be
assigned to serve a newly received order.

1 The original assignment of specific delivery orders to each vehicle, further
limits the optimization margins, since those assigned orders must be served
only by this vehicle (since it carries the load to beveetd to the customers),
forcing the vehicles to follow a routing plan that is constantly changing in a

reaktime manner.
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In the present thesis, waddressthe latter limitation by allowing vehicles to meet
each other in regime and exchange deliverydars, in order to share workload and
better adopt in the new, updated picture of the routing plan. We refer to this novel
approach, as theoad Exchange Strategy (LES)

Load Exchange is mthercomplex and hard to implemeilie tothe high number of
parameterghat have to be determinedlhose parameters are summarizedable
1.1.

Table 1.1: Parameters and alternative policiesdr the LES

Parameter Description Alternatives

1 at a replanning timestam
1 whenthere areno

The time instance or the remaining ordersn the
Implementation time of conditions under which vehicle
the LES someone could applythe § on vehicl eb
strategy 1 whena vehick is unable
to serve itgemaining
orders

The allowance for a

vehicle to serve a numbe

of delivery orders 1 oneto-one
originally assigned to on  § oneto-many
or more than one other

vehiclesen route

Meeting combinations

1 onssite of notyet served

customers

en route

depot

1 predefined (staticoneet
ing locations
(pigeonholes or parking
lots)

The locations where
Exchange locations vehicles are allowed to
exchange the loads

= =4

In the current thesis, LES is applied in the VRPDP, incorporating several of the
aforementioned parameters. Specifically, at any given replatimegtamp, a fleet of
two vehicles is consideradhere one corresponds to a vehicle alwagsoute and

the other oneitheren routeor located at the depgahe lattef ibac k upayvehi cl e
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be waiting to be dispatched for the service of newly receigetkers During the
replanning timestamp, LES is triggered to examine whethes iprofitable for

vehicles to meet and exchange orders or not; if not, a typical replanning algorithm is

applied. This is why we r efCapadyctoostrdintsi s nove

arendét included in the probl em, because
the applications considerdéd.g. courier service industries)he proposedapproach
investigates severalptions, such as dynamic or fixed transshiptiecations, exact

or heuristicmethod for the solutionof components of the overall algorithetc.

Our proposed algorithm is comprised of thsteps.During the first phasea VRPis

being solved with alfemainingorders(static anddynamic). No pickup or delivery
requirementsreassumed, in order for all vehicles to be able to salfvequestsThe
second phase, examines whether themedelivery orders initially assigned to a
vehicle that novhave been assigned to the otherieleh(based on the VRP solution).

If not, the VRP solution remains unchanged and comprises the final solution.
Otherwise,a new procalureis being usedearchingor the optimal incorporation of

the exchange location into the routes. Finaltythe thirdphase of the approach, a
postoptimization process identifies if interchanging a customer between the two

routes can further improve tlearrentsolutionat-hand

The main objective of the current diploma thesi®ismvestigate thistrategy, which

can ke applied toVRPsin order to improve theolution resultsThe objectiveis to

use original ideas for solvingynamic VRPs by incorporating the novel proposed
strategy (LES) The main contribution of the thesis is thepplicationof LES to a
dynamic problem with static deliveries and dynamic pickups (VRPDPHhé& best of

our knowledge this scheme has not been studied and has yet to be investigated
References related witlbad exchangeelated strategieBave been published the

literature, mostly fopickup and deliverproblemswith fixed transshipment points

The algorithmic approactproposed will be used by the Design, Operations &
Production Systems Lab (DeOPSys) of the Financial and Managé&mgirteering
(FME) Departmat of the University of the Aegean, where several algorithms for

problems of the dynamic VRP class have been developed and studied.

The remainder of the thesis is structured as follows: Chapter 2 provides the basic
theoretical background of the problemhaind. A thorough discussion regarding

5
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other related advanced strategies applied in dynamic problems as well as
methodologies related to the LES is given, followed by the related research gaps and
contribution of the thesis. Chapter 3 presents the dynaroblem considered
(VRPDP) and theLES framework and discusses several characteristics of the
strategy and thawvestigated parameterShapter 4 provides a detailed description of

the solution methodologyResults from extensive computational testiagd
evaluation are provided in Chaptér Finally, Chapter 6 summarizes the main

findings and concluding remarks, along with directions for further research.




Chapter 2 Theoretical Background

CHAPTER 2 THEORETICAL BACKGROUND

The present chapter overviews the basic theoretical background of the problem solved
in the current thesis. Initially, the Vehicle Routing Problem (VRP) is introduced,
followed by the Dynamic Vehicle Routing Problem (DVRP) which defines the family

of problems, to which the one undertaken in this thesis belongs. The basic solution
methods proposeth the literature for the DVRP are described, as well as recent
advanced solution approaches. In Section 2.4 we introduce the idea of load
transshipment between vehicles, whépplications and references relevant to the
Load Exchange Strategy (LES) alsmapresented. Finally, Section 2.5 provides the
related research gaps and the contribution of the current thesis.
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2.1 THE VEHICLE ROUTING PROBLEM

The vehicle routing problerfVRP) is one of the most studigtoblems of Operations
Research, and many mathatioal programming techniques have been developed for
solving it. Practical supply chain and distribution systems are highly connected with
the VRP and its extensions, since it forms the basic tool that models and provides
solutions in the field of transp@tion, distribution and logistics. Mathematical
programming and efficient algorithmic approaches for addressing this problem play a
significant role for companies active in the supply chain are, since the related
solutions may have a significant impact celated operating costs. The majority of
realworld applications (both in North America and Europe), have shown that the use
of computerized procedures for planning the distribution process result in substantial

savings (generally from 5% to 20%) inriggortation costs (Toth & Vigo, 2002).

The VRP is a generalization of the classic Traveling Salesman Problem (TSP)
(Christofides, 1979; Cornuejols and Nemhauser, 1978; Gendtesly 1997), and it
concerns the distribution of goods between depots aridroass (final users). It was
firstly introduced by Dantzig and Ramser (1959), who proposed a mathematical
programming formulation and an algorithmic approach to solve difeg@kroblem for

the delivery of gasoline to service statiombe definition of \RP and its variants, as
well as an extensive analysis of solution methods are presented by Toth & Vigo
(2002). Nowadays numerous commercial software applications are available that

embed advanced algorithmic approaches for the solution of differeditfecRPs.

In a typical VRP setting, every customer represents a node of a network. Every
customer has a known demand and must be served once by only one vehicle. Every
arc "6IQ of the network (wheré&Qand Qcorrespond to all nodes of the network)

associated with a cosb which represents the cost of traveling fréfto "Q Every

vehicle has a specific capacity and its route must start and end at a specific depot. The
tot al demand of the customers served by
capacity. The objective of the problem is to minimize the total cost traveled by all
vehicles. Figure 2.1 presents a network of customers along with the feasible solution

of the vehicle routing problem.
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According to Steward and Golden (1983), a compactcam¢enient formulation for

the VRP can be written as follows:

0 Q¢ Q& "Qa A w

jmy

Subject to

C o 0 Q phB M

3
W o NY

where:
@ = the cost of traveling frorifo 'Q
® = 1if the vehicleQtravels from'Qo "Gand O otherwise
& =the number of available vehicles
ny

0

= the set of all feasible solutionsnmtraveling salesman problem{TSP)

= the demand at locatio@

the vehicle capacity

According to the above formulation, VRP is modeled as an infgggramming

problem. VRP falls into the category of NiRrd optimization problems, in which

computational ti

me

ncreases

exponentially

reason that eact methods fail to solve VRP optimally in reasonable computational

time. As a result, exact solution methods are used for lirsitael problem instances,

while heuristics and metaheuristics are proposed in most of the other cases.
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Figure 2.1: A solution example of the VRP
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There are many variations of this classical problem, depending on the constraints of

the problem ahand. The main variations are discussed below:

T

Capacitated VRP (CVRP): It is almost identical to the conventional VRP, since
vehicles in most of the models introduced to the literature have restricted
capacity. In this problem all demands are deterministic, knaypniori and
cannot be separated. The objective is to minimize the total routing cost by
servicing all customers exactly once without exceeding capacity constraints (Toth
& Vigo, 2002).

VRP with Time Windows (VRPTW): I t 6s an extension of
time window constraints. The time window is a specific, predefined time interval
associated with a customer in which the customer must start being served. This
time interval is not the same for all customers.

VRP with Pickup and Delivery (VRPPD): Restrictionson delivery and
collection of goods are included in this problem. Here, every customer is
associated with two service locations, one for the pickup and one for the delivery
of goods. The goal is to find optimal routes for a fleet of vehicles to visit the
pickup and dropff locations.

VRP with Backhauls (VRPB): This problem is also an extension of the CVRP,

in which customers are divided into two sets. The first set of customers requires a
guantity of goods to be picked up from their location and retubaed to the

depot, while the other requires a quantity of goods to be delivered to them.

Other VRP variations may include:

T
T
T
T

the Distance Constrained VRP(Toth & Vigo, 2002)

theMulti -Depot VRP (Biancoet al, 1994; Carpanetet al, 1989)
theHeterogeneou<apacitated VRP(Taillard, 1996)

theMulti -Period VRP (Tan and Beasley, 1984; Christofides and Beasley, 1984).

There is an extensive literature regarding methods solving the VRP. The interested

reader may refer to the work of Toth and Vigo (2002), CHitke, Mingozziet al
(1979), Desrochergt al. (1990), Laporte (1992), Golden and Assad (1988), and
Laporte and Osman (1995).

10
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2.2 THE DYNAMIC VEHICLE ROUTING PROBLEM

The Dynamic Vehicle Routing Problem (DVRP) is the dynamic counterpart of the
generic VRP mentioned above (Larsetnhal, 2008). Dynamic routing of a fleet of

vehicles refers to distribution problems in which information is dynamically revealed

to the deci®n maker. During the past decade, the research community focuses more

and more on dynamic problems, developing various related models and algorithms.
Rapid growth in telecommunications and information technology have led to this
direction, since, based dhese advancements, distribution companies are able to
moni tor the vehi cl es 6timé fasbient Related apphcdtions t at u s
and systems include dynamic fleet management systems, courier service systems,

dial-a-ride systems, emergency s, etc.

According to Larsert al. (2007) the DVRP has two main differences compared with
the VRP:

1 Not all information relevant to the planning of the routes is known by the planner
when the routing process begins

1 Information may change after the initrautes have been designed.

DVRP is a more elaborate and complex problem than its static counterpart, since
solution methods and algorithms are based on data received from the fleet of vehicles
in real time. It also belongs to the class of-h#Pd optimization problems, and as a
result, i sotalwaysfeasibleto obtainoptimal solutionsto problems ofracticalsize

within areasonablémeframe.

Psaraftis (1988, 1995) presents the followiryissues that distinguish the dynamic

vehicle routingoroblem from the conventional static routing problem:

Time dimension is essential

The problem may be opemded

Future information may be imprecise or unknown
Nearterm events are more important

Information update mechanisms are essential
Resequencing anckassigning decisions may be warranted

Faster computation times are necessary

© N o g s~ w D P

Indefinite deferment mechanisms are essential

11
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9. Objective function may be different
10.Time constraints may be different
11. Flexibility to vary vehicle fleet size is lower

12.Queuing conslerations may become important.

The full discussion of these issues can be found in Psaraftis (1988) and Psaraftis
(1995).

Figure 2.2 presents a simple example of a dynamic vehicle routing situation. In this
example, two urtapacitated vehicles must sestatic orders that are knoverpriori
(represented by black nodes) as well as dynamic requests (depicted by white nodes)
that are revealed during the execution of the designed routing plan. Figure 2.2a
represents the initial routing solution prior to the vehicles leaving the depot. During
the situation of Figure 2.2b, vehicles have already performed a part of the plan
(dashed lines) and are on their way to their next destination (thick lines). However, at
this moment, several dynamic requegBBRs) are received that need to be
incorporated irthe current plan. Ideally, the DRs should be inserted into the already
planned routes without changing the order of the-semred customers and with the
minimal increase in total cost traveled. This is depicted in figure 2.2c, where a DR can
be successfly fit on the current plan of the trip (trip to the North of the depot).
However, as illustrated by the South route of the same figure, the insertion of the new
customer creates a large detour, illustrating that the insertion of DRs in the existing
plan ismuch more complex, usually requiring aplanning of the routes in order to

incorporate the newly received requests.

12
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(c)

Q
I Depot — > Plannedroute
------>  Route traveled
—Jp  Current position of vehicle
O Immediate request customer (dynamic) ——> Newroute segment

(a) (b)

@® Advance request customer (static)

Figure 2.2: A dynamic vehicle routingcenario: (a)nitial routing solution, (b) Emergence of DRs, (c)
Incorporation of DRs into thelgn

Generally speaking, the more restricted and complex the routing problem is, the more
complicated the insertion of new dynamic customers will be. For instance, the
insertion of new customers in a time window constrained routing problem will usually

be much more difficult than in a netime constrained problem (Larsen, 2000).

2.2.1CLASSIFICATION OFDVRPs

A DVRP can be either deterministic or stochastic (Povellal, 1995). In
deterministic and dynamic problems, some parameters or variables depént on

but there is no randomness. On the contrary, in stochastic problems, the actual
demand or time to start service at a customer location may be a random variable over

time. Uncertainty is an inherent characteristic of this kind of problems.

Powell et al (1995), also distinguish between dynamism within a problem, a model

and the application of a model. According to them:

1 A problem is dynamic if one or more of its parameters can be defined as function
of time. This includes models with dynamic data that change constantly as well as

problems with timedependent data which are known in advance.

13
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1 A modelis dynamic if it explicitly incoporates the interaction of activities over
time. Here once should distinguish between deterministic dynamic models and
stochastic models.

1 An application is dynamic if the underlying model is solved repeatedly as new
information is received. Consequenthgolving models within dynamic

applications require significant computational resources.

Dynamic vehicle routing problemsan be divided intotwo basic categories

dependingonthemajor feature that causes the dynamism

1. Problems for which dynamism depends the travel time @VRPs-Travel
Times).

2. Problems for which dynamism depends on customer requests (either occurrence
of new requests, or the variability of the demand requirB¥)RPs-Customer

Requests.

DVRPsI Travel times

In these problemgravel timesamong customers vary depending on the time the route

is executed. This models the effects of different levels of road traffic during the day,
road construction, accidents, weather conditions, etc. These deviations have varying
degrees of predictabilityand forecasts may be useful in order to estimate the travel
times between customer requests. The problem dealt in this thesis is not related to this

class of problems.

DVRPs1 Customer Requests

The most significant padf the literaturenas focused on ces in which thelynamism
relates to customer requestis class of problemmay be definedas follows: A
fleet of vehicles in routeto serve customers revealed dynamically over time (i.e.
during the shift) With the occurrenceof a new requestthe currentplan mustbe re-
designedin order to incorporate the up-date information (i.einclude the new

request) by takingunder consideration all past and neformation

This class of problems may be further divided into two major subclasses, Inatbed 0

service type of the dynamic requests:

14
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¢ Many-to-one (oneto-many) problems,in which each dynamic request is
associated witka single location (e.g. pickup or delivery of an object, e.g.next
day courier services).

¢ Many-to-many problems, in which each dynamic request may be associated with
more than one locations (e.g. pickup and delivery of an item,-dameourier

services, diak-ride, etc.).

Additionally, regarding the degree of dynamism, DVR problems can be classified into

three main levels:

¢ Weak dynamic systems In those systemspnly a smallportion of customer
requests is revealed dynamically, while thegestone isknownin advance (i.e.
prior to start of execution). Thebjective of those systemsis mainly the
minimization of thedistribution costs

¢ Moderate dynamic systemsDynamic requestsccupya significantpercentage
of total service requestdut not at the levelthat one should takmto account
when designing the initial plan. The objective here comprises a combination of
cost minimization and response time to dynamic service requests.

¢ Highly dynamic systems They comprisethe most extremecase ofdynamic
routing systems met mainly in emergency services such as police, fire
departmenteand ambulancesOn those caseso requestsare knownin advance
and the routing plan is constantly changing (in a-tiea fashion) based on the
newly received request¥hose applicationare characterized by strong focus

on response time minimization

The complexity of a dynamic vehicle routing system can be seen as a function of the
number of customers and their spatial distribution, but most significantly, it depends

on the number of dynamic events and tiemporal distribution (Larseet al., 2008).

In the problem investigated in this thesis, a portion of service requests are revealed
after the start of operationSpecifically we investigate @roblemwith an a-priori
designed routing plan, wherdynamic requests (pickups) occur in reatime.
Therefore, this problem is a matgyrone DVRP and it concerns a moderate dynamic

system.

15
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2.2.2BASIC METHODS ANDAPPROACHES FODPVRP

In this section, we overview the basic methodologies, algorithms and solution
approaches for DVRPs, in which dynamism is due to the occurrence of new dynamic
requestsThe decision making related to the solution approach depends strongly on
the following factors
¢ Problem sizewhich concerns the number of both static (known in advance), and
dynamic customer requests that occur during the execution of the initially
designed plan (depending on the total number of requests to serve), and

¢ Computational efforheededwhich concerns the time required for the problem to

be solved. This factor is quite significant in DVR Problems due to the constantly
changing information and the new status of the logistics resources after each time

unit.

The DVRP is usually solved in a sequentiaimanner, byrepeatedlyupdatingthe
existing route either during theoccurrenceof someexternal factor (one or more
dynamic requests)or at regulartime intervals. Very often, the overall dynamic
problem is decomposed intosequencef staticsubproblems whicharesolvedby a
static algorithm repeatedly (e.g. every hour), based on the current available
information. Dependingon the typeof the basicsolution procedureppliedto solve
the static subproblems, solutiormethods forDVRP can bedivided into four main

categories:

¢ Exact algorithms

¢ Simple policy based techniques
¢ Problem specific heuristics
¢

Metaheuristics

Typically, a static algorithmis initially appliedto therequestknown a-priori (e.qg.
early in the morningjn orderto designan original route Threebasicapproaches are

usually appliedo deal withthe newly emergingrequests

¢ Local update procedures Simple policybased techniques and various heuristics
are often used to incorporate tB&s in the current routing ph, by applying a
fast local update procedure (e.g. insertion methods). The main characteristic of

these procedures is their computational efficiency and their simplicity. However,
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due to their myopic nature, they may lead to a local minimum/maximum. The
interested reader can find more information regarding those approaches in
Bertsimas and Van Ryzin (1991), Larsaral (2002) and Madseet al (1995).

Re-optimization procedures These procedures mainly use exact algorithms and
metaheuristics in order tee-optimize the total VRP solution from scratch, by
considering all the available information up to the related point in time and not
any predesigned routing solutiorrhese procedures explore the overall feasible
space of the problem and may yield siwos of improved quality in comparison

to the first strategy. The drawback is the significant computational effort
required.More information regarding this kind of solution approachas be
found in Bellet al. (1983), Fisheet al (1982), Browret al (1987), Bausclet al
(1995), Gendreaat al. (1999), Montemanret al (2005) and Gambardel&t al
(2003). Many researchers have combined local update procedures with re
optimization procedures creating hybrid algorithms in order to exploit the
advantags of each approach.

Advanced strategies This category includes more advanced procedures, such as
waiting strategies, diversion, anticipation of future requests, etc. which are
described in the next section.

2.3ADVANCED STRATEGIES FORDVRP

Recently more sophisticatedapproaches tharthe aforementionedconventional

solution approacheare proposedn the literaturefor solving the DVRFR. In this

Section we review some of these novel approaches

2.3.1DIVERSION

The purpose of this strategy isdivert avehiclethat is on its way to the next service

destinationn order tocoverarequesthatjust entered thesystem. Diversion is a very

interesting area of research that hasbeen investigatenh depth Recent advances in

telecommunications anthformation technologies (e.g. global positioning systems,

17
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telematicsgetc) enable this strategy, since they allow dispatchers to be fully aware of

the current state of the logistics systdtho we v e r i téds difficult 1t
into a solution mthodology and a number of issues must be carefully addressed. For

that reason the next destination of a vehicle éensidered fixedn most methods.

Reganet al (1995) were the first to apply diversion and they empiricallgluated

the benefitsof thisapproachn severalways

The work oflchouaet al. (2000) addresses diversion strategynotivated from a
courier service application. In thegtting,parcels are collected from customers placed
in a local area andre brought back to a central depot flurther processingThe
diversion strategywas integrated intaa parallel tabu search heurist@riginally
proposed bysendreatet al.(1999). Other optimization methodologies can be used as
well. The suggested approach is applied whenever a new reqoeess and seeks to
exploit the new diversion opportunities that are offered in a highly dynamic
environment.When such a strategy is enabled, the algorittumsiders as starting
point the current vehice docation, instead of its next destinatiaas usually
considered by conventional solution approacli@s that reason, more options are
available in order to incorporate the newly received requests.

2.3.2ANTICIPATION OF FUTURE REQUESTS

Strategies of this type use historical information regarthegarrival of new requests.
Specifically, various patterns for the arrival of the dynamic requests (e.g. time and
location) may be used in order for appropriate strategies to be adopted based on the
outcome of such information. In this case, human ditigass are able to better
manage their transportation resources by anticipating future needs, since they now
have some valuable knowledge about spatial and temporal distribution of the DRs.
Historical data may be used in order to determine probabilitylmisitvns that can be

used for the occurrence of new customer requests (both in terms of time and space).
This has motivated researchers to develop solution procedures to exploit this
knowledge. A large volume of historical data is required in order t@&xgood
gual ity data r egar diRdeendedermtedtouthssestrategiess 6 b e h a
can beoundin thework of Ichouaet al.(2006) and Ghiaret al. (2009)
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2.3.2.1WAITING STRATEGIES

Waiting strategies examine the possibility of positioning vehicles at strategic locations
in order to wait for the arrival of potential new (dynamic) requests. In case of

problems with timenvindows, there are cases in which a vehicle is forced to wait at

the location of its next destination prior to the opening of the time window of this

customer. The vehicle may wait at this location for sufficient time in order to reach its
next destination, either exactly at the opening of the time window (earliestutepar

policy), or exactly before the closing of the time window (latest departure policy).

Waiting strategies may also be used as policies that allow vehicles to wait at new

strategic locations, either during the execution of their original plan, or (ofite)

when they have completed their current service plan. For that case, more sophisticated
strategies must be invented to determine the waiting times of the vehicles at strategic
locations. A drawback of waiting strategies is that a vehicle may waitcastomer

location longer than necessary.

Mitrovic-Minic and Laporte (2004) analyze this issue and present four waiting
strategies for a pickup and delivery problem with time windows. These strategies
concern: i) the drivdirst strategy, ii) the waifirst strategy, iii) the dynamic waiting
strategy and, iv) the advanced dynamic waiting strategy. The first two concern rather
simple strategies, while the latter two were developed in order to improve distribution
of the waiting times along routes, in orderfacilitate future request insertions. The
advanced dynamic waiting strategy, which combines earliest and latest departure
times, seems to be the most efficient one with respect to the number of vehicles used

and the total route length.

In Ichoua (2001)the distribution area is partitioned into geographic zones and the

time horizon is divided into time periods. According to this work, a vehicle that has
completed its service at a customer location is forced to wait for some time, if: a) its

next destinei on i s far enough, b) the probabilit
neighborhood in the near future is high en
the current service zone. This strategy seems to be very effective, especially for

harder prolems (i.e. small fleet of vehicles and high demand rates).
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In the work ofBrankeet al. (2005) variouswaiting strategiefiave been useir a
dynamicvehicle routing problenwith no time windows.The authors consider set of
planned routes anthe occurence ofa single new requestvith either known or
unknown arrival timewhich is uniformly allocated within the service ardédey
examine if forcing a vehicle to wait at a customer location increases the probability of
being able to serve the nerquest without violating time constraintgor the cases of

one and two vehicles, they extract theoretical results about the best waiting strategy.
Actually, the optimal strategfor the case of a single vehicle is not to waihile for

two vehiclesthe autheos propose theoptimal waiting strategySeveral waiting
strategies and an evolutionaajgorithm pr the optimizationof the waiting strategy
arealsoproposed and tested. Furthermore, desnonstratethatin comparisorto the

Ano wali t thedisttibutianto&hg glack time among the customers based on
properwaiting strategy can a) significantly increatbe probability of serving the new
request (ugo 10%) while b) reducehe averagedetour incurred to serwis request

(decrease to up 86%).

2.3.2.2DOUBLE HORIZON

This approach has been introduced in MitreMimic et al. (2004) for a dynamic
pickup and delivery problem with time windows. The authors propose double horizon
based heuristics for solving this problem, in which both a gbart and a longerm
planning horizon are considered. In each planning horizon a different objective is
sought. For example, the goal for the stier horizon may be the minimization of

the total distance traveled, while the objective for the @mgn horizon may favor

large slack times in the routes to better manage future requests. This idea is useful in
contexts where near future actions depend on the solution proposed for the distant
future. Extensive computational results have demonstrated thétberfea double

horizon approach compared with the classical single horizon approach.

2.3.2.3FRUITFUL REGIONS

This approach is presented by Van Hemert a
a vehicle to move to a qfviolate any const@intifoe gi on,
the known requests. A region is called fruitful, when there is a high possibility of

occurrence of a new customer request in the specific region. This is achieved by
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capitalizing on the related probability distributions. THimtegy is incorporated into

an evolutionary algorithm developed for a dynamic pickup and delivery problem. An
interesting approach of this strategy has also been introduced in Van Hemert and La
Poutr® (2009) .

2.3.3LOAD EXCHANGE-RELATED STRATEGIES

This is an innovative strategy recently addressed in the literature. It is applied in
vehicle routing problems and allows transshipment of cargos between vehicles when
advantageous. So, a request can be served by two vehicles. A vehicle can originally
carry the bad of a customer request, but finally another vehicle distributes it to the
delivery location. Load exchange is an advanced strategy, used in practice by some
courier companies for requests that require a load to be picked up from a location and

be deliveed to another in the same day. This is further described in the next section.

2.4LOAD EXCHANGE-RELATED STRATEGIES

In a typical VRP setting, delivery requests are usually loaded to the vehicle at the
beginning of the shift. This gives a certain degreénoitation to the problem, since

each delivery request can be served only by the vehicle that carries the load for this
specific customer. The basic idea of the current Section (and of this thesis) is to relax
this limitation by allowing loads (and, comgeently, customers) to be transshipped (or

exchanged) between vehicles.

Load exchangeelated strategies have been inspired from many courier companies,
who empirically apply this method in practice. Usually, these companies serve
customers requiring traportation of an object from a pickup location to a delivery
location (Pickup and Delivery Problem) within the same day. They usually partition
the distribution area into a number of geographic zones and each vehicle is allowed to
work in a certain zonenlcase a delivery location of a request belongs to a service
region of another vehicle, the drivers communicate and decide where and when they
will meet to exchange the corresponding load needed. In those cases a customer

request might be served by two i@bs; one collects the package from the pickup
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location and the other one delivers it to the delivery location. Typically, there are
predefined locations where this operation may be performed, usually referred to as
transshipment points. This case hasnblasically addressed in the literature so far,
while in the current thesis, additional options of allowing dynamic exchange locations
are also considered. Figure 2.3 provides an illustrative example, where the solution
obtained by a conventional approa@¥ig. 2.3b) is compared to the one obtained
when enabling a transshipment operation (Fig. 2.3c); it is quite clear that allowing

such an operation may yield significant savings.

This static Pickup and Delivery Problem Solution of the problem if load exchange
has to be solved between vehicles isn’t allowed
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allowed
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Figure 2.3: Example of a Pickup and Delivery Problem allowing the exchahtmads between
vehicles

The majority of the research that has been conducted so far in this area focuses on the

following three (3) major characteristics regarding transshipment operations:

They address the static case of vehicle routing problems
Theydeal only with mamto-many problems (i.e. pickup and delivery or dial
aride problems)

1 They allow vehicles to meet at predefined transshipment locations.
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In the following paragraphs, we review work related to the Load Exchange Strategy
addressed in thishesis. Although our approach differs in all three aforementioned
characteristics, there are several similarities with the work found in the literature.
These are presented below.

Mitrovic-Minic and Laporte (2006), motivated by a large San Francisco ezouri
company that allows transshipment of loads between vehicles, attempted to
investigate the usefulness of having transshipment points in the service area. The
authors propose a twghase heuristic for the static case of a pickup and delivery
problem withtime windows and transshipment points (PDPTWT). Contrary to the
standard PDPTW statement, in which an entire request must be served by the same
vehicle, transshipment allows for a request to be served by two vehicles; one vehicle
can collect the load at ¢hpickup location and drop it at a transshipment point, and
then another vehicle collects the load from the transshipment point and transfers it at
the delivery location. Therefore, a request, that has to be transferred to another
vehicle, is split in two requests; pickup locatietnansshipment point, and
transshipment poirdelivery location. Of course, the two requests have suitable time

windows and precedence constraints.

The heuristic proposed includes a construction phase followed by an improvement
phase. A random mukstart cheapest insertion procedure is considered for the
construction phase. Several solutions are constructed using different random initial
orderings of the requests and the best solution is used as the initial for the
improvement phse. This solution is changed, based on requesisestions, and the
procedure stops if the solution candt be
whether a request will be split or not, are made during the both phases. Capacity
const r aincluded inathe @robfem, since the load of each request is relatively
small in the applications considered. The heuristic has solved randomly generated
instances with up to 100 requests and 4 transshipment points. Computational results
showed, both in clusted and uniformly distributed requests, that transshipment
points can reduce the total distance traveled by vehicles. Especially for clustered
instances, transshipment points seem to be very useful and their usefulness increases

when the cluster size baoes smaller.
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In the work of Corte®t al. (2010), the authors present a strict-laased formulation

of the static pickup and delivery problem with transfers (PDPT), i.e. allowing the
option for passengers to transfer between vehicles. The transfer hscaire
considered to be fixed and known in advanidais mathematical approach includes
special modeling of transfer locations as well as additional variables to identify
certain customers and their interaction with vehicles at pickup, delivery and transfe
points. They define a request, as a set of passengers (objects to be transported, such as
people, freight etc.) traveling from the same origin to the same destination. It is also
assumed that passengers of t he dialese r eque:
Time windows and capacity constraints are included in the problem. The
mathematical formulation of PDPT is built by systematically adding variables and
constraints. Furthermore, the authors provide an illustrative example, proving that
there existsome configurations, in which the transfer option between vehicles can
yield more efficient solutions than those obtained from the classical PDP without
transfers.The proposed formulation is solved with an exact solution method based
upon a brancland-cut technique using Benders Decomposition (Benders, 1962); the
latter is advantageous (especially in terms of running time) when compared against a
straight branctandbound approach. The proposed method decomposes the set of
constraints into pure integer andxed constraints and then a bravaridcut process

is applied to the resulting pure integer problem, by using real variables and constraints
related as cut generators. The authors solved very small instances with up to six
customers and one transfer poiocated in the geographical center of the customer
nodes. Since this exact method can handle only small instances, the authors provide
some guidelines for further improvements. They postulate that transfer operations
become more and more profitable ingthi demand instances and they expect
metaheuristics, such as Tabu Search, to perform well under high demand conditions.
Insights for more efficient set partitioning formulations (rebésed) and algorithms

to solve reabize problems are also provided.

Kerivin et al.(2008) consider a relaxation of the standard PDP where any load can be
unloaded (fully or partially) at any intermediate stop (node), and picked up later by
the same or another vehicle. They call this unloading/picking up process as a reload,
and refer to the problem as the splittable pickup and delivery problem with reloads

(SPDPR). A reload can be repeated several times for a customer request until it
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reaches its destination. Also there is no constraint on vehicle routes, and each vehicle
canvisit a node of the network or link as many times as needed. The authors discuss
the complexity of theproblem and prove that it is l[dP-hard problem. They also
present two mixedhteger linear programming formulations (a multicommodity How
based formuldon and a metric constrained one) based on a dpaeegraph.
Furthermore, they describe some valid inequalities for the problem, which may be
added to strengthen the associated linear relaxations, along with separation routines.
A branchandcut algoritm is developed for solving to optimality the two models, for
smaltsize problems with up to 10 vertices and 15 demands. The main purpose of this
paper is more to provide a basic frame for further research, and generate lower bounds

for checking the effi@ncy of heuristics developed for the problem.

In his PhD dissertation, Nadarajah (2008) provides a collaborative framework for
LTL (lessthantruckload) carriers in an urban region. Collaborative logistics (CL) is a
recent business model designed to elaté transportation inefficiencies. The author
models this collaboration framework as a variant of the VRP which is referred to as
the COLaborative VRPTW (COVRPTW). The problem arises in urban areas where
the routes of different carriers overlap, and éxgloitation of goods transshipment
between collaborating carriers can be mutually beneficial. In the-ZRRTW,
customer requests doné6ét concern pickup
the depot and are destined to be delivered to customeiolsawith the allowance of
exchanging goods with other carriers at transshipment points. Transshipment is
allowed just between two vehicles belonging to different carriers. Simple examples

are presented in the dissertation explaining the benefits oércaotlaboration.

The author proposes a two stage collaborative framework, which can be used between
LTL carriers. The first stage involves exchange of (partial) loads between carriers at
logistics platforms located at the entry to the city (solution iofpke VRRIlike
problems), while in the second stage trucks make such exchanges during local
delivery (solution of COLVRPTW). To solve the mathematical problem that results
from the two stage collaborative framework, a novel integrated-fiivase heuristi

is presented. The first phase uses either a modified tabu search, or a guided local
search, to solve the vehicle routing problems with time windows. The preceding
methods use a constrajptogramming engine for feasibility checks and reduction of
the seech space, and then the solution is used to create theM&RPIT'W instances.
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Given a COLVRPTW instance, the second phase of the algorithmic framework uses

an adaptive quadtree search to create clusters of customers that can be considered for
collaborative exchange of partial loads at transshipment points. The site of the
transshipment point is also located in the cluster by this method. In the last phase, an
integrated greedy local search method is used to construct collaborative routes, using
three new trasshipmenspecific moves for neighborhood definition. An optimization
module is utilized within local search to combine multiple moves at each iteration,

thereby taking efficient advantage of information from neighborhood exploration.

Extensive computainal tests were performed on random data sets for problems of
realistic size, and sensitivity analysis was conducted on key parameters. Overall
results showed that the collaboration leads to 12% and 15% improvements in route

distance and time, respectively

In addition to the work presented earlier, several other researchers introduce the idea
of transshipment operations in terms of operational strategies that could potentially
support efficient transfer operations. Interesting information on various issaé=d

to the transfer operations in vehicle routing can be fourdldaihani and Dessouky
(2003), Liawet al.(1996), Hickman and Blume (2000), Muetsal. (2005), Nakacet

al. (2008), Shangt al.(1996) etc.

Table 2.1 summarizes the research reltdetie idea of transshipment operations in a
vehicle routing setting. The solution methodologies used are also presented, along

with several proposals for future research, as provided by the authors.
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Table 2.1: Some problems addressed in the literature considering the transfer operation between vehicles

Authors

Problem

Method

Research Extensions

Mitrovic-Minic and

Laporte (2006)

Corteset al. (2010)

Kerivinet al. (2008)

Nadarajah (2008)

Aldaihani and Dessouky
(2003)

Hickman and Blume
(2000)

Mueset al. (2005)

PDPTW and Transshipment
points

PDP with Transfers

Splittable PDP with reloads

Collaborative VRPTW

Diata-ride as a hybrid system
consisting of both

on-demand vehicles and fixed
route lines

Integrated transit service

Intermodal transportation
problem

Heuristic including two phases:
construction & insertion

Exact method based upon a branct
and-cut technique using Benders
Decomposition

Branchand-cut algorithm

Integrated threephase heuristic

Threephase heuristicl@entification
of the candidate path setnsertion
Improvement) and Tabu Search

Two stage scheduling heuristic that
includes both the passenger and
operator objectives

Column Generation based approac

i)

ii)
iii)
iv)
v)

ii)
i)

i)
i

dynamic case of the problem

definition of conditions under which a PDPT
solution can outperform a PDP solution
algorithms which can solve large instances
polyhedral study for faster solutions

use of a set partitioning formulation

further valid inequalities to strengthen the
formulation

consider a column generation approach base
on an arepath formulation

model without time indexation

synergies between shipper and carrier
collaboration

more effective algorithmic appexhes
incorporated inventory replenishment issues
Adaptation of the Improvement heuristic to a
reaktime environment

implementation of the sketched solution
method
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2.5RESEARCHGAPS AND CONTRIBUTION OF THETHESIS

Several authors have introduced the idea of load transshipment between vehicles in
order to better handle the customer requests. However, the related papers concern
mostly the static case @hanyto-many problemgpickup and delivery problem and
dial-a-ride systems), where the transshipment operation can be performed on

predefined locations.

In the present thesigye apply a novel approach of the transshipment strategy, called
hereafterLoad Exchange Strategy (LES)his was originally proposed by the-on
going research of Ninikas and Minis (2011) to be implemented to a dynamic vehicle
routing problem, referred to as tMehicle Routing Problem with Dynamic Pickups
(VRPDP) In this dynamic setting, each vehicle is assigned to serve a predefined
customer setconsisting of delivery orders known in advance. As the working plan
unfolds, howevergcustomer orders are received through a call center, requesting on
site pickup within the current period of operatiomke load exchange strategy allows
for vehicles tomeet in reatime and exchange some delivery orders if this is
profitable. The location of the exchange operations may be either dynamic (i.e. most
favorable locations) or static (predefined). In our approach, we differentiate from the

related work tedate based on the following three points:

1 We apply LES on a dynamic setting, where customer requests arrive
dynamically over time

1 We apply LES on manto-one cases, where transshipment operations may not
have that much discrete savings

1 We examine and identifgases where dynamic locations should be also

considered for the exchange operation, in addition to the fixed location case.

Extensive experimental analysis of LES under various dynamic settings showed that
in the majority of cases tested, allowing transfeesults in solutions of improved

quality.

LES is a complex strategy to implement. Thus, the current thesis attempts to
investigate several key aspects related to this strategy. Of course, further research is
required to understand the extensions ofSLEhe problems in which it can be
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implemented and the circumstances under which it provides solutions of superior
quality. Finally, due to the fact that the method proposed here provides solutions for
instances with a fleet of only two vehicles, researcy also focus on how a load

exchange scheme can be implemented for a large fleet.
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CHAPTER 3 PROBLEM DESCRIPTION

The main scope of this Chapter is teview the Vehicle Routing Problem with
Dynamic Pickups (VRPDRInd set the foundation for ttslution methodology of

Load Exchange Strategy (LEE)hat 6 s f ur in KClepter 4This Chagies e d
mostly overviews work developed in the context of the Ph.D. current resea@h of
Ninikas in the DeOPSys labSection 3.1 presents basic characteristics and
assumptions of VRDP, as well as thestatic problem to beconsideredat each
replanning timestamBection 3.2rovidesan overview of th& ES framework, while
Section 3.3 addresses the decision components that have to be defined for the
application of the LES. FinallySection 3.4 presents the cadebaracteristics

considered in the current thesisiong theepossible alternatives
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3.1THE VEHICLE ROUTING PROBLEM WITH DYNAMIC PICKUPS

3.1.1INTRODUCTION

The problem addressed is a variant ofRPdescribed irChapter2 and is referred

to as theVehicle Routing Problem with Dynamic Pickups (VRP.DPye to its
dynamic nature, not all information is knovarpriori (during the original planning
phase) and some information is revealed during the execution of the designed plan.
Dynamic information refers to the occurrence of dynamic events, e.g. the arrival of
new customers requimg service during plarexecution Each time a new dynamic
request is received, the current flest routeis located in different positions and
severd requests may have already been served. Thus, the routing plan has to be
updated in order to incorporate the-tapdate information, which usually implies that

the originally designed routes should beoptimized.

The VRPDPhas been motivated by the cmurindustry where new customer orders
are received continuously over time (Ninikesal, 2011 and Ninikas and Minis,
2011J). In this settingdistribution vehicles depart loaded early in the morning from a
Local Service Pt (LSP) to perform deliverieknown a-priori; typically, each
delivery vehicle serves a certain geographical arEavever,the LSP dispatcher
typically knows in advance only a subset of the take restequest orsite pickup
within the current period of operatigremdarrive inthe system in a redime manner
through a call centeThese pickup orders have to be collected and returned to the
depot for further processings mentioned abovehis problem has been formalized
by Ninikasand Minis (2011)and is overviewedn Section3.1.2 For simplicity and
comparisorpurposewvith the solution methoaf the current thesjave referereafter

to solution approactf the related work to dasertion Method

3.1.2PROBLEM OVERVIEW

Consider aset of homogeneouwehicles, originating im a local distribution b

(depot) The vehicles aréasked to serve deliveryrders known prior to the start of
operations, referred to a&satic orders At time prior to the beginning of the shif,

static VRP is solved which assigns customer orders and their service sequence to

vehicles, referred to gslanned route (Figure 3.1a)As the working plan unfolds,
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however, pickup requests are received and have to be served within the current
service shift (Figure 3.1b) These arrivingrequests will be referred a@dynamic
Requests (DRsEach order (static or dynamic) may be associated with a time window
within which the order must be servdliynamic requests can be also seen as flexible
orders, since they can be served by each vehicle (etheouteor located at the
depot), while static orders are inflexible, since they have to be served by the vehicle

originally assigned to it.

At a given time instancé (replanning timetamp, the newly received information
ODR9need to be incorporated in the partial!l
problem (replanning problem)has to be solved athis replanning timstamp

consideringall the information known up to this point in tim@e. information
concerning the static ordettkath ave ndét been served yet and t
A solution methodnay beapplied such as thénsertion Methodin order to allocate

the dynamically revealed orders to the most appropriate vehicles (FigureFsglice

3.1d represents the new solution obtained at replanning timestamp t1, when applying

this method.
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At time 0: Initial optimal routes At time t;: New requests have arrived
6

(a)

At time t;: The new solution

At time t,;: DRs incorporation in the routes
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B Depot ——  Planned route
® Static requests (delivery) - —» Route traveled

©  Dynamic requests (pickup) New route segment

--»  Rejected route

Figure 3.1: Illustrative example of the VRPDP

The objectiveof the VRPDPIs to find a set of vehicle routdéisat minimizes the total
routing cost and the number of unserved DRs throughout the available shift, while

satisfying the following constraints

Each vehicle musitartandendatthe depot
All static (delivery) orders should be seryvethile there is no such constraint
for DRs

1 Each order may be served at most once by a single vehicle
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1 Each order has to be served within a certain time window selectedeby

customer. In case a vehicle arrivesaaequest before its earliest service time

(early time window it has to waitb u t

latest service timddte time window

1 Static (delivery) ordersannot be reassigned among vehicles, i.e. the orders
originally assiged to a vehicle, must be served only by this vehicle. Of
course, the sequence of servicing delivery orders by a certain vehicle may be

canot serve the

changed, if this favors the objective functidin section 3.2 we relax this

constraint andntroduce a new policy thatllows transferring of delivery

orders between vehiclésfavorable

1 AIll vehicle routes have a duration constraint equal to the length of the

planninghorizon

Figure 3.2 summarizes the entire process followed within an available shift (t=0 to

Tmax) forsolving the VRPDRsee Ninikasand Minis, 201} Initially, a static VRP

is solved, assigning the static (delivery) orders to the fleet of vehicles and producing
the initial routes to execute. At each replanning timestamp (specified by the
dispatcher) thdRs occurred are assigned to the most appropriate vehicles through

the Insertion Method. Of course, orders arriving after the last replanning timestamp

(t,) are either rejected or served during the exvice period

Static (delivery)
orders located
at depot from
previous shifts

Replanning
Timestamp

\’
t=0 t=t,
| |

Replanning
Timestamp

)
t=t,
|

Replanning
Timestamp

¥
t=t,
|

t=Tmax

,‘\ DRs occur 1\ DRs occur ,‘\

Static VRP

Insertion
Method

Insertion
Method

DRs occur 1\

Insertion
Method

Figure 3.2: VRPDP solution process during the available planning horizon

3.1.3ASSUMPTIONS OF THE GEERIC PROBLEM

The following characteristicassumptiongoncernthe operating scenarios considered
for theVRPDP(as taken from the ark of Ninikas and Minis, 2011):
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i.  The current status of the logistics operations (i.e. current location of each
vehicle of the fleet and time for service, remaining unserved customers, etc.) is
assumed to be known at any time instance. In practice, this is achieved by
employing appropria fleet monitoring systems.

ii. A vehicle commits to traveht the latest possible time. For exampfea
vehicle is planned to arrive at a custonpeior to the opening of its time
window, the vehiclehas towait at the location of the previously served
customer. This assumption facilitates replanning changes in case appropriate

new orders arrive to the system.

iii.  The route is updated only at customer locations, i.e. the problem considered
does not allowdiversion (Ichouaet al, 2000). Once a vehicle has left its
previous service location and & routeto its next destination, the vehicle

cannot be diverted.

iv. A number of vehicles may be available at the dépsfi b ac k up o atve hi c | e
the beginning of the planning horizaeady to be dispatched when necessary
for the service ofDRs. The trigger of this action is when vehickss route
canodot serve DRs, or when this action f a°

v. We assume that the load aiah request (letter or small parcel) is relatively
smal | , t hus, we dondt consider capacity
problem at hand.

3.2LOAD EXCHANGE STRATEGY FORTHE VRPDP

In this Section we introduce the framework of the Load Exchanget8gy. As
already mentioned, each static (delivery) order is assigned to a specific vehicle at the
beginning of the planning horizon, and is prevented to be reassigned to other vehicles
at a next replanning cycle. Oftentimes, this intrinsic constraimhbated with the

continuous arrival of new request s, may r €
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may lead to inability of servicing a number of requests. The main idea of LES,
exploredin the present thesis, is to relax this constraint by transferelinedy orders
among vehiclesThis operation carbe performed byallowing vehiclesto meeten
route at appropriatéocations and exchardoads(actually, orders)if this favors the

objective function

Figure 3.3llustratesthe LES strategyysingthe example given in Figure 3.1

At time 0: Initial optimal routes At time t;: New requests have arrived

(a) (b)

At time t,: The new solution At time t;: The solution of LES

Figure 3.3: Exampleof Load Exchange Strategy

Consider the case of Figure 3.3a where two (2) optimal routes have been designed at
time 0 1. Customer locations of the example have been placed on the nodes of a
grid, where all arcs equal to one unit of distance. The length of the available planning
horizon (Tmax) is considered to be 18 units of time and a vehicle travels 1 unit of
distance in one unit of time. At replanning timestamp ¢ 6 ¢ "Qfive DRs have

arrived (Figure 3.3b). The solution undtre Insertion Method (Fig. 3.3anentioned
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abovereturns atotal costof 33.8 units.Figure 3.3d providesa solutionthat may be
obtainedwith LES, assuming thahe vehicles are able to meet atrdnsfer delivery
orders between each other at angenved customer locatioAs shownin theFigure

the (red) vehiclenitially assigned to erve delivery ordersphcho , after serving
customer 1fravelsto the location of customer #h order to meet the other vehicle
(blue) and take the load of orders 5 and 6. The total disteanceed(cost)underthis
solution is 30.96, improved by 8.4% compared to the one obtained with the Insertion
Method.

The main reasoning behind allowing risshipment lies in the idea of restraining
vehicles to their service region, in order to serve potentially new DRs that may occur
in their region. A significant advantage of this novel strategy is the ability of assigning
each order (either static or dyn@into any vehicle without limiting the replanning
options. Therefore, this exchange operation allows the dispatcher to better manage the
fleet of vehicles and better-tistribute the workload as needed in a+t@ak fashion.
However, a drawback of such strategy ispossible delaysdue to the transfer
operation.Such delaysnay be due t@) the fact thatjn most casesvehiclesd o n 6 t
arrive at the exchange location simultaneously, Bhdhe time requiredfor the

vehicles to load/unload the appropribdad (orders).

Furthermore, it should be noted that, LES is not a panaoezei t d always Ot
pr ovi loeted a s & | Tiherafoeen LES is a policy that can be applied as an
extension to the conventional solution of the VRPDP (Insertion Method) at a
replanning timestamp. I n case mh&ySdopioesnodt

the one returned from the Insertion Method.

Additionally, the following characteristidassumptions are assumeegarding the

operating scenarios considered for pneblens solved with LES

9 All constraints of the VRPDPmentioned in 3.1.2nust besatisfied (except the
one preventing reassignment of the static orders between vehicles)
1 The vehicles should meet prior to the service of exghangedstatic (delivery)

order
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3.3 DECISION COMPONENTS AND ALTERNATIVE POLICIES FOR THE
LES

LES is a very complicated and multidimensional stratesgyce many optionsare
available to the dispatcherWhen dealing with such a strategy, the following

questions arise and should defined:

1) Implementation time instancés applyLES: Whenshould one apply the LES?

This concerns the time instance or the conditions under which the implementation
of the strategy could provide an efficient solution.
2) Meeting combinationsWho is going to meet and how many timés This

parametedetermines which vehicles will be examirfed loadexchangei.e. if a
vehicle is able to meet one or more than one other veleiolesute

3) Exchange locationsWhereis it allowed for vehiclesto exchange loadsPhis

parameterrefers to the locations where vehicles are allowed to meet and

exchange their loads.

Figure 3.4 summarizes the aforementionmarametersand potential alternative

decision policies. In the following subsections, egudrameteris thoroughly

described.
When? Who? Where?
(Implementatmn time (Meeting combinations) (Exchange locations)
instances)
{ —\ -
At regular replanning At locations of B
ti Bl customers not yet .
L imes J Dynamic
served
- Exchange
(" When there areno | Locations
remaining orders on One-to-many En route J
L the vehicle y
e ) [ At Depot ] 1
On vehicle’s idle time
\ J Fixed
[ At “pigeonholes” ] - Exchange
When a vehicle is Locations
unable to serve its :
- [ At predefined ]
remaining orders i .
~ meeting locations 4

Figure 3.4: Components and alternative decision policies

38



Chapter 3 Problem Description

3.3.1IMPLEMENTATION TIME INSTANCES

As it has already been described, the most typical implementation time instance for
LES is during each replanning cycle, i.e. at the replanning timestamp, where the
current routing plan has to be updated in order to incorporate the newly received
information. The application of LES at each replanning cyceay not yield
significant results each time, bpbssiblyduring the first replanning cycles, where
there are still many options available and only a limited portion of the routing plan has

been executed.

When there are no remaining orders on the vehicle

An alternative approach regardit@the time instance tonplement LES can be when

a vehicle has no remaining orders in its planned route asdetdy to return tthe

depot. Consider the example of Figure 3.5a. At time & the red vehicle has no
remaining customers to serve, while seven (7) orders are still assigned to the blue
vehicle. In this case, when applying LES (Figure 3.5b) the blue vehicle meets and
exchangeseveral orders witthered vehicle at customer location A. One of the main
advantages of LES in that case, is the balanced workload of the solution between the
vehicles. This way, future DRs that may arrive can be better allocated among the

vehicles, sine more options are now available.

Figure 3.5: Example of LES when there are no remaining customers

The same concept can be also applied for cases where a vehicle is idle, e.g. in cases
where a vehicle is forced to wait at a customer location for afisgym amount of

time, until the time window of the next customer to be served opens.
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