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Abstract.

Vehicle Routing Problem (VRP) is one of the important issues that exist in
transpor ition system. This is a well known combinatorial optimization problem
which consists of a custemer population with deterministic demands, and a ce ral
depot which acts as the base of a homogeneous fieet of vehicles. The objective is to
design a set of vehicle routes starting and terminating at the central depot, such that

e demand of customers is totally satisfied. This paper develops an optimization
model for the management of periodic deliveries of a given commodity. The company
has different type of vehicles with different capacity to deliver the commodity for
customers. The problem is then called Periodic Heterogeneous Vehicle Routing
Problem (PHVRP). The goal is to schedule the deliveries according to feasible
combinations of delivery days and to determine the scheduling of fleel and driver and
routing policies of the vehicles. The objective is to minimize the sum of the costs of all
routes over the planning horizon. We propose a combined approach of heuristic
algorithm and exact method to solve the problem.
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1. Intreduction
I'he classical Vehiele Routing Problem (VRP) is particularly miended 10 determine un optinial routing
plan for a fleet of homogencous vehicles such that to sausty the need of a set of customers. As the
oot of this logistic problem is denived from the concepl of Hamiltoman graph. 11 15 necessanly o
impose conditions that cach velicle route starts and ends at the starting pomt. and cach customer 1s
visited once Iy one veluele Smee then many rescarchers hane been working m this arca o discoven
new variants and new methodologies. There are a number of survey can be found m literature lor
VR such as. [1].12]- |3]: 14]- and books |3]. [6]

1n literature there are some variants of VRP which are grouped according to spectlic constramts
Some of the well known varants are: Capacitated VR (CVRP). the vehicles are restricied o camy
liited capacitv: VR with time windows (VRPTW. cach customer s served within a defined tine
frame: multiple depots VR (MDVRPY i this varnt goads can be delivered 1o a customer from a et
of depots. VRP with pick-up and deliveny (VRPPD). woods not only need to brought from the depot to
¢ customers. but also must be picked-up at a number of customers and brought back 1o the depot
Faking into account several days of planning for routing problems is another variant of the VRP.
known as the priocie VRP (PVRP). .

I PVRI. within a given tn— horizon. there is sl of custaniers needs o be vsited onee

severn] times. There would be a siting wl crated with coch costomer. A fTeet ol velueles

in v ailable and each vebicle feaves the W <erves a sel ol customers. when its work shilt o

capaciiy s over. retums o the depot The problem 15 1o mummsze the total lenaeth of the routes




wavelled by the vehicles on the time horizon. This problem T; very amportant in realiworld
applications. such as. distribution for bakery companies |7]. blood product distribution [K]. or pick-up
of raw materials for a manufacture of automobile parts [9].

A survey on PVRP and its extensions can be found in {10}, Due to the complexity of the problem
most of th=works present heuristic approaches. nevertheless | 11] proposed an exact method. |12
addressed a combined of heuristic and exact method for solving PVRP. The extension of the VRP n
which one must additionally decide on the flect composition is known as the

Heterogeneous Vehicle Routing Problem (HVRP) is rooted in the seminal paper of [13] published
in 1984 and have recently evolved mto a rich research arca. There have also heen sev eral
classifications of the associated literature from different perspectives. [14] provided a general
overview of papers with a particular focus on lower bounding fechniques and heunstics. The authors
also compared the performance of existing heunistics described until 2008 on benchmark mstances
[15] presented a review of exact algorithms and a comparison of their computational performance on
the capacitated VRP and HIVRPs. while [16] reviewed several industrial aspects of combined fleet
composition and routing m maritime and road-based transportabion. Afshar-Nadjali and afshar-Nadjafi
(2017) propose a constructive heuristic approach for solving HVRP time windows with multi-depot
and time-dependent.

Note that all the Titerature survey of 1IVRP mentioned in the previous paragraph do not involve
PVRP. This paper proposes a model of HVRP in which that the customer can be visited more than
once. and there would be a schedule for visiting customers

This paper is organized as follows. Section 2 deseribes the problem delinition and the mathematical
model. Section 3 presents the feasible neighbourhood heunistic search The algonithm is described in
Section 4. Finally Section 3 describes the conclustons

2. Problem Formulation

The deeision of the problem is find the feasible transportation tour of a certain tvpe of vehicle such
that to minimize the overall operating costs. [n order to case the problem. it 1s necessany to visualize
the problem using graph. Let 1'=(;. A )bea directed graph, where = {0. 1. .. n} s the gglex
set and A =i /) i.j € 2.i#j} s the set of arcs. representing routes between vertex. The depot
verien s mdexed by U go = 5 V0] is thie set ol vusionier locations. Lach veiten 1= o has a denagy
¢ =0 on each day of the planning honizon. a service time & > 0. a time window [e,. 4]. where ¢ s
the earliest ime service may begin and /, 15 the latest time. and requiresfgglixed number of visits £ 10
be performed according to one of the allowable visit<day patierns The time window specifving the
interval vehicles leave aid g the deput is given By Jea. &o]. Let K={L....A} be the set off
available vehicle of all tvpes. A fleet of m vehicles of each tvpe. with capacity  (J; is hased at the
depot.

For each vehicle k€ K . let Uy denote the capacity in weight. We assume the number of vehicles
cquals Lo e number of drivers. Denote the set of 1 customiers (Mmodes) by N = {I_  — n} Denote
the depot In l()_n ¢ |} Liach vehicle starts (rom {U} and termmnates at {n & l} Lach customer 7€ N
specifies a set of davs to be visited . On each dav. customer 1 € N requests service w ith demand of ¢/
in weight. within time window [u.__hr] Note that. for the depot 1€ {(l.n+ l}. we sel g =0 Denote
the set of preferable vehicles for visiting cusiomer J by &, 1K, € K and the extra service thne per
pallet by ¢ if a customer 15 not visited by a preferable vehicle.

This notations used are given as follows

Set
Iy The set ol mternal dnvers.




I The st ol external droivers.

li The set ol drvers 7 - Pl U it

A The set vl veheles,

Ay Ihe set ol custonuers.

Vi The set ol customuers and depat Vo= j0oe - TJ U N

K. The set ol preterable velueles for customer 7 € 4.
Parameter

M Phe avadable number of vehieles ol vpe k

i 4 The weight capacity ol vehicle ke K.

fed, F1] The earliest amd the Tatest visit e al node 1@ N

q, The weight demamd of node £ e N

e, h| The start tme and the Titest ending time o diver € £)
o Prek upr uantity for customer 1

i Peliven quaniis for cuskomer 1

[ Fixed cost for cach nope ot selucle £ & K o depat
Al Trinelling cost of vehicle & € K along the edae (1. j) € A
CENY Cost due 1o the vistt ol a castonier by non preferable veliele ke K

(DI Cost for mternal driver Te DE using selicle £« K
(DI Cost for exsternal deiver [ & DE usingweliele k= K
CPO Costtopick up a muber of quantity for cnstomer j € N psing vehicle ke K

CIMY Costwodeliver a number af quantity for customer § € N using vehicle ke K

YVaruhles
Ry Binary varable indicating whether velicle EFe K tmelstromnode ic N oo Jo N
w Bomr sariable nxbeating whether customer £€ N, ois veted Inoa non-preterable

vehiele

\'Ii The tume an which vehicte ke K stms service atnode 1€ N

U By varrshle indicating whether velicle £ € K is assigned 1o iternal deiver feid
ey Bimary sartable mdicatme whether yelicle & & K s signed o extermal driven [ e DFE
o Number ol pich g denznd of custoner j served by vehicle k=K

o Nuniber of delivery demands of customer 1seeved by vehicle ke K

The mathenteal Tormufation for this problem is presented ws follows
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Constrants b Ly state et cach custoner must b vistted by oone vebicle on cach ol its deliven

iy s Canstratits € 123 deline whether each customer =4 psited I preferable velnele Constramts (13-

14 puarantee that the v ehicle capacities are respected m hoth weteht and volume

Comstiints 1 13-165 define the clapsed diving e M

ore specificallv. fio the sehiele ik rnvelling

Lrom customer ¢ w g onday £ the elupsad drving time at cquals the clapsed Jriving ume at i plus the

> T Whe velu

Jrnng e fyom £ o e i,

cle does not tahe a Lieak at customer 7 e

= =y Otherwise b the vehiele takes i hrouk at custonir e = = 11 the elapsed drivimg e

Jwall be constramed by (1t which muke sure 1t 18 greata than or eyual o the ol ume between

! - - %
aml jive. Wy 26 v Constrnnts 170 pugrantes that the cln]hcd drivng e neva exceeids o upper

limit # by iposing o break at custemer 2 i e = = 1y il diving Trom eustomer FLe Ms sticpessor

results 1 a elapsed drving thne orcater than /
Constraints 1181 Jdetermime the time Lo start the servie

4 cach customer 171 visited immediaiel

Atter 4. the time ¥ 1o st the service at g should be greater han or equal 1o the servce starhmg e

13

: : : '
vl g plus dls seriee Juntion ] - the extra senice 1

me ¢ ;J_: s vasited by an wapproprade

ciliele (i W, =11 the tranel e betweent e Tao customers i - amel the break time € Silhe dmver

lakes u hreak afler serviog Joe. 20— b Constrionts & 194 make sure the sepvioes <t withi the

CUstoners nme ‘.\HIJU\\

Constramls i 20-2 1 ensure hat the storting by and ending ime of cach route must e between the
art warking e and latest ending tme ol the wssigned diver Constratnts 227 caleulate the wtal
tenel time tor each internal dnver. Constramis (33 defme the working Juration tor cach drver on

cvery warkday . wlich cquials the e the driver retum

the e hefshe stans

s 1o the depet s

work, Constramts (241 make sure that the imernal disers work Tor no moere i 2 IS N weekhh

workimg duration. peterred W as 37 week -hour constramis
delivery tor cach customed Constramts 127-29 Jetine
formulation.

3. Prﬂpusul Mecthod

Copstamis (23 20 detine the pack up and
e Bimary and posiine variables used m this




Subject o

Z .\',",J_ =l. Vhek (2)
pery

o~

Constraints (27 and {31 are 10 ensure that exactly one vehicle of each tope enters and departs from
every customer and from the central depot and comes back 1o the depaot

Z v Z viol vieN, . VkeKk i+

A low conservation equation s neeessany needed 1o mauntain the contnuty of cach vehiele route on
cach perod of tme T his equation 1s presented m Constramts b

Constramt (3) represents that cach customer s served only by the avatlable and active vehuele of tpe
m

Z ,v,‘j;]: Thke KN (0
fe N

Z vxk Yhe K (71
Nl

Constrannts (03 and (71 state the avadabilite of vehieles by bounding the number of route. related o
velnele k for each tvpe. directly leavimg trom and retuming to the central depot. not more than one

respectinely

< (), : vhe f\ Ll
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Constraints (8) ensure that cach delivery does not execed the capacity of cach type of vehicle
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omstraints (135 = (135 express the nature ol the vanables used i the model
et

~|x] -/ o<

he the teonbinuousy solution of the n.ll\ul pm} dem. |x] os the meger component of non-mtege

vanable vand /s the Fracthonal compenent

Stage |
Step L Gt row 1% the smallest inteper infeastbuity. such that & = mmi /01— 7|
(This choree v motvated by the desire Tor mummual detenoration i the objective function
and clearly corresponds to the integer basie with smallest integer infeasibihity )
Step 20 Doapr mg operatton
voo=e l

Step 3. Caleulte & =i

With [ corresponds to

' "\
mmd|

v H

Caleulate the maximum movement of nonbasic j at lower hound and upper bound
Othernvise go o next non-imteger nonbasie or superbasic ; Gf avanlabley. Fventually the

column §* 15 10 be mereased form LI o1 decreased from UR 1 none go to next %
Step 4
Solbve He =@ Tor
Step 3 Decratie test Tor the basie vanables i order to sty Teasible due o the releasmg ol nonbsic § %
from ity bounds
Step 6. Lxchange hasis
Sep 7o Wrow o7 = 1008 au 1o S RILE 2. othernuse
Repeat from step |

Stage 2 Pass - adjust mteger nfeasible superbasies by fractional steps 10 reach complete integer
teasibility
Pass2 - adjust integer feasible superbuasics. The objective of this phase 1s 1o conduet a highly
lovahzed uus_]lhmu!mml search to venly local optimali .

4. Conclusions

Phis paper was mtended w0 develop effteient technque for solving one of the most ceonomic
importanee problems m optimizing transportation and distrbution susters The am ol this paper was
to develop a model of Penodie vehicle Routing with Time Windows, Fleet and Driver Scheduling.
Prch-up and Delivens Problem Tlus problem has additonal constramt which is the nmtation m the
number of vehicles The proposed algorithm emplovs nearest neighhor heunstic algorithm for solving
the madel. This algorithm offers appropriate solubions ma veny small amount ol e,
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