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ABSTRACT:

Recent trends in businesses coupled with numerous
customers entering the supply chain with different
issues spreading across customers’ conditions of
service, vehicles with conditions, and problems
associated with routes are of great concern to logistic
providers. This paper aims to formulate a model for
Heterogenic Vehicle Routing Problems (HVRP) with
Intermittent Customers and Enforced Split Delivery
resulting from Customers’ Vehicular Preference,
Road Time, Vehicle Weight, and Vehicle Height
Restrictions. The formulated HVRP objective
function emphasizes robustness and demonstrates an
amplified functional architecture that will minimize
the total travel and running cost, maximize the
clientele’s priorities, and cater to the marginal
difference in vehicle carriage capacity extensively
discussed. Solving problems of this nature could be
tasking hence,requires optimizing along different
directions considering the service choices and the
customers’ intermittencies in routing problems.
Reasons for these are the uncertainties that accord
real-life business situations that make life dynamic,
opening the vista that brought about intermittencies in

VRP. To achievethis, the paper formulates dynamics
that fuse the Late Request Customers (LRC) into the
Earliest Request Customers (ERC). The paper also
considers the effects of Forced Splitting against
classical splitting orchestrated by road restrictions. It
analyses the fused LRC and encapsulates road
restrictions as they affect thedelivery of goods and
services to customers.

Keywords:Heterogeneous Fleet, Intermittent
Customers, Enforced Split Deliveries, Road
Restriction, Reoptimization, Reactivation, Early

Request Customers (ERC), Late Request Customers
(LRC).

l. INTRODUCTION

One of the most interesting problems
thatmany researchers have put effortsintoformulating
and developing a new methodology to solve is the
Vehicle Routing Problem (VRP).The VRP has been
acclaimed as a combinatorial integer programming
problem searching for the optimal set of routes for a
set of vehicles that depart from the depot to deliverto
one or more customers at specified locations. The
typical performance measure it aims at achieving
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includes minimizing running costs, fulfilling
customers’ requests, maximizing profits, and

maximizing the utilities involved in the production

and distribution process.

The classical model of the VRP that was
first introduced in 1959 according to [1] has been
extensively studied and spread to several types such
as Capacitated Vehicle Routing Problem (CVRP),
Vehicle Routing Problem with Time Windows
(VRPTW), Vehicle Routing Problem with Deliveries
and Pickups (VRPDP), Split Delivery Vehicle
Routing Problem (SDVRP), and lots more. The VRP
variants such as time windows, dynamic situations,
pickup and delivery, split deliveries, etc., appear as
added constraints that can be included in the model to
represent the border on the real business. The variants
of the VRP and different techniques developed over
time for solving this class of problems have been
studied theoretically and applied practically.

As manufacturing  companies  and
distribution outlets realized the significant factors
contributed by transportation expenses to the overall
cost of goods and the application of computer-
generated solutions hasincreased significantly the
quest to study VRP.As opined by [2] and [3], the cost
of transportation is significant for both developed and
developing countries where logistics sectors like road
and freight transport and distribution services are
rated to be underperforming. Although VRP was
mostly applied in product distribution, some were
also applicable in service deliveries such as school
children’s bus services as in [4] and [5], worker’s
shuttle buses, and other public transport as shown in
[6], and marine border security patrol.

The major contributions of this paperinclude the

following:

. generate relations for different
ofcustomers’ intermittencies in VRP;

. develop a model and mathematical formulation
strengthened with valid inequalities that fuse
heterogeneous vehicles into VRP against the
classical homogeneous vehicles used;

e formulate a dynamic that incorporates the
customers’ intermittencies and the
heterogeneous vehicles into the classical VRP;

. outline a computational layout required to solve
the problem to optimality.

classes

Consequent to this, the paper is organized as
follows: section 2 stresses the requisites of the
objective function concept of intermittencies in VRP
with the formulation of relations for the Degree of
Dynamisms.  Section 3 focuses on the ideas
surrounding Heterogenic VRP with the simulation of
the model equations. Insection 4, the fundamentals of

HVRPwill be highlighted alongside split delivery and
road restrictions that will lead to the objective
function formulation in section 5. The conclusion
comes up in section 6.

1. REQUISITES FOR THE OBJECTIVE
FUNCTION FORMULATION

The formulation of the HVRP objective
function requires the vista of key ingredients which
are Customers’ Intermittencies and Heterogeneity of
vehicles to be used which are the pivots of the
formulation. These will be the core of the discussion
in this section.

2.1 Concept of Intermittencies in VRP

The classical VRP is characterized by the
quantity the customers require and their locations are
known beforethe vehicles leave the depot.
Intermittent customers are the customers whose
requests are placed after the vehicle has departed the
depot. Intermittent customers’ quantities and
locations come after the dispatched manager has sent
the vehicles out for the day’s tour.

Intermittency has become inevitable if a
business grows especially with the advent of
technological advancement. The invention and
improvement in information technology have greatly
contributed to the workability of this concept. It has
become less difficult due to the use of network
facilities, the Global System for Mobile
Communication, and the Global Positioning System.
Otherwise, its attainment would have been a mirage
and not feasible.

According to [7] and [8], all the customers
who have indicated their interest before setting out of
the vehicle at the depot will be referred to as the
Early Request Customers (ERC) with
ERC = YN, ERC 1)
where N stands for the number of customers in the
set. Let the anticipatory customers that enter into the
link after the wvehicle has departed the depot be
regardedas Late Request Customers (LRC) with
LRC = Y, LRCy; )
where the number of anticipatory customers is L, the
customers already serviced before LRCare servedare
presented by Ng, and LRC}qs is the set of LRC.

Within the specified time frame, each
vehicleis expected to reach the customers at a service
point. The entire tour will begin and will ultimately
end at the depot. According to [8], at least one ERC
must be served before any of the LRC is serviced,and
all the ERCswaiting in line must be served on the day.
As the tour continues for the day, a set of LRCs may
stochastically request to be served. The LRCquantity,

DOI: 10.35629/5252-0606847858

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 848



&

International Journal of Advances in Engineering and Management (IJAEM)

— Volume 6, Issue 06 June 2024, pp: 847-858www.ijaem.net

IJAEM

time, and location are not known until the dispatched
manager makes their requests known. The location,
time, and quantity that the LRCrequires follow a
known probability scheme.

When a vehicle sets out to service
customers, the dispatch manager decides which of the
occurred requests’ subsetswill be assigned to a
particular vehicle, and as much as the vehicleis still
within the service period, a record of the entire tour is
kept.

When a vehicle is designated to a particular
LRC, the vehicle is expected to service the remaining
ERC on that route within the time frame. The
dispatcher aims at maximizing the number of LRCs to
which the vehicle is assigned subject to the Degree of
Dynamism(DD). Depending on the number of ERC
and their corresponding entering time, the author in
[9] suggested a potent means of determining the
degrees of dynamism. To adhere to the priorities and
road restrictions, there is a need to adaptively
restructure the extant service pattern to take care of
the LRC since the problem is intermittently dynamic.

The most effective and efficient way to
achieve this is to re-optimize and re-activate the
ERCresolution then, the LRC is infiltrated into the
existing ERC solution process. For proper planning,
possible future business expansion, and cost-
effectiveness, it is expedient to consider the
anticipatory customers for some reasons. To solve a
dynamical pickup and delivery problem [10] proposes
a double-horizon heuristic that focuses on short-term
and long-term goals by minimizing the entire distance
traveled and by maximizing the slack time
respectively to accommodate servicing of the LRC.
However, [11], [12], and [13] investigated the waiting
techniquesadopted by the vehicles and improved the
solution profile by forcing the wvehicles to wait at
certain places merely to buy time.

The Intermittent VRP with stochastic
requests according to [14],varies in their levels of
uncertainty. These variations are specifiedin the
number of LRCsthat might place orders when the
ERC is to be serviced. The authors in [7] and [15]
tagged the rate of uncertainty as Degree of Dynamism
and Dynamical Degree (DD) respectively and

depicted the DD as:

DD === 3)

where the Overall Customers (OC) is the total
number of ERC and LRC. The DD will be considered
based on its peculiarity:

()In the first kind, as presented by [8], the entire
LRCwill come after all the ERCmust have been
serviced. The relations (1) and (2) thus give rise to:

OC = ERC+ LRC = ZiN:1 ERC; + Z%:l LRCIi\JS(A')

This first category is usually straightforward to

address compared to othercategories because the

initially planned ERC tour is not warped in any

manner. With or without the LRC in this case, all the

ERC are kept unaltered, treated, and serviced first.

From (3) and (4), the DD in this category is given by:

LRC LRC

?Dl "~ 0C  ERC+LRC

_ Y1 LRC g

XN ERCi+ Bz LRC ()

(ii)The second kind of DDis when the LRC comes

after some of the ERC, i.e.ERC;. The remaining ERC

to be serviced is ERC, given by

ERC, = ERC — ERC, (6)

is serviced after all possible LRCmust have been

serviced thus:

OC = ERC; + LRC + ERC, (7

From the second case of the DD,the resulting OCis

given by:

0C = 31 ERC, + ¥ty LRCY + 2", ERC,(8)

where E; < N, represents part of the ERC that has

been serviced after which the LRC request will be met

and L represents the maximum possible number of

LRCs that can be serviced such that the initial

ERCtour plan will not be affected.

Then, from (3) and (8), the DD in the second case is

given by:

LRC LRC

DD,

DD = ——=—"—"—— )
0C  ERC1{+LRC+ERC,
vk LR
DD, = = e ——(10)
%24 ERC; + Bi_g LRCy o+ %, Yy ERC;
(iii) In the third case, the LRC comes

intermittently within the ERC with a proviso that the
LRC can’t come before the first ERC. This case
allows for the LRCto comein at different intervals that
could be regular or irregular. In totality, the LRC so
involved are presented as:

L1 Ly
LRC = Z LRCg, + Z LRCE,
i=1 i=1

iz
++ X LRCE |+ X" LRCE (11)
where L, L,, ..., L, €L represent various anticipatory
customers that might intermittently come up,
E,, Ey, ..,E,_4, E, represent the number of
customers serviced when the anticipatory customer’s
request comes in, and E; + E, + -+ + E,, = N.and the
corresponding OC for the third case is given by:

OC = ERC, + LRC, + ERC, + LRC,
+--+LRC, + ERCy  (12)
where M < (N — 1) is the possible number of ERC
serviced in the course of the routingand y < (L — 1)
is the number of intermittentLRCserviced. With
ERC = ERC, + ERC, + ERC3 + -+ ERCy,
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Eq E;=N—E;
= Z ERC; + Z ERC;
i=1 i=E1+1
E3=N-E; Epn=N-E,_1
+ zz ERC; + - + 25 ERC;
i=Fy+1 i=Ep+1
N-E,
+2i-g, +1 ERC; (13)
and
LRC-—LRC1+LRC2+ +LRC
LRC = Z LRCE, + z LRCE, + z LRCE,
+-+2ﬁdﬂq + 3 LM%(M)
The resulting OCfrom the thlrd case is then given as:
E;=N—E;
oc = ZERC +z:LRCE1 + Z ERC;
i= El+l
N —-Ep
+ZLRCE2 + Z ERC; + ZLRCE3
i=Ep+1
+~~+2hﬂLRC%-+Zﬁéﬁ4Echla

Hence, the DD for the third case from (3), (11), and
(15) is given by:
DD; =
SrL LRCE +502, LRCE, +313, LRCE,
+ . +ZL.L3
S ERC; + 311

Lchn LT

Ep=N—-Eq
LRC51+21 E1+1

+zf§1LRcEz+2f3E2N+1E2 ERCi+ 3.3 L LRCE,
+ ot B LRcEn+zf" EE"+1ERC

It is worthy of note that, in any of the three
cases, the LRC cannot come before the first ERC is
attended to.The DD is a yardstick to classify HVRP
into stochastic requests. From [16] and [17], a
moderate DD realized in practices including the
distribution of oils, transportation of patients, and
grocery deliveries. Its range of utilization with high-
level DD entails emergency vehicles or courier
services in [18] and [19]. A high-level DD is mostly
found in practical applications which include:
responsive demand transportation, same-day delivery,
and shared mobility as opined by authors of [20],
[21], and [22] respectively. For a more detailed
classification of DSVRP applications similar to IVRP
see [8] and [23].

LRCE

(
ERC; (16)

2.2 Concept of Heterogeneity to Vehicle
Routing Problems

The VRP variation that considers fleets of
composite vehicles assigned to visit a set of
customers whose geographical locations are known is
called Heterogeneous VRP (HVRP). Heterogeneous
vehicles involve fleets with varying capacities, fuel

costs, and fixed costs.Keen consideration has shown
that our day-to-day activities dealwith more
heterogeneous VRP than the classical VRP where a
homogeneous vehicle is used [24]. This category of
routing problems that are quite frequent in logistic
operations, takes into consideration the situations in
our real-life settings where it is practically not
possible to claim to have only one type of vehicle for
distribution knowing fully well that there are several
reasons why different types of vehicles are needed.
The idea of HVRP was long borne in [25]. Its
conceptualization is salient in pragmatic terms since
most customers’ demands might not be met by one
single type of vehicle hence, are served by several
vehicles as in [26] and [27]. There are several factors
thedistribution managers will want to employ a fleet
of vehicles with varying capacities, sizes, fuel costs,
and fixed costs. Such rationale for HVRP include:

a. traffic flow regulated for specific times, weight,
height restriction, etc. The peculiarities of road
conditions make it necessary for companies to
utilizedifferent types of vehicles to service their
customers’ requests in good time;

b. while heavy-duty vehicles are considered cost-
effective on long distances, they are sometimes
not allowed to ply some routes in metropolises
owing to environmental degradation, road
maintenance, and traffic congestion, or they may
not be used to visit some particular customers
because of certain restrictions on the road
infrastructures.

A typical HVRP embeds the dependency of
traveling time at a specific time of the day. The
authors in [28] opined that the HVRP is targeted at
minimizing the total costs of touringthusreducing the
elapsed time over the entire planning time frame.

The goal of the HVRP is to decide the most
appropriate composition of the fleet of vehicles and
fashion out a routing plan correspondently to
minimize the total cost of transportation.

1. BASIC REQUISITES OF THE
HVRP
To enable us to spell out the fundamentalsof

HVRP, there is the necessity to view VRP over a
given time horizon, T. Let C ={¢;|i=0,1,2,
N} represents N set of customers such that ¢, is the
depot. Let V = {V, |k =1,2, .., M} denotes M set
of a heterogenic fleet of vehicles positioned at the
depot where
Vi=@f|la=123,..,4}

V,={?|b=123,..,B} (17)

Vu=Whlz=123,..,2}

DOI: 10.35629/5252-0606847858

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 850



&

International Journal of Advances in Engineering and Management (IJAEM)

— Volume 6, Issue 06 June 2024, pp: 847-858www.ijaem.net

IJAEM

be the subsets of vehicles in each heterogenic type of

vehicle in set V where A, B, ..., Z denotes the number

of vehicles in each heterogenic set. By [7], every
deuce of locations, (i,j), of two sequent nodes
affirmed as customers, with i,j < N. Associated with

i # j, is the travel duration, t;;, from one customer c;

to the next customer, ¢ =c;i4,and the distance

traveled by the vehicle, d(i,j) = d;;,is symmetrical,
ied; =d;.

The following fundamental

bounding on every customer, c;:

o there should be a pre-determined quantity, q(c;),
of the commaodities or services that the customer
requires to be delivered. The dispatch manager
hence decides which of the M heterogeneous
vehicles will be most appropriate to do the
delivery. Note, not in all cases can a vehicle do
the entire delivery. However, where one vehicle
solely cannot do the entire supply requested by a
customer then, the supply has to be split. The
splitting will be done either among different
types of vehicles, Vi,V,, Vs ...Vy, or among the
same types of vehicles, v{, vZ v, .., v{.

e there should be a set-out time, t;, requisite by
the vehicle, V, to traverse from either the depot,
¢y, to the customer, c;, or one customer, c;, to
service the next customer, ¢;, to discharge the
quantity, q(c;). It ultimately leaves the customer,
¢;, for either the next customer, ¢; .4, or returns to
the base station if every customer along that path
to which the wvehicle is assigned has been
attended to for the day or summarily the vehicle

ij

requirements  are

carriage quantity, Q(V,) for the day has
exhausted.
Another way around, there could be

situations where more than one vehicle of the same
type, vi,v?vi..v{, or more than a vehicle of
different types, V;,V,, Vs ..Vy, have to serve a
customer. Such vehicles have to move directly to the
service point from the depot. The duration, ¢,
required by the vehicles either moving from the base
station, c,, or from a particular customer, c;, to the
next customer, ¢;, to discharge the quantity, q(c;),
and ultimately leaves for another customer, ¢4, or
invariably return to the base station has to be
specified.

The priority, &, of the customer, §(c;), to be satisfied
by the wvehicle,V must be stated clearly. Every
customer is serviced only from one depot with a
heterogeneous and finite fleet of vehicles. These
vehicles depart the depot and in the fullness of time
go back to the depot after the last customer has been
attended to. The set of vehicles, V, with different

quantities each vehicle can carry is represented by

Q (V).

The following characteristics are peculiar to the

vehicle:

e there is a fixed working period for the vehicle,
T(V,), with the earliest or starting time, T5(V,),
and the finishing time, T/ (V) ie

T/ (Vi) = T*(Vi) = T(Vi)

e there is a fixed cost, FC(V}), for every vehicle
which is the wages of the driver and the loaders
deployed to each vehicle per trip.

e the quantity that the vehicle can carry, Q(V})
must be known right at the depot.

Leaning on the layout requirements for both the
customers and the fundamental characteristics of
the vehicles, the under-listed assumptions are
curled out thus:

e the variable cost, VC;, is the servicing cost from
one customer c; to the next customer ¢; = c;4;

e the time, ¢;, is the traveling time from one
customer ¢; to the next customer ¢; = ¢; 4. If all
the road/traffic restrictions remain the same, the
traveling time is assumed to be symmetrical,

ty =i,

e R, ={r1),..,7:(S)} stands for the set of routes
for the vehicles, V, the number of customers
serviced along a route is represented by S, and
;(S)represents the ithcustomer visited. It is also
assumed that every route terminates at the depot
hence, r;(S + 1) = 0;

e the interval at which the vehicle parked to
discharge the goods and the warehouse/store of
each customer is assumed to be equal hence,
unloading time per unit item is kept constant.

3.1 Split Delivery Classifications

Irrespective of whether the vehicle used is
homogenous or heterogeneous, in practical settings
[29] pointed out that split deliveries occur when the
demand of a customer cannot be met by just a
vehicle. Findings have shown that there are cases
whereby the demand of customers outweighs the
carrying capacity of the vehicles. However, by the
design and formulation of VRP, a vehicle is not
allowed to visit a customer more than oncea day
hence, necessitates split delivery.
Besides the primary factor for splitting, other reasons
for split deliveries are discussed in what follows thus:
. the quantity, g, that is demanded by a
customer, g(c;), is more than the carriage capacity,
Q, of the vehicle, Q(vg). Given by the relation:
qle; ()] > Qi) (18)
This would lead to the delivery being done by more
vehicles of the same types (homogeneous):
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SD;(¢;)
= QM) + Qi) — qle ()] = q(c)(19)
On the other hand, the delivery could be done by
different vehicles (heterogeneous):

SD,(ci)
= Q) + Qi) — qle; ()] = q(c,)(20)
where Q(vZ, ;) andQ(vith)is the carrying capacity
of vehicles vf, andvi*! respectively, q[c;(v{)] is
the quantity to be supplied or delivered to customer
¢;, SDi(c;) and SD,(c;) are split deliveries while
[Q(vi, 1) orQ(vi™1)] appropriately, is the splitting
quantity to be delivered by the same or different type
of vehicle respectively to the same customer c;.
o the vehicle, vf, has serviced some customers
say, ¢i,¢y,...,Cy_n, along the route, r;(S;), with the
quantities, q(c1),q(cz), ...,q(cy—,), Where the
number of customers that have been serviced on the
router; (S;) isn < N. The quantities delivered by the
vehicle v{ to the customers ¢y, ¢y, ..., Cy_y, IS given
by:

qles (D] + qlea ()]
+ 4 qley— (V7))

=X ala Wl (21)
Then the quantities to be delivered by the vehicle vy
to the next customer cy_,.1, IS given by:
qlcn—n+1(v)] and the total quantity to be delivered
by vehlclevk |s given by:

Z alei ] + qlew-pr ()]

=¥\ "“fJ[c i)l (22)
Wlth (22), if the quantity q[cy_n4+1(vF)], which
would have been delivered to the next customers,
cy_n+1, along the same route is not sufficient i.e.

M gla ()] > Qi) (23)
then it occasioned a split delivery to be undertaken
by another vehicle of the same type, v¢,;as:
X qle; OB + alen—n+1 (VE41)1(24)
or another vehicle of adifferent type,vZ*! as:
X" qle; W) + qlen—n+1 WF +1)] (25)
From (24) and (25), the split quantity,
qlen—n+1 i) or qley—ni1 (Vk+l)] required by
Cy_n+1 1S the remaining quantity to have been
delivered by v which is:

N—n

Qi) - Z ale: )] + alen s ] =

qlen—n+1 (Uk+1)]0r qlen—n+1 (Vk+1)](26)
Since the quantity that will be delivered by

Qi) orQ(vEtY) cannot be determined in
advancethen:

SD3(c;) = Q(wy) + Q(Uk+1) + -+ Qvip)

Z alevp)] =

Yo Q] - XL CI[C (Uk)] = qley—n+1127)

Or with
SD4(c;) = Q(vg) + Q(v M+ + Q)

- et

Ya-1 QL] - q[c (vk ) 2 qley—n+11(28)

A more complex case is when (27) and (28) cannot
meet the quantity required by cy_, 1 leaving us with
the option of having:

QU + Qi) + -+ Qi) + Q™)
- Z alei )] 2 gley i ]

SDs(cr) = {Z QLN + Q™)

— 2 qle; (vf )] >CI[CN n+11(29)
Conversely, it has

Qt )+Q(v )+ + QW) + Qi)

-n

- Z alei )] 2 gley i ]

SDs(e) = {Z QU + Qi) +-

=25 gl ()] >CI[CN w1l (30)

From the above, a customer to whom the split
delivery condition applies can only be linked to one
of (19), (20), (27), (28), (29), or (30). Where
SD.(c;) represents the customers split delivery. It
must be noted thatnot all customersare bound to be
faced withsplit delivery situations. Since a customer
can only fulfillone set of time and quantity priority
conditions, the interplay between the time and the
quantity priorities will be discussed via the tree
diagram in [30].

From the priority interplay, if a customer, c;,
is not serviced, according to [30],both the Time
Priorityand the Quantity Priority of the customer,
PT,(¢;) =0 and PQ,(c;) = 0 else, PT,(c;) =1 and
PQ,(c;) = q(c;). With this, the sum of all the time
and quantity priorities for all the
customers,c;, ¢y, ..., Cy, IS given by:

N

Z 5(co)

i=1
=YL (Xaoi Xho1 PTa(c) X PQy () (31)
Consequently, if the quantity the customer
required, q(c;) exceeds the carriage capacity of the
vehicle or fails to satisfy all the road restriction
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conditions then, PQ, (¢;) will require a split delivery,
SD.(c;). Whenever there is splitting, the sum of the
time windows and quantities priorities delivered to
the customers is given by:

N
PR
B (B T PTL () X SD.(c))  (32)

3.2 Road Restrictions on Vehicles

Transportation plays a significant rolein our
day-to-day activities. The growth of transport-related
energy consumption, congestion, and its adverse
effects on the environment have attracted global
concerns. With an increasing vehicular flow on the
highway, it has led to traffic jams, pollution, road
degradation, and lots more. The Traffic planners and
managements tend to put an embargoes or restriction
on highways based on one reason or the other in
different ways.  Therefore, continuous concerted
efforts on VRP will not be directed towards reducing
the transportation cost only but, contribute to our
environmental protection.

Some roads are more susceptible to damage
than others based on poor drainage, weather
conditions, and other variables. The relevant
authorities place an embargo on such roads due to
weather conditions and frost testing. Road bans are
effective tools for preventing road damage, reducing
maintenance costs, and ensuring roadways remain
safe for all motorists.

Road restrictions can be grouped under the following:

e Road Time Restriction, TR(V,): The TR(V,)
disallows the movement of wvehicles at a
particular time in some places and restricts the
movements of some types of vehicles on some
paths to checkmate the traffic flow in the areas.

e Vehicular Weight Restriction, WR(V,): The
WR(V,) is placed on some roads to regulate the
weight of wvehicles that traverse such roads
purposely to keep the road infrastructure from
further damage to the roador the total breakdown
of the road.

e Vehicular Height Restriction, HR(V,): Not all
roads allowfor any height of the vehicles. Height
restrictions are setin motion to regulate either
heavy-duty vehicles or vehicles with too high
consignment from plying a particular routeto
avoid degradation, total damage, or mishapto the
road.

Customer’s Preference for a vehicle,
CP(V,):When a road ban occurs, signs indicating the
allowed axle percentages are publicized, and the ban

is scrutinized and enforced to ensure compliance.
Such restrictions are not for life instead, the authority
in charge fixes them. Once the road has been repaired
and classified as structurally sound then, load
restrictions can be rescinded. Not until lately, split
delivery has been a function of a vehicle not being
able to supply all the quantity that a particular
customer requires. However, it has become apparent
that there could be forced split delivery which results
from situations where: there is the Customer’s
Preferred Vehicle to do the delivery; there is Road
Time Restriction; Vehicle Weight Restriction limiting
the carriage of the vehicle and there is Vehicle Height
Restriction limiting the height of consignment that
the vehicle can carry irrespective of whether the load
is light. In a case where a vehicle fails to satisfy all
four road restriction conditions, ultimately, the
delivery will have to be split among vehicles. Such
resulting splitting is referred to as Forced Split
Delivery. While the next section will dwell on the
inclusion of the priorities into the formulated HVRP
objective function, it is expedient to look at the
connectivity between the road restriction conditions
and the priorities as it ducktails to Forced Split
Delivery in the flowchart in Figure 1.

V. FORMULATION OF THE HVRP
OBJECTIVE FUNCTION WITH
INTERMITTENT CUSTOMERS

Time Windows and Quantities priorities that
came up in practical situations in HVRP with
intermittent customers is a multi-objective function.
Here, J; is to calculate the distance of the customer or
the carriage cost to each of the customers, J, is to
determine the vehicle’s fixed cost and/; is aimed at
solving for the priorities of the customers.

If the vehicle vy has to visit customer ¢; = c;14 just
after visiting customer c; then, & =1 otherwise,
& = 0. So, the distance traveled or carriage cost
and the fixed cost respectively are given as:

Minj, =

a Z}V=+1L 115’:1(221 dij (c)+ ZiLil dij (Cfsl) +
ELAF12=N-E1di(c)+i=1L2d0(cF2D)+...+7
=1/.ndij(ctnd)+ i=Ln+ 1 V- Endif(ci) f174(33)

Minj, = B Y¥-1 X0 X1 FC (W) & (34)
If (18) holds, FC(vg) in (31) becomes
FC(w})
= FC(ZIL QL] — 25" qla: (v ])(352)
Or
FC(Za=1 QL] — 2" qle (vi)])(35b)
If (35a) or (35b) is inputted in (34), it gives rise to
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Minj, = B Xk Yo X1 FC(TIL: QL] -
=1 N=ngcivkaéifk (35¢)

Or

Minj, = B Xi I 021 1FC(X4=1 QL] -

=1/V—ngeivka) fijk
Or

= B Xk Xilo X FC({ZRL Q)] +
thz+1+.. — =1 V—ngcivka) s#(35€)
Or
Minj, = BSM, S0 By FCUEAL QIO +
Qvitla+...— =1 N—ngcivka) {17#(35f)
MaxJ; =y %ilo X0 Xk=1 8(c:)Eic (36)
Max], = MY 1(2 Ci +Zl Lich +
L1 L2=N=LlcHi=1L2¢£24+ .. .+ i=1ncknl
+ =t I N=Enciéik (37)

(35d)

where «, §, and y are specified constants for
weighting corresponding terms to J;,J,,and J; as
opined by [24], and A stands for any of the set in
{A,B,..,7}.

The HVRP objective function with priorities which
this paper aimed at formulating is the one found on
combining all the objectives in (33), (34), and (32) in
place of (36) and (37) as:

J = MinJ; + Min]z + Max/, + Max]4(38)

N+L M [ E1
ZZ Zd,](c)+2d”(c,51
i=1 k= i=
=N-E;
+ Z dl](c)+z:d”(c,;2
i= E1+1

+~~+Zdi,-(cén)

i=1
+ z dij (ci) | ik
FC(ZQ[(U?)]
N—n
Zq[cl(vk)]> El]k

i=1

PT,(c;) X SDC(Ci)> Sijk

Ey)=N-E
ZN+LZk 1(2 Ci +Zl 1(.‘51 ZiiE1+1 e +

Zi:l CEz Tt Zl 1 CEn + Z?:Einﬂ ¢ )ik (39)
However, when split delivery is involved, we
combine the three sub-objectives: (33), only one of
(35c), (35d), (35¢) or (35f) as appropriate in place of
(34), and (36) according to the peculiarity of the
problem.
Subject to:
Yo it D & < 1, j =1,...,N(40)
Z{\IOZ;I 12]1\:[ 1E1pk 12 ZZk 1§p]k(41)
Zl OZ 1Zk 1 q(C )El]k < Q(Vk) k= 1 (42)

1=O Z]:l Zk:l t1] El]k < Tk - Tk! (43)

Lo XL ko & < 1, (44)
yi —y; + N, ZJN=1 il & < (N —1)(45)
&k €1{0,1} v ijkand,p=1,..,N (46)
The following constraints apply:

The constraint in (40) stresses a customer
can only be serviced by a vehicle at most once a day.
Constraint (41) states that a vehicle that visits a
customer must leave the customer’s place for another
customer or back to the depot. Constraint (42)
expresses the quantity a vehicle can carry on each
route. However, where q(c;) > Q(vy), splitting will
be necessary. The constraint (43) is the working
duration of each vehicle on each route. Constraint
(44) states that a vehicle can only be used at most
once a day. Where y; is an arbitrary constant, and by
[15] the relation (45) is the sub-tour-elimination
condition attached to the Travelling Salesman
Problem (TSP) and VRP as opined by [16] and [17].
This is aimed at forcing each route to pass through
the depot. Constraint (46) is the integrality
conditions.

From the formulated HVRP objective above,
should the HVRP aim to determine the priorities
alone then, the series in (33), (34), and (37) are set as
zero in (39). If the HVRP is aimed at determining the
priorities and the costs then, the series (37) will be set
as zero. When the target is to calculate the
intermittencies, (33), (34), (35c), (35d), (35e), and
(35f) are all set at zero in (39) but, if the aim is to
compute the variable cost, fixed cost, the priorities,
and the intermittencies then, (39) holds.

The formulated HVRP objective function and its
operations are shown in the flow chart in Figure 1
below.
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| <— updatei = i+1} \

ISet b=1,..4 for PQ/.(Ci)I

N—o>| Update k = k+ 1 I——)

i

Figure 1:HVRP Flow chart

The chart shows the interconnectivity among
the various splitting classifications, the road
restrictions, and the classical VRP. All the parameters
used have been declared in the previous sections of
the work.

However, the central idea behind the HVRP is to
assist the dispatch manager in planning the
distribution/collection network ahead of time such
that a customer gets the desired quantity and is
delivered at the said time. It enables timely delivery,
vehicle space, and capacity management of the
vehicles. With these, it ensures that servicing of

customers is based on the priorities such customers
earlier set with a view to minimizing both the fixed
and variable costs hence, maximizing the profit with
the proviso that, should intermittent customers come
in between the ERC, such customers’ requests are also
met without affecting the earlier planned routes,
timing, and quantities.

V. CONCLUSION
Real-life situations that are characterized by
changes daily have made HVRP with multiple
priorities inevitable. As such, rather than a business
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or organization losing itscustomers to close [3]. World Economic Forum, The Global
competitors, more customers will be won hence, Competitiveness Report 2016-2017,
increasing the profit margin. The advent and <www.weforum.org/gcr
improvement in information technology have greatly [4]. Li, LY.O. and Fu, Z., The school bus
contributed to the solution to this class of problem. It routing problem:; a case study, Journal of
has become less difficult due to the use of network theOperational Research Society, Vol. 53,
facilities, a  Global System for  Mobile No. 5, (2002). pp 552-558
communication, and a Global Positioning System. [5]. Park, J. and Kim, B.l., The school bus
Otherwise, its attainment would have been a mirage routing problem: A review, European
and not feasible. Journal ofOperational Research, Vol. 202,
The vehicle must carry along with it an No. 2, (2010). pp. 311-319,
anticipatory quantity and create room for additional https://EconPapers.repec.org/RePEc:eee:ejor
anticipatory time to cover the supply and delivery. es:v:202:y:2010:i:2:p:311-319
There should be information interconnectivity from [6]. Kechagiopoulos, P. N. and Beligiannis, G.
the depot to customers via the vehicles in the chain. N., Solving the Urban Transit Routing
While investigating HVRP with multiple ProblemUsing a Particle Swarm
priorities, randomly generated data will first be used Optimization Based Algorithm, Applied Soft
against real-life data. Reasons for these are connected Computing, Vol. 21, (2014), pp. 654-
to: firstly, data randomly generated often enables an 676.https://doi.org/10.1016/j.as0c.2014.04.0
in-depth analysis. This is because the sets of data can 05.
be constructed such that other issues can be taken [71. Adebayo, K. J., Aderibigbe, F.M. and Dele-
care of alongside. Secondly, most real-life HVRP Rotimi, A. O. On Vehicle Routing Problems
with multiple priorities does not capture all the data (VRP) with a Focus on Multiple Priorities.
needed for holistic analyses of the routing problem. American  Journal of  Computational
The full information about the geographical locations Mathematics, 9 (5): (2019).  348-357,
of all the vehicles not known at the time the LRC doi.org/10.4236/ajcm.2019.94025.
request is received is one of the missing data items in [8]. Adebayo, K. J. and Aderibigbe, F. M., On
our day-to-day business activities hence, necessitating Dynamical Situations in Vehicle Routing
randomly generated data. Problems (DSVRP) with Multiple Priorities.
This paper presents a way out to supply American  Journal of  Traffic and
chain management and distribution problems Transportation Engineering, 6(1): (2021). 1-
currently besetting businesses all around the 9. doi: 10.11648/j.ajtte.20210601.11.
world. The formulation and development of aHVRP [9]. Larsen, A., The dynamic vehicle routing
objective function with forced split deliveries problem. Ph.D. Thesis, Institute of
orchestrated by road restrictions emphasize Mathematical Modelling, Technical
robustness, and efficiency and demonstrates an University of Denmark. (2001).
amplified architectural function thatminimizes the https://www.researchgate.net/publication/26
total traveling cost, minimizes the operational cost, 0401175_The_Dynamic_Vehicle_Routing_
maximizes the customers’ preferences, and carter for Problem
the marginal difference that occur in vehicle [10]. Mitrovic-Minic, S., Krishnamurti, R., and
carriagecapacity. Laporte, G., Double-horizon based heuristics
for the dynamic pickup and delivery
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