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1. Introduction

The most popular combinatorial optimization problem is the Vehicle Routing
Problem (VRP) [1]. VRP was first introduced in 1959 [2]. VRP is considered popular
because it can solve companies' problems related to product delivery and pick-up [1]. VRP
1s a complex problem with various characteristics that allow for development. Some
researchers have conducted a taxonomic review of VRP development [3][4]. The
development of VRP research includes problems with heterogeneous fleets, time windows,
split delivery, and pick-up and delivery problems. Some of the best known VRP
developments are the Vehicle Routing Problem with pick-ups and delivery (VRPPD) [5],
(6], [7]; Vehicle Routing Problem with split delivery (SDVRP) [8], [9]; Vehicle Routing
Problem with time window (VRPTW) [10],[11],[12],[13],[14]. Besides the VRP types above,
there are several other types of VRP developments such as the Periodic Vehicle Routing
Problem (PVRP), Multi Depot Vehicle Routing Problem (MDVRP), Capacitated Vehicle
Routing Problem (CVRP), Green Vehicle Routing Problem (G-VRP).
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VRP is useful for finding a sequence of visits that has a minimum cost [3]. PVRP is
one of the developments of VRP, which also generates routes. The mathematical model
formulation of the Periodic Vehicle Routing Problem (PVRP) was first introduced in 1979
as the Assignment Routing Problem [15]. Each node is not visited every day, but a
minimum number of visits is determined. The study was then developed, taking into
account the visiting days at each node [16]. After that, research related to PVRP overgrew.
PVRP has been used to research many types of products. It shows that, indeed, problems
with these characteristics occur in everyday life. Several types of items used as inspiration
in PVRP research include distribution of vegetables [17], waste collection [15] and [18],
utility services [19], distribution of auto parts [20], home health care (HCC) logistics [21],
beverage distribution in beverage machines [22], and many others. Apart from the types
of products, much PVRP research has also been developed towards finding solutions with
heuristic methods. The heuristic method is a method that is built based on experience or
judgment to produce a reasonable solution to a problem but cannot be guaranteed to get
an optimal solution [23]. One reason for finding a solution using heuristics is finding a
solution when the number of consumers served is large. A search of PVRP heuristic
solution has been done by some researchers, like using variable neigborhood search [24],
neigborhood search [25], hybrid genetic algorithm [26], particle swarm [27], hybridization
of tabu search [21], large adaptive neighborhood [28], and hybrid metaheuristic algorithm
[29].

Research related to PVRP has undergone many developments. PVRP is categorized
into three main categories, namely multi-depot PVRP (MDPVRP), PVRP with time
windows (PVRPTW), and PVRP with service choice (PVRP-SC) [30]. Multi depot PVRP
can be seen in studies [19] and [31]. PVRP with time windows can be understood in studies
[24], [25], [31], [32], and [33]. Meanwhile, what is meant by PVRP-SC is PVRP which
makes the frequency of visits a decision variable in finding solutions as in research [34].
PVRP-SC is said to have proximity characteristics to the Inventory Routing Problem
(IRP). The proximity characteristics between PVRP-SC and IRP, among others, determine
the frequency of visits, route configuration, and the number of deliveries [30]. The PVRP-
SC characteristics combination and the number of products delivered to the node are
determined by the node's schedule. The IRP problem's characteristic is that the number
delivered at the node is a decision variable that differs from the frequency of visits [34].
The development of this problem [34], by adding the flexible characteristics of FPVRP,
was carried out by [32]. What is meant by flexibility is to make the schedule of visits and
quantity limits flexible.

Research developed by Archetti, et al. [32] provided a new perspective for modeling
by considering flexibility. One study that considered flexibility is the heuristic procedure
performed by [35]. Archetti, et al. [32] continued their research by finding a FPVRP
algorithm solution in two stages. The first stage was to develop all possible initial solutions
then followed by tabu search [36]. Several further developments were related to the two-
echelon distribution channel with flexibility in service time [37]. In addition, a model was
also developed, taking into account the discount on the consumer, which provides
flexibility in the delivery time [38]. Furthermore, the development of a joint optimization
strategy model between inventories was also proposed.

Based on the literature study that has been conducted, the FPVRP problem is quite
investigated in number. Unfortunately, no research considers the limits of consumer
inventory capacity and consumer inventory status. This study tries to develop a model
proposed by Archetti, et al. [32]. The previous model has a periodic characteristic of
demand without considering the inventory status, capacity limitations, and customer visit
periods. In addition, the previous model assumes the demand for each period is the same,
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and does not consider the time windows. From the Archetti, et al. [32] model, there are
still gaps in the development that can be done. This study develops the Archetti, et al. [32]
model by adding a time window, the periodic request, and the consumer's inventory status.
The main difference is in the flexible nature of customer visits. In this study, the number
of consumer visits is flexible, not limited, and not determined, but is influenced by the
consumer's inventory status. To the authors' knowledge, this study is the first to discuss
the Flexible Periodic Vehicle Routing Problem-Service Choice Considering Inventory
Status. Therefore, this study aims to develop a Flexible Periodic Vehicle Routing Problem-
Service Choice Considering Inventory Status (FPVRP-SCI) model. This research
contributes to the PVRP field by proposing a model for the FPVRP-SCI problem.

The model developed in this study is Mixed Integer Linear Programming (MILP)
with a branch-and-bound method of solving. Branch-and-bound is a method commonly
used to solve complex combination problems [39]. The branch-and-bound method tries to
connect each customer in the form of a branch with a certain sequence of visits (route of
visits) [40]. The branch-and-bound main idea is to break the solution space in succession
into specific subsets (branches) [39]. The branches are removed one by one when a solution
is obtained that minimizes the objective function. In general, Lingo 18.0 combines each
consumer into a visiting route, taking into account limitations, resulting in a minimum
objective function.

The paper is presented as follows: methods are presented in section 2. The results
of problem optimization, validation of inventory status, and sensitivity analysis are
presented in section 3. The final section presents conclusions and further work.

2. Methods

In the method section, this study was divided into four sub-sections, namely (1)
determining assumptions, notation, and developing mathematical models, (2) data and
experiments, (3) model validation using DRP, and (4) sensitivity analysis of the developed
model.

2.1 Assumptions, Notations, and Mathematical Models

Some of the assumptions used in this problem are: (1) delivery of products to
customers in the form of delivery for a single product, (2) the problem of using a single
depot for delivery to customers, (3) the depot serves customer requests during the planning
horizon, (4) each customer has a certain time window, (5) the vehicle used has a certain
capacity, (6) each customer needs service time when the delivery is executed, and (7) each
vehicle assigned to each route departs and returns to the warehouse.

Research considers demand over the planning horizon. In addition, this study has
a decision variable of the maximum number of shipping lots for each customer.
Furthermore, the vehicle visits to customers minimize the total cost, including distribution
costs and inventory costs.

The parameters in the mathematical model on the FPVRP-SCI problem are
denoted as follows:

i, ] : Node index (depot and consumer)

T : Period index (day)

N : Set of depots and consumers {0 represents the depot and 1,2,3... n
represents consumers}

N, : Set of consumers {1,2,3,4,..., n}

T : Set of planning periods (days) {1,2,..., t}

D; : The demand of delivery to consumers per period (unit)
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w; : Consumer warehouse capacity (unit)

Q : Vehicle capacity (unit)

Cij : Travel time from location i to location j (minutes)

S; : Duration of service for each customer (hours)

H : Maximum travel time on one tour (minutes)

M : The number constant is huge

e; : Open time per consumer (minutes)

l; : Closing time for each consumer (minutes)

fc : Fixed costs if one vehicle is used (rupiahs/unit)

vc : Variable costs based on vehicle trips (rupiahs/minute)

h : Cost of storing unused products per unit (rupiahs/unit)

le; : Inventory condition at the beginning of the period (units)
1l; : Inventory condition at the end of the period (units)

p : Number of periods (days)

v : Vehicle speed (Km/min)

qt : Delivery quantity to customer 1 on day t (unit/day)
lefj : Delivery cargo from location i to location j on day t (unit/day)
It : Accumulated delivery cargo at location 1 on day t (unit/day)
tf : Accumulated travel time at location i1 day to t (minutes/day)
If : Inventory level of delivery demands per day (units/day)

Z : Total cost of travel (rupiahs)
x; {1 the journey from node i to j on day t,

0 Others
yt {1 Node i is visited on day t,
0 Others

As stated earlier, the MILP model was developed from the model proposed by
Archetti, et al. [32]. The MILP model is divided into two main parts, namely the objective
function and the limiting function. The following is the MILP model proposed to solve the
FPVRP-SCI problem.

Objective Function :

M1NZ=ZEfogj+ZZfoj ciij+ZZ(If h) (1)

teT jEN teET iEN iEN tET iEN,
Subject to :
D:
]itzlit‘l—(?l)+qf;ViENc,t€T (2)
Z qt =D, + (Il; — Ie;) ; Vi€ N,, ®)
t

gt <w;—If"';VieN,teT (4)
I? =1Ie; ;Vi€N, (5)
IP =11 ;Vi€N, (6)
Zq{SZngj;VteT (7)
iEN, JEN,

lefi <Qxfj;VijeN,teT 8)
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Zleﬁ—Zleitquit;ViENC,tET )

JEN JEN

Zx{j =yl ;VteT,jEN, (10)

iEN

JEN JEN

foj31;VteT,ieNC (12)

JjEN

tf > tf +s;+ve; —M(1—x{;);Vt€T,i€N,j €N, (13)

tit<Hyf;VieN,teT (14)

eyf <tf <, —s)y}f;VteT,i€N,j€EN, (15)

(IHY=0;Vi,jeN,teT (16)

(qf.lef) €{0,1,2,....n};Vie N, t €T 17

(xfyf)e{01};VijeEN,teT (18)

The objective function (1) states the total cost consisting of inventory costs and
transportation costs. Transportation costs consist of fixed costs and variable costs of
vehicles. Inventory costs consist of the cost of storing products to consumers. Constraint
(2) shows the accumulated changes in inventory for each period. Constraint (3) is a barrier
to ensure that customer requests are fulfilled. Equation (4) shows the barrier that ensures
the warehouse capacity is met. Constraint (5-6) formulates the initial and end period
inventory status for each customer. Constraint (7-8) is a barrier to determine the number
of vehicles used per day and vehicle capacity. Constraint (9) shows the load on each
consumer. Limiter (10) aims to ensure that the consumer is visited on day t. Constraint
(11) describes every vehicle that comes to consumer i must leave that customer i.
Constraint (12) formulates that each consumer is visited once a day at maximum.
Constraint (13) is the accumulated travel time of the vehicle to node j on day t that is the
accumulated travel time from node i plus the service time at node i. Constraint (14) is a
limitation so that the vehicle travel time does not exceed the maximum vehicle time.
Constraint (15) formulates the time window for the consumer. Constructor (16) is a non-
negative limiter for the variable. Constraint (17) represents integer limiter. Constraint
(18) 1s a binary limiter for the decision variable.

2.2 Data and Experiments

This problem was studied from problems in actual conditions. This case study was
based on the problems that existed in the franchise businesses in Indonesia. The data
collected included the data of vehicle capacity (Q) that was 30 units, the maximum travel
time on one tour (H) was 1,236 minutes, the constant vehicle speed (v) 1 km/minute, the
cost of storing unused products per unit (h) 20,000 IDR, variable costs based on vehicle
trips (vc) 2,500 IDR, fixed cost if one vehicle was used(fc) 500,000 IDR, and the number
of days period used in the (p) calculation was five days. The number of consumers used in
data processing was as many as eight consumers. The detailed data can be seen in Table
1, and the coordinates of the consumer's location can be seen in Table 2.
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Table 1. Data used
N Depot N1 N2 N3 N4 N5 N6 N7 N8
s (minutes) 0 10 10 10 10 10 10 10 10
le; (minutes) 0 5 0 10 5 5 10 5 5
I; (minutes) 0 10 15 10 15 10 15 10 15

e; (minutes) 0 912 825 65 727 15 621 170 255
I, (minutes) 1236 967 870 146 782 167 702 225 324
D; (units) 0 10 20 10 10 10 20 10 20
W; (units) 0 30 30 30 30 30 30 30 30

Table 2. Consumer location coordinate data
Depot N1 N2 N3 N4 N5 N6 N7 N8

X axis 0 5 5 7 16 9 .15 0 2
Y axis 0 7 20 -16 18 15 19 10 18

In Table 2, the depot position is depicted at coordinates (0,0) to facilitate modeling
and data processing. The data obtained is then processed into two parts. The first is the
determination of the route generated by the model, and the second is the analysis of the
demand for the results of the model.

Data processing uses Lingo 18.0 software which runs on Intel Core 15-8400 @
2.8GHz and 8 Gb Ram at one depot (single depot) and eight consumers for five days. Lingo
18.0 looks for the optimal solution taking into account several. The optimal solution in this
route-finding case is the one that yields the minimum cost.

2.3 Result Validation

To ensure consumers' inventory status, validation of the proposed MILP model
results is carried out using distribution requirement planning (DRP) [41]. Regarding the
actual system used, the validation is done using DRP.

DRP can be used as a control parameter in inventory, such as safety stock and
when inventory is needed [42]. In addition, DRP is an inventory management system that
deals with stock replenishment in a multi-echelon distribution system. DRP helps
determine when a layer in a particular echelon places orders in the next echelon. DRP can
decide when the order is placed and how much the transaction costs [43].

2.4 Sensitivity Analysis

Sensitivity analysis is an essential part of building testing and model development.
Sensitivity analysis is performed by checking the model's output when input changes are
given [44]. In developing this model, a sensitivity test is carried out by changing the
number of vehicle capacities. Vehicle capacity is a simple limit that can affect how much
cargo is carried and the number of customers that can be visited. Twelve variations of
changes in vehicle capacity are in the sensitivity analysis. The changes of vehicle capacity
are tested from a value of 20-600. In this sensitivity analysis, vehicle capacity changes are
tested to determine the effect of changes in the number of routes and destination functions.
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3. Results and Discussion
3.1 Route Results

The results of determining the vehicle's route using the lingo software can be seen
in Fig. 1, Fig. 2, and Fig. 3. The resulting destination function is 8,713,750 IDR. From data
processing, it was obtained the results of sending three times. On the first day. One
delivery route is obtained with one vehicle shown in Fig. 1. On the 2nd day, one vehicle
route is obtained with one vehicle, which can be seen in Fig. 2. The number of routes
generated on the 3rd-day delivery was two routes shown in Fig. 3. The number of vehicles
required on the 3rd day is four vehicles. The first vehicle serves consumers Ns and Ng;
second vehicle serves N; and Ng; the third vehicle serves N, and N,; and the last vehicle
serves N, and N;.

The research results in Fig. 1 - Fig. 3 show that every consumer is not visited every
day. In a week, some consumers have been visited once (N;), consumers who have been
visited twice (N, N4, Ng, Ng, N;), and consumers who have been visited three times
(N, and Ng). The consumers are visited with periodic delivery times, but free on any day
(flexible). Each customer is visited on a different day, depending on the status of the
inventory.

3.2 Solution Validation to Inventory Status

Solution validation testing related to the resulting inventory status is carried out
with DRP. Validation of the state of each consumer's inventory is tested on consumers who
are visited once, twice, and three times a week. Inventory status for N,
N3 and Ng consumers are described in more detail in Table 3, Table 4, and Table 5.

25
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Fig. 1. The route of the vehicle of the first delivery
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Fig. 2. The route of the vehicle of the second delivery
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Fig. 3. The route of the vehicle of the third delivery
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Table 3. The validaton of the inventory status of consumers N1

Periode 0 1 2 3 4 5
Gross Requirement (GR) 0 2 2 2 2 2
Scheduled Receipts (SR) 0 0 0 3 0 12
On Hand (OH) 5 3 1 2 0 10
Net Requirement (NR) 0 0 0 1 0 12
Planned Order Receipts
(POR) 0 0 0 3 0 12
Table 4. The validaton of the inventory status of consumers N3
Periode 0 1 2 3 4 5
Gross Requirement (GR) 0 2 2 2 2 2
Scheduled Receipts (SR) 0 0 0 0 0 10
On Hand (OH) 10 8 6 4 2 10
Net Requirement (NR) 0 0 0 0 0 10
Planned Order Receipts (POR) 0 0 0 0 0 10
Table 5. The validaton of the inventory status of consumers N8
Periode 0 1 2 3 4 5
Gross Requirement (GR) 0 4 4 4 4 4
Scheduled Receipts (SR) 0 3 0 8 0 19
On Hand (OH) 5 4 0 4 0 15
Net Requirement (NR) 0 0 0 4 0 19
Planned Order Receipts (POR) 0 3 0 8 0 19

Validation of each consumer's inventory status is shown in Table 3, Table 4, and
Table 5. The table results show that the model developed is valid when viewed from an
inventory status perspective. The status of Planned Order Receipts / POR for each
consumer is matched with the route formed in Fig. 1 to Fig. 3. In Table 3, the POR status
of N; consumer is in the 3rd and 5th periods while in the results in sub-chapter 3.1, N;
consumers are considered to be included in the visit route on the third and fifth days, as
seen in Fig. 2 and Fig. 3. N3 consumer based on their POR status were visited once, which
is on the fifth day of the period that is by the results in Fig. 3. While Ng were visited three
times. The results of the DRP prove that the model developed is valid when viewed from
the inventory status.

3.3 Sensitivity Analysis

The developed model's sensitivity test results by making changes to vehicle
capacity can be seen in Table 6. The effect analysis by changing the vehicle capacity
variable was carried out because this periodic flexible study's initial objective was to
optimize vehicle capacity. Therefore, the effect of changes in vehicle capacity should not
be too large on total costs.

Based on the results of the sensitivity analysis in Table 6, it can be seen that the
effect of vehicle capacity on total costs is not significant. It is because the flexible method
has optimized the use of vehicle capacity. Thus, changes in vehicle capacity only affect the
number of visiting routes. In Table 6, it is known that there was a change in total costs at
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the beginning. Changes in total costs occur as the number of routes decreases.
Furthermore, after the number of routes is not decreased, it can be seen that the total cost
tends to remain unchanged.

Table 6. The results of the sensitivity analysis of changes in vehicle capacity

Vehicle Capacity (Q) TOtilhco(ﬁ;;ggf) m Number route
20 10060.75 9
30 8713.75 6
40 7952.75 5
50 7760.75 5
60 7298.25 4
70 7282.5 4
80 7277.75 4
90 7217.5 4
100 7217.5 4
115 7004.25 3
125 6804.25 3
150 6804.25 3
300 6804.25 3
600 6804.25 3

4. Conclusion

The developed MILP model has succeeded in achieving the expected goals. Based
on the model trial, it was found that each consumer was not visited every day but was
periodically and flexible. From the research results, it was found that there were
consumers who were only visited once (N;) and (N3). Some consumers were visited twice
(N1, N4, N5, Ng, N-), and some were visited three times (N, and Ng). The flexibility of visiting
days that depends on the consumer's inventory status has also been validated by looking
at the POR status on the DRP in each consumer. The sensitivity analysis test on the model
also shows that vehicle capacity changes result in total costs and the number of routes
formed. The bigger the vehicle capacity, the minimum total cost that is generated.

This research still has several possible developments that can be done, for example,
by developing heuristic solutions to facilitate more consumer nodes and demand from
consumers that can be varied by using several distribution patterns to get closer to the
actual conditions in real life.
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