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Abstract

The transportation of goods and services is a strategic issue in logistics systems, particularly
in the palm oil industry. One of the main challenges of distribution optimization is the
Split Delivery Vehicle Routing Problem (SDVRP), which involves determining the optimal
distribution route considering vehicle capacity constraints. This study aims to identify the
shortest distribution route for the transportation of fresh oil palm fruit bunches from collection
points to palm oil mills, with the objective of minimizing the total vehicle mileage. A heuristic
approach using the Saving Matrix method and a metaheuristic approach using Genetic
Algorithm are applied separately to two regions: Block P and Block Q, each consisting of
14 collection points with a daily distribution schedule. The performance of both approaches
is analyzed and compared in the context of region-based distribution.The results show that
the total distance traveled against the Saving Matrix produces a more optimal solution
than the Genetic Algorithm, resulting in 3845.2 km in Block P and 4093 km in Block Q. In
comparison, the total distance traveled against the Genetic Algorithm reaches 4146 km in
Block P and 4247.2 km in Block Q. These findings show that the Saving Matrix performs
better than the Genetic Algorithm in completing the SDVRP distribution of fresh oil palm
fruit bunches considering vehicle capacity and can be used as a basis for developing a more
efficient distribution system using heuristic and metaheuristic approaches.
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1 Introduction

Effective transportation and distribution management is crucial for companies to ensure the
timely delivery of products to consumers. The process of distributing goods from the point of
origin to various destinations is a complex challenge, particularly when distribution routes are
not optimally planned. Inefficient distribution planning can lead to increased shipping costs,
wasted time, and reduced service quality. In the context of agricultural product distribution, such
as fresh oil palm fruit bunches (FFBs), determining efficient transportation routes is especially
important. Deliveries of FFBs to processing mills must be completed within a short time frame to
maintain product quality. This challenge is further complicated by the fact that many plantations
do not have their own processing mills, leading to delays in the transportation process. FFBs are
typically transported using dump trucks with a maximum capacity of 10 ton. The transportation
area in this study consists of two regions, Block P and Block Q, each with 14 collection points.
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Production at each collection point is assumed to be deterministic and occurs from Monday
through Saturday. This study does not consider dynamic factors such as changes in production
volume, road conditions, traffic, driver availability, vehicle types, service hours, or time windows.
Nevertheless, the transportation of goods remains a critical and widely discussed issue in modern
logistics. Efficient transportation and distribution systems are essential for ensuring product
availability and customer satisfaction [1].

One of the most extensively studied topics in transportation and distribution management
is the Vehicle Routing Problem (VRP). VRP is a combinatorial optimization model used to
determine optimal vehicle routes from a central depot to a number of customers, subject to various
constraints such as vehicle capacity [2], [3], [4]. The distribution of palm oil is a practical example
of VRP implementation, involving multiple collection and delivery points. Route optimization in
VRP plays a vital role in reducing logistics costs and maintaining product quality upon delivery.
Due to its relevance in real-world logistics applications, VRP has attracted considerable attention
from both researchers and practitioners. However, VRP is a complex computational problem
that is difficult to solve optimally within a reasonable computation time [5], [6]. Consequently,
numerous heuristic and metaheuristic approaches have been developed to efficiently solve VRP.
These approaches aim to optimize a set of routes, all starting and ending at a central depot,
while ensuring that all customer demands are met [7], [8], [9].

One specific type of VRP is the Split Delivery Vehicle Routing Problem (SDVRP), which
considers vehicle capacity limitations [10], [11], [12]. SDVRP involves determining the optimal
delivery routes from a central depot to multiple customers using vehicles with fixed capacities
and customers can be served by multiple vehicle [8], [13], [14], [15]. It is a fundamental extension
of the VRP and has various real-world applications, including smart logistics, pharmaceutical
distribution, and disaster management [16]. The main objective of CVRP is to minimize the
total distance traveled by vehicles while serving all customers within their capacity constraints.

The complexity of distributing products from a source to multiple destinations often results
in high transportation costs. Poorly designed distribution systems can further increase these
costs and lower customer satisfaction, ultimately eroding trust in the service provider. To address
these issues, various heuristic methods have been applied to solve CVRP, including the Saving
Matrix, Nearest Neighbor, and Sequential Insertion methods. These heuristics are known for
their simplicity and ability to combine customers into efficient routes while considering vehicle
capacity. Among them, the Saving Matrix is known for its computational speed but tends to
yield more local (less optimal) solutions.

Fitriani [17] demonstrated that CVRP can be solved using the Saving Matrix, Nearest
Neighbor, and Sequential Insertion methods. While the Saving Matrix is fast, it often produces
less optimal solutions than the other two. Yuliza [18] applied the Saving Matrix as an initial
solution, followed by optimization using the Nearest Neighbor method for waste transportation
routing. The Nearest Neighbor approach selects the closest customer at each step, resulting in
fast computation but also more localized solutions.

To enhance the performance of the Saving Matrix method, metaheuristic approaches such as
the Genetic Algorithm (GA) can be employed for solving CVRP [19]. GA is a population-based
global search technique inspired by the process of biological evolution, utilizing operations such as
selection, crossover, and mutation [20], [21]. GA can explore the solution space more thoroughly,
offering better optimization and reducing computation time compared to traditional heuristic
methods. In the case of oil palm FFB distribution, the Saving Matrix can help reduce costs by
grouping multiple collection points, while the GA can identify more optimal routes through a
broader exploration of potential solutions. The purpose of this study is to solve the SDVRP for
fresh oil palm fruit bunch distribution using both the Saving Matrix and GA approaches in order
to minimize total travel distance. Additionally, the study aims to compare the total distances
generated by each algorithm independently, to determine which method yields the most efficient
routing solution.
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2 Methods

The purpose of this study is to solve the SDVRP on the distribution route of fresh oil palm
fruit bunches with the Saving Matrix and GA. Section 2.1 describes the mathematical model
of SDVRP with its variables and parameters. Section 2.2 describes the saving matrix on the
distribution of oil palm fruit bunches and section 2.3 describes GA on the distribution of oil
palm fruit bunches. The overall steps of this research are illustrated in Fig. 1.

/ Palm oil production data and distance

between collection points
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| |
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Figure 1: Research flow

2.1 Split Delivery Vehicle Routing Problem

SDVRP can be formally described as problem involving a set of nodes and a fleet of vehicles.
It is modeled as a complete directed graph, where G = (V, E) consists of a set of nodes
V =1{0,1,2,3,...,n} as the set of vertices and a set of arcs E = {(i,5) | i,7 € V, i # j}. In
this context, node 0 represents a palm oil mill (factory), and the remaining nodes represent
the collection points. The SDVRP, as implemented in the FFB distribution problem, has the
following characteristics:

1) Each collection point is served by only one dump truck.

2) Each route begins and ends at the palm oil mill, and each collection point is visited only
once.

3) The total amount of FFB collected on each route must not exceed the vehicle’s maximum
capacity, thereby forming feasible sub-routes.

The following are all the variables and parameters used in this study. Variables:
y;j : equals 1 if the vehicle travels from collection node i to j and equals 0 otherwise.
v; : the continuous non-negative auxiliary variable used to eliminate tours passing through the
collection node <.
v; : the continuous non-negative auxiliary variable used to eliminate tours passing through the
collection node j.

Parameter:
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i,7 : index of collection node, where i,j € V'

qi :  average production at each collection node %

Q . vehicle capacity

di; : distance between collection nodes ¢ and j

N : maximum number of visits to a collection node

Mathematically, the SDVRP model is as follows :

minz Z dij yij (1)

i€V jev
subject to
> iy =0, jeV\{0} (2)
=
>y =y 6j€V\{0} (3)
jev i€V
DD Ui <N (4)
jeviev
v —v; < Q1 —yy) —q;, Vi, jeV,i#]j (5)
¢ <v; <Q, VieV (6)
Yij S {O, 1}, ’i,j eV (7)

Objective function (1) aims to minimize the total distance traveled by the vehicles. Constraints
(2) ensures that the vehicle starts from its factory and terminates its route at the same factory.
Constraints (3) ensures that each vehicle starts from the depot and ends its route at the depot.
Constraint (4) ensures that each collection node can receive up to V vehicle visits to fulfill palm
oil production. Constraint (5) ensures that the number of vehicles departing from the palm oil
mill is equal to the number returning to it. Constraint (6) represents the capacity constraint,
ensuring that the total amount of palm oil collected on each route does not exceed the vehicle’s
capacity. Constraint (7) enforces the integer condition. SDVRP on FFB distribution of oil palm
fresh fruit bunches is only for reference and FFB distribution of oil palm fresh fruit bunches is
solved using heuristic and metaheristic approaches. SDVRP is presented for reference purposes
and is not used to solve this case. The proposed heuristic and metaheuristic approaches ensure
actual solutions through their constructive mechanisms.

2.2 Saving Matrix

The Saving Matrix addresses the transportation problem by minimizing the total distance of
palm oil distribution routes. It does so by merging several delivery routes, taking into account
the capacity limitations of the vehicles used. The Saving Matrix is a heuristic approach designed
to determine optimal distribution routes, aiming to deliver products on time while minimizing
travel distances and transportation costs, all within the constraints of the problem [17], [18], [22],
[23]. The following is the Saving Matrix procedure used to solve the SDVRP in the context of
palm oil distribution:

The steps for saving the matrix are as follows:

1. Identify the distance matrix.

2. Calculate the saving matrix using the formula

Sij = dfi + dfy — dij (8)
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where :
sij  : the savings distance between collection node ¢ to collection node j
dy; : the distance between node 0 (factory) to collection node ¢
df; : the distance between node 0 (factory) to collection node j

3. Allocate fresh fruit bunches to a route by ordering them from the highest to the lowest
savings value.

4. Combine routes, taking into account vehicle capacity.

5. Sort the collection points into predefined route and selecting the route with the minimum
distance.

The steps of the Saving Matrix procedure are illustrated in Fig. 2. The corresponding
pseudocode is provided in Algorithm 1.

Algorithm 1 Saving Matrix
1: Start
palm oil production data and distance 2: Calculate SaVingS Sij
Pemecnsolichaon g 3: Sort the values of s;; from largest to small-
v est
distance matrix 4: Form an initial route based on the highest
savings
‘ Construct the Saving I . &
i 5: while not all customers are served do
Combining routes with vehicle 6: Parental SeleCtlon
capacity limitations 7 Combine routes as long as vehicle capac-
- ajm_ge ity is not exceeded
s: end while
L —" 9: if optimum is achieved then
e 10: Display final solution

11: end if

Figure 2: Flowchart of Saving Matrix 12: Stop

2.3 Genetic Algorithm

The Genetic Algorithm (GA) is an approach used to search for optimal solutions to complex
optimization problems [24], [25], [26]. GA explore various possible vehicle routes simultaneously,
and through the processes of selection, crossover, and mutation, they are capable of identifying
the most efficient route combinations.

The process begins by initializing a number of individuals, referred to as a population. Each
individual is a collection of genes, known as a chromosome, which represents a potential solution
with an associated fitness value. The population is generated randomly using the following
formula:

pop = random(ny, N) (9)

where pop represents the population, nj represents the number of genes on one chromosome and
N represents the number of chromosomes in one population.

Fitness is a measure of an individual’s performance in terms of survival, used to assess the
suitability of a chromosome for retention or elimination. Individuals with higher fitness values are
more likely to survive and be selected for reproduction, while those with lower fitness are more
likely to be discarded.A chromosome represents a set of routes R, which indicate the sequence of
fresh oil palm fruit bunch collection points served by a vehicle. The fitness value of a chromosome
and the penalty for infeasible chromosomes can be calculated based on the following criteria.

1

Dtotal(R) (10)

fitness value =
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where Diotq1(R) represents the total distance of each chromosome. The GA workflow is shown in
Fig. 3.

Selection is the process of choosing individuals for crossover and mutation. Individuals with
higher fitness values are more likely to be selected, resulting in higher-quality offspring. In this
study, the selection method is based on random number generation. A chromosome may be
selected more than once. The selected chromosomes form the parental population according to
their fitness values. The steps involved in the random number selection process are as follows:

o Calculate the relative fitness values (pg)
of each chromosome using the following
Initialize GA parameters formula:
J, fitness value(s
pe = Dy

~ total fitness value

Population initialization

Loop untill termination criteria
is reached

o Calculate the cumulative fitness value (gx)
from all individuals or chromosomes using
Q= qk—1 + Dk (12)

o Generate random numbers in [0,1] accord-

be solved. The k th chromosome will be

selected as a surviving chromosome based

Q-1 < 7Tk < gk (13)

o Elitism copies the best chromosome (or

lation so that it can quickly improve the

performance of Genetics, because it pre-

the formula:
ing to the population size of a problem to
on the following rules:

a few best chromosomes) to a new popu-
vents the loss of the best solutions found.

Figure 3: Flowchart of Genetic Algorithm

Crossover is a GA operator that generates new offspring by combining two parent chromosomes.
Not all chromosomes in the population undergo crossover; only those selected based on a
predetermined crossover probability participate in the process. This study uses an ordered
crossover technique, which begins by generating two random numbers. The genes located
between these two positions (sub strings) are copied directly to the offspring in the same positions
from each parent chromosome.

Next, to obtain the first offspring, the genes located after the second random number in the
parent chromosome are sorted, followed by the genes located between the two random numbers,
and then the genes before the first random number. This sorted sequence is compared with the
first offspring, and any gene already present in the offspring is omitted. The resulting sequence
is then inserted into the offspring at the positions before the first random number.

Mutation acts as an operator to recover potentially lost optimal solutions due to crossover
and helps prevent the algorithm from getting trapped in local optimal. The purpose of mutation
is to generate new chromosomes with improved fitness values by modifying one or more genes of
selected parents. Multiple chromosomes undergo mutation based on a predetermined mutation
probability. The mutation technique used in this study is insertion mutation, which begins by
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selecting two random positions; the gene at the first position is then inserted into the second
position. The Genetic Algorithm for determining palm oil distribution routes is implemented
using Python. The pseudo code of the proposed Genetic Algorithm is given in Algorithm 2.

Algorithm 2 Genetic Algorithm

Start
Parameter initialization
Evaluate each individual’s fitness
while maximum generation not reached do
Parental selection
Crossover
Mutation
Evaluate the new population
end while
if optimum is achieved then
Display final solution
. end if
: Stop

—_ e e

3 Results and Discussion

The oil palm harvest collection area is divided into two blocks, each consisting of 14 collection
points. The first block, Block P, includes collection points such as P1 (variable P1), P2, P3,
...P14. This can be represented as Blok P = {P1, P2, P3, ..., P14}. The second block, Block
Q, consists of collection points Q1, Q2, Q3, ...Q14, or Blok Q = {Q1, Q2, Q3, ..., Q14}. The
palm oil mill is denoted by F. The transportation of fresh oil palm fruit bunches occurs from
Monday to Saturday.

The production data for fresh oil palm fruit bunches represent the daily yields at each
collection point within each block. The average daily production for Block P and Block Q is
presented in Table 1 and Table 2, respectively.

Remaining load data for Monday in Block P and for Monday in Block @Q, which shows the
number of trips that must be made taking into account vehicle capacity and remaining load or
load that cannot be carried. Table 3 and Table 4 are obtained from the average daily palm oil
production data for Block P and Block Q on Monday.

Table 1: Average daily production of fresh oil palm fruit bunches in Block P

Area Average Production per Day (ton)

Monday Tuesday Wednesday Thursday Friday Saturday
P1 32.79 39.10 119.17 138.21 119.85 82.66
P2 87.61 69.65 146.48 149.10 223.10 98.31
P3 99.34 39.88 41.87 129.68 144.01 221.90
P4 75.53 35.88 23.00 28.13 55.79 119.46
P5 80.34 67.11 16.52 12.06 41.86 80.74
P6 100.81 141.73 73.89 28.63 47.27 72.11
pP7 69.88 133.05 115.80 93.33 22.35 33.44
P8 70.45 80.05 69.58 104.06 43.04 37.37
P9 30.28 23.44 53.82 54.86 76.32 31.11
P10 15.28 16.87 42.59 33.96 40.67 21.53
P11 11.3 19.30 34.21 20.44 51.02 19.16
P12 15.29 20.95 37.20 22.50 54.54 15.95
P13 39.11 32.77 49.64 31.29 65.21 17.05
P14 12 7.47 6.32 9.22 7.61 9.27
Total 740.01 727.25 830.09 855.47  992.64 860.06
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Table 2: Average daily production of fresh oil palm fruit bunches in Block Q

Area Average Production per Day (ton)

Monday Tuesday Wednesday Thursday Friday Saturday
Q1 67.20 119.16 78.98 102.93 101.53 56.13
Q2 107.11 204.65 118.17 168.03 96.59 62.26
Q3 91.37 197.36 147.74 103.16 57.10 145.05
Q4 112.83 100.53 132.13 117.27 115.31 169.41
Q5 53.82 93.33 121.40 109.68 182.33 154.95
Q6 46.21 137.53 116.86 156.41 100.41 31.90
Q7 83.13 162.43 109.08 128.01 22.62 43.58
Q8 207.56 112.11 88.24 83.38 32.05 69.04
Q9 142.57 71.31 61.89 45.90 96.53 121.48
Q10 76.10 54.61 44.20 73.09 106.46 151.70
Q11 38.14 49.08 47.76 94.35 83.91 128.24
Q12 34.08 37.21 76.01 121.34 84.81 49.70
Q13 5.08 60.94 41.81 83.86 68.48 72.79
Q14 6.75 13.26 3.86 11.30 6.01 12.50
Total  1071.95 1413.51 1109.15 1398.71 1154.14 1268.73

Table 3: Remaining load of Block P on Monday

Fresh Fruit Number Remaining

Area  Bunch Production of Trins Cargo
(ton) p (ton)

P1 32.79 3 2.79
P2 87.61 8 7.61
P3 99.34 9 9.34
P4 75.53 7 5.53
P5 80.34 8 0.34
P6 100.81 10 0.81
p7 69.88 6 9.88
P8 70.45 7 0.45
P9 30.28 3 0.28
P10 15.28 1 5.28
P11 11.30 1 1.30
P12 15.29 1 5.29
P13 39.11 3 9.11
P14 12.00 1 2.00

Table 4: Remaining load of Block Q on Monday

Fresh Fruit Number Remaining

Area  Bunch Production of Trins Cargo
(ton) P (ton)

Q1 67.20 6 7.20
Q2 107.11 10 7.11
Q3 91.37 9 1.37
Q4 112.83 11 2.83
Q5 53.82 5 3.82
Q6 46.21 4 6.21
Q7 83.13 8 3.13
Q8 207.56 20 7.56
Q9 142.57 14 2.57
Q10 76.10 7 6.10
Q11 38.14 3 8.14
Q12 34.08 3 4.08
Q13 5.08 - 5.08
Q14 6.75 - 6.75

Several trips were made and there was remaining cargo or cargo that could not be transported.
The number of trips is determined based on palm oil production. It is assumed that the palm
oil distribution route is determined by the residual load so that the palm oil harvesting place is
only visited once without any residual load. Data on the distances between the palm oil mill and
each collection point, as well as between the collection points themselves, were obtained from
Google Maps. Table 5 and Table 6 present the distances for block P and block Q, respectively,
in kilometers.

The initial delivery routes for fresh oil palm fruit bunches in blocks P and Q each consisted
of 14 routes. The total initial distances for Blocks P and Q were 1045.8 km and 1053.6 km,
respectively.
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Table 5: Distance matrix for Block P

F P1 P2 P3 P4 P5 P6 P7 PS8 P9 P10 P11 P12 P13 P14
F 0 388 385 382 3r5 3r2 371 37 359 367 368 369 372 375 376
P1 38.8 0 0.9 2 2.5 3.1 3.7 45 5.2 5.6 6 6.3 6.5 6.8 7.1
P2 385 0.9 0 1 1.6 24 27 35 4.2 4.7 5.1 5.3 5.5 5.8 6.1
P3 38.2 2 1 0 0.6 1.4 1.7 25 32 3.7 4.1 4.3 4.5 4.8 5.1
P4 375 25 1.6 0.6 0 0.5 1.2 2 2.7 3.2 3.5 3.8 4 4.3 4.6
P5 372 3.1 2.4 1.4 0.5 0 07 15 2.1 2.6 3 3.2 3.5 3.8 4.1
P6 371 3.7 2.7 1.7 1.2 0.7 0 0.8 1.4 1.9 2.3 2.5 2.8 3.1 3.4
P7 37 4.5 3.5 2.5 2 1.5 0.8 0 0.7 1.2 1.5 1.8 2 2.3 2.6
P8 359 5.2 4.2 3.2 2.7 2.1 14 0.7 0 0.5 0.9 1.1 1.3 1.6 1.9
P9 36.7 5.6 4.7 3.7 3.2 2.6 1.9 1.2 05 0 0.4 0.6 0.9 1.1 1.4
P10 36.8 6 5.1 4.1 3.5 3 23 15 0.9 0.4 0 0.2 0.5 0.8 1.1
P11 369 6.3 5.3 4.3 3.8 3.2 25 1.8 1.1 0.6 0.2 0 0.2 0.5 0.8
P12 372 6.5 5.5 4.5 4 3.5 2.8 2 1.3 0.9 0.5 0.2 0 0.3 0.6
P13 375 6.8 5.8 4.8 4.3 3.8 3.1 23 1.6 1.1 0.8 0.5 0.3 0 0.3
P14 376 7.1 6.1 5.1 4.6 4.1 34 26 1.9 1.4 1.1 0.8 0.6 0.3 0

Table 6: Distance matrix for Block Q

F QI Q2 Q3 Q4 Q Q6 Q7 Q8 Q9 Q0 Qll Q12 QI3 Ql4
F 0 386 384 382 38 377 374 3r1 368 37 372 374 376 378 376
Q1 38.6 0 0.9 2 3 4 5 5.9 6.7 76 83 9 9.7 103 10.6
Q2 384 0.9 0 1 21 3.1 4.1 5 58 6.7 7.5 8.2 8.8 9.4 9.7
Q3 38.2 2 1 0 1.1 2.1 3 3.9 48 56 64 7.1 7.8 8.4 8.7
Q4 38 3 2.1 1.1 0 1 2 3 3.8 46 54 6.1 6.7 7.3 7.6
Q5 37.7 4 3.1 2.1 1 0 1 1.9 2.7 35 44 5.1 5.7 6.3 6.7
Q6 374 5 4.1 3 2 1 0 0.9 1.8 26 34 4.1 4.7 5.3 5.7
Q7 371 5.9 5 3.9 3 1.9 0.9 0 08 1.7 25 3.2 3.8 4.4 4.7
Q8 36.8 6.7 5.8 48 3.8 2.7 1.8 0.8 0 0.8 1.6 2.3 3 3.5 3.9
Q9 37 7.6 6.7 56 4.6 3.5 2.6 1.7 0.8 0 0.8 1.5 2.1 2.7 3.1
Q10 372 83 7.5 6.4 54 44 3.4 2.5 1.6 0.8 0 0.7 1.4 2 2.3
Q11 374 9 8.2 7.1 6.1 5.1 4.1 3.2 2.3 1.5 0.7 0 0.6 1.2 1.6
Q12 376 9.7 8.8 78 6.7 5.7 4.7 3.8 3 2.1 1.4 0.6 0 0.6 0.9
Q13 378 103 94 84 73 6.3 5.3 4.4 3.5 2.7 2 1.2 0.6 0 0.3
Q14 376 10.6 9.7 8.7 76 6.7 5.7 4.7 39 31 23 1.6 0.9 0.3 0

3.1 Vehicle Route Determination Using the Savings Matrix

The Savings Matrix calculations for each route, obtained using formula Eq. 8, are presented in
Table 7, in kilometers.

Table 7: Saving matrix for Block P

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 Pl4
P1 0
P2 76.4 0
P3 75 75.7 0
P4 73.8 744 751 0
P5 729 733 T4 742 0
P6 722 729 736 734 736 0
pP7 713 72 727 725 727 733 0
P8 69.5 702 709 70.7 71 716 722 0
P9 699 705 712 71 713 719 725 721 0
P10 696 702 709 70.8 71 716 723 71.8 73.1 0
P11 694 70.1 708 70.6 70.9 715 721 717 73 735 0
P12 695 70.2 709 70.7 709 715 722 718 73 735 739 0
P13 695 702 709 70.7 709 715 722 71.8 731 735 739 744 0
P14 693 70 707 705 70.7 713 72 71.6 729 733 737 742 748 0

The routes are sorted by ordering the savings values from the largest to the smallest. Based
on Table 7 the largest savings value occurred in the P1-P2 route which was 76.4 km and the
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smallest savings value occurred in the P1-P14 route which was 69.3 km. Based on Table 3, the
remaining load table on Monday is used to combine routes from the highest savings value to
the lowest savings value. If the remaining load does not exceed the vehicle capacity, the routes
proceed to the next highest savings value and can be combined into one route.

The combined route ranking for Monday in Block P is then adjusted by considering vehicle
capacity, as shown in Table 8.

Table 8: Vehicle routes on Monday in Block P based on the Saving Matrix

Route Destination (km) Combined Load (ton)
Route 1 F-P11-P12-P14-F 75.3 8.59
Route 2 F-P1-P4-P5-P6-F 79.6 9.47
Route 3~ F-P8-P9-P10-F 73.6 6.01
Route 4 F-P2-F T 7.61
Route 5 F-P3-F 76.4 9.34
Route 6 F-P7-F 74 9.88
Route 7 F-P13-F 75 9.11

Furthermore, the arrangement of collection points along a predetermined route aims to
minimize the total vehicle distance traveled. Organizing the sequence of visits within a route
helps determine the first, intermediate, and final stops, taking into account the shortest possible
distance. The same data processing is performed for Tuesday through Saturday. Total distance
traveled, number of routes and average remaining load in blocks P and Q against the saving
matrix per day as in Table 9 and Table 10.

Table 9: Savings matrix results in Block P for Table 10: Savings matrix results in Block Q
each day for each day
. Average . Average
Mileage Numbe . Mileage  Number .
Days (lem) of Routes Remaining Days (km) of Routes Remaining
Load (ton) Load (ton)
Monday 530.9 7 8.57 Monday 681.5 9 7.99
Tuesday 680 9 8.58 Tuesday 610.4 8 7.94
Wednesday 749.1 10 8.01 Wednesday 755.9 10 7.81
Thursday 679.1 9 8.39 Thursday 682 9 7.63
Friday 529.5 7 8.95 Friday 681.2 9 7.12
Saturday 676.6 9 7.78 Saturday 682 9 7.62
Total 3845.2 50.26 Total 4093 50.26

3.2 Vehicle Route Determination Using the Genetic Algorithm

The distribution routes for palm oil harvest collection points were determined using GA imple-
mented with Python. The Genetic Algorithm formulation incorporates data on the distances
between the palm oil mill and each collection point, as well as distances between the collection
points themselves. The parameters used in this study are as in Table 11. The stability results of
the average distance and average time on Block P and Block Q using GA are as in Table 12.

Table 11: Parameters in Genetic Algorithm Table 12: Comparison of distance and time sta-
Notation Parameter Value bility in Block P and Block Q on Monday

Q Vehicle Capacity 10 Block P Block Q
Ny Population Size 93.68 Average Distance 530.52 535.63
P, Crossover Probability 0.8 Standard Deviation of Distance 0.49 0.47
P, Mutation Probability 0.01 Best 529.6 535
MaxIter Maximum Iterations 100 Worst 532.2 537.4
e Elitism Rate 2 Average Time 0.059 0.051
Nirial Number of Independent Trials 30 Standard Deviation of Time 0.014 0.004
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The average distance, standard deviation, best/worst, and average time are used to assess
the stability and permissibility of the GA. A small standard deviation means the results do not

spread far

from the average distance, so the GA is stable (results are consistent). Summary of

convergence to the average total distance traveled and average processing time of the Savings
Matrix and GA on Monday as in Table 13

Table 13: Summary of convergence between Genetic Algorithm and Saving Matrix on Monday

Block P Block Q
Saving Matrix GA Saving Matrix GA
Average Distance (km) 530.6 530.5 535.4 535.64
Average Time (s) 0.000989 0.000977 0.059154 0.050621

The results of the combined routes for Monday in Block P, based on the GA, are presented

in Table 14.
Table 14: Vehicle routes on Monday in Block P Table 15: Daily performance results of the
based on Genetic Algorithm Genetic Algorithm for Block P
Destination Combined . Number Aver.a &¢
Route Load Mileage Remaining
(km) Days of
(ton) (km) Load
Routes (ton)
Route 1 F-P5-P4-P1-F 79 8.66
Route 2 F-P2-F 77 7.61 Monday 604.9 8 7.5
Route 3 F-P3-F 76.4 9.34 Tuesday 680.6 9 8.58
Route 4 F-P6-F 74.2 0.81 Wednesday 749.5 10 8.01
Route 5 F-P7-F 74 9.88 Thursday 754.2 8 7.55
Route 6 F-P9-P10-F 73.9 5.56 Friday 603.9 8 7.82
Route 7 F-P13-F 75 9.11 Saturday 752.9 10 7.78
Route 8 F-P14-P12-P11-P8-F 75.4 9.04 Total 4146 46.47

Distance traveled, number of routes and average remaining load in Blocks P and Q) against
GA every day as in Table 15 and Table 16.

Table 16: Daily performance results of the Genetic Algorithm for Block Q

Days Mileage (km) Number of Routes Average Remaining Load (ton)
Monday 756.9 10 7.2

Tuesday 685.2 9 7.05

Wednesday 755.9 10 7.81

Thursday 684.5 9 7.53

Friday 682.2 9 7.13

Saturday 682.9 9 7.64

Total 4247.2 44.36

Comparison of initial travel distance and travel distance per block with Saving Matrix and
GA as in Table 17.

Table 17: Comparison of the initial and mileage for each block

Initial Mileage Mileage on Block P Mileage on Block Q
Days Block P Block Q  Saving Matrix =~ GA  Saving Matrix GA
Monday 1045.8 1053.6 530.6 604.9 681.5 752.9
Tuesday 1045.8 1053.6 680.0 680.6 610.4 685.2
Wednesday  1045.8 1053.6 749.1 749.5 755.9 755.9
Thursday 1045.8 1053.6 679.1 745.2 682.0 684.5
Friday 1045.8 1053.6 529.5 603.9 681.2 682.2
Saturday 1045.8 1053.6 676.6 752.9 682.0 682.5
Total 3845.2 4146 4093 4247.2
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Table 18: Comparison of mileage efficiency percentage per block
Mileage Efficiency Percentage on Block P (%) Mileage Efficiency Percentage on Block Q (%)

Days Saving Matrix GA Saving Matrix GA

Monday 49.23 42.16 35.32 28.16
Tuesday 34.97 34.92 42.06 34.96
Wednesday 28.37 28.33 28.25 28.25
Thursday 35.06 27.88 35.27 35.03
Friday 49.37 42.25 35.34 35.25
Saturday 35.30 28.00 35.27 35.22
Total 38.72 33.92 35.25 32.81

Comparison of the percentage of efficiency of distance traveled per block with Savings Matrix
and GA as in Table 18. Based on the calculation results, it shows that the total distance traveled
against the saving matrix produces a more optimal solution than GA, resulting in 3845.2 km in
Block P and 4093 km in Block Q. In comparison, the total distance traveled against GA reached
4146 km in Block P and 4247.2 km in Block Q. In addition, the percentage of total distance
traveled using the Saving Matrix in Blocks P and Q is better than that achieved using GA. The
total percentage of distance savings with the Saving Matrix is 38.72% for Block P and 35.25%
for Block Q, compared to using GA which is 33.92% for Block P and 32.81% for Block Q. The
largest percentage of distance savings with the Savings Matrix and GA occurred in Block P
and Block. These results indicate that the Saving Matrix produces a more optimal solution to
minimize the total distance traveled by vehicles in the distribution of fresh oil palm fruit bunches
compared to GA.

In completing the SDVRP distribution of oil palm fruit bunches, Saving Matrix relies solely
on savings value at each collection point, limited by vehicle capacity. The Savings Matrix is
practical because this enables cost savings by combining multiple collection points and producing
optimal solutions with respect to vehicle capacity and faster computing times. In contrast, GA
includes such parameters such as population size, maximum iterations, crossovers, and mutations,
which allow it to explore a wider range of solutions and generally provide better results. GA
tends to have longer computing times than the Savings Matrix. Furthermore, a simple hybrid
can be carried out, namely using the Savings Matrix results as an initial solution for GA as an
improvement. In addition, sensitivity analysis can be carried out to test how much influence
changes in GA parameters have on the results so that the results (for example: travel distance or
computing time) change in significance.

4 Conclusion

The solution of the SDVRP in palm oil distribution using a metaheuristic approach, namely
the Genetic Algorithm, and a heuristic approach, namely the Saving Matrix, produces optimal
vehicle routes. This study shows that the Saving Matrix performs better in solving SDVRP
on practical implications for the distribution of fresh oil palm fruit bunches and can serve as a
foundation for developing distribution systems using heuristic and metaheuristic approaches to a
variety of scenarios. Future research can be expanded by incorporating additional real-world
constraints such as dynamic demand changes, road conditions, traffic, driver availability, vehicle
types, service times, and time windows to better reflect practical logistics scenarios.
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