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Determination of Optimal Route for Distribution of Rice Food Assistance
in City X using the Cuckoo Search Algorithm
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ABSTRACT

As distribution requirements become more complex, various VRP variants have been developed to
address specific challenges. Among them, the Vehicle Routing Problem with Time Windows (VRPTW)
adds the constraint that each customer must be served within a predefined time frame, making the
routing process considerably more difficult. In this study, we propose a new approach that uses the
Cuckoo Search (CS), a metaheuristic algorithm based on Lévy flights. This combination of Lévy flights
and CS is designed to maximize exploration of optimal solutions while allowing dynamic route
variations. This study aims to evaluate the effectiveness of this approach in optimizing rice food
assistance distribution routes in City X. The exact method yielded a global optimum solution consisting
of four routes with a minimum total distance of 222 km, requiring 2 hours 36 minutes 27 seconds of
computation. In comparison, the cuckoo search algorithm also produced four routes, with a slightly
longer total distance of 244 km but a significantly shorter computation time of 1 minute 39 seconds.
This represents a difference of about 22 km (9.91%) from the exact solution, demonstrating that for
VRPTW, the cuckoo search algorithm can generate near-optimal results with minimal deviation and
substantially reduced computational effort.
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INTRODUCTION

Efficient distribution of goods is a crucial element of supply chain management, especially
in responding to customer demand for fast, low-cost delivery. Shipping route optimization has
been a major focus [1]. Optimization is an effort to achieve the best conditions or actions to
solve a decision problem with limited existing resources [2]. The vehicle routing problem (VRP)
emerged as one of the main problems in logistics research [3], where the goal of VRP is to
determine the optimal delivery route to meet the needs of customers in various locations
promptly [4][5].

As the complexity of distribution needs increases, various VRP variants have been
developed to address more specific challenges. One of them is the capacitated vehicle routing
problem (CVRP), which considers vehicle capacity to improve operational efficiency [5][6]. In
addition, the vehicle routing problem with time windows (VRPTW), as one of the variants of
CVRP, is also a challenge in itself, where VRPTW adds a limitation, each customer has a specific
time window, which means the vehicle must arrive at the customer's location within a certain
time frame [7].
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VRPTW is a crucial problem that directly impacts operational, economic, and
environmental efficiency. VRPTW is often encountered in scenarios such as freight forwarding,
garbage collection, and healthcare, where meeting service time limits is critical to maintaining
customer satisfaction and ensuring regulatory compliance. One example of a delivery scenario
in VRPTW is research by Widayani, et al. [8] on the problem of picking up and dropping laundry
in the laundry business, where each customer has a specific schedule for receiving or delivering
laundry cloth. In addition, in other scenarios such as waste collection, Buhrkal, et al. [9] studied
the optimization of waste-collection routes in urban areas under strict time constraints.

Research with VRPTW can also be developed and combined with other constraints, such as
that carried out by Kumar, et al. [10] where they solved VRPTW problems using a multi-
objective approach. In addition, there is also VRPTW research on the multi-depot case [11], and
VRPTW research to minimize the mileage [3].

In solving the VRPTW problem, various methods have been used, ranging from the
Adaptive Large Neighborhood Search (ALNS) method to solve the problem of garbage
collection in urban areas [9]. ALNS is a metaheuristic method that modifies the initial solution
using a destruction-and-repair mechanism. In addition, the Fitness Aggregated Genetic
Algorithm (FAGA), which is a combination of fitness in the Genetic Algorithm (GA), has also
been used to solve the multi-objective VRPTW problem [10]. Other metaheuristic methods,
such as the Ant Colony System (ACS), has also been applied to solve the VRPTW problem with
multi-depot cases [11]. The ACS is one variant of the Ant Colony Optimization (ACO) algorithm,
which is a metaheuristic algorithm inspired by the behavior of ant colonies in search of food
[11]. In addition, there is also a study that was conducted by Alzaqgebah, et al. [12] shows how
the modified artificial bee colony can outperform the original artificial bee colony in solving the
VRPTW problem.

In this study, we propose a new approach using Cuckoo Search (CS), a metaheuristic
algorithm based on Lévy flights, which is simpler and more structured than ALNS. This
combination of Lévy flights and CS is designed to maximize exploration of optimal solutions
while allowing dynamic route variations. This study aims to evaluate the effectiveness of this
approach in optimizing rice food assistance distribution routes in City X. It is hoped that the
results will contribute to creating a more efficient distribution system in terms of total travel
distance, as well as serving as an optimal model for solving VRPTW problems in areas with
similar needs.

METHOD

This study examines a variant of the VRP that focuses on the distribution of rice as a form
of food assistance. The rice food assistance program is one of the government's flagship
programs to help people experiencing food insecurity. The distribution of rice food assistance
that will be studied utilizes 4 vehicles with an average speed of 40 km/h, which will be delivered
to 20 points from the Bulog warehouse, where the distribution process is carried out for 11
working hours (07.00 WIB - 18.00 WIB) and fulfilled in a day (one-day service). Each point has
opening and closing service hours, so that the VRP problem in this study will be solved with the
VRP with Time Windows (VRPTW) approach.

VRP problems can be solved using exact algorithms and approximations. Exact algorithms
seek the best solution by thoroughly evaluating all possible solutions, while approximation
algorithms aim to find the optimal solution more quickly through estimating near-optimal
answers without exploring every option [13]. In this study, exact and approximation algorithms
will be used, with the exact algorithm used to assess the extent to which the approximation
algorithm's results differ from the optimal solution.
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Some of the main types of approximation algorithms are heuristic and metaheuristic.
Metaheuristics can be formally defined as iterative processes that guide basic heuristics by
intelligently integrating various concepts to explore and utilize the search space. Learning
strategies are applied to process information, enabling a more efficient search for optimal
solutions [14]. The problem of determining the route of delivering rice food aid in City X in this
study was solved using the metaheuristic method, namely the Cuckoo Search Algorithm (CSA)
equipped with Lévy flights to find new solutions.

Exact Method

The exact method explores all possible solutions to find an optimal solution. The exact
method is usually used when the problem solved is not too large; in the context of VRP, the
problem is not exceeding 150 nodes [15]. The exact method has limitations in dealing with
large-scale VRP problems. The computational complexity of this method increases
exponentially as the number of nodes increases, making it inefficient for problems with a large
number of nodes [16][17]. The exact method in this study will use Mixed Integer Linear
Programming (MILP) to get a solution of the VRPTW, which is adapted from Setiawan, et al.
[18], who models the problem of Heterogeneous Vehicle Routing Problem with Multi-Trips and
Multi-Products (HVRPMTMP). This study will only adapt part of the CVRP model and add it to
the VRPTW, with time windows for each customer. The following is a mathematical model of
VRPTW.

Sets:

N = Set of nodes (0, 1, 2, ..., N), where node 0 as a depot
A = Set of arcs ({(i, j): i,j EN and i #j})

k = Set of vehicles or routes (1, 2, ..., K)
Parameters:

Qi = Demand of node i

CAPx = Capacity of vehicle k

Dijj = Distance from customeri to j

ai = Earliest service start time at node i
bi = Latest service start time at node i
Wik = Arrival time of vehicle k at node i

Objective Function:

Min Z = Z%\io Zjl\ii+1, Zlf Dj * Xijk (D
Constraints:
YL Xo=1 V k=1,.,K (2)
YkaYik=1 Vi€EN (3)
Yo, i Xijk = y; ViENK=L2,.,K (4)
Yo, Xk =y; Vi€ENk=12,.,K (5)
YN, QY sCAP, V k=1,2,..,K (6)
YL x=1 Vk=1,2,.,K (7)
Wi+ +si-wj<= M*(1-xy Vi€EN,jEN,k=1,2,..,K (8)
aj<=wy<=b; V i€eN k=12, .,K 9)

Determination of Optimal Route .... ©2026, Eri Wirdianto, et al. 15



MOTIVECTION: Journal of Mechanical, Electrical and Industrial Engineering ISSN 2655 — 7215 [printed]

u-u+Nx <N-1 VieN,jeN k=12, .., K (10)
u(1)=0 (11)
v, €{0,1} VieNk=12,.,K (12)
xj €{0,1} ViEN,jENk=1,2,.,K (13)

Based on the mathematical model above, the search for the optimal solution is carried out
using Lingo 21.0 software, which employs the Branch-and-Bound algorithm. The results
obtained using the algorithm are the global optimum of a problem.

Cuckoo Search Algorithm
The cuckoo search algorithm is a metaheuristic method introduced by Yang and Deb in
2009, inspired by the obligate parasitic behavior in several species of cuckoos [19][20]. The
CSA algorithm is based on three simple rules or the following assumptions:
1. Each cuckoo bird lays only one egg and places it in a randomly selected nest.
2. The best eggs with high quality will survive or be passed on to the next generation.
3. The number of host nests is fixed. Therefore, the probability that the host identifies the
cuckoo egg is given by the probability that pa € [0,1]. If the host recognizes the egg, it
can throw it out or leave the nest and build a new one.

Basically, the CSA consists of three main components: selecting the best solution, exploiting
local random walks, and exploring using global randomization with a Lévy flights pattern. Lévy
flights are a pattern of motion used by many animals and insects to explore their environment,
involving a combination of straight paths and sharp changes of direction up to 90 degrees. Lévy
flights essentially provide a "random walk" in which the length of each step is drawn from a
Lévy distribution.

Lévy ~u=t-2, (1<A<3) (14)

To set the step size (random pattern) when generating a solution using the Lévy flights, the
user-determined o (alpha coefficient) is used as a controller. In most cases, a can be defined as
1. When the Lévy step is generated with a random number generator, the result is first
multiplied by a before being used to create a new solution. Cuckoo eggs produced based on the
new solution are equivalent to the process of creating a new solution for cuckoo flocks. Figure
1 shows a brief overview of the CSA with Lévy flights logic [19][21].

Cuckoo Search Algorithm
Objective function f(x), x= (x1, ..., xa) T
Initiate a random population of n host nests, xi (i=1, 2, ..., n)
While (t< Max generation) or (Stop criteria)
Get a cuckoo randomly using Lévy flight
Evaluate its quality or fitness F; of that cuckoo
If(Fi>F),
Replace j with that new solution;
Endif
A fraction (pa) of worse nests is abandoned and new ones are built;
Keep the best solutions (or nests with quality solutions);
Rank the solutions and find the current best
End while
Postprocess results and visualization
End

Figure 1. Cuckoo search algorithm logic
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The following is a description of each symbol used:

Xi = Position vector or solution to i in a population.
f(x) = The objective function evaluated at position x; used to assess the quality of the solution.
t = Index of iterations or generations in the algorithm process.
a = Scale parameter that controls step size in Lévy flights.
pa = Probability that the nest will be abandoned or replaced; reflects the level of exploration
of the algorithm.
n = The total number of nests or solutions in the population.
@ = Anoperator that indicates the multiplication of elements element-wise.
RESULT AND DISCUSSION

This research uses a case study of rice food assistance distribution in City X. The data used
such as distance matrix, demand, time windows for each customer, and travel time and service
time can be seen at the following link: https://docs.google.com/spreadsheets/d/
1ekCz50hrf8MEnIWHhLPTe8He8YOu_US3/edit?usp=sharing&ouid=1052124447107822263
18&rtpof=true&sd=true

Based on the data, this case study was solved using two methods: the exact method in Lingo
21.0 and the CSA in Python 3.0.

Exact Method Results

The exact method in this study found an optimal solution in 2 hours, 36 minutes, and 27
seconds, with a minimum total distance of 222 km, using 49 million iterations. Details on the
solution's status are shown in Figure 2.

Lingo 21.0.35 Solver Status [NE] X
Solver Status Yariables
Model Class: MILP Total 1952
MNonlinear: 0
State. Global Opt Integers 1848
Objective: 222 BreEn
Infeasibility: i Total 3313
Monlinear: 0
Iterations: 49372600
Monzeros
Extended Solver Status Total 14720
Solver Type: B-and-B et !
Best Obj: 222 Generator Memory Used (K]
Obj Bound: 222 el
Steps: 342838 Elapsed Runtime [hh:mm:ss)
R 0 02:36:27
Update Interval: 2 errupt 3 l Close J

Figure 2. Lingo 21.0 solver status for the exact method

The detailed routes provided by Lingo are shown in Figure 3, where Xijk is selected; index i
indicates the origin node, index j indicates the destination node, and index k indicates the
vehicle. Node 1 is the depot, and nodes 2-21 are the customers. Visualization of the optimal
routes obtained by the exact method can be seen in Figure 4.
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Global optimal solution found.

Objective value: 222.0000
Objective bound: 222.0000
Infeasibilities: ©.000000
Extended solver steps: 342838
Total solver iterations: 49372600
Elapsed runtime seconds: 9387.75

Variable Value Reduced Cost

1.0600000 8.000000
1.000000 8.000000
1.000000 8.000000
1.000000 11.00000
1.000000 9.000000
1.000000 9.000000
1.000000 7.000000
1.0600000 7.0060000
1.000000 10.00000
1.000000 11.00000
1.000000 10.00000
1.000000 13.00000
1.000000 8.000000
1.000000 7.000000
1.0600000 12.060000
1.000000 7.000000
1.000000 12.00000
1.000000 11.00000
1.000000 9.000000
1.000000 12.00000
1.000000 10.00000
1.000000 8.000000
1.000000 7.000000
1.000000 8.000000

Y Coordinate

-20 -15 -10 -5 0 5
X Coordinate

Figure 4. Visualization of the optimal route of the exact method

Cuckoo Search Algorithm Results

The metaheuristic CSA solved the problem within 1 minute 39 seconds and obtained a
minimum total distance of 244 km. The parameters used when running the algorithm are:
number of nests = 10, pa = 0.1, and iterations = 1000. The CSA parameters were selected based
on a combination of literature precedent [21] and preliminary trial runs. The detailed routes
generated by CSA using Python are shown in Figure 5.

Elapsed Time: 98.94s, Best Distance: 244

Best Solution:

vehicle 1 = [e, 7, 11, 12, 5, 20, 0]
Distance = 54

vehicle 2 = [0, 4, 8, 9, 15, 6, 8]
Distance = 55

vehicle 3 = [0, 2, 1, 19, 3, 13, 0]
Distance = 7@

vehicle 4 = [e, 16, 14, 18, 17, 10, @]
Distance = 65

Total Best Distance: 244
Total Computation Time: 98.9437 seconds

Figure 5. Cuckoo search algorithm results using Python 3.0
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Visualization of the optimal routes obtained by the exact method can be seen in Figure 6.

Y Coordinate

-20 -15 -10 -5 0
X Coordinate

w

Figure 6. Visualization of the optimal route of the cuckoo search algorithm

Comparison of Solution Results

The exact method, MILP, using the Lingo 21.0 software, and the metaheuristic method with
the CSA using Python 3.0 are compared based on the minimum total mileage and computational
time to assess the performance of the CSA to get a solution, based on how far the solution is
different from the optimal solution in the exact method. The following is a comparison of the
two methods, shown in Tables 1 and 2.

Table 1. Comparison of formed route solutions

Vehicle Exact Method Cuckoo Search Algorithm
1 Depot-12-5-15-9-8-Depot Depot-7-11-12-5-20-Depot
2 Depot-4-3-18-17-20-6-Depot Depot-4-8-9-15-6-Depot
3 Depot-2-16-14-13-10-Depot Depot-2-1-19-3-13-Depot
4 Depot-7-11-19-1-Depot Depot-16-14-18-17-10-Depot

Table 2. Mileage comparison

Vehicle Exact Method Cuckoo Search Algorithm Difference
1 58 54
2 59 55
3 59 70 9.91%
4 46 65
Total 222 244

Table 2 shows that the exact method provides an optimal solution with a minimum total
distance of 222 km and a computational time of 2 hours 36 minutes 27 seconds, while the CSA
produces a near-optimal solution with a minimum total distance of 244 km and a computational
time of 1 minute 39 seconds. The difference in total mileage generated is about 22 km (9.91%).
This difference shows that the CSA can provide a near-optimal solution 250 times faster than
the exact solution.
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CONCLUSION

This study has evaluated the effectiveness of the proposed approach in optimizing rice food
assistance distribution routes within City X, situating the problem within the broader context
of humanitarian logistics. Beyond identifying efficient routes for the case study, the research
also examined the capability of the cuckoo search algorithm to approximate global optimal
solutions for the VRPTW problem.

The exact method yielded a global optimum of four routes with a minimum total travel
distance of 222 km, requiring 2 hours 36 minutes 27 seconds of computation. In comparison,
the cuckoo search algorithm produced four routes with a total travel distance of 244 km in only
1 minute 39 seconds, reflecting a difference of 22 km (9.91%) from the global optimum. These
findings demonstrate that the cuckoo search algorithm can generate solutions that are
acceptably close to the global optimum while drastically reducing computational time,
underscoring its practical value for large-scale humanitarian logistics applications where
efficiency and timeliness are critical. Thus, the cuckoo search algorithm offers a promising
balance between solution quality and computational efficiency, making it a valuable tool for
humanitarian logistics routing problems where rapid decision-making is essential.
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