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ABSTRACT 

 

Food pickup and delivery is one of the services provided by online transportation platforms, where 

couriers collect food orders from restaurants and deliver them to customers. As the demand for this 

service continues to increase, a larger number of couriers is required to meet customer requests. 

To address this challenge, a double-order scheme is introduced, allowing a single courier to 

simultaneously handle two orders destined for nearby customers. In this study, the double-order 

scheme is employed to optimize food delivery routes with the objectives of minimizing operational 

costs while maintaining food quality within the specified delivery time windows. This optimization 

problem is formulated as the Pickup and Delivery Problem with Time Windows (PDPTW). The 

Grasshopper Optimization Algorithm (GOA), a metaheuristic optimization method inspired by the 

foraging behavior of grasshoppers, is used to solve the problem. GOA simulates how grasshoppers 

search for food and communicate food locations to one another through a chemical signal known 

as the 4-VA pheromone. The proposed method was evaluated using simulation data consisting of 

50 customer orders, 300 iterations, and a population of 10 grasshoppers. The results demonstrate 

that the proposed approach can reduce operational costs by up to 33.71% and decrease the 

number of active couriers by 50% compared with the conventional single-order delivery scheme. 

 

Keywords: double-order scheme, food pickup-delivery service, grasshopper optimization, route 
optimization.  

 

INTRODUCTION 

In the digital era, advances in information and communication technologies have significantly 
transformed various aspects of human life. One notable change is the evolution of food delivery 
services, now facilitated by online transportation platforms. These services provide urban 
communities with the convenience of enjoying their favorite meals without leaving their homes or 
offices, offering a practical solution for busy people. Kusumawardhani (2022), citing research by 
Google et al. (2021), found that individuals with fixed incomes frequently utilize these services to 
enhance productivity, explore the latest culinary trends, and engage in social activities. 

Food delivery services were already popular before the COVID-19 epidemic hit. People 
become more dependent on these platforms as a result of health regimen enforcement and 
limitations on outdoor activities. Demand was still strong even after the outbreak had passed. 
According to research by Google et al. (2024), the gross merchandise value of online transportation 
and food delivery services reached USD 9 billion in 2024, a 13% increase from the previous year. 
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With the convenience of digital payment methods, these services have become integral to 
contemporary life. 

Optimizing operations is crucial to keep up with the increased demand while keeping 
customers happy. With the new multi-order service model, a driver may now make many deliveries 
to different locations in a single journey. Burhan et al. (2021) examined this approach and 
suggested merging two ride-hailing services to handle two customers' requests simultaneously. 
This method cuts down on operating expenses and delivery times, but it also makes drivers more 
responsible for keeping food fresh and meeting delivery deadlines. 

A variation of the Vehicle Routing Problem (VRP), the Pickup and Delivery Problem with 
Time Windows (PDPTW) models the problems of the multi-order delivery system. Toth & Vigo 
(2002) state that VRP is an NP-Hard problem, meaning that the solution complexity grows 
exponentially with the size of the issue. The use of heuristic and metaheuristic procedures is hence 
justified as accurate methods are often unworkable. 

The Grasshopper Optimization Algorithm (GOA), Ant Colony Optimization (ACO), Firefly 
Algorithm (FA), and Particle Swarm Optimization (PSO) are among the metaheuristic approaches 
used to tackle VRP. As an offshoot of the Traveling Salesman Problem (TSP), VRP research 
started with Dantzig & Ramser (1959). The VRP with Simultaneous Pickup and Delivery was solved 
by Montané & Galvão (2006) using Tabu Search, and other variations of VRPPD were found by 
Parragh et al. (2008). To solve the VRPPD with Time Windows and incorporate customer 
satisfaction, Teng et al. (2021) used a Genetic Algorithm. A further topic covered by Burhan et al. 
(2021) was the use of platform-sharing programs by logistics companies. 

PDPTW is only one of several VRP issues for which GOA has shown promise in tackling 
using metaheuristics. Through social interaction, attraction to the optimal solution, and adaptive 
parameters, GOA continually updates the candidate solutions, which are modelled as grasshopper 
postures. These locations represent the order of routes that vehicles may take within the VRP 
framework. Minimizing travel time or distance while fulfilling restrictions like vehicle capacity and 
time limits is the goal of the updating process. In light of this, GOA provides a practical means of 
meeting the difficulties of multi-order delivery services. 

Previous studies by Boro & Kumar Behera (2021), Soto-Mendoza et al. (2020), and Naomi 
et al. (2022) have used GOA to VRP. The goal of this research is to find out how GOA can help 
with the time window issue of food pickup and delivery. The goal of this study is to increase the 
usefulness of GOA in addressing issues linked to VRP and to make food delivery services more 
operationally efficient.  

 
METHOD 

This study models the food pickup delivery problems as (PDPTW). The problem is based on 
a simulation dataset of fifty orders, each consisting of a merchant–customer pair, served within a 
specific time period. The data were obtained from Google Maps and are shown on the map in 
Figure 1. Since the data points represent real-world locations, the coordinates used are not 
Cartesian but geographic, involving latitude and longitude. 

Given fifty customer orders, the problem consists of 101 nodes, including one depot, fifty 
merchant (pickup) nodes, and fifty customer (delivery) nodes. Two service schemes are evaluated 
in this study. The single-order scheme assigns one pickup–delivery pair to each courier in a single 
trip; after completing the delivery, the courier proceeds to the next assigned order. The double-
order scheme allows one courier to serve two pickup–delivery pairs within a single route while 
satisfying vehicle capacity, pickup–delivery precedence, and time-window constraints. 

Both routing schemes are optimized using the Grasshopper Optimization Algorithm (GOA). 
The objective is to minimize the total operational cost. After optimization, the operational costs and 
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the number of operating vehicles obtained from both schemes are compared to determine the more 
efficient routing strategy. 

 

 
Figure 1. Distribution of Research Data Points on the Map (Lovani, 2024) 

 

In measuring distance between two points, this study applies the Haversine distance formula 
as shown in Equation (1). By taking the curvature of the Earth into consideration, the great-circle 
distance between any two places on its surface may be determined using the Haversine formula. 
Originally introduced by James Andrew in 1805, this formula is considered reasonably accurate 
because it does not account for elevation or depth variations across the Earth's surface (Budiyanti, 
2022). According to Nichat (2013), the Haversine distance is defined by the following equation: 

 

𝑑ℎ = 2𝑅 arcsin (√sin2 (
Φ2 − Φ1

2
) + cos(Φ1) cos(Φ2) sin2 (

Ψ2 − Ψ1

2
)) (1) 

as: 

𝑅 : Earth's radius (6,371 km) 

Φ𝑛 : Latitude of point 𝑛, with 𝑛 = {1,2} (in radians) 

Ψ𝑛 : Longitude of point 𝑛, with 𝑛 = {1,2} (in radians) 

 

Pickup Delivery Problem with Time Windows (PDPTW) 

The Vehicle Routing Problem (VRP) is a combinatorial optimization challenge that involves 
planning the most efficient routes for a group of vehicles to go from a central depot to many 
consumers located in different parts of the world. According to González-Feliu (2008), the goal of 
solving the VRP is to meet all client expectations while respecting operational limits and minimizing 
transportation costs. The primary parts of VRP, according to Toth & Vigo (2002), are the depot 
(where routes begin and end), the fleet of vehicles (which have capacities, deadlines, and 
operational costs), the customers (who have specific needs and deadlines), and the routes that 
vehicles take (which are parts of a larger transport network). The VRP was first developed by 
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Dantzig & Ramser (1959) and is an extension of the famous Traveling Salesman Problem (TSP) 
that allows multiple vehicles to serve different customers. 

In the most fundamental form of vehicle response pricing (VRP), known as Capacitated VRP 
(CVRP), there is complete uniformity in vehicle capacity and predictable consumer demand. In 
CVRP, the goal is to find routes that use the fewest feasible cars while minimizing overall trip time 
or distance (Meliawati, et al., 2025). Another important variety is Time-constrained VRP (T-VRP), 
which focuses on temporal limitations, and Distance-constrained VRP (D-VRP), which focuses on 
geographical constraints. Complex versions integrate many characteristics. For example, the 
Pickup and Delivery Problem with Time Windows (PDPTW) results from combining service time 
windows (VRPTW) with pickup and delivery (VRPPD). 

Customer requests are paired with pickup and delivery times in PDPTW, and services must 
be fulfilled within specific time frames. Every client request in this model has a pickup and a delivery 
node. The model accounts for vehicle capacity limits and states that pickups must always occur 
before deliveries. Toth & Vigo (2002) state that the goal is to reduce overall operating cost while 
meeting capacity and schedule limitations, ensuring that each vehicle route begins and ends at the 
depot and visits each node only once. 

Each client has a unique window of opportunity to get the service under the VRPTW model, 
denoted as [𝑎𝑖, 𝑏𝑖]. Departure schedules, travel times, service periods at each stop, and total load 
must all be considered while planning vehicle routes. The optimization of routes becomes 
considerably more complex due to these extra limitations. A number of research projects in 
Indonesia have investigated potential uses for PDPTW. For instance, according to research by 
Garside & Cahyanti (2018), 3 kilogram gas cylinders sold in retail stores might have transportation 
costs cut by as much as 13.72 percent when compared to more traditional approaches. In their 
PDPTW concept, Kohar & Jakhar (2025) considered the possibility of making multiple deliveries 
and pickups within a single journey. In PDPTW, pickup sites must be visited before delivery 
locations, which is a significant difficulty. 

All things considered, PDPTW is a highly applicable model for contemporary logistics 
systems that need to strike a balance between efficiency and customer satisfaction. A rigorous yet 
practical approach is provided to increase service efficacy while lowering delivery costs by 
concurrently addressing windows, vehicle capacity limits, and routing (González-Feliu, 2008). 

Teng et al. (2021) state that a transportation network modelled by a graph 𝐺 = (𝑁, 𝐴) may 
be used to represent the Pickup and Delivery Problem with Time Windows (PDPTW). In formal 
terms, a set of non-empty vertices (𝑉) and a set of edges (𝐸) constitute a graph 𝐺 =  (𝑉, 𝐸), as 
stated by Rosen (2012). One or two vertices, called endpoints, are connected to every edge. A 
connection or link between the vertices involved is represented by an edge, which is said to connect 
its ends. Nodes for collection and delivery, routes, vehicles, and time restrictions are all essential 
parts of the PDPTW architecture. If we want to capture the complexities of routing challenges in 
actual food delivery situations, we need this model. The model's parameters are defined by their 
respective functions and restrictions with respect to operating expenses, service windows, vehicle 
capacity, and route optimization. 
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Here is a table that lists the main notations used in the PDPTW model: 

 

Table 1. PDPTW Parameter Notations 

Parameter Definition 

𝑈 Set of all merchant nodes or pickup nodes. 

𝑉 Set of all customer nodes or delivery nodes 

𝑁 Set of all nodes, including depot, merchant, and customer nodes 

𝐴 = {(𝑖, 𝑗)|𝑖 ∈ 𝑁, 𝑗 ∈ 𝑁} Set of all directed edges or arcs in the network. 

𝑅 Set of all orders or requests 

Ω Set of all available vehicles or fleet 

𝑄 = 2 Maximum number of orders that a single vehicle can serve 

𝐿 Maximum travel distance of a vehicle 

𝐷 Number of orders that have not yet been delivered 

𝑣 Speed of the delivery vehicle 

[𝑒𝑖− , 𝑙𝑖−] Time window for delivering order to customer 𝑖−, where 𝐿𝑖−  is the 

latest delivery time, and 𝐿𝑖− > 𝑙𝑖−  

[𝑒𝑖+ , 𝑙𝑖+] Time window for picking up order from merchant 𝑖+, where 𝐿𝑖+ is 

the latest pickup time, and 𝐿𝑖+ > 𝑙𝑖+ 

𝑡𝑖 Service duration required at node 𝑖 

𝜂1 Coefficient of start-up cost for using a vehicle 

𝜂2 Coefficient of riding cost 

𝜂3 Coefficient of riding or travel cost 

𝑑𝑖𝑗 Distance between node 𝑖 and node 𝑗 

𝑇𝑖𝑗 Travel time between node 𝑖 and node 𝑗 

𝜏𝐴𝑖
 Arrival time at node 𝑖 

𝜏𝐿𝑖
 Departure time from node 𝑖 

 

Grasshopper Optimization Algorithm (GOA) 

The Grasshopper Optimization Algorithm (GOA), introduced by Saremi et al. (2017), is a 
population-based metaheuristic optimization method inspired by the swarming behavior of 
grasshopper colonies. Meraihi et al. (2021) emphasized that the core inspiration behind GOA 
originates from the collective foraging behavior exhibited during the gregarious phase of 
grasshoppers, during which individuals are influenced by population density, pheromone signals, 
environmental stimuli, and social interaction. Yang et al. (2023) highlighted the role of a specific 
pheromone, 4-vinylanisole (4VA), which is crucial in attracting other grasshoppers to aggregate 
and forage cooperatively. This behavior reflects a coordinated mechanism for navigating toward 



Jurnal Matematika, Sains, dan Teknologi, Volume 27, Number 1, March 2026, 1-12 

6 

 

optimal food sources, which is abstracted in GOA as a search for the global optimum in a solution 
space. 

To solve the PDPTW, GOA finds the best vehicle routes by emulating the swarm intelligence 
of grasshoppers. There are essentially two stages to how the algorithm works: exploration and 
exploitation. In order to find a variety of possible solutions, grasshoppers randomly traverse larger 
areas during exploration. As they enter the exploitation phase, their actions hone down on the most 
promising answers they've encountered. By mathematically modeling the swarming behavior of 
grasshoppers, GOA explores the solution space to identify vehicle routes that minimize the total 
operational cost while satisfying the constraints of the Pickup and Delivery Problem with Time 
Windows (PDPTW). In this study, each grasshopper represents a candidate routing solution 
encoded as a pickup–delivery sequence. During each iteration, the candidate solution is decoded 
into vehicle routes and evaluated using the objective function. Feasibility is verified by checking 
vehicle capacity, pickup–delivery precedence, and customer time-window constraints. Candidate 
solutions that violate any of these constraints are repaired by restoring the required pickup–delivery 
order and adjusting the route until all constraints are satisfied before the objective value is 
computed. Consequently, GOA searches among feasible routing solutions and iteratively 
converges toward lower-cost routes. 

Using formulations suggested by Saremi et al. (2017) and Topaz et al. (2008), which 
describe how each grasshopper's (solution candidate's) position is updated based on interactions 
with others and attraction toward the best global solution, Naomi et al. (2022) mathematically 
modeled this swarming behavior. After a grasshopper i moves, its location is described by Equation 
(2), which takes into account attractive forces, social interaction zones, and adaptive coefficients 
to provide balanced search dynamics. 

 
 

𝑋𝑖 = 𝑐 (∑ 𝑐
𝑢𝑏𝑑 − 𝑙𝑏𝑑

2
𝑎(𝑟)𝑟̂

𝐵

𝑗=1

) + 𝑇𝑑̂ (2) 

 

Upper and lower boundaries of the grasshopper's location are denoted by 𝑢𝑏𝑑 and 𝑙𝑏𝑑, 
respectively, while the decreasing coefficient of the interaction zone is represented by the variable 

𝑐. So far, the optimal solution has been denoted by the phrase (𝑇𝑑̂ ). To find how far apart two 

grasshoppers are, one uses the formula𝑟 = |𝑥𝑗 − 𝑥𝑖| = √∑ (𝑥𝑖𝑘 − 𝑥𝑗𝑘)
2𝐵

𝑘=1 , 𝐵 as total 

number grasshoppers, also 𝑟̂ unit vector between them. 

The interaction strength is defined by the function 𝑎(𝑟) = 𝑓 ∙ exp (−
𝑟

𝐿
) − exp(−𝑟), 𝑓 

is intensity interaction also 𝐿 is interaction range. This function determines the social behavior 
between grasshoppers based on the value of 𝑎(𝑟). If 𝑎(𝑟) is positive, the grasshoppers are 

attracted to one another; if negative, they repel each other. When 𝑎(𝑟) = 0, the grasshoppers are 
in a neutral or comfort zone, neither moving closer nor farther apart. 

The coefficient 𝑐 is computed using Equation (3), where 𝑝 as current iteration index also 𝑝∗ 
as maximal number iterations. 

 
 

𝑐 = 𝑐𝑚𝑎𝑥 −
𝑝

𝑝∗
(𝑐𝑚𝑎𝑥 − 𝑐𝑚𝑖𝑛) (3) 
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In solving the PDPTW using the GOA, each grasshopper is analogized as a potential solution 
representing a delivery route. Every grasshopper has coordinates in a multi-dimensional space. At  
context of (VRP), this space contains information about sequence nodes visited a vehicle. For 
example, if a grasshopper has coordinates (7, 10, 9, 15), this indicates that the route follows node 
1, then node 3, followed by node 2, and finally node 4. Each dimension in the grasshopper's position 
corresponds to a specific node in the route. Thus, a grasshopper's position illustrates the order in 
which a vehicle should perform pickup and delivery tasks. 

 
Figure 2. Illustration of Grasshopper Interaction Zones (Saremi et al., 2017) 

 

RESULTS AND DISCUSSION 

The mathematical model for the PDPTW, aimed at minimizing the travel cost of couriers from 
the depot to a set of merchant and customer nodes and back to the depot, was formulated by Teng 
et al. (2021) as follows: 

a. Decision variables 

𝑥𝑖𝑗𝑘 = {
1 if vehicle k travels from node i to node j

0 otherwise.
 

𝑧𝑟𝑘 = {
1 if vehicle k serves request r

0 otherwise.
 

b. Cost variables 

i. Start-up cost 

This includes courier wages, vehicle maintenance, and depreciation costs. It is defined 
by Equation (4). 

 𝐹1 = 𝜂1 ∑ ∑ 𝑥0𝑗𝑘

𝑗∈𝑁𝑘∈Ω

 (4) 

   

ii. Riding cost 

This represents fuel and refueling costs, expressed in Equation (5). 
 𝐹2 = 𝜂2 ∑ ∑ ∑ 𝑥𝑖𝑗𝑘𝑑𝑖𝑗

𝑘∈Ω𝑗∈𝑁𝑖∈𝑁

 (5) 

iii. Penalty cost 

This reflects customer dissatisfaction related to service time, calculated as in Equation 
(6). 
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𝐹3 = 𝜂3 (∑ max(𝑒𝑖 − 𝜏𝐴𝑖

, 0)

𝑖∈𝑁

+ ∑ max(𝜏𝐿𝑖
− 𝑙𝑖 , 0)

𝑖∈𝑁

) (6) 

c. Mathematical model 

i. Objective function 

Goal is for minimizing total delivery cost as defined at Equation (7), where 𝜌1 + 𝜌2 +
𝜌3 = 1 represent the weight (importance) of each cost component. 

 min(𝜌1𝐹1 + 𝜌2𝐹2 + 𝜌3𝐹3) (7) 

 

ii. Constrains 
 ∑ 𝑧𝑟𝑘

𝑘∈Ω

= 1, ∀𝑟 ∈ 𝑅 (8) 

 ∑ ∑ 𝑥𝑖𝑗𝑘

𝑘∈Ω𝑗∈𝑁

= 1, ∀𝑖 ∈ 𝑁 − {0} (9) 

 ∑ 𝑥0𝑗𝑘

𝑗∈𝑁

= 1, ∀𝑘 ∈ Ω (10) 

 ∑ 𝑥𝑖0𝑘

𝑖∈𝑁

= 1, ∀𝑘 ∈ Ω (11) 

 ∑ 𝑥𝑖ℎ𝑘

𝑖∈𝑁

− ∑ 𝑥ℎ𝑗𝑘

𝑖∈𝑁

= 0, ∀𝑘 ∈ Ω, ∀ℎ ∈ 𝑁 − {0} (12) 

 ∑ ∑ 𝑥0𝑗𝑘

𝑘∈Ω𝑖∈𝑁

≤ Ω (13) 

 ∑ 𝑧𝑟𝑘

𝑟∈𝑅

≤ 𝑄 = 2, ∀𝑘 ∈ Ω (14) 

 ∑ ∑ 𝑥𝑖𝑗𝑘

𝑗∈𝑁𝑖∈𝑁+

− ∑ ∑ 𝑥𝑖𝑗𝑘

𝑗∈𝑁−𝑖∈𝑁

≤ 𝐷 = 1, ∀𝑘 ∈ Ω (15) 

 𝜏𝐴𝑖
+ 𝑡𝑖 = 𝜏𝐿𝑖

, ∀𝑖 ∈ 𝑁 − {0}, ∀𝑘 ∈ Ω (16) 

 𝜏𝐿𝑖
+ 𝑇𝑖𝑗 = 𝜏𝐴𝑗

, ketika 𝑥𝑖𝑗𝑘 = 1, ∀𝑖 ∈ 𝑁, ∀𝑗 ∈ 𝑁 − {0}, ∀𝑘 ∈ Ω (17) 

 𝜏𝐴𝑖
≤ 𝜏𝐴𝑗

, ∀𝑖 ∈ 𝑈, ∀𝑗 ∈ 𝑉 (18) 

 𝜏𝐿0
= 0 (19) 

 

It is implied by constraint (8) that a single courier is assigned to each delivery order. The fleet 
is only allowed to visit each client node once, as stated in constraint (9). 

According to constraint (10) every vehicle is required to leave the depot. At the conclusion 
of their excursion, all vehicles are required by constraint (11) to return to the depot. Because of 
constraint (12), couriers cannot make intermediate stops at client nodes. That there aren't more 
cars leaving the depot than there are available ones is what constraint (13) is trying to prevent. 
There is a limit to how many orders a courier may carry, as stated in constraint 14. A courier may 
have at most 15 orders that have not been delivered once they have picked them up, as shown in 
constraint (15). 

The earliest time a courier may complete a pickup or delivery service upon reaching a client 
node is represented by constraint (16). Time constraints and priority requirements between the 



Saputra, Burhan & Satria. Application of The Grasshopper Optimization Algorithm … 

9 
 

pickup (merchant) and delivery (customer) nodes are enforced by constraints (17) and (18). Finally, 
the departure time from the depot is set to zero by constraint (19). 

In order to solve the PDPTW using the Grasshopper Optimization Algorithm (GOA), the total 
number of orders to be serviced and the distance data between nodes are entered first. In this 
study, each dimension of a grasshopper represents one decision variable corresponding to the 
visiting sequence of customer requests. The continuous position generated by GOA is 
subsequently transformed into a valid permutation representing the order in which pickup and 
delivery nodes are visited. This permutation is then decoded into a feasible vehicle route that 
satisfies the PDPTW constraints. Following this, the algorithm parameters were initialized using the 
parameter settings reported by Naomi et al. (2022), which were adopted because they had been 
validated for a similar pickup-and-delivery optimization problem. These parameters include the 
dimensionality, the number of grasshoppers (𝐵), the maximum number of iterations (𝑝∗), the 

adaptive coefficients 𝑐𝑚𝑎𝑥and 𝑐𝑚𝑖𝑛, and the upper and lower search bounds (𝑢𝑏𝑑 and 𝑙𝑏𝑑, 
respectively), as shown in Table 2. Furthermore, the time window parameters, including the service 

duration at each node, which is specified 𝑡𝑖 = {
5 minutes, 𝑖 ∈ 𝑈
3 minutes, 𝑖 ∈ 𝑉

 and the delivery time 

windows, defined as 

[𝑒𝑖, 𝑙𝑖] = {

[10.00, 11.20],
[10.01, 11.30],
[10.00, 11.40],

𝑖 ∈ 𝑈
𝑖 ∈ 𝑉
𝑖 = 0

 

 

Table 2. Parameters Used in the Optimization Process (Naomi et al., 2022) 

Parameter Value  Parameter Value 

𝐷 50  𝑄 2 

𝐵 10  𝑣 30km/hr 

𝑝∗ 300  𝜌1 0.24 

𝑐𝑚𝑎𝑥 0.00001  𝜌2 0.12 

𝑐𝑚𝑖𝑛 0.3  𝜌3 0.64 

[𝑢𝑏𝑑 , 𝑙𝑏𝑑] [0,1]  𝜂1 IDR10,000 

𝑓 0.5  𝜂2 IDR2.5/km 

𝐿 1.5  𝜂3 IDR1,000 

 

Afterward, the initial positions of the grasshoppers are randomly generated within the range 
[𝑙𝑏𝑑, 𝑢𝑏𝑑] for each individual in the population, repeating this process for all 𝐵 grasshoppers. 
These initial positions serve as the starting solutions. Each grasshopper's position is then mapped 
into a delivery route, where dimension 𝑛 corresponds to merchant 𝑚𝑛. The route is determined by 
sorting the values of each dimension in ascending order. 

Once the initial route is constructed, it is segmented according to the maximum number of 
orders each courier can handle. Since each courier may serve at most two orders, the generated 
sequence is split into sub routes of two merchants from left to right. Then, the corresponding 
customer nodes are inserted to complete each pickup-delivery pair. 
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After adding the customer nodes to the route configuration, the following step is to evaluate 
the goal function using this information. To begin, we'll be focusing on the grasshopper whose 
objective function value is the lowest. The interaction intensity among grasshoppers is controlled 
by updating the attraction coefficient 𝑐 to match the current iteration. The influence force is 
determined by calculating the pairwise distance r between grasshoppers and using the interaction 
function a(r), which is defined by the parameters f and L. 

Each grasshopper uses this contact force to adjust its position according to a specified 
formula. The new location is rolled back to its old one if it goes over the allowed range [𝑙𝑏𝑑, 𝑢𝑏𝑑]. 
After that, if any grasshopper manages to achieve more objective value than the previous goal, a 
new target is selected. The present objective will not alter if no progress is made. 

Once the maximum number of iterations 𝑝∗ has been reached or the solution has converged, 
the optimization process stops. In the PDPTW case, GOA finds the best option by iteratively 
minimizing the overall trip cost. 

The study data was processed in the Google Collaboratory environment using the Python 
programming language, version 3.10.12. Experiments were conducted to obtain the best-known 
routing solution. Each run produced different routes and total operational costs, although the 
number of operating drivers remained consistent. The fifty simulated orders were generated from 
real merchant and customer locations obtained from Google Maps. The dataset includes 
geographically dispersed pickup and delivery points with heterogeneous travel distances and 
predefined delivery time windows. Each order consists of one merchant–customer pair, while the 
double-order scheme permits combining two compatible orders into a single vehicle route, subject 
to vehicle capacity and temporal feasibility. Figure 3 presents a comparative summary of the 
solution results for the fifty incoming delivery requests between the single-order and double-order 
service schemes. 

 

 
Figure 3. Comparison of Results between Single-Order and Double-Order Service Schemes 

 

The double-order service scheme successfully reduced the number of operating vehicles by 
25 units and lowered the total operational cost by IDR91,399 compared to the single-order scheme. 
Based on these outcomes, could be revealed implementation of GOA in solving the PDPTW for 
this dataset is effective in reducing fleet usage by 50% and operational costs by 33.71%. 

 

 

 

Operational Cost Number of Operating Vehicle 
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CONCLUSION 

Based on the problem formulation, research objectives, and the results obtained, it can be 
concluded that the mathematical modeling process of the food delivery route optimization problem 
has been successfully constructed and explained through a simple illustrative case. Furthermore, 
the application of the GOA to optimize food delivery routes using a double-order scheme was found 
to outperform the one-order method, both in the illustrative scenario and in the research dataset. 
When tested on a dataset of 50 delivery orders, the double-order scheme significantly improved 
operational efficiency, reducing total delivery costs by 33.71% and cutting the number of active 
couriers by up to 50%. These findings indicate that GOA is a promising method for enhancing the 
efficiency of food delivery services, particularly under multi-order conditions.(2025) 
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