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Abstract.  Flower Pollination Algorithm (FPA) is a nature- inspired optimization 

algorithm based on the pollination process of flowers. Originally FPA was 

created to solve continuous optimization problems. Here FPA was modified to 

solve discrete problems. In this paper, FPA was modified by adding Chaotic 

Maps function to present a different strategy in generating solutions. The 

modified algorithm was used to solve Vehicle Routing Problem with Time 

Window (VRPTW). Logistic, Iterative, Sine, Tent, and Singer Maps are the types 

of Chaotic Maps used in the experiment. Small, medium and large datasets were 

tested. Three algorithms compared here are original FPA, hybrid FPA-Chaotic 

Maps and Simulated Annealing. To evaluate the performance of the algorithms, 

we use total distance, running time and Average Relative Percentage Deviation 

(ARPD). Based on the experiment results, the hybrid FPA - Chaotic Maps 

produced the best performance, both for total distance and ARPD. The challenge 

of hybrid FPA - Chaotic Maps is how to improve the running time. 

Keywords: Metaheuristics, Flower Pollination, Discrete Optimization,  

Vehicle Routing Problem, Chaotic Maps. 

1 INTRODUCTION 

This paper employs metaheuristic methods to address the Vehicle Routing Problem 

with Time Windows (VRPTW). The choice of a metaheuristic approach arises from its 

foundation in heuristics, which serve as alternative solutions for complex problems that 

are challenging to resolve using exact methods [12]. The Flower Pollination Algorithm 

(FPA), introduced by Xin She Yang in 2012, is a metaheuristic inspired by natural 

processes, particularly the pollination of flowering plants. FPA is based on four 

structured pollination concepts: (1) biotic and cross-pollination are considered global 

pollination, facilitated by pollen-carrying organisms performing Lévy Flights; (2) 

abiotic and sel pollination represent local pollination; (3) flower constancy relates to 

the reproductive chance proportional to the similarity between two flowers; and (4) the 

transition between local and global pollination is governed by a parameter known as 

the switch probability, which ranges from 0 to 1 [15].  

FPA has demonstrated superior performance and faster computation times compared 

to Genetic Algorithms (GA), Particle Swarm Optimization (PSO), Ant Colony 

Optimization (ACO), and Grey Wolf Optimization (GWO), and is effective for solving 

lowdimensional optimization problems [1]. Ho ever, FPA also has limitations, 

particularly in higher-dimensional  optimization scenarios, where solutions may  
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converge too prematurely. This is due to the use of random real number updates ((0,1)) 
in successive iterations, increasing the risk of local optima entrapment and leading to 
higher memory usage and longer computation times. Recently, chaotic methods have 
emerged as a potential substitute for traditional random number generation in various 
applications, enhancing stochastic search capabilities [6]. Chaotic Maps offer the 
benefits of producing random sequences with extended periods and better consistency, 
resulting in reduced storage and computation time while I proving accuracy. Moreover, 
the application of chaotic methods in diverse optimization areas has proven effective in 
escaping local optima and enhancing global convergence over other stochastic 
optimization algorithms. This paper combines FPA and Chaotic Maps (hereinafter 
referred to as FPACM) to tackle VRPTW, marking a novel application of this 
combination in solving the problem. Performance evaluations will compare the original 
FPA with the FPA-CM.  

VRPTW is one type of goods distribution. Distribution involves delivering products 
to customers through a series of repeated activities, with a shared goal of achieving 
swift and cost-effective delivery that benefits both the company and consumers. Given 
that consumers are often dispersed across various areas, transportation vehicles need 
well-planned routes to minimize costs and travel distances. Additionally, the transport 
vehicles' capacity must align with consumer demand, as transport vehicles are subject 
to maximum load limitations. Determining a route that considers the transport vehicle's 
capacity and travel distances is referred to as the Vehicle Routing Problem (VRP) [14]. 
The Vehicle Routing Problem (VRP) is a distribution system challenge that aims to 
optimize routes with the least distance for a fleet of vehicles, whose capacities are 
already known, in order to satisfy consumer demand at specified locations and 
quantities [17]. In product distribution, consumers have specific time windows during 
which they can accept deliveries. This creates a new challenge: the Vehicle Routing 
Problem with Time Windows (VRPTW), which extends the VRP by introducing time 
constraints. 

The Vehicle Routing Problem with Time Windows (VRPTW) involves multiple 
vehicles with defined capacities operating within specific time frames. Here, time 
windows are defined as intervals [a_i, b_i], which dictate the service time required for 
each consumer indexed by i. A vehicle can arrive prior to a_i and wait for the 
consumer's approval, during which no service is provided. The service process 
commences once a_i begins, and vehicles arriving after b_i are not permitted (where i 
represents the consumer index) [13]. In this paper FPA-CM was compared to the 
original FPA and another metaheuristics, Simulated Annealing (SA). The remainder of 
this paper is structured as follows: Section 2 outlines the formulation of VRPTW, 
Section 3 provides a brief overview of FPA and FPACM, Section 4 presents the 
experiment and discussion and Section 5 conclude the paper. 

2 VEHICLE ROUTING PROBLEM WITH TIME WINDOWS 

Vehicle Routing Problem with Time Windows is VRP problem with additional time, 
where service from each customer starts within certain time interval [8]. 
Time windows is defined as time span [ai,bi] which is needed by a customer to obtain 
service. A vehicle is allowed to arrive before ai, and wait until that customer is 
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available, however the arrival after bi is not permitted [13]. The aim of VRPTW is 
minimizing the total cost of travel without ignoring vehicle capacity restriction and time 
windows depots. The route formation is carried out so that each customer is only visited 
once by one vehicle, and each vehicle starts and ends its route at the depots [4]. 
According to [1] mathematical model for VRPTW is as follows: 

 
With some constraints: 

1. Total of request from each city in a route which is passed every vehicle is not 
more than the capacity of vehicle. 

 
2. Every customer is exactly visited one time by one vehicle. 

 
3. Make sure every route that is passed through is complete. 

 
4. Make sure that two close vehicles are lied on the same route. 

 
5. Service restrictions toward the customer (time windows): 

 
Note: 
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3 FLOWER POLLINATION ALGORITHM (FPA) 

Flower Pollination Algorithm (FPA) is a natureinspired optimization algorithm. It 
mimics the natural pollination process of flowering plants, where pollinators like bees, 
birds, or insects transfer pollen. The FPA is particularly used for solving optimization 
problems and is based on two key concepts: Global pollination and local pollination. 
Global pollination is modelled as a Lévy flight process, where pollinators 
transfer pollen over long distances. It is analogous to cross-pollination, which ensures 
global search by exploring distant regions of the search space. Local pollination mimics 
self-pollination, where flowers in the same plant or nearby plants exchange pollen. It 
represents local search to fine-tune solutions. The algorithm switches between global 
and local pollination using a switch probability p to balance exploration and 
exploitation. The FPA is known for being simple to implement and effective for a wide 
range of optimization problems. The step of local pollination is done by using the 
second and third approaches which can depict mathematically as below: 

 
With informations, 

 
 

 

 
 

Global pollination is seen as biotic pollination and cross pollination. Biotic 
pollination means that the transfer of pollen to the stigma is carried out by pollinating 
organisms such as bees, bats, birds and flies. Whereas cross pollination occurs when 
pollen falls from flowers from different plants, so that in the process of global 
pollination, pollinating organisms can fly in long distance and do L𝑒̀vy Flights 
movement based on L𝑒̀vy distribution. This process can be presented mathematically 
as follows: 
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With 𝛾 is a stepsize controller parameter at intervals with 𝛾 > 0 , and λ is a parameter 

at interval [1,2] . The L𝑒̀vy distribution is represented by the following equation : 

 
With Γ(λ) is a gamma function, and the distribution is appliad to step length > 0. The 

function of Chaotic Maps is deterministic, random-like behavior found in nonlinear 
dynamical systems that are sensitive to dependence on initial conditions [7]. A discrete 
time dynamic system for Chaotic conditions can be formulated as follows: 

 
where 𝑥𝑘 {𝑘 = 0,1,2, … } is a chaotic state or chaotic sequence, which can be used as 
a spread spectrum sequence as a sequence of random numbers. This chaotic sequence 
is easy to create and computationally fast requiring less memory because it only 
requires Chaotic Maps and initial conditions. The Chaotic Maps function has several 
types as shown in Table 1 [6]. 
 

Table 1. Chaotic Maps Used in Experiment 
Chaotic  

Map 
Equation  Parameter 

Logistic  𝑥𝑘+1 = 𝑎𝑥𝑘(1 - 𝑥𝑘) 𝑎 = 4, 𝑥0 = 0.3 

Iterative  𝑥𝑘+1 = sin (𝑎𝜋 𝑥𝑘) 𝑎 = 0.7, 𝑥0= 0.3 

Sine   𝑎 = 4, 𝑥0 = 0.3 

Tent  

 

𝑥0 = 0.3 

Singer  

 

𝜇 = 1.07, 𝑥0= 0.3 

 
The procedure for FPA-Chaotic maps combination is shown in Figure 1. 
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Figure 1. Algorithm of FPA-Chaotic Maps Combination 

4 EXPERIMENT RESULTS AND DISCUSSION 

Experiment were done on three different algorithms: FPA, FPA-Chaotic Maps and 
Simulated Annealing (SA). SA was chosen as it is quite simple and in general gives 
good results on discrete problems. The experiment were performed using Phyton. 
VRPTW data were taken from https://sites.google.com/view/datavrptw. Data include 
information about of X-Y coordinates of nodes, Customer Demand, Service Start Time, 
Service End Time, and Service Length. The data consist of three types, namely small 
(25 Customers), medium (50 Customers), and large datasets (100 Customers).  

The parameters in FPA and hybrid of FPA-Chaotic Maps are number of flowers, 
maximum iterations, stepsize, switch probability, value 𝜆 = 1,5 and Chaotic Maps 
function as shown in Table 1. The parameters used for Simulated Annealing (SA) are 
Initial temperature, number of iterations, Temperature Reduction Factor. The final 
results obtained are listed in Tables 2 & 3. 

 
Table 2. The Objective Values For Small Dataset 

Rep Total Distance 

FPA  Logistic Iterative  Sine  Tent Singer SA 

1 801.05 789.43 803.59 824.98 800.14 808.99 891.54 

2 795.92 758.77 784.01 802.56 817.58 810.22 890.94 

3  810.5  806.69 800.2  819.31 801.95 790.75 907.44 

4 803.96 804.78 780.08 784.08 793.96 785.83 896.15 

Avg 801.626 789.676 791.984 801.352 800.36 797.272 901.364 
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Table 3. Result of Running Time for Small Datasets 
 

Rep Avg. Running Time 
FPA  Logistic Iterative Sine  Tent  Singer SA 

1 1104.11 708.72 779.46 786.87 802.46 798.67 156.84 
2 1440.36 747.71 839.47 773.78 823.54 815.63 119.86 
3 1037.06 739.11 821.73 712.45 784.65 756.78 122.51 
4 1393.36 813.78 830.62 831.85 840.87 754.67 118.17 
5 1397.42 816.99 800.58 799.79 836.38 803.56 121.85 
Avg  1274.462 765.262 814.372 780.948 817.58 785.862 127.85 

 
The final results obtained for medium datasets are shown in Tables 4 to 7 a KPI, such 
as PR.1.1 Earnings Before Interest and Taxes (EBIT) as a percentage of revenue. The 
environmental attribute has a KPI, such as EV.2.3 Renewable Energy Consumed. 
Social attributes have KPIs, such as SC.1.3 Training. 
 

Table 4. Objective Values for Medium Dataset 
 

Rep 
Avg. Running Time 

FPA Logistic Iterative Sine Tent Singer SA 
1 2510.25 2401.64 2385.09 2449.09 2474.52 2390.35 2884.69 
2 2486.26 2369.45 2398.3 2430.38 2380.5 2471.38 2874.89 
3 2477.28 2407.91 2437.35 2454.65 2425.94 2423.42 2849.87 
4 2508.27 2389.96 2474.18 2380.04 2486.48 2396.47 2830.28 
5 2471.44 2375.58 2462.99 2396.08 2387.53 2482.07 2839.81 
Avg  2490.7 2388.908 2431.582 2422.048 2430.994 2432.738 2884.69 

 
Table 5. Result of Avg. Running Time for Medium Dataset 

 
Rep Avg. Running Time 

FPA Logistic Iterative Sine Tent Singer SA 
1 2210.58 1465.15 1506.02 1412.42 1438.93 1731.37 318.56 
2 2253.21 1337.14 1881.71 1435.18 1401.98 1887.07 311.93 
3 2351.67 1464.97 1734.56 1438.98 1483.93 1831.37 305.66 
4 2108.76 1470.61 1514.89 1445.13 1496.55 1679.71 314.84 
5 2134.89 1512.56 1578.43 1438.34 1441.71 1661.72 304.31 
Avg  2211.822 1450.086 1643.122 1434.01 1452.62 1758.248 311.06 

 
The final results obtained for large datasets are shown in Tables 6 and 7. 
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Table 6. Objective Values for Large Datasets 
 

Rep 
Avg. Running Time 

FPA Logistic Iterative Sine Tent Singer SA 
1 4567.99 4412.4 4505.07 4533.38 4510.19 4519.22 5514.86 
2 4600.4 4506.67 4539.15 4504.73 4529.48 4535.89 5500.47 
3 4633.85 4451.87 4532.25 4521.51 4556.95 4548.26 5516.23 
4 4593.4 4434.6 4454.97 4524.34 4520.68 4491.66 5414.18 
5 4582.48 4289.28 4471.19 4432.6 4497.7 4509.01 5449.84 
Avg  4595.624 4418.964 4500.526 4503.312 4523 4520. 808 5514.86 

 
Table 7. Result of Avg. Running Time for Large Datasets 

 

Rep 
Avg. Running Time 

FPA Logistic Iterative Sine Tent Singer SA 
1 5184.61 2842.23 3755.01 3566.31 4074.97 3493.76 530.75 
2 5458.71 2720.48 4158.78 3469.83 3901.32 3955.34 534.44 
3 5523.83 3194.38 3671.83 3027.47 3572.22 2945.71 528.92 
4 5342.78 3027.57 3659.27 2893.76 3876.78 3092.57 531.76 
5 5198.72 2956.78 4217.24 2976.06 3790.75 3087.26 541.65 
Avg  5341.73 2948.288 3892.426 3186.686 3843.208 3314.928 533.5 

 
From the results presented in Tables 2, 4, and 6 it can be seen that for all datasets, 

the hybrid FPA with Chaotic Maps provided the best results in term of total distance. 
While, for the running time for SA is still better compared to both FPA and hybrid FPA 
with Chaotic Maps as shown in Tables 3, 5 and 7. However, based on the average 
Running Time, Simulated Annealing has lower running time than those of FPA and 
FPA-CM. It can be understood because in FPA, there is step to convert continuous 
values into discrete values to get routes then again re-convert to continuous values to 
update the solutions. These steps need of course more computing time. 

The experiment results can be analysize further. Here Average Relative Percentage 
Deviation (ARPD) is used to evaluate the results. ARPD is a metric commonly used in 
algorithm performance evaluation to compare the effectiveness of metaheuristic 
algorithms. It measures how far the solution found by an algorithm is from the best-
known solution, typically expressed as a percentage. The ARPD is formulated as 
follows[11]: 
 
 
 
 
where 𝑆𝑖 shows the best result produced by the algorithm in run-𝑖, 𝐵 shows the best 
solution achieved among all the compared algorithms, and 𝑅 shows the number of 
runs. A lower ARPD value indicates that the algorithm performs well and is close to 
best-known solution. From the results of the experiment of each algorithm using three 
datasets, the ARPDs were obtained, shown in Table 8. 
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From Table 8, it can be seen that for small, medium and large datasets, FPA-CM 
provided lower ARPD compared to the original FPA. Additionally, FPA with Chaotic 
Maps also outperform Simulated Annealing. It occurred for all types of Chaotic Maps. 
Specifically, Logistic function gave lowest ARPD for all datasets. But, it needs more 
investigation why Logistic function provided the best results. 
 

Table 8. ARPD Value for Each Algorithm 
 

Method  Small 
Dataset 

Medium 
Dataset 

Large 
Dataset 

FPA  5.65  5.12  4.70 
Logistic  4.07  1.94  1.13 
Iterative  4.38  2.62  2.53 

Sine  5.61  2.22  2.60 
Tent  5.48  2.60  3.05 

Singer  5.07  2.67  3.00 
SA  18.79  20.53  24.83 

 
The use of chaotic maps might improve the generation of solutions. The variability 

of the solutions generated is higher compared to the original FPA. The process of 
finding solutions could spans more search space. This can prevent from convergence 
too early. In turn the solution obtained in average is lower than those got by original 
FPA. 

5 CONCLUSION 

Based on the Average Relative Percentage Deviation (ARPD) value from the 
experimental results on section 4, it can be concluded that combination FPA and 
Chaotic Maps (FPA-CM) produces best solutions compared to the Original FPA and 
Simulated Annealing to solve VRPTW. However, FPA-CM is still needs improvement 
to shorten the computational time. Considering the promising result of using FPA-CM, 
Discrete FPA with modification of how generating solutions can be good alternative to 
solve discrete optimization problems. 
 
This research was supported by Department of Industrial and System Engineering, Institut 
Teknologi Sepuluh Nopember Surabaya. 
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