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Abstract:

The Intelligent Agent-Based Model method, by modeling many interacting individuals and simulating the behavior of
individual agents, demonstrates the operation of complex multi-agent systems from a micro to a macro level. It can be
effectively utilized to study the operational process of the catering industry surrounding rural scenic spots. This study takes the
catering industry surrounding a tourism scenic spot in the southern countryside of Guizhou, China as an example. The
emergence and development process of the catering industry is analyzed and the interaction process between tourists and
restaurants is modeled. The consistency between the simulation results of restaurant customer flow and the field survey findings
indicates that this model could be used to simulate the actual operation of the restaurant. The simulations shows that when the
tourist traffic is high, the Matthew Effect on the distribution of customer flow among restaurants is not significant, and the
impact of restaurant location is limited. However, when the tourist traffic at the scenic spot is low such as during the off-peak
season, the location of restaurants has great influence on the customer flow. Furthermore, establishing partnerships with travel
agencies represents an alternative solution for restaurants.

Keywords: Intelligent ABM Method, Customer Behavior Modeling, Operation Process Simulation, Multi-agent modeling,
Crowd Simulation.

INTRODUCTION

The Agent-Based Model (ABM) Method is a simulation approach that employs multi-agent modeling. This method involves
setting up a certain number of individuals (Agents) with a degree of autonomous consciousness, simulating complex social
phenomena through their actions and interactions, and achieving the effect of generating macro-phenomena from individual
micro-behaviors. The ABM method has been widely applied in various fields such as energy system control [1], disaster crowd
evacuation [2,3], land use [4-7], opinion dissemination [8,9], virus transmission [10], etc. Currently, there is limited application
of ABM method in the study of business operations and development processes, particularly in the research concerning the
operational processes of restaurants located within the ancillary facilities surrounding tourist scenic spots. In this study, the ABM
method is used to model the interaction between restaurants and customers, simulating the development process of the catering
industry surrounding scenic spots, and exploring the key factors that influence the development of the catering industry in such
areas. The catering industry surrounding a scenic spot in the southern countryside of Guizhou Province, southwestern China, is
selected as the research object. By employing the Agent-Based Modeling (ABM) approach, this study explores the emergence
and development process of the catering industry around rural scenic spots from the perspective of individual micro-behavior
leading to macro-phenomena.

RESEARCH METHODS
Factors Influencing the Catering Industry

The development of the catering industry is influenced by numerous factors, including total employment in the catering sector,
permanent resident population, per capita income, consumer price index, and tourist numbers [11,12]. Specifically for individual
restaurants, their customer count is affected by a series of factors such as brand, location, dish quality, dining environment, price,
and the consumption level of potential customers [13,14].

The catering industry surrounding rural scenic spots exhibits the following characteristics:

- The primary customers of these restaurants are tourists visiting the scenic spots, and the number of customers can vary
significantly between peak and off-peak tourist seasons.

-Considering the flow of tourists, the catering industry surrounding scenic spots is mainly concentrated at the entrances and exits
of the scenic spots, where land area is limited, resulting in restrictions on the number and size of restaurants.

-Rural scenic spots may be located far from nearby towns, making it more likely for tourists to dine nearby, and they tend to be
less sensitive to food prices.
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-Dining at the scenic spot is not the main purpose for tourists; some tourists make spontaneous decisions about which restaurant
to dine at, while others plan ahead and make reservations. Therefore, the location and attractiveness of restaurants can affect
their customer count.

Therefore, this paper primarily considers the number of tourists at scenic spots, the location of restaurants, and their attractiveness
as major influencing factors, while the size and price of restaurants are considered secondary factors.

Simulation Method Design

This study employs Anylogic as the ABM simulation tool to establish action rules for agents. The ABM simulation environment
and rule settings for this study include:

Simulation Space: The catering area near the entrance of a tourist scenic spot in southern Guizhou Province serves as the
simulation space, as shown in Figure 1. The numbers in the figure represent individual restaurants. The mark P in the figure
represent the entrances to the catering area from the parking lot, while the mark X marks the exit of the scenic spot. Tourists may
choose to dine before entering the scenic spot, entering the catering area from P, or after visiting the scenic spot, entering from
X.
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Figure 1. Plan of simulation space
Agent Restaurant represents each restaurant in this catering area which locates at fixed positions along the roads within the
simulation space. Each Agent Restaurant has a set of parameters, Crucial ones include:

-Lo: The location of the Agent Restaurant in the simulation space.

-Pr: Average price for each customer, values 1~100.

-MT: Maximum number of customers, limited by the area of the restaurant, values 10~100.

-CT: The number of customers in the restaurant at this moment, values 0~100 with an initial value of 0.

-Fa: Popularity in social medias, e-commercial platforms,etc., values 0~10, the higher the better. This value is influenced by the
quality of the food, the investment of restaurant advertising, etc.

-FR: Food category of the restaurant. In this study, the food is classified into 5 categories: 1 Fast food, 2 Local food, 3 North
Chinese food, 4 South Chinese, and 5 Western food.

-DR: Dining environment level of the restaurant, values O(worst) ~10(best). This parameter consists of cleanness, decoration,
service, environment, etc.

Agent Tourist represents each group of tourists instead of a single tourist to enhance simulation efficiency. Tourist may choose a
restaurant to dine and become its customers. Each Agent Tourist has a set of parameters, Crucial ones include:

-Pe: The number of tourist in the group, values 1~10.

-Ve: The Moving velocity of Agent Tourist. Tourists wander around the dining area while choosing restaurants. They don’t move
very fast, hence V is set to 40~60m/min.
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-At: Tourist has chance of being attracted and advancing directly to a certain Restaurant with high popularity in social medias
and e-commercial platforms. This parameter values 0 for not attracted by a certain Restaurant, or the number of the Restaurant
which Tourist will advance to.

-Pa: Tourists may feel impatient if they have visited several restaurants and still haven't found a satisfactory one. The parameter
Patience represent the maximum number of restaurants Tourist may visit. The value is between 1 and 23 (the number of
Restaurant in this study).

-Bu: Anticipated cost for this dinner per individual, values 10~100.

-FT: Preference of food category of Tourist, values 1~5 with the same meaning of Food Category R. Food Category T may be
a list but not a single value since each tourist group may have multiple preferred food categories.

-DT: Tourist has some requirements for the Restaurant such as cleanness, decoration, service. Dining_Enviroment T represents
these requirements, values 0~10.

- Omin: Few customers in the restaurant suggest that the restaurant may have deficiencies such as bad quality of food, bad
environment, dirty, etc. Hence Tourist would avoid restaurants with few customers. Occupancy min represent the minimum
occupancy of the restaurant required by Tourist and values between 0~100%.

-Omax: Famous restaurant may attract many customers hence the restaurant may become noisy and crowded, restaurant services
may be delayed and customers may have to wait longer. Thus, Tourist would not choose the overcrowded Restaurant.
Occupancy max represent the maximum occupancy of the restaurant Tourist can tolerate.

Two types of Agent Tourist are generated (from Mark P or X): whether they have predetermined their dining Restaurant or not.
Tourists who have not predetermined their restaurant (At=0) will search for one within the dining area and move along the roads
at a speed Ve. At intersections, they will randomly turn but prefer to go straight. As Agent Tourists pass by various Restaurant
agents during their movement, they will interact with the Restaurant for a certain period of time (1 to 3 minutes) and decide
whether to dine at that Restaurant. There are some requirements:

FR € FT (1)

Pr < Bu (2)

DR > DT (3)

MT > CT + Pe 4)
Omin < CT/MT < Omax %)

When all conditions (1) to (5) are met, the Tourist will choose to dine at that Restaurant, and CT of Restaurant will increase Pe
of Tourist.

If not all conditions (1) to (5) are met, the Agent Tourist will leave the Agent Restaurant and decrease their Pa by 1. If Pa drops
to 0, this group of tourists will have exhausted their patience and will no longer visit any other restaurants, 3.2instead leaving
the catering area.

If an Agent Tourist dines at an Agent Restaurant, they will stay for a certain period (ranging from 20 to 60 minutes). This time
is related to the type of food served at the Restaurant, with faster service for fast food and longer service for other types. It is
also related to the number of people in the Tourist group, with shorter times for smaller groups and longer times for larger ones.
After the dining time ends, Agent Tourist will leave the simulation space, and the CT of Agent Restaurant will decrease by the
Pe of Tourist.

Agent Tourists who have predetermined their dining restaurant (At > 0) will proceed towards the restaurant with the number At
as their destination. The Fa of an Agent Restaurant No.k influences the probability that At = k:

P(At = k) = Fay/ YL, Fa;, (6)

with Fa; the parameter Fa of Agent Restaurant No. I, and n the number of Agent Restaurant in the simulation. Upon reaching
their destination, Agent Tourist will dine at the restaurant if conditions (3) to (5) are all met. Otherwise, the Agent Tourist will
set At to 0 and proceed with the restaurant selection process from the current location, like other Agent Tourists with At = 0.
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DATA SOURCES AND SIMULATION RESULT ANALYSIS
Data Sources

The catering area, serving as the simulation space, measures approximately 400 meters east-west and 300 meters north-south,
accommodating a total of 23 various types of restaurants. The locations of each restaurant are marked on Figure 1. Each restaurant
is modeled as a corresponding agent, numbered from 1 to 23. Questionnaires were conducted among the restaurants to determine
their respective parameters. Surveys of customers were also conducted in the catering area between December 2 and December
12, 2023, as well as between April 28, and May 7, 2024. The results of these surveys were used to set the parameters for Agent
Tourists in the simulation.

Through interviews with the scenic area management, it was learned that there is a significant difference in tourist flow between
the peak and off-peak seasons. December 2023 was considered an off-peak season with approximately 4,000 to 5,000 visitors.
In contrast, April 2024 was a peak season with tourist flow reaching 36,000 to 40,000 people. Considering that the scenic area
has two main exits, it is assumed that 50% of the tourist flow passes through the catering area. Therefore, during the peak season,
the average tourist flow in this catering area is approximately 19,000 tourists, while during the off-peak season, it is about 2,300
tourists. The two surveys also revealed that only 10 restaurants (No.1~10) were open during the off-peak season, while all 23
restaurants were open during the peak season.

Due to limitations in research conditions, data such as revenue and costs for all restaurants could not be obtained. Therefore, this
study focuses on the customer flow at each restaurant, particularly the relative customer flow among them. The customer flow
at each restaurant over a period of time is simulated and compared with the actual customer traffic collected on-site to validate
the model.

Simulation Results

In this study, simulation time unit for the ABM simulation is set to 1 minute. Field investigations revealed that the primary dining
times for tourists are between 11:00 and 15:00, and between 17:00 and 21:00 each day. Therefore, the duration of each ABM
simulation is set to 240 minutes to simulate a single dining period.

Assuming that 40% of the daily tourist flow in the scenic area intends to dine in the catering area, they become potential
customers. With 90% of the daily tourist flow concentrated in the midday and evening periods, the total number of potential
customers during each period is 7,600 during the peak season and 920 during the off-peak season.
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Figure 2. Customer flow of Restaurant in the peak season
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Figure 3. Customer flow of Restaurant in the off-peak season

Due to the presence of numerous random factors in the generation and interaction of Agents Tourist, this study adopts the method
of increasing the number of simulations to eliminate the impact of random factors. 100 simulations were conducted for both the
peak and off-peak seasons, and the average values of the simulation results were calculated.

Simulation results and survey result of total customer flow for each restaurant are shown in Figures 2 and 3.
Analysis of Simulation Results

By comparing the simulation results with the actual survey findings, it can be observed that all stores achieve simulation results
that closely approximate the actual survey in terms of footfall distribution during peak seasons. For off-peak seasons, the footfall
distribution of most stores is also generally consistent with the simulation results. An examination of the customer flow at various
restaurants reveals some patterns:

1. Regardless of peak or off-peak seasons, the restaurants with the highest customer flow are those located near the entrance
where tourists generate. During peak seasons, it is observable that the customer flow at restaurants located on the main street
(No.1~8) is higher than that at restaurants on branch roads. During off-peak seasons, many restaurants are closed, and the
restaurants that remain open (Restaurant 1~10) are mainly located near the entrance. It can be concluded that the location of a
restaurant has a significant impact on its customer flow.

It should be noticed that during the off-peak season, the actual customer flow at Restaurants 9 and 10 was significantly higher
than the simulation results. Restaurants 9 and 10 were far from the main street and the entrance where tourists generate,
suggesting a lower customer flow, and their surrounding restaurants were closed during the off-peak season. However, the survey
showed that Restaurants 9 and 10 were not only open but also had a customer flow close to that of restaurants on the main street.
It was found that Restaurants 9 and 10 serve local cuisine at low prices and had partnerships with several travel agencies, where
tour groups are organized to dine. During the off-peak season, tour groups (20-40 people per group) increased the customer flow
at Restaurants 9 and 10.

It can be concluded that when developing the catering industry around tourist attractions, the preferred location should be where
there is a high customer flow. However, such venues often have higher rent and costs. Therefore, cooperating with travel agencies
and serving local cuisine at low prices in locations away from high customer flow areas, where rent and costs are lower, is also
a good choice for restaurants.

2. The change of customer flow distribution between the peak season and the off-peak season is also considered. For Restaurant
1~10 which operate both in peak and off-peak seasons, their customer flow are normalized by dividing it by the highest customer
flow (Restaurant No.2) the results are shown in Figures 4.
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Figure 4. Normalized Customer Flow for Restaurant 1~10 during Peak Season and Off-Peak season

In figure 4, the lines representing the normalized customer flow in peak season are above the ones for the off-peak season, for
both simulation and real cases. It shows a reduction of customer flow difference between restaurants in the off-peak season
compared to the peak season.

By studying the simulation process, it was discovered that due to geographical constraints, each restaurant had limited space.
During the peak season, with a large total customer flow, well-located and larger restaurants, such as Restaurants 1-6, quickly
obtained many customers, with the number of customers in the restaurants exceeding 90% of their maximum capacity.
Subsequent tourists would then stop entering these restaurants and gradually enter more remote ones. Hence, the sufficient total
customer flow during the peak season kept all restaurants basically at saturation, preventing those with better locations and
conditions from obtaining more customer flow due to the Matthew Effect. In contrast, during the off-peak season, with fewer
total customers, restaurants in high-visibility spots did not experience customer saturation, allowing them to continuously attract
limited customers and reduce the flow to other restaurants. Smaller restaurants which locations with less traffic had fewer
customers and insufficient revenue, leading them to adopt cost-reduction measures such as reducing staff and marketing
investments, which would further reduce the willingness of customers to dine. Hence the Matthew Effect is more significant in
the off-peak season than in the peak season.

From the previous discoveries, it is concluded that for the scenic area with relatively low tourist traffic, the strategic placement
of restaurants is crucial. Restaurants should aim to be located at high-traffic spots such as the entrance to the catering area or
along major pathways where potential customers are likely to pass by first. These high-traffic spots often come with higher rent
and operational costs. To address this challenge, collaborating with travel agencies and opening restaurants that serve local
cuisine at affordable prices in less crowded, lower-rent areas can be a strategic and viable option.

When the tourist flow is substantial, the impact of restaurant location is relatively minor. This is because a large number of
visitors ensure that even remotely located restaurants can attract customers. In such scenarios, restaurants have a broader range
of potential locations to choose from without worrying too much about accessibility or visibility.

CONCLUSION

This study thoroughly analyzes the emergence and development process of the catering industry surrounding rural scenic spots,
as well as its operational characteristics. By adopting the Agent-Based Model (ABM) method, the interaction process between
tourists and restaurants is modeled. Taking the catering industry surrounding a tourist attraction in the southern countryside of
Guizhou Province, located in the southwest of China, as an example, the study simulates the process of tourists choosing
restaurants. The outcomes of the simulation regarding customer flow demonstrate a strong correlation with the results obtained

from field investigations, suggesting that this model is capable of representing the operational process of restaurants surrounding
tourism scenic spots.
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The research findings indicate that when the tourist flow at the attraction is high, the Matthew Effect on the distribution of
customer traffic among various restaurants is not significant, and the impact of restaurant location is limited. However, when the
tourist flow at the scenic spot is low, such as during the off-season, the location of restaurants surrounding the tourist attraction
should be in areas with high traffic. Alternatively, restaurants can serve local specialty foods at affordable prices and establish
cooperation with travel agencies as viable strategies.

In future research, various operational strategies will be incorporated into the simulation to predict their impacts on restaurant
performance, thereby enabling the optimization of restaurant operations.
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