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Abstract. In the era of big data, businesses are inundated with vast amounts of information across
a wide spectrum of types, creating both opportunities and challenges in data utilization. Among the
various algorithms adapted for this environment, the Thompson Sampling algorithm stands out due
to its exceptional capability to handle dynamic data and complex problems. This algorithm leverages
probabilistic models to continuously update and optimize decision-making processes based on
incoming data streams. Thompson Sampling excels particularly in determining the optimal locations
for businesses by analyzing extensive databases integrated with sophisticated business location
models. By assessing and adjusting to real-time data, it allows for a more nuanced understanding of
geographical and demographic trends that are crucial for strategic business placement. This method
not only enhances the accuracy of business decisions but also significantly improves adaptability in
rapidly changing market conditions.
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1. Introduction

Commercial location selection is crucial in business development and management, and is widely
acknowledged as a key strategic decision [1]. In determining optimal business sites, factors such as
labor costs, aesthetic considerations, and transportation accessibility are crucial for covering expenses
and generating profit, thus enabling companies to operate effectively. For retail stores and restaurants,
traffic volume, population density, and consumer demand—increasingly influenced by social
media—are critical metrics in site evaluation. Conversely, for warehouses and distribution centers,
the primary considerations are transport capacity and logistical convenience [2]. With the integration
of social media influence and geographic location as evaluation indices, the site selection process also
takes competitors and local instances into account. This approach employs decision trees and pruning
algorithms to refine choices. Given the growing complexity of these environments, algorithms such
as the Shuffled Frog Leaping Algorithm and genetic algorithms have been deployed to tackle NP-
hard problems [3]. Additionally, given the inherent uncertainties in site selection, the Analytical
Hierarchy Process (AHP) combined with Geographic Information Systems (GIS) has been
established as a highly effective method [4].

However, many of the aforementioned approaches either rely on partial factors or tend to converge
at local optima. Methods that aim to maximize profit through complex algorithms or extensive
databases often fall short in balancing quality and cost effectively. The advancement in computer
simulations of human cognition through machine learning techniques offers potent solutions to
address the dynamic, complex, and uncertain challenges of commercial site placement. In this study,
a machine learning approach was utilized to identify optimal sites, enabling tailored applications to
specific business scenarios by adjusting a minimal set of parameters.
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2. Relevant Theories

2.1. Overview of the Commercial Site Selection Problem

The approaches which are prevailing in practical apply currently include Analytic Hierarchy Process
(AHP), GIS. The main factors taken into calculation and their weights differ depending on distinct
types of commercial use.

Taking location selection for market and delivery distribution centers as instance to illustrate the
location selection problem.

The factors that effect the location for retail stores were divided as two groups that are social elements
and environmental elements by Julie Baker and researchers who set a Matrices model in size of 2*2
according to the importance degree of every factors [5]. In Macroeconomics there are law of retail
trade gravitation, central place theory and retail saturation index theory that are widely recognized as
cornerstone in classical location selection theory and have been proved effectively in practical
application which have been improved by applying genetic algorithm [6-8].

For location selection of delivery distribution centers, customers, supplier distribution, traffic
conditions, land conditions, natural conditions and policy conditions is widely considered as the main
factors [9]. Probabilistic Model Checking is used in AHP in choosing optimal sites for delivery
distribution centers [10].

2.2. Multi-Armed Bandits and Thompson Sampling Algorithm
2.2.1. Multi-Armed Bandits.

Multi-armed bandit (MAB) problem represents a task as a k-armed slot machine. After the arm on
the slot machine was pulled a reward is received which is used to estimate the quality of each arm.
Higher the reward is present the better arm [11]. The task is to select arms to pull with the goal of
maximum the calculated reward after n rounds pulling.

2.2.2. Thompson Sampling Algorithm.

In Bayesian Learning, the uncertainty in the environment is represented by a prior probability
distribution which reflect the belief on the environment [12]. In MAB framework the prior
distribution update based on the action and reward received in previous step.

The Thompson Sampling Algorithm choose Beta distribution as the prior distribution and current
distribution. After choosing an arm a reward presenting as 1 or 0 is received so the distribution update
for maximum the cumulative reward.

Thompson Sampling Algorithm is mathematically expressed as.

P(3)P(0) 1)

P(0) = D)

Where D represents the data observed, P(6/D) is our posterior, P(D/0) is the likelihood of observing
the data given 0, and P(0) is the prior belief on the distribution of 6 .

The probability density Function is mathematically expressed as

1 _ _
r(rg)
B(oB) = Tiarpy (3)
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3. System Analysis and Application Research

3.1. Commercial Site Selection Problem Description

Commercial site selection model is used to estimating every candidate address based on the data base
and providing them a value for rating. After rating every candidate address is recognized as an arm
and goes through the Thompson Sampling process, during which the probability to be chosen in
sampling increase if the address perform well in the rating so that after n rounds sampling the optima
choice emerge.

Variable kind of data is considered as index for determining the optima site by business site selection
model, including population, traffic volume, pedestrian volume, rivals in similar business position,
influence in social media, requirements, decoration and maintenance cost, consumption per person in
the region, shipping coast and labor cost, whose parameters could be adjusted in the model adopting
for applying the model to distinct type of business location accurately and flexibly.

3.2. Mathematical Model

In the usage of Thompson Sampling Algorithm there are m optimal sites that are in the best
commercial or transport condition depending on the requirements out of n candidate location. The
task of measuring and determining the optimal candidate sites makes the this problem N-P hard in
complexity.

In considering of balancing the Exploration and Exploit as the problem could be calculate with the
approaches of Multi-armed Bandit, Thompson Sampling Algorithm technique was introduced so that
each candidate location was recognized as an arm who could be selected or not in each rounds. With
only two possible value could be received in each round, (1 when the chosen location is selected or O
otherwise) Bernoulli distribution was used to describe the behavior that a reward is received as 1
when the location indexed as successful (which means this location is in good condition estimated by
the selection model), or O that fails in other condition.

if success:a=a+1 4)

if fail: B=p+1 (5)

3.3. Analysis Algorithm
Table 1 is the pseudo code for the selection process in the frame of Thompson Sampling Algorithm :
Table 1. Thompson Sampling Algorithm

1 fort=1,2,3,...do

2 # Sample the model
3 fork=1,.,Kdo
4 O ~beta(ay, Br)
5 end for

6  #selection
7 x; <« argmax;0y
8 choose x;,get the reward of r,
9  #update the distribution

10 (axt,ﬁxt) «— (axt + 7By, + 1 — rt)
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11 end for

According to the strategy process above, the process of commercial site selection problem is :
Taking each candidate site as an arm so there are arm;,i € {1,2,..., m}.

Each arm is attached with beta distribution whose initial state is B(1,1).

Sampling 6;~Beta(a;, B;) and get the value as (6,,6,,...,6y).

Choosing the arm owning the largest value,a, « argmax;0;.

Operating to a, getting the reward r.

Updating the distribution (xq,, Bq,)— (A, + e, Ba, + 1 —1p).

Repeating the step (3)(4)(5)(6) until it meets the end.

4. Challenges

4.1. Data Quality and Availability

According to the sensitivity that the Thompson Sampling process perform s when the date fluctuates,
a tiny wave in database could be reflected as a huge change in the result, due to which the current
data is strictly required otherwise the optimal site could be differ.

The data of pedestrian flow and traffic volume fluctuate greatly depending on the factors of weather,
festival and activities around over, which confuse the regular observed in the model.

4.2. Adapting the Algorithm for Diverse Commercial Needs

The business should make it flexible adopting the model to applying in real situation for distinct type
of business location. To be specific, in determining the location for restaurants and market the rating
model is adjusted to add weight in competitors and pedestrian volume, while the model weights the
parameter of transport cost when it is required to choose address for the delivery centers.

5. Conclusion

The macroeconomic model is employed to evaluate potential sites, providing key metrics upon which
the Thompson Sampling Algorithm is then applied to select the optimal site. This method is adaptable
for various types of commercial locations by fine-tuning parameters associated with influential
factors, thus facilitating its application across diverse contexts. Due to its user-friendly operation in
practical scenarios, this approach not only offers a novel methodology but also sets a new standard
in commercial site selection solutions. With improvements in the accuracy and volume of diverse
types of databases, the decision-making model for location selection increasingly enhances the
probability of identifying the optimal site for various commercial endeavors. This advancement
underscores the growing efficacy of integrating robust data analytics with algorithmic precision to
refine and optimize the decision processes in commercial real estate development.
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