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Abstract: As a precious gemstone, ruby's price fluctuations have an important impact on 

the jewelry market. However, accurate analysis of ruby price trends and their impact on the 

future of the jewelry market has been difficult. This article aims to reveal the impact 

mechanism of ruby price changes on the future trend of the jewelry market through 

dynamic analysis based on a genetic algorithm model. To achieve this goal, we collected 

relevant data including supply and demand data, market stability indicators, changes in 

consumer demand and external factors, and applied genetic algorithm models for analysis. 

Through the analysis of data and the operation of the model, this article has obtained the 

trend prediction of ruby prices and the impact of price changes on the jewelry market. The 

contribution of this study is to provide a dynamic analysis method based on a genetic 

algorithm model, which can more accurately predict the trend of ruby prices, and provide 

an in-depth analysis of the factors affecting the price changes on the jewelry market. These 

research results provide important references for practitioners in the jewelry industry, 

allowing them to better understand market dynamics and make appropriate decisions. At 

the same time, this study also provides reference and inspiration for future research on 

dynamic analysis of trends in the jewelry market. 

1. Introduction 

As an industry full of charm and potential, the jewelry market has attracted the attention of 

consumers and investors around the world [1]. With the development of the economy and people's 

pursuit of beauty, the jewelry market is also growing and evolving[2]. However, accurate prediction 

and analysis of future trend changes in the jewelry market is a complex and important topic. 

In the past few decades, many scholars and researchers have devoted themselves to exploring the 

laws and trends of future trends in the jewelry market. Chen H's research shows that consumers are 

affected by customer perception factors when purchasing jewelry products [3]. Consumers are 

paying more and more attention to the quality, design and uniqueness of jewelry, and are also 

paying increasing attention to environmental protection and sustainable development. Brandão A 
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conducted research based on artist jewelry designers. He found that with the improvement of 

people's living standards and changes in aesthetic concepts, the demand for jewelry products was 

developing in a more personalized and diversified direction [4]. These research results provide 

companies with insights that help them better understand consumer needs and decision-making 

processes, thereby developing more effective marketing strategies and sales models. Research on 

macroeconomic factors cannot be ignored either. By studying marketing cases, Kang H R found that 

economic cycles, inflation, exchange rate fluctuations and other factors had a significant impact on 

the jewelry market [5]. These research conclusions help companies predict market trends and 

formulate flexible business strategies to adapt to different economic environments. These studies 

provide important reference and guidance for practitioners and decision-makers in the jewelry 

industry, helping them seize opportunities and cope with challenges in fierce market competition. 

However, despite certain research results, we still face some challenges and shortcomings. 

Traditional research methods often can only provide static market analysis and cannot accurately 

predict and simulate future dynamic changes in the market [6-7]. Therefore, we need to explore a 

more advanced and comprehensive research method to better understand and predict future trend 

changes in the jewelry market. To this end, this study aims to introduce a genetic algorithm model 

and use ruby price changes as a case to conduct a dynamic analysis of future trend changes in the 

jewelry market. We hope to provide decision-makers and practitioners in the jewelry industry with 

more accurate and comprehensive market forecasts and analysis, and promote the sustainable 

development of the jewelry market. 

2. Jewelry Market and Ruby Price Changes 

2.1. Overview of Jewelry Market 

As a unique and complex industry, the jewelry market has always attracted the attention of 

consumers around the world. Jewelry is not just a decoration, but also a precious asset that 

symbolizes status, taste and wealth [8]. With the development of the economy and the increase in 

people's demand for luxury goods, the jewelry market has also experienced significant changes[9]. 

In terms of identifying changes in jewelry market trends, market participants need to pay close 

attention to the following aspects. The first is the change in consumer behavior and preferences [10]. 

Through research and market analysis, understanding the changes in consumer preferences for 

jewelry design, brand and purchasing channels can help companies seize market opportunities and 

formulate corresponding marketing strategies [11]. Through comprehensive analysis of market data, 

industry reports and expert opinions, the development trends and future opportunities and 

challenges of the jewelry market can be understood. This helps companies make informed decisions 

and adjust strategies in a timely manner to adapt to market changes [12-13]. Understanding the 

market overview, paying attention to changes in consumer behavior and preferences, and mastering 

market trend analysis methods are crucial for companies to succeed in a highly competitive market 

[14]. 

2.2. Market Demand and Importance of Rubies 

As a rare and precious gemstone, ruby has always been sought after and loved by consumers 

around the world [15]. Its vivid red color, high degree of transparency and excellent hardness make 

it one of the most popular gemstones in the jewelry market[16]. Ruby plays an important role in the 

jewelry market [17-18]. Its beautiful appearance, symbolic meaning and investment value make it 

one of the most coveted gemstones for many. With the development of the global economy and 

people's pursuit of luxury goods, the demand for rubies in the ruby market is expected to continue 
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to grow, bringing more opportunities and challenges to the jewelry industry [19]. Ruby is a rare 

gemstone with a limited supply. Changes in ruby prices are affected by multiple factors such as 

supply and demand, color and quality, weight and size, origin, market trends and investment needs, 

as well as the global economy and exchange rates [20]. 

3. Analysis of Future Trend Changes in the Jewelry Market Based on Genetic Algorithm 

Model 

3.1. Overview of Genetic Algorithms 

Genetic algorithm is an optimization algorithm that simulates the natural evolution process and is 

often used to solve complex problems. Its design is inspired by Darwin's theory of evolution, and it 

gradually searches and optimizes the solution space of the problem by simulating mechanisms such 

as selection, crossover, and mutation in nature. Genetic algorithms have the characteristics of strong 

adaptability and good global search capabilities, and are widely used in optimization problems, 

machine learning, data mining and other fields. It can handle complex search spaces and 

multi-objective optimization problems, and is suitable for situations where the problem does not 

have a clear analytical solution or is difficult to solve.  

3.2. Ruby Price Change Model 

The goal of this article is to predict ruby price trends and analyze the factors influencing price 

changes. In order to achieve this goal, it is first necessary to collect relevant data, including price 

history data, market data and influencing factor data. The data is then preprocessed, including 

cleaning, handling missing values, and selecting features. Determining the input and output of the 

model, the input can include time series data, market data and influencing factor data, the output 

can be the predicted value of ruby price or related price change indicators. In order to optimize and 

train the model, this article designs a fitness function, which is the root mean square error (RMSE) 

of the prediction error. The root mean square error formula is as follows: 

n

YY
RMSE

ii 


2)(

                             (1) 

In formula (1), n is the number of samples; iY  is the actual observed value; iY  is the predicted 

value of the model. 

The fitness function is used to measure the quality of an individual. By selecting individuals with 

higher fitness as the parent generation, excellent characteristics can be passed on and the fitness of 

the overall population can be improved. Chromosome coding uses a binary representation of ruby 

characteristics and parameters, such as color and weight. In the optimization process of the genetic 

algorithm, an initial population is first generated, in which each individual represents a candidate 

solution. Individuals in the population are then evolved through operations such as selection, 

crossover, and mutation. The selection operation selects excellent individuals as parents according 

to the fitness function, the crossover operation generates new individuals, and the mutation 

operation introduces randomness. Through these steps, a ruby price change model based on genetic 

algorithm was established, and model training and optimization were performed to predict and 

analyze the ruby price change trend. By setting the termination conditions to reach the maximum 

number of iterations, the optimal solution is obtained, analyzed and interpreted, and the 

performance and feasibility of the model are evaluated. It can be compared with actual data for 

error analysis and trend analysis. Based on the feedback from the result analysis, the model is 
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adjusted, including parameter settings of the genetic algorithm, changes in the chromosome 

encoding method, increasing or optimizing the fitness function, etc. 

3.3. Dynamic Analysis of Ruby Price Changes 

3.1.1. Data Collection 

In order to achieve dynamic analysis of ruby price changes, we adopted the following methods to 

collect data. First, we collected historical data on ruby prices through professional market research 

institutions, including price records over the past few years or decades. We also collect market data, 

such as supply and demand, trading volume and price indexes, to understand overall market trends 

and dynamics. Figure 1 shows relevant ruby transaction data. 

 

Figure 1: Ruby transaction data 

From Figure 1, we can find that the price index is mostly stable around 120, the trading volume 

is between 45-60, and the price is mostly floating around 1,000. The index may indicate that the 

overall market price trend is relatively stable, with no obvious large increases or decreases. Trading 

volume fluctuating within a certain range may reflect the activity of the market, and higher trading 

volume usually means that the market is more active.  

After data collection, data cleaning was performed to deal with possible outliers and missing 

values to ensure the accuracy and reliability of the data. Through the above data collection methods, 

we have obtained rich ruby price data, market data and influencing factors data. 

3.1.2. Data Prediction and Analysis 

This article uses TensorFlow in Python to load the already built ruby price change model. The 

model will be calculated based on the characteristics of the input data and the weights of the model, 

and generate corresponding prediction results. Forecast results include ruby price forecasts, price 

trends, volatility, etc. The formula for calculating volatility is as follows: 

A
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In formula (2), P is the volatility value, A is the actual price, and B is the predicted price. After 

making the predictions, we can analyze and interpret the results. Evaluating the model's accuracy 

and performance by comparing it to actual ruby price data. Table 1 shows the supply and demand 

and price forecast trends of rubies. 

Table 1: Ruby supply and demand and forecast price trends 

 23/9/1 23/9/2 23/9/3 23/9/4 23/9/5 

Supply demand Adequate Balance Lack Balance Adequate 

Price movement Descend Descend Rise Descend Descend 

From Table 1, we can see that if supply and demand are sufficient and balanced, the model 

predicts a downward price trend; while in the case of shortage of supply and demand, the price 

trend is predicted to increase, which is consistent with the basic supply and demand relationship. 

When supply is abundant, the supply of a good exceeds demand in the market, which can cause 

prices to fall. Oversupply increases competition, and sellers may lower their prices to attract buyers. 

Conversely, when supply is tight, there is not enough supply of goods on the market to meet 

demand, which can cause prices to rise. An imbalance between supply and demand can lead to 

competition among buyers, who may be willing to pay higher prices to obtain the goods they want. 

In order to better analyze the ruby-related data under the genetic algorithm, this article also 

conducted error and trend analysis. The trend analysis data is shown in Figure 2. 

 

Figure 2: Trend analysis data 

From the trend analysis in Figure 2, we can see that the predicted price and actual price trends 

are roughly consistent. However, there is still a certain margin of error in the price. When predicting 

market prices, models may consider a variety of factors, such as supply and demand, market trends, 

historical data, etc. Although the model can provide predictions about price trends, due to the 

complexity and uncertainty of the market, the prediction results may be somewhat different from 

the actual prices. Price errors may be caused by a variety of factors, such as market changes, news 

events, policy adjustments, etc. These factors may have an impact on market supply and demand 

and prices, resulting in differences between actual prices and forecast prices. Figure 3 shows the 

prediction accuracy, mean square error and volatility data after data calculation. 
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Figure 3: Evaluation data 

Based on the calculation results in Figure 3, we can draw the following conclusions from the 

data analysis: the prediction accuracy is 100%, which means that the predictions made are 

completely consistent with the actual observations. A high accuracy indicates that the model 

performs well in predicting ruby prices. Volatility refers to the range of changes in price or data, 

with the highest volatility being only 0.0294 and the lowest being 0.0096. Lower volatility indicates 

relatively stable price movements. In this case, the fluctuation range of ruby prices is smaller, 

indicating that the market is relatively stable. The mean square error is a measure of the difference 

between the predicted value and the actual observed value, with the highest mean square error being 

only 5.477226. A lower mean square error indicates a smaller difference between predictions and 

actual observations. In this case, the mean square error is low, indicating that the difference between 

the model's predictions and the actual observations is relatively small. 

3.4. Analysis of Influencing Factors 

Based on the above data, we can derive the influencing factors related to ruby prices. According 

to the results in Table 1, when supply and demand are sufficient and balanced, the model predicts a 

downward price trend; while when supply and demand are in short supply, the price trend is 

predicted to increase. Therefore, the relationship between supply and demand is one of the 

important factors affecting ruby prices. If supply exceeds demand, competition in the market will 

increase, causing prices to fall; when supply is insufficient, prices may rise. According to the 

stability of the price index and trading volume in Figure 1, we can see that the market as a whole is 

relatively stable. Market stability can reduce price volatility and make prices relatively stable. A 

stable market environment helps consumers and investors form price expectations, thereby affecting 

market supply and demand and price trends. Although the predicted price and actual price trends in 

the trend analysis in Figure 2 are roughly consistent, there is still a certain error. This may be due to 

changes in consumer demand. Therefore, changes in consumer demand for rubies are one of the 

important factors affecting prices. For example, if consumer demand for rubies increases, prices 

may rise; conversely, if demand decreases, prices may fall. In addition to supply and demand and 

consumer demand, external factors such as macroeconomic conditions, exchange rate fluctuations, 
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policy changes, etc. may also have an impact on ruby prices. For example, an economic boom may 

stimulate people's willingness to buy jewelry, thereby pushing up prices; while an economic 

recession may lead to a decrease in consumer purchasing power, putting pressure on prices. 

Factors affecting ruby prices include supply and demand, market stability, changes in consumer 

demand, and external factors. These factors interact to determine price trends in the ruby market. 

When conducting dynamic analysis, it is necessary to comprehensively consider these factors and 

pay close attention to market changes and trends to make accurate predictions and decisions. 

4. The Impact of Ruby Price Changes on Future Trends in the Jewelry Market 

4.1. Impact of Ruby Price Changes on the Jewelry Market 

Ruby is one of the important gemstones in jewelry, and its price changes have an important 

impact on the entire jewelry market. The supply and demand relationship of ruby is a key factor 

affecting its price. If supply decreases or demand increases, the price of rubies may increase. 

Conversely, if supply increases or demand decreases, ruby prices may fall. The stability of ruby 

prices is crucial to the development of the jewelry market. Large price fluctuations may lead to 

increased market uncertainty, affecting consumer purchasing decisions and industry stability. 

Changes in ruby prices may affect consumer demand for ruby jewelry. If prices rise, consumers may 

look for substitutes or reduce purchases, affecting market demand. On the contrary, lower prices 

may stimulate consumer interest in purchasing ruby jewelry. Movements in ruby prices may also be 

affected by external factors. 

Changes in ruby prices have an important impact on the jewelry market. Factors such as supply 

and demand, market stability, changes in consumer demand and external factors interact to 

determine the price trend in the ruby market. Participants in the jewelry industry should pay close 

attention to changes in ruby prices and make appropriate adjustments and decisions based on market 

conditions. 

4.2. Analysis of Future Trends of the Jewelry Market 

Based on data analysis and market trend observation, we can predict the future trends of the 

jewelry market. With the development of society and people's pursuit of personalization, consumers' 

demand for jewelry will become more diverse. They will seek unique, personalized designs and 

materials that showcase their personality and taste. With the increasing awareness of environmental 

protection and sustainable development, consumers are paying more and more attention to the 

source and manufacturing process of jewelry. Sustainable jewelry will be favored by more 

consumers, which will push the jewelry industry toward a more environmentally friendly and 

socially responsible direction. With the rapid development of the Internet and e-commerce, the 

jewelry industry will also become increasingly digital. Online sales channels will become one of the 

main sales methods, and consumers will purchase jewelry products online more frequently. In a 

highly competitive market, brand power and quality will become important factors for consumers to 

choose jewelry. Well-known brands and high-quality products will be more popular, and consumers 

will be more inclined to buy guaranteed products. 

5. Conclusion 

This study aims to predict the trend of ruby prices through dynamic analysis based on a genetic 

algorithm model, and analyze the factors that influence price changes on the jewelry market. In 

order to achieve this goal, we collected relevant data and applied genetic algorithm models for 
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analysis, aiming to reveal the rules of ruby price changes and its impact mechanism on the jewelry 

market. This article provides a forecast for ruby price trends and provides an in-depth analysis of 

the factors that impact price changes on the jewelry market. Through data analysis and model 

operation, we found that supply and demand relationships, market stability, changes in consumer 

demand and external factors are the main influencing factors. Through this model, we can achieve 

dynamic analysis of future trend changes in the jewelry market. This article provides an important 

reference for practitioners in the jewelry industry, allowing them to better understand market 

dynamics and make decisions accordingly. At the same time, our research also provides reference 

and inspiration for future research on dynamic analysis of trends in the jewelry market. 
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