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Abstract. This paper focuses on the jeans market as its research object. Based on
the sales data of a specific jeans manufacturing enterprise, the non-negative ma-
trix factorization model is employed to identify potential features in the two di-
mensions of color and material. Research has found that in terms of color, con-
sumers mainly have three preferences: cool tones, medium and low saturation
color series, and classic color combinations. In terms of materials, it is manifested
as a preference for the comfort of pure cotton, a balance preference for the mix-
ture of cotton and functional materials, and a comprehensive preference for eco-
nomic types that consider both comfort and functionality. This article not only
verifies the effectiveness and interpretability of the NMF model in data analysis
of the clothing industry, but also provides practical references for jeans enter-
prises in material selection and color matching decisions, production optimiza-
tion, and enhancement of market competitiveness.

Keywords: Jeans market, Non-negative Matrix Factorization (NMF), Con-
sumer preference, data-driven decision-making

1 Introduction

In today's highly competitive clothing industry, jeans, a classic fashion item, continue
to have a certain demand in the clothing market to this day. At the same time, with the
development of clothing technology, a large number of different styles of jeans have
gradually emerged in the market, and consumers' demands for different styles of jeans
are also completely different. However, although the vast amount of data contains key
information that reveals current fashion trends and consumers' potential preferences,
traditional market research methods, such as relying on designers' experience, do not
utilize previous data to obtain useful information, thus ignoring the valuable infor-
mation contained in the data. Therefore, for jeans manufacturing companies, it is ex-
tremely important to reasonably explore the market demand for various styles of jeans.
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In the field of analyzing business data, especially in the clothing industry, many
studies use different algorithm models to mine the value of data. Zhao!'! proposed the
Neo-Fashion algorithm prediction model to subdivide and categorize all fashion items
and identify the popular styles and combinations in each season. For instance, the au-
thor suggested that the dominant colors for autumn and winter dresses are blue, black,
and white. Based on this, the model is utilized to analyze the current fashion data and
predict the future trend. Anf?' took jackets as the research object. First, text mining and
semantic network analysis methods were used to classify the popular trends into four
categories: increasing, decreasing, evergreen, and seasonal trends. Then, semantic net-
work analysis was used to identify the current popular features of jackets, ultimately
helping designers determine the future direction of popular trends. In addition, A
Bansal's research®], based on the T4SA dataset, utilized natural language processing
and machine learning techniques and ultimately discovered a correlation between emo-
tional patterns and the popularity of fashion themes, as well as an upward trend in both
emotional patterns and the popularity of fashion themes. In addition, the article also
uses Granger causality analysis to identify the main driving factors of fashion trends as
sustainability and streetwear. Eventually, it is found that social media sentiment analy-
sis can serve as an effective early indicator for identifying fashion trends.

The NMF model used in this study has also been widely adopted by academic re-
search as a tool for mining data from various fields and has effectively identified the
potential features existing in the data. Kohjima™ proposed a brand-new NMF model
named NM4F based on the existing NMF model to increase more available information
and extract consistent patterns with multiple different aspects, thereby effectively as-
sisting in the analysis of purchase logs in marketing. In addition, Hamamotol! also il-
lustrated the application of the NMF model in precision medicine, that is, extracting
important information from large-scale medical data. At the same time, the article also
demonstrates the specific application of the NMF model in the field of oncology. Its
results can help medical research explain the biological significance in potential fea-
tures more easily. In Deng 's research!®, the author effectively identified the reasons for
the different preferences among various products in supermarkets by applying the non-
negative matrix factorization algorithm in supermarket data, and accordingly provided
suggestions for optimizing sales. For instance, the author found that the low preference
for edible oil was due to price factors, and it was difficult to increase preference by
using marketing strategies for such products. Therefore, supermarkets should reduce
their inventory of such products and instead invest funds in products with higher pref-
erences to increase their profits. Whether it is commercial data analysis or research in
other fields such as medicine and text, NMF has been widely explored and verified.
Not only have a large number of empirical studies demonstrated its application value,
but also many review works have systematically summarized the theoretical progress
and application practice of NMF. For instance, Li et al. [l conducted a comprehensive
review of the application of NMF in clustering and pattern recognition, and Wang[®!
further reviewed the research progress of NMF in algorithm optimization and applica-
tions in different fields. This review of literatures indicates that NMF has developed
into an important general method and has demonstrated continuous research value in
multiple fields.
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This article aims to explore the current popular trends in the jeans market and the
potential preferences of consumers. By collecting the sales data provided by a certain
jean’s manufacturer, for the two major features of jeans design - jeans color and jeans
material, the NMF model is applied to extract the potential feature combinations in the
data, and the corresponding analysis of the potential feature combinations is conducted
to ultimately identify the style patterns represented by the features and the potential
preferences of current consumers for color and material. This provides data-driven de-
cision support for jeans companies and offers specific business insights.

2 Introduction to Non-Negative Matrix Factorization

In recent years, non-negative matrix factorization, as a classic matrix factorization
method, has been widely applied in fields such as text mining, recommendation sys-
tems, and image processing [°]. The basic idea is to take a non-negative matrix

XeR™, X220

Q)
It is approximately decomposed into two low-rank non-negative matrices
WeR™, HeR™, W,H20 @
So
X =WH. 3)

Among them, W can be understood as a representation matrix composed of several
latent basis vectors, while H characterizes the linear combination coefficients under
these bases. In this way, NMF can not only achieve dimensionality reduction represen-
tation of data, but also make the decomposition results more interpretable due to its
non-negative constraints.

Common criteria for optimization objectives include minimizing the Frobenius norm
error

min,, .., | X —WHII;., @

And minimize the reconstruction error based on KL divergence. Lee and Seung were
the first to propose iterative algorithms based on multiplicative update rules. For in-
stance, under the Fresenius norm, the iterative update formula is

w'Xx XH'

HeHOQ———, W«WO =
W WH WHH (5)

Here, Orepresents element-by-element multiplication, and the numerator and de-
nominator represent element-by-element division. This method can gradually converge
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to the local optimal solution while ensuring non-negativity. Since then, researchers
have continuously improved and expanded NMF in terms of optimization strategies,
regularization constraints, and integration with deep learning '],

3 Research Methods

3.1 Problem Description

The sales of jeans are influenced by multiple factors, including season, fabric, style,
and color etc. There are significant differences in sales among various styles. Due to
the possible complex nonlinear relationships among various factors, traditional analyt-
ical models find it difficult to effectively decompose these features that have a common
influence. Therefore, in order to break down the impact of mixed features on the sales
volume of jeans, this study will use the NMF model to investigate the degree of influ-
ence of each feature on the final sales volume of jeans during production. By finding
the weight of each panel feature of jeans in the overall sales volume, the degree of
influence of each feature on the sales volume of jeans will ultimately be determined.
And thereby help jeans companies provide decision-making references and support in
product strategies and inventory optimization.

3.2 Dataset Selection

This study collected and organized the sales data of jeans from the ERP system of a
certain jeans manufacturing company. The data time span was from July 2024 to June
2025. The data content included the styles of jeans, the colors of jeans, the fabric com-
ponents of each style of jeans and the specific content of fabric components, as well as
the corresponding order numbers of jeans under each style. This dataset effectively re-
flects the sales situation of jeans under different fabrics and color combinations; thus,
it can effectively help this study identify the degree of influence of each feature on sales
volume, which is of great significance for mining the feature combinations that help
jeans sell well. Table 1 shows a sample display of the dataset.

Table 1. sample display of the dataset

Style Unit Color Composition Order Quantity
. . X X 96% cotton, 3% polyester, 1%
Girls' Capris Piece | Indigo blue 5000
spandex
Girls' Far-foot Capris | Piece | Indigo blue 99% cotton, 1% spandex 1000
Women's Half-open .
T Piece Caramel 80% cotton, 20% polyester 1535
op
Women's Pleated Skirt | Piece Khaki 80% cotton, 20% polyester 205
. 96% cotton, 3% polyester, 1%
Women's Flared Pants | Piece Black 2250
spandex
Girls' Short Trench . . 96% cotton, 3% polyester, 1%
Piece Pink 1900

Coat spandex
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Girls' Skinny Long . . 96% cotton, 3% polyester, 1%
Piece Pink 3650
Pants spandex
Girls' Flared Pants Piece | Indigo blue 100% spandex 6050
Girls' Flared Pants Piece Pink 99% cotton, 1% spandex 4900

3.3 Non-Negative Matrix Factorization

3.3.1 Data Input and Preprocessing.

Since the data currently collected and organized cannot be directly used to construct
a non-negative matrix and substitute it into the NMF model, before that, the research
needs to preprocess the original data. By processing the table data, after cleaning the
data, including organizing, deleting blank rows, and removing missing values in key
fields, the categorical variables, including jeans color and components, were encoded.
First, lists of 15 colors and 6 components were defined, respectively, based on the orig-
inal data. Then, the color features were binarized, and at the same time, the percentage
weights of the material features were found. The preprocessing of the data is thus com-
pleted.

3.3.2 Construction of Non-Negative Matrices.

After preprocessing the original data, the study merged the jeans color and compo-
nent feature vectors of the preprocessed data to construct two independent non-negative
matrices. The color data was constructed as matrix Vcolor, while the material data was
constructed as matrix Vmaterial. Thus, it is possible to study all the different potential
patterns and rules in the two different dimensions of jeans color and composition.

3.3.3 Feature Compression.

NMEF is the core algorithm of this study. This mathematical model aims to find two
non-negative matrices W and H, such that their product can approximately reconstruct
the original matrix V:

V=W xH (6)

The description of each matrix is as follows:

V represents the original (i.e., Vcolor or Vmaterial) matrix.

W represents the weight matrix, where each row represents the weight or intensity
of the original sample on the r latent features obtained through decomposition. The
higher the weight, the higher the similarity between the sample and the potential fea-
ture.

H represents the component matrix, where each row represents the extracted latent
features. It describes how these original features (colors or materials) are formed
through specific weight combinations of those features.

r represents the preset number of latent features, which is usually reduced in dimen-
sion and compressed by being much smaller than the number of original features.
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3.3.4 Feature Extraction.

After the calculation of the NMF mathematical model is completed, the component
matrix H is the feature extracted from the color and component matrices. Subsequently,
for each row in matrix H (i.e., a potential feature), we analyzed the weight distribution
of this feature over all the original features. The several original features with the high-
est weights constitute the core features of this potential feature. In addition, we visual-
ized the data and used bar charts to clearly display the potential feature combinations
of colors and components, thereby aesthetically presenting the distribution and corre-
sponding weights of all features.

4 Experiment

This study analyzed the components and color characteristics of jeans, respectively, by
using the NMF model and mined the potential features among them. By substituting
the preprocessed data into the NMF model and through calculation, the experiment ul-
timately obtained two sets of data, namely the color potential feature combination and
the material potential feature combination. Meanwhile, under each combination of po-
tential features, the model summarizes three types of features. Each type of feature cor-
responds to different patterns existing in the data. The sales data of jeans represents the
three style patterns corresponding to the consumer market or the potential preferences
of consumers.

Meanwhile, since all the jeans samples used in the original data are single-color
jeans, the study will not explore the color features on jeans with multiple color combi-
nations when analyzing them. However, for the materials of jeans, given that the design
of multiple material combinations has been considered in the jeans data, the research
will involve the design of multiple materials when analyzing the material characteristics
and exploring the potential market preferences for multiple material combinations.

Based on the color weight bar chart given in Figure 1, we can effectively identify
the three potential color preferences existing in the current jeans market for the potential
color feature combinations.

Firstly, for color feature 1, it is obvious that gray, as the color with the highest num-
ber of vertical coordinate values in the bar chart, has a weight greater than 0.8 in the
feature and is at the highest position among all the colors in color feature 1. This shows
the significance of gray in the color of jeans. The colors with the second-highest weight
after gray are light blue, pink, and dark blue. These three colors, along with gray, clearly
dominate the chart and are mainly cool or neutral in terms of tone. In addition, the
weights from low to high are nougat color, lavender color, white, Burgundy color,
camel color and beige color. Most of these four colors are warm tones. From this, it is
highly likely that color Feature 1 has a specific style pattern dominated by cool tones,
indicating that some consumers have a specific preference for purchasing cool-toned
jeans.

Similarly, in color feature 2, there are also significant differences in the weights of
different colors. For lavender, khaki, and indigo, all three colors have weights higher
than 0.7, while in contrast, the weights of the other colors are all less than 0.4. It is not
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difficult to see that lavender, khaki, and indigo blue hold a strong primary position
among these color characteristics. Meanwhile, in color feature 2, except for the three
prominent colors, most of the other colors show similar weights, fluctuating between
weights 0.2 and 0.3, such as light blue, dark blue, and camel. These colors share the
common feature of medium and low saturation with the dominant colors, so we can
effectively infer that consumers still have a potential preference for jeans with medium
and low saturation color schemes in the jeans market.

Furthermore, for color feature 3, deep blue stands out among all colors, with a weight
higher than 1.4, indicating its core position in color feature 3. The second largest weight
after dark blue is indigo blue and camel, both of which have weights close to around
1.1. At the same time, considering the phenomenon that the weights of the other colors
are all lower than 0.5, we conclude that in color feature 3, dark blue, indigo blue, and
camel color dominate. In the jeans industry, these three colors are mostly the classic
color combinations of jeans. Therefore, the prominence of these three colors, especially
the significant leading position of indigo in terms of weight, can be seen that even to-
day, the jeans market still has an unwavering preference for classic color combinations.
Caramel, white, grey, lavender, and Burgundy, these color combinations that are more
niche in the jeans market, all have weights close to or lower than 0.1. It can be seen that
these niche color combinations have a very small proportion in color feature 3. This
finding more effectively demonstrates the prominent classic color combinations of
jeans in color feature 3. Therefore, we can infer from color feature 3 that consumers in
the jeans market still prefer classic color combinations, and it can also be seen that such
classic color combinations remain popular in the jeans market for a long time.
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Fig. 1. Combinations of potential color features

Similarly, for the potential feature combinations of materials, based on the material
weight bar chart given in Figure 2, we can identify three patterns existing at the material
level in the current jeans market.

For material feature 1, cotton, as a material with a weight close to 35, has a huge gap
compared with the other materials, whose weights are infinitely close to zero. There-
fore, there is no doubt that cotton demonstrates an absolutely dominant position in ma-
terial feature 1, and it is extremely ahead of the other materials in terms of weight. This
phenomenon indicates that the jeans market has a single preference for cotton in terms
of materials, reflecting consumers' specific demands for pure cotton or near-pure cotton



Analysis of Potential Preferences in the Jeans Market Based on ... 103

jeans. Since cotton usually provides excellent comfort for jeans, we can infer that mar-
ket consumers have a potential preference for ultimate comfort.

Furthermore, in material feature 2, cotton also holds a dominant position. However,
unlike material feature 1, in material Feature 2, the weight of cotton material has
dropped to a value close to 10, which has also led to a reduction in the gap between
cotton and materials with weights close to 1, such as Yarcel, Lycra, and spandex. There-
fore, material Feature 2 presents a jeans material configuration mainly composed of
cotton, with a small amount of auxiliary materials like Yarcel, Lycra, and spandex as
supplementary materials. Meanwhile, the addition of Yacel usually makes jeans soft,
close-fitting, and provides drape, while the addition of spandex and Lycra usually offers
elasticity to jeans. The combination of these three types of materials with a large amount
of cotton can ensure that jeans do not lose the comfort of excessive cotton while main-
taining a certain degree of elasticity and drape. From this, it can be seen that the market
also has a potential preference for a balance between the functionality and comfort of
jeans.

Furthermore, material feature 3 forms an extremely sharp contrast with material fea-
tures 1 and 2. In contrast, although material Feature 3 still uses cotton as the main ma-
terial and has a weight greater than but close to 1.75, the weight difference between
cotton and other materials such as Yasser, spandex and viscose has dropped to only 1-
1.5. Yasser and viscose have a weight close to 0.5, while spandex has a weight close to
0.75. Therefore, in view of the collective reduction and more even distribution of ma-
terial weights, we can infer that material feature 3 reflects an economic and balanced
material combination where multiple materials are mixed together to ensure the coex-
istence of functionality and comfort while reducing costs. This reveals the market's
preference for jeans materials that offer both comfort and functionality while maintain-
ing economic efficiency.
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Fig. 2. Potential feature combinations of materials

Based on the experimental results of Figure 2, we successfully obtained three poten-
tial characteristics each for the color and material of jeans, corresponding to the poten-
tial consumer preferences existing in the market. Therefore, we can provide certain
business feature analysis for jeans manufacturing companies based on the market po-
tential characteristics obtained above.
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In terms of color selection for jeans, according to experimental results, the current
market has a potential preference for cool tones, medium and low saturation color se-
ries, and classic color combinations. Therefore, for enterprises, it is particularly im-
portant to increase manufacturing investment in short-term popular color combinations
such as cool tones and medium and low saturation color series jeans. At the same time,
enterprises can optimize the cost structure in the manufacturing of classic color jeans.
To ensure sufficient market competitiveness when meeting the long-term demand for
jeans trends.

Similarly, in the selection of materials for jeans production, there are currently three
more popular preferences in the market: the pursuit of ultimate pure cotton comfort, the
search for a balance between functionality and comfort achieved by blending functional
materials with cotton, and the preference for both comfort and functionality in eco-
nomic models. To this end, enterprises should, in light of the above preferences, con-
tinuously optimize the balance between functionality, comfort and economy in the com-
bination of materials, and at the same time, minimize the cost of the main material
cotton as much as possible to achieve the goal of maximizing profits.

By drawing on the above business inspirations, enterprises will be more conducive
to meeting the general trend demands existing in the jeans market and ultimately en-
hance their market competitiveness.

5 Conclusion

In summary, this paper calculates the sales data of jeans of a certain company by using
the NMF model, obtains a specific component matrix, and presents the potential feature
combinations of colors and materials in the form of bar charts respectively. Thus, by
utilizing the weights of each color or material in the image, the potential style patterns
existing in the data are identified. Ultimately, the specific preferences for the color and
material of jeans in today's jeans market are derived. Regarding the color of jeans, we
have found that there are three specific color preferences in the market, namely cool
tones, medium and low saturation color series, and classic color combinations. As for
the materials of jeans, we have also identified three specific material preferences: the
ultimate pure cotton comfort preference, the preference for functional materials com-
bined with cotton to balance functionality and comfort, and the comprehensive prefer-
ence for economy, comfort and functionality coexisting.

This research not only provides certain business inspirations and development strat-
egies for jeans enterprises through the application of mathematical models, but also
successfully demonstrates the effectiveness of the NMF mathematical model in mining
potential patterns in the real business environment, providing certain reference signifi-
cance for the subsequent digital transformation of the jeans and even the clothing in-
dustry and the utilization of data-driven decision assistance.
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