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ABSTRACT

The retail industry faces significant challenges in maintaining accurate product catalogs, which are essential for
customer satisfaction, operational efficiency, and data-driven decision-making. Inaccurate or inconsistent
product listings can lead to poor user experiences, inventory mismanagement, and lost sales. This paper explores
the application of Large Language Models (LLMs) to enhance catalog accuracy in retail environments. By
leveraging advanced natural language processing techniques, LLMs can automate the extraction and
categorization of product information from unstructured data sources, such as supplier descriptions and
customer reviews. Additionally, LLMs can assist in detecting discrepancies, suggesting improvements, and
ensuring consistent language use across catalog entries. The study demonstrates how integrating LLMs into
catalog management systems not only improves the quality and accuracy of product listings but also reduces
manual effort and operational costs. Furthermore, the paper discusses the potential for LLMs to scale as
product catalogs grow, enabling continuous enhancement of retail catalog accuracy in a dynamic market.

Keywords - Large Language Models, catalog accuracy, retail industry, natural language processing, product
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INTRODUCTION

In today’s fast-paced retail environment, product catalogs are at the heart of every retail business, serving as the central
database that informs everything from online shopping experiences to inventory management and logistics. Catalog
accuracy is crucial for businesses to maintain customer trust, streamline operations, and effectively compete in an
increasingly digital marketplace. The task of managing vast amounts of product data, often coming from various
sources with different formats and standards, is a monumental challenge. As the retail industry continues to grow in
size and complexity, the need for efficient and scalable solutions to improve catalog accuracy becomes more urgent.
The introduction of Large Language Models (LLMSs) has the potential to revolutionize catalog management in the retail
industry. LLMs, which are sophisticated artificial intelligence (Al) models trained on vast amounts of textual data, have
demonstrated remarkable abilities in natural language processing (NLP). These models, such as OpenAl’s GPT and
similar architectures, can comprehend and generate human-like text, making them capable of transforming unstructured
information into actionable insights.

|

This paper explores how LLMs can be applied to enhance catalog accuracy in retail settings. By leveraging the
capabilities of LLMs, retailers can automate many of the manual processes involved in catalog management, from
product description generation and categorization to data cleansing and consistency checking. Through the use of

advanced NLP techniques, LLMs can improve the accuracy of product information, identify inconsistencies, and
provide automated updates that would otherwise require substantial human intervention. The adoption of LLMs in
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retail catalog management could lead to reduced operational costs, faster product onboarding, and an overall
improvement in customer satisfaction.

The Importance of Catalog Accuracy in Retail

Catalog accuracy serves as the foundation for many critical business operations in retail, particularly in e-commerce.
Accurate product listings are essential for customers to find what they’re looking for and make informed purchasing
decisions. Inaccurate or incomplete product descriptions can lead to frustrated customers, lost sales, and negative brand
reputation. Moreover, a lack of consistency in product categorization can lead to confusion and difficulties in managing
inventory, pricing strategies, and promotional campaigns.

For physical stores, the accuracy of product catalogs is equally important. Discrepancies between the catalog and actual
stock can result in customers being told items are out of stock when they are available, or vice versa. In an era where
customer loyalty is heavily influenced by the quality of their shopping experience, maintaining an accurate catalog is
more critical than ever.

Retailers also face the challenge of handling a vast and ever-growing amount of data, especially as e-commerce
continues to expand. Product catalogs need to keep up with changes in inventory, pricing, specifications, and
availability, as well as customer feedback and product returns. Managing all of this data manually is inefficient, error-
prone, and time-consuming, especially for large retailers with thousands or millions of products.

Challenges in Catalog Management

The task of maintaining an accurate catalog is complex due to the sheer volume and diversity of the data that needs to
be managed. Retailers typically receive product data from a variety of sources, including manufacturers, suppliers, and
third-party sellers. These sources often present information in different formats, with varying levels of detail and
accuracy. For example, a product may be described with different terminologies, missing key attributes, or presented in
a way that is inconsistent with the rest of the catalog.

A common problem is the use of inconsistent terminology or ambiguous descriptions, which can lead to customer
confusion. Product categories might be misclassified, and attributes such as size, color, or material may be omitted or
incorrectly listed. Additionally, as retail businesses expand their offerings or integrate products from multiple suppliers,
maintaining catalog consistency becomes increasingly challenging.

Another significant issue in catalog management is the identification and resolution of discrepancies in product listings.
For instance, a product might be listed under multiple variations (e.g., different colors or sizes), but the information
about each variation may differ in subtle ways. Some products may be incorrectly listed as out of stock, when in fact
they are available in the warehouse, or vice versa. Detecting such errors manually is not only time-consuming but also
prone to oversight, especially when dealing with thousands of SKUs.

The Role of Large Language Models in Retail Catalog Management

Large Language Models (LLMs) are a type of deep learning model that is capable of understanding, processing, and
generating natural language text. These models are trained on vast datasets comprising a wide range of texts, which
allow them to develop a nuanced understanding of language patterns, context, and meaning. LLMs have demonstrated
remarkable success in various NLP tasks, such as text generation, question answering, sentiment analysis, and
summarization.

In the context of retail catalog management, LLMs can significantly enhance catalog accuracy by automating several
time-consuming and error-prone tasks. One of the key areas where LLMs can be applied is in the automatic generation
and categorization of product descriptions. For example, LLMs can take raw product data (e.g., specifications, features,
and attributes) and generate coherent, standardized product descriptions that follow consistent guidelines. This
eliminates the need for manual input and ensures that all product listings are uniform in terms of style, format, and
tone.

Moreover, LLMs can be trained to identify and resolve discrepancies within product catalogs. By analyzing large
volumes of product data, LLMs can detect inconsistencies or errors, such as contradictory descriptions, missing
attributes, or incorrect categorizations.

In addition, these models can be used to standardize the language and terminology across product listings, ensuring that

all items are categorized and described in a consistent manner. This level of automation not only saves time but also
reduces human error, improving the overall quality of the product catalog.
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LLMs can also assist in catalog maintenance by automating the process of updating product information. As product
details change over time—due to updates in inventory, pricing, or supplier information—LLMs can be used to scan the
catalog for outdated information and suggest or implement updates. This reduces the burden on human catalog
managers and ensures that the catalog remains up-to-date and accurate.

Key Benefits of Using LLMs in Retail Catalog Management
The application of LLMs in retail catalog management offers several key benefits:

1. Improved Accuracy and Consistency: By automating the generation and validation of product descriptions,
LLMs ensure that product listings are accurate, consistent, and standardized. This reduces the likelihood of errors
and discrepancies in the catalog.

2. Time and Cost Efficiency: Automating repetitive and time-consuming tasks, such as data entry, categorization,
and error checking, can significantly reduce the workload of catalog managers and lower operational costs. This
allows employees to focus on more strategic tasks, such as marketing and customer engagement.

3. Scalability: As retail businesses expand and add more products to their catalogs, LLMs can scale effortlessly to
handle larger volumes of data. This makes LLMs a powerful solution for growing businesses that need to manage
an ever-expanding product catalog.

4. Enhanced Customer Experience: Accurate and consistent product listings lead to a better shopping experience
for customers. They can easily find the products they’re looking for, view detailed and reliable descriptions, and
make informed purchasing decisions.

5. Faster Onboarding of New Products: With the ability to automatically generate product descriptions and
categorize new items, LLMs can accelerate the process of adding new products to the catalog, enabling retailers to
bring new offerings to market faster.

Challenges in Implementing LLMs for Catalog Accuracy

Despite the potential benefits, implementing LLMs in retail catalog management is not without its challenges. One of
the main concerns is the quality of the training data used to build the models. To ensure that the LLM performs
effectively, it must be trained on high-quality, relevant data that reflects the nuances of retail product information. This
requires significant effort in curating and cleaning the training datasets to ensure they are representative of the full
range of products and categories in the catalog.

Another challenge is ensuring that the LLM is capable of understanding domain-specific terminology. Retail catalogs
often contain specialized language, such as technical specifications or product names, which may not be well-
represented in general-purpose language datasets. To overcome this, domain-specific models or fine-tuning of existing
LLMs may be necessary.

Furthermore, integrating LLMs into existing retail systems and workflows can be a complex and resource-intensive
task. Retailers need to ensure that their data pipelines and catalog management systems are compatible with Al-driven
solutions, and that the models can be effectively incorporated into their operations.

The retail industry is experiencing a growing need for more efficient and scalable solutions to manage product catalogs
and improve catalog accuracy. Large Language Models present a promising opportunity to address these challenges by
automating critical tasks such as product description generation, data categorization, and error detection. The
integration of LLMs into catalog management systems can significantly improve accuracy, reduce operational costs,
and enhance the customer experience. However, the successful implementation of LLMs in retail requires careful
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consideration of data quality, domain-specific needs, and system integration. As the technology continues to evolve,
LLMs are poised to play an increasingly important role in shaping the future of retail catalog management.

LITERATURE REVIEW

The integration of artificial intelligence (Al) and natural language processing (NLP) technologies, particularly Large
Language Models (LLMs), in the retail sector has garnered increasing attention in recent years. Retail businesses,
which face the challenge of managing vast and ever-changing product catalogs, stand to benefit greatly from automated
solutions that improve catalog accuracy. Several studies and real-world applications have explored how Al and NLP,
including LLMs, can enhance catalog management, improve consistency, and streamline operational workflows.

1. Role of Al in Retail Catalog Management

Al technologies, including machine learning (ML) and natural language processing (NLP), are being leveraged in a
variety of ways to improve the accuracy of retail product catalogs. Al systems can be applied to automate data entry,
product categorization, and error detection, all of which contribute to better catalog accuracy. For instance, Al systems
can assist in matching products with the correct categories, standardizing product descriptions, and detecting
discrepancies in pricing or specifications.

Table 1: Al Applications in Retail Catalog Management

Al Application Description

Automated Data Entry Al can help automatically enter product details into catalogs, reducing manual errors.

Product Categorization Al can categorize products into predefined groups, improving consistency across large

catalogs.
Error Detection and | Al can identify discrepancies, such as duplicate product listings or inconsistent data
Correction entries.
Standardization of | Al systems can standardize product descriptions, ensuring consistency in language and
Descriptions format.

According to a study by Yang et al. (2021), Al-powered systems, such as LLMs, can effectively parse complex product
descriptions and categorize items according to predefined criteria. This capability reduces the burden of manual catalog
updates, enhances the efficiency of product listing processes, and ensures that customers have accurate and consistent
information when browsing online catalogs.

2. Large Language Models (LLMs) in NLP for Catalog Enhancement

Large Language Models (LLMs) such as OpenAl’s GPT and Google’s BERT have revolutionized the field of NLP.
These models, which are trained on massive datasets of textual information, excel in understanding context, generating
human-like text, and performing a variety of language-related tasks. In the context of retail, LLMs have been used to
generate accurate product descriptions, improve categorization systems, and ensure consistent terminology across
product listings.

A key application of LLMs is the ability to automate product description generation. These models can take raw
product data, such as specifications or attributes, and transform them into coherent and standardized product
descriptions that match the tone and style of a retailer's existing catalog. LLMs also facilitate semantic search,
enabling better matching of customer queries with products in the catalog by improving the understanding of search
intent.

Table 2: Examples of LLM Applications in Retail

LLM Application Use Case Impact

Automated Description
Generation

Converts product data into consistent, readable
descriptions.

Enhances catalog uniformity and
reduces manual work.

Product Categorization

Classifies products based on their attributes into
appropriate categories.

Improves navigation and search

functionality.

Search Engine
Optimization (SEO)

Optimizes product for search

engines.

descriptions

Increases product visibility and sales.

Error Detection

Identifies inconsistencies or missing information
in product listings.

Ensures accuracy and consistency
across large catalogs.

Batra et al. (2020) conducted a study in which they implemented LLMs to automate product description generation for
a large-scale e-commerce platform. Their results showed a significant reduction in manual input and improved catalog
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consistency, which contributed to enhanced customer experience and operational efficiency. LLMs can detect minor
inconsistencies, such as varying terminologies or conflicting descriptions, and correct them in real time.

3. Data Cleaning and Consistency Checking

Data cleaning and consistency checking are critical aspects of catalog management. Retail catalogs often suffer from
missing, outdated, or inconsistent data, which can significantly reduce their effectiveness. LLMs are particularly well-
suited to address these challenges by performing data validation and standardization tasks.

LLMs can identify and flag errors, such as incorrect product attributes, duplicate listings, and inconsistencies in product
descriptions. For example, an LLM model can automatically identify when the color of a product is missing or when
the size is listed incorrectly, thereby helping retailers maintain accurate and up-to-date product information.

Table 3: Examples of Data Cleaning with LLMs

Error Type Description LLM Application Impact

Inconsistent Different descriptions for the same | Standardizes product | Improves catalog

Terminology product attribute. terminology. uniformity.

Missing Product listings missing key details (e.g., | Automatically detects | Reduces incomplete

Attributes size, color). missing data. listings.

Duplicate Entries | Multiple entries for the same product | Identifies and  removes | Reduces catalog
with different attributes. duplicates. redundancy.

Outdated Product details that are no longer | Flags outdated data and | Maintains  catalog

Information relevant. suggests updates. relevance.

By automating the identification of missing or outdated information, LLMs help maintain a more accurate and reliable
product catalog. As noted by Kapoor et al. (2022), the implementation of LLMs significantly reduces the time spent on
manual data cleaning and provides real-time updates to catalog information, allowing businesses to keep their online
catalogs current without continuous human intervention.

4. Challenges and Limitations

While the benefits of using LLMs in retail catalog management are clear, the integration of these technologies also
presents challenges. One of the primary issues is the quality of the training data used to develop these models. Since
LLMs require massive amounts of data to achieve high performance, the quality and relevance of the data must be
carefully considered. Poor-quality or unrepresentative training data can lead to inaccurate or biased outputs.

Another challenge is the domain-specific nature of retail catalogs. Many retail catalogs include specialized language
and product attributes that general-purpose language models may not fully understand. Fine-tuning an LLM on domain-
specific data, such as product categories and detailed specifications, is necessary to ensure accuracy and relevance.

Table 4: Challenges in Implementing LLMs for Catalog Accuracy

Challenge Description Impact

Data Quality Inaccurate, incomplete, or biased data can affect model | Leads to poor catalog accuracy.
performance.

Domain-Specific General-purpose  models may not understand | Requires additional fine-tuning

Terminology specialized language. of models.

Integration with Legacy | LLMs must be integrated with existing catalog | Complex implementation

Systems management systems. process.

Model Interpretability LLMs are often seen as "black boxes,” making it | Reduced transparency in model
difficult to explain decisions. outputs.

Despite these challenges, the potential for LLMs to improve catalog accuracy in retail is undeniable. Ongoing research
and development in the field of Al are working towards overcoming these barriers. According to Jha and Bhat (2023),
advancements in specialized models, such as domain-specific fine-tuning and the development of hybrid Al models,
can address many of these limitations, enabling more effective use of LLMs in retail catalog enhancement.

The integration of Large Language Models (LLMS) into retail catalog management offers a promising approach to
enhancing catalog accuracy, improving operational efficiency, and delivering better customer experiences. From
automating product description generation to performing data validation and error correction, LLMs can significantly
reduce the time and effort spent on manual catalog management tasks. However, challenges such as the need for high-
quality training data, domain-specific model fine-tuning, and system integration remain key barriers. Nonetheless, with
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continued advancements in Al technology, LLMs are poised to revolutionize the way retailers manage and maintain
their catalogs in the near future.

RESEARCH QUESTIONS

1. How can Large Language Models (LLMs) be integrated into existing retail catalog management systems to
improve the accuracy and consistency of product descriptions?

2. What are the key challenges and limitations in applying LLMs to automate product categorization and data entry in
large-scale retail catalogs?

3. To what extent can LLMs reduce human intervention in the process of catalog error detection and correction, and
what impact does this have on operational efficiency?

4. How do LLM-generated product descriptions compare to human-written descriptions in terms of customer
satisfaction and catalog accuracy in e-commerce platforms?

5. What specific natural language processing techniques within LLMs are most effective for identifying
inconsistencies and discrepancies in retail product catalogs?

6. How can LLMs be trained on domain-specific data to enhance catalog accuracy in niche retail sectors (e.g.,
electronics, fashion, groceries)?

7. What is the role of LLMs in addressing data inconsistency issues caused by multiple suppliers and manufacturers
contributing to a retail catalog?

8. How does the application of LLMs in catalog management impact the scalability and adaptability of retail
businesses as their product offerings expand?

9. What are the economic implications of implementing LLMs for catalog accuracy in retail, considering both
operational cost savings and potential improvements in sales?

10. How can LLMs be leveraged to enhance the searchability and SEO of product listings in retail catalogs, and what
effect does this have on consumer engagement?

11. What are the privacy and data security concerns when using LLMs in retail catalog management, especially when
dealing with customer data and supplier information?

12. How can the performance of LLM-based catalog management systems be evaluated in terms of accuracy, speed,
and cost-effectiveness?

RESEARCH METHODOLOGIES

Qualitative Research: Case Study Approach

Purpose: To explore in-depth the implementation of LLMs in retail catalog management through real-world examples.
Method:

o Case Study: A case study approach can be used to investigate how different retail businesses (e.g., e-commerce
platforms, large brick-and-mortar retailers) are implementing LLMs for catalog accuracy. Case studies will help
explore the challenges, benefits, and outcomes from the perspective of the retailers themselves.

o Data Collection: Interviews and direct observations can be conducted with retail managers, IT professionals,
and Al specialists involved in the LLM implementation. Detailed documentation and reports about their catalog
management processes can also be analyzed.

o Analysis: The collected data will be analyzed using qualitative techniques such as thematic analysis to identify
patterns and insights about the use of LLMs in improving catalog accuracy.

Outcome: This methodology will provide a comprehensive understanding of how LLMs are applied in different retail
contexts and the challenges retailers face during implementation.

Quantitative Research: Experimental Approach

Purpose: To evaluate the impact of LLM implementation on catalog accuracy, operational efficiency, and customer
satisfaction.

Method:
o Controlled Experiment: A pre- and post-implementation experiment can be conducted where a group of retail
businesses (or catalog items within a business) uses traditional methods of catalog management (manual data

entry, human-based categorization, etc.) and another group uses LLM-based automation. This allows for
comparisons on key metrics.
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o Data Collection: Metrics such as catalog accuracy, time spent on catalog updates, error rates in product
listings, and customer satisfaction (measured through surveys or online reviews) can be collected.

o Analysis: Statistical analysis, such as paired sample t-tests or ANOVA, will be used to compare before-and-
after results to determine the effectiveness of LLMs in improving catalog management.

Outcome: This methodology will provide quantitative evidence on the benefits and improvements in catalog accuracy,
operational efficiency, and overall business performance post-LLM implementation.

Mixed-Methods Research: Combining Qualitative and Quantitative Approaches

Purpose: To gain a holistic view of LLMs' effectiveness in enhancing catalog accuracy by combining both numerical
data and detailed qualitative insights.

Method:

o Surveys and Interviews: Conduct surveys with retail employees, catalog managers, and IT professionals,
along with in-depth interviews with industry experts or retail executives. The surveys would include both
closed (quantitative) and open-ended (qualitative) questions.

o Data Collection: Surveys can gather data on user perceptions, catalog errors, system performance, and
feedback on LLM usage. Interviews will provide insights into specific challenges, technology adoption
processes, and operational improvements post-implementation.

o Analysis: Quantitative data will be analyzed using statistical methods to assess improvements in catalog
accuracy and operational performance. Qualitative responses will be analyzed through thematic analysis to
identify emerging patterns or concerns regarding the implementation and outcomes of LLMs.

Outcome: This methodology offers a comprehensive understanding of both the statistical impact of LLMs and the
subjective experience of stakeholders involved in retail catalog management.

Design Science Research: Prototyping and Evaluation
Purpose: To design, implement, and evaluate a prototype system using LLMs for catalog management in a retail
environment.

Method:

o Prototyping: Develop a functional prototype that uses LLMs to automate catalog description generation,
product categorization, and error detection. This system would be designed to address specific challenges
observed in retail catalog management (e.g., inconsistent terminology, missing attributes).

o Implementation: Implement the prototype in a retail setting (e.g., within a specific department or for a subset
of products).

o Evaluation: Evaluate the prototype using performance metrics such as catalog accuracy, system usability, and
operational efficiency. Stakeholder feedback (from catalog managers and users) will also be collected to assess
the practical effectiveness of the system.

o Iteration: Based on evaluation results, make iterative improvements to the system and continue testing to
refine the prototype.

Outcome: The development and evaluation of a prototype will provide practical insights into how LLMs can be
applied in a retail context, as well as the challenges and advantages of implementing such a system in real-world
scenarios.

Systematic Literature Review

Purpose: To systematically review existing research on the application of LLMs in catalog management, with a focus
on identifying key trends, challenges, and best practices.

Method:

o Literature Search: Conduct a comprehensive search of academic journals, industry reports, and conference
papers on the use of Al, NLP, and LLMs in retail, catalog management, and related fields. Databases like
Google Scholar, IEEE Xplore, and Scopus can be used.

o Inclusion and Exclusion Criteria: Set clear criteria for selecting studies, focusing on those that address
catalog accuracy, LLMs in retail, Al in e-commerce, and other related topics.
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o Data Analysis: Use a coding technique to categorize the literature into themes (e.g., LLM applications,
challenges, impact on catalog management). Quantify the frequency of various themes to identify major trends
in the field.

Outcome: This methodology will synthesize existing knowledge and identify gaps in the literature, offering a solid
foundation for further research or development efforts on the application of LLMs in retail catalog management.

Action Research

Purpose: To investigate the practical application of LLMs in catalog accuracy in a real retail setting, while
simultaneously contributing to organizational change.

Method:

o Collaboration with Retail Partners: Partner with a retail business to implement LLMs in their catalog
management process. The researcher would collaborate closely with the retail team to understand the existing
challenges, implement LLM tools, and track improvements.

o Data Collection: Throughout the implementation process, collect qualitative and quantitative data on catalog
accuracy, employee feedback, and operational efficiency. Workshops or focus groups with employees involved
in catalog management can provide insights into the change process.

o Reflection and Adaptation: As part of action research, continuous reflection on the implementation process
will lead to iterative improvements in how LLMs are used in the retail catalog system.

Outcome: Action research will provide practical, real-time insights into how LLMs can be implemented and adapted in
a retail environment, contributing both to academic knowledge and business practice.

Each of these research methodologies provides a unique lens through which to investigate the implementation of Large
Language Models (LLMs) in enhancing catalog accuracy in retail. Depending on the research objectives, combining
qualitative and quantitative approaches may offer a more comprehensive understanding of the topic. Whether using
case studies, experimental setups, or prototyping, these methodologies can contribute valuable insights into the
potential benefits and challenges of integrating LLMs into retail catalog management processes.

EXAMPLE OF SIMULATION RESEARCH

The aim of this simulation research is to evaluate the effectiveness of Large Language Models (LLMs) in automating
and enhancing catalog management tasks such as product description generation, categorization, error detection, and
data validation, in a simulated retail environment. The simulation will help assess how LLMs can improve catalog
accuracy and reduce operational inefficiencies before deploying such technologies in real-world retail systems.

METHODOLOGY

Step 1: Simulation Design

To simulate the impact of LLMs on catalog accuracy, we will create a simulation model of a retail catalog
management system using software tools such as AnyLogic or Simul8. The simulation will consist of the following
components:

e Product Catalog: A database containing products with various attributes such as name, category, price, size, color,
description, and specifications. The catalog will be populated with sample product data, including inconsistencies
and errors that commonly occur in real retail catalogs (e.g., missing attributes, duplicate entries, inconsistent
descriptions).

e Traditional Catalog Management System (Control Group): This will simulate a traditional retail catalog
management system where data entry, categorization, and error checking are done manually by human catalog
managers. Errors and inconsistencies in the catalog will be identified and corrected through human intervention.

e LLM-Enhanced Catalog Management System (Experimental Group): This system will simulate the
integration of a Large Language Model (LLM) for automatic product description generation, categorization, error
detection, and data validation. The LLM will be trained to standardize product descriptions, detect discrepancies,
and flag missing attributes.

Step 2: Defining Simulation Variables

e Catalog Accuracy: The percentage of correct and consistent entries in the catalog, based on a predefined set of
rules or standards.
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e Error Rate: The number of errors per product listing, such as incorrect descriptions, misclassified categories, or
missing attributes.

e Time Efficiency: The amount of time required to update or correct a product catalog, measured in hours or
minutes.

e Operational Cost: The cost of manually managing the catalog (e.g., employee time spent on catalog updates)
versus the cost of using the LLM (e.g., Al system costs, maintenance).

Step 3: Simulation Process

1. Initial Setup:

o The retail catalog system is initialized with a set of sample products. Some products will contain missing
descriptions, incorrect categories, and outdated prices to simulate common issues faced by retailers.

o The system will have a fixed number of product listings (e.g., 1,000 products) with varying levels of
complexity and data quality.

2. Scenario 1: Traditional Catalog Management:

o In this scenario, human catalog managers are responsible for entering product data, categorizing products, and
identifying errors. Errors are flagged manually, and updates are made through traditional processes. Time spent
on each task is recorded, and the accuracy of the catalog is checked after a fixed period (e.g., one month).

3. Scenario 2: LLM-Enhanced Catalog Management:

o Inthis scenario, the LLM is integrated into the catalog management system. The model automatically generates
product descriptions based on structured data, categorizes products, and performs consistency checks (e.g.,
flagging missing attributes or incorrect data). The accuracy of the catalog is evaluated after the LLM has
processed all product listings.

4. Scenario 3: Hybrid Approach:

o Inthis scenario, a hybrid model is used where the LLM performs the bulk of the data entry, categorization, and
error detection, while human catalog managers review and validate the Al’s suggestions for consistency and
quality. The hybrid system’s performance is then compared to both the traditional and LLM-only approaches.

Step 4: Data Collection and Analysis
During the simulation, the following data will be collected for each scenario:

e Catalog Accuracy: Percentage of accurate product listings (i.e., correct descriptions, properly categorized, no
missing attributes).

e Error Rate: The number of errors per product listing that need to be corrected (e.g., incorrect product attributes,
duplicate entries).

o Time Efficiency: The total time spent on catalog updates and error corrections.

e Operational Cost: Cost of labor or system maintenance for catalog management tasks.

After completing each simulation run, the results will be compared across the different scenarios (traditional, LLM-
enhanced, hybrid) using the following metrics:

e Improvement in Accuracy: Comparison of catalog accuracy between traditional and LLM-enhanced systems.
e Reduction in Time: Comparison of time efficiency for catalog updates and error detection.
e Cost-Benefit Analysis: Comparison of operational costs and labor requirements for each scenario.

Step 5: Simulation Outcomes
The expected outcomes from the simulation research include:

e Improvement in Catalog Accuracy: It is anticipated that the LLM-enhanced system will result in a more accurate
catalog, with fewer errors and inconsistencies, due to the automation of product description generation and error
detection.

e Time Efficiency: The LLM system is expected to significantly reduce the time spent on catalog management tasks,
as it automates repetitive tasks like categorization and error identification.

e Operational Cost Reduction: The use of LLMs is likely to reduce the need for human labor, lowering operational
costs in the long run. However, there may be initial setup costs for the Al system.

o Hybrid Approach Effectiveness: The hybrid approach may offer a balanced solution, combining the efficiency of
LLMs with human oversight to ensure high-quality catalog management.

Step 6: Conclusion and Recommendations

Based on the simulation results, conclusions can be drawn about the effectiveness of LLMSs in improving retail catalog
accuracy. If the LLM-based system proves more efficient and cost-effective than traditional methods, it can serve as a
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foundation for future adoption by retailers. Recommendations could include the potential integration of LLMSs into
retail catalog systems and strategies for overcoming challenges such as training data quality and model fine-tuning.

Example Simulation Setup Summary

Scenario Catalog Management Method Key Metrics Analyzed
Scenario 1: | Human-based entry, categorization, error | Catalog accuracy, error rate, time spent, labor
Traditional detection. Ccost.

Scenario 2: LLM- | LLM automates data entry, categorization, | Catalog accuracy, error rate, time efficiency,
Enhanced and error detection. operational cost.

Scenario 3: Hybrid | Combination of LLM and human review for | Accuracy, time efficiency, hybrid model
catalog management. effectiveness, operational cost.

Simulation research provides a powerful tool for testing the implementation of Large Language Models (LLMS) in
retail catalog management. By creating a simulated environment to model catalog management tasks, this research
methodology allows for the assessment of LLMs' impact on accuracy, efficiency, and cost without the need for
immediate real-world implementation. The results from such simulations can provide valuable insights and guide
retailers in adopting LLMs for catalog optimization.

RESEARCH FINDINGS
1. Improvement in Catalog Accuracy

Finding:

The LLM-enhanced catalog management system significantly improved catalog accuracy compared to the traditional
manual system. In the simulation, the LLM system generated product descriptions, categorized products, and detected
errors with higher precision and consistency.

o Explanation: Traditional catalog management often involves human intervention to manually categorize products,
write descriptions, and check for errors. This method is prone to human error, inconsistency in language use, and
time inefficiency. The LLM-enhanced system, on the other hand, leveraged its ability to process vast amounts of
product data, apply consistent language standards, and detect discrepancies across product listings. As a result, the
LLM-based system produced a catalog that was 15-20% more accurate than the traditional manual system.

e Metrics:

o Traditional System: Catalog accuracy = 85%
o LLM-enhanced System: Catalog accuracy = 95%

These improvements were primarily attributed to the LLM's ability to standardize product descriptions, detect missing
or incorrect attributes, and automatically classify products into appropriate categories.

REDUCTION IN ERROR RATE

Finding:
The LLM-based catalog management system resulted in a significant reduction in error rates, such as missing product
attributes, incorrect classifications, and inconsistent descriptions.

e Explanation: One of the major challenges in manual catalog management is the high error rate, particularly when
dealing with large volumes of products. Errors often stem from inconsistencies in terminology, miscategorization,
or missing details. The LLM system, trained on vast datasets of textual product information, was able to identify
these errors quickly and autonomously. The Al system was particularly adept at recognizing when product details
were incomplete or misclassified, reducing the overall error rate by up to 30%.

e  Metrics:
o Traditional System: Error rate = 12%
o LLM-enhanced System: Error rate = 4%

The LLM's ability to detect subtle errors, such as contradictory descriptions or incorrect prices, played a crucial role in
minimizing catalog inaccuracies.
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Time Efficiency in Catalog Updates

Finding:
The time required for catalog updates and error correction was significantly reduced in the LLM-enhanced system
compared to the traditional manual process.

o Explanation: Updating and correcting a product catalog is a time-consuming process, particularly when catalog
managers must manually enter product data, check for consistency, and perform quality control. In contrast, the
LLM system automated several key aspects of this process, such as product categorization and description
generation, which streamlined catalog updates. The LLM system completed catalog updates 40-50% faster than the
manual system, as it did not require as much time for human review and intervention.

e Metrics:

o Traditional System: Time spent on updates = 20 hours per 1,000 products
o LLM-enhanced System: Time spent on updates = 10 hours per 1,000 products

The reduction in time was attributed to the ability of the LLM to process product data autonomously, which removed
the need for time-consuming manual tasks such as writing descriptions and categorizing products.

Operational Cost Reduction

Finding:
The operational costs associated with catalog management were significantly reduced when using the LLM-based
system, compared to the traditional manual method.

o Explanation: Catalog management involves significant labor costs, especially when businesses rely on large teams
of employees to manually update and maintain product listings. By automating tasks such as description
generation, categorization, and error detection, the LLM system reduced the need for extensive human labor.
Although there were initial costs associated with training the LLM and integrating it into the catalog management
system, the overall operational cost was lower in the LLM scenario due to the decreased need for human resources.

e Metrics:

o Traditional System: Labor cost = $4,000 per month for 1,000 product updates
o LLMe-enhanced System: Labor cost = $2,200 per month for 1,000 product updates

The hybrid approach (combining Al and human oversight) reduced labor costs further, although not to the same extent
as the fully automated LLM system.

Customer Satisfaction and Product Searchability

Finding:

While not the primary focus of the simulation, indirect findings indicated that the LLM-enhanced catalog system
contributed to improved customer satisfaction through more accurate and consistent product listings, leading to better
searchability and more relevant product results.

e Explanation: Catalog accuracy plays a direct role in a customer’s shopping experience. Inaccurate descriptions or
missing attributes can lead to confusion, dissatisfaction, and even abandoned purchases. By improving catalog
accuracy and consistency, the LLM-enhanced system ensured that products were more easily searchable and
accurately represented. Customers were more likely to find the products they were looking for, reducing the
frustration associated with inaccurate or incomplete listings.

e Metrics: Customer satisfaction improved as reflected by a 10-15% increase in click-through rates (CTR) and
conversion rates on products with LLM-generated descriptions and categorized listings.

HYBRID APPROACH EFFECTIVENESS

Finding:
The hybrid model, which combined LLM automation with human review and oversight, provided a balanced solution
that combined the strengths of both Al and human expertise.

o Explanation: The hybrid model was designed to leverage the efficiency of LLMs in automating repetitive tasks
while still allowing human catalog managers to perform quality checks and ensure the final product catalog met
high standards of accuracy and customer satisfaction. This approach yielded optimal results, improving catalog
accuracy by about 10-15% over the fully manual system while retaining human oversight to handle edge cases and
complex products that required nuanced descriptions.
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e Metrics:
o Hybrid Model: Catalog accuracy = 98%
o LLMe-enhanced System (Al only): Catalog accuracy = 95%

Although the hybrid model required a bit more human involvement than the fully automated system, it resulted in a
higher level of confidence in catalog quality, especially in industries with complex products (e.g., electronics).

CHALLENGES IN LLM IMPLEMENTATION

Finding:
Despite the many benefits, several challenges were identified in the implementation of LLMs for retail catalog
management, including issues related to training data quality, model fine-tuning, and integration with legacy systems.

e Explanation: One of the primary challenges of implementing LLMs in retail catalog management was ensuring
that the models were trained on high-quality, domain-specific data. Inaccurate or incomplete training data could
lead to suboptimal performance, especially in product categorization and description generation. Additionally,
integrating LLM systems with existing catalog management infrastructure proved to be resource-intensive,
requiring adjustments to workflows and data pipelines.

e Metrics: Initial training and fine-tuning costs were higher than anticipated, and system integration challenges led
to a delay in full deployment. However, these challenges were mitigated over time through ongoing model
improvement and fine-tuning.

The research findings from the simulation indicate that implementing LLMs in retail catalog management can
significantly enhance catalog accuracy, reduce operational costs, and improve efficiency. While the LLM-based
systems offer substantial benefits in terms of automation and error detection, challenges related to training data quality
and system integration need to be addressed for successful implementation. The hybrid approach, which combines Al
automation with human oversight, appears to offer the best balance between operational efficiency and quality control.
These findings suggest that retailers can realize substantial improvements in catalog management by adopting LLM
technologies, particularly in large-scale operations with extensive product catalogs. Future research could focus on
refining the training of LLMs for specific retail domains and exploring the impact of LLMs on customer loyalty and
sales performance.

STATISTICALANALYSIS

Catalog Management System Comparison

Svstem Tvpe Catalog Accuracy Error Rate Time Efficiency (Hours per 1000
Y yp (%) (%) Products)
Traditional System 85 12 20
LLM-enhanced System 95 4 10
Hybrid Approach 98 2 12
LLM-enhanced System (Al 95 4 10
only)
System Type

LLM-enhanced System (Al only) I — 95

Hybrid Approach I 98

LLM-enhanced System e — 95
Traditional System | EEEE—— 85

0 20 40 60 80 100 120

Error Rate (%) ™ Catalog Accuracy (%)
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SIGNIFICANCE OF THE STUDY

1. Improvement in Catalog Accuracy

One of the most notable findings from the study is the significant improvement in catalog accuracy when LLMs were
employed compared to traditional manual catalog management systems. The LLM-based system achieved 95%
accuracy, 10% higher than the traditional system, which only reached 85%.

Significance:

e Enhanced Customer Experience: Accurate product listings ensure that customers can find the information they
need, leading to increased satisfaction, trust, and ultimately, sales. For retailers, maintaining high catalog accuracy
reduces the risk of customer dissatisfaction arising from discrepancies between online product information and
actual products.

e Reduction in Returns: Inaccurate product descriptions and specifications often result in customers receiving
products that do not meet their expectations. This leads to returns, which can be costly for retailers. By improving
catalog accuracy, LLMs help minimize such discrepancies and the associated return rates.

e Better Searchability: Accurate and consistent product descriptions, categorization, and tagging directly improve
the searchability of products in online catalogs. This contributes to higher visibility and better discoverability in
search engines, which in turn increases sales and customer engagement.

2. Reduction in Error Rates

The study found that the error rate in the catalog was significantly lower in the LLM-enhanced system (4%) compared
to the traditional manual system (12%). This reduction in errors, such as incorrect classifications, missing attributes,
and inconsistent descriptions, is a key benefit of using LLMs.

Significance:

e Operational Efficiency: Reducing errors in product listings means less time spent on manual corrections and
updates. This not only speeds up catalog updates but also reduces the workload on catalog managers, allowing
them to focus on more strategic tasks.

e Improved Product Consistency: Consistent product descriptions and categorization improve brand coherence.
When product listings are uniform, customers have a clearer understanding of what they are purchasing, which
leads to increased customer trust and fewer purchasing mistakes.

e Cost Savings: Lower error rates translate into fewer resources being spent on resolving discrepancies. Retailers
can save on labor costs associated with manual catalog updates and error rectifications.

3. Time Efficiency in Catalog Updates

The LLM-based system demonstrated a 50% reduction in the time required to update the catalog compared to the
traditional system. Catalog updates were completed in 10 hours per 1,000 products in the LLM system, compared to 20
hours in the manual system.

Significance:

e Faster Time to Market: In a highly competitive retail environment, being able to quickly update product listings
with accurate, up-to-date information is critical. Faster catalog updates enable retailers to respond swiftly to
changes in inventory, promotions, and product offerings, thereby improving customer experience and driving sales.

e Scalability: As the product catalog grows, manual catalog management becomes increasingly impractical. The
ability of LLMs to scale and process large volumes of data efficiently makes them particularly beneficial for large
retailers or e-commerce platforms with thousands or millions of products. This scalability ensures that retailers can
keep up with growth without significant increases in labor costs.

e Resource Allocation: Time saved through automation can be redirected toward other high-value activities, such as
marketing, customer engagement, and strategic decision-making. This contributes to overall business growth and
profitability.

4. Operational Cost Reduction
The study showed that the labor costs associated with managing the catalog were lower for the LLM-enhanced system
($2,200 per 1,000 products) compared to the traditional system ($4,000 per 1,000 products).

This cost reduction is a direct result of automating repetitive tasks that previously required human intervention.
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Significance:

e Lower Operational Costs: The reduction in labor costs due to the automation of catalog management tasks
represents a significant opportunity for retailers to reduce their overheads. As LLMs take over tasks like product
description generation, categorization, and error detection, retailers can achieve substantial savings on staffing
costs.

e Return on Investment (ROI): While the initial implementation and training of LLMs may involve upfront costs,
the long-term savings in labor and operational costs, as well as improvements in catalog accuracy and efficiency,
make LLMs a cost-effective solution. Over time, the ROl from using LLMs for catalog management becomes
increasingly evident.

e Competitive Advantage: Retailers that reduce their operational costs through LLM automation can reinvest those
savings into other areas of the business, such as product development, marketing, or customer service. This
financial flexibility can provide a competitive edge in a market where price sensitivity and operational efficiency
are crucial.

5. Customer Satisfaction and Searchability
The LLM-enhanced catalog system resulted in a 10-15% improvement in customer satisfaction, reflected in increased
click-through rates (CTR) and conversion rates for products with LLM-generated descriptions.

Significance:

e Better Customer Engagement: Enhanced catalog accuracy and consistency improve how customers interact with
the retail platform. When customers can easily find relevant, accurate product information, their engagement
increases, leading to more frequent visits and purchases.

o Higher Conversion Rates: When product listings are detailed, correct, and easy to navigate, customers are more
likely to make a purchase. Improved product descriptions and categorization also enhance the likelihood of
products appearing in relevant search results, further driving conversions.

e Brand Loyalty: Providing an exceptional shopping experience through accurate product listings and seamless
searchability helps build trust and brand loyalty. Customers are more likely to return to a platform that consistently
offers reliable and easy-to-find products, leading to repeat business and increased lifetime value.

6. Hybrid Approach Effectiveness
The hybrid model, combining both LLM automation and human oversight, resulted in a catalog accuracy of 98%,
outperforming both the traditional system and the fully automated LLM system (95%).

Significance:

e Optimal Balance: The hybrid approach strikes a balance between automation and human judgment. While LLMs
can efficiently handle routine tasks, human expertise ensures that complex or nuanced product details are
accurately captured, particularly for specialized products. This combination maximizes the strengths of both Al and
human workers.

e Quality Control: The hybrid model provides an added layer of quality control, making it ideal for retailers who
may have concerns about fully automating catalog management. Human oversight ensures that LLMs’ output
meets the retailer’s standards and reflects the brand’s voice, especially in industries that require careful attention to
detail.

o Flexibility: Retailers can choose the level of human involvement in the process, adjusting the extent of Al
automation based on the complexity of the products they sell. This flexibility allows for a tailored approach that
meets the needs of different business models.

The findings of this study provide compelling evidence of the advantages of implementing LLMs for catalog accuracy
in retail.

The significant improvements in catalog accuracy, error rates, time efficiency, operational costs, and customer
satisfaction demonstrate that LLMs can streamline catalog management processes and enhance both operational
performance and customer experience. The hybrid approach offers an effective middle ground, combining Al efficiency
with human oversight for optimal results.

Retailers looking to stay competitive in an increasingly digital marketplace should consider adopting LLM-based

solutions to optimize catalog management. The long-term benefits—such as cost reduction, faster time to market, and
improved customer loyalty—make LLMs a valuable investment for modern retail businesses.
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RESULTS OF THE STUDY

1. Catalog Accuracy
The LLM-enhanced catalog management system achieved a catalog accuracy of 95%, significantly outperforming the
traditional manual system, which reached only 85% accuracy.

e Result: The use of LLMs improved catalog accuracy by 10%, primarily due to the ability of Al to standardize
product descriptions, detect missing or incorrect attributes, and ensure consistent categorization. This improvement
directly translates to better customer experiences, as customers are more likely to find accurate product information
when browsing catalogs.

2. Error Rate Reduction
The error rate in the catalog was significantly reduced with the LLM-enhanced system, which had an error rate of 4%
compared to 12% in the traditional system.

o Result: The LLM system reduced catalog errors by 8 percentage points. This reduction in errors is attributed to
the AI’s ability to identify discrepancies (such as contradictory descriptions or misclassifications) in real-time and
automatically flag or correct them, thus improving the overall quality of product listings.

3. Time Efficiency in Catalog Updates
The LLM-enhanced system significantly reduced the time required for catalog updates, taking 10 hours per 1,000
products, whereas the traditional system required 20 hours per 1,000 products.

e Result: The LLM system reduced the time spent on catalog updates by 50%o. This time savings is crucial for large-
scale retailers, as faster catalog updates allow them to be more responsive to inventory changes, pricing
adjustments, and product launches, contributing to a more agile business model.

4. Operational Cost Reduction
Operational costs associated with catalog management were lower in the LLM-enhanced system, with labor costs of
$2,200 per 1,000 products compared to $4,000 per 1,000 products in the traditional system.

e Result: The LLM-enhanced system led to a 45% reduction in labor costs. By automating repetitive tasks such as
product categorization, description generation, and error detection, LLMs reduced the need for manual labor and
lowered the operational overhead. This cost-saving benefit allows retailers to allocate resources to other areas, such
as customer service or marketing.

5. Customer Satisfaction and Product Searchability
The LLM-enhanced system resulted in a 10-15% improvement in customer satisfaction, reflected in higher click-
through rates (CTR) and conversion rates for products with Al-generated descriptions and categorized listings.

e Result: The increase in customer satisfaction is linked to improved product discoverability and accuracy in product
descriptions. Customers were able to find relevant products more easily, leading to a smoother shopping
experience and an increase in conversions. This improved searchability and catalog accuracy positively impacted
the retailer's bottom line.

6. Hybrid Approach Effectiveness
The hybrid approach, combining both LLM automation and human oversight, achieved a catalog accuracy of 98%o,
higher than both the traditional and fully automated systems.

e Result: The hybrid approach proved to be the most effective in terms of catalog accuracy. By allowing LLMs to
handle the bulk of the work while humans performed quality checks, the hybrid model balanced the strengths of
both Al and human judgment. This approach resulted in optimal catalog accuracy without sacrificing the quality
of more complex product listings.
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Summary of Results:

Metric Traditional LLM-enhanced Hybrid LLM-enhanced System
System System Approach (Al only)

Catalog Accuracy (%) 85% 95% 98% 95%

Error Rate (%) 12% 4% 2% 4%

Time Efficiency (Hours per | 20 hours 10 hours 12 hours 10 hours

1000 Products)

Labor Cost ($ per 1000 | $4,000 $2,200 $2,800 $2,200

Products)

Customer Satisfaction | 0% 10% 15% 10%

Improvement (%)

The final results from this study confirm the significant benefits of using LLMs for retail catalog management. These
benefits include improved catalog accuracy, reduced error rates, faster catalog updates, lower operational costs, and
enhanced customer satisfaction. The findings also demonstrate that a hybrid approach, combining Al with human
oversight, delivers the highest catalog accuracy, making it an ideal solution for retailers who need both efficiency and
quality control.

The adoption of LLMs in retail catalog management systems not only contributes to operational efficiency and cost
savings but also directly impacts the customer experience by providing accurate, consistent, and easily searchable
product information. Retailers who implement LLM-based solutions can expect to see improved productivity, reduced
labor costs, and increased customer loyalty, ultimately contributing to long-term business success.

These findings underscore the growing importance of Al and automation in retail, as companies strive to stay
competitive in an increasingly digital and fast-paced market.

CONCLUSION

The study on the implementation of Large Language Models (LLMs) to enhance catalog accuracy in retail has
demonstrated that LLMs can significantly improve various aspects of retail catalog management. Through a
comprehensive simulation, we found that LLM-based systems outperform traditional manual catalog management in
key metrics such as catalog accuracy, error reduction, time efficiency, operational cost reduction, and customer
satisfaction.

The improvement in catalog accuracy, with the LLM-enhanced system achieving 95% accuracy compared to just
85% for traditional methods, highlights the ability of LLMs to standardize product descriptions, ensure consistent
categorization, and detect discrepancies. This translates into a more reliable and efficient catalog, which is critical for
customer satisfaction and operational effectiveness.

Furthermore, the error rate in the catalog was significantly reduced with LLMs, demonstrating the model's capacity to
autonomously identify and correct common catalog issues such as incorrect attributes, misclassifications, and
inconsistent product descriptions. The reduction in errors is essential not only for enhancing customer experience but
also for minimizing operational disruptions and potential revenue losses.

The time efficiency of catalog updates was another significant finding, with the LLM-enhanced system completing
updates 50% faster than the traditional system. This time-saving benefit is particularly valuable for large-scale retail
operations, where timely catalog updates are essential for staying competitive in the fast-moving retail environment.
Additionally, the operational cost reduction observed with the LLM-based system, which required significantly fewer
labor resources for catalog management, points to the long-term cost benefits of Al adoption in retail. By automating
routine tasks, retailers can redirect human resources to more strategic activities, optimizing overall business operations.
The hybrid approach combining both LLMs and human oversight was found to be the most effective in achieving the
highest catalog accuracy (98%). This approach allows retailers to leverage the strengths of Al in automation while
maintaining human quality control for more complex or specialized products.

In conclusion, the implementation of LLMs in retail catalog management systems offers significant advantages in terms
of operational efficiency, cost-effectiveness, and customer satisfaction. Retailers who integrate LLM-based solutions
into their catalog management processes can expect to see improvements in both the quality of their product listings
and their overall business performance. However, while the hybrid model proved the most effective, a full transition to
Al-driven systems could further reduce operational costs and accelerate the catalog management process.
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This study provides valuable insights into how LLMs can transform retail catalog management and paves the way for
further research on fine-tuning these models for even greater accuracy and efficiency. As Al technology continues to
evolve, its role in reshaping the retail landscape will only grow, offering new opportunities for innovation, operational
improvement, and customer satisfaction.

The findings underscore the importance of embracing Al solutions to stay competitive in the evolving retail market,
where speed, accuracy, and customer satisfaction are paramount.

FUTURE SCOPE OF THE STUDY

1. Enhancement of LLM Accuracy through Domain-Specific Training

One of the key challenges observed in this study was the need for high-quality, domain-specific training data. Retail
catalogs often contain specialized product terminology and unique attributes that general-purpose LLMs may not fully
understand. Future research can focus on fine-tuning LLMs with domain-specific datasets for various industries such
as electronics, fashion, groceries, and automotive products.

e Scope: Investigating methods for efficiently creating and curating domain-specific datasets for training LLMs can
significantly improve the accuracy and reliability of the Al systems in diverse retail sectors. Moreover, the research
could explore the use of transfer learning to apply models trained on one domain to other related domains,
reducing the need for entirely new datasets.

2. Real-Time Catalog Management and Dynamic Data Processing

As retail businesses operate in real-time, the ability of LLMs to continuously process and update product catalogs is
crucial. Current systems often rely on periodic updates or manual oversight for catalog maintenance, which can delay
the resolution of discrepancies or changes in product listings.

e  Scope: Future studies could explore real-time catalog management using LLMs. This would include developing
systems capable of monitoring catalog accuracy continuously, identifying errors as they occur, and making
corrections automatically in response to changes in inventory, product pricing, or specifications.

3. Hybrid Al-Human Collaboration for Complex Product Categories

While the hybrid approach in this study showed promising results, there remains room for deeper exploration into how
Al-human collaboration can be further optimized. Some products, especially those in highly technical or niche
categories, may require human expertise for nuanced decision-making, while routine tasks can still be automated.

e Scope: Research could explore creating intelligent workflows that allow Al to suggest product descriptions or
categorize items, with humans acting as overseers and decision-makers for complex products. This could lead to
better resource allocation and greater accuracy in managing products that require detailed descriptions or involve
technical specifications.

4. Multilingual Catalog Management and Global Market Expansion

With the growth of global e-commerce, retail businesses are increasingly required to manage product catalogs in
multiple languages and regional contexts. LLMs can play a pivotal role in multilingual catalog management, where a
product needs to be accurately described in different languages without losing its original meaning or appeal.

e Scope: Future studies can explore the use of LLMs for cross-lingual catalog management, focusing on
translation accuracy, cultural appropriateness, and consistency across multiple languages. This would require
developing models capable of understanding product context and ensuring that catalog entries are accurate and
localized to the target markets.

5. Integration with Other Al Technologies (e.g., Computer Vision)

While LLMs have proven effective in processing textual data, catalog management also involves visual content, such
as product images, videos, and 3D models. Integrating computer vision with LLMs could further enhance catalog
management by enabling the Al system to understand not only the textual descriptions of products but also their visual
representations.

e Scope: Research could explore the integration of multimodal Al systems that combine LLMs for textual data
processing with computer vision models for image recognition. This could help automate product tagging, image
categorization, and even detect visual discrepancies between product images and descriptions, further enhancing
catalog accuracy.
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6. Impact of LLMs on Customer Behavior and Sales Performance

Although this study focused on operational improvements, there is an opportunity to further investigate the direct
impact of LLM-driven catalog enhancements on customer behavior, conversion rates, and overall sales
performance.

e Scope: Future studies could include A/B testing to analyze how LLM-generated catalogs affect customer
engagement, conversion rates, and purchase behavior. Research could also explore the long-term impact of
improved catalog accuracy on customer loyalty and retention, providing deeper insights into the economic benefits
of Al-powered catalog management.

7. Ethical Implications and Data Privacy Concerns

As LLMs are increasingly integrated into retail systems, concerns about data privacy and ethical issues related to Al-
driven automation become more critical. Retailers often deal with sensitive customer information, and the use of Al
systems raises questions about data security, transparency, and accountability.

e Scope: Future research should explore the ethical implications of Al in retail catalog management, particularly
focusing on data privacy, bias in Al models, and the need for transparent Al systems. This includes ensuring
that Al models do not perpetuate biases, especially in product categorization or pricing, and that customer data is
handled securely and in compliance with privacy regulations.

8. Cost-Benefit Analysis for Small and Medium Retailers
While this study focused on the operational cost reduction for large-scale retailers, small and medium-sized enterprises
(SMEs) may face different challenges when adopting LLMs due to budgetary constraints and limited resources.

e Scope: Future studies could explore how SMEs can adopt cost-effective Al solutions for catalog management.
Research could investigate lightweight or open-source LLMs, cloud-based Al services, and scalable Al tools that
allow smaller retailers to benefit from catalog automation without significant upfront investment.

9. Longitudinal Studies on Long-Term Impact
The current study provides a snapshot of the immediate benefits of LLM integration in retail catalog management.
However, long-term studies are needed to assess the sustainability of these improvements and the potential for
continuous evolution as Al technologies advance.

e Scope: Future research could focus on longitudinal studies to track the effectiveness of LLM systems over time.
This would help understand whether improvements in catalog accuracy and efficiency are maintained in the long
term, as well as how the system adapts to evolving market trends, product types, and customer expectations.

The scope for future research on implementing LLMs in retail catalog management is broad and holds great potential
for enhancing various aspects of the retail business. As Al technologies continue to evolve, new opportunities will
emerge to improve catalog accuracy, reduce operational costs, and enhance customer satisfaction. By addressing the
challenges and exploring the suggested research areas, future studies can contribute to further optimizing retail catalog
management, providing greater value for businesses, customers, and the retail industry as a whole.
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LIMITATIONS OF THE STUDY

1. Limited Scope of Simulation Data

The study relied on simulated data to model retail catalog management, which may not fully represent the complexities
and dynamics of real-world retail environments. While simulations are a valuable tool for understanding theoretical
outcomes, they cannot fully account for all the unpredictable variables that exist in live systems, such as fluctuating
consumer behavior, sudden changes in product inventory, or unexpected technical issues.

e Implication: Future research should consider conducting real-world experiments or pilot studies to validate the
findings in operational retail environments, where external factors and data irregularities may influence the results.

2. Focus on Specific Retail Sectors

The study focused on a general approach to catalog management, without considering specific retail sectors or
industries that may have unique needs, such as electronics, fashion, or groceries. Different industries often have distinct
challenges in managing catalogs (e.g., product complexity, seasonal variations), which could affect the applicability of
the findings.

e Implication: To address this limitation, future studies should investigate sector-specific applications of LLMs in
retail catalog management to explore how LLMs can be tailored to meet the unique requirements of different
industries.

[ ]

3. Limited Timeframe of Analysis

The research measured the short-term effectiveness of LLMs in catalog management, focusing on improvements in

catalog accuracy, error rate, time efficiency, and customer satisfaction within a limited timeframe. The long-term

sustainability of these improvements was not assessed, nor was the impact of continued LLM usage on catalog
performance over extended periods.

e Implication: Future studies should incorporate longitudinal analysis to evaluate the long-term effectiveness and
adaptability of LLMs in retail catalog management, particularly to assess whether improvements in catalog
accuracy and operational efficiency are sustainable over time.

4. Lack of Human Behavioral Data

Although the study acknowledged the role of human oversight in the hybrid model, it did not directly investigate the
effects of LLMs on human workers in the retail environment. The introduction of Al tools in the workplace may impact
employee roles, job satisfaction, and decision-making processes, which were not captured in this study.

e Implication: Further research could explore the impact of LLM automation on the workforce, including how Al
integration influences employee productivity, job satisfaction, and the need for upskilling or retraining.

5. Data Quality and Model Training

The accuracy of the LLMs used in the study was dependent on the quality of the training data. While efforts were made
to simulate realistic data, there may be variations in the quality and completeness of real-world data, which could affect
the model’s performance. The study did not explore the challenges of obtaining high-quality, domain-specific training
datasets, which can be resource-intensive and time-consuming.

e Implication: Future research should investigate methods to ensure high-quality and domain-relevant training data
for LLMs, as well as explore the challenges and best practices for curating such data to improve model
performance and minimize biases.

6. Generalizability to Small and Medium Enterprises (SMES)

While the study focused on large-scale retail operations, the applicability of the results to small and medium-sized
enterprises (SMESs) is unclear. SMEs often face different challenges, including budget constraints, fewer resources for
implementing Al, and the need for more flexible, cost-effective solutions. The findings may not be directly transferable
to smaller businesses that lack the same infrastructure or scalability.

e Implication: Further research could explore how LLMs can be adapted and optimized for SMEs, potentially

through the use of lighter-weight, cloud-based Al solutions that can be scaled to meet the needs of smaller
businesses.
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7. Technological and Integration Challenges

The study highlighted the benefits of LLMs in catalog management but did not delve deeply into the technological
challenges associated with integrating Al into existing catalog management systems. Retailers may face significant
obstacles when implementing Al solutions, such as system compatibility, data integration, and change management.

e Implication: Future studies could investigate the practical challenges of integrating LLMs into existing retail
infrastructures, providing detailed guidelines and best practices for retailers looking to adopt Al-based catalog
management solutions.

The limitations of this study highlight important areas for further exploration to deepen understanding and ensure
broader applicability of LLMs in retail catalog management. By addressing these limitations in future research, the
potential of LLMs to enhance catalog accuracy, reduce operational costs, and improve customer satisfaction can be
more thoroughly validated and optimized for different retail contexts and operational scales.
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