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Abstract

Today, virtualization technologies play a critical role in the information technology sector, enabling
businesses to manage their infrastructures more efficiently and flexibly. However, the complex structure
and extensive feature set of virtualization programs often lead users to encounter error codes and
technical issues. This can result in significant time losses and decreases in productivity, especially for
inexperienced users. To address these challenges quickly and effectively, the IT sector is increasingly
focusing on integrated solutions developed with artificial intelligence and smart assistant technologies.
This study introduces the "VMware Assistant™ software, designed to address technical issues related to
VMware products. VMware Assistant utilizes pre-trained Al models, APIs from various websites, and
comprehensive error and warning datasets to automatically detect and provide real-time solutions for
user issues. The system aims to alleviate the complexities associated with virtualization programs and
offer practical support to users. VMware Assistant consolidates error and warning data from multiple
sources, enabling users to swiftly access the information they need. As a result, it accelerates the
resolution process for technical issues encountered in virtualized environments, allowing users to
maintain workflow continuity. VMware Assistant was developed to facilitate the use of virtualization
technologies, potentially enhancing productivity in the IT sector and contributing to technical support
processes.

Keywords: API integration, Artificial intelligence, Error detection, Virtualization, VMware.

1. Introduction

With the rapid advancement of information technology, businesses are seeking new methods to make their
infrastructures more flexible, scalable, and efficient. Virtualization technologies address these needs by
enabling more effective use of physical resources [1]. Virtualization allows multiple operating systems and
applications to run on a single physical machine by abstracting hardware resources [2], optimizing resource
utilization and reducing hardware costs [3]. VMware, a global leader in virtualization solutions, provides
comprehensive products and services to businesses across various sectors [4]. VMware vSphere offers an
extensive platform for server virtualization, management, and business continuity [5]. However, the complex
structure of VMware products and their continuously evolving features often lead users to encounter technical
issues, error messages, and intricate configurations [6]. Failure to address these issues promptly and accurately
can degrade system performance, disrupt business processes, and decrease operational efficiency [7].
Traditional support methods, particularly in complex virtualization environments, may not be sufficiently fast
or effective, resulting in additional costs and time losses for businesses [8]. In this context, self-service and
automated solutions are gaining importance [9]. Artificial Intelligence (Al) and Machine Learning (ML)
technologies offer significant opportunities to overcome these challenges [10]. With Natural Language
Processing (NLP) techniques, users can express their issues in natural language, enabling systems to
comprehend these inputs and provide appropriate solutions [11]. Al-based intelligent assistants can analyze
large datasets and historical support records to offer fast and accurate solutions for complex issues, enhancing
user experience and satisfaction [12]. These assistants continuously learn and improve through user interactions
and feedback [13, 14].

The literature presents various studies on the integration of Al and NLP into technical support and
troubleshooting processes [15]. In this context, this study introduces the "VMware Assistant” application,
developed to assist in diagnosing and resolving technical issues associated with VMware products. VMware
Assistant leverages Al models, APIs from various websites, and comprehensive error and warning datasets to
automatically detect user issues and provide real-time, effective solutions. The system analyzes issues
expressed by users in natural language, identifies relevant error codes, assesses past solutions for similar issues,
and provides the most appropriate solution recommendations. This approach aims to expedite troubleshooting
processes in virtualized environments, minimize downtime, and enhance overall user satisfaction. The VMware
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Assistant offers a platform accessible to users at any technical expertise level. Its user-friendly interface and
interactive design enable users to quickly reach solutions without dealing with complex technical details.
Additionally, using this assistant can reduce the workload of technical support teams, contributing to more
efficient resource utilization.

The following sections of the study will detail the architecture of VMware Assistant, the Al and machine
learning methods employed, system integration processes, and the results obtained. This study aims to facilitate
the use of virtualization technologies, enhance productivity in the IT sector through an innovative approach to
technical support, and minimize the challenges faced by users working with VMware products.

2. Materials and Methods

This study focuses on the development of "VMware Assistant," a software that provides comprehensive
and user-friendly support for resolving errors and warnings encountered in VMware products. By analyzing
error and warning codes reported by users, VMware Assistant aims to offer meaningful and effective solution
recommendations through an integrated use of predefined real error and warning datasets as well as new error
and solution information contributed by users. This approach not only facilitates the quick resolution of
common issues but also encourages users to contribute to the system by sharing their own experiences and
solutions. The general operation of VMware Assistant, including methods and data flow, is designed to detail
the troubleshooting processes for issues encountered by users. The Flow Diagram is presented in Hata! Bagvuru
kaynagi bulunamadi..

Start: User initiates VMware
Assistant

=
Display solution from
database

Get Detailed Info (Optional):
User can access further
guidance

Log & Database Update:
Saves search history for future
referance

Figure 1. VMware assistant application flow diagram

2.1. VMware assistant application and library requirements
VMware Assistant is developed using the Python programming language and is supported by various
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libraries and APIs. The primary components used in the development and operation of VMware Assistant are
as follows:

. Python 3.x: Serves as the main programming language for the VMware Assistant software [16].

. CustomTkinter: Built on top of Tkinter, it is used to create a modern and customizable graphical user
interface (GUI). This library facilitates the design of a user-friendly and aesthetically pleasing interface [17].

. SQLite3: A lightweight and embedded database solution used for storing error and warning codes,
solution recommendations, search history, and user-contributed data. SQLite3 is preferred due to its lack of
server dependency and ease of integration [18].

. OpenAl API: Provides natural language processing (NLP) and artificial intelligence capabilities,
enabling the system to interpret free-text error and warning messages submitted by users and present relevant
VMware solutions [19].

. PRAW (Python Reddit APl Wrapper): Used to retrieve VMware-related topics and discussions on
Reddit, presenting community-generated solution suggestions to users. This integration allows access to
current and practical solutions [20].

. Stack Exchange API: Integrated to fetch VMware-related questions and answers from Stack
Overflow, leveraging the experiences of a wide developer and user base [21].

. Logging: Used to record errors and events that occur during the operation of VMware Assistant,
facilitating easier maintenance and helping to identify potential issues [22].

. Pygame: Employed to create the loading screen and other animated elements, enhancing the user
experience through graphical components [23].

2.2. Dataset structure

The dataset underlying the VMware Assistant application includes real error and warning codes commonly
encountered in VMware products. This dataset encompasses frequently observed issues within VMware's
virtualization solutions, such as vCenter, ESXi, and vSphere, along with recommended solutions for these
issues. The dataset is structured with various attributes: each error and warning is represented by a unique code
and description, either officially defined by VMware or widely recognized by the user community. The solution
recommendations provided for these codes include detailed troubleshooting steps and explanations based on
official documentation, technical articles, and community contributions, offering users effective guidance.

Additionally, users can contribute by adding the error and warning codes they encounter, along with the
corresponding solutions, which helps maintain the database's relevance and allows for the sharing of diverse
experiences. The "Get Detailed Information" button within VMware Assistant uses OpenAl and Gemini APIs
to provide supplementary insights regarding a specific error or warning. This feature enables users to perform
a more in-depth analysis and assess issues from a broader perspective, even if comprehensive information
about the error or warning is already available in the database.

2.3. Models and algorithms

VMware Assistant employs various algorithms and methodologies to provide users with the most effective
and prompt solutions. Firstly, natural language processing (NLP) techniques are utilized by leveraging
OpenAI’s GPT models to analyze errors and warnings expressed by users in natural language. This approach
enables users to articulate their issues comfortably, even if they are unfamiliar with technical terminology, and
receive relevant solutions accordingly [24]. Additionally, a keyword matching method is implemented to
compare key terms and phrases in user inputs with records in the database, allowing for quick and direct
matches.

When a user enters an error or warning code, it is compared against existing records in the database; if a
match is found, the corresponding solution recommendations and supplementary information are provided
directly to the user. In cases where no match is found in the database or where more detailed information is
needed, the system switches to an API-based solution retrieval method. At this stage, additional solution
recommendations and discussions are accessed through OpenAl, Stack Overflow, and Reddit APIs, enabling
a multi-perspective approach to the user's issue.

This combination of NLP, keyword matching, and API-based solution retrieval provides a robust
framework for VMware Assistant, ensuring users receive comprehensive and contextually relevant support.

2.4. Functional structure of VMware assistant equations

VMware Assistant is a software application designed to quickly and effectively analyze errors and warnings
encountered by users of VMware products and provide solution recommendations. Utilizing text analysis
techniques to interpret error messages from users, this assistant retrieves relevant solutions from the existing
database. If no matching solutions are found, it sources up-to-date community solutions from external resources
and presents them to the user. User queries and added solutions are regularly updated, evolving into a
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continuously expanding knowledge base. The process flow is illustrated through the following pseudocode:

BEGIN VMwareAssistant

//Get user input

INPUT userlnput

//Pre-process and analyze input

userKeywords = NLP_Analyze(userinput)

/IQuery the database with user input

queryResult = Database_Query(userKeywords)
//Check if match is found

IF queryResult is FOUND THEN

/[Display the solution to the user
Display_Solution(queryResult)

ELSE

//Use API integration for additional information
detailedInfo = Get_Detailed_Info_API(userKeywords)
/[Display API data to the user
Display_Solution(detailedInfo)

ENDIF

/[Present results to the user

Display_Result(userInput, queryResult OR detailedInfo)
//Update search history and database
Update_Database(userlnput, queryResult OR detailedInfo)
END VMwareAssistant

The VMware Assistant application provides a faster, more stable, and multi-layered analysis approach to
troubleshooting compared to standard search methods. This process involves several stages. First, in the user
input processing stage, users enter the error or warning they encounter into a text box; this input can be an error
code, error message, or description of the problem. Next, during the preprocessing and text analytics stage, the
entered text is analyzed using natural language processing (NLP) techniques and keyword extraction methods,
enabling the identification of technical terms, error codes, and critical expressions.

In the database querying and issue matching stage, the analyzed input is compared with existing records in the
database. If a matching error or warning is found, the relevant solution recommendations and additional
information are directly presented to the user. When no direct match exists in the database, or if additional
information is required, external API integration is activated. At this point, alternative solution searches are
conducted using the OpenAl, Stack Overflow, and Reddit APIs; through these queries, up-to-date and
community-approved solution suggestions related to users' issues are retrieved.

Finally, in the solution presentation and user notification stage, all obtained solution recommendations are
clearly and systematically displayed in the user interface. Searches and solutions contributed by users are
logged in the search history and database updates, ensuring they are available for future access. This structure
enhances user experience and enables the application to serve as a more effective support system.

2.5. Graphical user interface

The graphical user interface (GUI) of VMware Assistant is designed with a simple, intuitive, and user-
friendly layout to ensure that users can access needed solutions easily and quickly. The interface has been
meticulously structured to optimize user interaction and streamline the process of accessing error resolutions.
Figure 2 displays the graphical user interface of the VMware Assistant software.

The user interface of VMware Assistant incorporates various functional areas to maximize the user
experience. First, the input field is structured as a text box where users can enter error or warning codes and
descriptions, supporting a fast and efficient search process. The search history section provides a structure
where users can view and quickly access previous searches, facilitating rapid access to solutions for the same
or similar issues. The solution recommendations area lists suggestions obtained from the database and APIs,
presenting users with the most suitable resolution paths. Additionally, through the "Get Detailed Information™
button, users can access additional insights and analyses thanks to the integrations with OpenAl and Gemini
APIs. The user contributions section allows users to share their own experiences and solutions, creating a
collective knowledge base. Finally, the settings and help menus enable users to adjust application settings and
access the support and guidance they need. The GUI design is responsive, adapting to different screen sizes to
provide a seamless experience across various devices.
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Figure 2. Graphical user interface (GUI)

3. Research Findings

The capabilities of VMware Assistant in detecting and analyzing errors and warnings encountered in
VMware products are examined in detail. The software utilizes a continuously updated database, which
includes not only commonly encountered error and warning datasets in the VMware ecosystem but also custom
error and warning codes that users can add to the system. This structure allows the application to cover a wide
range of errors, ensuring it remains up-to-date through user contributions.

3.1. Dataset and user-contributed error entries

VMware Assistant features a comprehensive dataset that includes frequently encountered error and warning
codes for VMware products such as vCenter, ESXi, and Workstation. This dataset is supported by realistic
error data gathered from various sources, enabling the software to provide accurate solution recommendations.
A notable feature of VMware Assistant is its ability to allow users to add their own encountered errors and
warnings to the system. This feature permits users to share their experiences and contribute new solution
information in cases where errors and warnings are not already recorded in the system. This approach enables
the database to expand with user experiences, offering flexible solutions for a wider array of scenarios.
Additionally, users can review existing solution recommendations and select the responses most suited to their
own issues. This bidirectional structure distinguishes VMware Assistant from traditional static error
management systems, providing a user-centered experience.

3.2. Model and API performance evaluation

VMware Assistant leverages various models and APIs to accurately analyze error and warning codes
entered by users and provide relevant solutions. The OpenAl API uses natural language processing (NLP)
techniques to analyze errors and offer VMware-specific solution recommendations. This approach enables the
system to respond to even unrecorded errors with solution suggestions supported by OpenAlI’s insights. The
Gemini API, on the other hand, retrieves data from popular platforms like Reddit and Stack Overflow, granting
access to community-shared, up-to-date solution recommendations. This API-based structure allows VMware
Assistant to address a broad range of errors, providing users with a more comprehensive approach to their
issues.

Additionally, VMware Assistant enables users to directly log their encountered errors and solutions into
the system. This feature is especially valuable for resolving rarely encountered or custom-configuration errors
unique to VMware. Through this feature, users can add unique issues to the system, making this information
accessible to others. This structure not only enhances flexibility and encourages user interaction but also fosters
community contribution, enriching the overall support ecosystem.
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3.3. Performance evaluation and user experience

Performance testing of VMware Assistant has demonstrated its ability to accurately identify errors and
provide realistic solution suggestions to users. VMware Assistant aims to enhance user satisfaction by offering
quick and practical solutions, especially for VMware users facing complex issues. The user interface provides
convenient areas for functions such as product and version selection and error and warning code entry,
facilitating ease of use. This enables users to access solution recommendations through a fast and intuitive
experience. Testing results indicate that VMware Assistant can recognize even complex errors and warnings,
providing detailed solution recommendations and guiding users effectively.

During the performance evaluation process, improvements in user experience were noted, making error
detection and solution recommendation processes more practical. VMware Assistant, with its user-friendly
interface, not only aids in the rapid resolution of issues but also serves as a reliable resource for users facing
complex VMware problems. Additionally, through the "Get Detailed Information" button, more
comprehensive results are provided via the ChatGPT and Gemini APIs, offering users alternative solutions.
This feature presents a more detailed and multi-dimensional solution perspective for users addressing their
issues.

4, Results and Discussion

The error and warning detection and analysis capabilities provided by the VMware Assistant software have
been evaluated. The analysis was conducted using a dataset of common error and warning codes encountered
in VMware products. Additionally, with the ability for users to add their own errors and warnings to the system,
the database is continuously updated and expanded. This dual-layered database structure allows VMware
Assistant to provide solutions over a broader range of error types. The findings indicate that VMware Assistant
offers significant advantages in error detection and solution recommendations. The software’s ability to
combine a standard dataset with user-contributed entries ensures a comprehensive and dynamic knowledge
base, enhancing the effectiveness and scope of support it provides to users working with VMware products.

4.1. Dataset and user-interactive error entries

VMware Assistant utilizes a dataset that includes frequently encountered error and warning codes for
VMware products such as vCenter, ESXi, and Workstation. These codes consist of error messages sourced
from official documentation and commonly known community errors. One of the software's key features is its
ability to allow users to add the errors they encounter to the system. This feature enables VMware Assistant to
offer solutions across a wide spectrum, including rare errors within the VMware ecosystem. Users contribute
by adding their experienced issues, benefiting others as shown in Figure 3. This dynamic and interactive
structure distinguishes VMware Assistant from static error management systems.

In a 2023 study by Li et al. [25], a machine learning-based approach was proposed for error detection and
diagnosis in cloud-based systems. This study analyzes system logs to detect anomalies and identify potential
error causes. However, the approach relies on a static dataset and does not incorporate user interaction.
VMware Assistant, by contrast, differentiates itself with a continually evolving knowledge base supported by
active user participation, making it a more comprehensive and adaptable solution.

Similarly, Bhardwaj et al.in a 2024 paper [26], proposed a deep learning-based system for error detection
in Kubernetes clusters. This system detects anomalies by analyzing resource usage metrics and predicts
potential errors. However, this study also lacks user interaction and community-based knowledge sharing.
VMware Assistant, with its interactive features, reaches a broader user base and offers a more effective solution
for resolving rare errors, leveraging the power of community contributions.
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Select Language: | English

Figure 3. Active error management

4.2. Model and API performance evaluation

VMware Assistant employs various APIs and natural language processing (NLP) techniques to interpret
errors and provide solution recommendations. The OpenAl API analyzes errors entered in free-text format by
users, producing meaningful outcomes. This API plays a crucial role in resolving complex and naturally
expressed issues. Additionally, the Gemini API retrieves up-to-date, community-based solutions from
platforms like Reddit and Stack Overflow, presenting these to the user. This multi-layered solution search,
illustrated in Figure 4. NLP technique, is particularly effective in providing solutions for new or rarely
encountered errors not found in the database. VMware Assistant offers solution recommendations based not
only on its database but also on results from external APIs. This hybrid approach provides users with the most
suitable recommendations by addressing their issues from both a broad and current solution base. In a 2022
study published by Jadav et al. in the International Journal of Communication Systems [27], an Al-based
system was proposed for error detection and troubleshooting in software-defined networks (SDNs). This
system detects anomalies by analyzing network traffic data and identifies potential causes of errors. However,
the Al model used in that study lacks the multi-API integration and NLP capabilities employed by VMware
Assistant. Consequently, VMware Assistant covers a broader range of errors and offers more effective
solutions, enhancing its utility and adaptability.
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4. Outdated Version: Running an outdated version of vCenter can also contribute to high CPU usage. Ensure that you are using the latest version of vCenter and apply any available
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5. Monitoring Tools: Utilize monitoring tools within vCenter to identify which processes or virtual machines are causing high CPU usage. This can help pinpoint the source of the issue
and allow for targeted troubleshooting.

6. Restart Services: Sometimes, simply restarting the vCenter services or the host itself can help alleviate high CPU usage. This can help clear any temporary issues or bottlenecks
causing performance issues.

7. Performance Tuning: Consider adjusting performance settings within vCenter, such as tweaking resource allocation, CPU limits, or reservations to better optimize CPU usage
across the virtual environment.

By following these steps and froubleshooting methods, you should be able to identify the cause of high CPU usage in VMware vCenter 8.0 and take appropriate action to resolve the
issue. If the problem persists, consider reaching out to VMware support for further assistance.

SOLUTION FROM GEMINI APL:
[ The phrase "vCenter 8.0 high CPU usage" isn't an error code but describes a performance problem. High CPU tilization on a vCenter Server can lead to slow response times, task
failures, and overall instability. Here's a breakdown of potential causes and troubleshooting steps:

*“Possible Causes™
* **Large Inventory Size™ Managing a vast number of hosts, VMs, and other objects increases the load on vCenter.

" *"Resource Constraints™ Insufficient CPU, memory, or storage resources allocated to the vCenter Server appliance
erformance Stafistics Collection:™ Collecting statistics at short intervals or for a large number of mefrics consumes resources.

hird-Party Plugins™ Poorly written or resource-intensive plugins can significantly impact vCenter performance Check Database
‘Database Performance Issues:™ The vCenter Server Appliance database (PostgreSQL) can become a bottleneck if not properly tuned or if experiencing high /0.
" *VPXD Senvice:™ The VPXD service handles communication between vCenter and ESXi hosts. Excessive communication or issues with this service can lead to high CPU

Manage Database:
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Figure 4. NLP technique

4.3. Performance evaluation and user experience

VMware Assistant’s solution offerings and interface design are optimized to enhance user satisfaction and
accelerate issue resolution. The interface options allow users to easily enter encountered error or warning
messages and, by clicking the "Get Detailed Information” button, obtain a more comprehensive solution
enriched with additional details from the OpenAl and Gemini APIs. VMware Assistant’s ability to analyze
complex errors and warnings provides solutions that closely reflect real-world scenarios, making it a valuable
resource for technical experts who work extensively with VMware products.

Testing has shown that VMware Assistant offers a user-friendly experience in error detection and solution

recommendation, effectively communicating solutions to users. The user-contributed database and API
integration expand the information available, enabling solutions tailored to users' needs. Based on these
findings, VMware Assistant can be regarded as a user-friendly and effective tool for managing errors and
warnings encountered in VMware products.
A 2016 study by Gulzar et al., presented at the 8th USENIX Workshop on Hot Topics in Cloud Computing
[28], introduced an interactive system for debugging in cloud environments, allowing users to visualize and
analyze error information. However, the interface presented in that study is not as user-friendly and intuitive
as that of VMware Assistant. VMware Assistant prioritizes user experience by offering a simple and effective
interface, enabling users to quickly access errors and solutions. Compared to existing academic studies,
VMware Assistant presents numerous innovative features. With its multi-layered database structure, API
integration, community- based knowledge sharing, and hybrid solution approach, VMware Assistant stands
out as a distinctive tool for error detection and solution recommendations tailored for VMware users.

5. Conclusion

VMware Assistant has been developed as a user-friendly and flexible support software that provides
effective solutions for errors and warnings encountered in VMware products. With its comprehensive database
and API-supported structure, it offers quick and efficient solution recommendations for common errors in
products such as VMware vCenter, ESXi, and Workstation. The ability for users to add their own experiences
with errors and solutions helps keep VMware Assistant up-to-date and fosters a community-based knowledge
base. During development, various natural language processing techniques and APIs were integrated to
enhance the understanding and solution delivery for complex error and warning messages. Free-text analysis
via the OpenAl API, combined with community-based solutions from platforms like Reddit and Stack
Overflow through the Gemini API, allows users to receive answers from multiple perspectives. The flexibility
provided by this structure enables the software to support users with practical and current solutions even for
errors not recorded in the system. Future work could focus on testing VMware Assistant with a larger dataset
in real-world environments, creating more comprehensive data collection processes to improve solution
accuracy, and expanding API integrations. Additionally, to enhance performance and user experience, the
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integration of advanced algorithms such as visual analysis and machine learning-based recommendation
systems could offer solutions for other potential issues within the VMware ecosystem. Such improvements
would make VMware Assistant a more effective error management tool for both businesses and individual
users, potentially achieving widespread adoption in the virtualization field. Future developments may include
the integration of advanced machine learning models, comprehensive community involvement, and feedback

systems.
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