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Abstract--Data analysis constitutes a significant part of data science and machine learning with the rapid expansion of
digital data to assist in decision making particularly. Data exploration and selection of appropriate machine learning
models can however be tedious and require high level of expertise. This study suggests the Automated Data Analyzer
which is an easy tool of Insight Creation on the dataset. The system is coded in Python and Streamlit framework and
enables Google Gemini to form conclusions and suggest machine learning algorithms. The application is easy to use since
all one has to do is input a dataset and the data is subsequently preprocessed, visualized, and analyzed. When dealing with
large number of data, Principal Component Analysis (PCA) is used in order to compress the number of dimensions in
preserving important information and hence making the analysis faster and more efficient. Statistical analysis of the
system is also done to comprehend distribution of data. The insights and the visualizations are stored in an SQLite
database, and a final report is created that contains insights, the visualizations and model suggestions. This method assists
in the automation of the Exploratory Data Analysis (EDA).

Keywords— Exploratory Data Analysis (EDA), Generative Al, Machine Learning, Data Visualization, Anomaly
Detection, PCA, Statistical Analysis, Al-driven Insights.

I. INTRODUCTION

In the current era of data-driven decision making, both organizations and individuals

increasingly depend on data analysis to support effective decisions. Despite its importance, performing data exploration
and analysis manually can be complicated, time-consuming, and Automating the EDA process, the users may not consume
so much money of their time on the manual data processing and interpretation. Rather, they will be able to spend more
time in making informed and strategic decisions on the insights created. The other major obstacle to data analytics is that
automation enhances the efficiency, as well as the fact that a user needs to select the right machine learning algorithm to
use on a specific dataset. Most of the traditional methodologies rely on knowledge of experts to complete tasks like
algorithm choice, data pre processing and methods of visualization. Consequently, the non-experts might be frustrated in
achieving successful analysis. Hence, it is increasingly necessary to create a system where automated analysis of
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datasets can be carried out as well as decisions and suggestions generated intelligently and easily accessible to many users.
This type of system may facilitate the data analysis process and make it more available, efficient, and practical to a greater
number of users. The main goal of the given project is to overcome these issues by developing a smart automated system
that will help its users get a better insight and comprehend their data with ease.In this case, the Gemini API will also be
critical to facilitating Al-driven data processing. It offers a sensible and organized method of data set analysis and
appropriate choice of classifiers. Using Exploratory Data Analysis (EDA), the system will be able to identify problems
like outliers, missing values, feature correlations. On these findings, it is able to suggest the right data preprocessing
methods, such as scaling, encoding, or data imputation which can be used to prepare the data before further analysis and
extraction of models.

II. LITERATURE SURVEY

Kothai et al. [1] also develop this idea by discussing Al-aided data visualization and proving how automation can
streamline the process of performing complex analytics and enable data insights to be easier to absorb in business settings.
In their work, they derive the importance of interactive visualizations to enhance the decision- making process, which is
also taken into account in the proposed system. Equally, Manatkar et al. address similar models in automated analytics,
which note the significance of increasingly intelligent machines that can guide their users in comprehending and
interpreting information in a better manner.

Manatkar et al. [2] suggested ILAEDA, an automated exploration of data analysis that relies on imitation learning, which
suggests that Al-based solutions can make the process of analyzing data simpler. Their study supports the use of
automation as a way of obtaining improved decision making on the basis of the data and lessening the use of domain
knowledge.

Mumuni et al. [3] have thoroughly reviewed automated feature engineering and data preprocessing methods in application
in the big data and deep learning scenarios. In their paper, the authors focus on the significance of Al-supported automation
when managing large volumes of data and enhancing the process of extracting features. In the same manner, Santoshkumar
et al. [4] used Al and machine learning tools in predicting energy consumption, and it shows how much automated data
analysis can be used in various sectors. These articles indicate that there is necessity of intelligent and non-domain specific
systems of EDA which can adapt to various datasets.

Usha et al. [5] explored the elements of databases that can be improved through the use of Large Language Models (LLMs)
to improve data access and analysis. Their contribution aligns with the goal of using generative Al to make the automated
data insights and effective exploratory data analysis. Wu et al. [6] also talked about using AutoML methods to ease data
pipelines and even enhance the efficiency of machine learning models, especially automated data preprocessing that is an
essential part of the suggested system.

Zhu et al. [7] proposed Chat2Query, an automated EDA system that lacks any manually formulating queries by relying
on zero-shot LLM. The way they do it shows how generative Al could allow a person with weak technical skills to analyze
data more readily. Jadhav et al. [8] used a program of automated EDA to investigate the role of social media on mental
health and emphasized the potential use of Al analytics to reveal the valuable findings in complex data.

Snyder et al. [9] suggested DIVI, which is an interactive contents of Al visualization capable of real-time exploration of
data using dynamically updated visual representations. Their conclusions are significant because they emphasize that
generative Al should be used together with interactive analytics, a significant idea in the given system. Zhao et al. [10]
investigated the application of LLMs in keypoint detecting in the qualitative data analysis to enhance the procurement of
relevant information in textual data and enable researchers in the interpretation process.

Sharma et al. [11] studied the application of GPT-3 to statistical data analysis and showed that language models that are
large can create insightful recommendations and summaries. On the same note, Mahendru et al. [12] examined the
application of Al automation in various contexts and revealed that automated data analysis can ease the manual load but
enhance the accuracy and efficiency in the process of providing insights.
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Chauhan et al. [13] talked about the future of Al and machine learning in the field of data science to enhance automation
in data exploration. Ferreira et al. [14] contrasted the various AutoML algorithms, among which are deep learning and
XGBoost, and came to the conclusion that automated model selection and hyperparameter optimization can further
enhance predictive performance and minimise human effort.

Lundgard et al. [15], came up with a way of producing natural language description of visualization, which assists the
user who may lack good statistical background to comprehend analytical results.

On the whole, the studies that were reviewed imply that the automated EDA, Al- controlled visualization, and machine
learning model selection make considerable strides. Nevertheless, the majority of current strategies take into consideration
the narrowly scoped aspects, as opposed to offering an integrated and easy-to-use environment. The proposed Automated
Data Analyzer with Generative Al is an extension of all these improvements as it is proposed to combine data exploration,
visualization, and machine learning recommendations to one system, which would allow closing the gap between the
knowledge of data science and its availability.

I11. PROPOSED WORK

The proposed work includes automatically analysing the dataset starting from preprocessing it to extracting the deeper
insights. In this task, Generative Al. plays a vital role in analysing the data. The proposed workflow includes the following
tasks to extract insights, generate the data visualizations, suggest the ML Algorithms, Generate the Reports etc.

A. Data Acquisition and Preprocessing

The first step of the system is to gather the datasets of users. The platform accepts various data types, and these are
Comma-Separated Values (CSV), Excel files, JSON files, and database connections, such as SQLite. JSON is a data
exchange format that is very lightweight and formats information in pairs that include key and value hence making it easy
to store and transfer structured information. Once the dataset has been posted, the system enters the data preprocessing
stage. In this step, the values that are missing are identified and processed with the help of suitable methods like imputation
or dropping so that the information is complete and can be considered in further analysis. Outlier detection is also offered
by the system through statistical methods, such as Z- score analysis and Interquartile Range (IQR) to detect abnormal
companions and implement the required corrective actions. Also, the data can be normalized or standardized based on the
need of analysis so that all the features are defined within similar range. The system is also capable of feature engineering
and specifically feature extraction in order to detect the most relevant features that can enhance the performance of
machine learning models. Moreover, Generative Al methods are also implemented at this point, to help in automatizing
the process of feature extraction. The system is also able to suggest possible combinations and transformations of features
and hence enhance the general performance of the data preparation process by examining trends in such datasets.

B. Exploratory Data Analysis and Visualization

However, once the preprocessing phase is completed, the system will execute Exploratory Data Analysis (EDA) in order
to derive the meaningful information out of the dataset. The system will first compute the summary statistics including
the mean, median, variance, and skewness that will assist in getting the general idea about the central tendency and the
overall distribution of the data in this step. Also, a correlation table is created to evaluate the dependences between various
numerical variables included in the data set. The other key step is the review of the data distribution to identify whether it
is of common statistical trends like the Gaussian (normal) or the Poisson distributions. The system generates different
types of visual representation to allow easier data exploration, such as histograms, boxplot, scatter plot, and heatmap. The
visualizations enable the user to perceive patterns, relationships, and anomalies in the data easily. To make accessibility
even more accessible, the system also uses Generative Al via the Google Gemini API to automatically generate natural
language explanations to the produced visualizations. This assists non technical users to be in a better position to
comprehend the insights better. Besides making the interpretation process easier, the suggestions to conduct further
examination on the basis of the observed patterns
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and results are also presented in the Al-generated explanations.

C. Machine Learning Model Recommendations According to the information gathered on the Exploratory Data Analysis
(EDA) step, the system suggests suitable machine learning algorithms to be utilized in the further analysis. This starts
with analysis of the kind of dataset to be working with; it can be classified, regression or clustering and then different
modeling can be selected that will be good in that task.

The system is also good at assessing the significance of various elements in the dataset and implementation of additional
data preprocessing, which can potentially improve the overall performance of the models. The portal suggests algorithms
that include decision trees, support systems, neural networks, and ensembles, depending on the features of the dataset.
Moreover, the system uses AutoML methods to automatically run a number of machine learning models and compare
them with each other. This automated experimenting allows the user of the system to discover the model which gives a
good balance between accuracy and efficiency. Besides that, Generative Al is also used to enhance the model selection
process offering adaptive recommendations depending on the observed data patterns and statistical distributions in order
to optimize the overall analytical process.

D. Dimensionality Reduction and Outlier Detection

In the case of large amount of data with many features, dimensionality reduction techniques, like Principal Component
Analysis (PCA) are used to make the data simpler and yet still have the essential patterns and relations in it. The resultant
simplification of the dataset by this process facilitates the higher-dimensional data being visualized and analyzed more
easily in lower dimensional space. Moreover, the system does the anomaly detection to detect the hacky or abnormal data
points in the dataset. This is done by using a combination of both statistical method and machine learning based methods
that are helpful in identifying observations that are significantly different compared with the rest of the data. Detecting
these anomalies is significant as such data might need to be paid special attention, investigated, or even corrected.
Report Generation and User Collaboration

In order to improve this process, the Generative Al is incorporated into the system which helps to identify the hidden
patterns and anomalies that might not be easily identified by traditional statistical methods. The detection of anomalies
becomes more accurate and efficient through the analysis of complicated relationships in the data with the help of Al,
which will make the process more reliable.

Upon analysis, the system is able to generate a detailed PDF report containing all the important findings, visualization,
and recommendations as provided by the machine learning techniques. The report covers a brief overview of the statistics
analysis conducted, visualizations that were conducted as part of the exploratory data analysis and machine learning
models proposed to the provided data. It also offers the information suggested by the Al where the interesting trends and
trends are identified in data. Writing the report is assisted by generative Al, through the creation of intelligent summations
and suggestions to dig on, depending on the type of data and the interactions of the users. The site also supports
collaborative functionality to ensure people can co-work in real-time on a single dataset, make discoveries and comment
on the other person. This improves overall experience of the user and simplifies the task of co-working on data analysis.

-

Figure 1. Architecture for Automated Data Analyser.

Figure 1 The figure above shows the design of Automated Data Analyzer system integrating the Gemini LLM. The
process starts with the data preprocessing, which includes processes like work on missing values, game of numerical
variables and encoding of categorical variables to prepare the dataset to be analyzed further. The Gemini API takes
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statistical analysis of the dataset that has been preprocessed after performing statistical analysis on the data, it uncovers
various correlations among various features and makes insights that are useful. Depending on the patterns and features
identified within the data, the system also suggests appropriate machine learning algorithms which would be suitable in
modeling the data. This operation constructs a full data processing loop on automated data analysis with the Gemini-
powered data processing system.

IV.EXPERIMENTALRESULTS

To test the system, the system was tested on a number of datasets of varying size, such as small datasets (less than 1,000
records) and large datasets (more than 100,000 rows). The findings have indicated that the platform was in a position to
recognize data distribution pattern accurately and recommend appropriate preprocessing approaches. By way of
illustration, correct processing of datasets that followed normal distribution was done through the use of standardization
techniques and those whose distributions were skewed were advised to go through logarithmic transformation, in order to
enhance the quality of analysis. Moreover, Google Gemini API was effective enough to suggest the correct machine
learning algorithms depending on the nature of the dataset. The proposed classification models were able to attain a high
accuracy of about 95% with clustering models also having good results with a mean Silhouette Score of 0.85. Such results
show that the system is able to offer credible analytical value and effective model suggestions. Regarding visualization,
the platform created interactive charts including scatter plot, heatmap, and other graphical data visualization, allowing the
user to learn the data patterns more intuitively. It was observed that these visualizations reproduced reliably and precisely
with datasets of various sizes and these natural language descriptions generated by the Gemini API enhanced even further
understanding of the analytical findings by users.

The system was also efficient in processing speeds

in terms of performance. Smaller datasets took less than 3 seconds to analyze, larger datasets took about 1520 seconds,
and this guaranteed that users can access it smoothly and responsively. Moreover, the SQLite-based endpoint architecture
containing large amounts of data was successfully used to store generated data on insights and visualizations.

Descriptve Statistics

Figure 2. Descriptive Statistics

Figure 2 Indicates the Data insights dashboard which presents statistical data and association of data features. The insights
are automatically created referring to the dataset and the system determines to the mathematical and nominal columns.
The Data Insights module deals with these functions.
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Correlation Heatmap

Correlation Meatmap

Figure 3. Data Visualization

Figure 3 Demonstrates that the Data Visualization module creates various charts of the type of a heatmap, box plot,
histogram, and scatter plot depending on the choices the user made. With the aid of these visualizations, users can easily
perceive the data distributions, correlations, and patterns. The system was developed with Plotly, Matplotib, and Seaborn
libraries to produce interactive and quality graphs as an excellent tool of exploratory data analysis. There is also the Google
Gemini API that creates a descriptive text to each visualization, enabling simple users (non technical) to comprehend
complex statistical information and aiding in making decisions based on data.

&= Recommended ML Models for Prediction

o Clamsification o Regrension Custaning

Figure 4. ML Model recommendation

Figure 4 Illustrates how the system recommends suitable machine learning algorithms based on the characteristics of the
dataset. It analyses factors such as dataset size, feature types, data distribution, and class imbalance, while also identifying
any constraints within the data. Based on this analysis,the system categorizes and suggests appropriate models for further
machine learning tasks
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Figure 5 shows the accuracy of the machine learning algorithms recommended by the system for the Wine dataset. The

system successfully identifies and suggests algorithms that achieve high performance on the given dataset. It recommends
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both classification and regression models, allowing users to evaluate different approaches and select the most accurate
model for analysis.

P Dataset Info
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Figure 6 displays the interface of automated data analyses of the Automated Data Analyzer system. It captures the
important aspects of the uploaded information such as structuring and quality. The data set in this case has 400 rows and
5 columns,where there are 4 numeric features and one categorical one. The attributes on the show include User ID, Gender,
Age, Estimated Salary and Purchased. It is also ability to run a preliminary data quality check and ensure that there are no
null values or that the data is balanced as well, meaning it is appropriate to run machine learning analysis on it. This
summary will aid users to have a quick overview of the dataset before going on to make use of other steps of analytical
task.

V.CONCLUSION

Automated Data Analyzer enhances the decision making process that is data oriented by providing a simple and efficient
method of exploring data, the data analysis process (EDA). The system minimizes human work and comes with relevant
and valid results because of the combination of the generative Al with machine learning automation. Such a solution
illustrates the benefits of Al-related automation that simplifies the process of complex data analysis and can be of service
to both researchers and a company.

The site can be used to work with high level of the dataset which becomes one of the advantages of using Al, statistics
methods, and automation in the present data science practices. Additionally, the system aids in democratizing the analysis
of data in that it makes advanced machine learning and statistical abilities available to users with limited technical
knowledge and assists in enhancing decision making in various fields.Comprehensively, the project introduces a
united automated framework of data analysis that is fuelled by the Generative Al and makes the process of exploratory
data analysis faster and easier.

VII. FUTURE ENHANCEMENT

Future improvements can further enhance the capabilities of the Automated Data Analyzer. The ability to incorporate
more sophisticated Al models may help the system to produce more insightful and detailed information. The use of cloud-
based solutions would enable the platform to process significant amounts of data effectively, whereas the support of
streaming data might provide effective analysis in real-time. Besides, automatic feature selection and model tuning might
be used to find the best model and enhance the prediction accuracy with minimum efforts of users. Increased explainability
of the models would aid in the transparency of anomaly detection and algorithm suggestions. Analytical reports might be
made more interactive and user-friendly by using interactive dashboards and voice-based explanations. The multi-
linguistic support would enhance the ease of access to more users of the product, whereas tighter security measures would
be established to maintain privacy and safeguard of data. Moreover, the system might improve itself with the experience
gained through its interaction with users, which allows them to make better suggestions as time passes. Other progress
that can be made includes the inclusion of no-code integration, automatic report generation, and collaborative, where
multiple people can collaborate on the same analysis in real time. Increased compatibility with other data and external
database links would also add flexibility to the system. These enhancements would enable the technical and non-technical
users to analyze and interpret data more efficiently resulting into better decision-making.
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