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Abstract— Financial trading activities generate massive amounts of time-series data on a daily basis, which creates
challenges for conventional data processing and analytical systems. This project presents a cloud-based big data
analytics framework designed to efficiently manage and analyze financial time-series data, with particular emphasis
on coffee commodity price analysis. The proposed system implements a complete data engineering workflow in
which raw financial data is first stored in Amazon S3 and then processed using PySpark for distributed data
cleaning, transformation, and aggregation. The transformed datasets are loaded into Snowflake, which functions
as a scalable cloud data warehouse supporting fast analytical queries and reporting. A Machine Learning layer is
integrated on top of the analytics layer to identify historical price patterns and generate future trend predictions
from the processed time-series data. The framework is organized using a layered architecture that includes data
storage, ETL processing, cloud warehousing, analytics, and machine learning components. The results show that
the framework is capable of handling large-scale financial time-series data efficiently while maintaining scalability,
flexibility, and performance. The inclusion of machine learning improves the system’s analytical capabilities by
enabling predictive insights, and the cloud-based design allows the framework to scale with increasing data volumes.
The system also supports future enhancements such as real-time data ingestion, advanced forecasting techniques,
and analysis of multiple commodities.

Index Terms— Big Data Analytics, Financial Forecasting, PySpark, Snowflake, Random Forest Regression, Cloud
Computing, Time-Series Analysis, Predictive Analytics, Power Bl

. INTRODUCTION

Financial time-series forecasting plays a crucial role in understanding market trends and supporting investment decisions.
With the rapid growth of financial data, traditional statistical methods are no longer sufficient to handle large-scale datasets
efficiently or capture complex patterns present in the data. In recent years, advancements in cloud computing and machine
learning have enabled the development of scalable and efficient forecasting systems. Distributed data processing frameworks
such as PySpark allow handling of large datasets, while cloud platforms like Amazon S3 and Snowflake provide reliable storage
and fast data access. This paper proposes a scalable big data analytics framework for financial forecasting that integrates
distributed processing and machine learning techniques. The system is designed to collect, preprocess, and analyze financial
time-series data efficiently. A Random Forest Regression model is used to generate accurate predictions based on historical data
patterns. The results are visualized using Power Bl dashboards, allowing users to easily interpret trends and make informed
decisions. The proposed system improves scalability, processing speed, and prediction accuracy, making it suitable for real-
world financial applications.

Il. SYSTEM OVERVIEW

The proposed financial forecasting system is designed as a scalable and integrated framework that combines cloud
computing, distributed data processing, and machine learning techniques. The system begins with data collection from financial
sources such as Yahoo Finance. The collected data is stored in a cloud-based storage system using Amazon S3. This ensures
scalability and efficient handling of large datasets. Next, the data undergoes preprocessing using AWS Glue with PySpark,
where operations such as data cleaning, transformation, and feature engineering are performed. The processed data is then stored
in Snowflake, which acts as a cloud data warehouse for efficient querying and analysis. A Random Forest Regression model is
applied to the processed data to generate predictions of future price trends. Finally, the results are visualized using Power Bl
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dashboards, enabling users to easily interpret the output and make informed decisions. This architecture ensures efficient data
flow, improved scalability, and better prediction performance.

Fig: System Architecture
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I1l. METHODOLOGY

The proposed system follows a structured methodology to process financial data and generate accurate predictions. The
workflow consists of multiple stages including data collection, preprocessing, feature engineering, model training, and
visualization. Initially, financial data is collected from reliable sources such as Yahoo Finance. The collected data is stored in a
cloud-based storage system to ensure scalability and efficient data management. In the preprocessing stage, the data is cleaned
and transformed using PySpark. This includes handling missing values, removing duplicates, and converting the data into a
suitable format for analysis. Feature engineering techniques are then applied to generate meaningful attributes such as previous
price values and price differences, which help improve model performance. The processed data is used to train a Random Forest
Regression model, which is capable of capturing complex relationships in financial time-series data. The model generates
predictions based on historical trends. Finally, the results are visualized using Power BI dashboards, allowing users to analyze
trends and make informed decisions.

Fig Data Flow Diagrarm
IV. PROPOSED SYSTEM

The proposed system is designed as a cloud-based financial forecasting framework that integrates big data technologies
and machine learning techniques to improve prediction accuracy and scalability. The system begins with data collection, where
historical financial data is obtained from reliable sources such as Yahoo Finance. This data is stored in Amazon S3, which acts
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as a scalable data lake capable of handling large volumes of financial data efficiently. In the next stage, the collected data
undergoes preprocessing using AWS Glue with PySpark. During this process, data cleaning, transformation, and feature
engineering are performed to ensure that the dataset is consistent, accurate, and suitable for analysis. Important features such as
previous price values and price changes are generated to capture temporal dependencies in the data. The processed data is then
stored in Snowflake, a cloud-based data warehouse that enables efficient data management and fast querying. A Random Forest
Regression model is applied to the processed data to predict future price trends based on historical patterns. Finally, the prediction
results are visualized using Power Bl dashboards, allowing users to easily interpret trends and make informed decisions. Overall,
the proposed system provides improved scalability, faster data processing, and higher prediction accuracy compared to traditional
financial forecasting methods

Mathematical Model
1. Random Forest Prediction Formula

The Random Forest model predicts the output by averaging the results of multiple decision trees:

1 N
9 =5 2T
=1

Where:

ey =Predicted value

e N = Number of trees

e T;(x) = Output of the i*" decision tree

2. Mean Absolute Error (MAE)
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Where:

e y; = Actual value
e ¥, = Predicted value
e n = Number of observations

3. Root Mean Squared Error (RMSE)

RMSE =

4. Feature Representation

X = [Open ,High, Low, Volume, Previous Price ,Price Change]
Y = Close Price

V. RESULTS AND DISCUSSION

The proposed system was tested using historical financial data to evaluate its performance in predicting future price trends.
The Random Forest Regression model demonstrated strong performance in capturing nonlinear patterns present in time-series
data. The model was evaluated using standard metrics such as Mean Absolute Error (MAE) and Root Mean Squared Error
(RMSE), which indicated improved prediction accuracy compared to traditional approaches. The use of PySpark for distributed
data processing significantly reduced computation time, making the system efficient for handling large-scale datasets.
Additionally, the integration of Snowflake enabled faster data querying and better data management. The prediction results were
visualized using Power Bl dashboards, which provided clear insights into market trends and forecasted values. These
visualizations help users easily interpret the results and support better decision-making. Overall, the system demonstrates high
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scalability, improved processing efficiency, and reliable prediction performance, making it suitable for real-world financial
forecasting applications.
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