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Abstract: For a smooth management of the inventory and plan operations in a retail company, accurate product demand
forecasting is important. The objective of the project is demand forecasting for the new products, using historical sales data as
well as characteristics and store and external to predict future demand to minimize overstock and understock of the products to
enhance cost and customer satisfaction. Advanced data processing techniques, EDA, and feature engineering are applied for the
identification of most prominent factors that affect demand. Using regression models and advanced timeseries analysis
techniques, robust predicting machine learning algorithms are built in order to evaluate performance against accuracy using
metrics like Root Mean Square Error and Mean Absolute Error for bias and variance. The important novelties in this work are
managing sparsity for new products, capturing external effects like holidays and promotions, and the methods for managing
seasonality and trend in the demand pattern. It provides a solution that is scalable and adaptive enough for the use cases in the
real-world retail domain with diverse applications like supply chain optimization and the sales strategy development. This work
fits into a developing area of data-driven decision-making in the retail environment in showing what machine learning can do
for operational efficiency and strategic planning.
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L. INTRODUCTION

In the constantly changing retail landscape, accurate demand forecasting has become a corner stone for business success. It is a
predictive process estimating future sales of products by analyzing historical data and external factors. Efficient forecasting enables
businesses to maintain optimal inventory levels, reduce costs associated with overstocking or stockouts, and improve customer
satisfaction. The difficulty posed by new products and lacking or no historical data can thus be significant challenges in the demand
forecasting process, requiring innovations from the combination of machine learning and data analytics. Indeed, traditional demand
forecasting methods suffer badly when applied to modern and dynamic retail environments characterized by complex market trends,
active promotional activities, and seasonality. With the advent of machine learning, businesses can now use advanced algorithms to
uncover hidden patterns in data and make more accurate predictions. This project takes advantage of these capabilities to design a
machine learning-based demand forecasting system that addresses the complexities of predicting demand for both existing and new
products. The core of this project is its focus on integrating various data sources to create a comprehensive forecasting model. It is
based on top of historical sales data. Additional features like store characteristics, promotional events, and external influences such
as holidays add more detail to this model to make accuracy better in terms of forecasting.It transforms raw data into actionable
insights via rigorous preprocessing and feature engineering. One great aspect of this work is adaptability and scalability. The system
utilizes regression and timeseries models to be able to adjust to numerous diverse retail environments, such as changing customer
preferences and changing market conditions. Because the system makes use of performance metrics such as Root Mean Square
Error and Mean Absolute Error, the model will yield high accuracy on the forecasting models and thus be ready for real-world
application directly. The potential of transformation for this retailing sector is humongous according to the inference of machine
learning. And it tackles the problem area of new product demand with significant impacts on optimization by way of management of
inventories and planning operations. One such case which has explained that how data-driven approach can augment the efficiency
towards profitability and supporting venture across the challenging and competitive terrain of marketplace.

1. METHODOLOGY
A. Following are Algorithms used
SARIMA.- Seasonal AutoRegressive Integrated Moving Average: It captures the trends and seasonality, along with residual in time
series data. Key Parameters: Non-seasonal autoregressive, differencing, and moving average orders (p, d, q). Seasonal counterparts
and periodicity (P, D, Q, m). Advantages: Such models are quite effective with time-series data having regular seasons.
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XGBoost (Extreme Gradient Boosting) - Demand forecasting through incorporation of Fig.2. System Architecture product-level
attributes, for example, price, ratings, and lag Advantages: Can capture nonlinear relations. Very fast and scalable.

LSTM - Long Short-Term Memory: Long term dependencies and sequential relationship on time- series data: Two LSTM layers
along with dropout for regularization: One dense layer for final prediction Advantages : Better manages complicated sequential
patterns than traditional methods.

1. MODELING AND ANALYSIS

1) Data Collection: Gather all needed data to generate forecasts. These may include. Historical sales data. ,Market trends. Weather
information, if the products need it. Promotions and seasonal impact.

2) Data Pre-processing: It clean, it prepares the data so as it goes into model training. That comprises Handling the missing value
Remove out liers Normalise, that is standardize the Data Generation of new features such as moving average.

3) Data Entry: Load the preprocessed data into the system and process it. At this step, one is sure of passing on clean and coherent
data to the model.

4) Data Splitting: Divided data into two groups: Training Data: That the model trains on.

5) Testing Data: Used to evaluate the model's performance on unseen data.

6) Forecasting Model: Design and tune a prediction model, using a machine learning algorithm such as Linear Regression,
Decision Trees, Random Forests, or even Time Series models like ARIMA. Even LSTMs (Long Short Term Memory), or other
neural networks.

7) Hyperparameter tuning: (Tune hyperparameters for example learning rate, number of trees, or depth of trees etc.) : the model
should have good performance in training data set without significant overfitting.

8) Is Forecasting Accurate? (Decision Point): Evaluate the model’s accuracy using the testing data. Others include Mean Absolute
Error, Root Mean Root Mean Square Error, or Mean Absolute Percentage These can help determine the performance of the
forecasts-MAPE. Yes: Input next step if the prediction is accurate. No: If the prediction isn't correct, go back and adjust the
model, retrain or hyperparameter optimization.

9) Forecasted Output: Once satisfactory accuracy is achieved by the model, the final demand forecast is generated. Then, this
output is used in terms of planning inventory, production schedules, and logistics.
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Figure 1: System Architecture of Model.
IV.  RESULTS AND DISCUSSION

1) Trend and Seasonality Analysis: Periodic pattern identification in data by the machine learning. Seasonality: Foreseen
variations that follow a season (for example, holidays, seasons). Trends: Changes in demand over time either up or down.

2) Inventory Optimization: Businesses determine optimum levels of inventory using demand forecasts in order to minimize
stockouts, avoid overstocking and subsequently reduce holding costs. Optimization techniques may include dynamic demand,
lead times, and warehouse capacities.

3) Future Sales Prediction: Future sales prediction for the next three months includes using historical sales data along with relevant
external factors in order to estimate the expected volume of sales. This helps in inventory management, budgeting, and
strategic decision-making.
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Figure 2: Result Of Forecasting
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V. CONCLUSION

The Product Demand Forecasting project exemplifies the transformative power of machine learning in retail analytics. Through the
utilization of historical data and external influences, the project was able to design a robust predictive system capable of tackling
even the most challenging demand forecasting scenarios. The model's flexibility and scalability allow it to be used in numerous
retail contexts, thereby enabling companies to maximize their inventory, optimize operations, and increase profitability. These kinds
of findings focus on the need for companies to make strategic business benefits of investing in advanced analytics for effective
traversal over competitive and dynamic retail environments by making decisions on data.
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