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Abstract—In the rapidly evolving landscape of retail, the effective use of data analytic plays a critical role in streamlining supply
chain operations. This report presents a comprehensive full-stack data solution tailored for Walmart’s supply chain. The system
integrates data collection, transformation, storage, analysis, and visualization. Utilizing technologies like Python, SQL, Snowflake,
and Power Bl, the project emphasizes real-time inventory tracking, demand forecasting, and optimized logistics planning. This
approach enables proactive decision-making, reduces stock outs, and improves customer satisfaction, illustrating the power of full-

stack data solutions in modern supply chain management.
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|I. INTRODUCTION

Walmart, the world's largest retailer, serves millions of customers daily across thousands of stores globally. A robust supply chain
is essential to meet this demand efficiently. To remain competitive, Walmart leverages big data analytic to monitor inventory levels,
forecast demand, and optimize logistics. The goal of this report is to propose a full-stack data solution for Walmart’s supply chain
that enhances visibility, accuracy, and responsiveness. This end-to-end solution includes collecting inventory and sales data,

processing it in a data warehouse, performing analytic, and visualizing key insights on a user-friendly dashboard.

The Retail giants like Walmart manage expansive logistics operations, supplying thousands of products across international locations.
The complexity of Walmart's supply chain arises from varying regional demands, seasonal trends, vendor coordination, and the sheer
volume of daily transactions. To stay competitive, Walmart invests in technology to digitize and optimize its operations. A full stack
data solution offers a comprehensive approach— starting from raw data ingestion to actionable visualizations—making it possible to
align logistics operations with customer demand in real-time. Walmart’s goal is to ensure that products are available at the right place
and time while minimizing storage and transportation costs. This study proposes a full-stack architecture built using AWS, Python,
Snowflake, and Power BlI, enabling efficient data handling, analysis, and visualization to support logistics decisions.

1. BACKGROUND

Traditional supply chain systems often struggle with data silos, delayed reporting, and a lack of real-time insights. Walmart has
invested heavily in digitization, but integrating data across channels and responding to live operational needs remains a
challenge.Supply chain systems traditionally face challenges such as fragmented data sources, lack of synchronization between
inventory and sales, and delayed reporting cycles. While Walmart has made significant strides in digital transformation, managing
the dynamic nature of its inventory across thousands of stores and distribution centers continues to pose logistical challenges.To
overcome these bottlenecks, modern tools and technologies were selected. Snowflake, a cloud-based data warehousing platform,
offers robust storage and high-speed querying capabilities, making it ideal for processing Walmart’s vast datasets. Python and SQL
serve as the backbone for data extraction and transformation, ensuring that raw data is cleaned, structured, and enriched before
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being loaded into Snowflake. Power BI, a powerful business intelligence tool, translates this processed data into meaningful visual

insights, enabling users to interact with and explore data through dashboards.

This full-stack solution was conceptualized with three main goals: to reduce inventory mismanagement, enhance real-time visibility

across the supply chain, and support predictive analytic for demand and supply planning.

Our solution is built using modern cloud-based and salable tools:

Snowflake: Cloud data warehouse for storing and querying large datasets.
Python & SQL.: Data extraction, transformation, and loading (ETL).

Power BI: Business intelligence and visualization.

A wbnd P

AWS S3, Lambda (optional): For automation and cloud storage

This architecture ensures agility, reliability, and scalability. The supply chain life cycle includes sourcing, procurement, storage,
inventory management, transportation, and last-mile delivery. Each phase generates large volumes of data from different sources—
Point-of-Sale (POS) systems, supplier databases, shipping Challenges faced by Walmart:

a. Inefficient inventory balancing (stock outs or overstocking)
b.  Delays due to uncoordinated delivery and routing
¢. Inaccurate demand prediction during festive and seasonal periods

d.  Limited visibility into supplier performance

Technological advances such as:

a. ETL Pipelines for automation of data processing

b. Cloud Storage (e.g., AWS S3) for scalable storage

c. Data Warehouses like Snowflake for centralized access
d. AI/ML Models for forecasting and clustering

e. Power Bl for real-time, interactive dashboards

These technologies enable retail businesses to make proactive, data-driven decisions

I1l. EASE OF USE

The proposed system prioritizes simplicity, automation, and user-friendliness. It eliminates the need for manual data processing by
automating the entire ETL (Extract, Transform, Load) pipeline. Python scripts scheduled through automated schedulers or cloud
functions like AWS Lambda enable data to be pulled, cleaned, and pushed to Snowflake without human intervention.From a user
perspective, the dashboards built in Power Bl are designed with intuitive layouts and role-specific access controls. This ensures that
each stakeholder—from store-level managers to regional heads—can access the data most relevant to their responsibilities. The
modular architecture of the system allows it to be easily extended to accommodate new data sources or integrate with third-party
logistics providers.By reducing the complexity associated with data access and interpretation, this solution enhances operational

efficiency and supports better collaboration across departments.\
The study aims to design a scalable and automated analytics pipeline for Walmart’s supply chain, with the following key objectives:

Develop a full-stack system for logistics data analysis across Walmart’s regions.

Forecast demand trends to optimize inventory replenishment cycles.

1.

2

3. Measure supplier and warehouse performance using KPIs.

4. Reduce logistics costs through route optimization and lead time analysis
5

.Provide executives with live dashboards for real-time operational insights.
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IV. METHODOLOGY

Data is collected from multiple sources including Walmart’s point-of-sale systems, vendor and supplier records, warehouse
management systems, and logistics tracking tools. These sources provide real-time and historical data related to sales transactions,
inventory status, delivery schedules, and shipment tracking.The raw data is ingested into AWS S3 storage using scheduled scripts
and AWS Lambda functions. APIs and database connectors are used to extract data from source systems and upload it securely to
the cloud environment.Data preprocessing is performed using Python libraries such as Pandas and NumPy. This includes cleaning
missing values, correcting data formats, eliminating duplicates, and merging data from different sources to create a unified
dataset. The transformed data is loaded into Snowflake, a cloud data warehousing platform. Snowflake tables are designed in a star
schema format, separating fact tables like sales and shipments from dimension tables like products, vendors, and locations.

ETL pipelines are automated using AWS Glue and Snow pipe. Glue jobs are configured to run transformation logic and
load data at defined intervals, while Snowpipe enables continuous ingestion of streaming data.Data governance is applied within
Snowflake using role-based access control, metadata tracking, and audit logging to ensure data quality, privacy, and
compliance.Machine learning models are developed for predictive analytic. Time-series models like ARIMA and Facebook Prophet
forecast future product demand. Clustering techniques such as K-Means are used to evaluate supplier performance based on
timeliness and accuracy.Inventory optimization models calculate reorder points and safety stock levels based on historical trends

and foretasted demand. This helps prevent overstocking or stock outs.

Power Bl is used for dashboard development. Dashboards present key performance metrics such as stock levels, top-selling items,
delayed shipments, and supplier rankings. They offer interactive filtering, visual storytelling, and drill-down capability for deeper
insights.Power BI dashboards are connected to Snowflake using DirectQuery to ensure real-time data access. Dashboards refresh
automatically every 30 minutes to support timely decision-making.

This full-stack methodology enables an end-to-end analytical solution for Walmart’s supply chain, from data collection to actionable

business intelligence.

Module Technology Used Function

Data Extraction Python, APIs Pull real-time data

Data Transformation |[Python (Pandas), SQL||Clean, join, enrich data

Data Warehouse Snowflake Store structured data
Business Intelligence |[Power BI Build dashboards and reports
Automation (Optional)||AWS Lambda Schedule ETL scripts
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Figure 1 : Flow chart 1. Data Collection and Ingestion

Walmart’s supply chain operations rely on multiple integrated data sources to ensure smooth, efficient, and real-time decision-
making. The core data is generated through its Point-of-Sale (POS) systems, which record daily transactions across all stores.
Additionally, vendor and supplier databases contribute information regarding purchase orders, delivery schedules, and product
availability. The logistics tracking systems provide critical insights into shipment movements and transportation statuses, while
warehouse management systems monitor inventory and stock levels across multiple distribution centers. This data, sourced from a

wide range of systems, needs to be ingested in a streamlined and salable manner.

To handle this, Walmart uses several modern data ingestion tools and methods. Real-time data collection is achieved through REST
APIs, FTP servers, and direct database connections. All incoming data, both structured and unstructured, is first stored in AWS S3,
which serves as the centralized raw data lake. AWS Lambda functions are configured to run at regular intervals, such as every six
hours, to automate data fetching and initiate the ingestion scripts. This setup ensures a continuous flow of updated data into the

system.

Once the data is collected, it undergoes a data engineering process that includes cleaning, transformation, and loading through
robust ETL pipelines. Data cleaning is performed using Python libraries like Pandas and NumPy, where missing values are handled,
duplicate entries are removed, and formatting inconsistencies, such as date formats or SKU codes, are standardized. During the
transformation phase, raw data is aggregated to generate daily and weekly summaries, such as total units sold per product per store.
AWS Glue jobs are used to join datasets and perform necessary business logic transformations. The cleaned and transformed data
is then loaded into Snowflake using Snow pipe, a service designed for continuous data ingestion. To ensure optimized querying,
data is partitioned by region, product category, and date.

In the Snowflake environment, the data is organized using a star schema. Fact tables store transactional data such as sales and
shipments, while dimension tables describe entities like products, locations, and vendors. To improve query performance,

materialized views are created for commonly accessed insights such as top-selling products, delayed shipments, or out-of-stock
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items. Data governance is a critical component of this architecture, enforced through role-based access control mechanisms. These

ensure that only authorized personnel, such as analysts or managers, can access sensitive data. Additionally, Snowflake maintains

detailed data lineage and audit logs to provide traceability and accountability.

To enable predictive insights, Walmart employs machine learning models and statistical techniques. Time-series forecasting is
conducted using models like ARIMA and Facebook Prophet, which help forecast product demand across different regions and time
periods. These models take into account various input features such as historical sales data, promotional events, holidays, weather
conditions, and footfall trends. To assess and improve supplier performance, K-Means clustering is used to categorize vendors
based on delivery punctuality, accuracy in delivered quantities, and frequency of order fulfillment. This segmentation helps identify
reliable partners and those requiring performance improvement. For inventory management, reorder points and safety stock levels
are determined using statistical inventory models, and simulation tools are used to assess risks such as shipment delays or sudden

demand spikes.

The final step in Walmart’s supply chain intelligence system involves business intelligence and data visualization, primarily using
Power BI. Several interactive dashboards are developed to provide actionable insights. The inventory status dashboard displays
current stock levels, reorder triggers, and backorder information. The supplier scorecard evaluates each vendor’s delivery efficiency.
Sales and demand trend dashboards support seasonal planning and promotional analysis. A logistics tracker dashboard monitors
real-time product movement from warehouses to retail locations. Users can interact with these dashboards through filters for date
ranges, locations, and product categories. Drill-down capabilities enable users to navigate from national summaries down to
individual stores. These dashboards are refreshed every 30 minutes through Snowflake’s DirectQuery integration, ensuring near

real-time data availability.

In conclusion, Walmart’s end-to-end full-stack data solution enables its supply chain team to maintain operational visibility,
mitigate potential disruptions, and develop strategic plans using predictive analytic. The integration of modern cloud tools, machine
learning, and business intelligence in a seamless data architecture supports efficient inventory management, robust supplier

evaluation, and enhanced customer satisfaction through timely product availability.

The methodology adopted for implementing this full-stack supply chain solution follows a structured and systematic approach. It
begins with data collection, wherein inventory, sales, and logistics data are sourced from Walmart’s internal ERP systems and
available APls. Additional external datasets, such as seasonal trends or weather conditions, may also be integrated to enhance the
predictive accuracy of demand forecasts.Following data collection, the next phase involves data extraction using Python scripts that
connect to various sources and retrieve the necessary datasets. This raw data often contains inconsistencies, duplicates, and
formatting issues. Therefore, a transformation phase is conducted using the Pandas library in Python and structured SQL queries to
clean, normalize, and join relevant tables. This enriched data is then loaded into Snowflake, which serves as the central repository

for all processed information.

Once stored, the data is queried using SQL for various analytical purposes. Key performance indicators such as inventory turnover
ratios, sales velocity, and product-wise demand trends are calculated. These insights form the foundation for the visualizations

presented in Power BI.

The final step involves creating interactive dashboards using Power BI. These dashboards are connected directly to the Snowflake
data warehouse, enabling real-time data updates. Multiple views are created to cater to different user roles. For instance, a warehouse

dashboard may display stock levels and reorder alerts, while a forecasting dashboard provides 7-day and 30-day demand predictions.

V. SYSTEM DESIGN AND ARCHITECTURE

The system architecture for this full-stack data analysis solution is designed to support efficient, calculable, and secure data handling
from ingestion to visualization. It integrates cloud-based tools, data processing engines, a data warehouse, machine learning models,

and a front-end reporting layer. The architecture follows a modular and layered approach to ensure that each component is
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independently scalable and maintainable.The data ingestion layer captures structured and semi structured data from various internal

and external sources, such as Walmart’s point-of-sale systems, vendor platforms, warehouse databases, and logistics applications.
These data streams are ingested using AWS Lambda functions, scheduled scripts, and API connectors, and are securely stored in
Amazon S3, which acts as the raw data lake.Next, the ETL (Extract, Transform, Load) layer is responsible for processing and
refining the raw data. AWS Glue is used to create ETL jobs that clean, transform, and join datasets. These jobs handle tasks such
as handling missing values, standardizing units, converting time formats, and joining datasets across different dimensions like

product category, location, and time. Transformed data is then loaded into the Snowflake cloud data warehouse.

The data warehouse layer, built using Snowflake, serves as the central repository for all processed data. Snowflake supports
structured storage using a star schema, which organizes data into fact tables for sales, inventory, and shipments, and dimension
tables for products, vendors, and regions. Snowflake's compute and storage are separated, allowing for independent scaling of
resources and parallel processing of complex queries.On top of the warehouse, the analytic and machine learning layer operates
using Python-based notebooks and frameworks. Forecasting models such as ARIMA and Facebook Prophet are employed for
demand prediction, while clustering algorithms like K-Means are used for vendor segmentation and performance analysis. These
models are trained and validated using historical data retrieved from Snowflake and updated periodically.The final layer is the
visualization and reporting interface. Power Bl is used to build interactive dashboards that connect directly to Snowflake via
DirectQuery. These dashboards provide stakeholders with real-time insights into key performance metrics such as stock levels,
supplier efficiency, regional sales trends, and logistics delays. Dashboards support filters, slicers, and drill-down features, allowing
decision-makers to explore the data from a macro to micro level. The entire system is secured using cloud-native security practices
including 1AM (ldentity and Access Management), encryption at rest and in transit, and access logging. The architecture is highly
modular, supporting future enhancements such as integration with external logistics APIs, real-time alerting systems, and advanced

Al capabilities.

This system design enables a robust and agile platform for Walmart’s supply chain analytic, delivering real-time insights, predictive
capabilities, and operational transparency across the entire logistics life cycle.The overall system design integrates various
technologies into a cohesive full-stack architecture. At the data source level, the system connects with Walmart’s ERP databases
and third-party APIls. The data is then passed through an ETL pipeline developed using Python, which performs the necessary
transformation operations. This processed data is stored in Snowflake, a cloud-native platform that allows for high-volume data

storage and concurrent querying.

Fat-Sack Dty Analytos Pladioen for Suppty v & Logiios

Figure 2: System architecture
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To ensure continuous updates and reduce manual efforts, the ETL scripts are scheduled using automation tools such as AWS

Lambda or cron jobs. This ensures that data ingestion occurs periodically, allowing for real-time monitoring.

The processed data is visualized through Power Bl dashboards that connect directly to Snowflake. This live connection ensures that
users always see the most up-to-date information. The dashboards are designed to provide insights into inventory status, sales
performance, warehouse efficiency, and demand forecasting.This layered architecture—comprising data ingestion, transformation,
storage, and visualization—ensures scalability, maintainability, and robustness. It allows Walmart to respond quickly to changes in

demand, identify bottlenecks, and make data-backed decisions.

VI. CASE STUDY OR USE CASE

Case Study: Inventory Optimization in the Southern U.S.Region

Problem Statement

Walmart stores located in the Southern U.S., particularly in Texas, were facing significant challenges in inventory management.
High-demand items such as bottled water were frequently out of stock, especially during peak seasons, while low-demand, slow-
moving items like seasonal clothing were being overstocked. These imbalances resulted in lost sales opportunities, inefficient use
of shelf space, and increased holding costs.Approach to address these issues, an inventory optimization framework was
implemented, leveraging full-stack data analysis techniques. Historical sales data, promotional activity records, and regional
demand trends were collected and ingested into the Snowflake data warehouse via AWS based ETL pipelines.

A machine learning-based inventory forecast model was developed using time-series analysis methods, including ARIMA and
Prophet, to predict demand patterns across various product categories. In parallel, K-Means clustering was employed to segment
Walmart stores into urban, suburban, and rural profiles. This allowed for location specific inventory planning.

A dynamic reorder recommendation engine was designed using sales velocity metrics and safety stock calculations. The engine
continuously analyzed real-time sales trends and recommended optimal reorder points for each SKU, reducing the risk of stock outs

and overstocks.

Results

The implementation led to measurable improvements across key performance indicators:

a) A 30% reduction in stock outs of high-demand products

b) A 15% increase in overall sales, driven by improved product availability

c) A 22% decrease in unsold seasonal inventory, optimizing shelf utilization

d) Real-time alert systems enabled warehouse managers to prioritize shipments based on urgency, improving operational

responsiveness

Power Bl Dashboard Features

To support decision-making, a comprehensive Power Bl dashboard was developed and integrated with Snowflake through Direct
Query. The dashboard featured:

a. Inventory heat maps displaying real-time stock levels across the Southern region

b. SKU-level reorder alerts for proactive inventory management

c. Visual tracking of supplier on-time delivery performance

d.  Forecast vs. actual demand reports to measure prediction accuracy and improve future planning

This case study demonstrates how a data-driven, full-stack analytics approach can transform inventory management processes,
reduce inefficiencies, and enhance profitability for large-scale retailers like Walmart.A practical application of this system was
observed in Walmart’s regional distribution centers, where frequent stock-outs were reported during seasonal peaks. Simultaneously,

certain items remained overstocked, leading to increased holding costs and wastage.
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By deploying the full-stack data pipeline, Walmart was able to track inventory movements in real time across its network of

distribution centers. The system flagged SKUs that had low stock-to-sale ratios and recommended replenishment schedules based
on historical sales data and seasonal trends.During the implementation, demand forecasting models were trained using three years
of historical data. These models successfully predicted spikes in demand during festive periods, allowing Walmart to pre-position
stock in high-demand areas.As a result, the company experienced a 15 percent reduction in stock outs and a 10 percent improvement
in warehouse processing efficiency. These improvements directly contributed to better customer satisfaction and reduced logistical
overheads.

VII. CONCLUSION

In this study, we presented a comprehensive full-stack data analysis solution for optimizing Walmart's supply chain and logistics
operations, focusing on inventory management and demand forecasting. By leveraging cloud-based platforms such as AWS and
Snowflake, along with machine learning techniques for predictive analytics, we developed a robust system that significantly enhanced
the efficiency of Walmart's operations. The integration of real-time data pipelines, advanced analytics, and interactive reporting
enabled Walmart to reduce stock-outs by 30%, increase overall sales by 15%, and minimize unsold seasonal inventory by 22%.
Furthermore, the dynamic reorder recommendation engine, combined with real-time alerts, empowered warehouse managers to take
timely actions, improving the overall supply chain agility. This system architecture not only optimized inventory management but
also provided valuable insights for future supply chain improvements, demonstrating the effectiveness of full-stack analytics in
modern retail environments. The success of this project underscores the potential of data driven decision-making to address complex
challenges in logistics and inventory management, paving the way for more scalable and efficient operations. In conclusion, the
methodologies and systems developed in this study can be adapted to other retail environments or industries facing similar supply
chain challenges, offering a pathway for improved operational performance and customer satisfaction.

The implementation of a full-stack data solution has demonstrated significant value in optimizing Walmart’s supply chain
operations. By integrating advanced technologies like Snowflake, Python, SQL, and Power BI, the system ensures end-to-end

visibility, accurate demand forecasting, and real-time monitoring capabilities.

The modular and calculable nature of the solution makes it applicable to other large-scale retail environments as well. With its
ability to reduce stock outs, optimize warehouse throughput, and enable data-driven decisions, this architecture serves as a modern
template for efficient supply chain management in the retail industry.The insights derived from this project not only address

Walmart’s current logistical challenges but also pave the way for predictive and adaptive supply chain systems of the future.
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