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Abstract
In the age of digital transformation, the rise of Big Data has fundamentally altered how organizations store, process, and 
utilize information. This whitepaper provides a comprehensive analysis comparing Big Data with traditional data systems, 
data warehousing, business intelligence (BI), artificial intelligence (AI), data science, and NoSQL databases. By exploring key 
differentiators such as volume, variety, velocity, and processing capabilities, this paper aims to shed light on how Big Data has 
reshaped modern technology infrastructures and its role in advancing analytics, decision-making, and operational efficiency.
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1. Introduction 
The rapid growth of data generated by contemporary 
businesses, devices, and online platforms has emphasized the 
immediate need for scalable and efficient data management 
solutions. As organizations increasingly rely on data to drive 
decision-making and innovation, the volume, velocity, and 
variety of data have expanded beyond the capabilities of 
traditional data management systems. Big Data, defined by 
its vast scale, high processing speed, and diverse sources, 
has emerged as a force across various industries, enabling 
state-of-the-art analytics and insights This paper seeks to 
provide a comprehensive comparison between Big Data 
and several foundational technologies, including traditional 
data systems, data warehousing, and Artificial Intelligence 
(AI). It will examine the significant distinctions between 
these approaches, focusing on factors such as data volume, 
complexity, and real-time processing needs. Furthermore, 
the paper will explore the implications of these differences 
for modern data-driven initiatives, emphasizing the impact 
on business operations, technological advancements, and 
the evolving landscape of data management strategies. 
Through this exploration, we aim to offer insights into how 
organizations can effectively leverage Big Data technologies 
to stay competitive in an increasingly data-centric world.

2. Discussion
The rapid expansion of data in today's digital world has 
created significant distinction between traditional and 
modern ways of managing data. To use data effectively, 
organizations need to understand the differences between 
Big Data and traditional data. This section highlights the 
key differences, focusing on their key features and how they 
affect data processing and analysis.

Volume: The Scale of Data Is A Critical Factor Distin-
guishing Big Data from Traditional Data
• Big Data: Characterized by giant datasets, often measured 
in terabytes, petabytes, or exabytes. Such massive volumes 
arise from sources like IoT devices, social media, and 
multimedia content, which generate data continuously and at 
a big scale. Big Data challenges traditional storage solutions, 
necessitating distributed systems for efficient management.
• Traditional Data: Typically limited to gigabytes or smaller, 
making it feasible for storage and processing within 
conventional relational databases (RDBMS). Traditional data 
sources include operational databases, customer transaction 
records, and enterprise resource planning (ERP) systems.

Variety: The Diversity of Data Formats Significantly 
Impacts Storage, Processing, And Analytical Approaches
• Big Data: Includes a wide range of structured, semi-
structured, and unstructured data. Examples encompass 
social media posts, video and image files, sensor readings, 
and server logs. The variety demands flexible storage 
systems and advanced analytical techniques capable of 
handling heterogeneous datasets.
• Traditional Data: Primarily structured and stored in a 
tabular format, such as rows and columns within relational 
databases. Structured data provides itself well to predefined 
schemas and traditional SQL-based queries, making it ideal 
for routine business intelligence activities.

Velocity: The Speed at Which Data Is Generated and 
Processed Differs Between the Two Models
• Big Data: Requires handling data generated at high rate, 
and velocities, often in real-time or near-real-time. Examples 
include financial transactions, clickstream data, and live 
video feeds. Processing velocity is critical specially for 



Volume - 1  Issue - 2

Page 2 of 6

Copyright © Muhammad Rawish SiddiquiChemistry Research and Practice

Citation: Siddiqui, M. R. (2024). Big Data vs. Traditional Data, Data Warehousing, AI, and Beyond. Chem Res Pract, 1(2), 1-6.

applications like fraud detection, predictive maintenance, 
and dynamic customer engagement. 
• Traditional Data: Typically generated at slower rates, 
with updates occurring periodically or in batch processes. 
Traditional systems are optimized for scenarios where 
immediate processing is less critical, such as monthly 
reporting or periodic inventory management.

Processing: The Methods and Frameworks for Data Pro-
cessing Reveal the Technological Advancements for Each 
Paradigm
• Big Data: Relies on specialized distributed frameworks 
such as Hadoop, Spark, and NoSQL databases. These systems 
are designed for scalability, enabling parallel processing 
and distributed storage across clusters. Advanced tools and 
platforms facilitate tasks such as real-time analytics, machine 
learning, and data streaming.
• Traditional Data: Managed using SQL-based systems and 
relational database management systems (RDBMS). These 
systems are well-suited for OLTP, OLAP, and predefined 
queries but lack the scalability and flexibility required for 
unstructured or largescale datasets.
• Summary & Implications: The distinctions between Big 
Data and Traditional Data extend beyond technological 
preferences, shaping how organizations approach data 
management, analysis, and strategic decision-making. While 
Traditional Data systems are best in transactional accuracy 
and schema-based processing, Big Data frameworks unlock 
opportunities for dynamic, large-scale, and real-time 
analytics. Integrating these paradigms allows organizations 
to leverage the strengths of both, creating a robust ecosystem 
for addressing diverse data-driven challenges

Big Data Vs Data Warehousing
Data Source
• Big Data: Big Data systems are designed to ingest, process, 
and analyze vast and diverse datasets from a wide range of 
sources, including but not limited to social media platforms, 
Internet of Things (IoT) devices, sensors, web logs, and 
transactional data. These systems are capable of handling 
structured, semi-structured, and unstructured data, making 
them highly useful for modern data-driven applications. 
Big Data technologies provide the flexibility to process 
both historical data and real-time streaming data, offering 
a comprehensive view of business activities and customer 
interactions. 
• Data Warehousing: Data Warehouses, on the other hand, 
are primarily designed to handle structured data, often 
consolidated from various internal systems (e.g., CRM, ERP). 
This data is typically cleansed, transformed, and loaded (ETL) 
into a centralized repository for the purposes of reporting, 
business intelligence, and analytics. Data warehousing 
focuses on historical data from transactional systems, and 
its main goal is to provide a unified and accurate source of 
information for analysis.

Storage
• Big Data: Big Data systems rely on distributed storage 
architectures, which allow for the scalable and cost-effective 
storage of vast amounts of data. Common storage solutions 

include Hadoop Distributed File System (HDFS) and cloud-
based platforms such as Amazon Web Services (AWS) S3, 
which support the storage of large datasets in a fault-tolerant 
and highly available manner. This distributed approach 
enables organizations to store and process data across many 
nodes, ensuring high performance and scalability for big 
datasets. 
• Data Warehousing: In contrast, Data Warehouses typically 
rely on centralized storage systems. These systems use 
specialized database architectures such as relational 
databases (e.g., Oracle, Microsoft SQL Server, Teradata) that 
are optimized for query performance and data consistency. 
The centralized approach offers efficiency in handling 
structured data but may face scalability challenges when 
dealing with very large volumes of data, particularly in real-
time analytics.

Processing Model
• Big Data: One of the defining features of Big Data 
technologies is the ability to perform both batch and real-
time processing. Batch processing, often using frameworks 
like MapReduce, allows for the analysis of large datasets 
in a scheduled manner, while real-time processing using 
tools like Apache Spark Streaming enables the continuous 
ingestion and analysis of live data. This dual processing 
capability makes Big Data systems highly adaptable for use 
cases that require either high-throughput batch analytics or 
low-latency, real-time data processing.
• Data Warehousing: Traditional Data Warehouses are 
optimized for batch processing, which is ideal for scheduled 
reporting and periodic analysis. Data is typically processed 
in batch jobs, with large sets of data being moved from 
operational systems to the data warehouse for querying 
and reporting. While some modern data warehousing 
solutions are beginning to support real-time analytics, 
batch processing remains the predominant model due to 
the structured nature of the data and the focus on periodic 
reporting rather than continuous analysis.
Tools
• Big Data: Big Data technologies employ a wide range of 
tools that enable the storage, processing, and analysis of 
large datasets. Prominent tools include Apache Hadoop 
(HDFS), which provides a distributed storage and processing 
framework, Apache Spark, known for its speed in batch and 
real-time processing, and NoSQL databases such as Cassandra 
and MongoDB, which are designed to handle unstructured 
or semi-structured data. These tools are particularly well-
suited for handling the complexity and scale associated with 
Big Data use cases. 
• Data Warehousing: Data Warehousing relies on a set of 
mature, well-established tools designed for extracting, 
transforming, and loading (ETL) data into the data 
warehouse. Common ETL tools include Informatica, Talend, 
and Microsoft SSIS. In addition, Online Analytical Processing 
(OLAP) systems, such as Microsoft SQL Server Analysis 
Services (SSAS), are used to provide multidimensional 
analysis capabilities for decision support. These tools are 
highly optimized for reporting and structured data analysis 
but may not be as flexible or scalable as Big Data tools for 
unstructured or high-velocity data.
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• Summary & Implications: While both Big Data and Data 
Warehousing serve critical roles in data management, they 
satisfy to unique needs. Big Data systems are the greatest 
choice for processing large, diverse datasets from multiple 
sources in real-time, supporting advanced analytics and 
machine learning applications. Data Warehousing, by 
contrast, is best suited for structured, historical data analysis 
and reporting, providing a reliable and efficient solution for 
business intelligence. The choice between these technologies 
depends on an organization's specific requirements, 
including data volume, velocity, and the complexity of the 
analytical tasks at hand.

Big Data Vs Business Intelligence (Bi)
The distinction between Big Data and Business Intelligence 
(BI) highlights two essential paradigms in the data-driven 
ecosystem. While both serve to derive value from data, their 
goals, methods, and applications differ significantly. This 
analysis explores their core differences, emphasizing their 
focus, processing methodologies, and use cases in modern 
organizations

Focus: The Primary Focus of Big Data and Bi Lies in Their 
Approach to Data Handling and The Insights They Aim to 
Generate.
• Big Data: Designed to manage immense volumes of 
diverse, often unstructured, and raw data generated at 
high velocity. The focus is on leveraging advanced analytics 
and computational techniques to uncover hidden patterns, 
trends, and insights. Big Data empowers organizations to 
predict future trends, optimize operations, and innovate 
new solutions. 
• Business Intelligence (BI): Primarily targets structured, 
historical business data to support decision-making. BI 
focuses on querying, reporting, and analyzing data to provide 
a clear picture of past performance and current operations. 
Its goal is to support strategic decisions through descriptive 
insights presented in a user-friendly format.

Processing Methods: Big Data and Bi Utilize Differ-
ent Methodologies for Processing and Analyzing Data, 
Shaped by Their Underlying Objectives.
• Big Data: Leverages advanced algorithms, distributed 
computing frameworks, and real-time processing techniques. 
Tools like Hadoop, Apache Spark, and machine learning 
models enable processing of heterogeneous datasets at 
scale. Real-time capabilities allow for instant responses to 
dynamic scenarios, such as detecting fraud or managing IoT 
systems. 
• Business Intelligence (BI): Relies on structured data 
stored in relational databases or data warehouses. Utilizes 
traditional Sleazed reporting, dashboard generation, and 
static analysis to present actionable insights. Processing is 
batch-oriented, with predefined queries and KPIs guiding 
the analysis.

Use Cases: The Application Domains of Big Data and Bi 
Reflect Their Complementary Roles in Modern Analytics 
Ecosystems:
• Big Data

• Exploratory Data Analysis: Discovering correlations and 
trends within vast, unstructured datasets. 
• Predictive Analytics: Utilizing machine learning models to 
forecast outcomes, such as customer behaviour or market 
trends. 
• Real-Time Analytics: Supporting dynamic decision-making 
in use cases like autonomous systems or financial trading.

• Business Intelligence (BI):
• Descriptive Analytics: Summarizing historical data to 
create clear, concise reports for stakeholders. o Dashboard 
Generation: Providing visual representations of KPIs to 
monitor performance and support operational decisions. 
• Strategic Decision Support: Informing leadership decisions 
with data-backed insights on historical performance.

Integration and synergy: 
While Big Data and BI are often viewed as distinct, they 
can collaborate constructively to maximize organizational 
value. Big Data systems feed raw insights into BI platforms, 
enhancing the depth and relevance of reports and 
dashboards. On-the-other hand, BI systems can guide Big 
Data exploration by highlighting specific areas of interest 
based on historical data.

Summary & Implications: 
Big Data and BI represent two crucial yet distinct approaches 
in the data analytics spectrum. Big Data exceptionally 
manages vast, complex datasets and uncovers insights 
through advanced analytics, while BI focuses on structured, 
historical data to support decision-making through native 
reports and dashboards. Organizations that strategically 
integrate these paradigms can unlock unparalleled value, 
combining innovation with actionable insights for sustained 
growth and competitive advantage.

Big Data Vs Artificial Intelligence (AI)
The merger of Big Data and Artificial Intelligence (AI) has 
transformed the modern technological landscape. While 
these fields are inherently linked, they serve distinct yet 
complementary roles in the data ecosystem. This section 
explores their relationship, highlighting the unique 
functions, objectives, and tools that distinguish Big Data 
from AI while emphasizing their collaborative potential in 
driving transformative solutions.

Role of Data: The Interplay Between Big Data and Ai Is 
Fundamentally Defined by Their Roles in The Data Life-
cycle
• Big Data: Acts as the backbone of data-driven systems by 
generating, collecting, and storing vast amounts of data. This 
data, characterized by its volume, variety, and velocity, serves 
as the raw input for training AI models. Big Data provides 
the diversity and scale of information required to improve 
model accuracy and broad applicability. 
• AI: Leverages data, often sourced from Big Data systems, to 
create intelligent algorithms capable of learning, reasoning, 
and decision-making. Through iterative training on different 
datasets, AI systems evolve to perform complex tasks such 
as natural language processing, image recognition, and 
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predictive analytics.

Objectives: The Goals of Big Data and Ai Reflect Their 
Distinct Contributions to The Analytics and Intelligence 
Landscape
• Big Data: Primarily focuses on the efficient storage, 
management, and processing of large-scale datasets. 
It emphasizes making data accessible and usable for 
downstream applications, including AI. The aim is to extract 
actionable insights through advanced analytics. 
• AI: Aims to build intelligent systems that can autonomously 
learn from data, make decisions, and solve problems. AI is 
driven by creating algorithms and models that mimic human 
cognitive abilities, enabling applications like automation, 
personalization, and real-time adaptation.

Tools and Techniques: The Technological Frameworks 
Supporting Big Data and Ai Reflect Their Specialized 
Requirements and Approaches
• Big Data Tools: Frameworks such as Hadoop, Apache 
Spark, and NoSQL databases like MongoDB and Cassandra 
are designed for distributed storage and parallel processing 
of massive datasets. 
• AI Tools: Machine learning and deep learning frameworks 
like TensorFlow, PyTorch, Scikit-learn, and Keras are crucial 
for developing AI systems. 
• Big Data Techniques: Focus on data ingestion, cleaning, 
aggregation, and analysis using distributed computing and 
data pipelines. 
• AI Techniques: Include supervised, unsupervised, and 
reinforcement learning algorithms, as well as neural 
networks and natural language processing.

Applications and Synergies: The Synergy Between Big 
Data and Ai Enables A Wide Range of Applications That 
Are Transforming Industries
• Big Data Applications
• Real-time data processing for dynamic insights (e.g., 
financial markets, IoT systems). 
• Large-scale data aggregation to support comprehensive 
analytics and reporting.

• Ai Applications 
• Predictive analytics for forecasting trends and behaviors. 
• Development of autonomous systems, such as self-driving 
cars and intelligent chatbots.

• Synergistic Applications
• AI systems trained on Big Data can achieve unparalleled 
accuracy and reliability, such as detecting anomalies in 
cybersecurity or personalizing customer experiences in 
e-commerce. 
• Big Data systems enriched by AI can automate data 
preprocessing, anomaly detection, and predictive 
maintenance

Summary & Implications 
Big Data and AI are distinct yet deeply twisteddomains in 
the modern data ecosystem. While Big Data best suited in 

handling and organizing vast quantities of information, AI 
leverages this data to create intelligent, adaptive systems. 
Together, they form a synergistic partnership, enabling 
innovations that are reshaping industries and driving 
digital transformation. As organizations continue to adopt 
these technologies, understanding their unique roles and 
collaborative potential is critical for unlocking their full 
value.

Big Data Vs Data Science
As data becomes the cornerstone of technological innovation, 
the interplay between Big Data and Data Science defines 
the boundaries and possibilities of the modern analytics 
landscape. While closely related, these domains serve 
distinct purposes and require specialized skills and tools. 
This discussion elaborates on their unique characteristics, 
exploring their goals, required competencies, and 
technological foundations.

Goal: The Objectives of Big Data and Data Science Illus-
trate Their Different Contributions to Data-Driven Deci-
sion-Making
• Big Data: Focuses on the technology, frameworks, and 
methodologies required to manage, store, and process 
massive volumes of data. Big Data emphasizes scalability, 
reliability, and speed in handling unstructured, semi-
structured, and structured data. 
• Data Science: Centers on deriving insights and actionable 
knowledge from data through statistical methods, machine 
learning, and advanced analytical techniques. It aims to 
transform raw data into a meaningful narrative that supports 
business strategy and innovation.

Skills and expertise: The Skillsets Demanded by Big 
Data and Data Science Reflect Their Distinct Functional 
Requirements
• Big Data: Expertise in distributed computing systems, such 
as Hadoop and Spark, to process data at scale. Proficiency 
in database management systems, including both SQL-
based and NoSQL platforms. Knowledge of real-time data 
streaming and messaging frameworks like Kafka. Strong 
command over data engineering concepts and infrastructure 
management. 
• Data Science: Proficiency in statistical techniques, data 
analysis, and machine learning. Programming skills in 
languages such as Python and R, with an emphasis on 
analytical libraries like Pandas, NumPy, and Scikit-learn. 
Expertise in data visualization using tools like Matplotlib, 
Tableau, and Seaborn. An understanding of domain-
specific contexts to interpret data meaningfully and provide 
actionable insights.

Tools and Technologies: The Technological Ecosystems 
Supporting Big Data and Data Science Underline Their 
Operational Differences
• Big Data: Hadoop and HDFS for distributed storage and 
batch processing. Apache Spark for in-memory computation 
and scalable processing. Kafka for real-time data streaming 
and integration. NoSQL databases like MongoDB and 
Cassandra for managing unstructured data. 
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• Data Science: Interactive development environments like 
Jupiter Notebooks and RStudio for exploratory data analysis 
and scripting. Python libraries such as Pandas and NumPy 
for data manipulation and pre-processing. Machine learning 
frameworks like Scikit-learn, TensorFlow, and Keras for 
building predictive models. Visualization tools to represent 
insights in compelling formats.

Applications and Synergies: Although Distinct, But Big 
Data and Data Science Often Complement One Another 
To Deliver Comprehensive Solutions:
• Big Data Applications: Optimizing large-scale systems 
such as supply chains, healthcare networks, and IoT 
environments. Supporting robust data pipelines for real-
time decision-making.
• Data Science Applications: Developing predictive models to 
forecast trends, detect anomalies, and understand customer 
behaviour. Conducting exploratory and diagnostic analysis 
to uncover insights hidden within datasets.
• Summary & Implications: Big Data and Data Science 
represent distinct yet interdependent pillars of the data 
ecosystem. Big Data platforms supply the raw materials—
vast amounts of data—for Data Science projects. Data 
Science transforms Big Data into actionable intelligence, 
bridging the gap between data collection and strategic 
implementation. While Big Data focuses on the technical 
infrastructure required to process and manage enormous 
datasets, Data Science emphasizes the analytical processes 
necessary to extract value from this data. Together, they 
form a powerful synergy that enables organizations to utilize 
data as a strategic asset, driving innovation, efficiency, and 
informed decision-making in a data-centric world.

Big Data Vs. NoSQL
The rise of Big Data has necessitated the evolution of new 
storage and processing paradigms, with NoSQL databases 
emerging as a key enabler. Although these concepts 
are linked, but they address several aspects of the data 
ecosystem. This section elaborates on the distinctions and 
synergies between Big Data and NoSQL, focusing on their 
structural differences, purposes, and roles in modern data 
management.

Data Structure: The Structural Aspects of Big Data and 
NoSQL Highlight Their Complementary Roles.
• Big Data
• Represents a broader framework for managing large-scale, 
high-volume, and high-velocity datasets characterized by 
variety.
• Encompasses structured, semi-structured, and unstruc-
tured data, making it adaptable across domains like social 
media analytics, IoT, and e-commerce. 
• Includes advanced processing frameworks such as Hadoop 
and Apache Spark to derive insights from massive datasets.

• NoSQL
• Focuses on providing non-relational database solutions 
optimized for scalability and flexibility. 
• Designed to handle semi-structured and unstructured data 
types efficiently, often found in Big Data environments. 

• Popular databases include MongoDB, Cassandra, 
Couchbase, and HBase, which support data models like 
document, key-value, graph, and wide-column stores.

Purpose: The Primary Goals of Big Data and NoSQL Re-
flect Their Unique Functions In The Data Ecosystem
• Big Data
• Encompasses both data storage and data processing 
techniques, enabling organizations to analyze vast datasets 
and derive actionable insights. 
• Focuses on scalability and distributed processing to 
accommodate the volume, variety, and velocity of modern 
data. 
• Aims to transform raw data into valuable information for 
decision-making, predictions, and automation.

• NoSQL
• Primarily centered on data storage solutions that support 
Big Data's requirements for flexibility, scalability, and high 
availability. 
• Emphasizes handling diverse and dynamic datasets, such 
as logs, multimedia files, and real-time streams, which 
traditional relational databases struggle to accommodate.

Technological Synergies: Big Data and NoSQL Often 
Coexist to Provide Robust Solutions for Complex Data 
Management Challenges.
• Integration in Big Data Ecosystems:
• NoSQL databases serve as the backbone for storing the 
massive and varied datasets generated in Big Data pipelines. 
Their scalability and schema-less design complement 
Big Data's need for handling dynamic and evolving data 
structures.

• Scalability and Performance
• Big Data frameworks like Hadoop and Spark rely on NoSQL 
databases to store data in a distributed and fault-tolerant 
manner. NoSQL’s horizontal scaling aligns with Big Data's 
requirement to process data across distributed clusters 
efficiently

Applications: The Use Cases of Big Data and NoSQL Often 
Overlap but Furnish Different Aspects of Data-Driven 
Systems.
• Big Data Applications:
• Real-time analytics, fraud detection, predictive maintenance, 
and trend analysis across industries like finance, healthcare, 
and logistics. 
• Batch processing and large-scale ETL (Extract, Transform, 
Load) workflows.

• NoSQL Applications:
• Backend systems for dynamic web applications, IoT 
platforms, and social media networks.
• Supporting real-time data streams and user-driven content, 
such as personalized recommendations and geospatial data

Summary & Implications
Big Data and NoSQL represent distinct yet interrelated 
components of the modern data landscape. While Big 
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Data provides the key framework for managing the 
complexities of large-scale data, NoSQL databases address 
specific challenges related to storage and retrieval of semi-
structured and unstructured data. Together, they form a 
powerful constructive collaboration, enabling organizations 
to build scalable, flexible, and efficient data ecosystems 
that drive modernization and competitive advantage. Their 
collaborative potential continues to evolve, underscoring 
their importance in shaping the future of data-driven 
decision-making [1-5].

Final Thoughts
In conclusion, the distinctions and synergies between 
Big Data, Traditional Data, Data Warehousing, Business 
Intelligence, Artificial Intelligence, Data Science, and NoSQL 
underline the complexity of the modern data ecosystem. 
Each paradigm brings distinct capabilities that are 
essential for organizations to leverage the power of data. 
By strategically integrating these technologies, businesses 
can create robust, flexible, and scalable data architectures 
capable of addressing the challenges of today’s data-driven 
world. This holistic, and comprehensive approach enables 
organizations to transform raw data into actionable insights, 
drive innovation, and maintain a competitive edge in an 
increasingly digital landscape.

As we move forward, organizations must continue to explore 
the unique capabilities of each of these technologies while 
recognizing the importance of collaboration between them. 
The future of data management will rely on the seamless 
integration of Big Data and its associated technologies, 
creating a unified approach to data storage, processing, 
analysis, and decision-making. Understanding and leveraging 
these technological distinctions and synergies will be key to 
unlocking the full potential of data in shaping the future of 
industries and organizations across the globe.
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