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Abstract: With the advent of the big data era, computer science technology faces unprecedented
challenges and opportunities. This paper aims to explore the practical applications of computer sci-
ence technology in the big data era, analyzing the fundamental concepts and characteristics of big
data while delving into technological advancements and innovations in data storage, processing,
analysis, and their applications, as demonstrated through real-world case studies. The paper begins
by reviewing the foundational theories of big data and computer science, examining data storage
and management technologies such as Hadoop and NoSQL databases, as well as data processing
and analysis frameworks like MapReduce and Spark. It then provides an in-depth analysis of big
data applications in industries such as healthcare, finance, smart manufacturing, the Internet of
Things (IoT), and public safety, highlighting their critical role in improving efficiency, optimizing
decision-making, and driving technological innovation. Finally, the paper addresses challenges re-
lated to privacy and security, data quality, and future trends in big data technology. This study
offers valuable insights and references for understanding the practical applications and develop-
ment of big data technology across various industries.

Keywords: big data; computer science technology; data storage; data analysis; practical applications;
privacy and security

1. Introduction

With the rapid advancement of information technology, we have entered a new era
centered around big data. The arrival of the big data era has fundamentally transformed
the applications and development of computer science technology. Traditional data pro-
cessing methods struggle to handle the massive, diverse, and rapidly changing datasets
of today. In response, the rapid development of big data technologies has introduced in-
novative approaches and solutions to address these challenges. Through advanced com-
puter science techniques, the collection, storage, processing, and analysis of data have
reached unprecedented levels, bringing transformative changes to industries worldwide.
In the big data era, the applications of computer science technology extend beyond data
storage and computation to encompass fields such as machine learning, artificial intelli-
gence, and real-time data processing. Effectively managing, analyzing, and applying mas-
sive datasets has become a central focus for the technology sector and various industries.
Sectors like healthcare, finance, smart manufacturing, and public safety have increasingly
adopted big data technologies, driven innovation and industry growth while also intro-
ducing new challenges, such as privacy protection and data security. This paper explores
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the practical applications of computer science technology in the big data era. It begins by
introducing the core concepts and characteristics of big data, followed by an analysis of
key technologies in data storage, processing, and analysis, along with their applications.
The paper then examines the real-world applications of big data technology across indus-
tries, addressing the challenges faced and future development trends. Through a compre-
hensive analysis of big data technology, this study aims to provide readers with a deeper
understanding of its applications and prospects, offering valuable references for research
and practice in related fields [1].

2. Big Data and Computer Science: An Overview
2.1. Definition and Characteristics of Big Data

Big data refers to datasets that are too large, complex, or diverse to be efficiently
stored, managed, or analyzed using traditional database management systems or data
processing tools. The scale, complexity, and variety of these datasets exceed the capabili-
ties of conventional computing methods, earning them the label "big data". Big data is
typically defined by four key characteristics, often referred to as the "4V" features: massive
volume, high variety, rapid velocity, and low value density. Massive Volume: Big data
involves datasets that often reach petabyte (PB) or even exabyte (EB) scales. With the pro-
liferation of the internet and sensor-equipped devices, the amount of data generated glob-
ally every minute surpasses the processing capacity of traditional systems. Every user ac-
tion, device operation, or transaction generates vast amounts of data [2]. High Variety: Big
data is characterized by its diversity, encompassing not only traditional structured data
(e.g., tabular data in relational databases) but also unstructured data (e.g., text, audio,
video, images, and sensor data) and semi-structured data (e.g., log files and social media
posts). This diversity requires the ability to process, store, and analyze data in various
formats using different technologies.

Rapid Velocity: The speed at which data is generated is another defining feature of
big data. With the rise of IoT devices and social media, vast amounts of data are produced
at an extraordinary pace. For example, on e-commerce platforms, every transaction, click,
or search generates data. The widespread use of smart devices and sensors means data is
created not only in traditional business processes but also in real-time by automated sys-
tems. These real-time datasets require efficient processing systems for rapid analysis and
response. Low Veracity: Big data often has low value density, meaning much of it is not
directly useful and may contain significant noise. Extracting valuable insights from mas-
sive, complex datasets is a critical challenge for big data technology [3]. Unlike traditional
methods that focus on structured data, big data demands the ability to derive meaningful
information from complex unstructured data using techniques such as sentiment analysis
and image recognition. The rapid growth of big data stems from the swift development
of various technologies. The widespread adoption of the internet, IoT, social media, sen-
sors, and smart devices has led to an unprecedented surge in data generation. At the same
time, the increasing proportion of unstructured data has rendered traditional database
technologies and analytical methods inadequate. To address these challenges, modern
computer science has evolved, giving rise to innovations like distributed storage, data
mining, and artificial intelligence. These advancements provide robust support for ex-
tracting value from massive, complex datasets. Thus, big data extends beyond processing
traditional structured data to include the analysis of unstructured data such as text, im-
ages, and audio. Efficiently handling and analyzing these diverse, large-scale datasets,
and extracting valuable insights from them, are key priorities in data science and com-
puter technology research today [4].
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2.2. Foundations of Computer Science Technology

Computer science, as the backbone of modern information technology, encompasses
a wide range of theoretical and technical domains, including algorithm design and anal-
ysis, data structures, computer networks, artificial intelligence, machine learning, data-
base management, and information security. With the rise of big data, many traditional
computer science technologies have undergone significant expansion and enhancement.
The rapid growth of data science, in particular, has made big data storage, processing, and
analysis a focal point of research. In terms of data storage, distributed storage technologies
such as Hadoop HDFS and NoSQL databases provide a strong foundation for managing
massive datasets. For data processing, technologies like MapReduce and Apache Spark
have significantly improved the parallelism and efficiency of data handling. In data anal-
ysis, the application of machine learning and deep learning techniques enables the extrac-
tion of valuable patterns and trends from complex, unstructured data. Therefore, big data
applications rely not only on traditional computer science technologies but also on the
integration and innovation of new methods and approaches [5].

3. Core Applications of Big Data Technology
3.1. Data Storage and Management

Data storage and management technologies are critical components of big data ar-
chitectures, designed to efficiently and reliably store vast amounts of diverse data. Tradi-
tional relational database management systems (RDBMS) face performance bottlenecks
when handling large-scale data, prompting the development of distributed storage archi-
tectures. For instance, the Hadoop Distributed File System (HDFS) distributes data across
multiple nodes in a cluster, ensuring high availability and fault tolerance. Additionally,
with the rise of unstructured data, NoSQL databases such as MongoDB, Cassandra, and
HBase have gained widespread adoption [6]. These databases can handle various data
types (e.g., key-value pairs, documents, graphs) and offer flexible scalability, making
them ideal for storing massive amounts of unstructured data. Key challenges in data stor-
age and management include efficient data distribution, achieving load balancing, and
ensuring high availability and fault tolerance. For big data systems, effective storage and
management not only enhance system performance but also provide a solid foundation
for subsequent data processing and analysis.

3.2. Data Processing and Analysis

Data processing and analysis are essential steps in transforming stored data into val-
uable insights. Big data processing technologies are typically categorized into batch pro-
cessing and stream processing. MapReduce, a classic batch processing framework, en-
hances efficiency by dividing data into smaller chunks and processing them in parallel
across multiple nodes. Apache Spark, an advanced alternative to MapReduce, supports
both batch and real-time data processing, and leverages in-memory computing for greater
efficiency. This feature makes it particularly advantageous for large-scale data processing.
Unlike batch processing, real-time stream processing enables immediate data analysis,
ideal for time-sensitive applications such as real-time monitoring or online recommenda-
tions. Stream processing frameworks like Apache Kafka, Apache Flink, and Apache Storm
can handle rapidly generated real-time data, supporting event-driven analysis. These
technologies allow businesses to analyze and respond to data as it is generated, improving
decision-making efficiency and enabling swift responses to emerging situations [7].

3.3. Machine Learning and Artificial Intelligence

Machine learning and artificial intelligence (Al) play pivotal roles in big data analysis.
As data volumes grow, traditional analytical methods struggle to address data complexity
and diversity, but machine learning offers robust capabilities to automate the analysis
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process. Machine learning is typically categorized into supervised learning (e.g., classifi-
cation, regression) and unsupervised learning (e.g., clustering, dimensionality reduction)
[8]. Supervised learning trains on labeled datasets to predict future trends or recognize
patterns, while unsupervised learning uncovers hidden structures in unlabeled data. In
big data contexts, deep learning, a subset of machine learning, uses neural networks to
process complex data such as images, speech, and text, achieving remarkable results.
Deep learning models have driven breakthroughs in natural language processing and
computer vision, extracting deep insights from large datasets. Furthermore, Al integration
extending the application of big data beyond traditional analysis and enabling more pre-
cise decision-making through intelligent decision-support systems.

3.4. Real-Time Stream Processing

With the rapid proliferation of the Internet of Things (IoT), social media, and con-
nected devices, real-time stream processing has emerged as a cornerstone of big data ap-
plications. This technology is designed to process and analyze dynamically changing data
instantaneously, addressing the demand for low-latency, high-throughput solutions in
modern business environments. By enabling immediate insights from continuously gen-
erated data, real-time stream processing supports critical applications across industries,
enhancing responsiveness and operational agility. Apache Kafka, a leading platform for
large-scale message passing, is widely adopted for its ability to handle massive data
streams with high throughput and distributed architecture. It efficiently processes and
transmits real-time data, ensuring seamless scalability. Complementary frameworks like
Apache Flink and Apache Storm further enhance real-time stream processing by leverag-
ing event-driven models and real-time computation. These tools excel in large-scale, low-
latency environments, making them ideal for time-sensitive tasks [9]. Real-time stream
processing supports a variety of applications, including continuous monitoring, person-
alized recommendations, and anomaly detection. In the financial sector, for instance, it
enables institutions to monitor market fluctuations, detect potential risks, and execute
trades within milliseconds, safeguarding investments. Similarly, e-commerce platforms
harness real-time analysis of user behavior — such as clicks, searches, and browsing pat-
terns — to deliver personalized product recommendations, boosting customer engage-
ment and sales. In smart cities, real-time processing of sensor data optimizes traffic flow
and enhances public safety by identifying incidents promptly. By providing instantane-
ous insights, real-time stream processing significantly improves operational efficiency
and flexibility, meeting the growing need for timely data-driven decisions. As IoT devices
and digital interactions continue to multiply, the importance of real-time stream pro-
cessing will only increase, driving innovation and enabling businesses to stay competitive
in fast-paced, data-intensive environments [10].

4. Applications of Big Data Technology Across Industries
4.1. Healthcare

Big data technology is revolutionizing healthcare, driving transformative advance-
ments in disease prediction, precision medicine, and resource optimization. The wide-
spread adoption of electronic health records (EHRs) has digitized vast amounts of patient
data, enabling comprehensive long-term tracking and analysis. By integrating diverse
data sources — such as medical histories, genomic data, lifestyle information, and real-
time monitoring — big data provides deep insights that enhance the accuracy of diagnoses
and the effectiveness of treatment plans. For instance, machine learning algorithms can
analyze genomic data to identify risks of hereditary diseases, enabling personalized treat-
ment strategies specifically tailored to individual patient needs, thereby improving out-
comes. Wearable medical devices, including sensors and smartwatches, play a pivotal role
in continuously monitoring vital signs, such as heart rate, blood pressure, or glucose levels,
and transmitting this data to hospital systems in real time. This enables early detection of
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health anomalies, allowing clinicians to intervene promptly and prevent complications.
For example, real-time alerts from wearable devices can notify doctors of irregular heart
rhythms, facilitating timely interventions that save lives. Big data also significantly con-
tributes to public health surveillance, particularly in managing infectious disease out-
breaks. From sources like hospital admissions, anonymized social media data, and mobile
health apps, authorities can detect potential epidemic trends early and implement con-
tainment measures swiftly. During the COVID-19 pandemic, for instance, big data analyt-
ics helped track infection rates and predict hotspots, guiding resource allocation and pol-
icy decisions. Moreover, big data optimizes healthcare resource management by analyz-
ing hospital workflows, patient admission patterns, and equipment usage, reducing inef-
ficiencies and cutting costs. Collectively, these advancements improve service quality, en-
hance patient care, and increase the resilience of healthcare systems. Ultimately, big data's
integration into healthcare fosters personalized and precision medicine, lowers opera-
tional costs, and drives systemic improvements, paving the way for a healthier future.

4.2. Financial Sector

Big data technology is extensively applied in the financial sector, impacting risk man-
agement, customer service, and fraud detection. Risk management is a key area where big
data shines. Through the analysis of vast amounts of historical transaction data, financial
institutions can more accurately predict market risks, conduct risk assessments, and in-
form investment decisions. For example, analyzing transaction behaviors, credit histories,
and social network data enables precise credit risk evaluations, reducing default rates.
Fraud detection is another critical application, with real-time monitoring of transactions
and machine learning algorithms identifying anomalous activities to prevent fraud. Big
data also supports precision marketing by analyzing customer behaviors and needs, al-
lowing financial firms to offer tailored products and services. Thereby enhancing cus-
tomer satisfaction and promoting revenue growth. Additionally, combining blockchain
with big data enhances transaction transparency and traceability while ensuring data se-
curity. In summary, big data continuously enhances operational efficiency, mitigates risks,
and drives innovation across the financial sector.

4.3. Smart Manufacturing and the Internet of Things

In smart manufacturing and the Internet of Things (IoT), big data technology sup-
ports decision-making by collecting, transmitting, and analyzing device data in real time,
improving production efficiency and product quality. IoT devices and sensors intercon-
nect production lines, equipment, and factory operations to form comprehensive intelli-
gent systems, monitoring operational status and production data in real time. This data is
transmitted to cloud platforms for analysis. For example, real-time analysis of production
line data can detect equipment issues early, enabling predictive maintenance to prevent
disruptions or damage, reducing costs, and enhancing efficiency. Big data also supports
predictive maintenance by analyzing historical equipment data to forecast potential fail-
ures and schedule repairs proactively. Additionally, supply chain optimization benefits
from big data, as real-time analysis enables companies to dynamically adjust production
plans, streamline inventory management, minimize overstock, and ultimately reduce
costs, improving supply chain responsiveness. The integration of IoT and big data en-
hances automation and intelligence in manufacturing, promoting more efficient and sus-
tainable practices.

4.4. Public Safety and Smart Cities

Big data technology is playing an increasingly indispensable role in public safety and
smart city development, especially in areas such as urban management, traffic optimiza-
tion, and security monitoring. A wide array of sensors, surveillance systems, and smart
devices deployed across urban environments continuously collect and transmit real-time
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data for analysis. In traffic management, big data analyzes factors like traffic flow, vehicle
speed, and weather to optimize traffic signal timing, reduce congestion, and improve road
efficiency. In public safety, video surveillance systems paired with intelligent analytics
monitor street activities in real time, identifying potential criminal behavior and trigger-
ing timely alerts to enhance security. In environmental management, big data monitors
air quality, temperature, and humidity, using historical data to predict environmental
trends and inform government policies. In times of public emergencies — such as natural
disasters or health crises — big data delivers real-time insights that support rapid deci-
sion-making, efficient resource deployment, and effective crisis management. Through
advanced data analytics, smart cities can optimize resource allocation, enhance residents'
quality of life, and promote safety and sustainable urban development.

5. Challenges and Future Trends of Big Data Technology
5.1. Data Privacy and Security

While big data technology offers immense opportunities, it also presents significant
challenges related to data privacy and security. The collection and processing of vast vol-
umes of personal, corporate, and governmental data has made data privacy a central con-
cern in the application of big data technologies. First, robust encryption measures must
be implemented during data collection, storage, transmission, and processing to prevent
unauthorized access. Second, with the introduction of privacy regulations such as the
General Data Protection Regulation (GDPR), organizations must operate within legal and
compliant frameworks, ensuring data collection and usage respect user privacy rights.
Additionally, data anonymization techniques are widely used to protect user privacy, al-
lowing sensitive data to be processed for analysis without compromising confidentiality.
Big data platforms are also susceptible to data breaches and misuse, especially within
cloud-based multi-tenant architectures, which may lead to unauthorized access or data
leaks. To address these challenges, organizations must invest heavily in data security, en-
hance technical capabilities, and establish stringent data access controls and protection
mechanisms to ensure the secure application of big data technology.

5.2. Data Quality Issues

Data quality is a pervasive challenge in big data applications. One defining charac-
teristic of big data is its heterogeneity and complexity, often originating from diverse
sources such as sensors, social media, or enterprise systems, resulting in inconsistent data
quality. Common data quality issues include incomplete data, noise, duplication, and bias,
all of which can undermine the accuracy of analytical outcomes. Ensuring high data qual-
ity remains a critical challenge in the processes of data analysis and decision-making. For
incomplete or missing data, techniques like data imputation and completion are used to
fill gaps. For noise and redundancy, data cleaning methods help remove irrelevant infor-
mation, improving data accuracy. Furthermore, effective data quality control relies on ad-
vanced data governance frameworks to ensure data standardization and reliability. As
businesses increasingly depend on big data, efficient data cleaning and quality assurance
will directly impact the technology's effectiveness across industries. Thus, data quality
management will remain a key focus in the evolution of big data technology.

5.3. Future Development Directions

The future trajectory of big data technology presents both significant opportunities
and complex challenges. Advancements in artificial intelligence (AI) and machine learn-
ing will drive more intelligent big data analytics, enabling the automatic discovery of hid-
den patterns and insights from massive datasets. In particular, deep learning applications
will enhance the extraction of valuable information from unstructured data, such as im-
ages, videos, and audio, significantly boosting analytical capabilities. The rollout of 5G
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technology will further accelerate data collection and transmission, increasing the de-
mand for real-time data processing. The integration of big data with cloud computing will
also democratize access, allowing businesses to leverage on-demand computing and stor-
age resources, reducing costs and improving scalability. Edge computing, an emerging
technology, will profoundly influence big data by decentralizing data processing to loca-
tions closer to data sources, reducing latency and benefiting IoT applications requiring
real-time processing. Furthermore, as data volumes continue to expand, achieving a bal-
ance between computational efficiency, storage optimization, and energy sustainability
will become a key priority in the evolution of big data technologies. In summary, big data
technology will become more intelligent, efficient, and adaptable, driving deeper digital
transformation across industries.

6. Conclusion

The arrival of the big data era has catalyzed profound changes across industries
through the application of computer science technologies. In-depth research into big data
storage, processing, and analysis reveals that big data not only enables the handling of
massive information but also transforms traditional industry operations, enhancing oper-
ational efficiency, reducing costs, and fostering innovation. In healthcare, big data ad-
vances precision medicine and intelligent diagnostics; in finance, it strengthens risk man-
agement and customer service; in smart manufacturing and IoT, it elevates production
line intelligence and supply chain efficiency; and in public safety and smart city develop-
ment, it optimizes traffic management and resource allocation. However, big data appli-
cations face significant challenges. Data privacy and security remain pressing issues re-
quiring urgent solutions, while data quality constraints affect the reliability and accuracy
of analyses. Looking forward, big data technology is expected to evolve toward increased
intelligence, real-time processing capabilities, and operational efficiency, with emerging
technologies like Al 5G, and edge computing driving further innovation and adoption.
As technological maturity advances and application scenarios diversify, big data is poised
to unlock transformative potential across numerous sectors, propelling digital transfor-
mation. In conclusion, the continued advancement and widespread adoption of big data
technology will deliver substantial economic and social benefits, empowering businesses
with greater competitiveness. By proactively addressing technical challenges and aligning
with emerging innovations, big data technologies will continue to exert a profound and
far-reaching impact on global digital transformation.
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