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Abstract: The design of a high-performance computing (HPC) system for big data analytics 

involves selecting hardware and software components that can handle the massive amounts of data 

generated by big data applications, while ensuring efficient processing and storage of the data. The 

hardware components of an HPC system typically include high-end servers with powerful 

processors, large amounts of memory, and high-speed storage devices such as solid-state drives 

(SSDs) or hard disk drives (HDDs) configured in a parallel or distributed architecture. In addition, 

specialized hardware such as graphical processing units (GPUs) or field-programmable gate arrays 

(FPGAs) can be used to accelerate the processing of certain types of data. The software components 

of an HPC system include the operating system, middleware, and applications. The operating 

system should be optimized for HPC workloads, with low overhead and high scalability. 

Middleware such as MPI (Message Passing Interface) can be used to facilitate communication 

between nodes in a distributed computing environment. Finally, applications should be designed to 

take advantage of the parallel and distributed processing capabilities of the HPC system, with 

efficient algorithms and optimized data structures. This paper proposes a design of high-

performance computing system for Big Data Analytics. 

I. Introduction 

High performance computing (HPC) systems 

are used in big data analysis to provide the 

computational power necessary to process and 

analyse massive amounts of data. Big data 

analysis often involves complex data mining 

algorithms, machine learning models, and 

statistical analysis that require large amounts 

of processing power and memory systems 

provide a high degree of parallelism and 

distributed computing capabilities, allowing 

data to be processed simultaneously across 

multiple nodes or servers. This allows for 

faster data processing and analysis compared 

to traditional computing systems. 

In big data analysis, HPC systems can be used 

to perform tasks such as data pre-processing, 

data cleaning, feature extraction, and model 

training. These tasks require significant 

computational resources and can benefit 

greatly from the use of HPC systems. In 

addition, HPC systems can be used to analyse 

real-time data streams, such as those 

generated by IoT devices, social media, or 

financial transactions. These data streams 

require rapid processing and analysis in order 

to identify trends, anomalies, or patterns in 

the data. 

Overall, the use of HPC systems in big data 

analysis enables organizations to process and 

analyse massive amounts of data quickly and 

efficiently, allowing for data-driven decision 

making and innovation. 

Other important considerations in the design 

of an HPC system for big data analytics 

include data management, security, and fault 

tolerance. A distributed file system such as 

Hadoop Distributed File System (HDFS) can 

be used to manage the storage and retrieval of 

large data sets. Security measures such as 

encryption and access control should be 

implemented to protect sensitive data. Finally, 

fault tolerance measures such as redundant 

hardware and data backups should be put in 

place to ensure system availability and data 
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integrity in the event of hardware or software 

failures. 

Overall, the design of an HPC system for big 

data analytics requires careful consideration 

of hardware and software components, as well 

as data management, security, and fault 

tolerance measures. A well-designed HPC 

system can enable organizations to process 

and analyze massive amounts of data quickly 

and efficiently, enabling data-driven decision 

making and innovation. 

 

II. Literature Survey 

 

Authors has addressed several challenges 

when collocating Big Data and HPC 

resources. One of the main challenges is the 

different types of data storage required by Big 

Data and HPC applications. Big Data 

applications typically require distributed file 

systems such as Hadoop Distributed File 

System (HDFS), while HPC applications 

often require parallel file systems such as 

Lustre [1]. 

 

BFC is a high performance distributed big file 

cloud storage system that is based on key-

value store. It provides a scalable and efficient 

solution for storing large files in the cloud. 

The system is designed to be fault-tolerant 

and highly available, with support for data 

replication and data recovery [2]. 

 

Monitoring high performance computing 

(HPC) systems is crucial to ensure that they 

are running efficiently and effectively. End 

users need to be able to monitor the 

performance of their applications and track 

the utilization of system resources such as 

CPUs, memory, storage, and network 

bandwidth [3]. 

 

Sandia National Laboratories (SNL) provides 

a one-stop High Performance Computing 

(HPC) user support service to its users. This 

service is designed to help users access the 

HPC resources available at SNL and 

maximize their computing efficiency [4]. 

 

In the context of high-performance 

computing, repeatability and reproducibility 

are especially important due to the complex 

and specialized nature of these systems. 

Researchers must ensure that their 

experiments and simulations are repeatable 

and reproducible in order to enable 

verification, validation, and comparison of 

results [5]. 

 

Agile Condor® is a software platform that 

allows researchers to run complex simulations 

and machine learning models on high-

performance computing (HPC) resources. The 

platform is designed to make it easier for 

researchers to access and utilize HPC 

resources, which can be difficult and time-

consuming to set up and manage [6]. 

 

Preparing the HPC workforce requires a 

collaborative effort between academic 

institutions, industry, and government 

agencies. By investing in educational and 

training programs, promoting diversity and 

inclusivity, and creating a supportive work 

environment, we can create a highly skilled 

workforce that can drive innovation and 

advance scientific discovery [7]. 

 

The trend towards a hybrid era in platforms 

for big data analytics reflects the need for 

organizations to balance their data processing 

needs with their budgetary and security 

requirements. By leveraging both on-premise 

and cloud-based solutions, and using open-

source platforms, organizations can build 

flexible and scalable big data analytics 

solutions that meet their specific needs [8]. 

 

The case of noise level measurements at the 

Roskilde Music Festival demonstrates the 

potential of IoT and big data analytics in 

addressing real-world problems such as 

environmental pollution. By collecting and 

analysing data from IoT sensors, 

organizations can gain valuable insights and 
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make data-driven decisions to improve the 

quality of life for people [9]. 

 

The four-layer architecture is designed to 

handle the challenges of big data analytics by 

providing a scalable, flexible, and modular 

framework that can be adapted to different 

use cases and requirements. It allows 

organizations to efficiently manage and 

analyse large amounts of data and gain 

valuable insights to drive business decisions 

[10]. 

 

The convergence of HPC and BDA presents 

both challenges and opportunities. To design 

an HPC system for BDA, it is important to 

consider factors such as data storage, parallel 

processing, networking infrastructure, 

software tools, and skilled personnel [11]. 

 

III. Requirements for designing the High-

Performance Computing System for Big 

Data Analytics 

Designing a high-performance computing 

system for big data analytics involves several 

key considerations. Here are some steps that 

can help in the design process: 

 

i) Determine the data storage 

requirements: The first step in designing a 

high-performance computing system for big 

data analytics is to determine the storage 

requirements. Big data sets require a lot of 

storage, so it is important to select the right 

storage technology that can handle large data 

volumes and provide fast access times. 

 

ii) Choose the right computing 

architecture: After determining the storage 

requirements, the next step is to choose the 

right computing architecture. There are 

several architectures to choose from, 

including shared memory, distributed 

memory, and hybrid architectures. Each 

architecture has its own advantages and 

disadvantages, so it is important to select the 

one that best suits the needs of the big data 

analytics project. 

 

iii) Select the right software stack: The 

software stack is an important aspect of a 

high-performance computing system for big 

data analytics. The software stack should 

include tools and libraries for data processing, 

machine learning, and visualization. 

 

iv) Choose the right hardware components: 

The hardware components are also an 

important consideration when designing a 

high-performance computing system for big 

data analytics. The system should have high-

speed processors, large amounts of memory, 

and fast networking capabilities to handle the 

data processing needs of the project. 

 

v) Implement efficient data processing 

algorithms: Efficient data processing 

algorithms are critical to the success of big 

data analytics projects. These algorithms 

should be designed to take advantage of the 

high-performance computing system's 

capabilities to process data quickly and 

accurately. 

 

vi) Implement data security measures: Data 

security is an important consideration when 

designing a high-performance computing 

system for big data analytics. The system 

should be designed with security in mind and 

include measures such as encryption, access 

controls, and audit trails to protect sensitive 

data. 

 

vii) Test and validate the system: After 

designing and implementing the high-

performance computing system for big data 

analytics, it is important to test and validate 

the system to ensure that it meets the project 

requirements. This may involve 

benchmarking the system and performing 

stress tests to evaluate its performance under 

different workloads. 

 

Understanding the High-Performance Data 

Analytics 
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High Performance Data Analytics (HPDA) is 

an emerging field that focuses on using 

advanced computing technologies, such as 

high-performance computing (HPC), parallel 

computing, distributed systems, and machine 

learning algorithms to analyse large and 

complex data sets. 

 

HPDA enables organizations to process, 

analyse, and gain insights from massive 

amounts of data, at a scale and speed that was 

previously impossible. HPDA systems are 

designed to handle structured and 

unstructured data, and to support real-time 

analysis, predictive modelling, and data 

visualization. 

 

HPDA is used in a variety of industries, such 

as finance, healthcare, retail, manufacturing, 

and energy, to identify trends, patterns, and 

anomalies in data, and to inform decision 

making, product development, and customer 

engagement strategies. 

 

One of the key features of HPDA is its ability 

to combine multiple data sources, including 

structured and unstructured data, streaming 

data, and historical data, to provide a holistic 

view of an organization's operations and 

performance. This enables organizations to 

gain a deeper understanding of their 

customers, products, and business processes, 

and to identify new opportunities for growth 

and innovation. 

Big Data Analytics is possible with the help 

of high-performance computing systems 

using the following techniques: 

 

i) Graph Analytics involves modelling and 

analysing complex networks, such as social 

networks or transportation networks, to 

identify patterns and insights. 

 

ii) Compute Intensive Analytics uses 

innovative techniques, such as parallel 

processing, to solve computationally intensive 

problems, such as machine learning 

algorithms or simulations. 

 

iii) Streaming Analytics is used to rapidly 

analyse high-bandwidth and high-throughput 

streaming data, such as sensor data or 

financial transactions, in real-time, using new 

algorithms that can handle the velocity, 

volume, and variety of the data. 

 

iv) Exploratory Data Analysis is used to 

analyse massive streaming data sources, such 

as social media data or website traffic data, to 

discover new insights and patterns, and to 

inform business decisions. 

 

High performance computing systems are 

designed to handle large and complex data 

sets, and to provide fast and efficient 

processing capabilities. By using these 

techniques, organizations can gain valuable 

insights from their data, improve their 

decision-making processes, and drive 

innovation and growth. 

 

IV. Comparison of High-Performance 

Computing System and Big Data 

High-performance computing (HPC) and big 

data are two different computing paradigms 

that have unique architectural requirements. 

 

HPC systems are designed to process large 

amounts of data in a parallel and distributed 

manner. These systems typically consist of 

tightly-coupled clusters of servers or nodes 

that work together to perform complex 

computations. HPC systems require 

specialized hardware, such as high-speed 

interconnects, large memory capacity, and 

high-performance processors, to support high-

speed data processing. 

 

On the other hand, big data systems are 

designed to handle large volumes of data from 

various sources, both structured and 

unstructured. These systems require a 

distributed architecture, with data stored 

across multiple nodes, to support efficient 

data processing. Big data systems typically 

use commodity hardware, such as clusters of 
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commodity servers, to keep costs low and 

enable easy scalability. 

 

When it comes to data processing, HPC 

systems are optimized for performing 

complex calculations on a smaller set of data, 

while big data systems are optimized for 

processing large volumes of data with simple 

computations. HPC systems are typically used 

in scientific computing, simulation, and 

modelling applications, while big data 

systems are used in business intelligence, data 

mining, and machine learning applications. 

 

In summary, HPC and big data are two 

distinct computing paradigms with different 

architectural requirements. HPC systems are 

designed for high-speed data processing of 

complex calculations, while big data systems 

are designed to handle large volumes of data 

from various sources using commodity 

hardware. Figure 1. represents the 

architectural comparison of HPC and big data 

analytics. 

 

 

 
 

Figure 1: Comparison of HPC with Big Data Analytics 

 

V. Challenges in Big data analytics using 

High Performance Computing 

 

Big data analytics involves processing large 

and complex data sets, and it requires high 

computing capabilities to derive meaningful 

insights from the data. High performance data 

analytics (HPDA) aims to combine the 

capabilities of high-performance computing 

(HPC) with big data analytics to address the 

challenges posed by big data. However, big 

data analytics poses many challenges at both 

the micro and macro level. At the micro level, 

there are issues related to statistical modelling 

of big data, such as how to handle missing 

data, outliers, and non-normal data 

distributions. This requires specialized 

techniques for data pre-processing, feature 

selection, and model selection. 

At the macro level, big data analytics is 

challenged by the complexities of effective 

computational prototypes. This involves 

selecting appropriate hardware and software 

architectures, designing efficient algorithms 

for data processing, and developing scalable 

solutions that can handle the large volumes of 

data. Additionally, there are challenges related 

to data storage, data integration, and data 

privacy and security. To address these 

challenges, organizations need to invest in 
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advanced technologies and tools for big data 

analytics, including high-performance 

computing systems, cloud computing 

platforms, machine learning algorithms, and 

data visualization tools. They also need to hire 

skilled professionals who can design and 

implement effective solutions for big data 

analytics. 

 

VI.  Need to design high performance 

computing system for big data analytics 

Designing a high-performance computing 

system for big data analytics is important for 

several reasons: 

 

i) Data volume: Big data analytics involves 

processing and analysing large volumes of 

data, often in the petabytes or even exabytes 

range. A high-performance computing system 

can handle this large volume of data 

efficiently and quickly. 

 

ii) Processing speed: Big data analytics 

requires processing data in real-time or near 

real-time. High performance computing 

systems are designed to process data at a high 

speed, ensuring quick turnaround times for 

data analysis. 

 

iii) Complexity of algorithms: Big data 

analytics involves complex algorithms, which 

can take a long time to run on traditional 

computing systems. High performance 

computing systems are designed to handle 

complex algorithms and can speed up data 

processing. 

 

iv) Scalability: As data volumes continue to 

grow, it is important to have a computing 

system that can scale up to handle the 

increased workload. High performance 

computing systems can scale up easily and 

efficiently. 

 

Overall, a high-performance computing 

system is essential for big data analytics to 

enable businesses to make informed decisions 

based on data-driven insights. 

 

Conclusion  

Indeed, the convergence of High-Performance 

Computing and Big Data Analytics has 

become increasingly important in the era of 

data revolution. The continuous growth of 

data requires efficient and effective 

management and processing to extract 

meaningful insights for various industries and 

applications. The evolution of data storage 

technologies and computing models has led to 

the emergence of new paradigms such as Real 

Time Analytical Framework, which caters to 

the need for handling the continuous flow of 

real data. 

 

However, the convergence of these paradigms 

also poses several challenges, such as the 

need to develop efficient data management 

and computing models that can handle the 

complex requirements of data-intensive 

applications. In addition, the evolution of 

traditional analytical paradigms to cater to the 

demands of High-Performance Computing 

and Big Data Analytics requires a sustainable 

solution that can handle the computational 

requirements of newer models. 

 

Overall, the convergence of High-

Performance Computing and Big Data 

Analytics is essential for the development of a 

sustainable solution that can effectively 

manage and process large amounts of data to 

extract meaningful insights for various 

applications. 
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