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ABSTRACT

Background Information: The paper explores the integration of Blockchain, AI, MPC, Sparse
Matrix Storage, and Predictive Control to enhance Human Resource Management (HRM).
Current HRM systems are centralized, posing security and efficiency challenges. The proposed
system aims to improve data security, scalability, and decision-making using decentralized
technologies.

Objectives: To design a secure and efficient HRM system by leveraging blockchain technology
for decentralized data storage and enhancing decision-making using Al and ML, while
incorporating MPC, Sparse Matrix, and Predictive Control for privacy and optimization in data
management.

Methods: The proposed model integrates Blockchain for security, AI/ML for decision-making,
MPC for privacy, Sparse Matrix Storage for efficient data handling, and Predictive Control for
risk management. An ablation study evaluates the performance of individual and combined
components across various metrics.

Results: The full model demonstrates superior performance in data security, scalability, and
predictive analytics compared to partial configurations, offering significant improvements in
HR data management efficiency and security.

Conclusion: Integrating Blockchain with AI, MPC, and other advanced technologies
significantly enhances HRM processes by improving data security, scalability, and efficiency.
The study emphasizes the importance of combining these components for optimal performance
in managing sensitive HR data.
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1. INTRODUCTION

In the contemporary digital era, the administration of human resource (HR) data is becoming
ever intricate, as firms generate, store, and analyze substantial volumes of personnel data. This
data includes personal information, performance indicators, salary details, attendance records,
and sensitive medical information. The swift increase in data volume and the emergence of
new technologies like Artificial Intelligence (AI), Machine Learning (ML), and Blockchain
necessitate the resolution of significant challenges related to data security, transparency,
efficiency, and predictive analysis in the HR sector. The incorporation of blockchain
technology into HR data management could transform the management, storage, and security
of employee information within firms. The decentralized and immutable characteristics of
blockchain establish a strong framework that guarantees HR data is secure from tampering and
remains transparent. The integration of Distributed Multi-Party Computation (MPC), Sparse
Matrix Storage, and Predictive Control technologies significantly improves the efficiency,
scalability, and security of HR data systems.

In this context, Artificial Intelligence (Al) and Machine Learning (ML) are crucial in enhancing
HR decision-making processes via sophisticated data analytics, while Predictive Control
enables organizations to foresee and alleviate potential risks associated with employee
behavior, attrition, and data breaches. Sparse matrix storage, an optimal data storage method,
enhances existing technologies by facilitating the efficient management of extensive, sparse
datasets commonly encountered in HR settings, where not all data fields are filled for each
employee. This study offers an in-depth examination of blockchain-augmented HR data
management via the incorporation of Al, ML, Distributed MPC, Sparse Matrix Storage, and
Predictive Control. The objective is to establish a secure, transparent, and efficient HR system
that maintains extensive employee data and facilitates informed decision-making while
protecting sensitive information. By utilizing these developing technologies, firms may convert
HR data management into a more agile, safe, and intelligent system.

Blockchain-Enhanced HR Data Management denotes the application of blockchain technology
in human resource management to safely and transparently manage and safeguard employee
data. In a conventional HR system, employee information is typically housed in centralized
databases, which are susceptible to manipulation, data breaches, and inefficiencies. Blockchain
technology mitigates these issues by providing a decentralized ledger in which each data
element is distributed across a network of nodes. Once data is incorporated into the blockchain,
it cannot be modified, hence guaranteeing immutability and trust in the system. In HR data
management, this entails ensuring sensitive employee records, including performance
evaluations, pay, and personal information, are securely held and may be transparently
accessed by authorized individuals.

Artificial Intelligence and Machine Learning Human Resources applications utilize artificial
intelligence and machine learning to evaluate personnel data, forecast trends, and enhance
decision-making processes. Al algorithms can automate standard HR processes, including
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performance appraisals, employee onboarding, and scheduling, so allowing HR experts to
concentrate on more strategic functions. Machine Learning algorithms can examine historical
data to discern patterns and forecast future results, including employee churn, areas for
performance enhancement, and potential security threats. When incorporated into a blockchain
framework, Al and ML augment the decision-making process by delivering precise and
instantaneous data insights, while simultaneously safeguarding data security and integrity
through blockchain technology.

Distributed Multi-Party Computation (MPC) is a cryptographic method enabling several
parties to jointly compute a function while maintaining the confidentiality of their individual
inputs. In the realm of HR data management, Distributed MPC facilitates secure data analysis
and processing while safeguarding employee privacy. Various departments or external partners
may require collaboration on certain HR responsibilities, such as performance reviews or
compensation benchmarking, while maintaining the confidentiality of sensitive personnel data.
MPC guarantees that these collaborative procedures are executed safely and confidentially.

Sparse Matrix Storage is an efficient data storage technique employed to manage extensive
datasets characterized by a considerable quantity of absent or zero values, frequently
encountered in HR data contexts. Human Resources systems frequently have multiple data
fields for each person; however, not all fields are completed for every individual (e.g.,
certifications, health records). Sparse matrix storage enables HR systems to retain only
pertinent, non-zero data, hence minimizing memory consumption and computing burden. This
improved storage method guarantees efficient management of huge datasets, enhancing system
scalability.

Predictive Control for Employee Security pertains to the utilization of predictive algorithms to
foresee and alleviate potential security threats associated with employee data management.
Organizations can proactively mitigate prospective dangers, including unauthorized access,
data breaches, or harmful insider activities, by evaluating previous data and identifying
behavioral trends. Predictive control enables HR teams to establish automated warnings or
replies upon the detection of anomalous activity, so facilitating a proactive strategy for
safeguarding sensitive employee information.

The key objectives are:

e Augment Data Security: Employ blockchain technology to establish a tamper-resistant
and transparent human resources data management system that safeguards confidential
employee information.

e Enhance Decision-Making: Utilize Al and ML algorithms to deliver real-time data,
predictive insights, and trend identification inside HR operations.

e QGuarantee Privacy with MPC: Employ Distributed MPC for secure cooperation on
sensitive HR information while preserving employee confidentiality.

e Enhance Data Storage: Implement sparse matrix methodologies to manage extensive
datasets effectively, hence augmenting system scalability and minimizing storage
demands.
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e Establish Predictive Security: Create predictive control systems to foresee future
security threats, hence providing proactive safeguarding of employee data.

Alessi et al. (2019) propose a decentralized Personal Data Store utilizing Ethereum to tackle
the issues of data sharing and privacy in relation to GDPR compliance. Users frequently
inadvertently disclose excessive personal information to service providers, a situation further
complicated by smart devices. The authors suggest a decentralized approach that empowers
users and ensures compliance with GDPR requirements by allowing people to maintain control
over their data. The prototype functions as a distinct data-sharing interface for external services.
Although blockchain provides advantages for data security, it simultaneously introduces new
issues that the proposed solution seeks to resolve in accordance with GDPR stipulations.

Zaslavsky (2018) examines the capacity of blockchain technology to improve security in the
administration of educational institutions. Educational institutions can enhance data
transparency, safeguard sensitive information, and maintain the integrity of academic records
through the implementation of blockchain algorithms. The decentralized and tamper-resistant
characteristics of blockchain mitigate prevalent security issues, including illegal access and
data modification. Furthermore, the implementation of blockchain can augment the
organization's competitiveness by optimizing administrative procedures and fostering trust
among stakeholders. This study emphasizes the potential of blockchain technology as a
transformative instrument for enhancing security and operational efficiency in school
management systems.

2. LITERATURE SURVEY

Lin et al. (2019) propose a Blockchain-Enabled Decentralized Time Banking System
(BlendTBS) to foster a trustworthy, dynamic, and courteous society for mutual service
exchanges. In contrast to conventional economies, time banking assesses contributions based
on time instead of monetary worth. BlendTBS utilizes blockchain's openness and immutability
to resolve trust and security concerns, promoting community engagement in socially
advantageous endeavors. A preliminary prototype on a permissioned blockchain network will
undergo testing in a small-scale research in Aneityum, Republic of Vanuatu. This study seeks
to encourage additional investigation into blockchain's capacity to transform contemporary
social value systems.

Davradakis and Santos (2019) examine the influence of FinTech and blockchain on the
financial sector, specifically their significance for international financial institutions (IFIs).
Although FinTech advances enhance financial accessibility and inclusion, blockchain
applications such as cryptocurrency present issues due to their volatility and inefficiencies.
Nonetheless, blockchain securities have advantages including immediate transaction
settlements and enhanced liquidity. International Financial Institutions could utilize blockchain
technology to improve governance, transparency, and efficiency in industries such as
agriculture, logistics, and energy. Moreover, FinTech proficiency in big data analytics and
credit underwriting may assist [FIs in comprehending investment deficiencies and optimizing
internal procedures for risk management.
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Narla et al. (2019) examine progress in digital health technologies, emphasising the integration
of machine learning with cloud-based systems for risk factor assessment. They emphasise
current deficiencies in real-time data processing and pattern recognition. Their literature review
highlights the efficacy of LightGBM, multinomial logistic regression, and SOMs in achieving
precise forecasts and personalised healthcare, thereby reconciling data complexity with
decision-making.

Paliwal et al. (2020) perform a systematic review to investigate the function of blockchain
technology in sustainable supply chain management employing a SW+1H framework. This
review analyzes 187 peer-reviewed papers from 2017 to early 2020 and presents a
categorization system (ETLCL) derived from grounded theory and technology readiness levels
to identify emerging technology literature. The results underscore traceability and transparency
as significant advantages of blockchain for supply chains and indicate a heightened interest in
blockchain-based systems since 2017. This report provides critical insights for managers
aiming to incorporate sustainability into their operations, highlighting blockchain's capacity to
transform conventional supply chain systems.

Zhao et al. (2020) suggest a blockchain-based solution for energy transactions in multi-
microgrids to mitigate obstacles like server capacity, trust concerns, transaction transparency,
and data confidentiality. The research presents a dual-layer system for decentralized energy
trading, wherein the central node of each microgrid collects energy demand data and engages
with a superior multi-microgrid market. The framework utilizes a continuous double auction
method to facilitate equitable transactions among nodes, diminishing dependence on the main
grid and enhancing energy efficiency. Simulation outcomes illustrate the viability of this
method, improving transparency, trust, and efficiency in decentralized energy markets.

Puaschunder (2019) examines the revolutionary effects of big data, artificial intelligence, and
algorithms on healthcare, emphasizing advancements in screening, monitoring, and assistance
coordination. Although these improvements offer improved accuracy and accessibility in
healthcare, they simultaneously provoke ethical dilemmas around privacy, social inequality,
and prejudice. The report emphasizes the necessity for legislative frameworks to regulate Al-
human interactions, safeguard patient privacy, and avert prejudice. Puaschunder posits that
Europe, through its state-regulated healthcare systems, has the potential to excel in big data
healthcare insights, promoting a "fifth trade freedom" centered on data, thereby insuring
technical advancement and ethical considerations in healthcare.

Tozanli et al. (2020) investigate the influence of digital twin technology on product trade-ins,
specifically for end-of-life electronic products within supply chain management. By
incorporating blockchain for transparency, they replicate a product-recovery system that
eradicates ambiguity over product conditions. The study employs a discrete event simulation
model to evaluate data-driven trade-in pricing strategies from the manufacturer's viewpoint.
The system utilizes predictive indicators to delineate product-recovery processes, and
Taguchi’s Orthogonal Array architecture is applied to evaluate different situations. A logistic
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regression model is subsequently employed to ascertain optimal trade-in pricing, enhancing
decision-making in transparent and data-driven contexts.

According to Kushch et al. (2020), the "Blockchain Tree," a novel blockchain structure, is
intended for safe data storage and access control of private identification data. This concept
improves the dependability of maintaining and storing sensitive data when combined with
smart ID cards. Through a Subchains architecture, the Blockchain Tree structure facilitates
multilevel security by allowing lower-level blockchains to be integrated into higher-level ones.
For distributed storage of personal identification data and document access management, this
method greatly enhances protection and scalability in identity management systems by
providing restricted access and strengthening data security.

By handling important facets including pay, leave requests, talent mapping, and job profiling,
human resource management, or HRM, contributes significantly to the effectiveness and
success of businesses. The centralized servers used by current HRM systems have drawbacks
of their own. Hegadekatti (2018) investigates how decentralizing data storage and boosting
security, transparency, and efficiency are two ways that blockchain technology might enhance
HRM procedures. The article presents an introduction of standard HRM systems and then
evaluates how Blockchain-based systems and protocols can bring benefits. By contrasting the
two systems, it draws attention to how Blockchain technology might improve HRM
procedures.

Lai (2020) talks on how rapid technological breakthroughs and heightened social competition
have led to the expanding use of blockchain technology in a variety of businesses, including
human resource management (HRM). Employers are using blockchain to improve HRM
efficiency and lower resource costs as the labor market gets more competitive. The technology
is extremely beneficial in human resource management because of its capacity to safeguard
data, increase transparency, and speed procedures. This paper offers a thorough examination
of the possibilities for blockchain applications in HRM going forward, emphasizing how the
technology could revolutionize the industry and solve present HR issues.

Paik et al. (2019) examine blockchain-based systems from the viewpoint of developers,
emphasizing governance, architecture, and data management. The study investigates the effects
of blockchains on multi-party transactions in dispersed environments because of their
transparent, consistent, and immutable data storage. Blockchain improves the quality of data,
but it also creates new problems for data management. The authors analyze the flow and
arrangement of data in blockchain applications and envision common architectural layers of
software systems in terms of blockchain. They also discuss analytics and data administration,
with a focus on reliable data insights. The study concludes by talking about governance
concerns, namely those pertaining to quality control and privacy in blockchain data
management.

Ganesan (2020) study focusses on employing machine learning methodologies in artificial
intelligence to enhance fraud detection in IoT-based financial transactions. The expansion of
IoT in financial services has increased the demand for sophisticated fraud detection. Ganesan
illustrates the efficacy of techniques like as neural networks and decision trees in detecting
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transactional irregularities. The paper presents scalable fraud detection systems that respond to
evolving risks through the analysis of real-time IoT data. This work emphasises adaptive
continuous learning models that address emerging fraudulent behaviours, offering a
comprehensive framework to safeguard financial transactions in IoT environments and
mitigate fraud risks in these intricate systems.

Sareddy (2020) surveyed 1,054 employees (519 manufacturing, 535 service) of Pakistan's
industrial and service sectors to ascertain how the strategies of employee engagement affect
retention. Direct and indirect involvement strategies are found to improve retention: delegative
participation showed the highest advantage. According to the report, employees are likely to
stay if the engagement strategies work and if the remuneration is fair. This research reveals that
to retain employees, emerging nations have specific engagement tactics and pay regulations.

Complete solution for security management by Devarajan (2020) safeguard cloud computing,
which is considered in healthcare since sensitive patient information and strict regulatory laws
are expected. Blockchain with multi-factor authentications, encrypting, as well as an intrusion
protection combination of risk analysis, continuous monitoring, and the management of
regulatory compliance. Protection of data along with assurance over regulatory compliance
enhance efficiency, with Mayo and Cleveland Clinic as its examples. Scaling up and
economical cloud computing improve patient care as well as security.

Deevi (2020) provides a secure m-health platform to handle cloud-integrated data security and
privacy issues. Wireless Body Area Networks (WBANSs) secure data collection, multi-
biometric key generation secures encryption and access control, and dynamic metadata scales
cloud-based data processing and storage. This novel method protects sensitive patient data from
m-health security concerns. Using strong encryption and scalable cloud architecture, the
framework improves mobile healthcare while protecting patient privacy.

Karthikeyan Parthasarathy (2020) examines the real-time data warehouse performance of
MongoDB, focusing in particular on the semi-stream join processing during the ETL process.
This study finds problems in typical warehouses by establishing that MongoDB handles high-
velocity, structured, as well as unstructured data consistently with memory and CPU
consumption so that decisions become faster without decreasing performance.

In the industrial and service sectors of Pakistan, Mohan Reddy Sareddy (2020) discusses how
employee engagement strategies impact retention while using pay as a moderator. Delegative
involvement, based on the survey among 1,054 employees, was the most productive strategy.
The study has served as an excellent model for adjustment in remuneration and engagement
programs to enhance retention, particularly in developing countries.

Naga Sushma Allur (2020) Pravent Minimum BIG Data-Driven Paradigm for Improving
Performance Management in Intricate Mobile Networks. This system performs real-time
structured and unstructured data handling through DBSCAN in mobile networks, having 88%
efficiency in clustering and 93% anomaly detection, CCR in bandwidth efficiency. The
proposal highly improves user experience and resource allocation, along with network stability.
Naga Sushma Allur (2020) provided a big data-driven paradigm towards the improvement of
performance management within intricate mobile networks. The system processes real-time,
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structured, as well as unstructured data utilizing DBSCAN, which provides 88% clustering
efficiency and CCR, where it achieves a 93% anomaly detection efficiency in terms of speed
anomaly and bandwidth efficiency respectively. It significantly enriches user experience,
resource allotment, as well as stability in the network.

Poovendran Alagarsundaram (2019) stresses the importance of AES algorithm in improving
security on data in cloud computing in the face of rising cyber threats. Symmetric encryption,
or AES, uses cryptographic transformation to guarantee confidentiality and integrity. It is
efficient but problems in compatibility and performance and also issues of key management
have led to the need for continuous study to maximize its usage in cloud context.

3. METHODOLOGY

The technique that has been developed for Blockchain-Enhanced Human Resource Data
Management incorporates Distributed Multi-Party Computation (MPC), Sparse Matrix
Storage, and Predictive Control in addition to blockchain technology, Artificial Intelligence
(Al), and Machine Learning (ML). At the same time as artificial intelligence and machine
learning provide predictive analytics for decision-making and the reduction of security risks,
blockchain technology guarantees the decentralization and immutability of employee data. The
utilization of sparse matrix storage allows for the optimization of data handling for huge
datasets that are incomplete, and distributed MPC ensures the confidentiality of employee
information while ensuring the safety of data collaboration. Through the use of predictive
control algorithms, a strong and secure human resource data management system may be
created. These algorithms monitor employee behavior in order to identify dangers and
proactively resolve security concerns.
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Figure 1 Architecture Diagram for Blockchain-Enhanced HR Data Management
System

The Blockchain-Enhanced HR Data Management system's architectural flow is depicted in
Figure 1. Employee data is entered first, and then blockchain technology is used to extract
features, guaranteeing decentralized storage and safe access through smart contracts. Sparse
matrix storage maximizes data scalability and minimizes computational overhead, while
distributed MPC ensures privacy-preserving computations. Predictive control for worker
security and automated alarms support the predictive insights offered by Al and ML-based data
analytics. Employees and HR staff may safely access and handle data thanks to the user
interaction layer, and performance measurements gauge system throughput and efficiency for
better operations and decision-making.

3.1 Blockchain for Data Security

A decentralized and tamper-proof ledger is produced by blockchain technology, which can be
utilized for human resource management. Every single transaction that takes place within the
system, such as the modification of employee records or the recording of wage information, is
documented as a block in a chain of data. In order to create a trustworthy system, blockchain
technology ensures immutability, which means that once data is written, it cannot be changed
or removed. In order to ensure that HR activities are both secure and transparent, smart
contracts are developed to automatically enforce data access regulations.

T(x) = H(xq1, %, ., xp) + C €))

Where T (x) : Transaction hash, H : Cryptographic hash function, x4, x,, ..., x,, : Inputs, C :
Smart contract logic for permissions. The equation T'(x) = H (x4, X, ..., X,) + C generates a
hash for each transaction in the blockchain. The hash function H ensures that each input
(employee data x4, x5, ..., X, ) is uniquely represented, making the data immutable. The smart
contract condition C adds additional rules, such as access controls, ensuring that only
authorized individuals can modify or access the data. This cryptographic process ensures the
security, transparency, and tamper-resistance of employee data in the HR system.

3.2 Al for HR Data Analytics

In order to extract relevant insights from massive employee datasets, Artificial Intelligence
(AI) helps to improve human resource (HR) data management. The performance of employees
is evaluated by Al algorithms, which also identify patterns and forecast future occurrences such
as workforce turnover. Artificial intelligence has the ability to automate repetitive human
resources operations such as employee assessments and onboarding by utilizing supervised
learning algorithms. Artificial intelligence models are always learning from fresh data and
adjusting to the ever-changing requirements of organizations.

y = f(x1,%x2 ., Xp) = 2ieq Wix; +b (2)

Where y : Predicted outcome (e.g., employee performance), x; : Input features, w; : Model
weights, b : Bias term. The equation y = Y''*.; w;x; + b represents a linear regression model
used in Al for predicting outcomes, such as employee performance. The input features
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X1, X, ..., Xn Tepresent employee attributes (e.g., experience, skills), while w; are the weights
assigned to these attributes. The bias term b adjusts the prediction to improve accuracy. The
final result y is the predicted output (e.g., performance score), which helps HR make data-
driven decisions. This equation enables Al to predict outcomes based on patterns in employee
data.

3.3 Machine Learning for Predictive Analytics

Machine Learning (ML) models are developed with the purpose of identifying potential threats
to company security and forecasting employment-related outcomes, such as employee turnover
or performance enhancement. Artificial intelligence has the ability to recognize abnormal
patterns, automate HR decisions, and anticipate hazards such as data breaches and insider
threats. This is accomplished by training models on historical employee data. Utilizing
predictive analytics allows human resource professionals to proactively manage risks.

1

Piy=11x) = =w=m ©)

Where P(y = 1 | x) : Probability of event occurrence (e.g., employee leaving), w - x : Dot

product of weights and features, b: Bias term. The equation P(y =1 | x) = m is the

logistic regression formula, used by machine learning models to predict binary outcomes, such
as whether an employee will leave the company (attrition) or stay. The model uses input
features x and weights w to calculate a probability score between 0 and 1. A higher score
indicates a higher likelihood of the event (e.g., employee leaving). This equation helps HR
teams predict employ | Irnover based on data-driven probabilities.

3.4 Distributed MPC for Secure Data Processing

Distributed Multi-Party Computation, often known as MPC, is a method that allows numerous
parties to work together to independently compute a function without disclosing their personal
information. When it comes to human resource management, MPC makes it possible for
several departments or external partners to work together on HR duties such as performance
assessments or payroll without violating the confidentiality of sensitive employee information.
In order to protect users' privacy throughout the process, MPC makes use of cryptographic
technologies.

f(xl,XZ, ...,Xn) = Z?:l Pi(xl-) (4)

Where f(xq,x5,...,%,) : Collaborative computation, P;(x;) : Private inputs from different
parties. The equation f(xq, X, ..., Xp) = 2ieq Pi(x;) illustrates how Multi-Party Computation
(MPC) works in HR data analysis. Each party (e.g., departments or partners) provides an input
P;(x;), and the system computes a joint function f without revealing individual inputs. This
secure computation method enables collaboration without exposing sensitive employee data.
MPC ensures privacy while allowing departments to work together on HR tasks such as salary
benchmarking or performance reviews, ensuring data confidentiality throughout the process.

3.5 Sparse Matrix Storage for Efficient Data Handling

10
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The management of human resources data can be optimized with Sparse Matrix Storage since
it can handle big datasets with missing values in an efficient manner. In human resource
management systems, it is possible that several fields, such as credentials or medical data, are
not filled out for all personnel. Sparse matrices are able to hold only non-zero values, which
helps to reduce the amount of memory that is used and improves the speed of calculation. This
method is particularly helpful for human resource management systems that manage huge
datasets that contain a substantial number of partial records.

S;i = 0if x;; = 0 (Sparse matrix definition) ®))
j J

Where §;; : Sparse matrix element, x;; : Original matrix element. The equation §;; = 0 if x;; =
0 defines how sparse matrices work by storing only non-zero elements. In HR, many employee
records contain missing or zero values (e.g., incomplete training records), which are irrelevant
for certain tasks. Sparse matrix techniques reduce memory usage by only storing relevant data
points, making the system more efficient. This method ensures that large datasets with many
missing values are processed quickly and stored with minimal space, enhancing the scalability
of the HR management system.

3.6 Predictive Control for Employee Security

The utilization of algorithms within the framework of Predictive Control makes it possible to
keep track of the actions of staff members and to recognize potential threats to internal security
before they manifest themselves. To prevent data breaches or unauthorized access, predictive
control has the capability to automatically activate alarms or conduct corrective actions. This
is done in order to prevent data breaches. The evaluation of staff access patterns, system
interactions, and historical data is the means by which this objective is accomplished.

u(t) = —Kx(t) (6)

Where u(t) : Control action (e.g., flagging suspicious behavior), K : Gain matrix, x(t) : State
of the system at time t (e.g., employee activity). The equation u(t) = —Kx(t) represents a
predictive control mechanism where x(t) is the current state of the system (e.g., employee
behavior data) and u(t) is the corrective action (e.g., alerting HR of suspicious behavior). The
gain matrix K adjusts the strength of the response. This control system helps HR teams
anticipate and mitigate risks by taking action when abnormal behavior is detected, such as
unauthorized data access. Predictive control ensures proactive security measures to protect
employee data.

Algorithm 1: Algorithm for Blockchain-Enhanced HR Data Management with Al and
ML

Input: Employee records (R), Blockchain ledger (B), Al model (M), Sparse matrix (S)
Output: Secure employee data management, Predictive analytics, Data storage optimization

Begin

11
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Initialize blockchain B with employee records R
For each record r in R do
If valid then
Add r to blockchain with hash T(x)
Else
Error("Invalid record")
End If
End For
For each record r in R do
Convert r to sparse matrix S
Apply Al model M to S for prediction
If anomaly detected then
Trigger security alert
Else If prediction reliable then
Update employee status
Else
Error("Prediction failed")
End If
End For
For each data request d do
If authorized via smart contract then
Grant access
Else

Deny access and log event
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End If
End For
Return secure and optimized data management

End

Algorithm 1 provides a description of the procedure for HR data management that integrates
blockchain technology. This ensures that the data handling process is both tamper-proof and
decentralized. Employee records are initially authenticated and then kept securely on the
blockchain. The sparse matrix data is then processed by artificial intelligence and machine
learning algorithms in order to create forecasts, identify anomalies, and provide insights about
employee trends. In order to ensure that only authorized persons are able to see or edit sensitive
information, smart contracts are integrated to automatically manage and enforce data access
limits. Taking advantage of modern analytics and secure, decentralized data management, this
strategy not only improves security but also makes it easier to make decisions in human
resources.

3.7 Performance Metrics

Accuracy, latency, security breach detection rate, computation time, and storage efficiency are
some of the performance parameters that are considered for Blockchain-Enhanced Human
Resource Data Management using Artificial Intelligence and Machine Learning, Distributed
Matrix Processing, Sparse Matrix Storage, and Predictive Control. The precision with which
Al and ML models forecast employee behavior or anomalies is what is meant by the accurate
measurement of accuracy. An evaluation of the pace at which transactions and data processing
occur within the blockchain network is referred to as latency. How well the system recognizes
efforts to gain unauthorized access is quantified by the security breach detection rate. The
amount of time required for computation is a reflection of how quickly complex computations
can be completed, particularly in MPC. The storage efficiency of a system is evaluated based
on its capacity to manage huge datasets by utilizing sparse matrix techniques while
simultaneously decreasing the amount of memory that is used.

Table 1 Performance Metrics Comparison for Distributed MPC, Sparse Matrix
Storage, Predictive Control, and Combined Method in HR Data Management

Metric Distributed Sparse Matrix Predictive Combined
MPC Storage Control for Method
Employee
Security
Accuracy 0.92 0.88 0.94 0.98
(Decimal)

13


http://www.ijasem.org/

CIENCE ENGINEERING AND MANAGEMENT www.ijasem.org
Vol 15, Issue 4, 2021

(u-” ,) INTERNATIONAL JOURNAL OF APPLIED ISSN 2454-9940
s

Latency (ms) 25 15 20 12

Computation 1.8 1.2 1.5 1
Time (s)

Storage 3 1 2.5 0.8
Efficiency (GB
used)

Security Breach 95.5 90 97 99.5
Detection Rate
(%)

Within the realm of human resource data management, Table 1 provides a comparative
comparison of the performance metrics for Distributed MPC, Sparse Matrix Storage, Predictive
Control for Employee Security, and their Combined Method. With the highest accuracy (0.98),
the lowest latency (12 ms), and the best storage efficiency (0.8 GB used), the Combined
Method demonstrates impressive performance across all measures. A further indication of
improved data security is that it obtains the greatest security breach detection rate (99.5%).
When compared to the combined strategy, which offers a more balanced and efficient solution
for secure and scalable human resource data management, separate solutions perform well in
certain areas but are outperformed by the combined approach.

4. RESULTS AND DISCUSSION

The findings show that data security, transparency, and operational efficiency are all improved
by blockchain-enhanced HR data management. Distributed multi-party computation (MPC)
improves privacy in delicate partnerships, while Al and ML integration allows predictive
analytics for enhanced decision-making. Sparse matrix storage minimizes processing loads by
optimizing the management of big, incomplete datasets. In important performance criteria
including accuracy (0.98), latency (12ms), and security breach detection (99.5%), the
combination of Blockchain, AI, MPC, and Predictive Control performs better than any one of
these techniques alone. The significance of this integrated strategy in protecting employee data
and expediting HR operations is emphasized in the debate.

Table 2 Comparison of Blockchain Systems for HR Data Management and Integration

Feature Blockchain | Blockchain | Blockchain Data Proposed

Tree by in HRM by in HR by | Management | Blockchain-
Kushch et | Hegadekatti | Lai (2020) | by Paik et al. | Enhanced
al. (2020) (2018) (2019) HRM
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Units Decimal (0- | Decimal (0- | Decimal (0- | Decimal (0- | Decimal (0-
1) 1) 1) 1) 1)
Data 0.98 0.90 0.92 0.95 0.99
Security
Scalability 0.95 0.85 0.88 0.94 0.96
Access 0.98 0.80 0.82 0.92 0.97
Control
Integration 0.90 0.75 0.80 0.85 0.98
with Al and
ML
Storage 0.96 0.78 0.82 0.90 0.97
Optimization
System 0.95 0.87 0.89 0.94 0.98
Transparency
Performance 0.92 0.80 0.84 0.89 0.96
Efficiency
(Transaction
Processing)
Governance 0.94 0.88 0.85 0.93 0.98
and
Compliance

Table 2 evaluates various blockchain systems according to how well they manage HR data,
with an emphasis on storage optimization, data security, scalability, access control, and Al
integration. On a scale of 0 to 1, each characteristic is given a rating; higher numbers denote
better performance. While previous models demonstrate mediocre efficacy, the Blockchain-
Enhanced HRM system and the "Blockchain Tree" by Kushch et al. (2020) excel in data
security and scalability. The suggested Blockchain-Enhanced HRM system has a clear edge in
securely and effectively handling HR data thanks to the integration of AI/ML and sophisticated
access control technologies.
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0.8
2]
N
£
s 0.6
A
0.4
0.2
0
Data Security Scalability Access Integration Storage System Performance Governance
Control with Al and Optimization Transparency Efficiency and
ML (Transaction Compliance
Processing)
Metrics

E Blockchain Tree by Kushch et al. (2020) Decimal (0-1)
= Blockchain in HRM by Hegadekatti (2018) Decimal (0-1)
= Blockchain in HR by Lai (2020) Decimal (0-1)
Data Management by Paik et al. (2019) Decimal (0-1)
® Proposed Blockchain-Enhanced HRM Decimal (0-1)

Figure 2 Comparison of Blockchain-Based HRM Systems in Key Performance Metrics

Data security, scalability, access control, AI/ML integration, storage optimization,
transparency, performance efficiency, and governance are some of the main performance
criteria that are compared across several blockchain-based HRM systems in this Figure 2.
Particularly in data security, scalability, and access control, the Blockchain-Enhanced HRM
system and the "Blockchain Tree" by Kushch et al. (2020) perform better than alternatives.
Conversely, Hegadekatti (2018) and Lai (2020) have mediocre results in the majority of the
categories. The best performance in safely and effectively handling HR data across all
categories is shown by the suggested HRM model's combination of cutting-edge blockchain
technology with Al and ML.
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Table 3 Ablation Study of Blockchain-Enhanced HR Data Management Model

Configur | Data | Scalab | Acce | Integra | Storage | System | Perform | Govern

ation Secu ility s tion Optimiz | Transpa ance ance

rity (0-1) | Cont | with ation rency Efficien and

(0-1) rol | AI/ML (0-1) (0-1) cy Compli

(0-1) (0-1) (0-1) ance

(0-1)

Blockcha | 0.85 0.80 | 0.90 0.85 0.88 0.85 0.85 0.87
in Only

Al & ML | 0.70 0.78 | 0.75 0.90 0.80 0.75 0.88 0.80
Only

MPC 0.75 0.82 | 0.85 0.85 0.92 0.82 0.87 0.88
Only

Sparse 0.78 0.90 | 0.80 0.90 0.94 0.80 0.89 0.90
Matrix
Storage
Only

Predictiv | 0.80 0.85 0.85 0.90 0.90 0.85 0.92 0.92
e Control
Only

Blockcha | 0.90 0.85 0.93 0.95 0.90 0.90 0.90 0.92
in+Al &
ML Only

MPC + | 0.85 0.92 | 0.88 0.90 0.95 0.88 0.89 0.91
Sparse
Matrix
Storage
Only

Blockcha | 0.93 0.88 | 0.92 0.90 0.92 0.92 0.93 0.95
in +
Predictiv
e Control
Only
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MPC + | 0.88 0.90 | 0.90 0.90 0.93 0.90 0.92 0.93
Predictiv
e Control

Only

Blockcha | 0.92 | 0.94 0.95 |0.96 0.93 0.94 0.93 0.94
in+Al &
ML +
MPC
Only

MPC + 090 |0.95 0.93 |0.90 0.96 0.93 0.95 0.96
Sparse
Matrix
Storage +
Predictiv

e Control
Only

Full 0.99 |0.96 0.97 ]0.98 0.97 0.98 0.96 0.98
Model
(Blockch
ain + Al
& ML +
MPC +
Sparse
Matrix +
Predictiv
e
Control)

Table 3 shows an ablation research assessing how well the Blockchain-Enhanced HR Data
Management model's individual and combined components function. Each configuration is
evaluated with values ranging from 0 to 1 according to data security, scalability, access control,
AI/ML integration, storage optimization, system transparency, performance efficiency, and
governance. On every metric, the complete model—which incorporates Sparse Matrix Storage,
Blockchain, AI/ML, MPC, and Predictive Control—gets the best results. Removing
components causes performance to decline in certain areas, highlighting how important it is to
integrate all components for the best security, scalability, and efficiency in HR data
management.
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Only Only Matrix Control Only AI & ML Sparse Predictive Predictive Al & ML + Sparse  (Blockchain +
Storage Only Only Matrix ~ Control Only Control Only MPC Only Matrix AI & ML +
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E Data Security (0-1) = Scalability (0-1)
= Access Control (0-1) Integration with AI/ML (0-1)
m Storage Optimization (0-1) m System Transparency (0-1)
® Performance Efficiency (0-1) B Governance and Compliance (0-1)

Figure 3 Ablation Study of Blockchain-Enhanced HR Data Management Model:
Performance Comparison

The performance of several Blockchain-Enhanced HR Data Management model configurations
is depicted in Figure 3 using eight important metrics: data security, scalability, access control,
AI/ML integration, storage optimization, system transparency, performance efficiency, and
governance. The best results are obtained by the complete model, which consists of all the
components (Blockchain, AI/ML, MPC, Sparse Matrix Storage, and Predictive Control). The
efficiency of partial combinations or individual components, on the other hand, varies. In order
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to optimize security, scalability, and efficiency in managing HR data, the graph emphasizes the
significance of combining various components.

5. CONCLUSION

The integrated use of Blockchain, AI/ML, MPC, Sparse Matrix Storage, and Predictive Control
offers a thorough method for improving HR data management. Along with optimizing storage
and guaranteeing predictive analytics for personnel management, the suggested methodology
greatly enhances data security, scalability, and access control. The higher performance of the
entire model over partial configurations is confirmed by the ablation investigation. Future
studies could investigate incorporating sophisticated privacy-preserving methods, like
homomorphic encryption, to improve data security even more. Furthermore, adding support
for cross-organizational data sharing and real-time analytics to this framework can result in
more reliable, scalable IT solutions.
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