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Abstract: It has always been challenging to collaborate when managing medical records, which leads to disjointed
patient records and ineffective healthcare delivery. Promising against these challenges is the Solana blockchain, which
is renowned for its abundant resources and inexpensive transaction fees. The project will start with a thorough analysis
of PHR interaction as it stands today, emphasizing the shortcomings of the current setup and the need for fresh
approaches. Subsequently, he will comprehend the attributes and functionalities of the Solana blockchain and
emphasize its appropriateness for healthcare applications. Throughout the project's duration, a PHR management
model on the Solana blockchain will be developed and created. Consensus management will be implemented via smart
contracts, which will also make it possible for authorized stakeholders to share information transparently and safely.

Keywords: Healthcare, PHR, Protocol, Solana Blockchain

1. INTRODUCTION

One of the key components that facilitates information availability in a healthcare network is the electronic health
record (EHR) (Kumar et al., 2020). The process of digitizing patient health records for computer systems access by
doctors, other healthcare providers, and patients is referred to as a "EHR" (Lee & Meuter, 2010). An EHR system will
be very helpful to healthcare networks since it will reduce medical mistakes and enhance sickness management (Dean
etal., 2009, pp. 611-638). Due to privacy concerns and insecure systems, patients are demotivated to share their health
information in electronic health records (EHR) systems (Rezaeibagha et al., 2015; Zhang et al., 2022). Blockchain
technology, for example, can create a secure system that better safeguards patients' privacy. Blockchain refers to
distributed digital ledgers in information-sharing systems, each having its own database. It is vital to highlight that
"user" refers to doctors, patients, and healthcare staff in the context of healthcare, particularly blockchain-based EHR
system applications. Blockchain technology has sparked considerable interest in the healthcare industry as a potential
means of upgrading existing systems.

The goal of the research is to fill gaps in electronic health record systems and make blockchain based solutions user-
friendly and simpler to use in times of disaster. Patients' incapacity to manage personal health information, such as
test findings and past therapies, influences their treatment options. EHR systems are vital today since they have shown
to provide better medical diagnoses. However, because to their centralized and non-interoperable nature, existing EHR
systems have proven unsuccessful. Also, patients' privacy and security concerns are causing them to refrain from
actively sharing their health information because they are concerned about the security mechanisms in use.



Effective patient management is critical for several reasons:

v Continuity of patient care: This ensures that all healthcare providers have access to accurate and up-to-date
information about a patient's medical history, treatment and test results, enabling continuity of care and
informed decision-making.

v’ Patient safety: Properly managed patient records reduce the risk of errors such as medication mix-ups,
duplicate tests or missed diagnoses, which improves patient safety.

v’ Efficiency and cost-effectiveness: Simplified record management processes save time and resources reducing
the elimination of the need for manuals, reducing administrative burdens and avoiding unnecessary
healthcare costs.

v Data analysis and research: Well-organized patient records are valuable data sources for analyzing health
trends, improving research and clinical trials. results through evidence-based practices.

v Legal and Regulatory Compliance: Privacy laws and regulations such as HIPAA compliance are important
to protect patient confidentiality and avoid legal liability for unauthorized use or disclosure of medical
information.

However, despite its significance, efficient medical record management faces several challenges:

v’ Interoperability: Incompatibilities between different electronic health record (EHR) systems make it difficult
to seamlessly exchange patient data between healthcare providers, leading to fragmented care and
communication gaps.

v Security and privacy concerns: Protecting sensitive patient data from unauthorized cyber threats, access or
violations is a constant challenge for healthcare organizations, especially with increased reliance on digital
record systems.

v" Workflow integration: Integrating EHR systems into clinical workflows without disrupting provider-patient
communication or causing workflow inefficiencies requires careful planning and training.

v' Data overload and information overload: The medical burden generated by electronic records the large
volume of information can overwhelm healthcare providers, making it difficult to effectively obtain relevant
information and make informed clinical decisions.

v’ Standardization and quality control: Differences in documentation practices and lack of information,
standardization of medical terminology hinders data accuracy, quality control and data analysis.

A blockchain-based EHR system might provide consumers with autonomy over their health data while also offering
cryptographic security via blockchain technology. On a blockchain, users might share their data with anybody, at any
time, making it interoperable. Solana and other public blockchain protocols may make it simple for anybody to utilize
the system. In the medical business, they use established threshold settings to examine patient data and perform real-
time analysis to gather transaction metadata. So, smart contracts in the healthcare industry manage real-time analysis
and transaction metadata tracking for medical sensors. Because of the architectural importance of the blockchain,
clinical trial data management transparency could be improved using smart contracts. Also, smart contracts enable the
creative and innovative automation of complex multi-step processes or time-consuming workflows. Moreover,
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blockchain protects data privacy and allows for secure data sharing (Xia et al., 2017b). Data entered by healthcare
professionals into an electronic health record (EHR) is only available to medical specialists. Also, an EHR can only
be accessed by one healthcare practitioner. However, individuals can use their electronic health records (ePHRs) to
access health information from different sources, including patients and other healthcare professionals. Even though
they have clear benefits, health consumers rarely use ePHRs.

Personal Health Record (PHR) systems, while offering benefits in terms of patient engagement and access to health
information, still face several issues that impact healthcare delivery:

v’ Interoperability Issues: PHR systems often lack interoperability with the electronic health record (EHR)
systems used by healthcare providers. This lack of integration leads to the fragmentation of health
information and prevents the smooth exchange of information between patients and health care providers.
As a result, incomplete or unavailable patient data can compromise healthcare.

v' Security and privacy risks: PHR systems store sensitive health information, making them an attractive target
for cyberattacks and data breaches. Inadequate security measures can compromise patient privacy and
confidentiality and undermine trust in the healthcare system. Breaches of PHR systems can lead to identity
theft, medical fraud and other harmful outcomes for patients.

v Accuracy and Reliability of Patient Information: Patients are often responsible for updating and maintaining
their PHR information, which can lead to inconsistencies and inaccuracies in the information. Inaccurate or
incomplete information to health care providers can lead to misdiagnosis, inappropriate treatment, or medical
errors that compromise patient safety and outcomes.

v' Limited adoption and availability: Despite efforts to promote PHR adoption, many patients still do not
actively do access or use these systems. Limited access to technology, barriers to digital literacy, and privacy
and security concerns can hinder PHR adoption, especially among vulnerable populations. This limited
adoption limits the potential benefit of PHRs in improving health care and patient outcomes.

v’ User experience varies. PHR systems can lack user-friendly interfaces and intuitive design, resulting in a
disjointed patient experience. Confusing navigation, complex terminology and technical glitches can frustrate
patients and prevent them from actively using their health information. A fragmented user experience
prevents effective communication between patients and healthcare providers and makes collaborative care
and shared decision-making difficult.

v Lack of standardization and integration: PHR systems often lack standardized formats and data structures,
which leads to inconsistencies in data storage. health information. and is displayed. The lack of a standard
makes it difficult to share and exchange information between different PHR systems and healthcare
providers, which hinders interoperability and coordination of care.

Making blockchain-based solutions accessible to a bigger audience with various backgrounds is the most challenging
problem. To address these concerns, the system will employ a custodial wallet architecture, eliminating the need for
users to managing wallets and other assets. Furthermore, the system will pay all transaction costs for the user. In the
future, these charges will be added to the hospital bill as convenience fees. Patients would just input their phone
numbers, which would be validated by the ABHA ID.

With move from specialized facilities to community-based healthcare settings in the growing medical situation, it will
serve as a medium for organized administration of users' health data. We developed a blockchain protocol to
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demonstrate the system's feasibility and superiority over traditional EHR systems. Our proof-of-concept gives control
over health information as well as interoperability the ability to share medical records safely and freely with anyone.
It is feasible to achieve five major goals by using our model: (1) Users have access to their medical records. (2) Users
may quickly and securely share their medical records with anybody. (3) Users own personal health records, which are
not held by a centralized institution such as a network of hospitals or laboratories. (4) Create an immutable system for
tracking all user and medical record activity to protect stakeholders legally. (5) a decentralized blockchain-based
system that everyone may use without needing to maintain blockchain assets.

2. BLOCKCHAIN FRAMEWORK

2.1 Introduction

Blockchain is a distributed, decentralized, and public ledger. It works with a distributed database. Several distributed,
connected nodes are used to achieve decentralized data storage. They collaborate to administer the network and jointly
control the blockchain network. These nodes collaborate to manage data using a unique approach that employs
cryptographic algorithms to ensure security and availability. These nodes employ consensus mechanisms to validate
and add a user's transaction to the ledger. Throughout this process, data is also stored in blockchain components called
as accounts. The major advantage of distributed and decentralized networks is that data is available and tamper-proof
to all network members. Cryptographic algorithms help to protect identity and trackability. Processes to ensure
blockchain to work:

v Data Replication: All nodes have the same data, so data needs to be sent every node after each transaction.
In this way, data is copied or consistent in network.

v Data Duplication: Every blockchain member has access to the whole ledger and the status of the blockchain.
This also aids with transaction verification and node consensus utilizing their data. As a result, data is
accessible and secure.

Blockchain components include:

v" Node: single node in the network.

v Transaction: The event changes the state of blockchain

v Block: A single piece, like a ledger page, that has many transactions grouped together.

v Hash: A variable string of a fixed length made by cryptographic hashing method.
The Solana Blockchain is being used to construct this protocol. It is a relatively recent blockchain that allows you to
trigger computer instructions (smart contract) in addition to sending money. It is an open, public, decentralized
blockchain that allows anybody to design protocols, utilize the blockchain, and join the network. It employs the Proof
of History consensus process, which aids in the formation of new blocks. Blocks are used to store transactions and
relate to a hash. The current block is constantly connected to the preceding block hash, producing a chain of blocks
known as a ledger. A hash function is used to create the hash from an arbitrary text and other needed inputs. Hashes
are irreversible, which means that we cannot track an arbitrary text or inputs through a hash. Finding the input from
output strings is impossible. Solana use the SHA256 hashing algorithm. All medical data, as well as a history of data
access and data authority, is encrypted and maintained on blockchain.

Smart contracts are self-executing contracts with the terms of the agreement directly written into code. In the context
of Personal Health Records (PHRs) or healthcare in general, smart contracts can offer various functionalities to
enhance data management, patient care, and regulatory compliance. Here are some key smart contract functionalities
in healthcare:

v Access Control: Smart contracts have the ability to regulate access to PHR data, making sure that only
people with permission—such as healthcare professionals or approved family members—are able to read
or alter particular data. Granular control over data access can be enforced through the encoding of access
rights in the smart contract.

v Consent Management: Patients can designate which parties are allowed access to their health information
and under what circumstances by using smart contracts, which can streamline consent management
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procedures. Through interactions with the smart contract, patients can alter or revoke their consent
preferences, giving them control over data sharing and transparency.

Regarding compliance with healthcare regulations, smart contracts must adhere to relevant laws and standards to
ensure the protection of patient data and compliance with privacy regulations such as HIPAA (Health Insurance
Portability and Accountability Act) in the United States or GDPR (General Data Protection Regulation) in the
European Union.

v' HIPAA Compliance: HIPAA laws, which include strict standards for data security, privacy, and
confidentiality, must be complied with by smart contracts handling PHR data. To protect patient data and
stop illegal access or disclosure, smart contract developers must put strong security measures in place, such
as encryption, access controls, and audit trails.

v" GDPR Compliance: In order to function in regions where the GDPR is applicable, smart contracts must
abide by its tenets, which include the rightful handling of personal data, accountability, and data subject
rights. In compliance with GDPR regulations, smart contracts should have procedures for gaining and
handling user consent in addition to supporting requests for data portability, erasure, and rectification.

2.2 Why Solana?

Solana is a blockchain that is both scalable and quick. It can run programs to accomplish complicated transactions
like Ethereum, but it has many greater capabilities that are appropriate for the PHR Protocol. Solana has an extremely
scalable design and can manage a big number of transactions. As a result, it will be capable of handling transactions
for a big population.

On a standard gigabit network, Solana may theoretically accomplish up to 710,000 TPS, which is exceptionally as
compared to Ethereum's 30 TPS (Transactions Per Second). It replicates itself using Optimistic Concurrency Control
without sacrificing transaction speed. Through the Solana design, transactions may be completed in parallel. Parallel
processing of transactions and fast transaction speed are suitable for PHR, because of the huge population and rate of
increase in patients.

Solana advantages for healthcare includes:

v High performance: Solana can process thousands of transactions per second, making it suitable for daily
processing of large amounts of health data. This high performance ensures timely access to patient data and
other critical data and improves the efficiency of healthcare.

v' Low transaction costs: Solana's powerful consensus mechanism and low transaction fees make it cost-
effective for health services. This affordability is especially important for healthcare organizations operating
on tight budgets, as it lowers the financial barriers to adopting blockchain technology.

v' Scalability: Solana's scalable architecture allows it to support growing numbers of users and applications
without compromising performance. This scalability is important for the growing needs of the healthcare
industry, such as the integration of mobile devices, telemedicine platforms and IoT devices.

v Security and Privacy: Solana's strong security features combined with privacy features make it suitable for
storage and maintenance, sharing sensitive health data. Solana ensures the confidentiality and integrity of
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patient data using encryption technologies and authorized access rights, while complying with data protection
regulations.

Some relevant use cases of Solana demonstrating its strengths include:

v Decentralized Finance (DeFi): Solana's high throughput and low latency make it well-suited for DeFi
applications such as decentralized exchanges (DEXs), liquidity pools, lending protocols, and stablecoin
issuance platforms. Projects like Serum, Raydium, and Mango Markets leverage Solana's capabilities to
provide fast and cost-effective financial services.

v" Non-Fungible Tokens (NFTs): Solana's scalability and fast confirmation times make it ideal for NFT
marketplaces, digital art platforms, and gaming ecosystems. Projects like Solsea, Solible, and Solanart enable
creators and collectors to mint, trade, and showcase NFTs on the Solana blockchain.

v’ Healthcare Data Management: Solana's high throughput and security features make it suitable for managing
healthcare data, including electronic health records (EHRs), patient information, and medical research data.
Solana's ability to handle large volumes of data efficiently and securely can improve data interoperability,
patient privacy, and healthcare outcomes.

v Supply Chain Management: Solana's fast confirmation times and low transaction costs benefit supply chain
applications, including product tracking, inventory management, and logistics optimization. Projects like
Stardust, Mercurial, and Everlasting leverage Solana's capabilities to create transparent, efficient, and
resilient supply chain solutions.

Solana generates a block in 400ms, indicating that it has an extremely short block duration. Solana's transaction
processing is lightning quick. It employs the Proof of History approach, in which the node's leader generates a new
cryptographic proof of blocks whenever some time has passed since the last proof. Because of the low block duration,
transaction confirmation time in Solana will be extremely fast. Because medicine is such a delicate subject, and
milliseconds can mean the difference between life and death, doctors must have quick access to medical information.
As aresult, it’s best blockchain for constructing our system.

2.3 Custodial Wallet Architecture

Custodial wallets are services that store and maintain users' private keys in a centralized manner. They are simple to
use, recover, and access, making them user-friendly. Coinbase and Biance are two instances of custodial wallet
software. We employ the custodial wallets design to make it easier for users of various backgrounds to manage the
system's crypto assets and avoid the hurdles of joining the blockchain. It also aids in the administration of user
identities. In the event of a medical emergency, the user may be unable to manage their own crypto wallet for
transaction fees and account rent.

3. SYSTEM DESIGN

3.1 Identifying the Issue:

As Digital India and global digitization advance, more hospitals are developing and maintaining their own EHR
systems. However, because these systems are incompatible, a hospital cannot access data from other hospitals'
systems. Patients who wish to see a new doctor or a doctor from another hospital find it difficult to transfer their
information as a result. Because the patient does not have the data, hospitals can destroy it at any moment, and the
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patient may lose vital health information. Another drawback with these systems is their lack of security. Because
hospitals typically hold data on unprotected file systems, there is a risk of sensitive user data leaking. We developed
the "Interoperability Personal Health Records Protocol”" to address this issue. It is a global health stack identity and
document management protocol. The user can save their own health records on a non-changeable file storage system
and share them with other system users. The user has complete ownership over their health data on blockchain systems,
which cannot be altered, and may share it with anybody, at any time. Because it is built on top of a Public Blockchain,
Solana, and anybody with permission may view the health data, it eliminates the problem of not being able to work
with other systems. Furthermore, the data is stored on a blockchain system that cannot be altered, ensuring that the
user will never lose their data.

3.2 ABHAID

14-digit ABHA ID would provide each participant in India's digital healthcare ecosystem with a distinct and
trustworthy identification. This identification will be recognized by medical specialists across the country. With this
number, you may easily join PHR (Personal Health Records) programs that share health data, such as the ABDM
ABHA app. Avoid standing in large lines at medical institutions. Simple PHR Enrolment: Join PHR (Personal Health
Records) programs that make it simple to share health information, such as the ABDM effort. In this project, each user
will be assigned a unique Abha ID, used for authentication. ABHA provides OTP (one-time password) based
verification that use the registered phones number of the users for verification.

3.3 Structure of Accounts:

PHR Protocol

Account Structures

o D

Document Account : Profile Account s bl
Authority Account :
{ { {
profile : Public Key of User Profile Account, authority : Public Key of user custodial wallet, authorised: Public Key of wallet of account to
description: description about the document, id : ABHA Id/health id/ other users id, be authorised,
data: extra information about document, profile type : Type of User, authority: Public Key of wallet of the patient,
uri : IPFS uri for the uploaded document, profile uri : URI with other user info, profile: PHR protocol profile of the patient,
timestamp : timestamp of the document created, info : Basic information like name, age etc., bump: cryptographic bump for PDA
randem hash : cryptographic hash for multiple docs, data : extra information about the user, }
bump : cryptographic bump for program derived address bump : cryptographic bump for PDA

N

Figure 1: Various Account Structures



3.4 Information Flow:
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4. RESULTS

Since organisations are intricate systems, gathering and applying environmental data is a major issue. An
organization's main duty is to come to an agreement over the gathering, handling, and distribution of data. The
company's blockchain platform drives research into alternative technologies for exchanging and debating medical
data, as well as proof of concept studies. Consequently, the pre- and post-processing analysis focused on three key
areas: 1) information sharing, 2) effectiveness, and 3) usability, accuracy, transparency, and traceability.

A. Research Examples:

The findings of the study offer different approaches to the integration of blockchain technology with personal health
record (PHR) interaction. Many challenges, including those related to isolation, security, and rivalry, plague the PHR
systems of today, according to a survey of the literature. Furthermore, this research establishes the groundwork for
evaluating the efficacy of blockchain technology by disclosing different applications and solutions employed to
address these issues. Research on the application of blockchain in healthcare has yielded promising results, suggesting
that it may be able to address PHR challenges. The impact- and shock-resistant characteristics of blockchain can
enhance data security, facilitate simple information transfer, and grant patients independent access to their medical
records. Agreements and information sharing may be managed with smart contracts in an effective and transparent
manner.

B. Studying the impact of blockchain on PHR interactions: The research into the influence of blockchain on PHR
interactions has been quite fruitful. The robust security characteristics of blockchain reduce the possibility of illegal
data access and usage. By offering security and transparency, blockchain addresses data integrity issues that plague
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the PHR process. A thorough examination and evaluation of the influence of Blockchain on PHR interactions is
possible. Blockchain enhances collaboration by offering safe and dependable data sharing. This not only enhances
doctor-patient communication, but it also lowers mistakes and discrepancies in medical records. The fundamental
advantage of blockchain technology is that it empowers patients. The present emphasis in healthcare on cooperation
and self-management corresponds with the trend toward centralized patient data management. Even with these
encouraging results, there are still obstacles to overcome. Blockchain adoption is hampered by its scalability,
particularly when dealing with the massive amounts of data generated in the healthcare business. As the
implementation process progresses, business integration is required to support the successful deployment of a
blockchain strategy.

The primary advantage of blockchain technology is patient empowerment. The present focus in healthcare on
collaboration and self-management aligns with the move towards centralised patient information management. Even
with these positive results, there are still issues. Adoption of blockchain is hampered by its scalability, particularly
when handling the massive volumes of data produced in the healthcare industry. Business integration is necessary as
the implementation process progresses to guarantee the deployment of a blockchain strategy that works. The
recommendations will be developed and communicated based on the clinical presentation of the patient. It is
impossible to overlook information that is crucial to the patient's health because of this network. The whole medical
history of a patient can be accessed through an EMR. As a result, statistical analysis of this data is possible. The
accuracy and speed at which medical data is gathered, shared, and decisions are made can all be improved by
digitization.

Patients will be made aware of the site's existence as well as any updates, integrations, or corrections, as well as its
functionality, informational content, and purpose. the conditions that govern the transfer of information as well as how
it is stored. Patients find it challenging to divulge their medical information. Sharing information from any location,
including a pharmacy, radiology lab, or laboratory, is difficult for nurses, doctors, and other healthcare professionals.
The platform for real-time patient health monitoring can forecast illnesses and enhance services. The definition of
healthcare is the dissemination of clear, helpful information to the public, including high-quality data on health
outcomes, efficacy, and user experience, with the goal of motivating medical professionals, nurses, patients, and others
to attain better results. The foundation for processing personal data is trust. Giving patients information that is
understandable, transparent, and clear is crucial. To help patients better understand English-language doctor's notes,
our website provides pictures and health-related information. In addition, openness facilitates decision-making for
patients and carers when selecting a treatment programme, facility, course of treatment, or alternative therapy. Also,
it will strengthen the bond between patients and doctors and their trust during care.

Hospitals can improve health outcomes by using our medical information sharing strategy to help them make better
decisions. Helping doctors with diagnosis, patient care, and treatment options are all part of the goal. You can reduce
healthcare costs, predict and prevent infectious diseases, and enhance your general quality of life by interpreting
patient data.

5. CONCLUSIONS

This study aims to investigate the potential applications of blockchain technology in integrated health records and
how patient willingness to engage with EHR systems is impacted by these applications. In this study, patients were
empowered by blockchain-based information technology, which also enhanced their willingness to share information,
decreased medical expenses, and lessened pain. Ideas, as well as findings and experiments, have a theoretical
foundation thanks to the architecture of private accounting. The results of this article's discussion of endogeneity and
bias demonstrate how biased and consistent the model is.

Everyone's right to health is vital to their daily lives. Improvements in medical technology have made it possible for
people to live better, longer lives. In the areas of equipment and medicine, some noteworthy advancements have been
made. Another improvement that EHRs—digital records of patients' medical records—offer is medical records
management. Medical histories, treatment schedules, allergy information, and other health-related data are all included
in EHR data. Encouraging the simple sharing and application of medical information is crucial. Users of today demand



constant, up-to-date information. In order to provide better care, ePHR enables EMRs to store patient data and share
it with other departments or hospitals. Electronic health records, medical software, and health management data are
all being actively used by numerous healthcare organisations. Due to the fact that EHRs frequently contain medical
data, they can be challenging for physicians to use. Furthermore, EMR supports every patient's medical requirement;
it could be helpful to them. Our network enables end users to search for employment, select a course of treatment, and
obtain healthcare information. It may also send messages promoting continuity or cooperation amongst providers. In
order to facilitate EHR integration, we offer a blockchain network.

Many businesses have acquired or are acquiring the technology required to satisfy users' immediate information needs.
Sadly, the course of treatment is postponed. A suggested solution for EHR integration is blockchain-based. The
electronic core with one of the ineffective functions is supposed to be removed. Information technology transmission
ensures the security of the system since no user can alter this list. In nursing, traditional education is hard, sluggish,
occasionally demanding, and has little bearing on practise. Legacy systems' skewed health data makes it challenging
to share because of inconsistent standards and conventions. To put it plainly, the current medical information system
is disjointed and inadequate for the demands of modern patients. All patient data, including critical personal data like
allergies, immunisations, prior hospital stays and abortions, mental health conditions, and torture, is fully available in
electronic medical records (EMRs). from digital health records. Our policies are made to guarantee that medical
information is accurate and private. While this method shows promise in safeguarding patient privacy, more privacy
testing and protection are required. Medical records are used by many healthcare providers to monitor their systems;
they frequently do not share this information with other organisations. As a result, numerous hospitals will receive the
patient's medical data. According to this concept, doctors will receive assistance in completing the patient's electronic
health record (EHR) from the time of initial contact. The hospital stores the patient's medical records and updates
them regularly, which is a benefit of this approach for physicians. Patients should be able to examine their medical
records thanks to a collaborative, adaptable, and robust approach.

Adding, removing, or changing inaccurate information in already-existing medical records could put doctors in danger
of legal repercussions. Recovery evidence needs to be provided and finished on time. Failure will ensue if this isn't
done. Patient medical records are published by numerous clinics, hospitals, networks, and nations. Patients'
interactions with one another result in a great deal of contradictory information about the same patient being kept in
various institutions. This information includes medical records and health data like blood test results. The duration of
treatment is reduced, and patients do not need to see a doctor. You can get answers to a lot of significant questions
over the phone. Nonetheless, by facilitating more efficient communication, blockchain has the potential to enhance
the telemedicine patient experience for the benefit of medical professionals, patients, and society at large.

The design, deployment, and viability of a blockchain-based electronic health record system that establishes a private,
permissioned blockchain network for the exchange and storage of medical records between practitioners are covered
in this article. As a result, the issues with medical services brought about by the sharing of patient data between
hospitals are eliminated by the blockchain network. The practise of tamper-proof electronic data management is
supported by our findings. As a result, the strategic plan enables businesses to use blockchain technology by removing
transactional interactions, simplifying processes, and improving overall effectiveness and efficiency. Support services
have created a wide range of career options. One potential avenue for the future is the use of artificial intelligence to
generate dynamic smart contracts that address diversity. It is obvious that applying blockchain technology to
healthcare research can have several advantages, including tracking, sharing, and transparency as well as lowering
patient privacy concerns. To address this issue, future work will also need to build network and incorporate into cloud
architectures.

In summary, effective medical record administration guarantees correct information retrieval, continuity of care,
clinical decision support, quality improvement, patient participation, and legal protection—all of which considerably
improve patient care and healthcare delivery outcomes. Nonetheless, problems with process integration, data security,
overloading with information, interoperability, and lack of standardisation continue to exist. Subsequent investigations
may concentrate on tackling these obstacles through the creation of systems that are compatible, the augmentation of
data security protocols, the optimisation of workflows, the advocacy of uniform documentation procedures, and the
refinement of user interfaces. Investigating the possibilities of cutting-edge technology in healthcare record
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administration, such as blockchain and artificial intelligence, may also present creative ways to get around present
problems.

Enhancements in user experience, interoperability, and data standardisation may result in a smoother transfer of
medical records between healthcare systems, promoting better care coordination and better patient outcomes.
Furthermore, upholding patient confidence and adhering to healthcare laws requires ongoing efforts to improve data
security and privacy measures. All things considered, there is hope that future advancements in medical record
management research and innovation will further improve patient care and healthcare delivery.
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Abstract. In order to keep current customers, the organization in the telecommunications sector must
focus on one of the very important research areas: customer churn identification. Customer attrition
known as churn occurs when rivals discontinue selling certain products or services, or possibly when
network issues arise. Customers often tend to abandon their service subscriptions in these kinds of
circumstances. The churn rate significantly influences the client's lifetime value since it influences both
the company's potential income and the length of service. The corporations are searching for a model
that can forecast client attrition as the revenues are directly impacted. Machine learning techniques are
used in the proposed model. For a more sustainable business environment, companies need to
understand and effectively manage customer attrition. Reducing network issues, resource allocation
optimization and waste reduction can improve customer satisfaction and thus decreasing churn rates.
Optimizing service provisioning and resource allocation helps in promoting sustainable decision
making and enhances revenue generation by development of predictive models utilizing machine
learning concepts and methods for artificial intelligence. It empowers organization to build long lasting
customer relationships and minimizing environmental impact of their operations.
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Introduction

In industrialized nations, the telecommunications industry has emerged as one of the most important economic
sectors. These service industries struggle, particularly as a result of client loss to competitors or consumer
attrition. Scientific development and a surge in operators led to more opposition [1]. Businesses are putting in
alot of effort and depending on complex strategies to survive in this cutthroat market. The attrition of customers
has a profound impact on the Indian telecom service providers for several reasons. There is an intense
competition among service providers creating a highly competitive environment where customers have a
plethora of options to choose from. Price sensitivity among Indian consumers is a major factor, with even slight
differences in pricing leading service porting by clients in search of better terms. The introduction of Mobile
Number Portability (MNP) provides an instant opportunity to change service providers while keeping the same
phone numbers, making it easier for them to consider the switch. Additionally, the lack of significant
differentiation between telecom operators in terms of core services like calling and data further contributes to
customer churn, as customers may perceive little added value beyond price. Some telecom companies prioritize
acquiring new customers over retaining existing ones, leading to a cycle of churn as efforts are focused more
on attracting new subscribers rather than ensuring customer satisfaction and loyalty. This approach can result
in a constant need to replace departing customers with new ones. Furthermore, evolving customer needs and
expectations, driven by the emergence of data-driven services and Over-The-Top (OTT) platforms like
WhatsApp and Netflix, require telecom operators to adapt their offerings to meet changing demands. Failure
to keep pace with these evolving trends can lead to a loss of customers seeking more flexible and feature-rich
services from alternative providers.

Customer turn over becomes a big problem and causes a considerable loss of telecom services to survive in
this market [2]. Customer turn over becomes an immense problem leading to a considerable loss of telecom
services. Three key techniques have been implemented to increase profitability: add untapped customers, retain
the present clients, and eliminate churn. During the investigation by comparing the respective impact of these
factors on the Return on Investment (Rol) values, the experiments have shown that the last method yields
maximum benefits[3][4]. The remainder of this paper is organized as follows: Section 2 describes the literature
survey, Section 3 explains methodology, results are discussed in Section 4 and Conclusion in Section 5.

Literature Survey

Several studies have shown that the Customer attrition as seen in the Indian telecom industry results from
various factors as highlighted by researchers. These factors include:

Intense Competition and Price Wars: The telecom sector in India is a highly competitive market, leading to
reflective pricing models and innovation in the strategies for marketing, which can prompt customers to
switch providers.[14]

Shift in Customer Usage Patterns: It has been observed that a simple pattern showing a significant change in
service usage happens before churn occurs, a term popularly known as revenue churn, which in turn
potentially leads to customer attrition from the service provider..

Service Quality and Offers: Better subscription offers, service quality, and customer experience play a
significant role in customer churn. Factors like digital experience, service delivery, consumer interaction,
monetary benefits, and product promotions are crucial in influencing churn rates.[15]

Tariff Plan Changes and Product Offerings: Changes in tariff plans, product offerings, and service types can
also impact customer churn. For instance, dissatisfaction with services or better offers from competitors can
lead to churn.

Customer Expectations and Loyalty: Customers today are more demanding and comparison shoppers,
expecting better services at competitive prices. This increased demand reduces customer loyalty and makes
them more likely to switch providers.
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3.1

Numerous techniques, like as machine learning, data mining, and hybrid technologies, have been employed
to predict client attrition. Mentioned methods help businesses recognise, foresee, and hold on to churning
clients. The methods can also be helpful for the customer relationship management, and strategic decision
making for the industry. A majority of these methods made use of machine learning decision tree algorithms,
which are a recognized method for figuring out customer turnover but not ideal with difficult situations [5].
However, the study demonstrates that a reduction in data quantity increases model accuracy. Some other
techniques like data mining are also employed for consumer forecasting and historical research. In addition to
other frequent prediction techniques like neural networks, rule-based learning, and decision trees, regression
tree techniques were discussed [6].

In this paper, we employ several techniques, including Random Forest, and Logistic Regression augmented
with XGBoost, to obtain precise values and forecast customer attrition [7][8]. Here, we model using a dataset
that has undergone training and testing, giving the highest number of accurate results. The suggested model for
churn prediction is depicted and its phases are described in Fig. 1. Data preparation is done in the first phase
when we filter data and transform F it into a comparable shape before choosing features [9].

In the following stage, methods including Random Forest, XGBoost, and Logistic Regression (LR) are used
for forecasting and categorizing data. With domain specific collected data, we apply training and test the model
while observing and analyzing client behavior. Customer attrition prediction is performed using machine
learning in several other recent works as well [10][11][12][13].

Methodology

Dataset

The data set serves as the foundation for everything and must have sufficient data to enable machine learning of the
issue. Datasets can be constructed or created from discarded data that is accessible online. Building a dataset that
makes sense and offers direction on how to react depending on real-time inputs for the issue is one of the issues we

face.

Some datasets suitable for telecom churn prediction in India and other regions include:

1.

2.

Telecom Churn Prediction Dataset on GitHub: This dataset offers a vanilla classification model for Telecom
Churn predictions Asian Market including India [16]

Telecom Customer Churn Dataset on Kaggle: For analysis of customer-level data made available by a
telecom leader to build predictive models identifying customers at high risk of attrition [17]

Telecom Churn Indian and South East Asian Market Dataset on Kaggle: Similar to the previous dataset, this
project involves analyzing customer-level data to predict high-risk churn customers in the Indian and South
East Asian markets [18]

The features included in telecom churn prediction datasets typically encompass a range of factors that influence
customer behavior and the likelihood of churn. Some common features found in these datasets are:

Information about customers' demographics such as age, gender, location, and income level.

Service Usage Details: Data related to how customers use telecom services, including call duration, data
usage, messaging patterns, and service subscriptions.

Payment History: Details about customers' payment behavior, billing history, payment methods, and
transaction records.

Social Network Analysis (SNA): Utilizing customer social network data to understand relationships and
influences that may impact churn prediction.

Customer Interaction: Records of customer interactions with the telecom company, including complaints,
inquiries, and feedback.

Tariff Plan Information: Details about the tariff plans subscribed to by customers and any changes in pricing
or offerings.



e Customer Satisfaction Metrics: Feedback scores, surveys, or sentiment analysis results reflecting customer
satisfaction levels.
e Network Coverage: Information on network coverage quality and availability in different regions.

Existing Customer Base

Machine Learning Customers at high risk of

Customer Churn History Predictive Model churn

Happy Customers Transfer to Customer
(No Action) Retention Department

Fig. 1. Proposed Flow Diagram for customers attrition prediction

3.2 Data Preprocessing

A data set has N rows and contains a collection of feathers. Different forms exist for many values. In a dataset, there
could be redundant or null values that cause some loss in accuracy and dependencies.

A single variable, such as gender, is noted using a variety of formats since the data were gathered from several sources.
For example, M/F or Male/Female is used to indicate gender. A three-dimensional image should be converted to a
two-dimensional format in order to prevent data that is noisy, has null values, and incorrect sizes as data shown since
the machine can only interpret numbers 0 and 1. Panda's tabular data and OpenCV for pictures are both capable of
doing data cleaning, data filtering and noise removal.

3.3 Feature Selection

Feature selection process of machine learning helps to select the relevant components from the collected data based
on domain knowledge. The study employed a dataset with numerous characteristics, from which we identified those
deemed most crucial for enhancing performance assessment and facilitating decision-making. Classification
performance increases if the set of data only contains useful and highly predictable variables. As a result, classification
performance is improved when the irrelevant characteristics number is kept to a minimum and only important features
are used.

3.4 Algorithms used

A. Random Forest

We use Random Forest to forecast if a user is likely to unsubscribe his membership. Random Forest algorithms use
decision trees to forecast if a customer would terminate their subscription. Each random forest decision comprises
several separate decision trees of varying depths. A decision tree pinpoints a certain group. The classifier used for a
certain customer will be the one with maximum votes. Decision trees' behaviour may vary depending on the dataset
they are being trained on. For this reason, bagging is used. One method is to train the decision trees using a random
sample from the dataset. The user selects the k nearest neighbours, indicated by the letter K in the classifier's name,
and they represent.
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B. naive_bayes.MultinomialNB
The simplest yet effective naive Bayes classifier works excellently in multinomial models. During the classification
of data with discrete features, including data based on word counts towards text classification, the multinomial Naive
Bayes classifier is expected to work well. Integer feature counts are typically utilized for multinomial distribution but
some other features including fractional counts like tf-idf have also been found to be effective. Accordingly, using the
multinomial Naive Bayes classifier makes sense.

C. SGDClassifier
For logistic regression and other such classifiers which are linear in nature, a model based on SGD training is also
used. Essentially, the estimator in this technique uses regularised models based on stochastic gradient descent (SGD)
learning, upgrading the model with a schedule of diminishing strength as we progress (termed learning rate). This
strategy following a partial fit in SGD method allows the learning of online or out-of-core mini batch. It is essential
to note that the default learning rate schedule can be applied to data having characteristics of zero unit variance and
mean.

D. KNeighborsClassifier
This classifier uses, as the name implies, learning based on the k nearest neighbours. The appropriate value of k is
determined by the data. The study demonstrates that decreasing the data enhances the decision tree's accuracy.
Consumer prediction and historical analysis are two uses for data mining techniques. Alongside various famous data
mining approaches such as decision trees, rule-based learning, and neural networks, regression tree techniques were
discussed.

4 Results

To improve the accuracy further data balancing was performed because the data was imbalanced. Now label
encoding and one hot encoding is used and in addition, SMOTE algorithm is used for managing the imbalance.
Many firms, especially the telecom service providers, will benefit from the relevance of this study for attrition
prediction in obtaining robust revenue and profitable earnings. Due to the difficulty in estimating customer
churn in the telecom sector, companies aim on prioritizing on maintaining their existing clients above attracting
the new ones.

Various performance measures like Accuracy, Recall, F1-score and Precision have been calculated and shown in Table
L.

Table 1. Various performance measures evaluated.

Classifier Accuracy Recall F1-Score Precision
Random Forest 0.80 0.97 0.87 0.80
Naive Bayes 0.89 0.91 0.90 0.89
SGD Classifier 0.76 0.80 0.80 0.85
K-Neighbors 0.83 0.86 0.90 0.85
SMOTE 0.97 0.95 0.96 0.96

Key Observations:



Accuracy: SMOTE achieves the highest accuracy (0.97), indicating it correctly predicts churn in 97% of the
cases. The next best model, Voting Classifier, has an accuracy of 0.90.

Recall: While both SMOTE and Random Forest have the highest recall (0.97), signifying they identify most
churning customers accurately, it's a tie.

F1-Score: SMOTE has the best F1-Score (0.96), which balances precision and recall, demonstrating its
effectiveness in churn prediction.

Precision: SMOTE has the highest precision (0.96), meaning most of the customers it identifies as churning
actually churn.

SMOTE stands out as the most effective technique for telecom service attrition prediction in this scenario. It achieves
superior performance in accuracy, F1-Score, and precision. While Random Forest ties with SMOTE in recall,
SMOTE's well-rounded performance across all metrics makes it the preferable choice.

5

Conclusion and Future Work

The applicability and variety of three tree-based algorithms in this kind of application led to their selection. We
will get more accuracy by combining Logistic regression with Random Forest. By using the SMOTE Algorithm
we get good results. And accuracy is above 90 per cent. The selection of three tree-based algorithms was on
the basis of their suitability and variety for this kind of application. We will obtain greater accuracy by utilizing
Logistic Regression and Random Forest. Using the SMOTE algorithm, we achieve decent performance.

Massive amounts of data are produced in today's environment, and businesses rely on this data to advance. To
be useful to companies, massive amounts of unstructured data stored in the cloud need to be prepared and
analyzed. In the last ten years, data-driven technology has transformed both our personal lives and our
professional lives. Drilling the data is a goal of data science in order to find hidden possibilities and provide
value. At all levels of business, it has played a crucial role.

Potential research avenues in the area of customer attrition prediction, beyond the present study, could include:

Causal Analysis of Churn Factors: Conducting in-depth studies to understand the causal relationships
between various factors and customer churn. This research can help uncover the root causes of churn and
guide targeted interventions.

Segmentation Analysis: Exploring different customer segments based on behavior, preferences, and churn
patterns to create more effective targeted retention strategies. It will also help to realize the individual needs
of varied customer groups leading to tailormade retention approaches.

Longitudinal Studies: Undertaking longitudinal studies to track customer behavior over time and identify
patterns that precede churn. This research can provide critical information into the ever changing dynamics
of customer relationships with telecom service providers.

Qualitative Research: Incorporating qualitative research methods like interviews, focus groups, or surveys to
delve deeper into customers' perceptions, emotions, and experiences related to churn. Qualitative insights
can complement quantitative data for a comprehensive understanding.

Predictive Analytics Enhancements: Advancing predictive analytics techniques by integrating real-time data
analysis for immediate action on potential churn signals. Research focusing on enhancing the accuracy and
timeliness of churn predictions can lead to more proactive retention strategies.

Ethical Implications and Fairness: Investigating the ethical implications of using sensitive customer data in
churn prediction models to ensure fairness, transparency, and responsible practices. Research in this area can
address concerns related to biases and discrimination in machine learning algorithms.
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Abstract. Without air, humanity could not possibly survive. Air quality is negatively affected by
continuous changes in almost every area of modern human civilization, posing a threat to sustainable
development. By integrating sustainable practices into air quality monitoring and forecasting, we can
aim to minimize the generation of risky contaminants and reduce the total environmental footprint of
transportation, business, and home approaches. In comparison to standard techniques, machine
gaining knowledge based totally prediction technology studying techniques have been shown to
the best equipment for studying such contemporary risks. To analyze and expect air satisfaction, the
prevailing take a look at appears at six years' really worth of air pollution facts from 23 Indian towns.
The dataset has undergone thorough preprocessing, and correlation analysis was used to identify
essential properties.

An exploratory data analysis is conducted to determine the pollutants that might have a direct influence
on the air quality index as well as to find patterns that are hidden in the dataset. Almost all contaminants
have significantly decreased in the epidemic year of 2020. Four models of machine learning are
employed to evaluate air quality while resampling is utilized to address the problem of data imbalance.
The outputs of models are contrasted with established standard. The Support Vector Machine model is
the least accurate. The most accurate model is the Gaussian Naive Bayes one. The known performance
metrics is used to evaluate and compare these model’s performances. The winning one was the XGBoost
one, which also exhibited the highest degree of linearity between predicted and the data that was
observed.

Keywords: Air Quality Index, Support Vector Machine, Random Forest, Machine Learning, Deep Learning.

1 INTRODUCTION

Air is the only thing that keeps humans alive. For our well-being, its quality needs to be monitored and comprehended.
Millions of individuals worldwide have physiological problems and respiratory mortality as a result of air pollution.
Scientific research indicates that the single biggest threat to the environment is the pollution of air. As a result of fast
industrialization and the harmful emissions of gas it produces, population levels have significantly expanded. The
quality of the air is seriously harming our health. Environmental and Public Health in Hindawi being contaminated
by hazardous substances. The air quality has significantly decreased as a result of this unmanaged pollution.

A numerical index called the AQI is used to quantify and communicate air pollution levels. The AQI value that is high
denotes extremely polluted air, which has a gravely detrimental effect on health. The AQI can be used to monitor the
quality of air in real time. In our area, many weather stations have also recorded AQI data daily and hourly. To use
this data in the proposed study, they will be mined and harvested.

2 LITERATURE SURVEY

The authors forecasted air quality using machine learning using Google Street View data at numerous places in
California. He concentrated on the regions that had the missing data. For each neighborhood in a city, a web
application to predict air quality was developed by the author [1].

The author attempted to use the Support Vector Regression (SVR) machine learning technique to predict the amounts
of air pollutants and particles in California. The authors created a novel method for simulating hourly air pollution
[2]. Few authors evaluated how effectively six ML classifiers predicted AQI of Taiwan using data spanning the
previous 11 years [3].



In [4], the authors examined twenty distinct literary works which was based on the contaminants they researched, the
machine learning methods were employed, and calculated their performances. Several studies employed
meteorological data, including temperature, humidity, and wind speed, as found by the author to accurately predict
pollution levels. They found that compared to other well-known ML techniques, boosting models and neural network
(NN) strategies performed better. The authors found that the air pollutants concentration was considerably influenced
by temperature, humidity, direction of wind, and speed of wind [5]. The RF approach exhibited the fewest
classification errors, according to the supervised machine learning methods the authors used to estimate AQI.

Bhalgat predicted the air's SO2 content in Maharashtra, India, by applying machine learning. The authors concluded
that due to their excessive pollution, this Indian region has some cities that need immediate medical attention [6].

The authors presented a very fascinating study in 2018 on their survey of the international research on pollution of air
and respiratory health that has been peer review [7]. From the Scopus database, the authors took 3635 records from
publications between 1990 and 2017. They noticed that the number of articles significantly increased between 2007
and 2017. After observing active nations, organisations, journals, writers, and international partnerships in the field,
the authors stated that there is a great deal of interest in the relationship between respiratory health and air pollution
research. They recommended gathering public opinion on investments in green technologies and the reduction of
outdoor air pollution. The issue of AQI prediction was referred to be multi-task learning challenge by the authors [§]

[9].

In [10], they sought to develop a model that linked air pollution and traffic density. The author claims that gathering
this kind of traffic data may be done on a budget and that adding climatic information would increase the data's
accuracy. The hybrid model outperformed all others, and according to the authors, morning time data has the highest
accuracy [11].

3 METHODOLOGY

3.1 Data Preprocessing

The first and most crucial condition for the development of effective ML models is data quality. Preprocessing
methods contribute to the reduction of data noise, which eventually accelerates processing and expands the use of ML
algorithms. Data extraction and monitoring applications have two of the most common errors which are outliers and
missing data. The data preparation step involves modifying or deleting outlier data, filling out data that is not a number
(NAN), and performing other operations on data.

Many statistics may be missing for a variety of reasons, such as a station that has the capability to view data but not
the means to record it. The proposed flowchart of the model is shown in Fig. 1.

At the first stage, Air Pollution dataset is taken and fed into the preprocessing stage followed by normalization of data
through feature selection. Then the data is explored and divided into training and testing sets. Then we apply the
Machine learning algorithm on the training dataset to train the model. After the training phase, the test data set is fed
into the model for validation. As a final result, the AQI of the test data set is predicted by the designed model on which
further evaluation is done and comparative analysis has been carried out with the state-of-the-art methods.
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Fig. 1 Proposed model flowchart

3.2 Feature Selection

Government organizations utilize the specific metric, AQI, in the CPCB dataset under investigation to
enlighten the public about the quality of air and to train forecasters. The National Ambient Air Quality
Standards classify AQI into six categories: acceptable (0-50), tolerable (51-100), moderate (101-200), poor
(201-300), extremely poor (301-400), and severe (401-500). Lowering the number of input variables,
according to experts in the area leads to lowering of the computing cost of modeling and boosts prediction
accuracy. In the current work, the quantity of contaminants (input variable) required to build a predictive
model has been determined using a correlation-based feature selection technique.

Each set of both the target and input variables exhibits a correlation when features are chosen using
algorithms based on statistical correlations. The variables are further investigated if they strongly correlate
with the target variables. Since many machine learning algorithms are prone to outliers, it is imperative to
identify any characteristic in the input dataset that deviates from the overall trend of the data. The outliers
in the current dataset were discovered using a correlation-based statistical outliers identification method. A
correlation investigation between the AQI characteristic and features of other contaminants was used to
identify significant aspects.

3.3  Exploratory Data Analysis

In order to know about the numerous patterns that are hidden within the dataset, this section of study focuses
on data analysis and exploration. Exploratory data analysis is the initial step in the field of data analytics,
which is implemented prior the utilization of any ML models. The concerned significant issues are being
examined as a result: (a) assessing the current state of air pollution and its trends over the previous six



years, or from 2015 to 2020; (b) analyzing the top six most polluted municipalities and their average AQI
parameters, as well as the distribution of pollutants in the air; and (c) determining the top four contaminants
that are particularly contributing to the rise in AQI numbers.

Pollutants involved directly in increasing AQI values

The AQI and numerous pollutants have been correlated, and pollutants that have correlation coefficient
values more than the threshold value of 0.5, indicating a highly positive link, have been discovered.

4 RESULTS

The plan of the experiment and the empirical evaluation used to anticipate AQI values based on airborne
pollutants are covered in this section. Before ML models are assessed, the dataset is split into two sections:
screening (25%) and training (75%). On the cloud platform known as Google Collab Pro, Python programs
have been executed.

The dataset is then investigated to determine the value of the AQI concerning those contaminants that
significantly contribute to increasing the AQI value. Table 1 shows comparison of model results.

Table 1 Comparison of model results

Model Accuracy Precision Recall Fl-score Prediction
time (in
seconds)

KNN 85 92 85 94 0.018

GNB 83 88 89 92 0.016

SVM 78 91 90 83 0.027

RF 86 92 91 90 0.023

XGBoost 90 96 95 91 0.041

An AQI timeline graph is displayed over a few particular contaminants that are directly responsible for
elevated AQI readings. Winter pollution is more severe due to seasonal fluctuations in PM2.5 and PM10
pollution levels than summer pollution levels. While the level of O3 remained constant from 2018 to 2020,
the level of SO2 started to increase after 2018. Levels of BTX2 exhibit a similar tendency as well. Almost
all pollutants, except CO, have seasonal fluctuations. Observe how India's pollution levels decline from
June to August. It can be a result of the Indian subcontinent experiencing its first monsoon at this time.

Between March and April, BTX levels significantly decreased; from May to September, they somewhat
increased; and from October to December, they significantly increased. Given that 2020's median findings
are lower as compared to those for previous years, it's possible that the year's pollution level was
significantly lower. Human and industrial activities were forbidden.
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5 CONCLUSION

It can be challenging to anticipate air quality because of the changing environment, unpredictability, and
range of contaminants present at different times and places. The AQI forecast in India, however, received
little consideration from scientists. The train and test subsets of the dataset are divided by a 75-25% ratio,
respectively. It contrasts the usage of the SMOTE resampling technique with ML-based AQI prediction.
The outcomes of ML models are shown with respect to common measures such as precision, accuracy,
recall, and F1-Score for both the train and test groups. In contrast to SVM model, which had the least
accuracy, the model using XGBoost had the highest accuracy for both train and test sets.

The XGBoost model performs best overall because it produces the best outcomes during both the training
and testing periods. The RF model exercised using SMOTE performed rather well for the training phase.
However, throughout the testing phase, nearly all ML models demonstrated improvements.
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Abstract: Software defect prediction proactively highlights critically vulnerable elements for a software
system. Recent attempts in this domain have tried various machine learning techniques to automate and
improve software defect prediction. It has been observed that recent research focusses on specific types of
software and hence the solution is not suitable for all kind of software products. This paper proposes a
generic approach based on Logistic Regression, Decision Trees, Random Forests, Naive Bayes, Support
Vector Machine for software defect prediction. Proposed approach is applicable on all type of software
products and the results shows defect occurrence are not directly correlated with the quantity of
modifications.

Keywords: Defect Prediction, Machine Learning Techniques, Software defect prediction Metrices,
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I. INTRODUCTION

The need for producing affordable, maintainable software without sacrificing quality has increased due to
the software systems' growing dependence. The likelihood of the software having a flaw is therefore very
high. If errors are identified later in the software development process, the associated costs for their prompt
resolution significantly increases. Software prediction models can be applied to initial phases of the
software development life cycles. Additionally, utilizing them cuts down on project costs, time, and effort
spent on testing and maintenance, which boosts the software's quality. We can work to strengthen the
software's weaker components by identifying the defective portions of those components. Thus, it is
possible to create high-quality software with inexpensive development and maintenance costs.

Researchers have developed models that can predict these issues precisely and rapidly. These methods
include the use of cutting-edge techniques like machine learning and data analysis. One of the efficient
methods in this area may be ensemble techniques. They function by merging the results of various models,
which increases their accuracy and dependability. It's similar to consulting with several experts before
making a decision. This study focuses on investigating how ensemble techniques might be applied to
improve software defect prediction. By doing this, we intend to raise the standard of software, lessen the
effort required to address problems, and enhance the functionality of software systems as a whole.

This research paper's major goal is to examine how ensemble techniques can be used to forecast software
flaws and to comprehend the advantages they have over more conventional single-model methods. We
studied their attributes individually. The following are the objectives of the study:



1. Review and analyze the available investigation on ensemble strategies for predicting software def
ects, including their methodologies, algorithms, and performance measures.

2. To increase the precision and dependability of predictions, propose and create a defect prediction f
ramework that integrates various base models, such as decision trees, support vector machines, or
neural networks.

3. Run thorough tests and assessments on standard datasets to compare ensemble techniques' perfor
mance to that of individual models and other cutting-edge fault prediction techniques.

4. Highlight the strengths, weaknesses, and practical consequences of employing ensemble approach
es for software defect prediction as you analyze and interpret the data.

5. After analyzing the weaknesses and the faults that were found while ensemble technique, we can n
ow correct them by studying the correlation between the attributes and how they are dependable o
n each other.

The outcomes will aid the awaited testers in identifying the most effective evolutionary algorithm. We
examined and inspected the outcomes of five data vaults using six different machine learning models. We
further correlated the attributes individually and saw their dependencies and how they affect the defect in
the software.

The information in the paper is arranged as follows: Section 2 of the linked effort contains investigations
and related literatures. The proposed algorithm that will be used is described in Section 3 along with the
calculated experimental findings. In Section 4, the findings were calculated, analyzed and drawn. The
summary of the work done in the study is presented in Section 5. In section 6 we discussed the future scope
of the research.

II. LITERATURE REVIEW

Software metrics are essential for managing projects, especially when dealing with new technologies like
object-oriented design. There are some studies that introduce a set of metrics tailored for object-oriented
systems [6][7], grounded in measurement theory and informed by experienced developers. The suggested
metrices undergo a formal evaluation based on predefined criteria.

As object-oriented methods gain popularity in software development, researchers are working on metrics
to develop new models and improve the old practices. An analysis of metrics by Chidamber and Kemerer
[7] shows their usefulness for managers in industries. Empirical data supports these metrics, underscoring
their significant impact on the ingenuity, modify effort, and creation effort in object-oriented systems.

The coupling dependency metric (CDM) [5] proves successful in design quality. When applied to case
studies involving COBOL, C, C++, and Java systems, CDM outperforms other metrics in anticipating run-
time failures and gauging maintenance requirements. This suggests that coupling metrics, like CDM, can
reliably predict interaction levels in software products.

AUC, Accuracy, Precision, Recall and Mean are just a few of the different metrics that have been employed
in numerous studies to predict the presence of faulty classes in software systems. These performance
measures evaluate the connection between object-oriented metrics and flawed classes using statistical
methods and classification algorithms. Observers have employed various methods, including Logistic
Regression (LR), Naive Bayes, Random Forest, Decision Trees, Artificial Neural Networks (ANN),
Support Vector Machines (SVM), Bayesian approaches, and Artificial Immune Recognition System [(1)-
(3)], to develop predictive models and evaluate their efficacy.

In study [3], the object-oriented metrics is employed in the Mozilla dataset in conjunction with LR gave
good results in predicting defective classes. In other study, Linear Regression was compared with three
machine learning methods (Naive Bayes, and Random Forest) to categorize object-oriented metrics based
on the severity of defects. The investigation showed that models created for high severity levels had reduced
prediction accuracy, and ML approach performance metrics were generally low.
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Other research [2] evaluated defect prediction models using various datasets, including NASA KC1 and
Java Telecom, employing logistic regression, decision trees, ANN, SVM, and Multi Objective PSO
approaches. The results highlighted the potential of neural networks and Bayesian methods by
demonstrating improved performance with various models and strategies. Additionally, it was shown that
decision trees (C4.5) produced greater accuracy when decision tree approaches were used together with
neural networks, logistic regression, and SVM.

Another research [1] assessed datasets utilizing machine learning algorithms and 10-fold cross-validation
methods. These studies demonstrate the efficacy of various methods and models in this field and jointly
advance understanding of software fault prediction.

Software metrics, crucial for project management, are being developed for object-oriented systems,
evaluated against established criteria. Object-oriented methods are gaining popularity, with metrics by
Chidamber and Kemerer proving useful for managers and impacting productivity in empirical studies. The
Coupling Dependency Metric (CDM) successfully predicts run-time failures in diverse systems, indicating
its reliability in assessing interaction levels.

III. METHOD
3.1 Research Question for Data
RQ1: What are the machine learning model does SDP uses?

Despite the fact that there are numerous machine learning algorithms, five are chosen for this paper: SVM,
NB, DT, LR, and RF.

RQ2: What data sources are employed for SDP?

We employed five different Android software application packages in this paper: Telephony, Gallery, Email,
Contacts, and Bluetooth.

RQ3: What performance metrices are utilized in SDP?

In this research, we employ diverse object-oriented measures, encompassing Tang et al. measurements,
Chidamber & Kemerer indicators, Henderson Sellers indicators, Martin's indicators, and the QMOOD
indicator suite. Subsequently, these measures are utilized as features, and we undertake a reduction process
for optimization purposes.

RQ4: How can the effectiveness of evolutionary approaches be evaluated using machine learning models?
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Fig.1: Working of Ensemble technique
Using the Ensemble approach, we validated the results in this work (As shown in Figl above).

RQS5: Are there any additional models or techniques used to find the software defect?



Yes, there is one more technique that is by using the dependencies of different attributes from the dataset
to visualize how they affect the change in the software and hence create a defect.

3.2.1 Defect prediction (Algorithms)

The actions taken to apply the algorithm to the dataset for Android are as follows:

L.
2.

e

Collect data sets from Android software archives.

Calculate all classification techniques' precision, Recall, Accuracy, and F-1 scores using all
available features.

The scores for Precision, Recall, F-1, and Accuracy obtained from various classification techniques
are included in TABLE I, TABLE 11, TABLE 111, and TABLE 1V, along with a comparison between
them and the evolutionary algorithm Ensemble Technique. The data from TABLE I and II are
represented by the precision graph in Fig. 1.

Repetition of step 3 is required for the remaining Android datasets.

Obtain the ensemble technique's precision, accuracy, F-1 score, and recall values.

Compare all the values using graphs and get the best fit model.

3.2.1 Defect prediction (Correlation between different attributes) (The method is explained in Fig.2
given below)

The description of the method shown in Fig.2 is explained as follows:

1.

To propose a general method, we perform various visualizing techniques amongst the various
attributes which does not depend on the type of software.
We take in consideration the following attributes:
i.  Number defects
ii.  Number of changes
iii.  Number of Insertions
iv.  Number of Deletions
v.  Defect count
Now investigating the influence of the number of changes on the defect count to find the correlation
between them and hence predicting the output on this basis.
Further investigating the attributes which might have influenced the number of changes to decrease
and increase in the software.
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Fig.2: Working for the technique selecting special features to find the reasons for the defect in the

software
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IV.COMPARE THE RESULTS
4.1.1 Defect Prediction using ensemble technique
We used the ensemble technique to validate the findings.
Experimental Findings:

Precision is calculated as the effectiveness of all datasets for classification procedures in TABLE I. The
determined Recall value for each type of dataset is shown in TABLE II. The F-1 scores for each dataset
are calculated in TABLE III using various approaches. Accuracy is determined for each dataset in TABLE
Iv.

Figure 1 displays a graph generated from TABLE I for each of the created models. The table's
investigation led us to the following conclusions:

L. In comparison to standalone classification models, RF, DT, SVM, and NB yielded the most
significant outcomes. The utilization of ensemble techniques is found to enhance precision.
1L It also demonstrates that the model can produce the best results when employing the voting

classifier Ensemble.

Graphs for each model are taken from TABLE II shown in Fig. 2. Following a review of the table, we
draw the following conclusions:

L When compared to classification models alone, recall performed best for DT, RF, and NB. It is
concluded that precision can be increased by employing the ensemble technique.

Here is the plot for each model using TABLE III shown in Fig. 3. Following a review of the table, we
draw the following conclusions:

L Compared to conventional classification models, the F-1 score produced the greatest results for
DT, RF, and LR. It is concluded that precision can be increased by employing the ensemble
technique.

A graph plotted using TABLE IV for all created models is shown in Fig. 4. Following a review of the
table, we draw the following conclusions:

L. When compared to traditional classification models, accuracy produced the greatest results
with DT, RF, and NB. It is concluded that precision can be increased by employing the
ensemble technique.

TABLE I: Precision of Datasets using Ensemble Techniques and Classification

TABLE II: Recall Value of Datasets using Classification and Ensemble Techniques



