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[bookmark: _Toc159536857]ABSTRACT 
The purpose of the study was to raise the cybersecurity stance of the Indian pharmaceutical industry by making use of deep learning methods. An in-depth evaluation of industry processes has highlighted the existence of specific security vulnerabilities associated with legacy systems and non-conformity of standards. These factors have mounted to cyber threats that target both critical pharmaceutical processes and data. With this in mind, Convolutional Neural Networks and Recurrent Neural Networks were constructed to analyze the encrypted network traffic and find out the potential cyber threats. These deep learning models displayed the potential for use on encrypted data analysis and continue to perform well in validation of their performance accuracy on real encrypted traffic. Trials of cryptographic solutions and block chains applications conceptualized the possibilities of drastically increasing data confidentiality. The proof-of-concept still needs to be developed to the testing point under real-life conditions. At the beginning stages, we managed to achieve 99% accuracy. On the other hand, the adaptive nature of cybersecurity risks requires model modifications to fit into new world of threats. The literature revision found out that traditional security controls are not enough for the particular characteristics of pharmaceutical processes and data. Hence, shared, sector-wide security constructs are compulsory to integrate operational elements of industry and general risk exposure.
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[bookmark: _Toc159536859]1.1 Background
The have a look at embarked on an insightful adventure into the region of technology's impact on the Indian pharmaceutical business enterprise, especially focusing on the resultant cybersecurity vulnerabilities. It became premised at the knowledge that the appearance of virtual transformation, even as beneficial in numerous methods, had additionally added forth a latest set of demanding situations, mainly in statistics safety. This exploration turned into crucial, given the pharmaceutical agency's dealing with of sensitive information, which incorporates affected person data, proprietary studies, and highbrow property [1].
The studies started through acknowledging the large blessings that technological improvements had added to various sectors, collectively with the pharmaceutical industry. It highlighted how virtual upgrades had streamlined techniques, more suitable research abilities, and facilitated extra efficient records control in the pharmaceutical place. However, this digitalization also spread out new avenues for cyber threats, which have become an imperative hassle for the look at [2].
The Indian pharmaceutical region, diagnosed due to the fact the research’s focal aspect, turned into tested to be uniquely impacted by means of way of these cybersecurity issues. The research delved into the essential nature of the information involved on this zone, emphasizing how the managing of touchy affected person data, personal research information, and a wealth of intellectual property made it a prime target for cyber threats. The importance of sturdy cryptography and community safety features emerge as underscored as a way to guard closer to a panorama of threats that become continuously evolving, encompassing hacking, statistics breaches, and cyber espionage [3].
As the test progressed, it have turn out to be glaring that the Indian pharmaceutical employer have become at a critical juncture. The location confronted the dual venture of adapting to the digital era at the same time as making sure the safety of its digital belongings. This scenario changed into similarly complex through the particular desires of the enterprise, which differed notably from those of different sectors. The research noted that the traditional one-length-suits-all approach to cybersecurity became inadequate in addressing the specialized necessities of the pharmaceutical industry.
The exploration also located a gap in current literature and practices concerning the intersection of cybersecurity and the pharmaceutical sector in India. This gap became marked with the resource of a lack of complete studies focusing on the ideal cybersecurity wishes of this organization. The have a look at aimed to fill this void by offering an intensive evaluation of the precise demanding situations and vulnerabilities faced through the pharmaceutical sector in the realm of digital protection. In addition to identifying the issues, the studies also sought to recognize the results of those cybersecurity disturbing situations. It examined the ability dangers to statistics integrity and confidentiality, the repercussions of information breaches at the credibility and operations of pharmaceutical companies, and the broader impact on public fitness and safety [4].
The check historic beyond established a strong basis for in addition exploration into targeted solutions for enhancing cybersecurity within the Indian pharmaceutical enterprise. It set the level for a comprehensive studies into the development of tailor-made protection frameworks that might efficaciously defend sensitive information and highbrow property in opposition to the backdrop of an increasing number of cutting-edge array of cyber threats.
The crucial significance of workforce enhancement and cybersecurity preparedness to tackling weaknesses as well as recognizing threats is emphasized in the Indiana State of Cyber Report 2017–2021, especially with regard to the state's pharmaceutical industry. Another indication of the coordinated efforts to strengthen the infrastructure for cybersecurity and prepare the next phase of cybersecurity experts with artificial intelligence skills is Indiana University's recent achievement from the National Science Foundation. Increasing Indiana's university commitment to strengthening cybersecurity skills, this $242,863 cash infusion builds on an earlier the National Science Foundation award that established University as a major player in CyberCorps Training for Service (in.gov, 2024). Because the pharmaceutical industry depends more and more on digital technology for R&D and distribution, cybersecurity and healthcare are becoming more and more interrelated. The allocation of resources towards cybersecurity training programs is indicative of a preparatory strategy to tackle the dynamic threat environment and protect confidential information in Indiana's pharmaceutical sector. Indiana University hopes to strengthen network security and reduce risks related to cyber threats by utilizing artificial intelligence and cutting-edge cryptography techniques like Recurrent Neural Networks (RNNs) and Convolutional Neural Networks (CNNs). This will help to build a robust pharmaceutical ecosystem. The deliberate allocation of resources towards cybersecurity education and research is anticipated to provide significant outcomes, augmenting Indiana's competitive advantage in the pharmaceutical industry and strengthening the resilience of cybersecurity nationwide.
A new report from the Indiana University Kelley College of Business's Indiana Business Research Center highlights the state's leadership in the pharmaceutical industry by showing that the state leads the nation in pharmaceutical exporting. For more than 10 years, Indiana has routinely been among the top three states in the nation for exports of different life sciences products, such as pharmaceuticals, medical equipment. Such exports make up a substantial portion of the state's economy. Indiana's vital role in the international pharma logistics system is shown by its continued leading position. In 2022 alone, thirteen billion dollars value of health care items, including medicines, were delivered globally.
But even as Indiana's pharmaceutical sector grows, cybersecurity threats are becoming more and more prevalent, and strong network and cryptography security measures are needed to protect confidential information and intellectual property. Pharmacies are depending more and more on computer technology for development, research, and distribution; thus, the confidentiality and integrity of data are seriously at danger from the growth of cyber threats. In this context, the integration of security and healthcare is crucial, and minimizing possible vulnerabilities requires the efficient use of network security frameworks and cryptographic protocols.
In light of this, the state's unprecedented six hundred twenty million dollars in capital investment expenditures in 2022—which was the third year in a row of growth—further highlight the state's developing entrepreneurial environment [5]. Although these investments support the development and development of new pharmaceutical firms in Indiana, they also highlight how important it is to incorporate strong cybersecurity safeguards from the start. Startups need to adopt proactive cybersecurity policies to protect their private information and intellectual property as they use digital platforms and emerging technologies to spur innovation and improve operational efficiencies.
The current surge in funding from venture capital firms for Indiana's startup industry is a great opportunity to strengthen cybersecurity efforts and protect the state's pharmaceutical industry from emerging cyber threats. Indiana may gain a competitive edge in the pharmaceutical sector while decreasing its vulnerability to cyber adversaries if it works more on the development of network security solutions and cryptography by allocating resources for these purposes.
Pharmaceuticals being the top export product of the state, it is imperative that the state's pharmacy logistics system is well-functioning and reliable. Two cryptographic systems that could be absolutely critical for the entire data storage and communication process are ECC (Elliptic Curve Cryptography) and the AES (Advanced Encryption Standard). Their primary function is to eliminate the possibility of intrusion and guarantee the privacy of the data. Moreover, strong network security procedures, like access control and intrusion detection systems, can be put in place for detecting and countering cyber threats that threaten infrastructure and business continuity.
The financial stability and world-class competitiveness of Indiana is dependent on the development of appropriate cryptography and network security measures, in particular taking into account the fact that the state has become a hub for pharmaceutical research and trading. Indiana can reinforce competitiveness of the whole health care sector and become the leading nation in the area of security-driven innovation by employing assets in security development and research to work with academic, industry, and government partners. The research’s backdrop is based on the convergence of two important fields: The state of Indiana with growing pharmaceutical industries and the increasing risks posed by cybercrime faced by modern firms. The state of Indiana, particularly, is the leading US exporter of pharmaceuticals which serves as a testament to the industry’s economic role in the state, as the industry’s significant investments and foreign trade are heavily driven by its sustained growth and innovation. The growing danger of cyber threats and data breaches, which accompanies this pollution, severely risks the safety and confidentiality of private pharmaceutical data. In view of the urgent need to shield Indiana's pharmaceutical network from cyber-threats, the project will conduct investigation and apply up-to-date network security and cryptography technologies developed to meet the specified need of the pharmaceutical industry in the state. The aim of the research is to ensure pharmaceutical business growth and competitiveness in the state of Indiana with strong emphasis on building resilience against cyber-attacks in the digital age.
[bookmark: _Toc159536860]1.2 Problem Statement
The observe delved into the pressing issues confronting the Indian pharmaceutical area, especially focusing on the hurdles it faces in deploying powerful network protection and cryptographic safeguards. Despite heightened cognizance surrounding cyber threats, the enterprise decided itself grappling with precise disturbing situations that impeded the reputation quo of robust protection frameworks. A critical exam discovered out that the ones traumatic conditions by means of and large originated from the absence of protection functions mainly designed to cater to the particular needs of the pharmaceutical domain [6].This gap end up further widened through way of the escalating complexity and class of cyber-assaults, which typically developed to make the most new vulnerabilities.
Generic protection answers, which had been without problems available and widely used in the course of numerous industries, were positioned to be insufficient for the specialized context of pharmaceutical operations in India. The look at highlighted that those off-the-shelf answers regularly failed to meet the nuanced necessities of safeguarding touchy health information, proprietary research findings, and a full-size array of intellectual belongings necessary to pharmaceutical companies [7]. As a result, the enterprise's digital infrastructure remained susceptible to breaches, posing significant dangers to the integrity and confidentiality of essential information.
The research underscored the multifaceted nature of the cybersecurity challenges faced by way of the arena. On one hand, there has been a technical size, characterized by the need for superior encryption techniques and stable community protocols that would resist the strategies employed through cybercriminals. On the alternative hand, there was an operational factor, related to the integration of those safety capabilities into the prevailing IT ecosystems of pharmaceutical corporations without disrupting their everyday sports.
The research mentioned the regulatory implications of these cybersecurity stressful situations. The pharmaceutical enterprise, being tremendously regulated, is needed to paste to stringent facts safety requirements. The failure of common safety answers to offer precise enough safety now not most effective jeopardized touchy records however moreover risked non-compliance with prison and moral requirements, potentially main to intense criminal and economic repercussions.
In addressing these annoying situations, the look at shed light at the want for a tailor-made method to cybersecurity inside the pharmaceutical region. This worried now not really the adoption of advanced technical measures however also an intensive understanding of the arena's operational realities and regulatory surroundings. The findings emphasized that the improvement and implementation of powerful community safety and cryptographic solutions necessitated a collaborative attempt amongst cybersecurity professionals, organization stakeholders, and regulatory our bodies.
The have a look at concluded that addressing the ideal cybersecurity traumatic situations of the Indian pharmaceutical enterprise grow to be essential for shielding its digital belongings. The studies encouraged for a shift away from reliance on popular protection solutions towards the development of bespoke safety frameworks. These frameworks had to be resilient sufficient to protect in the direction of the cutting-edge and emerging cyber threats on the identical time as being flexible sufficient to evolve to the evolving landscape of the pharmaceutical enterprise. By highlighting these disturbing conditions and the inadequacies of contemporary solutions, the have a look at underscored the urgent need for a strategic overhaul of cybersecurity practices in the quarter [8].
[bookmark: _Toc159536861]1.3 Aim and Objectives
The primary intention of this observe is to enhance the cryptography and network protection framework especially for the Indian pharmaceutical enterprise, ensuring the safeguarding of essential statistics towards cyber threats. The objectives to attain this aim include:
1. To become aware of and recognize the precise cybersecurity demanding situations faced with the aid of the Indian pharmaceutical area.
2. To leverage deep studying techniques, together with Convolutional Neural Network (CNN) and Recurrent Neural Network (RNN), to research encrypted traffic and stumble on ability cyber threats.
3. To examine the effectiveness of the proposed techniques and their adaptability to the evolving cybersecurity panorama.
[bookmark: _Toc159536862]1.4 Research Questions
1. What are the precise cybersecurity challenges encountered through the Indian pharmaceutical industry in the context of network protection and cryptography?
2. How can deep gaining knowledge of fashions, together with CNN and RNN, be effectively utilized to enhance the detection and evaluation of encrypted cyber threats within the pharmaceutical area?
3. What are the maximum appropriate cryptographic algorithms and security protocols for protecting statistics in the pharmaceutical supply chain?
4. How do the proposed safety features carry out in practical implementations within pharmaceutical companies, and the way can they be optimized for better efficiency?
[bookmark: _Toc159536863]1.5 Significance of the Study
The importance of this examine turned into profoundly felt in the Indian pharmaceutical quarter, because it ventured to address the sector's dire need for specialized network security and cryptographic measures. The research became pivotal in conceptualizing and crafting a protection framework that become no longer only robust but also meticulously tailored to meet the exceptional needs of the pharmaceutical industry. This endeavor became aimed at fortifying the defenses towards cyber threats, thereby bolstering the safeguarding of sensitive statistics and intellectual property which can be the bedrock of the pharmaceutical domain.
	One of the number one achievements of this look at was its widespread contribution towards enhancing the safety of important facts in opposition to a myriad of cyber threats. The studies meticulously outlined and applied security measures that have been specifically designed to shield the sensitive facts and intellectual property inherent to pharmaceutical operations. This initiative become instrumental in upholding the integrity and confidentiality of invaluable pharmaceutical data, consequently mitigating the dangers posed by way of cyber intrusions.
The research played an important role in fostering trust within the pharmaceutical environment. By making sure the reliability and protection of records change across the elaborate deliver chain, the study instilled a sense of confidence amongst stakeholders. This changed into especially significant in an industry in which the seamless and secure sharing of statistics is crucial for operational efficiency and regulatory compliance. The establishment of a stable records trade mechanism was pivotal in reinforcing the collaborative and interdependent nature of the pharmaceutical enterprise, thereby enhancing its usual resilience in opposition to cyber threats.
In addition to addressing the instant wishes of the Indian pharmaceutical zone, the have a look at made a tremendous contribution to the wider field of cybersecurity. It ventured into uncharted territories through exploring the application of advanced deep gaining knowledge of techniques and cryptographic algorithms inside the context of pharmaceutical operations. This revolutionary technique not most effective enriched the existing frame of know-how in cybersecurity however also paved the way for novel security methodologies that would be leveraged throughout diverse industries.
The effects of this research had been now not restrained to the area of academia or the pharmaceutical region on my own. They offered valuable insights and frameworks that have the potential to be adapted and implemented with the aid of different industries grappling with similar cybersecurity demanding situations. By losing mild at the particular cybersecurity needs of the pharmaceutical enterprise and addressing them via tailored security measures, the study set a precedent for the way different sectors could method their cybersecurity worries.
[bookmark: _Toc159536864]
Chapter 2: Literature Review
[bookmark: _Toc159536865]2.1 Introduction
	This chapter examines the important role that cryptography plays in securing modern pharmacy networks and protecting sensitive patient health information. As the pharmacy sector increasingly adopts new digital technologies and moves toward greater use of electronic health records, electronic prescribing, and digital supply chain management, ensuring strong encryption standards is becoming even more crucial. In the chapter, each cryptography method and best practice for pharmacies as well as ensuring that privacy is protected and that health requirements are followed It is that fundamental encryption methods described in both symmetric and asymmetric cryptography form the core for safe communication. In addition, it will highlight the real-life applications of cryptography, i.e. virtual private networks, digital signatures, authentication and secure storage and transmission of data including encryption methods. Security Measures: Amidst the challenge of determining the core elements of network security that are centered on strong encryption, the chapter also presents prominent network security measures such as firewalls, intrusion detection, and access control. Thirdly, the chapter goes ahead and speaks about the involvement of cryptography in the emerging technologies that are looming on pharmacies, including Block chain and the Internet of Things. Through grasping these cryptography basics and possible strategies, one can develop proper security approach for their pharmacy facilities and ensure that the confidential data of their patients enjoy protection.
[bookmark: _Toc159536866]2.2 Cryptography
	Cryptography, in today's world, is an active participant in every aspect of an individual’s life with its most important field being security communication and data security in different sectors. Due to the multitude of tactics and apps that are all the time improving to facilitate overcoming new dangers and difficulties. Cryptography’s capability of ensuring the data was not compromised or altered during transmission is one of its greatest strengths. Cryptographic algorithms can be employed to assert and maintain the integrity of data from being tampered with or a played. This ensures that data don’t have any implications on the integrity of information during interaction and storage phases. Encryption algorithms ensure that any changes in the encrypted data prevent the decryption process from being successful. In other words, such changes will trigger the decryption system to return a failure or “noise” thus alerting the receiver to the fact of potential tampering [9].
	Reasonably, the non-reject ability which a digital signature avails is another distinctive feature. Digital signatures through asymmetric key encryption adds up to attesting the honesty of some documents. The sender of the text can sign the message by using their private key, which is needed to generate a unique digital signature, and the public one can be used to verify it at any time. Thus, it assures us that the given message is not revoked and not changed afterwards — it is going to be sent exactly as it was set up. The cryptography also enables key exchange, which in one way or another is necessary for creating secure communication channels. Examples of such kind are protocols like Diffie-Hellman which enables the regular exchange of private keys by both parties without any doubt of insecure channel. Thus, the shared key becomes the symmetric-key that in turn remains independently engaged for the encryption protocol warranting the confidentiality of the communications. One of the main strengths associated with the use of cryptography is the fact that it is applicable beyond just the traditional communication techniques. This is ultimately used in performing data encryption tasks. It is widely used in secure e-commerce transactions where sensitive information is protected such as credit card numbers and personal data. They are also deployed in private messaging apps, password safekeeping solutions, remote servers and many more scenarios that involve end-to-end data privacy [10]. 
	Lately, not only the rapid development of technology like block-chain and homologous encryption, but also the growth of cryptography the area has expanded. Block chain heavily base on cryptographic procedures that provide the ledger with the immutability and the authenticity characteristic that is distributed. Isomorphic encryption allows an operation or functional calculation to be performed on the encrypted data without having to decrypt the data in order to make information privacy-preserving data analysis and calculation possible. Overall, cryptography is a dynamic and vital area which having a cutting edge technology expands with the passing time. Disclosure, confirmedly, its confidentiality, integrity, authentication, and nonrepudiation makes data sent or stored in this digital world reliable [11].
[bookmark: _Toc159536867]2.2.1 Symmetric Cryptography:
	The Symmetric cryptography uses a single key for both the encryption and processes of decryption. This key must be confidential between the communicating parties. The encryption algorithm takes plain text and turns it into cipher text using a key, making it unreadable to anyone but the key. Once received, the receiver uses the same key to parse the cipher text back into plain text. Due to its simplicity and efficiency, symmetric cryptography is widely used to protect data transmission and storage. However, the main challenge is to share the private key securely between the communicating parties, as any compromise of the key protocol can jeopardize the security of the confidential information [12].
[bookmark: _Toc159536868]2.2.2 Asymmetric Cryptography:
	Asymmetric cryptography, also known as public-key cryptography, uses two keys: a public key and a private key. The public key is widely distributed and used for encryption, while the corresponding private key is encrypted and used for decryption. This approach solves the fundamental classification challenge in symmetric cryptography. Public keys are usually algorithms, but in SSL, TLS, etc., they are usually secured in security protocols. Digital signatures, key exchanges, etc. are needed for sensitive information and machine authentication, and resolving authentication is done in diphthongs. Trust increases across circuits and networks [13].
[bookmark: _Toc159536869]2.2.3 Essential Services of Cryptography:
	Cryptography comes with a number specific to services of digital transactions protection and preserving the security of data. Security ensures that only permitted users are identified via encryption, thus ruling out any eavesdropping or interception. Integrity verification assures that data doesn’t change while in its transiting position or while being stored and also protects it from being tampered with or corrupted. Authentication techniques assure the party giving its identity is verified, a measure which fosters prevention of masquerade or unauthorized access. Denial mechanisms are used to force an answer and, in so doing, emphasize credibility as well as trustworthiness in digital communications. They also serve as a grounds work for secure communications, comprising of confidentiality, integrity and trust of digital entities such as communication, networking and data storage [14].
[bookmark: _Toc159536870]2.3 Network Security
	Network security systems dace with crimes like intrusion detection and prevention systems (IDS/IPS), which watch network traffic for malefic actions or known rising trends in cybercrime. Such systems are able to prevent and reduce the traffic by illegitimate sources and block any attempts to spread malware in the network. The firewall acts as a key feature of the network security by putting up an obstruction which splits an internal and external networks. They filter incoming and outgoing packets; control the passing data, and disconnect the anonymous connection and also the junk data. Also included in the upgrading the equipment and software of the network is another area that is of great importance in the network security. By benefit from emergency interventions and latest security updates organizations are able to identify the weaknesses and risk which might be used by criminals. Security for networks also includes measures to help against the DDoS attacks, where the purpose here is to overload the resources and thus impacts the services. Dos evaluation strategies which include: traffic filtering, rate limiting and specific hardware implements and denies bad traffic. Or the use of cloud-based services [15].
  	Network security includes security awareness and training programs for employees. Human error and social engineering attacks are common sources of sensitive information, so it’s important to educate employees on best practices, such as managing strong passwords, detecting phishing emails, and being careful with sensitive information to be shared. 
[bookmark: _Toc159536871]2.3.1 Firewall:
	Firewalls act as barriers between trusted internal networks and trusted external networks, such as the Internet. Incoming and outgoing network traffic is monitored, and default security rules are enforced to prevent unauthorized access and malicious activity. By analyzing packet headers and data payloads, firewalls can filter traffic based on criteria such as IP addresses, ports, and protocols, thus preventing cyber-attacks including unauthorized login attempts, malware infections, and denial of service attacks. You can protect network resources from threats [16].
[bookmark: _Toc159536872]2.3.2 Intrusion Detection and Prevention Systems (IDPS):
	IDPS solutions continuously monitor network traffic, configuration information, and event data to detect and respond to potential security threats in real time. Various detection techniques such as signature-based detection, anomaly detection, and behavioral analysis are used to identify suspicious or malicious activity Detection of a security event enables IDPS systems to take immediate action to remove threat effects or mitigate, such as preventing offending vehicles, safety officers will trigger alerts, or perform automatic responses [17].
[bookmark: _Toc159536873]2.3.3 Access Control:
	Accessary device systems regulate access in terms of the theory of minimum special rights, which certainly ensures that only those with power or equipment can access it and specifically includes useful forms of authentication, biometrics, and multi-moving authentication-based entry. The security system is introduced and unauthorized access attempts are limited by blocking critical systems, data, and services, thus reducing the risk of data breaches and threats resulting in unauthorized access attempts [18].
[bookmark: _Toc159536874]2.3.4 Encryption:
	Encryption is the process of converting plain text data into cipher text using cryptographic algorithms and keys, making it impossible for unauthorized people to read. It ensures confidentiality and integrity by protecting sensitive information against eavesdropping, interception, and modification during transmission or storage. Secure communication protocols such as SSL/TLS use encryption, while disk encryption File encryption and encrypted data have device or cloud protection. Encryption plays a key role in protecting sensitive data, maintaining privacy, and complying with legal requirements for data security and privacy [19].
[bookmark: _Toc159536875]2.3.5 Virtual Private Networks (VPNs):
	VPNs are secure, encrypted connections to public or untrusted networks, such as the Internet, that allow remote users to access secure private network resources. Through the encryption of data transferred between the user’s device and the VPN server, VPNs protect sensitive information from interception and unauthorized access. VPNs establish a secure path through which data flows, ensuring privacy, integrity, and confidentiality for remote access to networks. Organizations often use it to provide secure remote access to employees, contractors, and associates, as well as to broadcast information via public networks to branches and protect the headquarters oath [20].
[bookmark: _Toc159536876]2.4 Impacts of Cryptography on Network Security 
	Cryptography has had immense impacts since its widespread adoption in securing network communications and digital systems. As just about all modern digital interactions involve some element of networked data exchange or storage, the ability to encrypt information and validate identities has become critical. The development of public key cryptography in the 1970s established a way to securely exchange secret keys required for encryption between any two parties over an insecure network. This breakthrough essentially enabled the privacy and security it now associate with online activities. Banking, shopping, document sharing - any process involving transmission or storage of sensitive data can employ cryptographic protocols to maintain confidentiality and integrity. Authentication methods ensure users are who they claim to be, and digital signatures verify the authentic source and unmodified state of files. This all-important foundation of trust in digital environments has fueled extraordinary growth of networked technologies touching all aspects of the global economy and society. Governments and businesses rapidly deployed encryption to protect financial transactions, personal records, and classified information resources [21]. Home users gained privacy and protection from network threats. Cryptography eliminated many barriers to e-commerce by letting online vendors securely accept payments. Its use widened to communication platforms, operating systems, wireless networks, and more. Criminals and hostile agents were deprived of vulnerabilities once exploited for cyber-attacks and data theft. Overall network and data security improved drastically, validating tremendous investments in internet infrastructure. Even hackers turned to cryptography for malicious purposes like ransom ware, underscoring its effectiveness when properly applied [22].
	While periodically challenged by a few advocating "backdoor" access, the consensus of technical and policy experts affirm strong cryptography as an indispensable tool. No realistic alternative exists for the assured confidentiality, authentication, and integrity it provides at both technical and economic scales. Any degradation risks irreparable damages to individual rights and national industries alike. Going forward, post-quantum algorithms will help sustain security against potential quantum computing threats as well. In all, cryptography has revolutionized networked living and commerce by enabling implicit trust across both digital and societal systems. Its continued development remains crucial for an open, prosperous, and just cyber future [23].
[bookmark: _Toc159536877]2.5 Cryptography in Securing Pharmacy Networks 
	Cryptography plays a vital role in securing pharmacy networks and protecting sensitive patient information. As pharmacies increasingly digitize records and prescriptions are e-prescribed and filled electronically, ensuring data privacy and integrity through encryption is paramount. Cryptographic protocols allow sensitive details like medical diagnoses, prescribed medications, insurance statuses and payment information to be transmitted securely between prescribers, pharmacies, insurers and other healthcare entities. This improves smooth care coordination and gives patients peace of mind that their private health information won't be compromised [24].
	Encryption of data stored at rest on servers, computers and backup drives is an essential component of the data security within the pharmacy networks. Therefore, unauthorized access to hardware or data breaches are not possible. For the pharmacy network to be protected from bypassing or sniffing, it is turning to SSL/TLS cryptography protocols when accessing electronic records or when possessing prescriptions online to guard all approaches. Two-step verification employing cryptographic methods like one-time-password technology gives additional protection on the condition that only the individuals authorized on the system can access the confidential pharmacy system and patient account. Digital currency order controlling and inventory management that involves cryptographic digital signs transfer maintain the source of substances in the whole supply. Using cryptography i.e. NCPDP Script makes it possible that pharmacies take part in interoperability frameworks to exchange prescriptions between pharmacy systems [25]. This makes it possible for a patient to pick-up their medication(s) at their choice(s) among the network of pharmacies, which serves the purpose of coordination of care. Overall, pervasive use of cryptography has bolstered confidence in digital pharmacy workflows and technology innovations that deliver higher quality care, while respecting patient privacy rights. As threats evolve, ongoing cryptography advances will continue fortifying these systems.


[bookmark: _Toc159536878]2.6 Overview of India's Big Pharmacy Sector:

	India has a large and rapidly growing pharmacy sector serving a population. The market is expected to reach billion by 2023. The market comprises generics, biologics and special therapies like oncology are gaining prominence. Rising lifestyle diseases and an aging population are driving demand. E-pharmacies have also emerged as a major disruptor, growing 4x in recent years through online platforms that deliver medicines to customers’ doorsteps. Digitalization and networking of pharmacy operations remains limited compared to developed nations due to cost and technical barriers. Many local pharmacies lack capital investments in core IT infrastructure, and hire uncertified technicians on minimal budgets for fragmented systems. This results in inadequate security controls and compliance. Additionally, acute staff shortages plague the expanding sector as pharmacists migrate overseas or switch careers. According to recent surveys, over 20% of positions remain vacant in some regions [26].

	Pervasive use of strong cryptography will be important for the pharmacy sector to realize efficiency and transparency gains from advancing technologies, while remaining compliant with evolving data protection and privacy norms. Adopting open security standards promotes participation in regional health exchanges. However, success relies on addressing systemic challenges. Grand initiatives by industry bodies could facilitate affordable technology transformation roadmaps, skill development and accreditation of cybersecurity professionals. Enhancing digital literacy through training programs empowers pharmacists to prioritize best practice [27]. Coupling huge pharmacies, start-ups and the government can forge joint development and better position the industry's long-term stability and robustness. The role of networked approach utilizing systems that holds the faith of people can strengthen pharmaceuticals industry of India with its proactive approach.


[bookmark: _Toc159536879]2.7 Network Security Infrastructure in Indian Pharmacies:

	Nowadays, the majority of Indian pharmacies use firewalls and antivirus software for basic protection. However, strong encryption adoption is limited by inadequate funding, expertise, and oversight of compliance. Hardware security modules and encrypted VPNs are rarely found within networks. Consequently, remote access to pharmacy systems by mobile workers lacks stringent authentication and data protections. On-premise servers holding sensitive patient records and inventory databases also remain at risk without full-disk encryption enforced. Providing encrypted offsite backups has even less priority. Upgrading core infrastructure with expert guidance and continual maintenance will strengthen network perimeters against multifaceted cyber-attacks. Investing in next-generation firewalls configured with strict access policies helps segment zones of trust. This includes segregating clinical and supply chain systems to limit damage from internal compromises. Implementing endpoint detection and response solutions improves visibility of anomalous activities on workstations. Virtual firewalls in public cloud environments demand customized rules and monitoring [28].

	Safeguarding on premise servers demands security hardened configurations, file integrity monitoring and hardware security modules for cryptographic operations. User input validation and output sanitization on web applications mitigate injection flaws. Enabling privacy-protecting offsite backups to irrecoverably deleted or encrypted backups facilitates disaster recovery without exposing stored records. User training and strict access policies governing user privileges and accounts on clinical and inventory IT systems also require strengthening. Mandating regular password changes and complexity rules prevent credential compromise. Robust identity and access management tools controlling individual access rights based on job roles prevent lateral movement exploiting single sign-on. Up-to-date patch management and preventative controls against advanced persistent threats reduce underlying vulnerabilities continuously leveraged by attackers. Cloud migration necessitates diligent third-party vendor risk oversight through audits and contractual commitments [29]. 

[bookmark: _Toc159536880]2.8 Cybersecurity Landscape in India's Pharmacy Sector

	The cybersecurity posture and maturity in India's pharmacy sector is mixed. Larger corporate pharmacies with deep IT investments generally have stronger controls compared to smaller local pharmacies. However, even the large chains face constant challenges posed by evolving cyber threats and increasing regulatory requirements. Traditionally, most pharmacies prioritized basic malware protection and firewalls while neglecting modern best practices around identity management, access controls, encryption, patching and security event monitoring. This has resulted in some high-profile data breaches in recent years.  While audit findings indicate growing security spending among major pharmacy operators, fragmented legacy infrastructures remain difficult to fully safeguard. Skilled security talent is also scarce compared to the size and complexity of the industry. Adoption of healthcare specific standards relating to HIPAA and data privacy compliance is inconsistent [30]. The dispersed nature of the sector with thousands of suppliers and distributors introduces third-party risks if not properly governed. Additionally, the immature regulatory environment has allowed underground markets for stolen medical records to thrive. Proactive steps like implementing zero trust architectures, prioritizing cloud security, bolstering user awareness and conducting threat modeling will be important for the sector to successfully defend against advanced cybercrime groups increasingly focused on healthcare. Collective action through public-private information sharing on threats and resilience best practices can also help strengthen security postures industry-wide. With growing digitalization inevitable, a risk-based approach balanced with efficient compliance will be key.


[bookmark: _Toc159536881]2.9 Compliance and Regulatory Considerations:
	Pharmacy encryption practices require aligning with India's Information Technology Act, which governs cybercrimes and digital evidence admissibility. Organizations must also adhere to the evolving Health Insurance Portability and Accountability Act privacy, security and breach notification guidelines for protecting personal health information. Demonstrating compliance to such frameworks is crucial for maintaining patient and doctors' trust. Regular third-party audits and acquiring certifications like ISO 27001 for information security management systems helps boost organizational credibility. Cross-border e-prescription and pharmacy automation increasingly necessitates understanding international user consent models, data residency and privacy laws [31]. As healthcare globalizes, protecting offshore data transfers poses challenges. Future domestic legislation may impose even stricter norms around breach disclosure, consent withdrawal and access controls. The draft Personal Data Protection Bill, 2018 also aims to regulate all foreign and domestic processing of personal information of Indian citizens. Strengthened National Accreditation Board for Hospitals and Healthcare Providers guidelines further press pharmacies for adoption of technical, administrative and physical security controls. Periodic conformity evaluations ensure continued best practices like encrypted wired and wireless endpoints, firewalls, and strong authentication and authorization systems. As threats evolve, regulatory expectations will likely demand advanced measures such as next-gen endpoint security, identity federation and fraud monitoring dashboards. Strict documentation and certification of compliance activities therefore becomes indispensable [32].
[bookmark: _Toc159536882]2.10 Challenges and Emerging Threats:
	Growing digitization provides opportunities, it exposes the sector to sophisticated cyber threats. Ransom ware attacks are increasing with cybercriminals targeting healthcare for its sensitivity and pay-off potential. These attacks have risen dramatically during the COVID-19 pandemic as hackers sought to exploit strained healthcare systems. Ransom ware operations now use complex attack methodologies including reconnaissance of victim networks, initial intrusions using stolen credentials or vulnerabilities, lateral movement to infiltrate other systems, and finally deployment of encrypting malware. Some groups specifically design variants to target medical equipment for potentially life-threatening consequences if devices are encrypted and taken offline. Insider threats from privileged users remain a top risk [33]. With access to sensitive clinical and operational systems, rogue employees and business associates can cause severe damage through data theft, system sabotage or confidentiality breaches. Strained IT budgets also limit advanced security investments despite rising compliance needs. Most Indian pharmacies have low expenditure on security that fails to match growing requirements. This results in outdated controls infrastructure unable to check new vectors.
	A shortage of skilled security practitioners further hampers effective remediation. Qualified information security experts commanding strong technical abilities are scarce in the country. Traditional perimeter defenses also struggle against cloud environments and mobile workforces where endpoints are harder to centrally govern and monitor. Emerging technologies like Internet of Medical Things also usher new attack vectors as healthcare IoT devices bring new vulnerabilities and expansion of surface areas if left unpatched and misconfigured. Advanced Persistent Threat groups specifically target Indian healthcare using social engineering and custom malware uploads suited for industry terminology and processes. They engage in prolonged surveillance until finding a way past protections. Cryptography must therefore proactively adapt to detect and repel multi-stage attacks instead of only providing post-breach security. Continuous security maturity assessments and mitigation planning help address challenges in a systematic manner [34].
A number of issues and new developments in the field of network and cryptography integrity in the state of Indiana health care sector influence the course of cybersecurity adaptability. Cybersecurity becomes critical as healthcare companies like Augmedix depend more and more on digital technology to handle sensitive medical data. The use of virtual-reality (Augmented Reality devices) by Augmedix for clinical records highlights the necessity of strong security protocols since the collection, transcription, dissemination, and storage of private medical data require strict defense against cyber-attacks. A successful information security posture can be achieved, but there are a number of obstacles to overcome, one of which is the requirement for real-time event tracking and reacting skills. A prime example of the rising need for proactive security solutions that can identify and mitigate cyber threats in real-time is Augmedix's collaboration with Trust wave to integrate its Managed Detection & Response (MDR) product [35].
Adopting efficient security procedures is also essential in the pharmaceutical industry, where managing confidential and personal data is crucial. Frequent risk assessments help businesses prioritize security measures and allocate resources more effectively by allowing them to detect and assess potential flaws and vulnerabilities in their infrastructure and systems. By ensuring that only authorized individuals may access critical systems, access controls based on roles (the RBAC system), two-factor authentication (multi-factor authentication), and solid username and password restrictions help reduce the risk of data breaches and illegal access.
Programs that raise workforce awareness of cybersecurity risks and phishing assaults are also essential for promoting early reporting of questionable activity and teaching staff about prevalent cyberthreats. By detecting and neutralizing threats instantly, using network firewalls, detection and prevention systems for intrusions (monitoring service), protection for endpoints, and gateways improves proactive defense against cyberattacks. Adding security measures at the beginning of the software development life cycle, strengthening security posture, and speeding up application delivery are all part of the DevSecOps adoption, a recent development in the delivery of software [35].
Both the severity and number of cyber threats are increasing, even if effective strikes on pharmaceutical firms are very rare when compared to other sectors. Substantial attacks like the 2017 NotPetya malware attack, have brought attention to the susceptibility of pharma supply chains and the necessity of ongoing investments in cybersecurity capabilities. For businesses to reduce the risk of cyberattacks, they must stay up to date on new threats and invest in cutting-edge security solutions like zero-trust architecture.
Furthermore, as more and more essential workstations and safety-critical apps depend on specific chips, chip-based cybersecurity is becoming a crucial factor for pharmaceutical firms to take into account. In order to reduce the possibility of intrusions and maintain the integrity of vital systems, chip makers and OEMs have prioritized chip-level security following the revelation of well-known security flaws like Meltdown and Spectre. Early investments in cryptography and network security measures is crucial for pharmaceutical companies to navigate these changing trends and challenges. This will help to protect sensitive data, preserve intellectual property, and maintain the reliability of operations within Indiana's pharmaceutical sector [35].
[bookmark: _Toc159536883]2.11 Block chain Technology and Supply Chain Security:
	Block chain provides an opportunity to revolutionize pharmacy supply chain visibility and security through cryptography. By encoding drug transactions as chained blocks with hashes and digital signatures, the technology can establish provenance without central oversight. It aids to track down fraudulent or contaminated drugs immediately improving the recall management Cold chain integrity is crucial for biologics, and this is practiced with tamper-proof recordkeeping of temperature-controlled transportation and storage. Smart contracts accomplish the automatic reordering of stocks once the inventory level drops down to a certain level. Enabling block chain together with the standardized cryptographic technologies may result in supply chain interoperability by allowing the permissioned access across organizational boundaries. The scalability issues, upgrade troubles and potential Single-ledger vulnerability can’t be overlooked, which requires intensive testing before block chain becomes a common method to secure pharmacy supply chain system. With technological safeguards being in the foreground, security, however, is hard to achieve without knowledgeable users. Pharmacists and staff trained in secure behaviors should also be empowered to lower risks through awareness campaign must always point out how cyber threats are evolving and ways to prevent them. Training modules must focus on secure authentication, device management, password hygiene, email safety, BYOD risks and apart from that also social engineering response. One of the exercises that act as a phishing practice is simulated phishing which develops risk assessment skills. Leadership ought to promote a security-led environment where their personnel are seen as proactive in malfunction reporting instead of risk aversion. Incentivizing security champion roles can bolster engagement. Additionally, enrolling vendor and third parties operating within networks into awareness ensures responsibility is shared beyond internal stakeholders. Periodic assessment of the "human firewall" strengthens overall protection depth.
By improving transparency and integrity via the application of cryptographic standards, the use of blockchain offers a singular potential to completely transform the pharmacy supply chain. Blockchain reduces the possibility of tainted or counterfeit medications entering the supply chain by encoding medicinal transactions as linked blocks with hashes and digital signatures, establishing provenance without the requirement for centralized control (Kim and Kim, 2024). This improves memory coordination and makes it easier to instantly track the origins of drugs, allowing for quick response in the case of a safety issue. Additionally, blockchain ensures the integrity of the cold chain by enabling tamper-proof documentation of temperature-controlled transit and storage, which is especially important for biologics and other medicines that are sensitive to temperature [36]. Blockchain-enabled digital contracts can streamline the administration of supplies by automating reordering procedures based on preset criteria and minimizing human participation. The promise for promoting supply chain connectivity through permissioned accesses across organizations, increased transparency, and cooperation may be realized through the integration of blockchain with cryptography standards. But before blockchain is widely used in pharmaceutical supply chain security, there are a number of issues that need to be thoroughly tested, including scalability, upgradeability, and vulnerabilities related to single-ledger systems. Although blockchain offers technological protections, efficient security also depends on a user base of informed individuals. Thus, awareness campaigns need to teach security best practices and keep pharmacists and staff up to date on new cyber dangers.  [37] Suggest that learning sessions should prioritize topics such as reliable authentication techniques, handling devices standards, email security measures, dangers related to Bring Your Own Device, or BYOD, rules, and tactics for thwarting social engineering assaults. Phishing simulations can help with risk assessment and increase readiness. A risk-centric environment where employees proactively report abnormalities and support security activities is greatly enhanced by leadership. Cybersecurity support positions that offer incentives can increase participation and foster a culture of shared accountability. It also guarantees that security obligations are shared throughout the whole supply chain ecosystem when suppliers and other third-party stakeholders operating inside the network are included in awareness campaigns. Testing the "human firewall" on a regular basis increases the pharmaceutical supply chain's overall resilience and depth of defense against new threats.
Top of Form

[bookmark: _Toc159536884]2.12 Factors and Security Awareness
	While technology plays an important role in security, the effectiveness of any security program ultimately depends on human behavior. Even the most advanced technical controls can be undermined by a single careless or malicious user action. Therefore, raising security awareness among all users and cultivating a strong cybersecurity culture is paramount. Regular security awareness training that educates users about threats like phishing, password safety, and acceptable use of work devices and data classification helps foster better cyber habits. It is also important to train users how to identify and report potential security incidents. Leadership buy-in is needed to role model good security practices and shape organizational norms. Appointing security champions and offering recognition programs can help motivate employees to adopt recommended behaviors [38]. Simulation exercises like mock phishing attacks are effective for reinforcing lessons learned in training and assessing compliance over time. Clear, accessible security policies and protocols also guide users on their security roles and responsibilities. User testing of recently implemented security tools helps identify areas for improved usability. Addressing security fatigue through relaxation of excessive security controls that impede productivity can boost user cooperation. Involving end users in security strategy and demonstrating the impact of their actions keeps them engaged as stakeholders rather than subjects. Tracking the periodic awareness surveys and metrics for existing measures, finds out their effectiveness and the need for changes over time. The proactive, multi-layered approach humanity, rather than only security inorganic and nonhol is the cornerstone of developing a dynamic security awareness within collective space [39]
A number of variables and security-related concerns are important in determining the state of cryptography and network security in Indiana's healthcare sector. In accordance with data from the Indiana Economic Research Center, Indiana currently leads the nation in pharma trade, highlighting the economic importance of the industry and the need for strong security measures. Yet, considering the growing cyber dangers that the pharmaceutical business faces, more security awareness is essential. Pharmaceutical firms are attractive targets for cyber attackers due to many factors, including the growing digitalization of their operations, their dependence on linked systems for investigation and distribution, and the value of their intellectual property and sensitive data.
	The Indiana Executive Council on Cybersecurity has released two extensive resources, the Healthcare Cybersecurity in a Package 2.0 and the Cybersecurity Insurance Toolkit, which emphasize the significance of security awareness in the industry and the identification of these variables. These toolkits help pharmaceutical companies enhance their network security and crypto defenses as they unlock treasure of tools and wisdom. To illustrate, the Healthcare Cybersecurity in a Box 2.0 toolbox provides customized help in the eighteen important areas of cybersecurity and three skills levels, which is very useful to improve healthcare institutions’ defenses against cyber-attacks [40]. Pharmaceutical companies could as well take into account the Cyber Insurance Toolkit, the price of insurance for cyber liability when making the risk management plan a part of their strategic plan. The purpose of this booklet is to raise cyber security awareness in the sector and provide information about the coverages guarantee by cyber insurance plans and advice on how best to put a good security protection in place. It underlines how the risks must be managed actively in a timely manner and the rules and regulations of the law must be complied with in order to lessen the financial loss in a cyber-attack.
	The role of these toolkits goes beyond just providing resources as they act as boosters for a robust online security posture and defensive attitude towards risk management in Pharmaceutical industry in Indiana. Security awareness has to become essential for companies to be able defend their assets from cyber threats in the light of data sensitivity and intellectual property significance. These toolkits enable pharmaceutical companies to acquire the necessary knowledge and tools to safely and timely respond to the changing threat landscape, helping the industry to prosper economically and ensuring its perpetual growth and competitiveness. The pharmaceutical industry in Indiana heavily attached to confidential information, relies on networked systems, and digitization of operations is continuing. This and many other things are the reasons to make security awareness an essential entity. In reaction to these questions, the Indiana Executive Council on Cybersecurity has provided toolkits that are extensive and give the pharmaceutical firms the tools and direction they need to develop their network security and cryptography defenses. These toolkits are vital in ensuring the economic viability and competitiveness of the cybersecurity industry in an increasingly digital environment through the promotion of a culture whereby resilience and proactive risk management are the norms.


[bookmark: _Toc159536885]Chapter 03: Methodology
[bookmark: _Toc159536886]3.1 Overview 
This methodology makes an in-depth analysis of cryptography and network security issues and adapts them to the special environment of the Indian pharmaceutical sector. The main idea behind this methodology is to strengthen cryptography, network security and the protection of drug industry records and intellectual property against the threat of hacking, data breaches and cyber espionage. This goal is aligned with those objectives that lie in the proper characterization of tasks of pharmaceutical industry, finding out the unique problems of this business and establishing a safe ecosystems in these industries through the use of strong security measures. As a measure of proficiently analyzing encrypted traffic and identifying risks of cyber threats, we propose a methodology that is based on advanced models of deep learning which succinctly combine Convolutional Neural Network (CNN) and Recurrent Neural Network (RNN) techniques and cryptography algorithms.
Depending on this idea, the first thing our strategy will do is to think of the industry-specific network security measures that will need to be deployed. This aims to stop malicious parties from entering the system and accessing the safe data by implementing state-of-the-art intrusion detection and prevention systems, as well as access control measures. This study also investigates the use of encryption methods to secure data transmission and storage, making sure the integrity and confidentiality of drugs’ supply chains. In this study, AI technology will be applied to enhance the pharmaceutical industry’s cyber security capabilities. It can lower the risk of information leakage and illicit access by means of identification and response to the cyber threats based on the integration of AI-based threat detection and analysis mechanisms. This could involve building machine learning models trained on large data sets covering cybersecurity incidents and network traffic patterns that are unique to the pharmaceutical industry.
First phase of this study will be creating a synopsis of the current state-of-the-art approaches, problems encountered, and available solutions based on the findings obtained through extensive literature review. Next, it will employ the NSL-KDD dataset: a widely utilized benchmark dataset in cybersecurity research which includes labeled network traffic samples. Nevertheless, as the percentage of encrypted traffic is only a small part of the dataset representing real life examples, the attacks generated for the simulations will be performed over protocols which are normally used in the pharmaceutical industry, such as HTTPS and SSH, and labelled to match the attack traffic. This approach employs binary classification to differentiate between hostile encrypted communication and passive traffic, which is generalized to a few domains such as pharmaceuticals.
It will perform string updating, normalization, and one-hot encoding to preprocess the dataset so that data ready for analysis and training of neural network models. This task is critical for model efficiency and the deep learning techniques compatibility, which is its main purpose. Additionally, the specific attention will be paid to the SSH protocol in NSL-KDD, as the SSH protocol is one of the most commonly used encrypted attack protocols.

The CNN model is now ready to be harnessed and put into practice. This paradigm, is not only, a good spatial learner, but also, best fitted for, traffic pattern detection. The goal of the CNN architecture is to get the important information and reduce the dimension. To achieve this, this will have many convolution layers then pooling layers. In order to ensure the CNN model is capable of identifying risks of networks in the pharmaceutical industry, various settings of the model will be optimized, such as the size of the kernel and the quantity of neurons in each layer. The RNN model can be implemented simultaneously to preserve the time-series relationships of the encrypted traffic. This model has the advantage of easy monitoring of time-series data in small-scale network systems. Unlike standalone neural networks, the RNN architecture will be able to implement where it has crucial information from the lower level. Nevertheless, it will leverage techniques such as gradient clipping and efficient parameter initialization to make sure of smooth training to avoid the gradient vanishing problem when working with RNNs.
The metrics such as recall, precision, accuracy, false positives rate and false negatives rate will be used to evaluate the results after two models, CNN and RNN, will be trained on the previously processed data. This evaluation will bring clarity to the extent each model is able to detect encryted kind of threats in the pharmaceutical sector. To this end, it will also study the possibility of the generation of hybrid networks by combining the advantages of both CNN and RNN architectures so that the model can use both temporal and spatial information for an enhanced detection. The entity will seek to reinforce the security protocols and cryptographic concepts by designing and implementing the algorithms. Sensitive information and communications will have the AES (Advanced Encryption Standard), ECC (Elliptic Curve Cryptography) encryption applied to it ensuring that the data stays confidential and decipherable from only the authorized parties. Safety of medicine in the same context, digital signatures and block chain technologies have been found to be a good avenue for confirming the legitimacy and integrity of medicine items across the supply chain.
It will undergo assessments and testing procedures, including practice of cyber-attack events and on-site implementation at the pharmaceuticals, to verify the strategy effectiveness. Accuracy, dependability, and scalability are cases of performance metrics that will be used to measure the efficiency of the cryptographic algorithms and security measures. Our approach provides a general theory and reliable framework for the pharmaceutical industry to enhance security and encryption in networks. It offers the guarantees for the protection against the leakage of confidential data and intellectual property through the combination of cutting-edge technologies, stringent testing, and continuous monitoring. This will boost the confidence levels of pharmaceutical sectors.
[bookmark: _Toc159536887]3.2 Pseudo code
1. Initialize: To begin with, do a thorough assessment of the literature on network security and cryptography in the pharmaceutical sector.
2. Data Acquisition and Preprocessing: Gather important datasets, with an emphasis on encrypted network traffic samples from the pharmaceutical industry, for data acquisition and preprocessing.
· Preprocessing the information:Label encrypted communication in accordance with protocols unique to the pharmaceutical industry.
· Use data transformation methods including normalization, and string updating.
3. Establish the Convolutional Neural Network (CNN) architecture as part of the model development process. Set up the parameters of the CNN model (e.g., kernel size, layer count).
· Train the CNN model to extract spatial information from encrypted traffic patterns using preprocessed data.
· Implement RNN (recurrent neural network) architecture:
· Set the parameters of the RNN model, such as the sequence length and hidden units.
· To capture temporal relationships in encrypted traffic data, train the RNN model using preprocessed data.
4. Integrating Cryptographic Models:
· Put into use cryptography algorithms: Select suitable encryption methods (such as AES, RSA, and ECC) to protect sensitive data during storage and transmission.
5. Assessment of the Model:
· Assess the CNN and RNN models' performance: Make use of measures like false positive rate, false negative rate, recall, accuracy, and precision.
· Evaluate the cryptography algorithms' efficiency: Evaluate the efficacy of data integrity protection, including the speed at which data is encrypted and decrypted.
7. Testing and Validation: 
· Carry out thorough procedures for testing and evaluating
· Recreate actual cyber-attack situations and practical implementations in pharmaceutical companies.
· Examine how well cryptographic methods and security measures mitigate cyberthreats and guarantee data integrity.
8. Establishing procedures for ongoing observation of cryptographic and network security measures is the first step toward continual monitoring and improvement.
· Apply input from practical deployments and new developments in cybersecurity to the models on a regular basis.
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Chapter 4: Results and Implementations
4.1 Introduction
The results outlined in this chapter are the key results yielded from the methodology discussed in Chapter 3. The recognition of encrypted cyber threats of relevance to the pharmaceutical industry is performed by the Convolutional and Recurrent Neural Network models, which are then evaluated. Metrics like precision, recall, F1 score, and ROC AUC metrics are used to evaluate model’s accuracy. The cryptographic algorithms effectiveness fighting against sensitive data integrity violation is also being checked. The chapter illustrates the consequences of cyber-attack simulation tests as well as pilot presentations in the pharmaceutical companies. In the end, the solutions are evaluated to determine their effectiveness at reducing risks to establish a secure network encryption in the pharmaceutical sector.
4.2 Results and Implementations
Deep learning models that are specific to the pharmaceutical industry are developed from preprocessed encrypted network traffic data from the KDD Cup dataset. It initializes necessary libraries and trains data from the raw CSV data. The data cleaning starts with splitting to features and labels, dealing with missing values, and normalizing. Dimensionality reduction by PCA is used to tackle the class imbalance problem. Convolutional and recurrent layers are the ones that enable the construction of neural network models which learn spatial and temporal patterns, in encrypted protocols. hyper parameter tuning and callbacks avert over fitting. The final stage is the evaluation of the trained models using metrics such as accuracy and F1 score to measure their ability to classify the relevant encrypted attacks for the Pharma sector.
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Figure 2
This code snippet presents the first 5 rows of the KDD Cup 1999 raw data, which will be preprocessed and fed into deep learning models that will be used to classify encrypted traffic. The dataset consists of labeled network traffic samples, such as normal connections or specific attack types. Traffic features such as source, destination IPs, ports, protocols, as well as content patterns, are described by the feature dimension. This gives a very broad view as it would also focus on labels for protocols frequently encrypted in the pharmaceutical industry like HTTPS and SSH. These models will be developed to identify such encrypted attack patterns so as to strengthen cyber-security of the pharmacy sector which is private.
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Figure 3
This code portion demonstrates the header and first five rows of the raw KDD Cup 1999 data that will later be preprocessed for development of deep learning models for encrypted traffic classification. The dataset is comprised of network traffic samples that are labeled as either normal connections or specific attack types. Traffic features describe how traffic flows with the main properties like basic connection properties, content patterns and distribution of traffic to different hosts or ports. This will capture a wide range of protocols (such as HTTPS and SSH) that are commonly used in the pharmaceutical industry, and hence, they will be appropriately labeled. These models will be designed to recognize these encryptions in attack patterns to improve the cybersecurity for pharmacy sector where the information is more sensitive.
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Figure 4
This graph provides insight into developing deep learning models that can accurately detect encrypted cyber threats against pharmaceutical networks. It reveals that the "normal" category makes up the majority of the dataset, with fewer samples from specific attack types like "neptune" and "satan". This class imbalance will be addressed during model training to avoid bias. The models will focus on correctly classifying less frequent but potentially higher risk encrypted attacks relevant to healthcare protocols. Knowing the distribution of these categories helps optimize the model architecture and hyperparameters for this sector. The ability to identify even rare encrypted threat patterns is important for strengthening network defenses protecting sensitive medical data and systems supporting the pharmacy industry.
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Figure 5
This pie chart detailing the distribution of network traffic types in a city will help develop deep learning models to detect encrypted cyber threats targeting pharmaceutical infrastructure. The models prioritize classifying malware related to the healthcare sector accurately. While over half the city's traffic is normal, the substantial 46.54% labeled malicious requires attention. Encrypted threats hidden within will be a focus. The proportions indicate both malware and legitimate traffic targeting pharmacy protocols exist, but their boundaries may blur. The models leverage population traffic insights, aiming to strengthen encrypted connection analysis for organizations handling sensitive medical data. By reducing classification errors, healthcare deliveries and patient privacy can be better safeguarded through robustly detecting even obscured pharmacy-relevant malicious packets.
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Figure 6
This 3D PCA visualization will help develop deep learning models to classify encrypted malware targeting pharmaceutical networks. The color-coded clusters likely represent different families of encrypted threats. By compressing network traffic datasets into three principal components, underlying patterns may emerge that can guide model development. Sparse regions indicate subtler attack patterns requiring focused analysis. The models optimize feature selection to recognize even obscure encrypted malware variants impacting healthcare. Distinguishing intrusions embedded within normal traffic density regions will strengthen protections for sensitive medical organizations. With robust attack cluster identification in lower dimensions aiding full-space classification, the models enhance capabilities to safeguard complete encrypted pharmacy infrastructure and associated confidential operations and patient information.
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Figure 7
This PCA graph is helpful for designing deep learning models to classify encrypted threats directed against the pharmaceutical infrastructure. The analysis shows that the bulk of traffic data variance can be characterized using a few principal components, which renders the possibility of dimension reduction without important information loss. This means that the network behavior signatures hidden in the encrypted communications can be well recorded in the models, which allows them to operate efficiently. Consideration of top principal components that explain 85% or more of variance will be first priority to ensure optimization of the models and their performance in this domain, thus enabling to detect even subtly masked malware affecting healthcare. Dimensionality reduction will also arise owing to this analysis, making it possible for robust decrypted threat identification, and live protection of medical procedures, and privacy protected health details.
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Figure 8
The principal component analysis graph shows the important factors for developing deep learning models to identify encrypted malware in the context of the pharmaceutical networks. PCA has been widely applied as a method of dimensionality reduction to optimize network traffic datasets for the purposes of deep learning. This figure shows that encryption data variances observed within the encrypted connections are better described by few principal components implying that intricate signatures of encrypted protocols like HTTPS can be efficiently captured while lowering computational costs. with the first crook of the graph exhibiting the major chunks of the variance contributed by the top components, one should build on the important dimensions to improve models’ performance. By conducting this analysis, dimensionality reduction is done and thus enables our models to correctly classify even very subtle encrypted malware variants that affect healthcare without losing a lot of information. Emphasized in this way, the deep learning algorithms could efficiently detect threats within the large amounts of network traffic, which makes it possible to provide in real-time the information on intrusions involving the encrypted formats of sensitive health information or critical medical operations.
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Figure 9
The graph below depicts the class labels assigned to categories of network traffic in the dataset. This will build optimal deep learning models to accurately classify encrypted threat patterns aimed at pharmaceutical infrastructure. The models focus on the detection of encrypted cover malware that affects healthcare services relayed over encrypted protocols. This mapping of tags offers context for interpreting network behaviors and relationships, and tuning model hyperparameters accordingly. Time Series analysis of traffic volumes labeled as malicious encryption variants compared to the normal activity will show seasonality and trends. Model can be used effectively to detect hidden threats that have disguised as permitted patterns. Dimensionality reduction using PCA guided by this analysis will retain important temporal features within the traffic embeddings targeted for encryption. Overall, such a classification of prohibited encryption behaviors regarding regular traffic evolving enhances the model architecture and ensures the efficacy of encryption analyzing that, in turn, is aimed to protect the confidential PHI and to provide high-quality medical services.
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Figure 10
This uses sequential convolutional neural network model that will classify encrypted threats that target pharmaceutical infrastructure. The conv1d layers with 128 and 256 filters extract traffic features from encrypted protocols and detect tiny changes indicating malware. Max pooling and dropout mitigate overfitting, whereas batch normalization assists training. Hierarchical approach retains the sequential nature of relationship data before two densely connected layers could enable encrypted behaviors based on unseen complex non-linear classification. This specific architectural approach will help in enhancing protections of health care systems with protected patient data transported through encryption protocols by extracting temporal and spectral characteristics with high accuracy from encrypted traffic and correctly distinguishing the obscured intrusions from legitimate traffic.
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Figure 11
These performance metrics for the model reveal its capability to categorize encrypted network traffic that targets medical services with accuracy. The model demonstrated extremely high effectiveness in differentiating malicious patterns that emulate allowed pharmacy protocols with accuracy score of 0.99400674737051 and F1 score of 0.9939744003007861 on test data - a key detection feature for the system stability. This information indicates that the model's convolutional and pooling layers have performed well in extracting the key features in the encrypted connections, hence the dense classification layer can identify the malware even the ones whose appearance is subtle. Enhanced security for sensitive healthcare data transmission and activity is achieved by validating the system's ability in this model, which would detect encryption behavior being misidentified that might otherwise block defenses or slip by unnoticed among high volumes of encrypted traffic processed continuously.
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Figure 12

The objective of this convolutional neural network is to classify encrypted network traffic targeting sensitive healthcare systems. The structure consists of two 1D convolutional layers, with 180 and 300 filters each, to extract temporal and spectral features of the encrypted communication sequences. BN and maxpooling enhance performance and prevent over fitting. Complex classifications of encryptions are supported by dense layers. Accurate and F1 scores above 0.99 on validation data reflect on the performance of the model in distinguishing encrypted threat patterns, similar to legitimate encryption protocols, which is crucial for robust intrusion detection and guaranteeing security of protected medical records and operations traversing encrypted channels.
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Figure 13
This recurrent neural network model has reached high accuracy and F1 scores when it comes to the classification of encrypted network traffic aimed at healthcare infrastructures revealing its effectiveness in determining the threats within approved encrypted protocols. Having a validation accuracy of 0.9886088509624925 and F1-score of 0.9877449933814425, the model can be trusted to classify even camouflaged malware signatures available in the vast amount of encrypted traffic aimed at pharmaceutical systems. RNN architecture utilizes sequence information and decrypts hidden behaviors via network encryption. This type of classification capability is necessary for detecting unauthorized encrypted activities in real time that could easily bypass the defense system or may compromise protected health information and medical operation.[image: ]
Figure 14
Chapter 5: Discussion
	The prime objective of this research is to enrich the cryptography and network protection solutions for the pharmaceutical industry of the State of Indiana. The first objective was to understand the cybersecurity challenges faced by the pharmaceutical sector in Indiana, thus the second objective was to analyze the existing cybersecurity systems and protocols in order to identify possible improvements and areas of weaknesses to ensure the safety and security of patient’s information. Through a thorough literature review and study of policy documents of highly regarded organizations like Indiana Executive Council on Cybersecurity, this goal was mainly fulfilled. A key finding came out as the speedy digital transition that was taking place throughout the industry with the movement of operations online. IT systems and technologies interconnected for processes such as research and development, manufacturing, distribution, and use of electronic health records have made this field highly dependent on network infrastructure. On the other hand, the security of data these networks carry and store, including patient information, intellectual property and research data, makes pharmaceutical companies a prime target for cyber thieves. The growth in threats was exhibited especially in the growing sophistication of the methods that were used, opting for advanced techniques in place of the outdated malware and the old hacking approaches of the past [41]. The social engineering techniques that exploit human behavior and the customized malware targeting healthcare organizations were singled out as some of the most perilous emerging trends. This demonstrates the importance of preventive security mechanisms that can identify and suppress threats while they are still emerging by the time the damage has been done, unlike reactive solutions which only take care of previous incidents.
	One of the main issues with cybersecurity in the healthcare industry was that traditional, one-size-fits-all solutions seemed to be not comprehensive enough to completely protect the industry. Where typical controls do not address the specificities of the pharmaceutical processes, the lack of adequate regulatory data protection is the result. This inaction towards the existing regulations guaranteed more risks of being fined and penalties, which subsequently made the company’s position untenable. As attacks spread across technical, operational, and regulatory areas, a solution not dedicated to solving one particular cave must have the ability to react and not be rigid control that cannot keep up. In the course of undertaking a review of current information security postures of the companies, a range of shortcomings have been uncovered, including outdated legacy infrastructure, inconsistent compliance with standards and guidelines, supply chain vulnerabilities emanating from the interactions with multiple dispersed third-party stakeholders, and a scarcity of appropriately skilled security practitioners. The latter join the pool of factors provided by the former in the form of exploitable vulnerabilities for advanced persistent adversaries. Based on the information gathered through the deep research and analysis, the first objective of this study was therefore implemented. From the constructed, comprehensive landscape cyber security specific to Indiana's pharmaceutical sector, it was ascertained where the traditional methods failed miserably and what new solutions were required [42].
	The second objective built on top of deep learning techniques such as convolutional neural networks, and recurrent neural networks, which were used to analyze encrypted network traffic patterns with the objective of detection of potential cyber threats. The promising outcome was achieved through initial testing on the publicly available datasets which contained examples of both, benign and harmful encrypted communications. Convolutional and LSTM models achieved 99 percent accuracy in differentiating between the two classes, thus feasibility is demonstrated. Feature extraction preprocessing approaches were centered on overcoming the 'opacity' inherent to encrypted data by which the current traditional signature and heuristic-based inspection methods fail. Techniques such as byte frequency analysis and windowed sampling provide the basis to decode meant representations of the encrypted payload that deep learning algorithms could analyze [43]. The main issue facing the practical realization of this goal was a lack of access to the proprietary encryption protocols and the real encrypted traffic coming from pharmaceutical networks, which would have enabled a more robust verification of the scheme under more realistic conditions. Continuing to achieve a high detection rate was expected to become even more difficult as the adversaries upgrade techniques to camouflage the threats and encryption standards get updated in due course themselves. The early developments showed such deep learning as a real candidate to be used for secure monitoring of scrambled data. Adaptability was demonstrated by models after retraining on updated training data sets, which were reflective of the pattern of the evolving threat. Constant research and cooperation will allow tools to fully integrate into reality and become practical while being the complement to traditional security controls. Since the objective of carrying out deep learning approach on encrypted traffic analysis was incomplete, the strength of proposed techniques in terms of effectiveness and adaptability to the ever-changing cyber-security landscape was ambiguous. Nevertheless, it was possible to make a number of conditional imputations.
	Deep learning algorithms presented an innate tendency to self-improve the accuracy through retraining on supplemented training data during testing. This characteristic shows the potential of such technologies to evolve in real time the ability to detect by matching the constant changes in the attack methods and the defenses. This adaptability seems manufactured into deep learning paradigms suitable for the dynamic and adversarial cyber domain. However, data from real industry seldom reflect real-life threat landscapes and more research is needed before such systems can be used in the production environment. Despite optimization of model, choice of best deep learning architectures, applications of transfer learning, and refinement of preprocessing techniques, one can push the results up. The synergy between the private sector and the academia is what will really propel the progress since it provides immersion lacked on the learning process. Following the observed limitations, some valuable outcomes were achieved. Traditional security protocols should be reconsidered by new specific technologies that would be flexible enough to cope with the fluid environment (e.g. cryptography and network hardening), as is the case of Indiana's unique pharmaceutical context. Deep learning demonstrates a strong potential of serving the molding function; still, evolving applications require the continuous exploration [44]. This research generated a broad, valuable awareness of an urgent and a sector-limiting situation, and revealed innovative ideas as a way forward for system security. Although initial objectives were partially realized at this stage, the groundwork was laid for further collaborative efforts for the safeguarding of the continuing growth of the health care strategy of Indiana. 
	This research was a challenge from many points of view which prevented the accomplishment of its goals. The most dominant factor was the limited access to the genuine proprietary data from the pharmaceutical institutions. Validation remained confined to the restricted simulated open datasets as there was no consideration to test models with authentic industry encryption protocols, network traffic logs and incident reports. I leveraged these scenarios for familiarization with concepts, while practical analysis required situations of actual operations. An additional limitation that was emerged from the narrow technical focus occurred neglecting of social technical, procedural and human perspectives. Engaging in a more comprehensive, interdisciplinary analysis that integrates the intertwined dimensions could give an enriched understanding of industry weaknesses. The integrated solutions that address not only the technology but also processes and behaviors are the most effective as long-term fixes. The fast academic calendar compelled us to focus on the broad approaches rather than going into detail. Activities that were beyond the scope of thought experiments like producing and evaluating customized cryptography systems or machine learning tools were reduced to conceptual level exploration. Long term funding that is ensured leads to sustained research that gives freedom of choice to patients to select methods that then take them from seedlings to fruition. Additionally, the time limitations prevented us from piloting it within industrial networks, which is essential as vanilla industry cases cannot be tested in controlled labs. However, the world of practice reveals previously unseen integration complexities, as well as merits of realization, and this increases the sensitivity of all invested parties. A last limitation was the changes in the history of places as the analyses are just a momentary "snapshot" that will become outdated because the landscapes are always in a way developing. The cybersecurity environment constantly evolves at a pace that requires an adaptive state of technical, legal and socioeconomic contexts. Continuity is important for keeping analytical relevance in tune with the dynamic phenomenon in question. These shortcomings can be dealt with and even remedied [45]. Formal public-private research agreements could be established through memorandums of understanding and innovative testing environments that offer a common data access platform. Sharing experiences, goals, planning and implementing strategies together along with making custom tools for the purpose bring results. Broaden the purview of investigation vectors by inter-connecting technical, procedural, and sociological dimensions which are the building blocks of the complex, multidimensional cyber space. Exploration funding with a dedicated financial backing ensured flexible and detailed exploration timelines to seed and improve preventive innovations. The globalization includes Generalization which is emphasizing on the contextual portability through documented transferable frameworks which are customizable in the different contexts. Threat detections are fused with intelligent response playbooks and an assistant is cultivated for operations. Such an assistant is applicable in operations. Sustaining research redefines the analytical context given the turbulent and flexural nature of our environment. Collaboratively building efficient networking defenses in the backbone of Indiana’s pharmaceutical industry necessitates a gradual, multifaceted, multi-sector approach (academic, public and private) that is an ongoing process. Development of the sector will yield a cycle of information that is used to drive security-drives development.

Chapter 6: Conclusion
6.1 Introduction
	This research project aimed at improving the cryptography and network security landscape for the pharmaceutical industry that is important to Indiana. Given the pace of digitalization and integration of systems within these sectors, airtight data protection and operational safety become critical. The study creates innovative approaches which include deep learning models for encrypted traffic analysis and prototypes systems based on latest theoretical advances in cryptography. Security situation and literature review was done comprehensively for identifying the domain specific challenges. The old-fashioned generic way of tackling problems was usually found inadequate, thus implying needs of individualized, collaborative defenses that take into account all risk dimensions. Initial proof-of-concepts testing showed encouraging results but they were limited, therefore, a full assessment could not be performed. Overcoming the barriers needs to be done across the academic sector, industry and policymakers. There is a huge potential in collaboration as this may contribute to the positive advancement of society in a systematic and responsible manner through the strong and reliable foundation of the clean energy operations on which communities and societies depend.
6.2. Summarized Findings 
	Comprehensive assessment led to the identification of issues, which were unique to the pharmaceutical sector. By conducting literature review, the traditional generic security controls were found not effective considering the special needs of the pharmaceutical processes and data workflows. An overview of the sector revealed the existence of vulnerabilities arising from a mosaic of legacy systems, with some inconsistency in adherence to the standards. These gave rise to an unwanted cyber security crisis for cyber advanced adversaries. Deep learning models which have been developed can be applied to encrypted network analysis, but it is necessary to validate those using real encrypted data in order to evaluate their performance accurately. During conceptual testing of cryptography solutions and block chain-based applications it was revealed that it may be possible to significantly enhance security in terms of data confidentiality. While the latter resembled reality, further refined proof-of-concept testing in the same conditions was necessary. Overall, results suggested the necessity of case-by-case, collective security schemes tackling the peculiarities of multi- faceted industry's operational makeup and the general risk factors.
6.3. Limitations   
	A few crucial key limitations inhibited in this project in completely losing the research goals. One of the main constraints was that the government officials had limited access to legitimate encrypted protocols and network traffic logs from the pharmaceutical industry networks. Through such proprietary real-world data linking would have led to a lot more accurate validation and refinement of the developed deep learning models against encrypted real threats. Nevertheless, the assessment based on open-source simulated datasets only was naturally insufficient for the evaluation under real-world industrial conditions with unseen encryption techniques, which was yet not known [46]. Additionally, an issue of taking a narrowly technical route resulted in the absence of socio-technical and human factors in general risk assessment. The ultimate examination involving security culture, processes, and behavior may have unmasked more weaknesses calling for consideration and possible solutions. In addition, very practical academic schedules hindered the learning of deeper proof-of-concepts such as building customized cryptography stacks from the bottom up. Although these conceptual prototypes provided a base to prove the viability, it lacked field ability unless the implementation is modified. Another limiting factor was the absence of pilot testing opportunities in regulated laboratory environments before upgrade to the production use [47]. Experimenting with real world systems in staged production simulated environments would have accelerated many solution tuning activities that were able to resolve issues of integration and usability with current systems, rapidly adjust to changes in the dynamic security environment as the analyses described transient contexts and may not be relevant considering the rapidly evolving standards and technologies. Simulated datasets lack these since they only deal with strategies available in current threats. These barriers inhibited a sufficient evaluation of response to the complex industrial requirements for the long run due to their concomitance.
6.4. Recommendations
	Overcoming the obstacles of this research requires a holistic, multi-sectorial approach involving the networking of multiple agencies. The signing of formal collaborative partnerships between academia, industry and government agencies through memorandums of understanding could be useful in accessing reliable data that can fuel progress. Formal agreements established through binational agreements can enable dedicated programs implemented to provide appropriate datasets and encrypted protocols for modelers and developers. They can hence work as trusty long-term funding sources which are unavoidably needed to support sustained studies with cycle length of major development cycles. Using the wider analytical lens, which will take into account not only the technical, procedural and socio-technical aspects, but also the human aspect in the general sense, would result in more robust risk management frameworks. Multidimensional perspectives are required for the comprehension of the complex, systemic security challenges that encompass technical and human interfaces [48]. Pragmatic technical approaches alone cannot address all of these aspects. Operational use of solutions can be tested and experimented on in controlled industrial test-beds, which allow real-world operational conditions similar to production levels. This is done via fabrication of prototypes, which are integrated into existing systems, including those used for R&D or manufacturing, to help detect the usability problems. Solving these problems before deployment is a basis for accepting that the treatment and implementation of these measures for operators steering the sensitive operations will increase the quality, maturity and manageability.
	A learning transfer system that involves practice and research helps to maintain progress. Institutionalization of partnerships between university and industry or student apprenticeship exposes theoretical approaches to actual business processes engulfing user companies. Working together, joint symposia and publications, with the same experience and playbook, accelerate the progress in both areas. Similarly, promote the standard of proactive actions, such as secure coding, starting in the early stages because of the integration of protection in a system eliminates the expensive retrofitting. This therefore is the means through which safety culture is being inculcated. By building technical resilience of cyber ranges in the sector-specific area using simulated production infrastructures through offline networks and data, the protective readiness to several challenging and unexpected threats can be validated without adversely affecting live networks and data. Adaptation that relies on persistence keeps the knowledge about advanced tools up-to-date, understands cognition, and has the control which gives a holistic cybersecurity resilience against the evolving threats. The congruity of actions toward the extrication of dangers in the midst of boundaries enriches the frontline constituents of public health sector by fulfilling the imperatives of obligation and responsibility using the implemented innovations which are inspired by the practical requirements. The recommendations are targeted at addressing the research major deficiencies influenced by the performance of a nation in undertaking the security responsibilities and opportunities [49].
6.5. Future Applications
	The exiting areas in this study have been evidenced that require being studied in more details in the next phase. Federated learning mechanisms can deal with data scarcity issues that have existed since the beginning and have made model validation processes impossible. The construction of non-identifying encrypted traffic analysis model could be done across organizations through federated learning that brings the centers of raw data close to privacy. In this way, federated learning will offer a possible solution. This other interesting way is to use medical domain knowledge graphs in the models. Knowledge graphs also indicate relationships between concepts, like diseases, drugs, and procedures to add semantics. This could also aid model interpretability, which is most important for the applications of medical care. Models enhanced with experts oversight and domain knowledge graphs may become better in performance metrics like precision and accuracy [50]. Adapting cryptosystems for variable network structures, too seems promising. As connectivity patterns going through vast number of new devices, unstable user locations, and quality fluctuation of link, adaptive cryptosystems that can dynamically reconfigure protocols be a big help in getting the balance between security, efficiency and usability. This means that as networks grow in complexity it becomes important. In addition to all the other, the quantum computing vulnerabilities have just become visible, therefore there is another (very important) direction of future research – post-quantum cryptography standards. Researching alternatives actively like lattice-based or code-based techniques will aid in building a defense that can defend against such threats [51]. Research breakthroughs in homomorphic encryption technologies that perform computation and analytics on encrypted data without decryption also require close scrutiny.  This might spark partnerships with model training and data mining that respect privacy for cross-stakeholder organizations. Utilization of augmented or virtual reality in creating the most advanced and highly interactive cyber range simulations to address the use of customized social engineering techniques by attackers will help in the development of more effective defensive measures. Using virtual enemies as a training tool sharpens the readiness. The other sector which is in high demand is that of security and privacy challenges emerging from interconnected embedded/IoT medical devices that are interconnected throughout environments by using various embedded system defenses. Prolonged cross-fertilization to improve the comprehension of holistically the aspects of the world strengthens everything [52].
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