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Preface 
 

With the help of the book “AI Unleashed: Delving into the Depths of Deep Learning 
Across the Technological Horizon” we stand on the precipice of the AI revolution, there 
has never been a more exciting—or daunting—time to explore the frontiers of artificial 
intelligence. 

In this book, we embark on a journey into the heart of deep learning, the driving force 
behind many of the recent advancements in AI. From its humble beginnings to its 
current status as a cornerstone of modern technology, deep learning has captivated the 
imagination of researchers, engineers, and entrepreneurs alike, promising to unlock 
new capabilities and reshape industries in ways previously thought impossible. 

But with great promise comes great responsibility. As we delve into the depths of deep 
learning, we must also confront the ethical, societal, and philosophical implications of 
this transformative technology. From questions of bias and fairness to concerns about 
job displacement and privacy, the impact of AI extends far beyond the realm of 
algorithms and neural networks, touching every aspect of our lives. 

In " AI Unleashed: Delving into the Depths of Deep Learning Across the Technological 
Horizon," we aim to navigate this complex landscape with clarity, curiosity, and caution. 
Through a blend of technical insights, real-world examples, and thought-provoking 
discussions, we will explore the capabilities and limitations of deep learning, the 
challenges and opportunities it presents, and the principles that should guide its ethical 
and responsible development. 
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  Book Description 

 

In the era of rapid technological advancement, artificial intelligence (AI) stands at the 
forefront, revolutionizing industries, shaping economies, and reshaping the very fabric 
of society. Amidst this transformative landscape, deep learning—a subset of AI—has 
emerged as a powerful force, driving breakthroughs in areas ranging from healthcare 
and finance to transportation and entertainment. 

"AI Unleashed: Delving into the Depths of Deep Learning Across the Technological 
Horizon" offers a comprehensive exploration of deep learning, unraveling its intricacies, 
applications, and implications across diverse domains. From neural networks to 
convolutional and recurrent architectures, each chapter dissects the underlying 
principles of deep learning, providing both novice enthusiasts and seasoned 
practitioners with a deep understanding of this cutting-edge technology. 

Through real-world case studies, interviews with industry experts, and glimpses into the 
latest research developments, this book illuminates the potential and pitfalls of deep 
learning, offering insights into its ethical considerations, societal impacts, and future 
trajectories. Whether you're a curious technophile, a business leader navigating the AI 
landscape, or an aspiring AI researcher, this book equips you with the knowledge and 
perspective needed to navigate the complexities of deep learning and harness its 
transformative power responsibly. 
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Security Challenges in the Age of Deep Learning:  
Safeguarding the Technological Horizon 

Dr. Abid Hussain 
 

CHAPTER 

 

Abstract 

Deep learning has created substantial improvements for industries and set the tempo for a destiny constructed on 
artificial intelligence (AI) technology. Nowadays, deep learning is turning into an increasing number of vital in our 
everyday lifestyles.  

Deep learning is showing up in a lot of everyday applications that are related to categorization and prediction, such 
self-driving cars, product recommendations, classified advertisements, and healthcare. Consequently, a deep 
learning model may cause significant harm if it produces inaccurate predictions and misclassification. This is 
essentially one of the deep learning model's major problems. Furthermore, large amounts of data are used by deep 
learning models during the training and learning stages, which in the case of sensitive company data may 
encourage incorrect predictions and jeopardize the integrity and effectiveness of the model. 

Therefore, while deep learning models are utilized in real-world programs, it's mile required to guard the privateness 
facts used inside the model. The countless opportunities and technological abilities that system learning has added 
to the arena have concurrently created new safety dangers that threaten development and organizational 
development. Understanding system learning safety dangers is one of every of our contemporary technological 
time's maximum vital undertakings due to the fact the results are extraordinarily high, mainly for industries along 
with healthcare in which lives are at the line. We talk about the forms of system mastering safety dangers that you 
may stumble upon so you may be higher organized to stand them head-on. 

1. Introduction 
Deep learning is a branch of machine learning which is based on artificial neural networks. It is 
capable of learning complex patterns and relationships within data. In deep learning, we don’t need to 
explicitly program everything. It has become increasingly popular in recent years due to the processing 
power and the availability of large datasets. It is based on artificial neural networks (ANNs) also called 
as deep neural networks (DNNs). These neural networks are inspired by the structure and function of 
the human brain’s biological neurons, and they are designed to learn from large amounts of data. 

The key characteristic of Deep Learning is the use of deep neural networks, which have multiple layers 
of interconnected nodes. These networks can learn complex representations of data by discovering 
hierarchical patterns and features in the data. Using data, It's possible that deep learning systems may 
learn and improve on their own, doing away with the need for human feature engineers. 
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Figure: 1 Overview of Deep Learning 
With minimal assistance from the programmer, deep learning models can concentrate on the accurate 
features on their own and are highly beneficial in resolving the dimensionality issue. In particular, deep 
learning methods are employed when there are a large number of inputs and outputs. 

2. Privacy Challenges in Deep Learning 
To train deep learning models, massive volumes of personal data are needed. Such data contains 
sensitive information that has to be protected. Personal information is leaked during the deep learning 
process, which constitutes a privacy violation. This section discusses the challenges of preserving 
privacy in deep learning algorithms. 

Deep learning model privacy and deep learning data privacy are two possible categories for privacy 
violations in deep learning. Both model privacy and data privacy refer to the privacy of the deep 
learning model itself and privacy of the data used to train the model. With the help of cutting-edge 
research, it is explained in greater depth in the part that follows. 

● Deep Learning Data Privacy 

The model is trained using the large amount of data uploaded by the user to the cloud. 
Numerous privacy concerns exist, and there's even a potential that the data will leak. The 
practice of protecting user data that contains sensitive information is known as data privacy. 
The data used for training needs to be protected, or else there's a chance that it may be 
exploited or leaked. Typically, user data is encrypted before being transferred to the cloud, and 
when it is recovered, it is decrypted back into its original format. The data may be accessed by 
using a key to either encrypt or decode it. 

  

Figure : 2 Data encryption model with Cloud Server 
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Below listed are some of the privacy-preserving methods implemented in several papers, each paper 
has implemented different privacy methods for data privacy. A significant quantity of data has been 
saved in the cloud as a result of inadequate storage and an abundance of data. But since the cloud is a 
third-party technology, it cannot be trusted. In order to encrypt user data uploaded to the cloud, public-
key encryption with a double decryption technique has been developed. After encrypting the data using 
a single public key, the cloud server is responsible for adding it to the cloud. After downloading the 
data from the cloud, the data analyst obtains the noise-added dataset, which he uses to train the 
machine learning model after decrypting it with his key. 

The process of protecting data by introducing noise or another element to maintain data privacy is 
treated as data privacy. 

 Deep Learning Model Privacy  
One of the major issues in deep learning is the model privacy. If the privacy of the model not 
maintained then private data from the model may be released and misused. There are several 
techniques to improve privacy in model privacy and thus leading to a secure model. 

 

Figure : 3 Privacy Preserved Deep Learning Model 

Why Deep Learning in Today’s Research and Applications? 
Today's Fourth Industrial Revolution (Industry 4.0) is primarily focused on automation driven by 
technology, smart and intelligent systems, and a variety of application areas such as cyber security 
intelligence, smart cities, smart healthcare, and business intelligence. Security technologies in 
particular have seen a sharp increase in the effectiveness of deep learning algorithms, which are now 
quite effective in revealing intricate architecture in high-dimensional data. Because DL approaches 
have great historical data learning capabilities, they may thus be very useful in the development of 
intelligent data-driven systems that meet current demands. Because of its ability to automate tasks and 
learn from mistakes, deep learning has the potential to transform both the world and the daily lives of 
humans. As a result, DL technology is pertinent to data science with advanced analytics, machine 
learning, and artificial intelligence all well-known fields in computer science, especially modern 
intelligent computing. 
The quick speed at which technology is developing is one of the main obstacles to controlling the 
cyber threat scenario. As new technologies are created and used, they may lead to the emergence of 
new vulnerabilities that hackers may take advantage of. For instance, the Internet of Things' (IoT) 
widespread adoption has produced a sizable network of interconnected devices that hackers may 
attack. 
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The complexity of assaults is growing, which presents another difficulty in controlling the cyber threat 
scenario. Organizations are faced with increasing challenges in maintaining their security posture due 
to cybercriminals' perpetual innovation in circumventing security protocols and avoiding discovery. 
Organizations may stay ahead of the cyber threat landscape by implementing a robust cyber security 
plan. This should include both technological and non-technical safeguards, including as intrusion 
prevention systems and firewalls, as well as staff awareness training and incident response plans. 

Overall, a proactive and continuous strategy is needed to manage the cyber threat scenario. 
Organizations may improve their defenses against cyber-attack and lower the likelihood of a successful 
breach by keeping abreast of emerging threats and putting in place strong security procedures. 

Why is threat landscape important? 
Businesses need to be aware of the many hazards that they may face. This entails being aware of the 
goals behind the assaults as well as the strategies, methods, and processes employed by the attackers. 

The impact of the current state of cyber threats comes from its ability to help prioritize businesses' 
efforts towards cyber security. Knowing the main threats to an organization can help them focus 
resources on the areas that need the most attention and are most susceptible. 
Understanding the cyber threat environment may help businesses not only better defend themselves 
against cyber-attacks but also respond more skillfully to incidents when they do arise. A 
comprehensive comprehension of the many hazards that confront a corporation enables them to 
promptly pinpoint the origin of an assault and execute suitable countermeasures. 
The cyber threat environment is crucial because, should a business fall victim to a successful cyber-
attack, there might be serious repercussions. This may entail monetary damages, harm to one's 
reputation, and legal obligations. Organizations may better safeguard themselves and their stakeholders 
by being aware of the cyber threat landscape and taking action to reduce these hazards. 

How does threat management work? 
In cyber security, threat management entails determining, assessing, and ranking the different dangers 
that an organization must contend with before putting countermeasures in place. 

Threat information is a crucial part of threat management. This entails gathering and examining data 
on the most recent dangers that a company faces, such as novel malware strains or the strategies and 
methods employed by attackers. Numerous resources, including social media, industry organizations 
and forums, and threat intelligence streams, are available for obtaining this information. 

Once the business is fully aware of the challenges it faces, it may begin to evaluate the risks associated 
with these threats. Penetration testing and vulnerability assessments may be required in order to 
identify weaknesses in the company's systems and infrastructure. 
The company may then prioritize the dangers it confronts and create a plan to deal with them based on 
the results of this risk assessment. This might entail putting in place both non-technical and 
technological safeguards, such incident response plans and personnel awareness training, in addition to 
intrusion prevention systems and firewalls. 
Organizations should also have a plan in place for dealing with and lessening dangers as they 
materialize. This should involve figuring out where the danger is coming from, how it will affect the 
company, and putting the right remedies in place. 
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In general, a proactive and continuous strategy is needed for successful threat management in cyber 
security. Organizations may enhance their cybersecurity and lower the likelihood of a successful 
breach by consistently observing the threat environment and putting in place efficient countermeasures. 

3. Current Cyber Threat Landscape 
The present state of cyber threat environment is dynamic, with new threats appearing on a regular 
basis. The following are a few of the biggest risks that companies are now facing: 

(i) Ransomware: This kind of virus encrypts the data of an organization and requests a payment to 
unlock the key. Ransomware attacks have the potential to cause impacted enterprises to suffer 
major financial losses and disruption. 

(ii) Phishing attacks: In these assaults, the attacker pretends to be a genuine source and sends phony 
emails or texts to people, hoping to fool them into disclosing private information like login 
passwords or bank account information. 

(iii)Malware: Any software intended to harm or interfere with computer systems is referred to as 
malware, a general phrase. This can contain, among other kinds of malware, worms, trojans, and 
viruses. 

(iv) Data breaches: Data breaches happen when attackers obtain unauthorized access to a company's 
data through system hacking or by taking advantage of security flaws in the company. Sensitive 
data loss from these assaults may occur, and the impacted firms may face serious repercussions. 

(v) Nation-state cyber espionage: Attacks using cyberspace have become more common among 
nation-state actors as a way to get intelligence and undermine foreign interests. A wide range of 
institutions, including governments, corporations, and vital infrastructure, may be the target of 
these extremely sophisticated assaults. 

In general, the panorama of cyber threats today is varied and ever-changing. Establishing a strong 
cyber security plan and keeping abreast of emerging threats are essential for firms looking to defend 
against these attacks. 

4. New approaches for an evolving threat landscape 
As the landscape of cyber threats shifts, organizations are always looking for new and creative ways to 
stay ahead of the latest assaults. Among the cutting-edge methods in use are artificial intelligence and 
machine learning. These technologies may be used to examine large data sets and identify patterns and 
trends that may indicate a potential cyber threat. Organizations may identify and address risks faster by 
automating the threat analysis process. 

(i) Behavioral analytics: Using this method, user behavior is analyzed to find unusual activities that 
could point to a possible danger. Organizations can react to dangers faster by recognizing odd 
patterns of behavior and addressing them. 

(ii) Cloud-based security: To benefit from the scalability and flexibility of the cloud, a growing 
number of enterprises are switching to cloud-based security solutions. Cloud-based security 
solutions enable enterprises to adopt and maintain security measures more rapidly and easily. 

(iii) Cyber security insurance: In order to lessen the financial effect of a successful assault, more 
businesses are turning to cyber security insurance as the dangers connected with cyber-attacks 
increase. 
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(iv)  Collaboration and information sharing: As the landscape of cyber threats changes continually, 
organizations are collaborating more and more to exchange knowledge about risks and how to 
minimize them. This is how they can effectively fight against these threats. This might entail 
participating in forums and trade associations, as well as sharing information with law enforcement 
and other government agencies.  

In general, it may assist businesses in staying ahead of the ever-changing cyber threat landscape and 
strengthening their defenses against intrusions. 

How to Protect Against the Threat Landscape? 
Establishing a strong cyber security plan is crucial for firms looking to defend against the current 
environment of cyber threats. Among the crucial actions that companies may take to safeguard 
themselves are: 
(i) Implementing strong security controls: This covers both non-technical steps like staff awareness 

training and incident response strategies as well as technological ones like firewalls and intrusion 
prevention systems. 

(ii) Regularly monitoring and assessing the threat landscape: Many techniques may be used to do 
this, including frequent threat assessments, monitoring social media and other internet platforms 
for possible attacks, and subscribing to threat intelligence feeds. 

(iii) Conducting penetration testing and vulnerability assessments: By identifying these 
vulnerabilities in the organization's infrastructure and systems, these actions can assist prevent 
attackers from taking advantage of the organization's flaws. 

(iv) Having a plan in place for responding to and mitigating threats: This should involve figuring 
out where the danger is coming from, how it will affect the company, and putting the right 
remedies in place. 

(v) Having robust policies and procedures in place: This entails providing workers with precise 
instructions on how to recognize and report any risks as well as protocols for dealing with and 
reducing risks. 

(vi) Having strong leadership and governance: It's critical for businesses to have specialized cyber 
security personnel and resources in addition to well defined roles and duties for handling cyber 
threats. 

In general, a mix of technological and non-technical measures, as well as strong leadership and control, 
are needed to effectively guard against the cyber threat scenario. By putting these safeguards in place, 
businesses may lessen the likelihood of a successful cyberattack and strengthen their defenses against 
the ever-changing threat landscape. 

How to Select a Threat Intelligence Platform? 
An effective tool for monitoring, evaluating, and reacting to the most recent dangers to a company is a 
cyber-threat intelligence platform. When selecting a cyber-threat intelligence platform, there are a few 
key factors to consider: 
(i) Coverage: It is crucial to choose a platform that addresses the threats that are most pertinent to 

your company. Threats like malware, phishing scams, and data breaches may fall under this 
category. 
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(ii) Ease of use: The platform should be simple to use and offer clearly understood, actionable 
intelligence to the appropriate parties. 

(iii)Integration: The platform should be able to integrate easily with the organization’s existing 
security tools and systems. 

(iv) Scalability: The platform should be able to scale to meet the needs of the organization as it grows 
and evolves. 

(v) Cost: It is necessary to take the platform's cost into account and make sure the business can afford it. 
(vi) Reputation: It is crucial to choose a platform that is reputable in the field and that other businesses trust. 

It is a best approach to investigate, evaluate, and weigh the pros and disadvantages of the many 
possibilities before choosing the best cyber threat intelligence platform for the firm. Speaking with 
other businesses or cyber industry professionals may also be beneficial in order to gain their advice 
and understanding. 

5. Deep Learning Applications and Security Risks 
Now that we explained some of the most common threats and cyber-attacks cyber security teams face, 
it’s time to explain how deep learning applications can help. 

(i)  Intrusion Detection and Prevention Systems (IDS/IPS) 
These systems detect malicious network activities and prevent intruders from accessing the systems 
and alert the user. Typically, they are recognized by known signatures and generic attack forms. 
This is useful against threats like data breaches. 

Traditionally, this action was completed by ML algorithms. However, these algorithms caused the 
system to generate many false-positive, creating tedious work for security teams and causing 
unnecessary fatigue. 
Deep learning, convolutional neural networks and Recurrent Neural Networks (RNNs) can be 
applied to create smarter ID/IP systems by analyzing the traffic with better accuracy, reducing the 
number of false alerts and helping security teams differentiate bad and good network activities. 

Notable solutions include Next-Generation Firewall (NGFW), Web Application Firewall (WAF), 
and User Entity and Behavior Analytics (UEBA). 

(ii)  Dealing with Malware 
Traditional malware solutions such as regular firewalls detect malware by using a signature-based 
detection system. A database of known threats is run by the company which updates it frequently 
to incorporate new threats that were introduced recently. While this technique is efficient against 
these threats, it struggles to deal with more advanced threats. 
Deep learning algorithms are capable of detecting more advanced threats and are not reliant on 
remembering known signatures and common attack patterns. Instead, they learn the system and can 
recognize suspicious activities that might indicate the presence of bad actors or malware. 

(iii) Spam and Social Engineering Detection 
Natural Language Processing (NLP), a deep learning technique, can help you to easily detect and 
deal with spam and other forms of social engineering. NLP learns normal forms of communication 
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and language patterns and uses various statistical models to detect and block spam. You can read this 
post to learn how Google used Tensor Flow to enhance the spam detection capabilities of Gmail. 

(iv) Network Traffic Analysis 
Deep learning ANNs are showing promising results in analyzing HTTPS network traffic to look for 
malicious activities. This is very useful to deal with many cyber threats such as SQL injections and 
DOS attacks. 

(v)  User Behavior Analytics 
Tracking and analyzing user activities and behaviors is an important security practice for any 
organization. It is much more challenging than recognizing traditional malicious activities against 
the networks since it bypasses security measures and often doesn’t raise any flags and alerts. 

For example, when insider threats occur and employees use their legitimate access in malicious 
intent, they are not infiltrating the system from the outside, which renders many cyber defense 
tools useless against such attacks. 
User and Entity Behavior Analytics (UEBA) is a great tool against such attacks. After a learning 
period, it can pick up normal employee behavioral patterns and recognize suspicious activities, 
such as accessing the system in unusual hours, that possibly indicate an insider attack and raise alerts. 

6. Collaborative Approaches to Deep Learning Security 
Collaborative approaches to deep learning security involve the joint efforts of researchers, 
practitioners, and the community to address and mitigate potential threats and vulnerabilities in deep 
learning systems.  
Collaborative approaches leverage the collective knowledge and resources of diverse stakeholders to 
explain the evolving challenges in deep learning security that will be helpful to prevent emerging 
threats and vulnerabilities. This is a list of useful collaborative approaches of deep the learning security 
as follows: 
(i) Open Source Collaboration: Through cooperation, security researchers and practitioners may 

create, distribute, and enhance technologies that can be extensively utilized by the community by 
creating open-source deep learning frameworks and libraries. 

(ii) Community-driven Threat Intelligence: Establishing platforms where security researchers and 
organizations can share threat intelligence is crucial. Collaboration helps the community respond 
more effectively and develop countermeasures. 

(iii) Joint Research Initiatives: Collaborations between academic institutions and industry players 
foster joint research initiatives. Innovative security solutions, such as enhanced deep learning 
models for threat detection, may result from this partnership. 

(iv) Information Exchange between Sectors: Collaboration between different industries facilitates the 
exchange of knowledge and best practices. This cross-industry collaboration helps in addressing 
common security challenges and adapting solutions to specific sector needs. 

(v) Adversarial Collaboration: Security professionals often engage in red teaming (simulating 
attacks) and blue teaming (defending against attacks) exercises. Collaboration between red and 
blue teams helps identify vulnerabilities and improve defenses through shared insights. 
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(vi) Government and Private Sector Collaboration: 
Governments and private organizations can merge to enhance overall cybersecurity. This 
collaboration can involve information sharing, joint research initiatives, and the development of 
policies that promote a secure digital environment. 

(vii) Benchmark Datasets and Competitions: Creating and sharing benchmark datasets for 
evaluating the performance of deep learning models in security applications promotes standardized 
testing and comparison. 

(viii) Competitions and Challenges: Hosting competitions and challenges, such as Kaggle 
competitions, encourages collaborative problem-solving and innovation in developing security solutions. 

(ix) Standardization Efforts: Collaborative efforts to establish security standards for AI and deep 
learning technologies help create a baseline for secure implementations and interoperability 
between systems. 

(x) Industry Collaboration on Best Practices: Companies and organizations can collaborate on 
establishing and sharing useful guidelines for securing deep learning applications. This includes 
secure model deployment, data protection, and adherence to ethical guidelines. 

(xi) Public Awareness and Education: Collaboration in creating educational programs and awareness 
campaigns helps inform the public and organizations about potential security threats related to deep 
learning and AI technologies. 

7. Future Trends and Emerging Technologies 
There are a variety of the latest trends and emerging technologies in deep learning for security, which 
involve the continual evolution of techniques and tools to increase cyber-security measures. These 
trends and technologies collectively contribute to the advancement of deep learning in the area of 
security, addressing challenges and providing more robust solutions to protect against evolving cyber 
threats. 
(i) Explainable AI (XAI): Understanding and interpreting the decisions made by deep learning 

models is crucial, especially in security applications. XAI techniques aim to make the decision-
making process of AI systems more transparent and interpretable, which is essential for trust and 
accountability in security applications. 

(ii) Adversarial Machine Learning: The main aim of the adversarial attack is to manipulate or fool 
these models. Researchers are developing techniques to enable deep learning models more robust 
against adversarial attacks, enhancing the security of these systems. 

(iii) Federated Learning: This approach enables training a model across decentralized devices or 
servers without exchanging raw data. In the context of security, federated learning can increase 
privacy and security by keeping sensitive information localized while still benefiting from a 
globally improved model. 

(iv) Deepfake Detection: With the rise of deepfake technology, there is a growing need for advanced 
detection methods. Deep learning models are being employed to identify manipulated media, 
ensuring the integrity of information and preventing malicious uses of deepfake technology. 

(v) AI for Threat Intelligence: Deep learning is being applied to analyze large volumes of data and 
identify patterns associated with potential security threats. This helps in the early detection of cyber 
threats and enhances the capabilities of security systems. 



44 |  Security Challenges in the Age of Deep Learning 

(vi) Continuous Authentication: Traditional authentication methods are being complemented or 
replaced by continuous authentication systems that use deep learning to continuously assess user 
behavior and detect anomalies. This helps in preventing unauthorized access even after the initial 
login. 

(vii) Homomorphic Encryption and Secure Multi-Party Computation: These cryptographic 
techniques enable computations on encrypted data without decrypting it. Deep learning algorithms 
can be applied to analyze encrypted data, preserving privacy and security in sensitive applications. 

(viii) Edge AI for Security: Deploying deep learning models directly on edge devices (such as 
cameras, sensors, and IoT devices) reduces the need for transmitting sensitive data to centralized 
servers. This approach enhances privacy and reduces latency, making it suitable for real-time 
security applications. 

(ix) Natural Language Processing (NLP) for Cybersecurity: Applying deep learning to analyze 
natural language data helps in understanding and responding to cyber threats communicated 
through text, emails, or other written communication. 

(x) Blockchain for AI Security: Deep learning and blockchain integration can improve the security 
and transparency of AI systems. Blockchain technology may be used to protect training data, verify 
models, and guarantee the accuracy of AI procedures. 

8. Conclusion 
Due to its many benefits in the fields of healthcare, medicine, autos, etc., deep learning has been a 
buzzword in the scientific community recently. It has several privacy and security issues, though. Deep 
learning requires enormous amounts of data to attain more accuracy, thus it's critical to safeguard the 
data against security and privacy breaches.  
This chapter addressed the security challenges during the deep learning model training and testing. The 
security attacks such as poisoning attacks, evasion attacks and black box attacks are explored with its 
prevention and defense techniques. A comparative analysis is done on various techniques to prevent 
the data from such security attacks. Privacy is another major challenge in deep learning. This chapter 
explained an in-depth survey on various privacy preserving techniques for deep learning such as 
differential privacy, homomorphic encryption, secret sharing and secure multi-party computation. We 
also presented a detailed comparative analysis to compare the various privacy preserving techniques 
and approaches.  
The future research direction is to develop a novel hybrid algorithm that addresses both security and 
privacy challenges of deep learning models that resists different types of security and privacy attacks. 


