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Abstract

Cloud computing security is a fundamental part of information technology planning and strategic management of digital retail operations. The
infrastructure provisioning process for a cloud-based retail application is based on a series of infrastructure as code scripts, which are executed by a
cloud provider on a designated cloud region, to instantiate the complete cloud setup necessary to run the application code. Emerging security trends
include frameworks like coverage-driven fuzz testing and neural network-based program obfuscation for mitigating fuzzing benefits. Also, code
search researchers can adopt code similarity to find the technical debt services of a large organization. Unsafe cloud computing setup procedures can
result in resource exploitation, workload latencies, user data leakage, and incidents of service termination. Major cloud service providers offer an l1aC
toolset for building, deploying, managing, and scaling cloud applications. Configurations are based on templates, which define the cloud resources
and properties to provision, and are used to invoke wrappers. In convergence with the aim of promoting the adoption of cloud technology infusing
security setups for private information, a set of 1aC configuration snippets is implemented for securing various components. DHCP randomly
allocates four full 8-hour ports to carry out the security experiment. Only one port receives the traffic while the remaining three ports with the initial
state of the primary image of the switch either remain passthrough filters or are changed to block fully the ingress traffic. Secure transport uses
encryption and connections. The cache corruption attack is used to disallow non-official traffic by filtering the MAC or IPv6 address of an attacker.
The cache is cleared by sending a gratuitous ARP/NA to the attacker’s linker and switching IP(s) and MAC(s).

Keywords: Amazon, Cloud security, Cloud servers, Computational modeling, Feature extraction, Feature selection, Integrated analysis, Libraries,
Security, Standby systems, Support vector machines, Understanding, Virtual machine monitoring.

1. Introduction

Cloud computing is one of the most transformative technologies in the digital age. One of the most popular services in cloud computing technology is
Infrastructure-as-Code (1aC). 1aC enables developers to automate the cloud resource's configuration process. Cloud providers offer environment-
specific configuration using dedicated command-line tools or libraries, which automatically generate resource templates. Therefore, a modern cloud
computing-based application typically includes classes of Infrastructure-as-Code (laC) files that are responsible for configuring the cloud resources,
e.g., configuring the network, virtual machine, or storage. Especially in the most recent years, advancements in cloud computing technology have
made the cloud a pervasive utility on retail operations infrastructure. However, cloud computing services shift most of the system's operation's duties
to the consumer's responsibility, which introduces a new set of challenges, such as the potential for insecure configurations .

Cloud providers attempt to ease this configuration process by providing dedicated command line tools or libraries granting an environment-specific
configuration. Cloud provisioning tools generate resources based on request configuration using provider-specific definitions. For example, referring
to AWS simple storage service with the phrase "s3" followed by the bucket name and the settings requested on it would generate the expected storage
resource. Such provisioning command-line tools are often used by cloud consumers to kick start the creation of resources and set their properties.
Nonetheless, cloud provisioning definition is still prone to misconfiguration and security risks, as bugs can unintentionally change the desired
resource settings. Recent high-impact breaches are consequences of insecure configurations, thus exposing confidential consumer data. Additionally,
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shared and open-source repositories may serve as a hub of community-created resources, making it harder to ensure safe configurations coding to
misuse and human errors.
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Fig 1: Artificial Intelligence(Al) in Cloud Computing

1.1. Background and Significance

In order to meet the requirements and expectations of large app users, the retail industry is undergoing a significant transformation. This
transformation, understood as Retail 5.0, seeks to enhance the user experience via the integration of the most suitable technologies into the
infrastructure of retail environments. Through these technologies, the Smart Digital Retail Concept emerges, which offers different digital services in
the physical store to create an interactive and unique experience for the end-user, ultimately stimulating purchases. Thus, it is necessary to have
systems that are capable of responding quickly, efficiently, safely, and resiliently in the face of high demand, processes that have been carried out in
the cloud in recent years. However, beyond the usual cloud computing approach, new trends must also be considered in order to improve the
identification, tracking, and enhancement of these services.

Digital transformation plays a significant part in promoting the development of the retail industry. The realization of Digital Retail is consistent with
the current trend. The emergence of blockchain further promotes the development of digitalization by solving the problem of trust between the
transaction parties. The conclusion of transactions between all parties requires contracts to be written, signed and confirmed. Under the traditional
transaction framework, all parties have relative trust in the transaction process. However, various factors make it impossible to completely trust the
behavior of the transaction participants. Blockchain has the characteristics of decentralization, can clearly record every transaction that occurred on
the chain, cannot be tampered with, and is public. On this basis, the smart contract technology developed can automatically enforce the agreed
contract terms. When the trust agreement about the transaction is written into the contract, the smart contract can make the contract operational,
credible, and irreversible, and further promote the development of various industries. Its application in Retail 5.0 can innovate the business model,
realize the credible traceability of the producers, components, and logistics of goods. But with the large-scale application of blockchain, the threat of
the combination of physical and cyber attack against blockchain cloud systems will gradually emerge.

Equ 1: Inventory Optimization Equation (Economic Order Quantity - EOQ)

BoQ — | 222
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Where:
e D is the annual demand for the product.
e S isthe ordering cost per order.

e H is the holding cost per unit per year.

1.2. Research Objective

Although all aspects of l1aC (Infrastructure as Code) crafting and the many available tools and services aiding it, current laC provisioning tools do not
automatically preclude misconfiguration and security risks. In fact, insecure IaC configuration generally translates into insecure cloud resources or
infrastructure. Now most cloud service vendors provide secure configuration snippets for popular services alongside example configuration files that
demonstrate their integration. Thus, the objective here is to analyze secure Terraform configuration snippets from different cloud providers and to
categorize them based on the context within which they provide security improvements. This work then investigates the prevalence of these
categories in a dataset of recently active open-source GitHub repositories.

2. Artificial Intelligence in Cloud Computing Security

This paper focuses on systems in the context of retail operations and points out that, from a lean perspective, appropriate infrastructure is essential in
operating a smooth business. For each location, it’s necessary to have the appropriate hardware — not only the actual machinery of the shop, but also
supporting systems like cash registers and lighting systems. Additionally, modern shops, especially chains, are dependent on IT systems like ERP,
sales data and inventory management. Each of these systems is operated via electricity, requiring properly installed electrical devices. It has to be
monitored and maintained at regular intervals to identify issues before causing down times. To operate an economically successful business today,
retail outlets are also often placed in busy shopping areas, which come with safety regulations that place additional demands on the infrastructure.
Lastly, to maintain the lean flow of service, waste needs to be treated accordingly. There are four main concepts of Industry 4.0 that need to be
implemented in the construction of the shops. Outlets are not constructed but simply leased.
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Fig 2: Cloud Computing SecurityCloud Computing Security over Smart City Networks

2.1. Overview of Artificial Intelligence

Artificial Intelligence (Al) for IT operations (AIOps) is a new initiative aimed to efficiently resolve the contradictions between Al and its deployment
in retail cloud. With the surge in Artificial Intelligence capabilities being injected into the public cloud for operational purposes, how can retail
smoothly transit to a cloud-centric retail method, while also remaining continuously resilient to cyber threats? There is a substantial debate within the
retail organizations to push towards cloud agnosticism and enforce a cloud-neutral paradigm on infrastructure-as-code (laC) configuration strategies,
causing Al deployment to move closer to the cloud. In response, the holistic EIDA approach features an infrastructure-independent 1aC cyber radar,
which is capable of immersively auditing the Al-directed cloud configurations for the first instance. Through sporadically measuring the knowledge
leakages in a retail’s environment to the cloud, not only does EIDA manage an intelligent detection of the Al ramifications of the cloud behavior, but
it can also transfigure this redacted intelligence into a blockchain-secured finely-grained retail configuration signature. In particular, the holistic
EIDA model is used to reconstruct an array of the original 1aC templates, swiftly revealing and forecasting the future Al-based attack patterns on, or
inside, the retail cloud. A proof of concept prototype is developed to empirically evaluate EIDA with four validation mechanisms. Extensive field
experiment results are reported. The achievable audit of common retail cloud security misconfigurations, depicted by the two most-widely adopted
laC configuration portfolios, and intricate Al-derived cyber intelligence leakages from them, are revealed.

2.2. Applications of Al in Cloud Computing Security

Extensive Insight Artificial Intelligence (Al) is a technology phenomenon that in recent times has managed to not only bring concerns of an
impending skynet to the public but also has been met with a fair share of acknowledgment in a multitude of sectors spanning from medical research,
retail, Natural Language Processing (NLP) to system and product optimizations. Thus leading a significant amount of investigation to delve into,
continue and understand the potential and hazards brought on by machine learning through Artificial Intelligence (Al) and the domain specific
intelligence akin to Infrastructure-as-Code (1aC) technologies in the enterprise environment.

The Information and Communication Technology (ICT) ecosystem upholds retail operations within a blended environment rendering a brick-and-
click configuration. Such setups amalgamate digital Information and Communication Technology (ICT) proliferation with physical world hands-on
practice giving birth to digitalized brick and mortar retail shops, pop-up shops, or temporary online forums. More precisely, a blend of cloud and
edge computing technologies bristles in the retail sector, all the while honing Al, and Infrastructure-as-Code (laC) technologies are demonstrating a
blossoming inclination. Due to such structural compliances the obtuse retail mark is inadvertently a vulnerable target provoking it to malicious
attacks and breach attempts . At the same time, endeavors brainstorming safeguard mechanisms are widely spread from Internet of Things (loT) and
mobile platform traceability in the retail sector, network traffic analysis, and prediction in Software Defined Networks, secure Al algorithms, and
malicious traffic detection in retail operations while leveraging Al, FoG, and Blockchain technologies only mentioning a few. Network systems
provision, manage and aid the overall operation of these strenuous endeavors harshly nutshelling cloud computing environments.

3. Infrastructure-as-Code (IaC) in Cloud Computing

Practicing and observing cloud computing in a retail operation is an interesting real-world situation. Cloud computing in retail operations applies to
infrastructure and platform services widely. However, cloud computing security is always a concern for retail operations, because they can suffer a
significant financial loss when an adversary attacks. We propose Artificial Intelligence to secure retail operations in cloud computing. In real-time,
multiple networks in cloud environments, including a public cloud, a private cloud, and a retail network are protected against malicious traffic. To
implement and test the proposed security environment in the real world, we use scripting tools. The entire security system is divided into three main
scripts, which are found, and explanations points are provided in this paper. 13 days of experimental results are shown. From the results, the proposed
Artificial Intelligence architecture in the cloud environment is successfully operating in the retail industry for 13-days production operation. There
are no security breaches reported.
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Fig 3: Infrastructure as code

3.1. Introduction to Infrastructure-as-Code

Deploying and managing cloud infrastructure at scale is cost-effective and easy with Infrastructure-as-Code (laC) tools. In the cloud context,
Infrastructure as Code is the agile process of managing and provisioning the cloud’s data center using textual files, which are often, but not always,
written in domain-specific languages . They describe the cloud resources and their relations, as well as the configuration constraints to be followed to
create, update, and delete cloud resources.

Creating such textual files in source control grants several benefits: persistence, versioning, rollback, sharing, and reproducibility. More advanced
services, such as code review, dependency management, or Continuous integration, are easily integrated due to the code nature of the files.
Infrastructure as Code is then a development process benefiting from writing code principles: collaboration, code analysis, or pipeline integration.
However, as cloud environments grow bigger, they become more complex and riskier in terms of security. Provisioning proper and secure cloud
resources manually is a challenging task and a source of frequent human errors leading to misconfigurations which make cloud environments
vulnerable to external attacks. Deploying malicious cloud resources is as easy as deploying legitimate ones. As a consequence, Infrastructure-as-
Code configuration becomes a critical piece of the security of the resulting cloud setup. There should be an assurance that the Infrastructure-as-Code
definitions do what they are supposed to do and no more. However, it is not uncommon for Infrastructure as Code provisioning tools to define cloud
resources that are considered legitimate but automatically preclude security risks. Implementing security policies might then be a way to secure the
provisioning definition. On the other hand, cloud providers provide a lot of configuration flags to tune the resources which are created. Therefore, it
can be challenging to make Infrastructure as Code configurations secure in an unfamiliar cloud provider context. An empirical investigation of the
adoption of best practices with secure laC code using Terraform and different cloud providers.

3.2. Benefits of 1aC in Cloud Computing

Infrastructure as Code (laC) provisioning tools allows the design and carrying out of cloud computing infrastructures programmatically instead of
confiding in manual operations. What would otherwise require numerous actions from the cloud providers’ consoles can now be generated by a
single script handled in a console, wrapper, Jenkins job, or GitHub Action. Cloud providers propose Terraform pieces of code to install patterns of
services they deliver. The application of best practices to secure that infrastructure, such as network policy, identity management, data protection,
monitoring, logging, forensics, patch and hardening, DDoS resilience, and service connectivity, will have to be done independently, regularly
manually, or by dedicating tools to examine or amend that code. The paradigm of laC might revolutionize cloud computing security for retail
operations as it permits pinpointing best practices and the carrying out to a new cloud setup boils down to adapting security bookmarks in the 1aC
code. Make judgments on secure Terraform snippets grouping in eight discrete categories and investigate how prevalent the use of those snippets is
in open-source repositories. A total of 800 secure Terraform snippets are penned down, two security analysts, two cloud practitioners, and one Ph.D.
researcher in the security field on cloud computing verify that allotment of snippets to policy categories is fair, snippets are manually crafted to
exhibit the track of the policy category, and two Terraform random generations are operated, independently repeated multiple times and checked
automation is infeasible. On the model exposition dimension, use of meta-features to feed feature selection is described and precision by stratified
coefficient of variation in the application and impact on producers’ confidentiality requirements is discussed.

Equ 2: Personalized Recommendation System (Collaborative Filtering)
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Where:
® 7, is the predicted rating for user u on item 1.
« sim(t, ) is the similarity between items ¢ and j.

* Ty is the rating user u has given to item 7.

4. Integration of Al and laC in Cloud Computing Security

Traditionally, cyber defense mechanisms were static and signature-based for the most part. Nevertheless, such methods show a low efficacy today
given the development of new threats, not to mention sophisticated strains of malware that change continuously. This played an important role in
necessitating the continuous evolution in the infrastructure deployed in order to shield it from numerous forms of cyberattacks .
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The emergence of Infrastructure-as-Code (1aC), particularly in a context of continuous integration/continuous deployment (CI/CD), provides a way
to automate the deployment and changes to information systems. For developers and operations teams, 1aC may simplify the design of security
measures. Implementation vulnerabilities can also be identified and corrected before deployment through linter, static code analysis checkers, or
security code analyzers. Security updates also become a faster process. With the creation of a pull inquiry after a security gap has been detected in the
resources definition code, automatic checks will be executed within the CI/CD pipeline.

It is a widely approved notion that Artificial Intelligence (Al) will revolutionize the future of humanity and the world fundamentally. The Al
applications’ spectrum is broad and varies from autonomous vehicles to precision agriculture, encountered each day in online aftershops, and even in
the form of social media androids.

Starting this decade, Al applications are increasingly interacting via network services harnessing the unbeatable potential and scalability of Origin
computations. Unsurprisingly the dynamic distribution of these elements has seen the enterprise circling toward pioneering establishments like
Google and Microsoft and spurred the explosion of services offered by them such as Amazon Web Services. At this juncture, infrastructural
components are frequently outsourced as mainstream cloud services to keep pace with the state-of-the-art and ensure a high level of durability,
skipping the necessity of local know-how.

Cloud

Cybersecurity architecture

IoT Crypto

Blockchain
METAVERSE Blockchain Cl t

Webh3

Metaverse security

Fig 4: Integrated cybersecurity

4.1. Synergies between Al and l1aC

Another promising technology is l1aC, with almost USD 6 billion in increasing market size between 2017 and 2022 due to the efficiency gains it
offers. Nevertheless, several issues underscore the move to and application of 1aC. The increasing and changing number of configuration data, the
mining libraries providing services, and the use of third-party libraries can introduce vulnerabilities to the infrastructure and threaten application
integrity and confidentiality. This text looks at retail as the relevant science, focused on the security point of view. As this sector insists on providing
convenience, retail requires different cloud architecture settings and aims to extract common settings. Before knowledge of cloud infrastructure, this
study first classifies the Stacks and looks at the connection between back-end web service performance and DIY construction. A series of tests are
then performed to mock retail operations using a specific implementation and a web platform with a welter of dynamic content. Finally, the
efficiency of the back-end web service between cloud providers is taken into account.

As it enables the depicter to speak up to 40 different requirements that should be easily delivered. However, to the best of knowledge, possible threats
or best practices applied to laC code containing resources have not been previously explored. There is a fixity of locally installed IaC tools
comprising security checks before making infrastructure changes. Moreover, there is a need to do cloud resources that are publicly exposed,
including, without limitation, resources that allow access to everyone and services running on a computer instance.

4.2. Use Cases in Retail Operations

Retail operations is a good example of infrastructure with complex needs in having to manage a range of services. This functionality is well catered
by Infrastructure as Code platforms and they give a stronger security posture at will because of the ability to version the infrastructure. As was found
during the Covid-19 upshot in preparation required for remote work, sprawling infrastructure is not well constrained. Also demonstrated was a basic
level of monitoring that revealed unauthorized access attempts into a cloud-based remote server that held important company data hosting. This essay
will first introduce Infrastructure as Code compared to traditional Infrastructure, and explain a general purpose example of its operation. It then
explores the cloud service infrastructure, and the security challenges related to them describe how Infrastructure as Code can be utilized to overcome
these challenges. Finally it looks at use cases for Retail Operations, and returns to the example to apply the knowledge.

5. Case Studies and Examples

Everyday challenges to retail business operations in providing customer satisfaction are planning staffing/shift scheduling that balance with budget
cost, dealing with daily uncertainty of store demands, the desirability of the product, and minimizing waste. This work demonstrates a solution
framework based on reinforcement learning to address these matters. The first issue is related to a supermarket environment where visitors move
along a network of several points of interest (POI), which are places of interest such as stores, promotion booths, or cashiers. The behavior of these
visitors (customers) forms a complex time-dependent process conditioned upon several controllable parameters, such as the number of cashiers and
the presence and location of promotion booths, which is not straightforward to model as an analytical expression . Moreover, the supermarket chain
has a daily budget to incentivize clients to visit the store. So, the problem is how to choose this incentive in the most efficient way. Supermarkets
Chain chooses a new exogenous demand (demand) to be selected one day in advance. Before this new demand is revealed, the chain is allowed to
place promotion booths around the network, influencing the probability of customers that visit the store to either go to one of the promotion booths or
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buy something. Choosing a suitable number of promotion booths around each store has a cost that must be included in the limited budget. Thus, the
goal is to suggest a strategy to allocate this available budget to promotions that maximize performance of the system (profit). This supermarket
environment has some similarities with the real-world problem, as a recent project showed, where the Walmart chain invested large sums to upgrade
200 stores in order to create an environment to increase in-store app usage . With the Walmart app, clients (customers) will be able to navigate the
store optimally, in a similar way to how the MIP was portrayed. Incidentally, after the optimization and advice was made to the Walmart big store
network, it raised discussion about the implications of using the developed strategy in practice. Therefore besides the standard problems of making a
successful project compatible with a strong competitive advantage, a significant additional feature is dealing with the inherent complexity in a simple
and beautiful way.
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Fig 5: Integrated cybersecurity Use cases

5.1. Real-world Implementations in Retail Operations

Retail is a multifaceted environment with a great number of locations and an equally large number of security risks. Implementing cloud services in
this industry would then create an additional layer of dependencies and potential vulnerabilities. On the other hand, cloud services are becoming
more common and critical also in retail operations due to the significant codification and automation of routines, such as e-commerce websites, stock
management systems, and accounting packages. Given the much lower complexity of the cloud service business operations when compared to retail
operations, such leveraging can create opportunities for potential risks. For instance, more than 35% of the testable network connected AWS
machines analyzed are poorly protected. This allows attackers to breach the build of these machines and operate within them for a long period before
being detected or affect the cloud provider itself, giving access to information about other clients or disrupt the service, potentially generating losses
to the retail organization.

Firstly, a study aimed at assisting the migration of retail operations to cloud while minimizing security risks presents a novel approach of gamified
exercises for cloud computing teams, an approach well suited to the already Killing deficit in cybersecurity personnel. Secondly, an architecture
describing how this may be done is presented along with technical information about the deployability of such architecture through Infrastructure-as-
Code (l1aC) tools . Thirdly, various game modes are explored as an input to gamified exercises for training on AWS, Microsoft Azure, and Google
Cloud, as these are the three most common cloud providers. And lastly, detailed results of the exploration of 1aC tools and a suggestion of how to
proceed with cloud security improvements in a gamified way. As a more technical outcome, a Terraform script is presented that automates the task of
creating a central and regional virtual private cloud (VPC), transit gateways, allotment tables, route tables, and peering connections for AWS.

Equ 3: Customer Lifetime Value (CLV) Calculation

AOV x F x R

CLV =
1+r—d

Where:
e AQV is the Average Order Value.
s F isthe purchase frequency.
¢ R is the retention rate.

s 1 is the discount rate (if applicable).

s d is the customer attrition rate.

6. Challenges and Future Directions

Securing cloud computing is a rapidly evolving technology, and the phenomenal growth of digitized data has empowered retailers to implement
novel applications. In cloud computing, the applications are proposed to store and access pooled resources through the internet and other broadband
services. However, the introduction of (IoT) devices and a blend with cloud computing enables retailers to operate more smartly. The introduction of
mobile devices has heightened customer interactions. These devices have allowed consumers to shop online using cell phones and have led to more
data breach attacks.

Cloud computing and IoT steadily regulate and streamline retail operations. However, if they are not secured end-to-end, they can potentially widen
the attack vector for cyber crooks. Malicious attackers can intercept sensitive data, infiltrate malware, and disrupt the operations of retail systems.
Critical attacks can leak out valuable information. However, securing those digitized applications is still a question. Traditional security
countermeasures are unable to secure end-to-end retail operations and cloud computing systems. More substantial resources and updated systems are
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required to maintain traditional security systems for detecting cyber threats. The unethical utilization of 10T and cloud resources can perform DDoS
strikes. Cybercriminals can assault cloud data centers, leading to data loss and denial of service . To secure those systems, large data centers have to
implement more computational resources. However, present-day retailers have the restricted budget to secure those resources.

@US @ Canada

Fig : Cloud Computing Statistics to transform your Business Growth

6.1. Barriers to Adoption

Security and regulatory compliance remains one of the most important barriers to adoption of cloud computing in the retail sector. The major retailers
have adopted online retailing and many have started to adopt cloud services, such as Software-as-a-Service, to support this. However, the adoption of
Platforms-as-a-Service or Infrastructure-as-a-Service in more sensitive areas like stock control, cash handling or cloud Point-of-Sale systems has yet
to take off. Despite the price of cloud services falling, safety concerns remain. These are centred around the fear of data loss due to corporate or state
espionage, regulatory compliance — the Financial Services Sector has a legal obligation to ensure all IT systems are on UK soil — or inappropriate
usage by employees. There are also misunderstandings of threats, such as a belief data is more secure behind a firewall, and a widespread belief
encryption is a panacea. These concerns are not merely academic: the largest private retailer in the UK was brought to its knees by the riots, which
were co-ordinated using a messaging service after intelligence suggested that encrypted services would be immune to conventional disruptive action.
Recent reports indicate that attacker’s methods have become highly sophisticated, using a combination of social engineering and electronic protocols;
recent attacks are reported to use point-to-point encryption, which in principle is end-of-gateway-SSL-thought-to-reach-mainframe-of-vulnerability.
Detection mechanisms are necessarily sophisticated, and many threats may remain undetected, particularly in cloud computing where additional
vectors may be on site; a group is believed to have successfully blackmailed several retailers to the tune of a significant amount, threatening
blackmail DDoS attacks otherwise.

6.2. Future Trends and Research Opportunities

Several emerging technologies such as Software Defined Networking (SDN), Network Function Virtualization (NFV), and the convergence of
Information Technology (IT) and Operational Technology (OT) have become the key components for developing hybrid cloud technology. These
technologies are bringing further advancements in managing networks, resources, and data centers with more flexibility and cost-efficiency. A
template-based network controller connects different types of devices to automate SDN and cloud computing extension for OT through a cloud-
native framework. Therefore, it is essential to develop secure, efficient, and reliable scheduling strategies for hybrid cloud applications in the
aforesaid context. With growth in the retail industry, the retail business becomes more complex and distributed with connections to multiple entities
in the supply chain. To achieve these objectives, Infrastructure-as-Code (1aC) using a novel Hyper-Graph Network Ecosystem (HGNE) framework is
integrated with the Software Defined Cloud (SDC) to manage and reduce security threats to applications and resources in an automated and
optimized fashion. This work designs schemes for auto-scaling, auto-healing, and auto-configuration using the 1aC HGNE framework. Additionally,
the HGNE framework helps to manage network devices for high-scale retail cloud operations. An integer linear programming model is developed for
the laC-based hypergraph network to automate and optimize scheduling strategies by considering computational, network, and economic security
domains regarding retail operations utilizing hybrid clouds. Moreover, 1aC declares the intended state of IT resources by using well-defined
configuration files. Using the laC-based HGNE framework, large enterprises and cloud service providers can achieve secure, efficient, and reliable
retail operations and cloud service scheduling management.

7. Conclusion

Machine learning and deep learning algorithms represent the latest Al trends for 2022. They will continue to evolve and serve various industry
applications. When properly applied, they can help organizations carry out their critical tasks, increase efficiency, and save money and resources. The
pandemic had a decisive influence on many people who shifted from spending less time at home to going entirely remote due to the Covid-19 crisis.
Therefore, they became adapted to online shopping, social media, browsing, or data communication from smartphones, tablets, and PCs. Retailers
witnessed a shift in having more web traffic from physical stores to online space. The high traffic provided a playing field for hackers to exploit
security vulnerabilities in a massive and distributed manner. As a result, the abuse of the Rapid Development tools, coupled with the poor adoption of
the necessary security configurations, led to various high-severity risks that could have been avoided being addressed. Ensuring a well-understood
deployment of the resources and capitalization on best practices is essential when the cloud is embraced for future clouds and mission-critical
structures.

Infrastructure as Code (IaC) is a technology for automating the organization and provisioning of cloud infrastructure configurations. The intentions
are depicted in code, offering ease of configuration management. Cloud infrastructure provisioning tools ensure the recurrent state of cloud resources
according to design templates. Terraform is an IaC tool, and it explores Terraform’s usage within the cloud services of different providers: Amazon
Web Services (AWS), Google Cloud Platform (GCP), and Microsoft Azure (AZ). We gather 287 documented Terraform secure configurations from
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88 different sources, categorize them into eight groups, and employ Checkov to scan for their security vulnerabilities. We selected standard industry-
recognized security policies provided by AWS, GCP, and Azure and designed 104 checks that then categorized them into five policy groups. In
addition, 812 of the most “starred” active open-source GitHub repositories with Terraform were selected from each provider, and it is investigated
how security policies are applied in them. Finally, this study can offer best practices for either practitioner use or service providers and a Terraform
configuration secure template with the industry’s acknowledged practices embedded to prevent security risks .

7.1. Summary of Key Findings

This work has revealed the findings of a research project aimed at capitalizing on the synergy between artificial intelligence powerful classifiers and
the ubiquity of Infrastructure-as-Code configuration for enhancing the security of cloud-based retail operations. The outcomes presented demonstrate
the potential of such synergy in leading industrial domains by shaping an automated approach to generate a high quality curated security dataset built
upon the Infrastructure as Code configurations in cloud providers. Subsequently, pre-trained state-of-the-art models from the Transformers family are
applied to classify said dataset into security best practices. Post-analysis extracts useful knowledge within the architecture and weights of a fine-tuned
classifier ready for deployment on conditions with a resource constraint. A broader, ambitious long-term vision has also been thoroughly discussed.
By automating the full processing chain, any deployment on a retail operation’s job will not involve the manual intervention of a cybersecurity
expert, thus drastically reducing costs. Moreover, the results can be directly used to sort out, from the myriad of configurations generated by
Infrastructure-as-Code, the most critical ones, thus leading practitioners to focus on a limited and highly secure subset. As a final outcome, a
Machine-Learning-as-a-Service AP1 wrapped up of such models and their facet analysis has been made available to encourage the neuroscience of
Infrastructure as Code . The dissemination of sets of manually curated best practices aligned with the widely popular Infrastructure-as-Code
documentation engines is also expected to push forward the democratization of cybersecurity in cloud services among small to medium-sized retail
providers.

7.2. Future Trends

Automation of predictive analytics—a part of Artificial Intelligence (Al)—has gained more limelight to solve unresolved issues and provide security
threats for different applications or systems. In cloud computing, the concept of containerization alongside Al, 10T and network management were
considered capable of future research directions. However, there remains a need for clear deployment options to deploy more secure and reliable
(quality of service) networks. Taking these issues into account, Al is used in cloud-based networks focusing on a mechanism that can automatically
encrypt the link or information (cloud service) of the provider. Virtual/extended simulators can be used to test whether the mechanism to encrypt the
cloud service link has been properly secured or not .

In a retailer, the need for Cloud Data Centers (CDCs) is likely to grow during holiday seasons to temporarily increase the number of branches and
customers. Therefore, most retail chains (organizations) will share the network with Telecommunication Service Providers (TSPs) in the same local
area. Moreover, exposure to many cloud applications can increase security, privacy and availability risks among retail organizations and TSPs. Due
to these reasons, Cloud Data Centers (CDCs) used in this environment must be secured by design. This study focuses on automating existing security
mechanisms at the network edge of CDCs using Infrastructure-as-Code (IaC) and Artificial Intelligence (Al) concepts. Because of this computer
architecture concept, the provider can only deploy additional cloud service links for a limited (unpredictable) amount.
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