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Abstract : Enterprise resource planning (ERP) systems are often viewed as a necessary burden that usually delivers less value than originally
anticipated. Enterprise resource planning systems are supposed to provide organizations with the information they need for central control,
regulatory compliance, and business processes that are supported by information flowing through the system. Big Data and Al models present an
opportunity to redefine how ERP is implemented and maintained. It has the potential to move the ERP space from being mundane to being a
significant driver of future business performance. Al, by automating human performance, can also automate system ownership and improve
customer satisfaction. In this way, it is a force multiplier that changes the economics of the ERP ecosystem.

The data being fed into the model and the results of that model present new challenges for ensuring that all of this can be done at the proper level
of security. This is a central challenge for ensuring the long-term security of both the ERP implementation and the enterprise itself. This paper
will examine the protocols that must be observed to retain security and maximize this potential transformation associated with the Al-driven future
of ERP solutions. Both the opportunities and the potential pitfalls will be discussed in the hopes that this will enable a secure and efficient path to
that future, minimizing the number of disruptions that a company will have to encounter on that path.
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1. Introduction

Contemporary advancements in ICT enable the realization of smart, responsive, and efficient enterprise management information systems. Rapidly
collected business data, relevant to many business stakeholders and segmented by their perspectives and responsibilities, enable the development
of business intelligence solutions. Tools for collecting, cleansing, refining, modeling, and forecasting valuable insights drive their competitive
edge. Automation of many findings and decisions further increases the business value of such big data-driven systems. Meanwhile, daily business
is already considerably dependent on operational enterprise information systems for managing transactions and other business reporting
obligations.

Over time, with economic and social development, business integration requirements have grown from simple enterprise resource management
through supply chain management services to customer relationship management and other business linkages. Further gradual integration
developments may be expected, but just relying on continuous performance improvements at the interaction edges may not be enough to
significantly reduce business hassle. Big data has already significantly transformed business operations. Enterprises capture more business data
from an ever-growing variety of sources and develop secure and efficient data storage, as well as efficient and secure business intelligence services.
Numerous big data use cases are continually presented, delivering optimally implemented business intelligence use driven by firm response needs.
However, their alignment with enterprise transactional information systems, crucial for the success of the original enterprise business, is still far
from state of the art.

1.1. Background and Significance

The implementation and operation of the enterprise resource planning (ERP) system involves significant changes in businesses and institutions,
making data science, artificial intelligence (Al), and big data critical to their future. However, we find that despite the intrinsic characteristics of
these ERP systems, there is a relative scarcity of academic literature that addresses and integrates the relationships between these three areas.
Therefore, how to integrate big data into the system and make data more valuable becomes critical. In recent years, with the development and
integration of hardware, data analysis methods, and intelligent algorithms, Al technology has greatly evolved and played a huge role in many
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fields. Among them, the integration with internal ERPs of enterprises may be soaring. At the same time, this can also raise some issues in the way
of development.
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Fig 1 : Al in ERP Systems

Whether they are internal ERPs or those in a third-party service, such as traditional CRM and SaaS models, when the enterprise accepts an external
management system service, it also brings a series of data security risks. This study will discuss some related technologies and also hope to
alleviate the concerns of this part through related discussions.

Equation 1 : Big Data Processing in Al-Powered ERP
XI}HHD{-.‘.‘:‘HEC]. - fpl’E(X7 Wpre)

X represents raw input data from the ERP system,
W re are preprocessing weights (normalization, transformation),

fpre(-) is the preprocessing function (data cleaning, scaling).

2. The Role of Al in ERP Systems

Traditionally, companies have been quite impressed with the ability of enterprise resource planning (ERP) systems to streamline and integrate
information across the organization. These legacy systems support business processes that include manufacturing, supply chain management,
financials, projects, human resources, business intelligence, and customer relationship management, among others. However, with the recent
advances in digital technology and the exponential growth in data, along with the challenges that come with that, companies are nowadays less
satisfied with their ERP system deployments. Study results show that data entities of several dimensions can exert a significant effect on ERP
projects, which are described mainly by spinoffs such as integration and security requirements. On the other hand, big data has brought new
opportunities to the development and applications of Al. It is believed that Al can play positive roles in different aspects of an ERP system, which
can improve the efficiency, reliability, and security characteristics of an enterprise system.

Our literature study has shown that the overwhelming amount of ERP evaluation methods found in literature is biased toward specific projects' or
companies' needs, at the expense of generalizability. This is corroborated by the result that not making use of organizational characteristics for
ERP evaluation is one of the critical factors responsible for the high failure rate of the system. Therefore, we believe that Al in combination with
big data can offer more uniform, standard ways to evaluate ERP success. Artificial Intelligence in Big Data provides built-in machine learning,
decision support, and predictive analysis to enable deeper insight through analysis, time series, master workers, master nodes, or user-developed
machine learning and statistical models. These capabilities support fast and cost-effective insights into large volumes of diverse and complex data.
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Fig 2 : Al in ERP: How It Benefits the Enterprises

2.1. Automation and Optimization

Business process management draws from scientific disciplines such as physics and biology; the objective is to optimize opportunities by
improving the efficiency and velocity of processes. The fundamentals and methods used in the quality processes of Six Sigma are employed as
optimization techniques. Al finds effective application in finding several competitors in heuristic optimization in discrete optimization problems
such as clustering. The evolving multi-agent system is used for multi-objective optimization.

Optimization techniques have been developed as hybrids to take advantage of the speed of computer calculations to reach logical conclusions.
Using hybrid soft computing, such as artificial neural networks in conjunction with genetic algorithms, can lead to quick solutions. Neural network
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and expert system combinations are used successfully in inspecting storage tanks and reactors because of their ability to learn. In knowledge
elicitation, techniques of expert systems are used. The rules of an expert system are generated by many learning algorithms, like the
backpropagation algorithm for neural networks. The evolving model to heighten responses operates based on a set of three mechanisms but
otherwise operates in the same way as a neural network, where each node contains one of a set of prescribed hypotheses. The truth values in each
node are modeled, as in a neural network, by a calculation of the strength of the linked type of model. Both neural networks and fuzzy logic are
employed to carry out classification.

3. The Role of Big Data in ERP Systems

In the current digital world, businesses handle and process vast amounts of data daily. Equally, data spurs the ability of a company to survive in
its enterprise; it governs current strategies and provides the lens through which one can predict future paths. The range of big data models and
analytics in enterprise resource planning (ERP) systems can turn out to offer a business the alignment of strategy, quality models assessment, and
estimation of views, making ERP systems real data-driven stages. This chapter underscores the essential aspects and the features of big data
generated and managed by current integer and real algorithms of big data, listing the gaps encountered in ERP systems in terms of big data
coverage. A multi-model architecture for the collection of multi-dimensional time series is proposed while ensuring the high measurement quality
of gathered data as well as the safe and efficient collection, management, and processing of big data sets.

Massive data, also known as big data, can be defined as a set consisting of a great variety of data that may be captured, managed, and processed.
In a business environment, the big data definition can also be interpreted through the lens of ERP systems. Consequently, academic models and
existing systems certify big data fabricated by applying integer and real algorithms. Data familiar to ERP systems has a virtual quality set at low
levels, due to the high variety of data consolidated into ERP systems. The databases’ high collection rate first increases and then permanently
implies the quality level of data discharged by companies. ERP cannot be defined entirely as a safe and efficient enterprise connector that can
check and evaluate temperatures, moisture, and other measurable specifications, representing relevant trendy quality models. Animal enterprise
notification, enterprise information, enterprise system using big data, I0T for a scalable notification that uses big data collection, management,
and processing real and integer algorithms of big data products, big data safety enterprise system, and other new generation decision-making
systems that are heterogeneous and use a variety of algorithms to collect data. Big data generates observation integration that governs the current
company's role and the ability to predict its future state. General and sector strategies are defined based on their use. In the end, big data is not the
engine for the use of intelligent systems, but the IQ and artificial age of the company empowered while ERP systems have not yet used the full
range of big data-proven algorithms and tools to their maximum potential. The high quality of time-stamped multi-dimensional competition is
easier to generate, but the academic models used do not consider the insecure heterogeneous environment in homeostasis control. The primary
contribution is to enable real practical applications of the high-level integration architecture and model proposal for the safe and efficient use of
multi-dimensional time series that are current quantitative tools for quality models that are rapidly unfolding.
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Fig 3 : ERP Systems

3.1. Data Analytics and Insights

ERP systems process and save large amounts of data with a wide variety of data types, making system integrations with tools such as data analytics,
machine learning, and advanced analytics fundamental to unlocking insights, guiding actions, and optimizing outcomes as a competitive
advantage. Only using descriptive analytics in an operational database can compute varied calculations to show the performance of KPIs in the
form of reports, tables, and dashboards with informed diagnoses about what and why something is happening. The limited view frequently holds
back business decisions being taken at the highest levels in the organization.

Creating forecasts about the results of different choices using predictive analytics such as statistics, data mining, modeling, and machine learning
techniques in statistical algorithms reveals more tangible but business-limited information about what is yet to come. They inform predictive
models of potential business outcomes, internal trends, and customer behavior patterns. Moreover, the model learns from historical and current
data, and by recognizing variables representing drivers and their correlations, a predictive model points out target outcomes. Going to the next
level, rational decisions about what should happen to maximize the predicted outcome are driven by prescriptive analytics, often known as "what-
if" analyses. The main purpose of prescriptive analytics is to recommend an informed course of action that is best suited to the current trends,
customer behavior, and business processes, based on current and constantly updated derived data information. By rapidly updating data and
creating simulations, the model estimates the potential impact of different decisions. Providing consultant-like advice, a prescriptive model enables
users to understand an array of possible outcomes and decide on the best course of action.
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Equation 2 : Al Model Training for Predictive Analytics in ERP

U = gar(Xi, Oa1)
it is the predicted output at time ¢ (e.q, sales forecast, resource requirement),
X, is the feature set at time ¢,
B represents the model parameters (2.g, deep leamning weights),

ga1(+) is the predictive madel (e.g., neural network, regression).

4. Integration Strategies for Al and Big Data in ERP Systems

To maintain their market position, organizations are investing in the deployment of several technologies through enterprise resource planning
systems. Al, alongside big data, has the potential to optimize the internal business processes of an ERP system and should ideally be integrated in
future versions. Significant empirical research on this integration is yet to be seen. To ensure an increase in the use of these strategies, the approach
should be defined and elucidated. The result of having such a strategy is the creation of a structured and systematic process for dealing with the
various available integration options. Consequently, the understanding of the relationship between elements is increased. A total of four integration
strategies have been highlighted.

Having a very customizable and flexible architecture of Al, big data, and ERP systems means complementary technologies can be experimented
on extensively. This will allow for Al to be employed in more areas of the ERP system. In the end, this will result in more Al benefits being
achieved. Systems of Al, big data, and ERP can be dismantled and reassessed to find any potential irregularities. Since the dismantled systems
can be assembled for specific purposes, adjustments to the current environment for hybrid planning reasons will be made. The usage of Al, big
data, and ERP systems can be further advanced given that users have a better understanding of what they are capable of doing. This is important
as advanced output in ERP systems can be effectively utilized by different lines of business. Data-driven designs, more efficient business
procedures, and new revenue sources are the results of optimized jobs.
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Fig 4 : ERP System Integration

4.1. Data Architecture and Infrastructure

Organizations implementing an ERP system typically have many disparate systems and operations that use Al and big data techniques to better
understand and manage the data's potential, organize the data in a manner that suits Al and machine learning, and evaluate with trial studies,
platforms, technologies, and toolsets. Actual integrated Al and big data capable architectures, infrastructure, database applications, and
management are available to them with a focus on Al and big data tasks, tools, and practical system requirements. This showcases the flexible,
hybrid, three-layered, deep learning, and machine learning technologies, fully encompassing specialized cloud infrastructures, data engineering
components, application programming interfaces, and middleware, enhancing the functionality and enrichment of the connected and layered ERP
system architecture.

5. Security and Privacy Considerations

Using Al technologies, big data analytics, and Bl solutions, ERP systems can now handle advanced analytics, process more knowledge-based
tasks, and assist users with Al-enhanced and automated decision-making. With the deployment of big data analytics, a company's ERP system
can process a greater amount of external unstructured datasets. This can be used to support better decision-making, and it aligns the ERP system
more accurately with Industry 4.0 philosophies, with technologies that are key to reshaping traditional business models. Furthermore, Al-driven
ERP systems can provide the highest levels of functionality, performance, and secure data processing, allowing optimal efficiency, security, and
user satisfaction to be maintained while leveraging big data Al-generated insights. This type of technology collaboration also follows the
challenges that cloud-based technologies bring. This chapter aims to educate business managers and enterprise architects on ERP security best
practices to better secure ERP applications and underlying data, regardless of the deployment strategy — whether this is fully on-premises, hosted,
cloud, or hybrid. This is achieved by highlighting a selection of Al and big data integration strategies that can improve application processing or
manage sensitive data. It is also widely accepted in this area that big data needs to be well managed by following security and privacy measures.
These types of policies focus on data loss prevention, encryption, who is authorized to maintain, and to whom the information can be
shared.Developing a strategy for securing data should be inherent in an organization's core values.
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Fig 5 : Big Data Security Intelligence for Cyber Threat Challenges

5.1. Data Protection Mechanisms

The prime concern of everyone working with Al and big data in an ERP system is resilient data protection. Cryptographic methods provide a good
layer of security to data at rest. We traditionally employ cryptographic tools for data protection, such as symmetric cryptography and PKI. The
major drawback is that too much cryptographic processing reduces the speed of an ERP system and its processes. Achieving the right balance of
protection and already activated encryption is a good combination for overall system procedures. First, authenticate the source. Then, inspect all
unencrypted data and recognize the subject. Finally, scan the data for protected keywords. Interchange data with binding encryption from
keywords.

Inheriting high availability protocols with a dynamic key management scheme is an effective idea to preserve the above data protection measures
while handling large ERP data. In some cases, attribute-based encryption is used to determine the protected information. Protecting data in
transmission when interacting with others is commonly done, such as through the secure sockets layer. Tokenizing the entire transaction and
encrypting certain transactional data can further expedite the process. To employ this combination of data protection, suitable training, and
formatting are required. It is important to document and protect key bindings and transactions by configuring and tuning accompanying
applications.

For big data, furthermore, spreading the data stored in an ERP system across several hosts offers an enduring and successful defense against
attacks. Immediate visibility to every piece of data even allows quick erasure when necessary. Independent nodes throughout the network need to
inform the central key management system of the number of transient data and then the actual number of what will be removed or can encrypt the
data. Central or automated measurements are feasible. A well-configured platform dedicated to analyzing big data while bypassing the ERP system
keeps the data usage in the ERP system at the best speed it needs to perform necessary work securely. Moreover, key removal from data after
processing reduces the store’s vulnerability to attacks. Periodic reports from security association data block automation attacks against repeated
disruptions in system throughput. Such reports are sufficient for studying the system’s general performance in large industries reliant on heavy
ERP data.

Equation 3 : Risk Mitigation and Security Strategy in ERP with Al and Big Data
m

Rtutal = E (Tfa : Rﬁ : Cz) : ‘:\AI
i=1
Rigtal is the total risk score,
Vi is the vulnerability of the i-th asset or operation,

P, is the probability of a security breach,

C; is the potential cost of the breach,

6. Case Studies and Best Practices

Successful ERP data workflow design and deployment require collaboration among diverse teams with various specialized skill sets working
together in unison for the coalescence of the division. Experiences show that six stages requiring special and coordinated efforts exist in the
collaboration between diverse teams. These stages include 1) unique data source determination and conversion to either human or Al-
understandable data language format discussion, 2) ERP acceptability consideration and ERP-centric performance metrics analysis, 3) required
feature dimensions analysis for decision function and data optimization, 4) data function and secure communication process design and
verification, 5) testing, validation, and successful holistic integration process implementation and continuous monitoring, including Al-based
automatic triage confirmation, and 6) accomplishment of operational task environment adaptation and proper feedback adjustment. This chapter
presents six ongoing internal projects based on the stage collaboration process and project case studies for each execution concept with practical
and distinctive data processing interdisciplinary applications in eight well-known large-scale enterprise resource planning systems. The six case
studies not only integrated ERP and Al crafting, security, and performance improvement data design solutions stage by stage and multi-mode
customization for AI-ERP processing but also accumulated valuable lessons learned, best practices, and possible gaps in the ERP system design,
which they believe could guide modern knowledge transfer and data mining information designers for stage kind of internal collaborations between
various disciplines.
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Fig 6 : Al in ERP Systems

6.1. Real-world Implementations

Enterprise Resource Planning (ERP) systems have an unprecedented level of unattended access to the heart of an organization. In the face of a
world where cyber threats and data privacy requirements are constantly increasing, the techniques capable of instant detection and neutralization
of cyber threats for these systems are few. A natural evolution is the integration of artificial intelligence (Al) and big data. However, even knowing
that there are several studies already completed and new possibilities arise daily, there are still few works that guide the realization of these
strategies coherently. To do this, we present the description of four real-world ERP systems implementing various strategies for integrating the
referred technologies as well as their security and data privacy attributes. This chapter is a short survey on transformation methodologies for secure
and efficient ERP deployments, moving forward from the theoretical base of previous chapters, presenting instead the description of the
implementation of the already existing scientific advances that guide the technical choice and how the strategies work in these real-world
implementations. In it, we present the description of four real-world ERP systems implementing various strategies for secure and efficient ERP
deployments: stored procedures, where databases are sealed performing compute-at-storage so that all details are treated only in-memory with
guaranteed compliance across big data platforms; personalized models where just the descriptions and essential data are stored, and real-time
builds are made for each user on a distributed learning system; completely personalized models where no user data goes through the network, and
real-time builds are made for each user on personalized models, in both cases with complete transfer guarantees; and big data works in general.

7. Challenges and Future Directions

We have proposed an Al- and big data-enabled ERP eco-process and Al- and big data-enhanced BM process, defined an Al- and big data-based
digital patient antenna array, and discussed integration strategies based on the defined process and architecture. Our work developed secure and
efficient Al- and big data-enabled ERP systems from operational to strategic levels. We also identified multiple complex relationships among
BM, digital patient, process, and system perspectives. Future research will explore further use of Al and big data from other perspectives, including
the human, the project, the physical world, the informational technology infrastructure layers, and other use cases, and will integrate several design
science researches to enrich the patient array functionalities. Therefore, this work is not an end, but a beginning for better developing secure and
efficient Al- and big data-powered digital patient arrays. Although ERP systems are designed to function as enterprise information systems, some
enterprises have failed in their ERP implementations. When it comes to Al- and big data-enhanced ERP systems, future endeavors are critical for
analysts, enterprise chiefs, business leaders, and system developers. The future ERP vision and direction will focus on the Al- and big data-
powered ERP eco-processes, the ERP abilities of BM, human, physical world, project, IT infrastructure, and other perspectives, and strategic
secure and efficient deployment of Al- and big data-enhanced digital patient arrays to benefit global enterprises.
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Fig 7 : ERP System Integration

7.1. Ethical Implications

It is very important to note that no technology comes without some underlying ethics or ramifications. This statement is profound for organizations
operating ERP and other business operational systems driven by innovation for value creation. When Al and ERP data start working together, the
ethical implications become crucial. This chapter explored the different options for integrating Al and ERP. Understanding the different options
allows an organization that operates an ERP system to take an Al integration strategy that is ethically and operationally acceptable. Security, effort
to deploy, adaptability, and ethics are some of the factors that drive the specific rationale for integration. These factors include performance, skills,
system adaptability, and many others, which are more likely than not to change after a period of deployment. The algorithms described for
integrating Al provide organizations the means to match their available capabilities with the degree of benefits they seek to exploit while respecting
those shaping ethical concerns.

Transparency and accountability are essential enablers for technology development. It is very important to unlock and give greater access to
federal data to facilitate technology development by all sectors of industry and academia in Al, big data, advanced analytics, machine learning,
sensor-based, and communications technologies. Special attention should be given to the social and ethical implications of these new technologies
by focusing on privacy protection; legislation, regulation, and certification; protection against distributed denial of service attacks due to Al
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algorithms; robustness of hardware as enablers for resilience; the importance of keeping critical businesses running; transparency about actions
taken; and fostering Al, big data, advanced analytics, and machine learning knowledge, expertise, and basic digital skills.
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