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Abstract  
  
Assets are critical working tools in any organisation; their technical nature makes them significant for the effective 
outcome of strategic designs in today’s fast-growing technological age; hence, proper management of AIS is 
important for an increase in organisational performance. Such conventional approaches as relational databases or 
data warehousing are not entirely suitable for dealing with the problem intricacy, size and volatility of today’s 
connected data. This paper focuses on the assessment of the traditional and novel perspectives of data relationship 
management in AIS. It also compares traditional approaches like Relational and Object-oriented databases with 
new/Emerging technologies like Graph databases which optimise data complexity and semantic web technologies for 
better integration of the data. Also, the integration of advanced computational technologies such as machine 
learning and artificial intelligence improves predictive analysis and data mining to promote decision-making and 
organisational performance. Advanced technologies, such as blockchain and cloud applications, advance asset 
management even more because of their enhanced security, clarity, and expansiveness in approaching relevant 
databases. Blockchain enhances the features of decentralised record-keeping and immutability, while cloud solutions 
are scalable storage and computational resources. This paper considers problems like integration, data quality, data 
scalability and security and also provides some recommendations for further studies to solve these problems. Through 
examining these developments, the wish for the paper is to contribute to the improvement of asset management as 
well as decisions in this sphere in the context of growing concern and popularity of technologies. 
 
Keywords: Asset Information Systems (AIS), Data Relationship Management, Relational Databases, Graph 
Databases, Semantic Web Technologies. 
 
 
1. Introduction 
 
In the contemporary world, where organisations are 
faced with tremendous technological advancement, the 
management of asset information systems is a crucial 
factor in enhancing the efficiency of the organisation, 
not to mention in decision-making processes. Fixed 
asset information systems that cover all phases in the 
life cycle of fixed and intangible assets are crucial in a 
number of industries ranging from manufacturing, 
transport, and infrastructure. It is noteworthy that 
these systems are designed for the purpose of 
monitoring, controlling and improving assets. While 
doing so, the amount of information collected in 
these evolved webs is an issue. It is imperative that 
accurate and integrated relationship of data within 
these systems be managed to provide coherence and 
utility of an information to increase operating 
efficiency and ascending strategic planning. 
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ERMs in the past have been implemented using 
database management systems and data warehousing 
strategies. However, these methods have been useful in 
dealing with structural data and simple relational 
computations with inherent limitations when dealing 
with nested structures typical in asset management. 
With the emergence of new asset information systems, 
more complex ones are required, which formulate 
dynamic and complex relationships and offer greater 
insight into the asset's use, updating, and disposal[1]. 

Innovations in data relationship management have, 
in the recent past, developed several more complex 
approaches and tools. For instance, graph databases 
provide a sound architecture for dealing with 
relationships because data is represented as nodes and 
edges. It is a more logical and efficient approach 
compared to ‘row-wise’ analysing of data to create 
relationships between the assets. Also, the rise of 
semantic web technologies and knowledge graphs 
enhances improved match and linking of asset 
information and enhanced integration and 
interoperability of data. 

http://inpressco.com/category/ijcet
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Also, the incorporation of machine learning and 
artificial intelligence in asset information systems 
implies the evolution of data management . These 
technologies improve forecasting, data harvesting, and 
decision-making concerning assets and infuse 
proactive decision-making in the process. The 
distributed ledger technology is also leaving its imprint 
by providing end-to-end discontinuity which helps in 
maintaining the trustworthiness of recorded assets[2]. 

However, there are still some issues to be solved in 
the aspect of data relationship management of asset 
information systems. Challenges are arising in the form 
of data privacy, scalability of the system, and 
integrating new approaches with the existing system. 
This paper focuses on identifying and analysing the 
recent innovations in the DM, its different aspects 
through the case studies, and perspective research 
areas to help overcome the current problems and to 
exploit the new opportunities in relation to this rapidly 
growing and developing area. 

The aim of the investigation is to analyse and 
improve the management of AIS, focusing on TD RM 
and emerging methodology of data relationship 
management. It is to examine what constitutes AIS, 
envision how traditional techniques like relational and 
graph databases work, and analyse new trends such as 
machine learning AI and blockchain. The proposed 
study aims to suggest solutions for the existing 
problem area, including data privacy, scalability, and 
integration issues with existing management 
information systems, as well as provide a clear vision 
of future research directions in order to optimise asset 
management and decision-making in the presence of 
technological change. Among the most important 
contributions made by the study are the following: 
This paper aims to identify and explain Asset 
Information Systems (AIS), which serve as the areas 
constituent, significance, and function that enhance 
asset performance and operational efficiency. 

It involves the assessment of prior solutions like 
relational databases, object-oriented databases, and 
data warehousing approaches in specifics of asset data 
organisations and types. 

The research explores the use of new graph 
solutions, Semantic web technologies and future 
machine learning, Artificial intelligence integration, 
and the application of blockchain technologies in data 
relationship management and asset tracking systems. 
It outlines various problems that companies face when 
implementing asset information systems such as data 
protection, working on large volumes of data, 
connection with other established systems, and call for 
better approaches to data handling. 

This work brings out future research findings and 
trends like edge computing and quantum computing 
and highlights how they can help in managing some of 
the current challenges in AIM and how it can foster 
advancement. 

 

Structure of this paper 
 

The paper is structured as follows: Section II focuses 
on the Asset Information Systems (AIS) and its parts. 

Traditional approaches of data management that were 
covered in section III comprise Relational and object-
oriented data models and data warehousing. Section VI 
covers emerging ones such as the graph database, the 
semantic web, machine learning, AI, the blockchain, 
and the cloud. Section V looks into issues solved and 
not solved and directions for future research. In 
conclusion, Section VI identifies the conclusion and 
recommendations for enhancing AIS and decision-
making ITEC environments.  
 
General Outlook of Asset Information Systems 
 
Asset Information Systems (AIS), on the other hand, 

concerns the integrated systems that are used in 

tracking the asset, especially through their life cycle. 

Their purpose is to provide comprehensive data on the 

state, availability, use, and efficiency of assets. Assets 

may be tangible, for instance, the buildings and the 

tools, or intangible, in this case, the business software 

or ideas. However, the primary objective of AIS is to 

efficiently manage assets within an organisation by 

gathering and analysing data that is relevant to the 

assets [3]. 

The relevance of AIS is that it works to enhance the 

efficiency of operational processes associated with 

assets, cutting necessary expenses and meeting all legal 

demands. By implementation of AIS it enables the 

organisation to optimise the asset use, increase the 

product’s life and avoid any shock situations. It helps in 

the planning of the optimal maintenance time for AIS, 

thereby preventing costly and time-consuming outages 

and enhancing asset reliability. This, in turn, results in 

improvement of the general organisational 

performance and competitiveness[4]. 

 
A. Elements of Asset Information Systems 
 

Asset Information Systems typically consist of several 
key elements, each contributing to the system's overall 
functionality and effectiveness: 
Asset Repository: An organised filing system that 
contains records of property details such as the status, 
location, and specifications of each property. It plays 
the role of a data repository and is the key component 
of the AIS since it consolidates all the relevant data on 
assets[5]. 
Data Integration Tools: Some of the ways of 
compiling the information received from different 
sources such as sensors, maintenance reports, and 
inventory management. These tools make sure that all 
informant data is gathered and packaged well to allow 
analysis and reporting[6]. 
Analytics and Reporting Modules: Software to 
extract data relating to the performance of assets and 
to create reports on the same. These modules employ 
statistics and machine learning approaches to detect 
patterns, estimate time for maintenance and evaluate 
the health of assets. 
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Maintenance Management: Functionalities for 
scheduling and managing maintenance activities such 
as preventive, predictive, and corrective maintenance. 
It assists in ensuring that the assets required in a 
company’s production process are in good shape and 
this will help to minimise on cases of breakdowns [7]. 
User Interface: The graphical user interface where 
clients engage with the system. It allows viewing 
information about the assets, their performance, and 
management tools; it should be intuitive and easy to 
navigate [8]. 
 
Traditional Approaches to Data Relationship 
Management 
 
Data Relationship Management focuses on the 
manipulation [9], structuring and enhancement of the 
cooperation between two or more datasets in an 
organisation. It involves ensuring that whatever 
information you are collecting from various sources is 
credible, accurate, current and accessible for 
processing and decision-making. DRM is on ensuring 
that all the associated data relations are protected and 
preserved with the goal of enriching organisational 
intelligence, refining business solutions and optimising 
businesses’ performance. It is an essential component 
in handling big data, ensuring proper data 
consolidation and improving best practices for data 
management in an organisation. Below is the data 
relationship management system, as indicated in 
Figure 1. 
 

 
 

Overview of DRM system 
 

The following is a list of major characteristics that are 
associated with data relationship management that are 
covered by traditional approaches to data relationship 
management: 
 

B. Relational Databases 
 
Because of its superiority in processing structured data 
[10], relational databases have served as the backbone 
of information management systems for many years. 
These databases organise data into tables (relations) 
with predefined schemas, where each table consists of 
rows and columns. The use of Structured Query 
Language (SQL) allows for complex queries and 
operations on the data, ensuring robust data integrity 

through the use of primary and foreign keys , 
normalisation processes, and ACID (Atomicity, 
Consistency, Isolation, Durability) properties. 
However, relational databases often struggle with 
scalability and handling unstructured or semi-
structured data, which limits their effectiveness in 
dynamic and complex data environments [11]. 
 
C. Object-Oriented Databases 
 
Object-oriented databases (OODB) were developed to 
address some of the limitations of relational databases, 
particularly in applications requiring complex data 
representations. OODBs integrate object-oriented 
programming principles, allowing data to be stored as 
objects, similar to how they are represented in 
application code. This approach enhances the 
modelling of real-world entities and relationships, 
supporting features like inheritance, encapsulation, 
and polymorphism. Despite these advantages, OODBs 
have not been widely adopted in comparison to 
relational databases due to challenges in 
standardisation, query language limitations, and 
performance issues with complex queries[12]. 
 
D. Graph Databases 
 
Graph databases have emerged as a powerful 

alternative for managing complex, interconnected data 

relationships. Graph databases store data using nodes, 

edges, and attributes, as opposed to tables used by 

relational databases. Applications like social networks, 

recommendation engines, and fraud detection are 

especially well-suited for graph databases because of 

their inherent ability to accommodate complicated 

queries and many-to-many interactions. Graph 

databases provide high performance for traversing 

relationships and querying interconnected data. 

Popular graph databases include Neo4j, Amazon 

Neptune, and OrientDB. On the other hand, programs 

that heavily rely on transaction processing may not 

benefit from their efficiency [13]. 

 
E. Data Warehousing and ETL Processes 
 

Data warehousing is a process of collecting data from 
different sources into a single location to be primarily 
used for queries and analysis of different systems. This 

particular structure is convenient for a centralised 
decision since it gives a single point where the entire 

information is stored. Data Warehousing is a process of 
integrating data from various sources. Such a process 
employs the Extract, Transform and Load (ETL) 

procedures. ETL is crucial in ensuring that the sources 
provide correct data in a consistent and coherent 
format that will fit in the data warehouse. ETL 

procedures can, however, be time-consuming and 
complex mostly due to the involvement of large 

datasets . 
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F. Challenges in Data Relationship Management 
 
Despite the benefits of Asset Information Systems, 
several        challenges arise in managing data 
relationships effectively: 
Data Integration and Interoperability: It might be 
difficult to integrate data from several systems and 
sources. Ensuring interoperability between different 
systems and formats is a major challenge, often 
requiring advanced data integration tools and 
protocols . 
Data Quality and Consistency: Accuracy of analysis 
and decision-making process is predicated upon one 
crucial factor – the availability of good quality and 
uninterrupted data. Forced cognition might arise from 
either ineffective or false information, resulting in poor 
insight and poor asset management decisions. 
Scalability Issues: The AIS’s process can become 
difficult to manage as organisations develop and the 
volume and diversification of assets grows. This needs 
strengthening of base and application of technologies 
that can be expanded as the user volume and intensity 
grow. 
Security and Privacy: Preventing a number of 
computers from gaining access to highly valuable asset 
information and from cyber threats is a major issue. 
Measures need to be put in place to ensure the secure 
handling of asset data while at the same time adhering 
to the data protection laws that appear across the 
world. 
Integration with Legacy Systems: A lot of 
organisations implement architectures which might be 
outdated and therefore not suitable for the 
implementation of modern AIS. Synchronising these 
mainframe systems with some of these advanced 
technologies is sometimes not an easy thing and may 
even need some degree of tailoring. 
Innovative Approaches And Techniques 
Several technologies and methods are presented in 
creative approaches and techniques. The subdivisions 
that are included in this description are as follows: 
 
G. Advanced Graph Technologies 
 
Organisations are now recognising the need for better 
accommodating complex graph structures in managing 
data relationships. These technologies offer complex 
approaches to managing and seeking information that 
is tied together naturally. 

 
Property Graphs 
 
Property graphs are a type of graph database that 
holds property graphs in which the various types of 
data entities in complex relationships can be modelled. 
In property graph, every node and an edge could have 
multiple properties which makes it possible to store 
attributes about relationships and nodes within the 
graph. This approach can be useful when used in 
applications where dynamism in the query of the base 

complex network is mandatory such as social network 
analysis and fraud detection. Property graph databases 
like Neo4j have been widely used and developed to 
answer queries in the context of property graphs [14]. 
 
RDF and SPARQL 
 
RDF is the term used to denote a model of Web Data 
Exchange Standard for the purpose of data transfer. 
Specifically, RDF is picked to represent data about web 
resources where semi-structured and structured data 
can be integrated and published and then reused by 
many applications. Like XML and JSON data, RDF data 
is not directly manipulable; however, it can be queried 
using an RDF querying language called SPARQL. RDF 
and SPARQL are two conceptual pillars of the Semantic 
Web since RDF is a data model which can handle 
complexities of data integration and SPARQL is used 
for querying RDF data [15]. 
 
H. Semantic Web Technologies 
 
Semantic web technologies create better data 
interoperability and integration; The technologies 
define frameworks and standards that allow data to 
flow in and out and be reused in other application, 
across businesses, and in the community. 
 
Ontologies and Knowledge Graphs 
 
Ontology can be defined as the formalisation of a set of 
concepts of a domain as well as the relationships 
between these concepts. They are employed to express 
the domain knowledge in the form that is equally 
understandable by computers and people. Knowledge 
graphs are large-scale graphs consisting of things and 
their relationship, semantic types, and properties 
depending on the use of ontologies. Information search 
and retrieval systems are among the applications that 
enable complex queries and reasoning over data [16]. 
 
Linked Data and Data Integration 
 
Linked Data is a set of techniques for the creation and 
publishing of RDF on the web containing proposed 
methods for linking and publishing RDF data on the 
web, making semantic search easy as it links many data 
sources together. This approach improves the 
compatibility manners between dissimilar datasets; 
hence, it improves the data reuse. Linked Data 
technologies are important constituents of the creation 
of the Semantic Web and the interconnection of 
various information sources [17]. 

 
I. Machine Learning and AI Integration 
 
Including ML and AI in asset information systems 
increases the capacity to identify, analyse and provide 
insights into large datasets, especially for decision-
making processes and organisations’ operations. 
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Predictive Analytics and Data Mining 
 
There is also a growing use of machine learning in AIS 
to improve the futuristic analyses of asset info and 
improved data mining. While the occurrence of future 
events is predicted, predictive analytics applies 
statistical analysis, ML algorithms, and previous trends. 
This should help in asset management by helping to 
forecast equipment failures, re-schedule maintenance 
and perhaps improve the allocation of resources. Data 
mining, on the other hand, is the process by which 
certain patterns and relationships within huge datasets 
are analysed with the aim of improving decision-
making [18]. 
 
Natural Language Processing for Data Extraction 
 
From unstructured text input, pertinent informat 
ion is extracted using NLP approaches. In asset 
management, NLP can be applied to analyse 
maintenance logs, technical documents, and other 
textual data sources to extract actionable insights. 
Techniques like NER, sentiment analysis, and topic 
modelling help in understanding and categorising 
textual data, thereby improving data management and 
decision-making processes[19]. 
 
J. Blockchain for Asset Tracking 
 
This technology increases confidence in the recorded 
data as well as the protection of owners’ information 
among many investors through a reliable and safe 
means of managing and tracking their assets . 
 
Decentralized Ledger Technology 
 
Blockchain technology presents a decentralised ledger 
system that enhances the authentication of records in 
many parties. Blockchain in asset tracking can be a 
guarantor of the transformation of all operations on 
the assets while maintaining the immutability of 
records. This technology is most useful in cases of 
product tracking for use in the supply chain to thwart 
fraud related to product sources [20]. 
 

Smart Contracts for Asset Management 
 

Terms of an agreement are fully embodied into code 
and it is autonomous in nature as it contains smart 
contracts. These are contracts that trigger and enforce 
the provisions of an agreement without the need for 
assistance only if specific parameters are met. In asset 
management, smart contracts are useful in occasions 
like schedule of maintenance, leasing agreements, and 
compliance among others as it eliminates human 
interference [21]. 
 
K. Cloud-based Solutions 
 
The ability to solve a variety of issues based on the 
volume and intensity of demand makes cloud solutions 

one of the essential components of today's data 
processing plans and tactics[22]. Their significance is 
in asset information systems, where there is an 
extreme need for data collection, storage, updating, and 
processing to ensure optimal performance and 
strategic asset management. 
 
Cloud Storage and Computing 
 
Cloud-based solutions offer essential factors of 
processing and storage that need to be flexible and 
extensible due to the tremendous amount of data 
created by modern asset information systems [22]. 
Cloud storage is beneficial for data storage due to its 
low cost and capacity; cloud computing offers the 
necessary computational resources for intense data 
processing, machine learning, and other data-related 
operations. They also enhance the accessibility of 
information as well as collaboration in real time, 
regardless of geographical location [23]. 
 
Distributed Databases 
 
Distributed databases spread data across multiple 
physical locations, improving accessibility, reliability, 
and performance. They are particularly useful in cloud 
environments where data needs to be accessed and 
processed by users and applications distributed 
around the world. Distributed databases support 
horizontal scaling and fault tolerance, ensuring that the 
system can handle increased loads and continue to 
operate in the event of hardware failures. 
 

Literature Review 
 

In this section, the majority of the research that has 
been conducted in this area has been on the use of 
statistical approaches in order to address the 
difficulties that are associated with Data Relationship 
Management within Asset Information Systems. 

In this study, Alias and Goyal, (2020) in order to do 
statistical analyses on the data, the researcher used 
SPSS, which stands for Social Science Package. Findings 
demonstrate that building an IT infrastructure for KM 
is greatly aided by organisational learning and IS 
strategy alignment. As a result, it seems that 
individuals in a company are better able to focus on the 
firm's goals and work together to build the IT 
infrastructure needed for knowledge management 
when IS and business strategies are integrated using 
SPMS[24]. 

In This study, Suakanto et al. (2021) maintains that 
the cost and risk aspects of organisational goals should 
be given greater weight in an asset management 
framework. The data-gathering example included a 
number of organisations that were just starting or 
finishing an AM program. The aforementioned 
connection controls the activities of the organisation in 
pursuit of its goals, and the conceptual asset 
management framework provides an example of this in 
action[25]. 
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In this study, Sastry and Sahadeo (2015) offer a GIS to 
manage assets for electrical power utilities that are 
based on distributed cloud computing. It was built 
using license-free technologies including MySQL, 
Google API, and Fusion Table Database. The design 
takes use of the distributed computing model's 
characteristics, allowing the program to run reliably. 
Data gathering and user engagement are two of the 
most crucial areas covered. Data is collected from 
various locations in Trinidad and Tobago, and the 
outcomes are presented[26]. 

In This study, Parra and Hall (2014) provides a 
thorough analysis of hypothetical ideas pertaining to 
the actions, mindsets, results, encounters, 
manifestations, and indications associated with an 
organisation's creation, execution, and oversight of a 
unified framework of policies, processes, and systems 
to mitigate risks to its data assets. Research on 
phenomena connected to ISMS has expanded 
significantly, as shown in the descriptive findings[27]. 
 

In this studt, Wangen and Snekkenes, (2014) examine 
the possibilities and challenges of merging the ideas of 
BPM with ISM, as well as their shared and distinct 
characteristics. they compare the two methods at three 
levels of abstraction: domains, organisational risk 
perspectives and related activities, and top-level 
implementation strategies. Although ISM does map to 
the BPM domains, the comparison of the two 
demonstrates that ISM only provides limited support 
for a few of the BPM domains[28]. 

In This study,by Du and Li (2013) delves into the 
connection between EVA and earnings management. 
Finally, they build a linear regression model between 
EVA and earnings management to confirm the effects 
of EVA on earnings management. A possible negative 
association between EVA performance assessment and 
earnings management has been identified via an 
empirical study of data from central holding listed 
businesses from 2009 to 2011. The current EVA 
performance evaluation of SASAC may effectively limit 
earnings management[29].  
 

 
Table 1 Summary of the related work for data relationship management in asset information systems 

 
Ref Methodology Dataset Limitations & future work 

Alias and 
Goyal, 

Used SPSS for statistical analysis. 
Investigated the impact of Strategic 
Performance Management Systems 

(SPMS) on organisational learning and IS 
strategic alignment. 

Data on organisational 
learning, IS strategic 

alignment, and IT 
infrastructure for knowledge 

management. 

Limited to statistical analysis and SPMS 
mechanisms. Future work could explore 
different methodologies or the impact of 

other organisational factors. 

Suakanto 
et al., 

Used grounded theory to examine the 
asset lifecycle management framework, 
focusing on cost, value, and risk factors. 

Data from organisations 
commencing and completing 
asset management programs. 

Grounded theory approach may not capture 
all practical aspects of asset management. 
Future work could test the framework in 

different organisational contexts. 

Sastry 
and 

Sahadeo, 

Developed a distributed cloud computing-
based GIS solution for electrical power 

utility asset management. Utilised license-
free technologies like MySQL and Google 

API. 

Data collected from Trinidad 
and Tobago for electrical 

power utility management. 

May be limited to specific geographic and 
technological contexts. Future work could 
involve broader technology integration or 

application in other regions. 

Parra and 
Hall, 

Conducted a comprehensive examination 
of Information Security Management 

Systems (ISMS) using network analysis 
tools. Highlighted relationships found in 

ISMS literature. 

Literature on ISMS-related 
phenomena from the new 

millennium. 

Focuses on literature and network analysis; 
may not provide empirical data. Future 

work could include empirical studies or case 
analyses. 

Wangen 
and 

Snekkene
s, 

Compare Business Process Management 
(BPM) and Information Security 

Management (ISM) across three levels of 
abstraction. 

Comparative analysis based 
on theoretical frameworks and 

methodologies. 

May not address practical implementation 
challenges. Future work could explore 

empirical validation or integration 
strategies. 

Du and Li, 

Investigated the relationship between 
Economic Value Added (EVA) and 
earnings management using linear 

regression models. 

Data from central holding 
listed companies from 2009 to 

2011. 

Focuses on earnings management and EVA 
correlation. Future work could explore 

different performance metrics or broader 
datasets. 

 
A. Research gaps  
 
Diverse viewpoints on information systems and asset 
management are presented in the evaluated 
publications. Although its actual applicability may be 
restricted, one research focuses on modelling asset 
management security in the context of international 
commerce. Another illustrates how Strategic 
Performance Management Systems (SPMS) affect IS 
alignment and organisational learning using SPSS, 
however it could miss qualitative aspects. Asset 

lifecycle management is investigated using grounded 
theory, which emphasises risk and expense but lacks 
empirical support. Regarding power grid management, 
research that is limited in scope both technologically 
and geographically offers a cloud-based GIS solution. 
Information Security Management Systems (ISMS) are 
reviewed using network analysis. However, there is a 
dearth of empirical evidence. A comparison between 
information security management (ISM) and business 
process management (BPM) finds commonalities and 
points to areas for more research. Last but not least, a 
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study on earnings management and Economic Value 
Added (EVA) offers insightful information but may use 
more performance indicators and datasets. When 
taken as a whole, these studies highlight the need to 
approach asset management and information systems 
from several angles. 
 
Conclusion and Future Work 
 
Therefore, the complexity of AIS’s management is 
rising as the quantity and quality of the data being 
processed increase. Despite their historical usefulness, 
data warehouses and relational databases are woefully 
inadequate for the complex task of asset management. 
Some of these are graph databases, semantic web 
technologies, machine learning, AI and blockchain that 
provide much more efficient solutions to manage 
dynamic data relationships and, thus, make 
improvements in terms of better prediction, data 
accuracy and overall operational effectiveness. These 
technologies offer strong answers to issues like data 
combing, expansiveness, and protection, which 
contribute to better asset management. 

Further research for the present study should 
consider investigating and incorporating advanced 
technologies for enhancing knowledge in data 
management. This entails using AI and machine 
learning for enhanced data analytics for predictive 
maintenance, better data governance that 
encompasses new changes in policies and regulations 
and changes in data technology. Also, the effects of 
real-time data monitoring and the incorporation of IoT 
devices in improving the quality of material master 
data also require further investigation. These areas can 
be a good starting point for companies to increase their 
operational efficiency and maintain their competitive 
advantage. 
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