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Abstract: With the increase in information available, especially due to the embrace of the use of technology in the current
generation, there has been an alteration in the ways data is used in businesses and organizations. It has been noted that
real-time data integration has become highly valuable or critical in areas that require real-time or near real-time decision-
making, including the finance, e-commerce, health care and manufacturing industries. In this paper, we are going to
discuss about many tools and techniques as well as several best practices related to real-time data integration. The general
objectives of real-time data integration revolve around synchronizing and harmonizing data in real-time across multiple
systems as the data is being produced or modified in order to provide real-time perspectives into several business
processes. Real-time data integration is always running and immediate compared to the batch processing integrating
models, which are normal in other scenarios used in predictive analytics, fraud detection, personalization of customer
services, and better functionality. Exploring a few of these techniques, the paper unveils the following: The ETL Framework
It is a common integration of real-time data particularly for usage in data marts and warehouses. Further, it provides a
detailed synthesis of real-time integration tools, including Apache Kafka, Apache Flink, Microsoft Azure Stream Analytics,
and AWS Kinesis, among others. Additionally, ideas on ways that such corporations can enhance the significance of real-
time data integration are described, including, amongst others, data validation, security considerations and scalability.
Last, this paper delineates implications for the practice, limitations, future directions, and trends of the real-time data
integration domain. In today’s world, which is gradually turning into the world of big data, real-time data integration will
be a key factor in success.

Keywords: Real-time data integration, ETL, Change Data Capture (CDC), Streaming data, Apache Kafka, Apache Flink,
Scalability, Data validation.

I. INTRODUCTION
Due to technological advancements like the use of the Internet, cloud computing, and IoT devices, the world has
experienced a drastic growth in generating large volumes of data in real-time. [1-4] as more businesses turn to incorporating
data analysis into their daily operations, they demand real-time information to help them make the necessary decisions. The
batch processing and the updating of the data on a daily basis are not sufficient for this fast-paced working style. Real-time data
integration has then been pronounced as a solution that makes it possible for data to be integrated and synchronized in a real-
time manner to other systems and platforms.

A. Need for the Integration of Real Time Data

Real-time data integration became an essential element of the modern data approach because of its significance to the
organization’s operational processes, decision-making, and performance improvement. Living in an age where new data is
created at such a fast pace and today’s businesses depend on insights derived from data processing, it is vital to process data in
real time. This section analyses the different aspects of real-time data integration.

a) Enhancing Operational Efficiency
i) Streamlining Business Processes:

Real-time data integration improves the business processes of an organization through the provision of updated
information on time. For instance, in the supply chain of a firm or organization, integration in real-time enhances the tracking of
inventory, shipment status and other logistical operations in real-time. This visibility is useful in helping with managing
inventories and improving on the time taken, and in the reduction of interruptions.

(https://creativecommons.org/licenses/by-nc-nd/2.0/)
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ii) Automating Operational Responses:

Real-time information makes it possible for organizations to make automatic responses to set events or indicators. For
instance, the use of robots in production can reduce the need for manual dexterity since the systems can self-organize depending
on real-time data from the machines. Likewise, the application of automated fraud detection in financial services can alert the
user of possible fraud at the point of occurrence, hence minimizing losses.

b) Improving Customer Experience
a) Personalizing Interactions:

Real-time data integration helps a business target and interact with the customers on current behavior and tendencies.
For instance, real-time analysis in e-commerce can be applied to recommend and present offers or goods that meet the
customer’s preferences while he or she is still browsing through the products.

b) Enhancing Service Quality:

The implications that are useful for customer service are that getting real-time data ensures that support teams have any
information that they need about the customer in terms of their previous interactions and complaints. This means that also
questions and concerns are processed faster and personal service experiences shall be of higher quality. For example, real-time
data integration to be used in call centers to enable the agents handling the customer calls to have up-to-date information on the
customer and the previous interactions to enhance quality delivery of the call centre services and hence increase the satisfaction
of the customer.

4[ Enhancing Operational Efficiency

—[ Improving Customer Experience

4[ Facilitating Timely Decision-Making

Improving the Quality of Entries and Data
integrity

-— - — — -

4[ Supporting Competitive Advantage

Figure 1: Need for the Integration of Real Time Data

¢) Facilitating Timely Decision-Making
i) Quick Adaptation to Market Condition:

For instance, in the financial and retail sectors, integration of real-time information is very essential as the companies are
required to act swiftly in response to the attractive opportunities in the market. Real-time can give companies information about
the market environment as well as their customers and competitors so that the companies can shift their gear in the middle of
the game. For instance, participants in the financial markets employ real-time information when making decisions and
conducting transactions in relation to existing market conditions.

ii) Data-Driven Decision Support:

Integration of data in real-time helps in decision-making because it ensures that executives and managers have real-time
info about the metrics and other performance indicators of their companies. It is of particular relevance within the context of a
strategic planning process and in managing the changes that may occur in an organization’s operations. For instance, the use of
real-time KPIs in business intelligence systems leads to the provision of dashboards to heads of organizations so that they may
likely make quick decisions rather than handle problems of their business organizations at a later stage.

d) Improving the Quality of Entries and Data Integrity
i) Minimizing Data Lag:

Real-time data integration is one way of reducing the time between the creation of the data and the time when that data is
actually available for use in an organization, thus reducing the issue related to old data. This is even more important where time
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plays a critical role in determining organizational performance; including the health care where patient vital statistics
information taken must be in real-time rpm.

ii) Ensuring Data Synchronization:

Real-time integration enables synchronicity in organizations that have many data sources and systems through the
integration of the data. This synchronization, therefore, helps in maintaining data integrity and also accuracy, especially in
transactional systems where inconsistencies may occur and result in severe issues such as errors and system inefficiencies.

e) Supporting Competitive Advantage
i) Gaining Market Insights:

In an integrated environment, up-to-date data ensures that businesses have a clue about the market patterns of demand
preferences of the customers, not forgetting the trends of the market. Using this knowledge, an organization can even formulate
a strategy that will exploit the existing opportunities and can also adapt well to the pressures of competition.

ii) Innovating and Adapting:

Real time processing encourages experimentation; it helps organizations to continuously develop new ideas and test out
new technologies. Dynamic feedback as to the performance of the products, customers’ response and other operational results
means the business enterprises are in a position to fine-tune their activities in the ever-changing business environment.

B. Challenges in Real-Time Data Integration

Real-time data integration is nonetheless very advantageous, it also has a number of issues that organizations need to
overcome to facilitate how data is captured and managed in the organization. These challenges are technical, operational and
organizational. [5, 6] It was important to clarify these difficulties to eventually define effective and efficient real-time data
integration solution models and approaches.

a) Managing High Data Volumes and Velocity
i) Data Volume Management:

A primary issue that arises when implementing real-time data integration is the issue of the immensity of data produced
in real time. From the IoT devices, social media, and transaction systems, among others, there is a massive amount of data that
has grown exponentially and should be processed quickly. As a result, traditional data processing architectures may not be able
to meet the throughput requirement and hence require a scalable architecture that enables them to handle varying data loads.

ii) Data Velocity and Latency:

The volume of data that is generated within a specified period and requires analysis or the data velocity is another major
challenge. Real-time systems must keep delay as low as possible so that data can be processed and ready for use in as short a
time as possible. Low latency and high data velocity imply the need to adopt innovative processing approaches and structures,
including in-memory and distributed processing architectures, which enable efficient sorting of incoming data streams.

Managing High Data Volumes and Velocity

N/

Ensuring Data Consistency and Accuracy

N/

System Complexity and Integration

N/

Scalability and Performance

\/

Security and Compliance

N/

Managing Change and Adaptation

Figure 2: Challenges in Real-Time Data Integration
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b) Ensuring Data Consistency and Accuracy
i) Data Synchronization Issues:

Another major issue in achieving real-time data integration is the keeping of data consistent across various systems. Due
to fluctuations in data, it can be common to have a mismatch of data in different information sources and systems as data update
is done in real-time. Partitioning always involves synchronizing all the systems with each other so that all bear the same data
state. The challenge is most apparent when data is maintained in different locations and on various platforms.

ii) Data Quality and Validation:

Real time data integration incorporates processes of handling quality-related challenges with a view to addressing the
quality of the data that is subject to processing. The data which we collect may be complete, accurate and consistent or may lack
some or all of these attributes depending on its source. Real time validation rules and data cleansing corrections have to be put in
operation to avoid errors and ensure the data integrity of the integrated data.

¢) System Complexity and Integration
i) Architectural Complexity:

Real time data integration is a concept that consists of considerable architectural challenges when one has to design and
develop it. When it comes to combining various kinds of data, working with real-time streams, and achieving scalability, a proper
architecture must be developed. The factors that make the integration process challenging are the number of data sources that
are integrated and the number of different formats that it comes in.

ii) Integration with Legacy Systems:

Some of the companies today have old infrastructures which they did not build for handling real-time data. Implementing
such technologies in line with these existing systems poses some problems, such as compatibility problems and interface
problems. This integration is usually complex or has to be done by customization or middleware to accommodate the great
disparity between the current systems that are real time based and their more archaic counterparts.

d) Scalability and Performance
i) Scaling Challenges:

Real-time data integration requires that the system has the capability of accommodating changes in loads and size of data
that may be required for passing through the system. Some of the issues regarding scaling a real-time data integration system
include adding more processing power, fine-tuning data transfer lines and ensuring that stabilization of the introduced systems
does not result in deterioration in the rate of data processing.

ii) Performance Optimization:

Choosing the means to optimize the distribution of real-time data integration is carried out by taking into consideration
different factors such as speed, resource use and time taken for the system to distribute data. Tuning is a bit focused on fine-
tuning all the components of the system for maximum output and generally ensuring that there are no data processing
constraints. In order to ensure that there is no slippage to the optimum performance, it is, therefore, very important to
constantly monitor and make changes where necessary.

e) Security and Compliance
i) Data Security:

Integration solutions that require real-time data flow must overcome security issues in both data transmission and
storage. This is because, as data transfer from one network or system to another, becomes compromised to such challenges as
unauthorized access, data leakage and cyber-attacks. Controlling the use of platforms and protecting the data, a business needs
to ensure that it has properly executed appropriate security protocols, including encryption and stringent access controls, as well
as secure communication protocols.

ii) Compliance with Regulations:

The real-time data integration process of the organizations must be aligned with the legal regulations and standards of
data protection. There are also compliance regulations that must be followed, hence the GDPR, CCPA, and HIPAA, among others
that define how data should be handled and their privacy maintained. Over time, there could be a challenge in ensuring
compliance while addressing real-time data processes hence the need to monitor the changes in the regulations in relation to
data processing and addressing it appropriately.
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f) Managing Change and Adaptation
i) Adapting to Evolving Requirements:

Real-time data integration systems have the potential to be transformed according to presented business needs and
improved technology. Since organizations change over time and new additional data sources become available for processing,
there have to be provisions for integration flexibility. This flexibility is reflected in altering integration processes, including
recognizing new technologies, as well as adjusting the structure of systems that are in place.

ii) Change Management:

Real-time data integration effectively, together with the applications of change management practices goes through a
change process in the organization. Training the staff, revising the methods, and seeking ways for transition are always
important in the implementation. It is crucial to manage these changes properly and effectively in order to get the advantages of
real-time data integration and, also necessary for the smooth running of the system.

II. LITERATURE SURVEY

A. Overview of Real-Time Data Integration Approaches

Real-time data integration has also lately grown to be popular since it enhances the business processes in organizations
and the decision-making function. Believes that there will be a massive turnover towards real-time data processing, with
estimates indicating that about 75% of enterprises will have implemented such systems by 2023. [7-10] this transition is due to
the fact that most organization today requires swift adaptation to the changing business environments and customers. Chandra
and Gupta (2019) also emphasize low-latency data integration as important for real time analytics. Their study emphasizes the
need to have software applications and system technologies that can emerge with the need to accept, analyze, and work on data
as they are captured. This evolution is seen as part of the shifting trend that targets real-time processing; through real-time
decisions and real-time analytics, businesses aim to gain a competitive advantage from the data available in real time.

B. Evolution of ETL (Extract, Transform, Load) in Real-Time

The concept of Extract, Transform and Load (ETL), having its origin in batch-oriented data warehousing, has itself
transformed to meet the need for real-time integration. Firstly, ETL processes used to occur in a batch mode where data was
updated periodically, usually on a daily or weekly basis. Nonetheless, the transition to real-time processing has made it essential
to redesign methods of ETL practices. Rusu et al. (2018) reveal that the benefit of event-driven architectures is in making ETL
real-time, which cuts processing time from hours or days to milliseconds. This evolution is due to the requirement of timely and
frequent analytics and continuous data generation by today’s applications. The shift to real-time or near real-time ETL is not a
unique occurrence, as data integration has now gone more toward real-time or near real-time.

C. The Role of Change Data Capture (CDC) in Real-Time Integration

At present, there is robust technology known as the Change Data Capture (CDC), which features heavily in the real-time
data integration technique. CDC is thus more concerned with identifying and reproducing changes that occur in a source
database and delivering these changes in real-time to target systems. This is important in ensuring that data is available in
different systems with as little delay as possible. Similarly, shows that CDC can be used to reduce data latency in transactional
databases and that it is valuable in those environments where timely updates are critical. As a result, CDC keeps track and
disseminates changes as soon as they occur thus ensuring that data is the most accurate and well up to date to enable better and
timely decisions to be made.

D. Streaming Data Processing: Kafka, Flink, and Beyond

Systems for streaming data processing like Apache Kafka and Apache Flink are, in turn, pivotal for real time data
integration. Due to the abilities mentioned above, Kafka today serves as the core infrastructure for handling a high volume of
streams. Also explain how Kafka succeeds on the front of data consistency as well as providing real-time data for different
applications. Apache Flink has other sophisticated features for complex event processing that qualify it for processing streams of
data with minimal latency. According to Flink especially stands out in the processing and analysis of real data, especially for
applications that demand high-level event processing. These considerations are reflected in ongoing developments in these
platforms as a field that continues to drive innovations in the approach for processing and storing real-time data.

E. Real Time Data Integration Strategies
To achieve the best results in the process of real-time data integration, some recommendations should be followed. As
stated, data validation, scalability, and data security can all be considered key success factors of real-time data integration. Data
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validation was incorporated to ensure that the type of data being processed is accurate and of good quality. In contrast, scalability
was used to deal with the issue of increased volumes of data while ensuring the system does not slow down. Transmission and
processing of information requires very keen observation on how to secure the information in a bid to avoid compromising it.
These best practices can assist organizations in attaining better and sustainable real-time data applications that are helpful in
increasing operational efficiency and gaining strategic advantage.

III. METHODOLOGY
A. Research Design and Data Collection
This research utilizes a descriptive research design to examine all the various real time data integration tools, methods,
and practices. [11-16] The approach means that data is gathered from various sources and integrated to afford the outlay of the
subject matter.

a) Literature Reviews:

This study starts by conducting a literature review whereby the researcher gathered information from academic papers,
journals, and conference proceedings regarding real-time data integration. These sectors include financial, healthcare and
telecommunications sectors and will provide the basis for the theoretical framework of this review. Therefore, through the
exploration of the scholarly materials, the study defines concepts, methods, and developments in real-time data integration. The
approach is useful not only for identifying the historical development of the field but also for gaining a look at the current state of
the art and theory. The purpose of the literature review is to make sure that the study takes its root from the existing literature
in addition to identifying areas that may need further investigation.

Literature Reviews

v

Case Studies

v

Industry Reports

Figure 3: Research Design and Data Collection

b) Case Studies:

Finally, case studies are helpful in this research as they offer glimpses of how some of the industry’s biggest players use
real-time data integration. Every case study focuses on individual organizations which implement real-time data integration tools
and methods. The purpose is to gain insights into the real issues that these companies encountered, the actions taken by them
and the results they pioneered. From these case studies, the study gets to learn on the actual implementation of various tools and
techniques and on how real time data integration affects organizational performance. All these ‘real-life’ examples assist in
comprehending the factors that determine the right time for tangible integration of real-time data.

¢) Industry Reports:

Gartner, Forrester, IDC and other equally important research firms are useful in providing information relevant to this
research. These reports make it easier to identify new trends and leading-edge technologies as well as set best practices in real-
time data integration. Therefore, by examining such reports, the study proposes to determine the state of the industry, including
leading tools and technologies in real-time data integration and the forces that drive their market. Industry reports also contain
information on the market penetration rates, emerging technologies and or market insights and recommendations from experts.
This information is critical for the overall understanding of the given field of study and the need to adjust the study in accordance
with modern tendencies and trends in the industry.

B. Tools for Real-Time Data Integration

Real-time data integration into streaming systems imposes the need for sound tools that can support huge data streams
with slight delays. In this section, we explore four key tools: For instance, Apache Kafka, Apache Flink, AWS Kinesis and
Microsoft Azure Stream Analytics. These tools are judged by their effectiveness, solace, and simplicity since they are the
benchmarks for constructing real-time data pipelines.
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a) Apache Kafka
i) Key Features:

Apache Kafka is a distributed event streaming platform with a large adoption that lies at the core of many real-time data
systems. Its basic competency is in reading, storing the high throughput of event stream as well as sustaining fault tolerance and
durability. Kafka employs both the publish-subscribe pattern, where producers generate messages and dispatch them to topics,
and consumers are capable of reading these messages in real time. Kafka’s log-based storage system allows for messages to

persist in the system, and its replication factor write ensures the availability of data in the system even when some of the nodes
are down.

ii) Scalability:

Kafka is highly scalable and can support both the horizontal and vertical scalability modes. Therefore, when more brokers
are incorporated into the Kafka cluster, it is capable of handling an increased number of data while not sacrificing the
effectiveness of the system. Kafka divides the topics where the data of any topic will be split and distributed across brokers
equally for load balancing and fault tolerance. This makes it ideal for high-volume enterprise applications whenever one is
dealing with an e-commerce type of application or a financial type of application.

iii) Ease of Use:

Kafka is known for its streaming and messaging functionality is very useful, and however the system is relatively
complex. That is why the correct setup of Kafka is possible only with a preliminary knowledge of distributed systems and their
specific features with which Kafka is completed, including references categorized in brokers, topics, partitions, and coordination
with the help of Zookeeper. Despite the large level of customization, this is not a strength when it comes to simplicity, as it is
very difficult for new users.

Microsoft
Apache Kafka Apache Flink Apache Flink Azure Stream
Analytics (SA)

Figure 4: Tools for Real-Time Data Integration

b) Apache Flink
i) KeyFeatures:

Apache Flink is one of the most powerful stream processing frameworks that perform well in real-time analytics and
event-driven systems. Flink supports both streaming and batch processing and some other features, such as stateful operations
and complex event processing, making it perfect for use cases where the order of events and consistency are important. Essential
for industries such as banking or telecommunication, providing exactly-once-state consistency is critical as there are severe
consequences of events’ inaccuracy.

ii) Scalability:

Flink’s architecture is not centralized but rather distributed, therebynt allowing scalability when processing large
amounts of data since a similar process can be partitioned across nodes within the cluster. This scalability is similar to other big
data frameworks. It allows for micro-batches or constant streaming, making it suitable for high-volume real-time data. While
dealing with data volume scales, Flink can always scale out in terms of resources and thereby keep the latency of the processed
work to the barest minimum.

iii) Ease of Use:

Flink, on the other hand, has a lot of power in computing; when compared with some of the simplest tools, it is difficult to
learn. It is noted that to work with features such as event time processing state management in Flink, the basic knowledge of the
distributed system and stream processing is necessary. Despite having well-documented tutorials and an existing active
community, Flink is less suitable for beginners due to its complexity during setup and operations.

c) AWS Kinesis
i) Key Features:

AWS Kinesis is an Amazon Web Service used for processing real time data streaming in the cloud. In detailed feature,
Kinesis allows the users to collect, process, and analyze the stream of data all in one place, and without having to worry about the
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underlying hardware and software. They include supporting the streaming of data in real-time and consequently enabling
applications to involve data processing subsequent to their creation. Kinesis works in harmony with other AWS services,
including but not limited to Lambda, S3, and Redshift whereby it provides a single-solution package for Data Pipelines and
Analytics Platforms on AWS.

ii) Scalability:

This is made easy through AWS Kinesis, as it supports scalability and works with the required resources to process the
data based on the incoming stream. Kinesis can automatically Start or Merge a stream to meet the throughput capacity needs
required in case of data ingestion. Since managed, users are not required to set or manage to scale or have to configure it in a
specific way; hence suitable for enterprises with inflating workloads or enterprises that are growing fast in cloud environments.

iii) Ease of Use:

Another significant benefit which has been highlighted is the concept of simplicity, which AWS Kinesis bring especially
when being used by those who are already familiar with the Amazon Web Services Environment. Having been categorized as a
managed service, Kinesis hides most of the underlying problems concerning the creation and administration of data streams
while availing the resources for data processing. Further, the Kinesis uses a copy of the IAM of AWS for security purposes while it
has its own user-friendly console; hence users are able to use it without having expertise on it.

d) Microsoft Azure Stream Analytics (SA)
i) Key Features:

ASA is a real time data processing service able to process large incoming streams of data from IoT devices, logs and
applications. It is an end-to-end cloud platform which enables the users to analyze the data without worrying much about the
infrastructure. However, other than being a general-purpose analytics tool, ASA has one major advantage in its ability to
integrate with other Azure services like Azure IoT Hub, Azure Event Hubs and Power BI for end-to-end analysis.

ii) Scalability:

Azure Stream Analytics is moderately scalable and comes with the capability to perform fairly large amounts of work
especially if used in a cloud environment. Compared to Kafka or Flink, for example, Azure SA is not nearly as horizontally
scalable. However, for most real-time analytics applications in IoT and enterprise contexts, this is not really a problem. SA is
suitable to hold cloud-native apps that have steady and reliable processing requirements; Azure SA also comes auto-scaled and
fault-tolerant.

iii) Ease of Use:

Azure stream analytics is relatively easy to use, especially for organizations that are well-established in the Azure
environment. It offers an interface of a command line and a simple language that resembles SQL but ensures fluency of work
even for data engineers and business analysts who are not rank specialists in stream processing. Azure SA’s compatibility with
Power BI and Azure Machine Learning enables one to create applications for real-time analytics and handling real-time data sets
through the application of machine learning on dashboards.

C. Techniques for Real-Time Data Integration

The integration of data in real-time entails the enhancement of methods to help in handling data and aid in synchronizing
the data. Techniques applied in real time data integration consist of Change Data Capture (CDC), message queuing and data
streaming. Collectively, these techniques deal with various factors of data management and synchronization, which offers
solutions to most of the real-time data processing challenges.

Change Data Capture (CDC)

!

Message Quening

!

Data Streamines

Figure 5: Techniques for Real-Time Data Integration
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a) Change Data Capture (CDC)

Change Data Capture (CDC) is a technique that will help get notifications on any change within a database. It is designed
to identify and log such operations as insert, update, and delete and then forward the operations and changes to other systems in
real-time. CDC provides that the data should always be in sync between them with as little delay as possible maintaining the
same data integrity across the different apps and databases.

e Application: CDC is most beneficial where systems need to be kept in step with one another all the time. This can be seen
in e-commerce applications where inventory changes need to be synchronized continually. For example, in the case where
the quantity of an item is changed in the inventory database, the CDC takes note of the change. It passes it to other
systems, such as the order processing system or the analytics platform, so that the inventory data is up to date.

b) Message Queuing:

Message queuing is one of the asynchronous communications, where the sender of the message does not necessarily need
to be aware of the receiver of the message. In this system, one or many producers post messages on the queue from where one
or many consumers can take the messages to process. This decoupling increases both the flexibility and dependability of data
processing because the various functional blocks of a system can function autonomously and at a variety of speeds.

o Application: Queuing is used in most financial systems where timely transfer of data is important. In a given trading
platform, asynchronous messaging systems such as Apache Kafka permit the dissemination of market price change
notifications to multiple trading applications and analytics services on the platform in some instances. This guarantees
that all the stakeholders get the relevant market information on time and makes it possible to make decisions as well as
conduct trades in a timely manner.

¢) Data Streaming

Data streaming or real-time data integration is the act of integrating data as it is produced in real-time or continuously.
Real-time processing is done by stream computing, while batch computing is done in blocks of data at a time. Apache Flink, for
instance, AWS Kinesis, is often used to stream data since it is optimized for streaming data that is large in volume but should be
processed with low latency.

o Application: Data streaming is prominent in IoT solutions where a large number of sensors consistently provide data
which must be analyzed in real-time. For instance, in a smart city environment, traffic cameras and sensors constantly
feed data that is used for assessing the traffic condition and, therefore, controlling the flow of traffic. This real-time
processing offers benefits in predictive maintenance and better functioning of infrastructures within a city in light of the
data that it receives.

D. Implementation Workflow

Certain guidelines need to be adhered to to put into practice real-time data integration so as to achieve the best real-time
system design goals of high availability, low latency, and scalability. [17-20] The schematic layout for real-time data integration is
given below;

a) Step 1: Identify Data Sources

Before getting to the basic concepts and practices of real-time data integration, one must distinguish and group the data
sources. It covers structured and non-structured data such as logs and IoT sensor data, social media feeds, and many more. The
decision is made according to the velocity, volume, and variability of each source.

b) Step 2: Selection of Integration Tools

The following is the integration stage where, depending on the identified data sources, the most appropriate integration
tool has to be chosen. For example, if throughput is the most important criterion, then Apache Kafka may be chosen. On the
other hand, if complex event processing is more critical, then it will be more appropriate to use Apache Flink.

Table 1: Tool Selection Criteria for Integration

Integration Requirement | Recommended Tool Key Reason
High throughput Apache Kafka Scalable and reliable
Complex event processing Apache Flink Real-time processing
Managed service AWS Kinesis Easy to implement
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¢) Step 3: Definition of Data Processing Pipelines

Data pipelines are meant to handle the flows of data which come into various inputs from different sources. This involves
operations such as extraction, transformation, and loading, otherwise called ETL. For example, data from Kafka topics can be
processed in real-time by Flink and then ingested into a data warehouse.

d) Step 4: Ensure that Data validation rules are conducted

The purity and correctness of data can also be viewed as the main problems associated with real-time integration.
Validation rules are exercised on data in transit and are used in cleaning any data that may either be erroneous or inconsistent in
its flow across the systems.

e) Step 5: Track/Analyze and Grow If Necessary

Automated data integration systems require real-time monitoring to be conducted to ascertain that they are performing
effectively. Programs such as Prometheus and Grafana are mainly applied in system diagnostics, bottlenecks and scalability
issues.

VI. RESULTS AND DISCUSSION
A. Tool and Technique Analysis
The real-time data integration tool and technique analysis presents the following important findings pertaining to
efficiency, capacity and productivity. Some of the innovative technologies in managing and processing real-time data streams
include Apache Kafka, Apache Flink and Change Data Capture (CDC).

a) Efficiency and Capacity of Assistants

e Apache Kafka has firmly taken its ground in real-time data integration because of its great performance and great
scalability. Kafka allows to process of fast streams of data in its architecture. It does this by means of horizontal scalability
whereby one can introduce more brokers in the cluster to cater for more data loads. This scalability helps Kafka to sustain
high throughput rates as it can further support up to 1iMB/s per partition. Due to its ability to replicate the data and
perform computational tasks necessary for processing, fault tolerance is enhanced since data is redundantly processed
even when some nodes are inaccessible; the system has a low latency ranging from milliseconds to a few seconds to suit
applications that require real-time data processing.

o Apache Flink, on the other hand, augments Kafka by offering high-end stream processing as a feature. Flink is best suited
in applications with CEP and stateful transformations. Depending on the used configuration, one job can process up to
500 000 events per second, which testifies its efficiency in data processing. Due to Flink’s distributed processing
architecture, we can achieve high-performance results irrespective of the data size. The exact-once-state consistency
support of the platform also improves its reliability, meaning the platform is ideal for use where successful data
consistency is critical. These make Flink suitable for real-time data processing, besides being characterized by low latency.

e AWS Kinesis is used for real-time data streaming, where AWS delivers an effective and completely managed service.
Kinesis, which can stream 1,000 records per second per share, means that it has the capacity to handle any volume of
data. Some of its features include dynamic scaling, which optimizes resources depending on the load to ensure the best
and efficient performance is met. Kinesis’s latency is low, and hence, it is appropriate for applications such as real-time
monitoring and analytics.

e Microsoft Azure Stream Analytics (SA): An up-to-date source for stream processing in the cloud computing environment.
Its scaling allows processing up to 1000 events in one second per job, and it has mechanisms for elastically changing the
data load. The scalability of Azure SA is in the medium range when compared with the other tools; however, its low
latency guarantees near-instantaneous processing. It also works well in cloud environments when used with other Azure
services, which makes it more useful in such environments.

Table 2: Performance and Scalability Comparison of Tools

Tool Key Performance Metrics Scalability Latency
Apache Kafka | Throughput: Up to 1 MB/s per partition High (Horizontal scaling) Sub-second
Apache Flink | Event processing: 500,000 events/sec per job | High (Distributed processing) | Low (Sub-second)
AWS Kinesis | Data ingestion: 1,000 records/sec per shard High (Dynamic scaling) Low (Sub-second)
Azure SA Stream processing: 1,000 events/sec per job Medium (Elastic scaling) Low (Sub-second)
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b) Effectiveness of Real-Time Techniques

e Change Data Capture (CDC) is a basic approach to the real time data integration imperative, the key to ensuring
consistency of the database between different applications. CDC operates by identifying and capturing inserts, updates
and deletes in a source database and applying the changes in real-time to a target system. What this method achieves is
to ensure that data is in sync at a very minimal level of latency; this is helpful where consistency and accuracy of data in

real-time applications are important.

e CDC’s efficacy can be highlighted with the help of the following examples: transactional databases are good examples of
use cases where immediate data replication is necessary. This helps in minimizing the time, at which changes have
occurred and when such changes are made available in other systems, which CDC does. These forms of link real-time
synchronizations enhance the flow of operation and data accuracy in decision-making and system responsiveness.

Therefore, when stressing the real-time processing of tools such as Apache Kafka and Apache Flink, it can be concluded that
both of them are promising and solid. It is for this reason that data capturing techniques like Change Data Capture play a crucial
role in guaranteeing real-time data integrity and synchronization. Altogether, these tools and techniques help organizations
obtain effective real-time data integration for managing operational flexibility as well as data drive decision-making.

B. Real-World Applications

The case studies and benefits of real-time data integration in different business sectors emphasize the importance of real-

time data integration in improving organizational business operations and decision-making processes.

a) Finance:

Real-time data integration has been disruptive in the finance sector. A case study conducted on a large financial services
organization also revealed that Kafka based real-time analytics fully supported by Prometheus reduced the time to identify fraud
by 80%. This real-time transaction processing and anomaly detection enabled the company to handle fraud much more

effectively faster thereby increasing the security and confidence of its clients.

Table 3: Fraud Detection Improvement with Real-Time Analytics

Metric Before Implementation | After Implementation | Improvement (%)

Fraud Detection Time 30 minutes 6 minutes 80%

False Positive Rate 5% 2% 60%
0.9
0.8
0.7
0.6
0.5
0.4 M Fraud Detection Time
0.3 M False Positive Rate
0.2
0.1

0 — —
Before After Improvement (%)
Implementation Implementation

b) Healthcare:

In healthcare, the integration of data in real-time helps to provide better patient care and, at the same time, enhances
operational effectiveness. For instance, a healthcare provider adopted real-time data streaming through AWS Kinesis for patients’
vital checks constantly. This integration made it possible to have immediate alert/ response to any change in the patient status,

Figure 6: Fraud Detection Improvement with Real-Time Analytics

hence enhancing the patient status, response.

168




Santosh Kumar Singu / ESP JETA 1 (1), 158-172, 2021

¢) Telecommunications:

Thus, real-time data integration is beneficial for managing and improving the networks and, therefore, customers’
experience in telecommunications. The experience of a large telecommunications operator showed the applicability of Apache
Flink in real-time Network traffic monitoring. Such implementation allows the operator to identify network concerns and fix
them before they affect and impact the overall service delivery.

Table 4: Network Management Improvements with Real-Time Analytics

Metric Before Implementation | After Implementation | Improvement (%)
Network Downtime 12 hours/month 2 hours/month 83%
Customer Complaint Rate | 1,000 complaints/month | 250 complaints/month 75%

Improvement (%)

84%
82%
80%
78%
76%
74%
72%
70%

B Improvement (%)

2 hours/month 250 complaints/month

12 hours/month 1,000 complaints/month

Network Downtime Customer Complaint
Rate

Figure 7: Network Management Improvements with Real-Time Analytics

The tools and techniques’ comparison proves that Apache Kafka and Apache Flink are best suited for real-time data
integration that provides considerable reliability and scale. Such technologies as CDC become critical when it is important to
keep data consistency with the least possible latency. These case studies of financial, healthcare and telecommunications
industries show the enormous advantage of real-time data integration, such as, combating fraud, patient-related issues and
networks optimization. The usefulness of the tools and techniques applied supports their role as adequate tools in helping to
make well-timed and efficient data-driven decisions across different sectors.

V. CONCLUSION
Real-time data integration is a fairly new concept in the current business world because the real-time data collected from
one or many sources is in high demand in business transactions and decision-making processes. The increase in data availability
from different sources, such as social media, Iot devices, E-commerce sites, operation systems, etc, has put pressure on the
business to implement technologies that can deal with the data quickly. This ability to integrate the data in real time and make
quick decisions on them is something that helps in today’s fast-paced digital environment.

Operational flexibility is one of the main demands that create pressure to integrate real-time data immediately. They must
act in response to new market trends, customers’ buying patterns, and inadequacies in the existing business systems. Real-time
data integration helps organizations to have the most updated information in decision-making processes in the organization.
This is especially the case with industries such as finance, health, and telecommunication where many decisions have to be made
in a split second. For instance, real-time data integration in the field of financial services could identify theft transactions in
seconds, possibly preventing hundreds of millions of dollars from being scammed and, indeed, enhancing customers’ confidence.

In order to attain real-time data integration, several tools and techniques, along with the set practices, need to be adopted.
Apache Kafka, Apache Flink, and Change Data Capture have become the go-to solutions for constructing trust-worthy, low-
latency real-time data pipelines.
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Apache Kafka is a crucial piece in real-time data integration because it is a distributed event streaming platform.
Considering the fact that Kafka is capable of handling real-time large data streams with various degrees of tolerance to failures, it
is ideal in industries that require the processing of enormous streams of data persistently. This feature of Kafka gives it a scale-
out property by using a publish-subscribe model, making it convenient when data from different sources needs to be integrated
into enterprises in a real-time. Kafka also allows data producers and data consumers to be separated as a way of having a good
and stable flow of data in systems.

Apache Flink, on the other hand, is an application which provides more sophisticated functions for real-time stream
processing beyond the mere streaming of data. It offers CEP and sCMP, the former dealing with event processing in real-time
and the latter offering streaming computation and stateful continuously streaming big data analytics. Flink’s exactly-once
processing ensures that every record is delivered only once, even when there is a system failure, and this makes Flink ideal for
scenarios that require high accuracy and cannot afford to lose even a single record.

Another important one is the Change Data Capture (CDC), which provides the ability to integrate data with low latency rates by
capturing the changes to a source database and then propagating those changes in real time. CDC is useful in ensuring that
several systems and databases are always updated without strain on the source system while also providing time synchronicity.
There are CDC technologies, including Debezium or Oracle GoldenGate, which help in real-time data replication; this means that
whenever there is a change in any business’ infrastructure, the change is recorded in real-time for reference.

However, in order to attain real-time data integration success, it is not as simple as choosing the right tools. Some of the
practices that are relevant to an organization include the obligations that ensure that the data collected is of good quality, the
organization has good validation rules and that the data is secured and its privacy ensured. Data quality is most important
because real-time consists of unstructured, semi-structured, or even fully structured data from various sources. Data validation
rules must be implemented at different levels of the data processing framework in order to prevent data which is either missing
or wrong from being processed in the first place and thus lead towards wrong decisions. Yet another challenge of real-time data
integration is security since integration processes involve combining data from varied sources. This is due to the fact that when
data is in transit it is more exposed with a high risk of being exposed to attacks. Organizations should also take encryption,
authentications, or other ways of monitoring to ensure that data quality is observed as data passes through the pipes in the
integration framework. Also, regulatory compliance that includes compliance with GDPR, HIPAA or CCPA expected current real-
time systems to provide privacy-preserving solutions while processing data.

In addition, relative scalability is one of the issues that are crucial in real-time data integration. With data volumes set to
keep on rising, the other essential component that must be achieved is scalability without necessarily degrading performance or
latency. With AWS Kinesis and Microsoft Azure Stream Analytics, organizations can easily scale up their real-time integration
architecture up as well as down in accordance with business demands.

Therefore, real-time integration is crucial for today’s organizations, which are ready to maximize the usage of their data.
With the help of Apache Kafka, Apache Flink, and CDC techniques and using the data quality patterns, security, and scalability, it
is possible to construct reliable real-time data integration in the business. These systems ensure the low-latency, high-
throughput path that is necessary for today’s data-driven world to make better decisions, act quicker, and offer higher-quality
services to customers. The key that instruments the management of data in the future will be real-time integration, and those
enterprises that have got a hold of it will emerge as opinion-makers in their disciplines.

VI. REFERENCES

[1] Kreps, J., Narkhede, N., & Rao, J. (2011). "Kafka: A Distributed Messaging System for Log Processing." Proceedings of the 6th ACM
Symposium on Cloud Computing. doi:10.1145/2046660.2046683

[2] Stonebraker, M., & Cetintemel, U. (2005). "One Size Fits All: An Idea Whose Time Has Come and Gone." Proceedings of the 21st
International Conference on Data Engineering, 2(3), 30-39. doi:10.1109/ICDE.2005.64

[3] Reeve, A. (2013). Managing data in motion: data integration best practice techniques and technologies. Newnes.

[4] Bruckner, R. M., List, B., & Schiefer, J. (2002). Striving towards near real-time data integration for data warehouses. In Data Warehousing
and Knowledge Discovery: 4th International Conference, DaWaK 2002 Aix-en-Provence, France, September 4-6, 2002 Proceedings 4 (pp.
317-326). Springer Berlin Heidelberg.

[s] Kadadi, A., Agrawal, R., Nyamful, C., & Atig, R. (2014, October). Challenges of data integration and interoperability in big data. In 2014
IEEE international conference on big data (big data) (pp. 38-40). IEEE.

170



(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
[18]

[19]

Santosh Kumar Singu / ESP JETA 1 (1), 158-172, 2021

Alansari, Z., Anuar, N. B., Kamsin, A., Soomro, S., Belgaum, M. R., Miraz, M. H., & Alshaer, J. (2018). Challenges of internet of things and
big data integration. In Emerging Technologies in Computing: First International Conference, iCETiC 2018, London, UK, August 23-24,
2018, Proceedings 1 (pp. 47-55). Springer International Publishing.

Raghavan, S., Simon, B. Y. L., Lee, Y. L., Tan, W. L., & Kee, K. K. (2020). Data integration for smart cities: opportunities and challenges.
Computational Science and Technology: 6th ICCST 2019, Kota Kinabalu, Malaysia, 29-30 August 2019, 393-403.

Conn, S. S. (2005, April). OLTP and OLAP data integration: a review of feasible implementation methods and architectures for real time
data analysis. In Proceedings. IEEE SoutheastCon, 2005. (pp. 515-520). IEEE.

Sabtu, A., Azmi, N. F. M., Sjarif, N. N. A,, Ismail, S. A, Yusop, O. M., Sarkan, H., & Chuprat, S. (2017, July). The challenges of Extract,
Transform and Loading (ETL) system implementation for near real-time environment. In 2017 International Conference on Research and
Innovation in Information Systems (ICRIIS) (pp. 1-5). IEEE.

Goldfedder, J. (2020). Building a Data Integration Team: Skills, Requirements, and Solutions for Designing Integrations. Apress.

Wibowo, A. (2015, May). Problems and available solutions on the stage of extract, transform, and loading in near real-time data
warehousing (a literature study). In 2015 international seminar on intelligent technology and its applications (ISITIA) (pp. 345-350).
IEEE.

Biswas, N., Sarkar, A., & Mondal, K. C. (2020). Efficient incremental loading in ETL processing for real-time data integration. Innovations
in Systems and Software Engineering, 16(1), 53-61.

Naeem, M. A., Dobbie, G., & Webber, G. (2008, September). An event-based near real-time data integration architecture. In 2008 12th
Enterprise Distributed Object Computing Conference Workshops (pp. 401-404). IEEE.

Kakish, K., & Kraft, T. A. (2012). ETL evolution for real-time data warehousing. In Proceedings of the Conference on Information Systems
Applied Research ISSN (Vol. 2167, p. 1508).

Esmail, F. S. (2014). A survey of real-time data warehouse and ETL. Management, 9(3), 3-9.

White, R. W., & Marchionini, G. (2007). Examining the effectiveness of real-time query expansion. Information Processing &
Management, 43(3), 685-704.

Ozturk, H., Yesilyurt, 1., & Sabuncu, M. (2010). Investigation of effectiveness of some vibration-based techniques in early detection of real-
time fatigue failure in gears. Shock and Vibration, 17(6), 741-757.

Claramunt, C., Ray, C., Salmon, L., Camossi, E., Hadzagic, M., Jousselme, A. L., ... & Vouros, G. (2017). Maritime data integration and
analysis: recent progress and research challenges. Advances in Database Technology-EDBT, 2017, 192-197.

Gligorijevié, V., & Przulj, N. (2015). Methods for biological data integration: perspectives and challenges. Journal of the Royal Society
Interface, 12(112), 20150571.

[20] Sherman, R. (2014). Business intelligence guidebook: From data integration to analytics. Newnes.

171



