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ABSTRACT

In this report, the author provides a review of the design and operation of the resilient data ingestion architecture with
a particular emphasis on the issues associated with third-party data vendor integration. As more and more companies have
made information a principal factor in their business strategies, it has become equally imperative to obtain external data in a
coherent manner. This paper describes ways of handling Enhanced Data Ingestion Reliability Efficiency and Adaptability and
other challenges such as Data quality Error Handling and Scalability.
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l. INTRODUCTION

Data ingestion systems are also known as
extract, load, and transform pipelines that permit the
organization of data from total sources into an
organizational system. During this period, reliance on
third-party vendors is standard practice for numerous
modern organizations and, therefore, the ability to
integrate the data from these vendors seamlessly is in
high demand. However, the integration of third-party
data poses several problems such as incompatibility in
Lockheed Martin’s data format, time delay and potential
problem in the quality of the data received. There is
therefore a need to have a robust data ingestion system
that would enable the management of these challenges
so that data used in any organization is reliable and
timely.

1. LITERATURE REVIEW

2.1 Literature Review of Resilient Data Ingestion
Pipelines.

According to Sprem et al. 2020: From the
research it has emerged that the new generation data
ingestion systems are very important in the present day
world. Some of these include problem areas in dealing

with disparate large volumes of structured and
unstructured data from third parties. The tools employed
in modern web applications to help in bringing in the
data include Apache Kafka, Apache Flink, and Apache
Beam. These tools are designed to properly capture big
data, process it and then pass it to the cloud platforms in
the most efficient manner. A practical method known as
Change Data Capture (CDC) has emerged as critical to
the process of tracking changes in databases and of
passing updated data in real time.
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CDC enables merging of third party data into
clients systems with little interruption while maintaining
the quality of the data. Another tool classified as
Dataphos  Publisher assists in  wrapping data,
factorization and secure transmission to the cloud that
strengthens and makes data pipelines more reliable.

2.2 Data Integration: Resilient Pipelines

According to Lampathaki, et al. 2022: The
implementation of third-party vendor data into existing
systems is problematic especially in handling large
volumes of data, different data formats and issues to do
with data security. As indicated in various research
works, the most critical goal of resilient data pipelines is
to keep the stream on and avoid interruptions. Staple
tactics include the development of pipelines which are
able to gracefully fail and manage data mismatch
effectively.

One of them is based on using new generation
technologies, such as Apache Kafka and Apache NiFi,
which are aimed at data streams processing in real time
while providing flexibility and reliability. These tools
enable user to incorporate data from different vendors
into the system without affecting the other processes. In
addition, data normalization and conversion become
critical in the process to adapt the data procured from
third parties into the same format as the organizational
data. Anomaly handling mechanisms such as auto retries
and alerting also increase the reliability of the solution so
that they can resume if disrupted or if the data received
is erroneous.

I11.  CHALLENGES IN THIRD-PARTY
VENDOR DATA INTEGRATION

There are several considerations by the
implementation of third party data and incorporation of
such a system. Summing up the analysis of key risks
would be useful to outline one of the key problems:
variability in the formats of records. There is the issue of
data integration where the data is received and provided
by different vendors in different formats which make it
complex to format and fit into the system. The fourth
one is data delay and outage of data is considered as the
main hurdle in the implementation of Bl and analytics
projects. Accurate information from third parties may
not be in real-time hence there may be some slight
delays that might hinder operations. In the same regard,
interruptions or other disruptions that may occur in the
vendor’s end can hinder the data flow. Finally, issues of
security and compliance come into play when dealing
with third — party information.

IV. DATA INGESTION PIPELINE
ARCHITECTURE

4. 1. Data Collection Methods

It is equally possible to make numerous approaches
towards acquiring primary data from third party
suppliers. Some of the commonly employed approaches
are API (Application Programming Interface), transfer of
files, web scraping among others. APIs enable real time
data capture since they interface with the vendor’s
system (Zeydan and Mangues-Bafalluy 2022).
Downloads, on the other hand, refer to getting data in
CSV or JSON files and such data is received periodically
as file transfers. Web scraping can be used when the
vendor does not offer some APIs or files whereby the
system can scrape the desired data from the websites.
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Figure 2: Data Pipeline architecture
(Source: https://www.montecarlodata.com/wp-content/uploads/2023/07)
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4.2. Data Transformation and Standardization

Secondly, while collecting data, it must be
recognised that the data is going to be transformed and
standardized. This is important because third-party data
is often in various forms and structures that may not
necessarily align with the company’s internal data
systems. For instance, one vendor may offer the date in
the “YYYY-MM-DD” format while another may use
“MM/DD/YYYY.” Data transformation entails altering
the data into a format suitable for the internal system
(Mantzoukas, 2020). Standardization helps in making
the data harmonized and this makes the data easy for
processing, analyzing and even storing.
4.3. Data Validation Techniques

Data validation procedures assist in verifying
that the gathered data is precise and complete. Testing
for null values, testing for different types of data in the
field, and testing for data that is outside of an expected
data range are some techniques that can be used for data
validation (Gokalp et al. 2019). A mistake would be
present, for instance, if the price value is negative, such
as -$200. These checks are essential to guaranteeing that
incorrect data is not entered into the system, which could
lead to subsequent inferences.

V. BUILDING RESILIENT
PIPELINES

5.1. Error Handling and Retries

It often happens that there are errors when
dealing with data, especially if these datasets were
obtained from outside sources. As a result of this, a
number of measures should be put in place to handle
errors in the construction of the pipeline in an adequate
manner. The first way is to apply error handling methods
including retrying where data is processed more than
once if there is an error (Weise, et al. 2022). For
example, if data coming from a vendor is out of reach
for a while, the system can try to gain access to it after a
few minutes. This assists in preventing the whole
pipeline to be affected by generally transitory problems.
5.2. Real-Time Monitoring

Having a check on it in real-time is important if
problems that may occur are to be detected and rectified
in the pipeline. If there is a problem with a pipeline then
data delay, error or outage can be identified at a glance.
There are scenarios when monitoring tools are able to
report something wrong, so that the team may include it
in action. This helps to avoid interruption of the pipeline
by continually giving it fresh stocks hence reducing the
time taken in the supply chain.
5.3. Data Quality Assurance

The other important area that goes into the
creation of a robust pipeline is the affirmation of high
quality data. Data quality assurance entails the proofing
of the data to ensure that what is recorded for analysis is
correct, well formatted and contains all the necessary
information. This means that in order to ensure high

standards are met while using large amounts of data,
techniques like data profiling where one is able to
inspect the data in order to better understand things such
as the quality and structure of the data must be employed
(Li et al. 222). Furthermore, the passed data can be
explored at some stage of the pipeline with the help of
automated tests in order to check the compliance with
the required quality levels.

Figure 3: Data ingestion
(Source: https://encrypted-
tbn0.gstatic.com/images?q=tbn)

VI. IMPLEMENTATION OF
PIPELINES

6.1. Tools and Technologies

There are various devices and methods
available through which data ingestion pipeline can be
created. Apache Kafka is a real-time streaming tool for
data, which can be streamed from the vendor’s system to
the internal system in real time. Apache NiFi is another
tool use for data movement among various systems in an
automated manner (lkegwu et al. 2024). For cloud
integration and transformation and analysis tools AWS
Glue or Google Cloud Dataflow is recommended for
use. These are intended to work on big amount of data
and are extensible, they can expand as the system
requires more capacity.
6.2. Deployment Strategies

It is necessary to confirm the pipeline's
functionality in real-world settings before putting it into
use. Starting with one or two initiatives that can
determine the pipeline's effectiveness and highlight any
hazards is one strategy (Korhonen, 2020). This implies
that the pipeline may be readily modified to handle
additional data and more users as needed, as long as
nothing is conforming out of order. There are
techniques, including continuous integration and
continuous development, to update the pipeline without
experiencing a pause. This implies that alignment
adjustments can be performed while the pipeline is
operating, improving its functionality.
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Figure 4: Data pipeline workflow
(Source: https://cdn.prod.website-
files.com/6130fa1501794e37¢218)

6.3. Case Study: Integration of a Vendor System

Let's take the scenario where an e-commerce
system needs to be loaded with a vendor's sales data. The
pipeline would get daily sales data from the vendor's
API, transform it into a format appropriate for that
internal system, and verify whether any records were
missing. On the other hand, real-time monitoring would
ensure that any issues are identified and fixed as soon as
they occur, preventing them from having an impact on
the general patterns of data collecting (Oktian et al.
2020). On the other hand, error handling methods would
restart the data gathering procedure in the event that the
API is unavailable for a while. After it was put into
place, the pipeline would constantly collect, process, and
store the sales data before feeding it into the e-commerce
platform.

VIl. RESULTS AND DISCUSSION

Therefore, after putting the data ingestion
pipeline, the results can be used for evaluating the usage
of the pipeline. Ideally, an effective pipeline should
highlight the following in the organization; higher
accuracy together with increased efficiency and
enhanced reliability. For instance, through tools such as
Apache Kafka, AWS Glue, the system can work on real
time datasets in real time without latency. It should also
be noted that both these factors should lower error rates
resulting from the pipeline built in the error handling and
retries (Sharma et al. 2022). Furthermore, the methods of
real-time monitoring enable smooth operation of the
pipeline and, therefore, minimize the downtime and
enhance the efficiency of the system’s functioning.

VIll. FUTURE DIRECTIONS

The flow of data ingestion is correctly
implemented, there are some recommendations that can
be implemented in the future. The only possible
direction that contextualized data could take in order to
further improve data quality is to incorporate machine

learning algorithms into its framework (Oktian et al.
2020). For instance, it is possible that the machine
learning algorithms will be able to identify errors in data
and correct them on their own without the need for user
interactions.
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Figure 5: Data Pipeline Tool
(Source:
https://cdn.buttercms.com/HeM5ItqgbQoOPfpvPhqfA)

A further development area identified in the
article is the scalability issue of the pipeline. With the
growth of the business and the addition of new data
sources, the pipeline will experience the increase of data
intensity (Mudambo, 2021). If more data has to be
written and read then the infrastructure has to be
improved, one can also use better tools such as Apache
Flink or real-time processing engines to scale the system.
Security and compliance will always remain as the major
factors for consideration. With changing data
regulations, the pipeline will have to be adjusted to
accommodate its use and comply with rules and
regulations like the GDPR and the HIPAA.

IX.  CONCLUSION

Third-party data consumption mostly forms the
basis of the data ingestion system, especially to
organizations, hence the need for a robust data ingestion
pipeline. The data flow to the system can be managed
properly through proper techniques of collecting,
transforming as well as validating data. Moreover,
exception and real-time checking procedures, and data
quality monitoring also contribute in creating an
effective pipeline model. When properly equipped and
deployed, the pipeline can be deployed properly and
hence lead to the enhancement of the merits of system
performance and data quality. In the future dimensions,
machine learning and scalable enhancements should be
achieved in order to attend to the needs of the growing
business in the pipeline effectively.
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