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ABSTRACT
The digital age has ushered in an era of unprecedented data proliferation, both in complexity and volume, challenging traditional data management 
paradigms. To address these challenges, the big data ecosystem has witnessed the rise of innovative open table formats, with Apache Parquet, Apache 
ORC, and Delta Lake at the forefront. These formats revolutionize data handling through advanced features like columnar storage, dynamic schema 
evolution, and optimized retrieval mechanisms. This paper delves into the critical need for standardizing open table formats, with a particular focus on 
their transformative potential in Machine Learning (ML) and Artificial Intelligence (AI) domains. We present a comprehensive comparative analysis, 
dissecting the features, advantages, and limitations of widely adopted open table formats. Our investigation extends to how these formats enhance the 
trifecta of data processing efficiency, model training effectiveness, and cross-tool data consistency in ML and AI ecosystems. The paper further explores 
the pivotal role of standardization in fostering interoperability, scalability, and widespread adoption of big data systems. By examining the integration 
capabilities across heterogeneous platforms, we highlight the far-reaching implications of standardized formats. This study aims to elucidate how the 
standardization of open table formats can catalyze a paradigm shift in big data analysis methodologies. Ultimately, we posit that this standardization could 
significantly accelerate innovation and enhance outcomes in the rapidly evolving landscapes of ML and AI.
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Introduction
Big data analysis is crucial for advancing Machine Learning 
(ML) and Artificial Intelligence (AI). The data deluge across 
industries, combined with increasingly complex ML and AI 
models, necessitates efficient methods for managing large 
datasets. Open table formats like Apache Parquet, Apache ORC, 
and Delta Lake have emerged as popular solutions. However, the 
lack of standardization hinders interoperability, consistency, and 
scalability in big data systems. This paper examines the need for 
standardizing open table formats and proposes a framework to 
enhance ML and AI applications, focusing on data interoperability, 
model training, and reproducibility.
•	 Background: Current Open Table Formats Open table formats 

are essential for managing big data. While CSV and JSON 
are widely used, they struggle with large, complex datasets. 
Columnar formats such as Apache Parquet and Apache ORC 
offer superior compression, retrieval, and storage efficiency. 
Delta Lake, built on Parquet, provides additional features like 
ACID transactions and time travel [1]. Despite their strengths, 
these formats lack standardization, creating challenges in data 

interoperability and tool integration.
•	 Challenges in Big Data Analysis Big data analysis: 

Challenges in Big Data Analysis Big data analysis grapples 
with the "four Vs": volume, variety, velocity, and veracity 
[5]. Massive data volumes overwhelm traditional databases, 
while diverse data types complicate unified solutions. Real-
time data generation demands rapid storage and retrieval. 
Data veracity affects the quality of ML and AI model insights. 
These challenges underscore the need for efficient, scalable, 
and standardized data formats.

•	 Requirements of ML and AI Applications: ML and AI 
applications require specialized data handling. They need 
access to vast amounts of clean, consistent, and well-structured 
labeled data. Formats supporting schema evolution are crucial 
for dynamic AI model development [4]. Efficient data retrieval 
and optimized storage are essential for reducing preprocessing 
time. Standardized open table formats can address these 
needs by providing a unified structure for large datasets, 
facilitating data transformations and ensuring consistency 
across ML and AI tools.

Proposed Standardization Framework 
•	 Core Elements of Standardization: A standardized open 

table format should include columnar storage, flexible schema 
evolution support, and built-in features for data compression 
and indexing. It should also support metadata integration for 
data traceability and reproducibility in AI research.

•	 Data Type Specifications: The standardized format should 
define clear specifications for diverse data types, including 
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traditional and complex types like arrays, nested structures, 
and time-series data. This consistency can improve data 
preprocessing, model training, and evaluation across 
platforms.

•	 Metadata Integration: Standardized metadata specifications 
should capture essential information about data schema, 
transformation history, and source. This feature enables 
transparency and data lineage tracking, ensuring reproducible 
and verifiable results in AI research.

•	 Scalability Considerations: The format should efficiently 
handle datasets of varying sizes without compromising 
performance. It should support distributed data processing 
systems and allow for incremental updates and partitioning 
to maintain efficiency as datasets grow.

Implications for Machine Learning and AI 
•	 Impact on Data Preprocessing: Standardized formats can 

streamline data preprocessing, reducing time spent on data 
wrangling and allowing ML practitioners to focus more on 
model development.

•	 Enhancements in Model Training: Adoption of standardized 
formats can improve model training efficiency and accuracy 
through faster data retrieval, efficient storage, and consistent 
data management. Schema evolution features allow AI models 
to adapt to changing data over time.

•	 Facilitating Transfer Learning: Standardized formats enable 
easier sharing and reuse of consistently structured datasets, 
accelerating AI model development through improved transfer 
learning capabilities [2].

•	 Reproducibility and Collaboration: By providing a 
common framework for data representation, standardized 
formats enhance collaboration, facilitate result validation, 
and foster innovation in the global AI research community.

Case Studies 
Implementation in Natural Language Processing
In Natural Language Processing (NLP), the standardization of 
open table formats can significantly enhance the processing and 
management of vast text corpora, which are often messy and 
unstructured. A key challenge in NLP is dealing with diverse data 
sources, including raw text, annotated datasets, and embeddings. 
By adopting standardized formats like Apache Parquet, researchers 
can benefit from more efficient storage and faster access to these 
large datasets, enabling quicker iterations during model training.

For example, a recent study in sentiment analysis utilized Apache 
Parquet to store and process millions of text samples, drastically 
reducing the time spent on data retrieval compared to traditional 
row-based formats like CSV. The use of Parquet's columnar storage 
allowed for more efficient filtering of relevant features, reducing 
memory consumption and speeding up the processing pipeline 
[3]. Furthermore, the standardized metadata embedded in Parquet 
files ensured that various preprocessing steps, such as tokenization 
and lemmatization, were reproducible across different research 
teams, enhancing collaborative efforts in the NLP community.

Application in Computer Vision
In the domain of Computer Vision, data storage and management 
are pivotal due to the large size of image and video datasets used 
for training deep learning models. Standardized open table formats 
like Delta Lake have been applied to organize and manage the 
massive amounts of visual data generated by image classification, 
object detection, and image segmentation tasks. One notable case 
is the use of Delta Lake for managing image and video metadata 

in a large-scale object detection project. This case demonstrated 
the ability of Delta Lake to handle frequent updates to training 
datasets while maintaining ACID transaction properties, ensuring 
that data integrity was preserved even as new images were added 
or labeled.

Moreover, Delta Lake's built-in support for time travel enabled 
researchers to track changes to image annotations over time, which 
is essential in scenarios where data is continuously updated, such 
as autonomous vehicle training datasets. The flexibility of Delta 
Lake's schema evolution feature also allowed researchers to adjust 
the data structure as new attributes were added to the image data 
(e.g., object bounding boxes, object types), without disrupting 
ongoing training processes.

Use in Multimodal AI Systems
Multimodal AI systems, which integrate data from multiple 
sources—such as text, images, and sensor data—can particularly 
benefit from standardized open table formats. One prominent 
example is the use of Apache Parquet to handle multimodal 
datasets in AI-driven healthcare applications. In such systems, 
patient records often include text-based clinical notes, images 
like X-rays or MRIs, and sensor data from wearable devices. 
Standardizing these diverse data types into a unified schema 
using a columnar format like Parquet ensures that the AI model 
can seamlessly access and process the data.

A notable case in the healthcare industry demonstrated how 
integrating text, image, and sensor data into a single standardized 
format streamlined the data pipeline, reduced errors in data 
alignment, and improved model performance in predicting patient 
outcomes. By using a common schema, researchers were able 
to fuse data from disparate sources more effectively, leading to 
better insights and more accurate predictions. The flexibility of 
standardized formats in handling diverse data types ensures that 
multimodal systems can scale and adapt to new sources of data 
as they become available, making them essential for the next 
generation of AI applications.

Challenges and Future Work 
Adoption Barriers 
The widespread adoption of standardized open table formats in 
AI research faces significant challenges, primarily stemming from 
industry resistance to change. Many organizations are entrenched 
in proprietary data storage solutions or legacy systems, with 
established workflows built around non-standard formats like CSV 
or JSON. Migrating to new systems often incurs substantial costs 
and disruptions, while the need to retrain staff and revise existing 
data processing pipelines can discourage short-term adoption. To 
overcome these barriers, it is crucial to emphasize the long-term 
benefits of standardization, such as improved data interoperability, 
scalability, and enhanced collaboration across research teams 
and organizations. Providing tools and frameworks that enable 
seamless migration from existing formats to standardized ones can 
facilitate smoother transitions. Additionally, open-source software 
and community-driven initiatives play a vital role in encouraging 
adoption by offering accessible resources and support. By focusing 
on these strategies and demonstrating tangible advantages through 
successful case studies and quantifiable efficiency gains, the AI 
research community can pave the way for a more standardized 
and collaborative future in data management and analysis. 
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Evolving Data Landscapes 
The big data landscape in ML and AI is in constant flux, demanding 
adaptable open table formats to accommodate emerging data 
types and growing datasets. Key challenges include real-time 
data streaming, geospatial data management, and complex 
sensor data from IoT devices. These developments necessitate 
evolving current standards to support advanced time-series data 
handling, complex hierarchical structures, and enhanced real-time 
data processing capabilities. Future research priorities should 
include extending standardized formats for emerging data types, 
developing new compression algorithms, improving indexing 
techniques, and creating innovative partitioning strategies. As 
data volumes continue to surge, the field must also focus on 
novel approaches to distributed storage and advanced distributed 
processing methods. By addressing these challenges and focusing 
on these research areas, the AI and ML community can ensure 
that open table formats remain relevant, efficient, and scalable for 
future use cases. This proactive approach will enable researchers 
and practitioners to harness the full potential of ever-growing and 
increasingly complex datasets, driving innovation in AI and ML 
applications across various domains.

Integration with Existing Systems 
Integrating standardized open table formats into existing big 
data ecosystems presents a formidable challenge. Numerous 
organizations rely on intricate data processing infrastructures, 
often built around established tools like Apache Hadoop, Apache 
Hive, or bespoke database solutions. These legacy systems may 
lack native support for newer standardized formats, creating a 
significant hurdle for adoption.

To bridge this gap, a multi-faceted approach is necessary. First, the 
development of robust adapters, connectors, and plugins is crucial 
to facilitate seamless integration between existing systems and new 
standards. These tools should prioritize efficiency and reliability 
to maintain optimal performance during the transition period.

Simultaneously, the creation of backward-compatible solutions 
emerges as a pivotal strategy. By designing new formats that can 
coexist with legacy tools, organizations can minimize operational 
disruptions while gradually shifting towards standardized formats. 
For instance, implementing translation layers between established 
formats like JSON and newer ones such as Parquet can enable 
teams to leverage familiar tools while incrementally adopting 
new standards.

Furthermore, fostering a collaborative ecosystem is essential 
for long-term success. Encouraging partnerships between open-
source communities, data tool developers, and industry leaders 
can drive the creation of a cohesive integration framework. This 
collaborative effort can lead to the development of comprehensive 
solutions that address the diverse needs of various stakeholders, 
ultimately promoting widespread acceptance and adoption of 
standardized open table formats across the big data landscape.

Conclusion 
The convergence of standardized open table formats and big 
data analysis heralds a new era in Machine Learning (ML) 
and Artificial Intelligence (AI) development, promising to 
revolutionize data handling with unprecedented efficiency, 
scalability, and reproducibility. Our research, spanning diverse 
fields such as Natural Language Processing, Computer Vision, and 
Multimodal AI systems, demonstrates the transformative impact 
of formats like Apache Parquet, Apache ORC, and Delta Lake. 
These standardized approaches streamline complex workflows, 
enhance data processing capabilities, and facilitate seamless global 
collaboration. However, the path to widespread adoption faces 
significant challenges, including resistance to change, the need to 
accommodate rapidly evolving data types, and the complexity of 
integrating new standards with legacy systems. Overcoming these 
hurdles demands a concerted effort from all stakeholders - from 
cutting-edge researchers to industry pioneers and tool developers.

As we look to the future, the evolution of open table formats 
must anticipate and adapt to emerging data paradigms, push the 
boundaries of scalability, and maintain flexibility to support novel 
ML and AI applications. By developing forward-thinking standards 
that grow in tandem with big data demands, we unlock a realm of 
possibilities for more efficient, transparent, and collaborative AI 
research. The widespread adoption of these standardized formats 
has the potential to catalyze a quantum leap in AI innovation, 
enabling more robust, reliable, and scalable models across diverse 
industries. In essence, the future of big data analysis in AI hinges 
not just on technical advancements, but on establishing these 
standards as a cornerstone for enhanced collaboration, improved 
reproducibility, and sustainable long-term growth. As we stand on 
the cusp of this data revolution, standardized open table formats 
emerge as the key to unlocking the full potential of AI in our 
increasingly data-driven world.
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