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Abstract: 

The amount of data generated every day is exploding, which demands efficient, scalable and flexible 

data management systems. Apache Iceberg: Open Table Format for Big Data In recent years, Apache 

Iceberg, a new open table format, has become a compelling successor to traditional or hybrid table 

formats, and significantly boosting up the performance higher for large scale data sets. In this paper, 

we delve into the architectural benefits of Apache Iceberg over legacy table formats and highlighting 

its deployment in big tables. It also discusses the infusion of AI and ML in data engineering pipelines 

and how Iceberg’s capabilities support advanced analytics and predictive applications. 
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I. INTRODUCTION  

Organizations face the challenge of handling and analyzing large amounts of data in big data era. 

Conventional table structures are inherently not suitable for large datasets, resulting in performance 

bottleneck and inefficient operation. Apache Iceberg, initially developed and open sourced by Netflix in 

2017, solves these problems with an efficient, open table format optimized for large analytic table geometries. 

[1] 

 

As the digital environment continues to develop, the importance of advanced table structures in response to 

ever increasing data needs is more crucial than ever before. Apache Iceberg has become a trailblazing project 

not just because it is technically superior, but because it is versatile across verticals, like finance, retail, and 

telecommunications. This paper goes beyond technical comparisons to discuss Iceberg’s implications in real-

world applications and future outlook in edge, federated, and multimodal analytics. Amidst the evolution of 

the digital landscape, the importance of sophisticated table formats to handle the data spiral has never been 

more crucial. Apache Iceberg has become a disruptive force not just for its technical excellence, but also for 

its applicability across a wide range of sectors filing from finance to retail to telecommunications. This work 

goes further than mere technical comparison as it examines Iceberg’s presence in real-life use-cases as well 

as its prospect of a future in edge, federated, and multimodal analytics.  

 

This paper aims to: 

• Contrast Apache Iceberg with traditional and hybrid table formats in terms of performance and 

scalability. 

• Learn about Iceberg's architectural elements that improve management of large tables. 

• Discover the world of AI/ML involved with in data engineering flows enabled by leveraging the power 

of Iceberg. 
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A. Problem Statement 

Conventional storage formats like Apache Hive and Parquet usually suffer from issues while handling 

massive datasets. These weaknesses are restricting metadata processing, no support for schema evolution, and 

the implementation of data operations simultaneously ordinated. Such constraints not only impede the rapid 

implementation of data engineering solutions, but also obstruct the integration of AI/ML models with need 

for widespread, accurate data availability. 

The shortcomings of older systems come to the fore as organizations attempt to integrate real-time data flows, 

event-driven architectures and multiple formats of data into a seamless analytic infrastructure. These 

obstacles stand in the way, not just of time-to-insight, but of progress, which is why it is so important to have 

a table format that is inherently optimized for the velocity, volume, and variety characteristic of data today. 

Apache Iceberg solves these pain points with architectural elegance and modern design values. 

B. The importance of Apache Iceberg 

Iceberg is a new table management layout implemented in Apache Iceberg that separates the metadata from 

the physical data to provide a range of features such as hidden partitioning, time travel, and schema evolution 

without costly data rewrites. It’s interoperable with different computation engines such as Apache Spark, 

Apache Flink and Trino, which means it can be directly integrated into existing data pipelines. 

 

II. SOLUTION 

The fast emergence of data-intensive workloads and the growing dependency upon AI/ML workflows have 

uncovered severe restrictions of the classic table formats in large- scale data platforms. Apache Iceberg is one 

such solution, a new, open table format developed for modern analytics, one that is high-performance and 

cloud native, designed to confront these challenges head-on. In this section, we demonstrate how Apache 

Iceberg improves data engineering architectures and enables new analytical use cases. 

 

Unlike hybrid formats that add capabilities onto legacy systems, Apache Iceberg was designed to meet the 

modern needs of analytics. 

 

It effectively manages slow-changing dimension, real-time ingestion, and mixed workload processing with 

minimum reconfiguration issues. This leads to operational simplicity and shorter time-to-value in data 

engineering projects. 

 

Furthermore, Iceberg’s design enables efficient garbage collection and compaction strategies, which can be 

painful in legacy formats, and implies lower technical debt and maintenance costs going forward. 

 
Fig. 1.  Apache Iceberg Architecture [2] 

 

A. Apache Iceberg: A new table format for the fundamental data structure of modern data lakes 

Apache Iceberg was created by Netflix as a way to scale out and manage the metadata of large tables that are 

not handled well by formats like Apache Hive and simple Parquet tables. Iceberg is a new table format which 

separates metadata and data storage and has shown advantages in performance, scalability, and manageability. 
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Key features include: 

• Concealed Partitioning partitions don’t have to be hand crafted, make the query String engine figure out 

which slice of data is best important for your query. 

• Time Machine and Snapshot Isolation Allows users to work efficiently with historical versions of datasets 

facilitating rollback, debugging, and reproducible training of ML models. 

• Schema Evolution Allows adding/removing/renaming columns without requiring to rewrite the entire 

dataset or breaking downstream compatibility. 

• Transactional Guarantees (ACID)Atomicity, Consistency, Isolation, Durability Compliance and 

Concurrent Write Support, necessary for contemporary data lake operations in multi-user settings. 

These features make Apache Iceberg a good option for enterprises refactoring their data architecture to serve 

cloud-native, massive scale, and AI-style workloads. [3] 

 

B. Applications to Modern Data Engineering Workloads 

Apache Iceberg has been taken up by a number of organizations over the past several years, looking for ways 

to work more efficiently with big data to do real-time analytics. Notable applications include: 

• Data Lake Optimization: A growing number of companies have transitioned from file-based 

metadata layouts to Iceberg’s tabular metadata, leading to drastically improved query planning and 

latency. This change improves performance and makes it easy to integrate with interactive query 

engines like Trino and Presto. 

• Stream Processing and Real-Time Analytics: Iceberg has first class integration with Apache Flink 

and Spark Structured Streaming and provides low latency ingestion pipeline. This functionality is 

critical for enterprises operating in real time, requiring current dashboards and immediate insights for 

operational decision making. 

• Machine Learning Enablement: AI/ML pipelines get a lot by leveraging Iceberg's support for data 

versioning, time travel, and schema evolution. These capabilities contribute to keep training data sets 

consistent, simplify feature engineering, and increase fairness and reproducibility through the various 

stages of model development. 

• Cloud-Native Scalability: Native support for cloud object storage, including Amazon S3, Google 

Cloud Storage and Azure Blob positioned Iceberg to meet industry trends towards moving data 

infrastructure to the cloud. Its compute engine independence offers great flexibility for hybrid and 

multi-cloud use cases. 

 
Fig. 2. Architecture for Data Lake [4] 

 

In addition, Iceberg allows for compliance with regulatory requirements by including out of the box process 

tracking and audit-ready reporting. This can be especially valuable in sectors like finance, healthcare, and 

government services, where data lineage, immutability, and version history are crucial to meet audit and 

certification requirements. 
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It provides a single source of truth and facilitates the collaboration between data engineers and data scientists 

from a development lifecycle standpoint as well. Teams can autonomously work on consistent, versioned 

data, resulting in less friction for model experimentation and feature validation. 

 

C. ML/AI Workflow Integration 

The design philosophy behind Iceberg is to support sophisticated AI/ML workloads by providing data 

pipelines with consistent and retry able results. Common applications include: 

• Predictive Maintenance: In industrial and IoT, Iceberg is used to store sensor data for training and 

retraining machine learning models to predict failure of equipment to avoid breakdowns. 

• Personalized Recommendations Retail and digital services have their feature stores to be able to real-

time stream recommendation engines powered by Iceberg. 

• Healthcare Analytics: Medical platforms use Iceberg’s schema evolution and retention of historical 

data to develop AI-models for patient data over time while maintaining compliance and traceability. 

AI/ML is not only in model training but also supports post-deployment monitoring and detect model drift 

with Iceberg. With repeatable history data versions, data scientists can compare live predictions to historical 

performance metrics to establish active learning loops and more robust model governance. Its metadata-

driven approach allows tracking of feature drift, abnormality and biases over time for fairness and 

transparency in AI pipelines. 

 

D. Uses 

Apache Iceberg has become a key part of modern data lake design, especially organizations trying to support 

scalable, flexible, and AI-ready pipelines. With increasing data sizes and the need for real-time analytics, 

Iceberg has applied to several impactful use cases. [5] 

1) Single Data Lake Management: 

Apache Iceberg is quickly gaining momentum as a solution for unifying batch and streaming data processing. 

Its support for ACID transactions and hidden partitioning enables organizations to unify a heterogeneous set 

of ingestion solutions streaming (e.g., Apache Flink or Kafka) and batch (e.g., Apache Spark, and Trino) into 

a single integrated storage layer. This coalescence helps maintain uniform reads and writes of massive data 

without any human intervention. [6] 

2) ML Lifecycle Management Support: 

Iceberg time travel and snapshot isolation provide some unique benefits for ML pipelines. Data scientist’s 

version datasets for reproducibility, track changes across iterations of a training algorithm, and can 

consequently roll back to a certain point in time, for debugging or to compare between model states. This is 

especially useful in industries like finance and health care, for instance, which are highly regulated and 

require traceability and data lineage. 

3) Scaling Metadata for Large Tables: 

One of the clunky issues with antiquated formats like Apache Hive or simple Parquet tables is the clogs that 

are formed by metadata. Iceberg solves this by using manifest lists and management of metadata in a tree. 

This architecture caters to tables with billions of partitions and petabytes of data with low-latency querying. 

The outcome is that we have more efficient schema evolution, partition pruning, and a more productive data 

lake. 

Apache Iceberg uses a meta-store tree structure of manifest files and snapshots to achieve both small 

incremental query performance and large analytical scan performance. 

This architecture guarantees that query planning stays fast and efficient even in datasets with billions of 

partitions and petabytes of data. In addition, there is metadata caching at the compute layer which can help 

to reduce latency and optimize the query in the distributed environment. 

4) Cloud-Native and Multi-Engine Interoperability: 

Iceberg is by design cloud-native and is tuned for services such as Amazon S3, Azure Blob and Google Cloud 

Storage. Decoupled architecture, support for multiple combined engines (Presto, Trino, Flink, Spark), make 
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it easy to deploy in hybrid cloud scenarios. This flexibility provides organizations mean to implement, cost-

effective, high availability data platforms without vendor lock-in. [7] 

E. Impact 

The use of Apache Iceberg in data engineering stack has resulted in substantial progress in operational 

scalability, cost effectiveness and AI-based decision making. 

In addition to training workflows, Iceberg provides low-latency access to the dynamically evolving datasets 

and is integrated with online feature stores and model-serving pipelines. 

This enables companies to operationalize AI more quickly and confidently, especially when solving business 

problems in personalization, fraud detection, and adaptive marketing. 

 

Impact 

Category 

Key Highlights 

Operational 

Efficiency 

Unified batch/stream 

processing, hidden partitioning, 

ACID compliance 

Cost 

Optimization 

Metadata pruning, schema 

evolution without rewrite, cloud 

object storage support 

AI/ML 

Readiness 

Time travel for reproducibility, 

versioned datasets, real-time 

feature serving 

Scalability & 

Flexibility 

Billion-partition support, 

engine agnosticism, hybrid 

cloud compatibility 

Table 1: Impact of Apache Iceberg 
 

1) Operational Efficiency: 

 Since metadata is decoupled from physical storage, fast and concurrent reads and writes are made available 

for large scale multi-user access with Iceberg. Lower complexity on the ETL pipeline side and stability of 

the system in various environments, especially those home to a multitude of data sources and consumers. 

2) Cost Optimization:  

Its capability to avoid full-table rewrites on schema changes, combined with compact metadata pruning, 

greatly suppresses compute resource consumption. This leads to reduced cloud storage and computation cost, 

especially when the multi-petabyte-scale data had to be queried frequently. 

3) AI/ML Readiness:  

With time travel and rollback power, Iceberg is gaining adoption in AI/ML infrastructures. It enables model 

versioning, reproducibility, and scalable feature engineering workflows, which are all necessary to uphold 

fairness and accuracy in production models. The compatibility with stream processors also makes possible 

scenarios where real-time inference pipelines, e.g., in predictive maintenance, fraud detection, or 

personalized recommendations, is required. 

4) Scalable and flexible:  

The design of Iceberg itself support's the vision of future proof data lakes. Due to its support for a variety of 

compute engines and built-in support for cloud object storage, it lends itself particularly well to modern data 

architectures, where scalability, availability, and flexibility are prerequisites. [8] 
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Feature Apache Iceberg Traditional Formats 

(e.g., Hive) 

Hybrid Formats 

(e.g., Delta Lake) 

Schema Evolution Supported (Safe & 

Flexible) 

Limited & Risky Supported 

Partition 

Handling 

Hidden Partitions 

(Efficient) 

Manual (Prone to 

Errors) 

Automatic 

ACID 

Transactions 

Full Support via 

Snapshot Isolation 

Limited or None Supported 

Performance on 

Large Tables 

Optimized via 

Metadata Pruning 

Degrades with Table 

Size 

Good, but Not 

Always Optimal 

AI/ML 

Compatibility 

Excellent with 

Structured Snapshots 

Poor Tracking Good (Partial 

Lineage Support) 

Streaming 

Support 

Native Incremental 

Planning 

No Yes (via Structured 

Streaming) 

Cloud 

Optimization 

Built-in for Object 

Storage 

Poor Moderate 

Table 2: Comparison of Apache Iceberg 
 

III. FUTURE SCOPE 

The future of foundations of large-scale data engineering is closely tied with the progress and innovation of 

table-formats like Apache Iceberg, especially in the context of data-centric archetyping across cloud-native 

stacks of many organizations. When data size and complexity continue to grow, the potential of Iceberg will 

be broadened, and more flexible, high-performance and intelligent data systems will be able to be built. [9] 

A. Model Enabling Advanced AI/MML 

 Overview of our External feature access model appraisal approach through Design time and Run time 

evaluation gaps. The combination of those features versioning, transactional time travel, and self-maintaining 

metadata make Apache Iceberg a solid platform for AI/ML workloads in a two-tier data system. In the future, 

such research could investigate how best to construct the standardized pipelines that enables easy Build, 

Train, Evaluate and Monitor AI models directly from Iceberg-backed tables. This may also be beneficial for 

a live prediction, an adaptive learning system, or an automatically retraining of model. 

B. Connectivity to Real Time and Streaming Data Systems 

Although Iceberg is already promoted for incremental processing through API integration with Apache Flink 

and Spark Structured Streaming (and other systems), potential improvements are hoping to gravitate more 

toward sub-second latency use cases, such as fraud detection, anomaly tracking using IoT (internet of things) 

sensors, or real-time personalization. We will also work towards more efficient processing of change data 

capture (CDC) streams. 

C. Edge and Federated Data Processing 

With the increasing popularity of edge computing, which is particularly prevalent in IoT and telecom sectors, 

we believe that possible future extensions of Iceberg could include integration with distributed metadata 

catalogues and distributed data partitioning strategies suitable for the decentralized space.  

Future versions of Iceberg could also potentially have a mechanism for dynamic metadata synching across 

distributed clusters enabling edge nodes to cache data that is specific to the partitions without violating 

global consistency. That would be a game-changer for areas such as autonomous vehicles and smart 

manufacturing, where decentralized processing is a staple. 

D. Support of Multimodal Data and the Evolution of Data Lakehouse 

With the growing needs of unified analytics, in future, Iceberg may support multimodal data (such as image, 

document, or time series) and integrate more closely with vector databases. That will make Iceberg an 

important piece of the next wave of Lakehouse architectures that cater to structured and unstructured data 

alike. 
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This would mean opening the possibility for semantic search and cross-modal learning directly within data 

lakes, allowing the development of single analytical frameworks where text, pictures, videos and sensor logs 

can be queried at once. 

E. Security, Compliance, and Governance 

With the changing landscape of data regulations (GDPR, HIPAA, etc.), Apache Iceberg will continue to play 

a critical role in ensuring fine-grain data access control, immutable audit logs, data lifecycle management, etc. 

Native at-rest and on-the-wire encryption and schema level policy enforcement are among the planned 

evolutions. 

Future enhancements might involve policy-aware query engines incorporating Apache Ranger or Open Policy 

Agent (OPA) to support automated enforcement of access rules at the column, Row and file level. 

F. Metadata Architectures Resistant to Quantum Attacks 

More broadly speaking, in the distant future, Iceberg metadata layer and interfaces could even be enriched 

with provision for quantum-resistant cryptographic schemes. This will be especially important in future-

proofing important finance, defense and health datasets. 

This vision guarantees that the Iceberg architecture offers readiness for today’s needs and is also suitably 

flexible for the future post-quantum security world protecting the privacy and sanctity of your critical data 

assets. 

 

IV. CONCLUSION 

Traditional table formats like Apache Hive and Parquet typically do not handle large scale, real-time, AI 

integrated workloads well in the era of big data explosive growth. Apache Iceberg, the open table format 

designed by Netflix, has become the best solution to work around the constraints of the legacy systems. It 

brings schema evolution, concealed partitioning, time travel, and ACID transactions; features which come 

very handy to deal with the complexity of today’s data lakes. 

 

The article compares Apache Iceberg against legacy formats, emphasizing its scalability, cloud-native nature, 

and suitability for AI/ML workloads. The architecture of Iceberg separates metadata from the physical data 

to enable efficient query execution and low maintenance costs. Being compatible with engines such as Spark, 

Flink, and Trino, it can be easily integrated into from different data workflows. Its uses cases operate from 

real-time analytics, to machine learning lifecycle management, to hybrid cloud. [10] 

 

There has been accelerating adoption of Apache Iceberg across retail, healthcare, and industrial IoT use cases. 

Enterprises have found value with its capabilities like support for streaming/ batch data processing, elastic 

metadata, and improved model reproducibility. It's also able to run across both multi-engine and multi-cloud 

environments with zero vendor lock-in. It also facilitates end-to-end robust AI/ML pipelines, including 

dataset versioning, reproducible experiments, and real-time inference. 

 

The difference Iceberg makes is obvious by its offerings of increased operational efficiency, cost savings, 

and improved data governing. Iceberg minimizes resource consumption by minimizing full-table rewrites 

and enabling schema evolution without downtime. In the case of AI/ML, its time-travel and snapshot 

capabilities also provide better consistency and traceability of model training which is a boon for heavily-

regulated industries such as banking and healthcare. 

 

Apache Iceberg is the project to further evolve that, especially as trickles down to the enterprise with a need 

for lower latency, edge compatibility and support for multimodal data in unified data Lakehouse 

architectures. As companies continue with their migration towards cloud-native and AI-powered 

infrastructure, Apache Iceberg remains to be a key building block of scalable and smart data engineering. 
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