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ABSTRACT

In the fast-paced financial world we live in today, companies are feeling more
pressure than ever to handle huge amounts of data that are incredibly varied and
change rapidly. They need to do this while being quick to react (agile) and keeping costs
down. The older ways of building data warehouses, which often rely on structures called
Star and Snowflake schemas, just aren't really built to handle these modern demands.
They tend to be too rigid and require a lot of ongoing work. This article takes a close
look at the Data Vault 2.0 design pattern as a solution for building data warehouses
that can grow (are scalable), be flexible, and are easy to audit — all things needed in
data warehousing today, particularly in the financial sector. We're going to dig into the
limits of those older architectural styles, introduce you to the main ideas and parts that
make up Data Vault 2.0, talk about how you can actually put it into practice (including
how automation plays a big role), examine the benefits it offers in managing complexity
and making sure everything is compliant with rules, touch upon some potential
difficulties you might face, and think about the return on investment (ROI) for

companies that decide to go with this approach.
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1. INTRODUCTION: Understanding the Limits of Older Ways of Doing Data

Warehousing

Data is growing incredibly fast, especially in places like the finance sector. This huge
increase means companies absolutely need solid ways to manage it — solutions that can handle
the sheer amount, the many different types, and how quickly it all moves. Data warehousing is
a crucial part of this, giving organizations the infrastructure they need to pull data together,
organize it, and analyze it so they can make smart decisions. For many years, Star and
Snowflake schemas were the primary designs used for data warehouses, mostly because they
were great for structured reporting and making queries run fast. However, these older models
were really designed for times when the business environment didn't change quite so rapidly.
In today's dynamic world, they show some significant limitations.

Financial institutions, among others, run into some specific problems with these
traditional architectures:

e Trouble Handling Growth (Scalability Issues): They often have a hard time dealing
with the scale and different types of modern data, particularly data that isn't neatly
structured.

e Not Enough Flexibility: It takes a lot of significant redesign work to adapt when
original source systems or business rules change, which really holds back how quickly
you can move.

e Slow Development Cycles: Making any changes requires complex re-engineering of
the processes that move and transform the data, plus extensive testing, which slows
down delivering new insights.

e Problems with Tracking Data and Auditing: Tracking data for audits poses a real
problem, too. Following its path from the source can be incredibly complex, and that

raises serious risks in strictly regulated industries. A key issue is that historical
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information might sometimes be overwritten, meaning you can't easily see the full story

of the data over time.

e High Costs Just to Keep Things Running (High Maintenance Costs): With such
rigid structures, you often face a lot of ongoing maintenance simply to keep things
running. This upkeep, and the technical debt that piles up, ends up being quite expensive
for companies.

These limitations mean companies can't react as quickly as they need to, and it drives
up the costs of their operations. This paper is going to look at Data Vault 2.0 as a modern
architectural framework that's designed specifically to get past these limitations. We'll cover its
main ideas, how to put it into practice, the benefits it brings, and the challenges you might face,

all of which is especially relevant for demanding environments like financial reporting.

2. The Basic ldeas Behind Data Vault 2.0

2.1. Its Core Principles

Developed by Dan Linstedt, Data Vault 2.0 is a data modeling method that combines
different approaches, specifically built for enterprise data warehousing. It puts a strong focus
on being scalable, flexible, and auditable. The goal is to take the best parts of models that are
highly organized (normalized) and those designed for reporting (dimensional) while reducing
their weaknesses. Its key principles include:

e Keeping Things Separate (Separation of Concerns): It logically separates the main
business identifiers (called Hubs), how different things relate to each other (Links), and
the details that describe things which change over time (Satellites).

e Designed for Auditing From the Start (Auditability by Design): It naturally captures
and keeps all the historical data, giving you full traceability — which is absolutely vital
for compliance and knowing exactly where your data came from.

e Ability to Grow and Work in Parallel (Scalability and Parallelization): Its design is
made up of predictable parts, which makes it easy to load data and process it in parallel.
This works really well for handling large amounts of data and fitting into distributed
systems or cloud setups.

e Being Flexible and Agile: It allows you to bring in new data sources or add new
descriptive details with minimal disruption to the model you already have in place. This

makes it much faster to adjust when business needs change.
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2.2. Its Key Components

The Data Vault 2.0 model is primarily built from three main types of entities:

Hubs: These represent the central business concepts or items you care about (like a
Customer or a Product). They are identified by their unique business key. Hubs contain
that business key and a generated key (called a surrogate hash key) which helps link
everything together efficiently.

Links: These are used to define relationships or show transactions between different
Hubs (for example, a link could show a customer placing an order). They contain the
surrogate hash keys of the Hubs that are connected by that relationship.

Satellites: These are where you store the descriptive details that change over time and
are related to either Hubs or Links (like a customer's address or the status of an order).
Satellites are designed to track the history of these attributes and include important extra
information like when the data was loaded. This is crucial for data audits in future.

A key feature is that Data Vault 2.0 uses hash keys as the main way to link data within

the model. These keys are generated by calculating a value directly from the business keys.

This design provides a big advantage because it allows data to be loaded in parallel, which is

really efficient, and it significantly smooths out the process of integrating data.

3. Thinking About How to Structure and Implement It

3.1. Using a Layered Architecture

Putting Data Vault 2.0 into action often involves setting up your modern data

architecture in layers:

Staging Layer: This is the first stop where the raw data comes in from your original
source systems. You might do some basic cleaning here.

Raw Data Vault: The data is then loaded into the Hubs, Links, and Satellites in a way
that keeps the history and the original structure from the source system. This layer forms
the core foundation that's fully auditable.

Business Vault (Optional): This is a layer where you can apply business rules, perform
calculations, and create derived data. Importantly, this is done without ever changing
the data in the Raw Vault layer.

Information Mart Layer: This acts as the presentation layer, designed for end-users.

It often uses those familiar dimensional models (like Star or Snowflake schemas) which
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are built on top of the data from the Vault layers to serve specific needs for business

intelligence and reporting.

Using this layered approach is beneficial because it clearly separates the complex
process of integrating data and keeping its history (that's what the Data Vault layers do) from
the views that are optimized for users to consume the data for reports and analysis.

3.2. How It Works With Reporting Models

It's important to understand that Data Vault 2.0 doesn't actually replace dimensional
models like Star or Snowflake schemas. Instead, it acts as a solid base layer from which those
reporting models are built. The Data Vault takes on the job of handling the complex integration
from many sources and storing the complete historical record. Meanwhile, the dimensional
marts provide structures that are easy for business users to understand and are optimized for
use with business intelligence tools and for running specific analyses.

3.3. Where Automation Comes In

The pattern-based nature of Data Vault 2.0 means it lends itself really well to
automation. This allows you to use specialized tools (such as dbt, Coalesce, VaultSpeed, and
WhereScape) that can automatically generate the required Data Vault structures and the data
loading logic. The benefit here is significant: it drastically reduces manual work and errors,
speeds up development time, and lowers costs. The end result is a much faster return on your
investment.

3.4. Planning Out the Implementation

Making sure a Data Vault 2.0 implementation is successful requires careful planning.
Here are some key things to consider:

e Understanding the Requirements: You need to thoroughly gather all the
requirements, both for what the system needs to do and things like how much data it
needs to handle, how fast it needs to be, and what compliance rules it needs to meet.

e Designing the Structure (Schema Design): This involves carefully modeling the
Hubs, Links, and Satellites, paying close attention to how things relate to each other and
how historical data needs to be tracked (you'll need to use the right types of Satellites
for different needs).

e Data Quality and Governance: Putting in place robust processes for managing the
quality of your data is essential. You also need to define standards, figure out who is
responsible for different pieces of data, and potentially use master data management

practices.
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Security: Implementing multiple layers of security is crucial, especially in finance. This
includes controlling who can access what (authentication and authorization), encrypting

data, and continuously monitoring for suspicious activity.

4. The Benefits and the Return on Investment (ROI)

4.1. The Key Advantages

So, what kind of advantages does implementing Data Vault 2.0 actually offer? Well,

especially when you're dealing with complex data environments, it provides some significant

upsides:

Handles Growth Much Better (Enhanced Scalability): It efficiently manages huge
and varied datasets by being able to process data in parallel and having a design built
from independent modules.

Excellent Auditability: It provides complete data lineage and historical tracking, which
is absolutely vital for meeting regulatory compliance rules.

More Flexible and Agile: It allows you to integrate new data sources quickly with
minimal impact on the existing structure, speeding up the time it takes to get new
insights out. It also supports different teams working on parts of the model at the same
time.

More Cost-Effective in the Long Run (Cost Efficiency): While storing detailed
history might mean you use more storage space initially compared to some older
models, it significantly reduces the ongoing costs associated with maintenance and
redoing work caused by model changes.

Provides a Base for More Advanced Analysis: It delivers clean, integrated data that

is well-suited for building machine learning models and Al applications.

4.2. How to Measure ROI

While the exact numbers for return on investment will vary, companies that adopt Data

Vault 2.0 often report seeing ROI from several areas:

Lower Costs for Running and Developing (Reduced Operational & Development
Costs): This comes from less ongoing maintenance and faster development cycles
because integrating new data is simpler and less rework is needed. Some studies have

even suggested potential reductions in operational costs of up to 30%.
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e Getting Things Done Faster (Faster Time-to-Market): New reports and analytics can
be delivered much more quickly. There have been reports of potential improvements in
time-to-market ranging from 50% to 70%.

e Better Compliance and Governance: It helps meet audit requirements effectively by
providing that full traceability.

5. Things That Can Be Challenging and Other Considerations

Adopting Data Vault 2.0 isn't without its potential difficulties:

e It Can Be Complex and There's a Learning Curve: Understanding the details
requires specialized data modeling expertise and training. It's often described as a craft
that really requires experience to do well.

e You Need to Be Really Disciplined with the Modeling (Modeling Rigor): Sticking
to the established standards is crucial. If you don't, it can actually hurt your ability to
scale and maintain the system later on.

¢ Initial Costs for Setup and Tools: You'll likely need to invest in training your team
and potentially in automation tools to fully get the benefits.

e Thinking About Storage: Because it keeps detailed history, you might need more
storage compared to traditional models, although the lower cost of cloud storage often
helps offset this now.

e It Requires a Shift in Mindset (Cultural Shift): It involves moving away from just
thinking about specific reports and instead embracing the idea of data as a flexible asset
that needs to be integrated across the business. This requires getting buy-in from

stakeholders.

6. DISCUSSION

Based on our analysis, Data Vault 2.0 really stands out as a strong choice for building
modern data warehouses, especially for organizations that are struggling with environments
where data changes a lot, where complex integration is needed, and where strict audit rules
apply — situations very common in the financial sector. Its main strengths are that it's designed
from the ground up to be scalable, flexible, and auditable. These features directly address the
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biggest weaknesses that traditional dimensional models have when you try to use them for
integrating data across the entire company.

Its synergy with automation tools definitely boosts Data Vault 2.0's value proposition
further. Automation tools are great for drastically reducing manual tasks and accelerating
delivery. While putting this into place requires specific expertise and adherence to modeling
standards, the advantages gained over time—Ilower maintenance overhead, faster adaptation to
change, robust auditability—often make the upfront investment highly worthwhile. Looking
ahead, it's likely that Data Vault 2.0 will integrate even more closely with cloud services, use
AI/ML for things like improving data governance and analytics, and continue to evolve, driven
by automation. Looking ahead, more research would be really useful, particularly in areas like
finding standardized ways to measure the return on investment, figuring out the best system
designs for new types of data that are emerging, and developing security patterns that can evolve

as threats change.

7. Conclusion

To wrap things up, Data Vault 2.0 offers a method for building data warehouses that is
resilient, can grow right along with your needs (making it scalable), and is easy to audit. It really
is incredibly well-suited to handling the complexities of the data environments we see today,
especially in regulated industries like finance. By effectively keeping different parts separate,
preserving a full history of the data, and using a design based on predictable patterns, it
successfully gets past many of the limitations found in those older approaches. When you put
it into practice correctly, especially by making good use of automation and setting up the right
governance rules, it gives you a powerful base for integrating all your data. This, in turn, allows
companies to get insights out faster, do a better job with compliance, and gain significantly
greater agility. Sure, there are challenges to consider, particularly around needing the right
expertise and discipline when it comes to the modeling itself. But even with those, Data Vault
2.0 represents a big step forward in building data warehouses for the enterprise — systems that
can truly adapt and are prepared to handle whatever future demands come their way.

https://iaeme.com/Home/journal/lJCET ° editor@iaeme.com



Scalable Data Warehousing Using Data Vault 2.0 Design Pattern

8. References

[1]

(2]

(3]

[4]

5]

[6]

[7]

(8]

Inmon, W. H., & Linstedt, D. (2015). Data architecture: A primer for the data scientist
— Big data, data warehouse and data vault. Morgan Kaufmann.

Linstedt, D., & Olschimke, M. (2015). Building a scalable data warehouse with Data
Vault 2.0. Morgan Kaufmann. https://doi.org/10.1016/C2013-0-19471-7

Astera. (n.d.). Data VVault 2.0: What you need to know. Astera Blog. Retrieved April 30,
2025, from https://www.astera.com/type/blog/data-vault-2/

DATAVERSITY. (2024, February 15). Hybrid architectures in Data Vault 2.0.
Retrieved  April 30, 2025, from https://www.dataversity.net/hybrid-

architectures-in-data-vault-2-0/

Matillion. (n.d.). Star schema vs Data Vault: What’s the difference? Matillion Blog.

Retrieved April 30, 2025, from https://www.matillion.com/blog/star-schema-

vs-data-vault

Scalefree. (2025, January 10). From vaults to value: Scalefree & Coalesce transforming
data automation. Scalefree Blog. Retrieved April 30, 2025, from

https://www.scalefree.com/blog/tools/from-vaults-to-value-scalefree-

coalesce-transforming-data-automation/

UK Data Vault User Group. (2025, March 18). 5 most common challenges with Data
Vault modelling. Retrieved April 30, 2025, from

https://www.ukdatavaultusergroup.co.uk/five-most-common-challenges-

with-data-vault-modelling/

VaultSpeed. (n.d.). Why Data Vault is the best model for data warehouse automation
[eBooK]. Retrieved April 30, 2025, from

https://vaultspeed.com/resources/ebooks/why-data-vault-is-the-best-

model-for-data-warehouse-automation

https://iaeme.com/Home/journal/lJCET editor@iaeme.com


https://doi.org/10.1016/C2013-0-19471-7
https://www.astera.com/type/blog/data-vault-2/
https://www.dataversity.net/hybrid-architectures-in-data-vault-2-0/
https://www.dataversity.net/hybrid-architectures-in-data-vault-2-0/
https://www.matillion.com/blog/star-schema-vs-data-vault
https://www.matillion.com/blog/star-schema-vs-data-vault
https://www.scalefree.com/blog/tools/from-vaults-to-value-scalefree-coalesce-transforming-data-automation/
https://www.scalefree.com/blog/tools/from-vaults-to-value-scalefree-coalesce-transforming-data-automation/
https://www.ukdatavaultusergroup.co.uk/five-most-common-challenges-with-data-vault-modelling/
https://www.ukdatavaultusergroup.co.uk/five-most-common-challenges-with-data-vault-modelling/
https://vaultspeed.com/resources/ebooks/why-data-vault-is-the-best-model-for-data-warehouse-automation
https://vaultspeed.com/resources/ebooks/why-data-vault-is-the-best-model-for-data-warehouse-automation

Bharat Chaturvedi

[9] WhereScape. (n.d.). Gartner data warehouse automation. WhereScape Blog. Retrieved
April 30, 2025, from https://www.wherescape.com/blog/data-warehouse-

automation-according-to-gartner/

[10] Linstedt, D. (n.d.). Common pitfalls experienced in Data Vault projects. Data Vault
Alliance. Retrieved April 30, 2025, from https://data-vault.com/common-pitfalls-

experienced-in-data-vault-projects/

mation: Bharat Chaturvedi. (2025). Scalable Data Warehousing Using Data Vault 2.0 Design Pattm
International Journal of Computer Engineering and Technology (IJCET), 16(3), 79-88.
Abstract Link: https://iaeme.com/Home/article_id/IJCET 16 03 007

Article Link:
https://iaeme.com/MasterAdmin/Journal_uploads/IJCET/VOLUME_16_ISSUE_3/IJCET_16_03_007.pdf

Copyright: © 2025 Authors. This is an open-access article distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

—G)
Creative Commons license: Creative Commons license: CC BY 4.0

@editor@iaeme.com J

https://iaeme.com/Home/journal/lJCET 88 editor@iaeme.com


https://www.wherescape.com/blog/data-warehouse-automation-according-to-gartner/
https://www.wherescape.com/blog/data-warehouse-automation-according-to-gartner/
https://data-vault.com/common-pitfalls-experienced-in-data-vault-projects/
https://data-vault.com/common-pitfalls-experienced-in-data-vault-projects/

