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Executive Overview

As organizations accelerate their adoption of cloud analytics platforms, they often discover that the
real complexity of enterprise data does not disappear with the move to the cloud.

Critical datasets remain distributed across operational systems, legacy data warehouses, and multiple
cloud environments. At the same time, governance requirements, business definitions, and data
access policies must remain consistent across all consumers, from business intelligence dashboards to
machine learning models and emerging Al-driven systems.

This document explores how modern organizations can address this challenge by establishing a
semantics-first data architecture that separates data processing, data access, and data meaning.

Drawing inspiration from a real enterprise implementation, it illustrates how combining a data
lakehouse, as a scalable analytics and Al platform, with the Denodo Platform, as a logical and
semantic data layer, enables a semantics-first data architecture that provides access to hybrid data
environments safely, consistently, and in near real time.

While the original implementation described in this document emerged in a telecommunications
context, the architectural principles extend to any enterprise seeking to establish a modern data
platform capable of supporting advanced analytics, real-time decision-making, and Al-driven
applications.

Beyond improving architectural coherence, this model also produces measurable operational and
economic benefits. Independent analysis of enterprise deployments indicates that organizations that
adopt a logical data layer alongside modern data platforms can significantly reduce data integration
effort and infrastructure complexity while accelerating time-to-insight.

In many cases, these improvements translate into substantial financial returns, with typical return-
on-investment ranges exceeding 100% over a multi-year horizon and payback periods measured in
months rather than years.
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Key Messages

The discussion that follows explores how modern enterprises can design semantics-first data
architectures, which remain semantically unified across distributed platforms, cloud environments,
and evolving analytics needs.

Before examining the architectural model in detail, the following key messages summarize the central
insights that emerge from this analysis.

1. Cloud analytics platforms solve compute, not enterprise data complexity

Platforms such as data lakehouses provide scalable environments for analytics, machine
learning, and Al development, but they assume that data is already curated, governed,
and accessible across the organization.

2. Modern enterprises operate in permanently hybrid data environments

Critical datasets remain distributed across operational systems, data warehouses, and
multiple cloud platforms. Attempting to centralize all data into a single platform often
creates costly, unmanageable “data swamps.”

3. Separating data meaning from data storage is becoming a fundamental
architectural principle
A logical semantic layer enables organizations to preserve business definitions,

governance rules, and consistent data interpretation independently from the underlying
storage technologies.

4. Combining a logical data layer with scalable analytics platforms enables
a sustainable architecture

In the architecture described in this document, Denodo provides governed data access,
semantic consistency, and hybrid integration, while a data lakehouse delivers scalable
compute, advanced analytics, and Al capabilities.

5. This architectural separation becomes essential in the era of Al and
agentic systems
Al agents and decision systems require access to live, trusted enterprise data with

consistent meaning. A semantic layer above distributed data platforms provides the
foundation for reliable Al-driven decision making.

6. Logical data architecture produces measurable operational and
financial benefits

Enterprises adopting a semantic and logical data layer typically reduce data integration
effort, accelerate analytics delivery, and lower infrastructure complexity, producing
strong economic returns.
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Architectural Thesis

Modern data platforms cannot be built around storage technologies alone.

As organizations adopt cloud analytics platforms such as data lakehouses, they quickly encounter

a structural challenge: enterprise data remains distributed across operational systems, legacy
environments, and multiple cloud systems, while data governance, semantics, and business logic must
remain consistent across all consumers.

The architecture described in this document proposes a clear separation between data processing,
data access, and data meaning. In this model, scalable analytics platforms provide compute and

Al capabilities, while a logical semantic layer governs hybrid data access and preserves consistent
business definitions.

The architecture described in this document can be summarized in the following reference model.
MEANING ABOVE STORAGE: A LOGICAL DATA ARCHITECTURE

A sustainable enterprise data architecture emerges when meaning, access, and processing are
separated into distinct layers.
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Figure 1 — Reference Architecture

As shown in the above figure, a modern enterprise data platform should separate data storage, data
processing, and data meaning into distinct architectural layers. The semantic and logical data layer

provides governed access to distributed data sources, while scalable compute platforms enable
advanced analytics and Al workloads.
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The above reference architecture illustrates a fundamental shift in how modern enterprise data
platforms are designed. Rather than concentrating all logic, governance, and semantics inside a
single data platform, the architecture separates data storage, data processing, and data meaning
into distinct layers.

This separation enables organizations to evolve analytics platforms, cloud providers, and underlying
storage technologies without disrupting business definitions, governance rules, or data access
patterns.

ARCHITECTURAL PRINCIPLES FOR MODERN DATA PLATFORMS

The reference architecture illustrated above reflects a set of structural principles that
increasingly characterize successful enterprise data platforms:

Separate data meaning from data storage

Business definitions, semantics, and governance should reside in a logical layer
independent of underlying storage technologies.

Expose data logically before replicating it physically

Data should be accessed through governed logical views before deciding whether
physical ingestion into analytics platforms is required.

Decouple compute from data access

Scalable analytics platforms provide powerful processing capabilities but should not
become the sole gateway to enterprise data.

Preserve governance across hybrid environments

Security, access control, and data policies must apply consistently across operational
systems, cloud platforms, and analytics environments.

Enable real-time and Al-ready data access

Modern architectures must support timely access to trusted enterprise data to enable
analytics, automation, and emerging Al-driven decision systems.

The architecture implemented by a United Arab Emirates national telecom operator reflects these
principles in practice; the following case study illustrates how these concepts were applied to address
real enterprise challenges in a hybrid data environment.
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The Origin of the Architecture — A Real Enterprise Case

The architectural principles described in this document originate from the real modernization journey
of a national telecommunications operator in the UAE.

Like many large enterprises, this organization faced a familiar challenge: how to modernize its data
and analytics capabilities while preserving the governance, reliability, and operational continuity
required by a mission-critical environment.

Over time, the company had accumulated a complex data ecosystem composed of operational
platforms, enterprise data warehouses, mediation systems, marketing applications, and customer
interaction repositories. These systems supported critical business functions and could not simply be
migrated wholesale to a new analytics platform.

At the same time, the organization wanted to unlock the power of modern cloud analytics, and the
introduction of Databricks provided the scalable compute environment needed for advanced analytics,
data science, and machine learning experimentation.

However, the enterprise quickly encountered a challenge that many organizations now recognize: not
all data can — or should — be moved into a lakehouse.

Certain datasets contained sensitive customer information. Some operational platforms were deeply
embedded in core business processes. Other datasets were used only occasionally for analytics,
making large ingestion pipelines difficult to justify.

Rather than forcing a full migration, the company introduced Denodo as a logical data access and
semantic layer, enabling governed access to hybrid datasets without requiring immediate replication
into the cloud.

This architectural decision enabled the organization to combine the strengths of both platforms:

m Databricks provided scalable analytics and machine learning capabilities.
m Denodo provided governed data access, semantic consistency, and hybrid integration.

The result was not simply a technical integration between two platforms, but the emergence of a
broader architectural model, one that separates data storage, data meaning, and data processing.
In this regard, the most important lesson learned from the case study was that, as a stakeholder at the
company explained, “We couldn’t run cloud analytics responsibly without Denodo, and we couldn’t
scale analytics without Databricks. The value came from using both — not choosing between them.”

While the implementation described in this paper originated in a telecommunications environment,
the architectural lessons extend far beyond telecom, because any enterprise operating across hybrid
environments — combining operational systems, cloud analytics platforms, and Al capabilities — faces
similar challenges.

The remainder of this paper generalizes the architectural principles that emerged from this
implementation, because while technologies may vary from organization to organization, the
architectural paradigm must remain consistent, with modern data platforms being based on the
separation of processing, data access, and semantic meaning.
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The Architectural Tension Behind Cloud Modernization

Over the past decade, enterprises across industries have embraced cloud analytics platforms to
accelerate machine learning, advanced analytics, and Al-driven decision-making. Their appeal is clear:
elastic compute, rapid experimentation, unified data engineering and ML workflows, and the ability to
scale innovation without expanding on-premises infrastructure.

Yet as organizations mature in their cloud journeys, a structural tension emerges.

Cloud analytics platforms assume that data is already curated, governed, and cloud-ready. In reality,
most enterprise data estates remain distributed across operational systems, legacy warehouses,
multiple cloud systems, and regulated environments. Sensitive information cannot always be migrated
freely. Business logic has accumulated over years inside Bl tools and transformation pipelines.
Governance policies vary across systems.

When organizations attempt to solve this complexity through large-scale ingestion into the lakehouse,
costs rise quickly. Storage expands, pipelines multiply, duplicate datasets proliferate, and engineering
teams spend more time maintaining data flows than enabling innovation.

The issue is not compute capacity. It is architectural control, and beneath architectural control lies
something even more fundamental: the relationship between meaning and storage.

At this point, many organizations make architectural decisions based on assumptions that appear
reasonable but prove incomplete as complexity grows.

COMMON MISCONCEPTIONS ABOUT MODERN DATA PLATFORMS

“A data lakehouse eliminates the need for a semantic layer.”

While lakehouse architectures provide scalable storage and compute capabilities, they
do not inherently resolve challenges related to cross-system semantics, governance, or
business interpretation of data.

“Centralizing all enterprise data is always the optimal solution.”

In many real-world environments, operational constraints, regulatory requirements, and
system dependencies mean that significant portions of enterprise data must remain in place.
Hybrid architectures therefore become the practical norm.

“Al initiatives depend primarily on compute power.”
Although scalable compute platforms are essential, the effectiveness of Al systems depends
heavily on timely access to consistent, governed, and semantically unified data.

Recognizing these limitations often leads organizations to reconsider how data is exposed, governed,
and interpreted across distributed systems.

Ultimately, a recognition of these limitations leads to a deeper architectural question: should the
meaning of enterprise data depend on where that data happens to be stored?
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Meaning above Storage

In many modern architectures, the semantic model is embedded within the same physical platform
that stores the data. While this may appear efficient, it merges two fundamentally different aspects of
enterprise data: what the data means, and where the data physically resides.

In conceptual terms, these correspond to two distinct dimensions:

m The intensional dimension: the meaning of the data, expressed through concept definitions,
hierarchies, metrics, and relationships.

= The extensional dimension: the physical datasets themselves, residing in databases, warehouses,
files, APIs, or streaming systems.

When meaning is tied to storage, abstraction collapses into infrastructure. If platforms change,
semantic models must change, and if cloud strategies evolve, business definitions are reimplemented.
The result is that conceptual representation becomes dependent on technical implementation.

In stable environments, this coupling may seem manageable. However, modern companies are hybrid,
distributed, and constantly evolving, requiring them to adopt architectures that are resilient to change
and, when this is necessary, minimize the impact on users.

In a logical data management approach, which enables the Denodo Platform, the semantic layer
defines, for example, customers, products, operational states, KPIs, and risk exposures, independently
from where data physically resides. The logical model remains stable even as systems migrate, scale,
or transform.

This separation is not a philosophical refinement. It is a structural necessity. Without it, integration
becomes fragile. With it, meaning becomes infrastructure-agnostic.

Enterprise technology environments evolve continuously. Data platforms change, cloud strategies
shift, vendors emerge and disappear, and organizations regularly migrate from one infrastructure to
another in pursuit of scalability, cost efficiency, or innovation. When the semantic interpretation of data
is embedded directly within a specific storage platform, every such change risks disrupting how data is
understood and consumed.

A logical semantic layer absorbs these changes. It enables the underlying systems that store and
process data to evolve without altering the conceptual model exposed to users, applications, and
analytical tools.

In this sense, the logical layer acts as a form of architectural insulation. Just as payment platforms such
as PayPal abstract the complexity of payment networks and protocols from merchants and users, a
logical data layer abstracts the complexity of evolving data infrastructures. The mechanisms behind
the system may change, but the interface through which meaning is delivered remains stable.

This architectural stability becomes increasingly valuable in hybrid and multi-cloud environments, in
which organizations must retain the freedom to adopt new technologies without repeatedly redefining
business concepts, metrics, and data relationships.
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From Analysis to Action — The Agentic Shift

The importance of semantic abstraction becomes even more evident as analytics evolves into action.
Agentic Al is defined by the ability to act, and action occurs within a reality that changes continuously.

An agent can reason flawlessly and still fail if it acts on outdated or incomplete information, because
intelligence without timely perception produces incorrect behavior.

For enterprise Al to act responsibly, three conditions must be satisfied:

m Data must be accessible regardless of where it resides.
m Data must be unified logically across systems.
m Data must be timely, reflecting the present state of the enterprise.

Historical data trains models. Real-time and near-real-time data enable action.

Latency is therefore not merely a performance concern. It is a semantic concern, because acting on
stale data means acting in a different version of reality.

Yet timeliness alone is insufficient, and agents must interpret the data they access through stable,
shared business definitions.

The semantic model becomes the agent’s worldview. Without semantic abstraction, data remains
technical signals. With it, data becomes interpretable knowledge aligned with business meaning.

Correct action depends on correct understanding. Correct understanding depends on semantic
consistency, and this is where architectural separation becomes operationally decisive.

Separating Exposure from Processing

If meaning must be separated from storage, and if Al systems must act on unified, timely data, then
a clear architectural principle follows, stating that data exposure and governance must also be
separated from data processing and compute.

A data lakehouse provides scalable compute and Al execution. It excels at transforming and analyzing
data once it is available. Denodo provides the logical abstraction layer above it. It connects to
distributed systems, enforces governance policies, preserves semantic definitions, and exposes
curated datasets in real-time or near-real-time, without requiring full replication.

Rather than forcing all data to move physically to compute, compute can be brought logically to the data.

This enables:

Real-time visibility across hybrid environments

Governance enforcement before cloud consumption

Stable semantics across BI, ML, and Al workloads

Controlled ingestion based on economic and operational justification

With these benefits, meaning remains independent of storage, and the result is architectural coherence.
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Economic and Governance Implications
Architectural separation reshapes the economics of cloud modernization.

Ingestion-centric models drive storage growth, pipeline multiplication, and operational overhead.
Rarely used datasets are still replicated. Engineering resources are absorbed by maintenance.
Semantic definitions are duplicated across tools.

Logical data federation introduces discipline. Data is ingested only when workload frequency and
performance justify it. Other datasets remain governed in place and accessed logically. Storage growth
stabilizes. Pipeline complexity decreases. Transformation logic is defined once and reused.

Over time, this reduces:

Redundant storage expansion
Engineering rework

Pipeline maintenance overhead

Metric reconciliation cycles across teams

Governance applied at the exposure layer reduces regulatory and compliance risk. Sensitive attributes
can be masked or tokenized before reaching cloud compute environments or before they are used by
data consumers. Preventive governance lowers the probability of costly remediation.

Semantic consistency improves executive trust and accelerates decision-making, because when
dashboards, notebooks, and Al systems operate from shared definitions, strategic discussions move
more quickly and with greater confidence.

The result is that architectural discipline becomes financial advantage.

Multi-Cloud and Al-Ready Resilience
Enterprises evolve. Platforms shift. Cloud strategies change.

When semantic logic is embedded inside a compute platform, transitions are disruptive. When
meaning is logically abstracted, infrastructure can evolve without redefining business concepts, and
this flexibility becomes strategic insurance.

For agentic Al, this is foundational, because Al agents must perceive enterprise reality as unfolding.
They require access to unified, governed, semantically stable data across distributed systems.

Data lakehouses provide a scalable execution engine for analytics and Al, while Denodo provides a
governed, semantic, hybrid-aware perception layer. Together, they create a hybrid data fabric capable
not only of scaling analytics, but of enabling intelligent systems to act responsibly in the present.
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Sustainable Modernization

Modernization is no longer about consolidation alone. It is about coherence across disparate
environments.

The combination of a logically decoupled semantic and governance layer with a scalable cloud
compute engine creates an architecture that balances innovation with control.

Enterprises can scale analytics without uncontrolled replication. They can deploy Al without semantic
drift. They can evolve infrastructure without redefining meaning. They can enable real-time action
without sacrificing governance.

In a world where compute capabilities will continue to evolve, it is the logical layer — where meaning,
policy, and exposure reside — that stabilizes long-term value.

Considerations for Building a Semantics-First Data Architecture

Organizations seeking to build a sustainable data architecture should begin with structural clarity
rather than tooling decisions.

Several foundational questions define readiness:

m |s business meaning independent of infrastructure?
If platform change requires redefining KPIs, the semantic layer is not yet abstracted.

= |s data ingestion intentional or habitual?
Replication should be justified by value, not assumed as the default integration pattern.

= |s data governance enforced at exposure?
Control must apply before data reaches compute environments.

m  Can Al systems access unified, live data without bypassing policy?
Intelligent action depends on timely and semantically stable perception.

m |s data architecture designed for evolution?

Cloud strategies, platforms, and technologies will change. Meaning must remain stable across
transitions.

These considerations do not prescribe a specific implementation path. They define the structural
characteristics of a semantics-first data platform.
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A Manifesto for Sustainable Enterprise Data Architecture

Modern enterprises do not suffer from a lack of data. They suffer from fragmentation of meaning,
uncontrolled replication, and architectural drift.

Scalable compute is no longer the differentiator. Semantics-first architecture is.
A sustainable data strategy must be grounded in a set of non-negotiable principles:

® Meaning must be independent of storage.
Business definitions must outlive platforms and survive infrastructure change.

m The semantic layer must stand above systems.
Concepts such as customer, revenue, risk, and performance cannot be tied to a single engine.

m Data exposure must be governed before it is processed.
Control cannot begin inside notebooks or clusters.

® |ngestion must be intentional, not automatic.
Data moves only when value justifies replication.

m  Real-time visibility must not require consolidation.
Intelligent action depends on access to present reality.

m Al systems must operate on unified, semantically stable concepts.
Intelligence without coherence produces inconsistency.

= Compute and abstraction must be balanced.
One accelerates innovation. The other preserves stability.

Scalable platforms such as data lakehouses enable advanced analytics and Al execution. Logical data
platforms such as Denodo enable semantic abstraction, hybrid continuity, and governance discipline.

Together, they create structural balance:

m Compute accelerates insight.
m The logical layer safeguards coherence.
® |nnovation advances without sacrificing control.

Enterprises that embrace this balance do more than modernize analytics. They build architectures
capable of sustaining intelligent, real-time action, while maintaining trust, cost discipline, and long-
term resilience.
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Quantifying the Benefits of Logical Data Architecture

While the architectural principles discussed in this paper provide a conceptual foundation for modern data
platforms, organizations ultimately evaluate architectural choices based on measurable business outcomes.

Independent research conducted by Veqtor8 provides valuable insight into the economic and operational
impact of introducing a logical data management layer alongside a modern data lakehouse architecture.

The study analyzed multiple enterprise environments and constructed a composite model
representing a global organization operating across distributed data systems and large-scale
analytics platforms.

The findings highlight a consistent pattern: when a logical data layer is introduced above scalable
compute platforms such as modern lakehouses, organizations experience improvements across
several dimensions of performance, cost efficiency, and business agility.

Acceleration of Data Integration and Insight Delivery

One of the most immediate effects observed in the study is a significant reduction in the time required
to integrate and expose data for analytical and operational use.

Enterprises implementing logical data management reported:

m Up to a 75% reduction in data integration effort.
m 3-4x faster time-to-insight.

These improvements arise primarily from the ability to expose and combine distributed data sources
logically, rather than physically replicating them across pipelines and storage systems, so that, instead
of repeatedly building new ingestion and transformation pipelines, data engineers can reuse existing
semantic views and virtualized data products.

This architectural shift reduces engineering overhead and dramatically shortens the path between
data availability and business insight.

Reduced Infrastructure Complexity and Cost

Another measurable impact concerns infrastructure efficiency.

Traditional approaches to data integration frequently rely on extensive data replication, staging
layers, and custom pipelines, all of which increase storage consumption, compute usage, and
operational complexity.

By contrast, a logical data layer enables federated data access and intelligent query delegation,
enabling data to be processed closer to where it resides.
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The Veqtor8 analysis indicates that organizations adopting this architecture can achieve:

m Up to an 82% reduction in infrastructure and tooling costs related to data integration
m  Significant reductions in data movement and storage duplication

This reduction is particularly relevant in environments where cloud compute and storage costs scale
with data volume and pipeline complexity.

Improved Data Engineering Productivity

The study also highlights significant productivity gains among data engineering teams.

Because logical data management platforms promote reuse through shared semantic views,
connectors, and metadata management, development cycles become shorter and less dependent on
manual coding.

As for the enterprises analyzed in the study, organizations reported:
= Approximately a 75% reduction in engineering effort required to deliver new data integrations.

This improvement enables data teams to focus less on repetitive pipeline construction and more on
enabling high-value analytics, Al development, and business innovation.

Financial Impact and Return on Investment

While each of the benefits described above has operational implications, their combined effect
translates into measurable financial value.

The Veqtor8 analysis estimates that enterprises adopting a logical data management layer alongside
a modern data lakehouse architecture can typically achieve a return on investment in the range

of 120% to 250% over a three-year period, depending on the scale of adoption and the number of
supported use cases.

Across the organizations analyzed, the expected return on investment typically falls within the range
of 120% to 250% over three years, depending on the scale of adoption and the number of supported
use cases.

In the most mature implementations, where logical data architecture supports multiple enterprise
initiatives such as Al, operational analytics, and cross-domain data products, the study observed ROI
values reaching up to 345%, with payback periods of approximately six months.

These financial outcomes result from a combination of factors, including reduced engineering
effort, lower infrastructure costs, faster delivery of analytics, and the acceleration of new data-driven
initiatives.
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Enabling New Data-Driven Initiatives

In addition to cost efficiencies, organizations reported the ability to launch new data-driven initiatives
that would otherwise have been delayed or infeasible.

The study identified particular positive impact in areas such as:

Al and machine learning experimentation
Real-time operational analytics
Cross-domain business intelligence

Data product development

By providing governed, real-time access to distributed data, logical data architecture removes many of
the structural barriers that traditionally slow innovation in enterprise environments.

From Architectural Choice to Business Capability

Taken together, these results illustrate that the adoption of a logical data architecture is not merely a
technical optimization.

It represents a shift in how organizations deliver data as a reusable enterprise capability. By
separating data meaning and access from underlying storage platforms, enterprises gain both
architectural flexibility and measurable economic advantage.

In this sense, the architectural model described throughout this paper is not only conceptually sound
but also demonstrably effective in real-world enterprise environments.




When Logical Data Architecture
Becomes Strategic

The architectural model described in this paper is not intended
as a universal prescription for every data environment. However,
across multiple industries and enterprise contexts, a consistent
pattern emerges: organizations begin to experience significant
architectural friction once their data landscape reaches a certain
level of scale and complexity.

In such environments, the separation of data meaning, access, and
processing becomes not only beneficial but often necessary.

A logical data architecture tends to deliver the greatest value when
several of the following conditions are present:

m Data is distributed across multiple systems and platforms.
Enterprise data often spans operational databases, legacy
platforms, SaaS applications, and multiple cloud environments,
making full centralization impractical.

= Analytics initiatives require both historical and real-time data.
Operational decisions, Al systems, and advanced analytics
increasingly depend on combining live operational data with
historical analytical datasets.

= Data teams spend significant effort building and maintaining
integration pipelines.
When engineering teams devote large portions of their time
to moving and reshaping data rather than delivering insights,
architectural inefficiencies begin to emerge.

m Business domains require consistent definitions of shared
concepts.
Organizations operating across multiple business units often
struggle to maintain consistent definitions for metrics, entities,
and business concepts.

= Al initiatives depend on governed, cross-domain datasets.
Modern Al and agentic systems require timely access to trusted
data that spans multiple operational and analytical systems.

When these conditions converge, logical and semantic data
layers can transform data delivery from a collection of integration
pipelines into a unified enterprise capability.
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Conclusion

The experience of the telecom operator ultimately led to a simple but powerful realization: modern
data platforms are not built around a single technology stack, but around complementary layers that
separate data access, semantics, and processing.

Similarly, modern enterprises are not merely integrating data. They are constructing the epistemological
foundation of their intelligent systems.

Separating meaning from storage establishes architectural resilience. Separating exposure from
processing establishes governance discipline. Providing real-time logical access establishes
correct action.

Cloud analytics alone is not sufficient. Data consolidation alone is not sustainable. Intelligence alone is
not enough.

Enterprises that adopt a logically decoupled semantic and governance layer above scalable compute
platforms build semantics-first data architectures that are not only efficient, but also coherent
across multiple distributed systems.

And this type of coherence is what ultimately enables intelligent systems to understand and act within
the world as it exists now.
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