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Executive Summary

The semantic layer for data is an abstraction layer that translates complex data into business-friendly terms and
unified metrics, effectively bridging raw data sources (warehouses, lakes, databases) and analytics/BI tools (!
www.getdbt.com) ({21 www.atscale.com). It provides a common language (business terms, KPIs, hierarchies) on
top of technical schemas, ensuring that all users — from analysts to Al systems — use consistent definitions ('°’
www.atscale.com) () www.selectstar.com). Historically rooted in early Bl platforms (e.g. the patented Business
Objects Business Views in 1992 (I°/ handwiki.org)), semantic layers have evolved into “universal” layers that sit
between any data storage and analytics application ([6] www.atscale.com) ([” www.getdbt.com). They are vital for
modern data democratization, enabling end-users to self-serve analyses without deep technical knowledge (!’
www.gooddata.com) (1! graphwise.ai). Major benefits include a single source of truth (consistent metrics and
definitions) () www.dataversity.net) (?) www.atscale.com), faster time-to-insight for business questions,
improved data governance and security, and support for Al-driven analytics by grounding models in business

4]

semantics (('°1 www.denodo.com) (14 www.selectstar.com).

This report provides an in-depth research analysis of semantic layers: defining the concept and its key
components, tracing its historical origins, examining technical architectures, comparing it to related approaches
(data catalogs, knowledge graphs, data warehouses, etc.), and surveying practical implementations. We review
definitions and perspectives from industry leaders and research (AtScale, Dataversity, GoodData, Graphwise,
Denodo, etc.), and draw on case studies across finance, healthcare, retail, and other sectors. Critical data and
expert opinions are included to illustrate adoption trends and challenges. The report concludes with a
discussion of the semantic layer's role in enabling Al/ML, and its future trajectory in enterprise data architecture.

Introduction and Background

Enterprises today generate and store vast and diverse datasets - from transactional system logs to sensor
data, text documents, and more. For example, IBM estimated global data at 40 zettabytes by 2020 (W]
www.atscale.com). While the volume of data grows exponentially, extracting meaningful insights remains
challenging due to silos, inconsistent definitions, and technical complexity. Often, business users lack visibility
into the structure of raw data, and analysts across teams may each define metrics differently. A “customer” in
one system might appear as “prospect” or “client” elsewhere, leading to conflicting reports and effort wasted
reconciling terms ('?) www.atscale.com) () www.dataversity.net).

The semantic layer was conceived as a solution to these problems. It provides a business-friendly
representation of data — mapping tables, columns, or facts to intuitive business concepts and metrics. In
essence, the semantic layer “translates” the technical data schema into a common vocabulary that all
stakeholders can understand (\'"°! www.gooddata.com) (! dzone.com). By encapsulating business logic
(calculations, filters, hierarchies) within this layer, organizations ensure that everyone uses the same definitions
of key metrics (e.g. Revenue, Active Users, Product Category), regardless of which tool or raw source they

query (121 www.atscale.com) (I'®] www.selectstar.com).

This report delves into the semantic layer’s evolution, architecture, and applications. After tracing its
historical origins in Bl systems, we synthesize multiple definitions: vendors and consultants generally agree that
a semantic layer sits between raw data and the analytics tools, providing a conceptual data model that unifies

and simplifies data for end users (/'*! www.gooddata.com) (I

www.getdbt.com). We examine technical
perspectives on how semantic layers are built (e.g. metadata repositories, semantic models, caching engines),

and how they relate to modern data practices like data catalogs, knowledge graphs, and data fabrics. Finally, we
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survey industry use cases and research findings on the benefits and adoption of semantic layers, as well as the
challenges and future impacts — especially in Al/ML-driven analytics.

Definition and Core Concepts

A semantic layer is generally defined as a metadata abstraction layer that presents data in terms of business
concepts rather than technical structures. Several authoritative sources articulate this definition:

e AtScale: "A semantic layer is a business representation of data and offers a unified and consolidated view
of data across an organization. [It] maps complex data into familiar business terms such as product,
customer, or revenue to offer a unified, consolidated view of data across the organization” ([31

www.atscale.com) (I8! www.dataversity.net).

e DBT Labs: "In modern data architectures, the semantic layer is the abstraction layer that sits between your
raw data sources (like data warehouses, lakes, or operational databases) and your business intelligence or
analytics tools. It is a standardized framework that organizes and abstracts your organization's data... in a
single point of access for everyone in your company who uses data in their day-to-day work” (!’

www.getdbt.com).

e GoodData: Describes semantic layer as a logical component mapping physical data structures to a
conceptual data model. "By defining all of the rules and relationships between the data elements, it
provides a common vocabulary for the data in business terms” (\"*! www.gooddata.com).

o Datameer: Concises “A semantic layer is a business representation of data. It enables end-users to quickly
discover and access data using standard search terms — like customer, recent purchase, and prospect.” It
provides "human-readable terms"” to otherwise opaque data sources (!'”! www.datameer.com).

e Denodo: Explains that a semantic layer "bridges the gap between complex backend systems and business-
ready insights by transforming raw data into an intuitive and unified interface.lt organizes and simplifies
data, aligning it with business-friendly terms while maintaining relationships, lineage, and consistent
definitions” (""" www.denodo.com).

From these definitions, the pillars of the semantic layer emerge:

e Business-friendly Abstraction: It presents data in familiar terminologies and metrics, decoupling end-user
views from underlying schemas ([21 www.atscale.com) (”81 dzone.com). For instance, instead of technical
columns like cust_id or sale_amt , users see concepts like Customer or Total Sales.

e Unified and Consistent Metrics: The semantic layer centralizes definitions of key metrics (counts, sums,
ratios) and hierarchies (time periods, geographies, product categories). Everyone querying through the

layer uses the same formulas, eliminating discrepancies () www.selectstar.com) () www.atscale.com).

e Central Metadata Repository: It stores metadata (descriptions, lineage, calculations) about data elements.
This can include data lineage, ownership, update frequency, and “business glossary” entries (/9!

www.getdbt.com) (['®1 www.dataversity.net).

e Gateway for Tools and Users: The layer interfaces with BI/Al tools and end users. It effectively translates
user queries (e.g. SQL, DAX, or natural language) into optimized queries over the underlying data (/*”
www.atscale.com) ("1 www.selectstar.com). It can provide APls (JDBC/ODBC) or connectors to tools like
Tableau, Power BI, Excel, Python notebooks, etc.

e Separation of Business Logic: Business logic (calculation formulas, categorization rules) resides in the
layer, not hard-coded in reports or pipelines. If a rule changes (e.g. fiscal year definition), updating it in one

2]

place updates all analyses (\*" stackoverflow.com) () www.atscale.com).
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¢ Non-Storage and Non-Computation: The semantic layer does not store the raw data itself; rather, it

defines views or models over existing databases or warehouses. (Some implementations may cache

(\22\

aggregates for performance, but the source data remains in the canonical stores www.atscale.com) (8

graphwise.ai).)

In summary, the semantic layer is best understood as the business logic and terminology layer that “sits on top
of” the raw data platform. It provides a business-friendly view of enterprise data, ensuring consistency and
readability (") www.gooddata.com) ('] dzone.com). Various sources emphasize its role in self-service analytics
and data democratization: by hiding complexity and offering a single version of truth, semantic layers empower
users (and even Al systems) to interact with data more effectively (/! www.gooddata.com) (%)

www.selectstar.com).

Relationships to Related Concepts

It is helpful to distinguish the semantic layer from other data management components:

e Data Warehouse [ Data Lake: These are storage systems that centralize data. They serve as the raw data sources over

which the semantic layer is built ([23] www.dataversity.net) ([24] www.getdbt.com). By contrast, the semantic layer does
not store data - it only holds metadata and definitions. Whereas an enterprise data warehouse might contain a
denormalized star schema of sales facts and dimension tables, the semantic layer provides logical views on that warehouse
([25]

data using business terms www.atscale.com) (“] www.getdbt.com).

e Logical vs Physical Data Models: In data modeling, a physical model describes actual tables/columns (as in a warehouse),

while a logical model (or semantic model) abstracts these into business entities and relationships (|26‘

www.gooddata.com). The semantic layer effectively implements a logical data model, mapping things like Customer -
([26]

cust_id, Date > order_date, etc www.gooddata.com) ([2] www.atscale.com).

e Data Catalog: A data catalog is a tool for data inventory and metadata management (tracking dataset schemas, lineage, etc)

(L27J www.dataversity.net). It serves an operational purpose: helping users find and understand what data assets exist. The
semantic layer, in contrast, focuses on business semantics and usage. According to Dataversity, a data catalog is “a data-

layer-bound manifestation of a semantic layer,” serving as the metadata backbone (L28J www.dataversity.net). As one
summary puts it, “the data catalog focuses on the technical attributes of data (data dictionary), while the semantic layer is a

(1291

virtual layer of business logic over data mapping” www.dataversity.net). We summarize key differences in Table 1

below.

e Business Glossary: Often part of governance, a glossary defines business terms and KPIs. The semantic layer

operationalizes the glossary by tying those terms to concrete data models ([SO] www.dataversity.net).

o Knowledge Graph | Semantic Web: These are complementary ideas. Knowledge graphs (KG) use ontologies to represent
domain entities and relationships in a graph form (often RDF-based). Modern semantic layers may be implemented using KG

technologies ([3” graphwise.ai) ([32] www.stardog.com). For example, Stardog frames the semantic layer as “a query-

answering service that uses a semantic graph data model to represent business meaning” ([32] www.stardog.com). Many
semantic-layer solutions leverage graph or ontology standards (RDF, OWL, SKOS) to encode semantics, enabling richer

32]

reasoning ([33] graphwise.ai) ([ www.stardog.com). We discuss this in detail in a later section.

e Data Fabric /| Data Mesh: These are broader architectural paradigms. A data mesh emphasizes decentralized data
ownership and domain-based data products. In theory, each domain could implement its own semantic layer, but as many
sources note, lack of centralized semantics would cause inconsistency. Thus, a semantic layer is often seen as
complementary to or even at odds with pure data mesh strategies. A data fabric implies an integrated fabric of data
services; a semantic layer can be a component of the fabric, providing cross-domain semantic consistency.
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e Metrics [ Headless Analytics Layer: Some vendors use terms like metrics layer or analytic semantic model. The DZone

article notes that “the metrics layer is one component of a semantic layer... a semantic layer includes API, caching, access

. . 8 . .
control, data modeling, and metrics” (“ ] dzone.com). In practice, these are largely synonyms: all control business

definitions of metrics across tools.

Nevertheless, the central point remains: a semantic layer is distinct from where data is stored or how queries

execute, and instead defines what those data mean to the business. Table 1 contrasts the semantic layer with
data warehouse, data catalog, and related components:

Concept

Semantic
Layer

Data
Warehouse
(or Lake)

Data
Catalog

Business
Glossary

Knowledge
Graph (KG)

Role/Purpose

Business-friendly abstraction
layer mapping raw data to terms,

metrics, and relationships (“3]

www.gooddata.com) =
www.atscale.com).

Central repository aggregating
raw data from multiple sources
for storage and analysis ([23]

www.dataversity.net).

Index/inventory of data assets
and metadata. Facilitates data
discovery and lineage (L27J

www.dataversity.net).

Curated list of business terms,
definitions, and KPls.

Semantic data model (often
RDF/OWL) representing entities
and relationships.

Scope

Logical/virtual layer
sitting between data
storage and Bl tools
(e.g. Bl ontologies, KPI
definitions).

Physical storage of
integrated data
(structured, semi-
structured) with
schemas (often
star/snowflake).

Metadata repository
covering schema
details, lineage, usage
metrics, quality data.

Governance artifact
capturing approved
terms and rules.

Graph-based data
integrating structured
and unstructured info;
uses ontologies.

Relation to Semantic Layer

Central focus of report: provides unified

definitions and logic for analytics ([2]

www.atscale.com) ([WS] www.gooddata.com).

The semantic layer sits on top of it, using
warehouse data as its source. Warehouses
*enable* semantic layers but do not enforce
([25]

business logic www.atscale.com) ([2°]

www.dataversity.net).

Overlap: both use metadata, but catalogs focus
on data discovery; semantic layer focuses on
analytics semantics. A catalog can feed
metadata into a semantic layer (and vice versa)
(128 www.dataversity.net) (=0l
www.dataversity.net).

The semantic layer implements the glossary by
mapping terms to data. E.g., it may store the
definition of *Profit Margin* as a formula over
data ([30] www.dataversity.net) ([2]

www.atscale.com).

Some semantic layers utilize KG technology as
their underlying model ([321 www.stardog.com)
(13” graphwise.al). Both emphasize *semantic
relationships* though KGs are more general-
purpose (beyond Bl). KGs can power or be
equivalent to a semantic layer for analytics (‘32|

www.stardog.com) (13” graphwise.ai).

Historical Evolution of Semantic Layers

The idea of abstracting data into business terms is not new, though the name “semantic layer” has gained

prominence in modern Bl and analytics contexts. Its roots trace back to the early 1990s:

e Early Bl Tools: In 1992, Business Objects (BOBJ) patented a “relational database access system using semantically dynamic

objects” ([5] handwiki.org). This patent introduced the concept of enabling end users to query databases without knowing

SQL or the schema structure, effectively an early semantic layer for relational DBs. BOBJ's Business Views allowed tables to

be assembled into object hierarchies with friendly names ([34] handwiki.org). Competitors like Cognos similarly built
metadata layers in their products. MicroStrategy challenged BOBJ's patents in 2003, underscoring the fundamental nature

of this idea (‘5‘ handwiki.org).
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Key

OLAP and Cubes: In the late 1990s and 2000s, multidimensional OLAP systems (e.g. Microsoft Analysis Services, IBM
Cognos TM1) embodied semantic layers via cubes and tabular models. These tools allowed business users to define
dimensions (Product, Geography, Time) and measures (sales, cost) in a central server. The underlying data could still come
from relational sources, but the cube presented a clean business schema. In today’s terms, those cubes were essentially
semantic layers, exposing a business view for dashboards and Excel add-ins via MDX queries.

Data Warehousing Era: The rise of enterprise data warehouses (EDWs) in the 2000s (e.g. Kimball-style star schemas)
partially obviated some needs for separate layers, since data was centralized and cleaned. However, even with EDWs, many
organizations still built separate “data marts” or localized semantic models in each Bl tool, leading to “semantic sprawl.”
Practitioners noted that while EDWs provided a single source of truth at a raw level, they were rarely "business-ready”

({281

without an additional abstraction www.atscale.com).

Modern Cloud Analytics: In the 2010s-2020s, the explosion of data types (JSON, logs), tools (Tableau, PowerBI, Looker,
Qlik), and a push for self-service revived interest in an independent semantic layer. Thought leaders like Donald Farmer
(AtScale) have argued that after decades of BI, the next step is “universal semantic layers” that are decoupled from any one

36]

tool ([35] www.atscale.com) ([ www.atscale.com). Gartner and others note a shift toward metadata-driven

architectures. Meanwhile, the growth of the Semantic Web and Knowledge Graphs (since early 2000s) has provided new
technologies (RDF, OWL, graph databases) that can implement semantics in a more flexible way.

milestones and trends:

Patents and Early Bl (1990s): BusinessObjects (1992) patent (\°! handwiki.org); Cognos Business Views
introduced around same era.

Cube Model (2000s): Multi-dimensional schemas in Microsoft, SAP BW, etc.

Open Standards (1999 onward): W3C's RDF, OWL standards laid the foundation for formal ontologies —

2]

later leveraged by modern semantic layers (°%! graphwise.ai) (°?! www.stardog.com).

Big Data and Self-Service (2010s): Rise of Hadoop, cloud DWs; need for abstraction over sprawling data.
Vendors like Denodo, AtScale, GoodData, ThoughtSpot began marketing “semantic layer"” as key capability.

Analytics Democratization (2020s): The semantic layer concept is now integral to “modern data stack”
discussions (dbt, DataOps), emphasizing self-service and governed metrics (/) www.getdbt.com) (I

www.selectstar.com).

Figure 1 below shows a simplified timeline of the semantic layer's evolution: from early Bl metadata, through
OLAP cubes, to modern cloud architectures.

Year/Period Development Impact on Semantic Layer Concept

BOBJ patents semantic query  Formal recognition: query relational DB without SQL; first “semantic layer”

1992 5 .
technology ([ ] handwiki.org)  patent.
Late 1990s- OLAP cubes and dimensional Semantic model formalized in cubes (MDX ecosystem) using
2000s modeling dimensions/hierarchies.
2000 Enterprise Data Warehouses Focused on central ETL and star schemas; semantic logic often still
s
(Kimball, Inmon) implemented in Bl tools.
2001 W3C releases RDF standard Ontology approach introduced; not a Bl layer per se, but underlying tech
(Semantic Web) later used in semantic layers.
Cloud DWs, Big Data, Data Data silos and volume explode; vendors reintroduce “universal semantic
2010s ' ' .
Lakes layer” for cloud analytics (") www.atscale.com) (:°°) www.atscale.com).
Semantic layer becomes crucial for Al data quality ([4‘
2020s Al/ML and LLMs; data mesh www.selectstar.com) (B8] www.denodo.com); concept extended to

knowledge graphs and “semantic mesh.”
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Architecture and Components of a Semantic
Layer

In practice, a semantic layer is implemented via a combination of metadata stores, modeling tools, and runtime
services. While architectures vary by vendor, typical components include:

e Semantic Model Definitions: A repository of entities (fact tables, dimensions) mapped to business concepts. For example,
a "Customer” entity might be defined pointing to a customers table, with relationships to "Order” and attributes like

([39] www.getdbt.com) ([2]

customer_name . This logic (including joins, filters, default aggregations) is central
www.atscale.com). Well-designed semantic models “significantly reduce the complexity for business users” by capturing
[39]

business domain structure ( www.getdbt.com).+

e Business Logic Layer: The set of calculation and transformation rules that generate business metrics. This encompasses

formulas (e.g. Profit = Revenue — Cost ), DAX/SQL expressions, currency conversions, data quality filters, and more ([2]

www.atscale.com) ([39] www.getdbt.com). Good practice is to centralize such logic here so that changing a rule (e.g. new

2]

fiscal calendar) propagates globally ([391 www.getdbt.com) ([ www.atscale.com).

e Logical (Conceptual) Data Model: Often the semantic layer acts as a logical data model on top of the physical schema

([26] www.gooddata.com). It defines how entities relate (one-to-many, hierarchies) without concern for storage details. For

example, the DBT blog notes how entities like Customer and Order are defined to hide underlying table names ([39]

www.getdbt.com). Many semantic-tools allow creation of star or snowflake schemas at the logical layer, separate from the
raw layout.

o Metadata Management Store: A central metadata repository maintains data dictionary information: field definitions, data
types, vocabulary descriptions, and lineage. This might include "business description of fields, data lineage, update

(29

frequencies, quality metrics” www.getdbt.com). For instance, defining a metric like Revenue may include not just a

sum formula but metadata on source systems, ownership, and caveats (“9] www.getdbt.com). This metadata is often

surfaced in the semantic layer's Ul or APIs for data governance and discovery ([39] www.getdbt.com) (“6]

www.dataversity.net).

e Query Engine [ Data Access Layer: At runtime, when a user queries a business term (e.g. asks for “Sales by Region”), the
semantic layer's engine translates that into physical queries against the data warehouse or lake. This involves SQL

(1201

generation, MDX/DAX queries for OLAP, or even GraphQL under the hood www.atscale.com) ([40] www.getdbt.com).

The engine must optimize queries, apply security (row-level filters), and possibly federate across multiple sources. The data
access layer handles optimization and security: applying filters and generating efficient queries based on the defined

business request ([39] www.getdbt.com).

e Caching and Aggregation Layer: To improve performance on large datasets, many semantic layers include caching
strategies. Common aggregations or recent query results may be cached in-memory or materialized, reducing load on the

source systems ([39] www.getdbt.com). Modern implementations (like AtScale's Intelligent Cache ([4” www.atscale.com))
even use Al to determine which data to precompute, enabling interactive speeds on big data.

e Consumption Interfaces: The semantic layer exposes standardized interfaces to reporting and analysis tools. This can
include SQL endpoints (JDBC/ODBC), REST APIs, or native connectors. Examples: Microsoft Analysis Services clients

connect via XMLA, many tools use SQL, and new LLM or Bl tools can call semantic APIs (MQJ www.atscale.com). The
interface hides the underlying schema so users see only business terms.

e Version Control and Collaboration: Given the critical nature of the semantic layer, many platforms support versioning of

models and definitions (often via Git or other SCM). They also provide collaboration workflows (approval of metrics,
documentation tools). As GoodData notes, maintaining the semantic layer as the source of truth requires governance and

monitoring ([43] www.gooddata.com).

The diagram below outlines a generic semantic layer architecture:
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User Tools / AI Apps |
(BI Dashboards, Notebooks, Chatbots, ML models, etc.) |
A }

(queries via semantic layer APIs, SQL, NL, etc.)

v -
Semantic Layer Platform |
- Business Model Definitions (entities, metrics) |

- Query Engine (logic, security, federation) |

|
|
| — Metadata Repository (glossary, lineage) |
|
| - Caching / Aggregation |

A +

|
| (optimized queries to underlying data)
|

v }
| Underlying Data Storage(s) |
| (Data Warehouse, Lakehouse, OLAP cubes, APIs, etc.) |

Figure 1: Logical architecture of a semantic layer (Business logic/metadata sits between data stores and
analytics tools).

Types and Approaches to Semantic Layers

Semantic layers can be implemented in various ways, often categorized by where they reside and how they are
managed. When evaluating semantic layers, organizations often consider:

e Semantic Models in Bl Tools: Historically, many tools (Tableau, Power Bl, Looker) allowed users to build data models or
“"semantic models” within the tool itself. These accumulate as separate models per tool or report. Advantage: quick to build
for a specific use-case. Drawback: inconsistent definitions if each Bl project makes its own metrics, leading to “semantic

([441

sprawl” www.atscale.com).

e Data Warehouse-Embedded Models (Semantic Mart): Some organizations bake the semantic definitions directly into the
data warehouse, e.g. via database views or materialized tables that present business entities. For example, a data engineer
might define a vw_Customers view that aligns to business fields. This can ensure a central definition, but often leads to

(£281

ETL complexity and limits flexibility for ad-hoc analytics www.atscale.com) ([45] www.atscale.com). In practice,

business users usually still extract data into Bl tools, creating a local semantic layer anyway ([25] www.atscale.com).

e Semantic Layer in Data Pipelines (Transformation Code): With tools like dbt or custom scripts, teams embed semantic
logic in transformation pipelines. For instance, a data pipeline might output tables named customer_portfolio or add
calculated columns. This effectively codifies the semantic layer into the data. Pros: governance via code, version-controlled

models. Cons: harder for non-technical users to manage; schema changes can break reports ([46] www.atscale.com).

e Universal Semantic Layer (Dedicated Platform): The emerging approach is a dedicated middleware semantic layer that is

independent of the warehouse and Bl tools ([6] www.atscale.com). These platforms (e.g. AtScale, Denodo, GoodData) allow
central modeling and serve semantics to any tool. AtScale defines a universal semantic layer as “pre-defined views of raw

data that abstract complexity and apply business-oriented definitions” ([G] www.atscale.com). The advantages include
consistency across tools, single version of metrics, and easier updates. The tradeoff is an extra technology layer to manage.

Table 2 contrasts these approaches:
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Approach Description Pros Cons

Build model within Definitions siloed in each tool; inconsistent

Semantic . .
R each Bl tool Quick for specific reports; no new i [44]

Models in Bl metrics across teams; hard to scale (

(Tableau, Power Bl, tech stack
Tools etc.) www.atscale.com) (147 dzone.com)

DW tables become denormalized/business-
Semantic Define views/virtual il - :
) } Centralized data; can leverage DW ready (loss of flexibility); users may still extract
Layer in tables in DW as . [25]
i performance to tools and recreate logic (
Warehouse business tables A
www.atscale.com) (148! www.dataversity.net)
Semantic Embed semantic Too technical for business users; changes
. . Governance via code; consistent . L .
Layer in logic in ETL (dbt require pipeline redeploy; potential for
o models enforced 29
Pipelines models etc.) dependency loops ([ 1 www.atscale.com)
One source of truth; supports multi- Requires separate platform; learning curve for

Universal Independent tool environment; user-friendly q P P ' ¢ R

metadata layer . [6] modelers; must keep sync with sources ([30]
(Platform) ) abstractions (*°' www.atscale.com) -

serving any tool www.gooddata.com) (I®" www.gooddata.com)

(1 graphwise.ai)

(Table 2: Approaches to implementing semantic layers (from AtlScale et al.).)

In practice, many organizations adopt a hybrid: they might start with Bl-tool models for agility, then centralize
key metrics in warehouse or a universal layer as they scale. The "universal semantic layer” trend emphasizes
decoupling semantics from any single tool or database, enabling governance and Al integration.

Semantic Layer in the Modern Data Architecture

In today’'s data stacks, the semantic layer sits at the intersection of new paradigms:

e Between Lake/warehouse and BI: As depicted in Figure 1, it bridges storage (like Snowflake, BigQuery, Databricks) and
analytics tools. DBT notes that modern semantic layers support multiple data sources simultaneously and integrate via APls

i [52]
to tools like Tableau, Power Bl, Looker ( www.getdbt.com).

e Alongside Data Fabric: Some vendors label their semantic layer as part of a “data fabric” — an increasingly popular term for
unified data access. For example, many data fabric solutions include a semantic abstraction to hide complexity.

e Enabling Data Democratization: As organizations push Bl and ML into domain teams, the semantic layer is the vehicle for
"governed self-service”. Everyone can query data on their own because the semantic layer ensures correct definitions apply

10]

(m www.gooddata.com) ([ www.denodo.com).

e Interfacing with Al and Natural Language: With the rise of NLP interfaces (e.g. conversational Bl, LLMs answering data
questions), the semantic layer provides the essential mapping from natural language terms to data fields. Snowflake's and
others' documentation (adapted in SelectStar’s blog) stressed how the semantic model allows queries like “active user” to

be understood by translating them into SQL over underlying tables (' www.selectstar.com).

e Governance and Privacy: By centralizing business terms and policies, semantic layers facilitate compliance. For instance,
Denodo highlights that its semantic layer leverages "tags and categories” for security policies, and helps track lineage

(crucial for audits) ([53] www.denodo.com).

The core components of a semantic layer often mirror those of data warehouse architecture, but purpose-
shifted to semantics. As DBT outlines, five core components are common (I°*) www.getdbt.com): Model
definitions, Metadata management, Business logic, Data access/query engine, and Caching. Together they
provide the functionality shown above.

« Semantic Model Definitions: Describes business entities and their field mappings (:°%) www.getdbt.com).

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 9 of 22


https://www.atscale.com/glossary/semantic-layer/#:~:text=,While%20this
https://www.atscale.com/glossary/semantic-layer/#:~:text=,While%20this
https://dzone.com/articles/the-rise-of-the-semantic-layer-metrics-on-the-fly#:~:text=Because%20everyone%20has%20different%20definitions,common%20understanding%20of%20business%20metrics
https://www.atscale.com/glossary/semantic-layer/#:~:text=,leading%20to%20semantic%20layer%20sprawl
https://www.atscale.com/glossary/semantic-layer/#:~:text=,leading%20to%20semantic%20layer%20sprawl
https://www.dataversity.net/articles/data-catalog-semantic-layer-data-warehouse-the-three-key-pillars-of-enterprise-analytics/#:~:text=1,The%20power%20of
https://www.atscale.com/glossary/semantic-layer/#:~:text=armed%20with%20flexible%20transformation%20tools,ensure%20consistency%20as%20it%20scales
https://www.atscale.com/glossary/semantic-layer/#:~:text=,and%20the%20database
https://graphwise.ai/fundamentals/what-is-a-semantic-layer/#:~:text=From%20Warehouse%2C%20Lake%20and%20Fabric,to%20Graph
https://www.gooddata.com/blog/what-is-a-semantic-layer/#:~:text=What%20Are%20the%20Disadvantages%20of,a%20Semantic%20Layer
https://www.gooddata.com/blog/what-is-a-semantic-layer/#:~:text=What%20Are%20the%20Disadvantages%20of,a%20Semantic%20Layer
https://www.gooddata.com/blog/what-is-a-semantic-layer/#:~:text=Another%20aspect%20to%20consider%20is,database%20changes%20requires%20some%20upkeep
https://www.getdbt.com/blog/semantic-layer-architecture#:~:text=In%20the%20modern%20data%20stack,Tableau%2C%20Power%20BI%2C%20or%20Looker
https://www.gooddata.com/blog/what-is-a-semantic-layer/#:~:text=The%20semantic%20layer%20is%20a,knowledge%20of%20the%20data%20source
https://www.denodo.com/en/solutions/by-capability/universal-semantic-layer#:~:text=A%20Semantic%20Layer%20bridges%20the,relationships%2C%20lineage%2C%20and%20consistent%20definitions
https://www.selectstar.com/resources/semantic-layer-ai#:~:text=A%20semantic%20layer%20%20makes,and%20filters%20in%20the%20data
https://www.denodo.com/en/solutions/by-capability/universal-semantic-layer#:~:text=Why%20Denodo%3F
https://www.getdbt.com/blog/semantic-layer-architecture#:~:text=Core%20components%20of%20semantic%20layer,data%20architecture
https://www.getdbt.com/blog/semantic-layer-architecture#:~:text=
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=what-is-a-semantic-layer-a-guide-to-unified-data-models.pdf
https://intuitionlabs.ai/articles/what-is-semantic-layer?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=what-is-a-semantic-layer-a-guide-to-unified-data-models.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=what-is-a-semantic-layer-a-guide-to-unified-data-models.pdf

E IntuitionLabs  IntuitionLabs - Al Software for Pharma & Biotech

o Metadata Management: Stores context (field descriptions, lineage, owners, update schedules) (/'

www.getdbt.com).
e Business Logic Layer: Houses standardized calculations (KPIs, ratios, logic) ([39] www.getdbt.com).

o Data Access Layer: Handles query generation, optimization, and enforcing security roles (**°!
www.getdbt.com).

o Caching Layer: Caches frequent queries/aggregates for speed (:°%) www.getdbt.com).

When a user asks for Monthly Revenue by Region, for example, the semantic layer would: (1) use the semantic
model to know what “Revenue” and “Region” mean, (2) retrieve the business logic for calculating revenue, (3)
consult metadata (e.g. note that revenue is aggregated from the sales table), (4) generate SQL (or MDX) to
fetch/compute it with security filters, and (5) perhaps return cached results if available (:°°) www.getdbt.com)

(8T www.getdbt.com). All these steps remain transparent to the user.

Perspectives on Semantic Layers

Industry Perspectives

Business Intelligence and Analytics View

Industry blogs and analysts unanimously portray the semantic layer as foundational to modern BI. Donald
Farmer (AtScale) epitomizes this view: he sees semantic layers as the solution reconciling consistency and
innovation. He writes that semantic layers “establish a common language around information assets” by curating
business logic into reusable definitions and metrics (\°/! www.atscale.com). This ensures that organizations
maintain a single version of the truth even as different teams experiment and innovate (1°%! www.atscale.com)
(571 www.atscale.com). For example, if marketing defines “Active Users” one way and sales another, a central
semantic layer forces alignment so that all analytics call it the same formula (W www.selectstar.com) (M”

dzone.com).

AtScale and others emphasize that without a semantic layer, the enterprise risks fragmentation. GoodData
concurs: "every vendor has its own semantic layer” means companies must juggle multiple syntax and models,
increasing the learning curve for data engineers (1°°/ www.gooddata.com). Dave Mariani (Bl author) has similarly
argued that moving semantic logic out of Bl tools into one layer is crucial for governance. A Druva whitepaper
(for example) noted we have failed at “single source of truth” historically by treating it as a tech issue rather
than a semantic one (1°%) www.atscale.com).

SelectStar, a metrics-governance startup, frames the semantic layer as critical for Al-era analytics: LLMs and
self-service dashboards "often generate incorrect results because they query raw tables without understanding
what the data represents” (1°°! www.selectstar.com). Semantic layers inject meaning: “active user” or “net
revenue” are defined once and reused, so that any query (SQL, API call, NL prompt) yields consistent outputs

15]

(141 www.selectstar.com) (['®1 www.selectstar.com).

Knowledge Graph [ Data Intelligence View

From a knowledge engineering standpoint, the semantic layer aligns with the FAIR data principles (Findable,
Accessible, Interoperable, Reusable). Graph technologies lend semantic layers power by encoding ontologies.
Graphwise, a knowledge-graph vendor, enthuses that a directed semantic layer built on a knowledge graph
“organizes data in a way that reflects the basic meaning of data items and the relationships among them” (*"
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graphwise.ai). It notes that semantic layers should uniquely identify resources, formalize business terminology in
OWL ontologies, and represent facts as RDF triples (\°" graphwise.ai). In effect, the semantic layer becomes a
conceptual knowledge graph of the enterprise, enabling advanced reasoning (inferring, linking disparate data)

(1621 graphwise.ai).

Stardog, another graph vendor, explicitly contrasts the legacy “columns approach” (pure relational model) with
semantic layers. They argue that the relational model is a poor model for democratized data, since it ties
meaning into table structures. A semantic layer (via a graph model) frees you to focus on concepts rather than
storage. Stardog defines a semantic layer as "a connected network of real-world entities — objects, events,
concepts — independently of how the underlying data is stored” (°?) www.stardog.com). This bridges silos and
allows flexible queries across data lakes and warehouses alike.

Enterprise Knowledge, a consultancy, offers detailed use-cases from its projects: they show semantic layers
enabling semantic search (answers to business questions) rather than keyword search (\°°! enterprise-
knowledge.com). They treat the semantic layer itself as a data product, abstracting legacy systems into a unified

(%41 enterprise-knowledge.com). In one case, they built a risk-management

layer with aligned terms and metadata
semantic data model (graph) across 21 legacy apps; queries that once took weeks now return answers in

seconds (1951 enterprise-knowledge.com) (I8! enterprise-knowledge.com).

Vendor Perspectives

Various vendors market their specific flavors of semantic layers. For instance:

e Denodo calls its solution a Universal Semantic Layer (“O] www.denodo.com) ([67] www.denodo.com). Denodo emphasizes
enterprise readiness: central governance, scalable cross-source models, and particularly highlighting benefits for

([68]

Al/ChatGPT by providing “context-rich data” to reduce hallucinations www.denodo.com) ([38] www.denodo.com).

e GoodData offers a semantic layer in its cloud analytics platform, describing it as critical for self-service. Their blog lists
advantages like dynamic Bl support and veracity checks, but also warns of disadvantages (proprietary languages,

[50]

maintenance burden) ( www.gooddata.com).

e AtScale, SelectStar, CData, and others provide semantic solutions integrated with cloud data warehouses or Bl tools. Most
stress ease of collaboration, performance, and data governance.

Despite vendor pitch differences, common threads are consistency, self-service, performance, and now Al-
readiness. Modern marketing often ties semantic layers to “explainable Al" and natural language queries (/7

graphwise.ai) (189 www.selectstar.com).

Building and Designing Semantic Layers

Creating a robust semantic layer requires careful planning. Key principles from best-practice guides include ("**!

www.gooddata.com) (I7%) www.gooddata.com):

e Business Alignment: Engage domain experts to define metrics and terms. The definitions must reflect the business intent,

not just technical convenience (WO] www.gooddata.com) ([48] www.dataversity.net). A common pitfall is designing the
layer purely from a data perspective; without business input, the layer can become semantically shallow.

e Governance and Versioning: Apply rigorous control — treat the semantic layer like code. Version control systems (Git) and
review processes ensure that changes to metrics or hierarchies are vetted. As GoodData cautions, altering an ill-conceived

semantic model can “defeat the purpose” of the layer ([SH www.gooddata.com), so vetting initial designs is critical.
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e Performance Considerations: Semantic layers operate over potentially massive data. Strategies include pre-aggregating
cubes or materialized views for common queries, push-down optimizations, and caching ([39] www.getdbt.com) ([7”
www.atscale.com). AtScale's architecture, for instance, focuses on cloud-scale caching to deliver low-latency queries on

dispersed big data ([7” www.atscale.com).

e Tool Integration: Ensure broad compatibility with Bl and Al tools. The layer should expose queries via widely used protocols

(ODBC/JDBC for SQL; XMLA or REST for cubes; etc.) ([721 www.atscale.com) ([731 www.selectstar.com) so that tools can
plug in seamlessly.

e Adaptability: Given the evolving data landscape, semantic layers must accommodate changes — new data sources, shifting
schemas, changing business rules. Feedback loops (monitor query patterns, adoption metrics) help refine the models over

time ([7‘” www.gooddata.com).

In summary, building a semantic layer is akin to building a shared data intelligence platform: it requires
interdisciplinary collaboration (IT, analysts, governance) and ongoing maintenance. But when done well, it
becomes the single source of truth for data definitions.

Data-Driven and Evidence-Based Benefits

Semantic layers are often justified by their tangible business benefits. Key advantages include:

e Unified Definitions and Single Source of Truth: By centralizing metric logic, semantic layers eliminate conflicting reports.
For example, if “New Customer” is defined as "“first purchase in last 30 days” in the semantic layer, every dashboard uses

that same rule ([47] dzone.com). Graphically, select queries from different tools on the same term all join to the same base
definition. Studies have shown the cost of reconciling conflicting data across systems is high — one expert notes that data
(781

integration and reconciliation can account for 40-60% of a company’s technology spend graphwise.ai). Semantic

standardization directly reduces this overhead.

e Self-Service Analytics and Democratization: With a semantic layer, business analysts and even non-technical executives
can query data without SQL. GoodData highlights that the layer “provides a simplified and consistent data view, allowing
users to interact easily... even if they have no technical knowledge” ([7] www.gooddata.com). The result is faster analytics
cycles; employees spend less time wrangling data and more on deriving insights. For instance, the Datameer blog notes that
without a semantic layer, users might wait on IT (opening tickets) or inefficiently recreate data pipelines themselves, slowing

decisions ([76] www.datameer.com).

e Improved Data Quality and Trust: By embedding business logic centrally, the semantic layer ensures accuracy. An
organization can enforce validation rules (e.g. data labels, allowed values) so that downstream errors are caught early ([771

graphwise.ai) (2] www.atscale.com). Consistency breeds trust: when everyone “speaks the same data language,”
confidence in analytics rises. As a result, stakeholders are more likely to use data in decision-making.

e Faster Time-to-Insight: The semantic layer accelerates queries and model-building. With predefined metrics and
relationships, analysts can answer complex questions (e.g. cross-join data from multiple sources) without manual ETL.
Graphwise, for example, emphasizes that a semantic layer provides “richer context” that makes complex queries faster and

([78]

more insightful enterprise-knowledge.com) ([63] enterprise-knowledge.com). In fast-moving domains (finance

trading, emergency response, etc.), this agility can be a competitive advantage.

e Scalable Governance and Maintenance: Although maintaining the layer itself requires work, it reduces duplicate effort.

Instead of updating ten reports when the fiscal year rolls over, the team updates one definition in the semantic layer.

GoodData explicitly notes that semantic layers save resources by eliminating duplicated work and ensuring veracity ([79]

www.gooddata.com).

e Domain-Specific Use Cases: Semantic layers enable advanced use-cases, often cited in real-world scenarios:
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e Retail: Unifying omnichannel sales data (POS, e-commerce, CRM) to run consistent marketing analytics. Datameer points out
retail firms can build campaigns by consolidating POS, online, and service data under one common model ([801

www.datameer.com).

e Healthcare: Integrating patient records, lab data, and clinical trials to predict outcomes. Both Datameer and Enterprise
Knowledge describe how hospitals can leverage semantic layers to triage resources by semantic search on patient attributes

([8” enterprise-knowledge.com) ([82] www.datameer.com).

e Financial Services: Consolidating risk, transaction, and regulatory data. As GoodData notes, heavily regulated industries
often need an enterprise view of multiple legacy systems — a semantic layer aligns these disparate data for compliance

reporting (‘83‘ www.gooddata.com).

e Manufacturing/loT: Enabling predictive maintenance by mapping sensor data to equipment hierarchies. A semantic layer can
impose a standard hierarchy (plant - line = machine) on varied sensor feeds, simplifying analytics.

e Government & Public Sector: Merging census, economic, and survey data for unified dashboards. Semantic layers can align
geographies or demographic terms for integrated policy analysis.

The worked-out case of the global financial firm from Enterprise Knowledge exemplifies ROI: by building a risk-
management semantic layer, they reduced a two-month reporting process to instant queries (1651 enterprise-
knowledge.com) (18] enterprise-knowledge.com). Another client saved ~$2M by using standards (RDF) in their
semantic models, allowing quick migration between databases (1°*! enterprise-knowledge.com).

Quantitatively, adoption has soared: Industry analyses suggest that companies investing in semantic layers see
higher analytics ROI and faster Bl project success rates. (For contrast, Gartner has reported that ~50% of Bl
projects fail within weeks due to misaligned data (/°°) www.dataversity.net) — semantic layers directly target that
failure mode.) While broad industry statistics on “semantic layer effectiveness” are scarce, multiple surveys and
white papers link strong semantics with improved data literacy and decision speed. For instance, McKinsey
found that top data-driven companies are "twice as likely to make data accessible across the organization” —
something semantic layers explicitly enable (:°%) www.stardog.com).

Case Studies and Real-World Examples

Semantic layers are in use across many sectors. Below are illustrative real-world examples:

e Pharmaceutical Research: According to Graphwise, a pharma company used a semantic knowledge graph to link research
data, clinical trials, and patient records. By representing genes, proteins, diseases, and treatments as connected entities,
researchers could “reason about the relationships between genes, proteins, diseases, and treatments” to identify drug
targets and predict adverse effects ([87] graphwise.al). Semantic queries (e.g. “Which drugs have a side effect involving
gene X?") become answerable by traversing the graph rather than manual joins. The answer: knowledge graphs (and thus

semantic layers) enable insights previously "impossible” with siloed data ('88‘ graphwise.ai).

e Clinical Healthcare: Enterprise Knowledge cites clinicians searching through unstructured and structured medical data for
research. A semantic layer tagged entities (patient name, diagnosis, meds) in records and linked them using medical
ontologies ([Em enterprise-knowledge.com). This allowed semantic search queries like "side effects of drug X" rather than
keyword searches. The result: more relevant answers and improved patient care decisions, as relationships between clinical
concepts were explicitly modeled.

e Finance — Risk Management: A global bank managing risk across twenty legacy systems engaged Enterprise Knowledge to
build a semantic risk model. By defining ontologies of Risk, Control, Issue, and Policy, they connected disparate risk data.

Before: compiling a risk report could take 2 months ([65] enterprise-knowledge.com). After: risk analysts could search for
"related controls for risk Y” within seconds. They also fed the semantic layer to recommendation engines and dashboards.
Treating the semantic layer as its own data product - separate from legacy apps - "allowed risk assessors to use it like Lego

bricks,” significantly reducing time-to-insight ([65] enterprise-knowledge.com) ([66] enterprise-knowledge.com).
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e Retail Customer Analytics: Datameer and AtScale both note retailers use semantic layers to bring together POS, e-
commerce, CRM, and marketing data. For instance, Datameer’s use-case describes "pulling data from POS systems, online

. . . . 8 . .
stores, call centers” into one view for campaign analytics ([“O] www.datameer.com). This lets marketers define customer
segments and KPIs consistently across channels. An example is perhaps a retail chain using semantic models to track

"loyalty members" across store and web, enabling unified dashboards for promotions.

e Travel Pricing: The Datameer blog highlights how travel companies use semantic layers for price forecasting. By integrating
flight and fare data semantically, they can answer questions like “when will airfare be lowest for route X?" and push
notifications. Essentially, rapidly analyzing price data with a business schema (routes, dates, classes) rather than raw logs

([80]

helps deliver customer alerts faster www.datameer.com).

e E-commerce Performance: GoodData mentions e-commerce outfits linking POS, web, and service data through a semantic

([83]

layer to plan campaigns and boost loyalty www.gooddata.com). For example, defining “Basket Size” or “Repeat

Customer” once in the layer provides consistency in dashboards and machine learning models.

e Financial Compliance: In finance, compliance often demands integrating data from trading, accounting, and audit systems.
The semantic layer can align regulatory categorizations. One case (GoodData FinServ) noted IFRS/GAPP reporting requires

enterprise-wide views that only a semantic layer can reliably provide, given inconsistent definitions in siloed systems ([48]

www.dataversity.net).

e Knowledge Portals: Several large firms have deployed “enterprise 360" knowledge portals underpinned by semantic layers.
For example, an investment firm built a portal unifying content from CRM, document storage, and internal systems. A big

focus was semantic design: taxonomy, ontologies, graph DB—half of which are elements of a semantic layer ([89]

([9O]

enterprise-knowledge.com) enterprise-knowledge.com). The portal uses semantic search and Al to connect

analysts with both data and experts, saving time on information retrieval.

Each of these cases underscores core semantic layer roles: unifying terms, enabling rich search/queries, and
federating diverse data. In many implementations, semantic layers also integrate AlI/ML. For instance, domain

ontologies power question-answering systems; metrics layers feed ML models with trusted features (//°!

www.selectstar.com) (8] www.denodo.com). In short, these examples show semantic layers are not just theory but

in productive use enhancing decision-making.

Semantic Layer for Al and Advanced Analytics

A major recent driver affording semantic layers attention is their synergy with artificial intelligence, especially
with large language models (LLMs) and generative Al. Many data leaders now regard semantic layers as

foundation for reliable Al. Key points:

e Grounding Al with Context: LLMs excel at language but often “hallucinate” without structured knowledge. By linking data
with business context, semantic layers provide factual grounding. Denodo explicitly claims that its semantic layer “empowers
organizations to harness GenAl by grounding large language models in enterprise-specific knowledge” through metadata
([38] www.denodo.com). SelectStar similarly notes that “LLM copilots... often generate incorrect results because they

query raw tables without understanding what the data represents” — a gap filled by semantic layers (‘60‘

www.selectstar.com).

e Semantic Search and Natural Querying: Embedding business terms and relationships allows search and NLP interfaces to
work effectively. Graphwise emphasizes that semantic layers enable more accurate, context-aware queries than keyword
search because they “understand the meaning and context of our queries” ([63] enterprise-knowledge.com). For example,

queries like "Which products are driving revenue growth?" rely on the layer's knowledge of products, revenue, and their

links.

e Trusted Al Inputs: Machine learning models trained on enterprise data benefit when the input features are consistent.
GoodData points out that semantic layers allow ML models to be trained on clean, reliable labeled datasets, reducing bias

[91]

and inaccuracies ( www.gooddata.com). When all algorithmic teams use the same definitions (e.g. what constitutes a

churned customer), models align better with business needs.
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e Al-driven Metadata Enrichment: Interestingly, semantic layers also gain from Al. Some platforms use NLP/LLMs to
accelerate semantic modeling - e.g., from Lange et al, LLMs can suggest relationships or label columns. Enterprise
Knowledge mentions using large language models to reconcile 40,000 free-text risk description entries in building their risk

graph (197 enterprise-knowledge.com).

e Use in Embedded Analytics and Chatbots: With chatbots and voice assistants asking business questions, the semantic
layer feeds them the logic. SelectStar lists use cases like analysts asking a chatbot “What was last quarter'’s net revenue?”
and getting an immediate, explainable answer because the query went through the semantic model (193J

www.selectstar.com).

e Metrics Catalog for Al: Some enterprises create a “metric store” (repository of business metrics). This is essentially a
semantic layer focusing on measurements. Star counts, etc. are codified so that Al/BI queries retrieve standardized metrics.
Companies like dbt are building metric catalogs that integrate with semantic layers, reinforcing that trend.

In summary, semantic layers make Al in business analytics more accurate, explainable, and aligned with
strategy ("°¢) www.denodo.com) () www.selectstar.com). They also serve as a backbone for new capabilities like
Generative Bl (RAG: Retrieval-Augmented Generation) where answers are generated from trusted data, not

hallucinations (1% graphwise.ai) (1) www.selectstar.com).

Challenges, Disadvantages, and Criticisms

While powerful, semantic layers are not a panacea. Critical perspectives include:

e Complexity and Maintenance: Building a full-scale semantic layer can be complex. As the GoodData advantage section
notes, every Bl vendor has its own semantics; thus, firms may end up needing skills in multiple systems, each with

proprietary languages (e.g. DAX, MDX, LookML, etc.) (LBOJ www.gooddata.com). Keeping the semantic layer up-to-date as

source schemas change demands ongoing effort, akin to maintaining a large software project ([5” www.gooddata.com).

e Initial Investment: Designing a comprehensive semantic model (identifying all relevant metrics, business rules, hierarchies)

requires significant upfront analysis and consensus-building. If done poorly, it can “defeat the purpose” of alignment (‘70‘

www.gooddata.com). Organizations must weigh the ROI: in simple or small-scale scenarios, the overhead may not justify
the benefits.

e Skill Requirements: Crafting a semantic layer typically requires skilled data architects or modelers who understand both
business and technical domains. Such talent can be scarce. Without proper training, teams may misuse or underutilize the
semantic layer, leading to skepticism.

e Potential for Disease*: Some argue that semantic layers can become stale “semantic dust” if neglected. If not governed,
layers may sprout outdated metrics or internal silos. Also, if sem layer restricts access too tightly, users might bypass it
95]

(creating shadow copies of data) ([ www.gooddata.com). Balance of control is tricky - too loose and inconsistencies

([96] 79]

return, too strict and users work around it www.datameer.com) ([ www.gooddata.com).

e Limitations in Scope: A semantic layer works best at summarizing structured data. For purely exploratory analysis on
granular or novel unstructured data (text, images), its utility may be limited. Organizations must continue to provide ways to
ingest raw data for data science use-cases.

e Overlap with Other Tools: With multiple emerging overlays (e.g. data catalogs, data fabrics, data meshes), confusion can
arise: who manages what? In some debates, data architects ask whether a separate “semantic layer” tool is needed if data
mesh principles and data catalogs are implemented. However, proponents see them as complementary, not redundant.

The Dataversity article explicitly lists when semantic layers might not be required ("°/) www.dataversity.net) if
there is literally only one data source and everyone uses the identical definitions already, then it could be
overkill (though this scenario is rare) (\*/) www.dataversity.net). Similarly, if an organization truly has a single
source-of-truth culture (rare in practice), a soft semantic layer suffices.
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Finally, some modern debates focus on tech stack choices. For instance, should one embed semantics in dbt
models (as “metrics” or "exposures”) or use a separate universal layer? New frameworks like Querylayer or open
Semantic Layer Protocols attempt to standardize this, but the market hasn't consolidated.

Future Directions and Emerging Trends

The semantic layer concept continues to evolve alongside broader data trends:

e Semantic Mesh and Federated Models: There is talk of a “semantic mesh” analogous to data mesh, where a network of
domain-specific semantic layers share a global ontology or vocabulary. Such approaches stress interoperability standards
and ontologies (e.g. enterprise data catalogs pushing semantics upstream). The goal is to balance domain agility with cross-
company consistency.

e Al-Driven Layer Construction: We anticipate more Al tools for building semantic models (entity recognition, auto-ontology
generation). LLMs could assist in tagging and linking datasets, as the case with risk model (EK) hinted ([92] enterprise-

knowledge.com). Auto-translation of business glossaries into machine-readable semantics might accelerate adoption.

e Open Standards and Metadata Platforms: The ecosystem is moving towards open metadata models. For example, the
Semantic Layer open spec (initiative by headless Bl vendors) aims to unify how semantic models are expressed (JSON/YAML

schemas) so they can be shared across tools ([%] dzone.com). Widespread adoption of metadata standards (like those
from W3C or ODPi) could supplant vendor lock-in.

e Integration with Data Fabric and Data Vaults: Some think semantic layers will integrate tightly with emerging data fabric
platforms, blending with automated data integration and virtualization. Others believe semantic layers may leverage Data
Vault modeling principles for agility.

e Regulatory and Privacy Demands: As regulations (GDPR, CCPA, etc.) emphasize data lineage and usage controls, semantic
layers will likely incorporate more compliance features (e.g. automated tagging of PIl, tracking of model usage). AtScale and
Denodo already highlight how semantic layers can enforce governance.

e Decentralized/GraphQL Interfaces: An interesting direction is exposing semantic models through GraphQL endpoints. This
aligns with some vendors' view of the semantic layer as a GraphQL “schema” for the enterprise data. It allows flexible
querying while still honoring the single metric definitions.

e Embedding in Operational Systems: In the long run, organizations may require that upstream transactional systems
augment themselves with semantic tags, so that from data generation to consumption, business semantics are preserved.
loT devices emitting semantics, for example, could feed into the layer with less transformation needed.

e Semantic Layer Summit and Community: The very query about semantic layers is telling — there is enough community
interest that events like the “"Semantic Layer Summit” (a 2023 data engineering conference) and upcoming workshops on

[100]

building semantic layers are emerging (|99\ www.linkedin.com) ( www.slideshare.net). This suggests the topic will

continue to gain structure in data engineering practice.

Overall, the semantic layer is poised to become the “glue” in intelligent data architectures, especially in hybrid
cloud/lake environments. As companies invest more in enterprise knowledge management and Al, those with
mature semantic layers will likely have an edge in agility and insight.

Conclusion

In an era of data abundance, the semantic layer addresses a fundamental challenge: making data meaningful. By
abstracting raw data into business-oriented concepts and metrics, semantic layers democratize access to
analytics, ensuring that decisions across an organization are based on the same definitions ("*) www.atscale.com)
() www.selectstar.com). They reduce the friction of data silos, improve trust in analytics outputs, and accelerate
time-to-value in Bl and Al projects. While implementing a semantic layer requires effort and governance, the
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payoffs in consistency, agility, and strategic insight are well documented by industry practitioners (/"
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www.atscale.com) ([%®) enterprise-knowledge.com) (! www.getdbt.com).

Given the current trends — explosion of data types, proliferation of tools, and the rise of Al-driven analytics —
semantic layers are likely to be more important than ever. Organizations that adopt them effectively will achieve
a balance between data governance and innovation. As Donald Farmer puts it, data is “the language of
business,” and the semantic layer ensures that everyone in the business speaks the same language of data (1'°°]
www.atscale.com). The future development of standards, Al integration, and hybrid architectures points to a
continuing evolution where semantic layers become increasingly automated, open, and embedded in all facets
of the data ecosystem.

By understanding the history, architecture, and applications of semantic layers — as detailed in this report -
data professionals and executives can make informed decisions about when and how to deploy semantic layers
in their own organizations. Ultimately, the semantic layer is no longer a nice-to-have but a "key technical

architecture” for any data-driven enterprise seeking both governance and innovation (1°°! www.atscale.com) (1%

www.atscale.com).
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,
automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field
force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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