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Abstract An Enterprise Knowledge Graph (EKG) provides a powerful foundation for knowledge management,
data integration, and analytics within organizations. It achieves this by offering a semantic view that semantically
integrates diverse data sources from the organization’s data lake. This paper introduces a novel Data Design Pattern
for constructing semantic views, referred to as DDP_SV, specifically designed to support the creation of semantic
views within an EKG. The proposed DDP_SV organizes both data and metadata into four hierarchical layers, pro-
viding a standardized structure that facilitates the development, maintenance, and reuse of semantic views across
different contexts. Building upon this foundation, a second key contribution is a novel incremental methodology
for constructing the semantic view of an EKG, grounded in the proposed data design pattern. This methodology
adopts a “pay-as-you-go” data integration strategy, allowing organizations to progressively build, refine, and evolve
their knowledge graphs while ensuring semantic consistency, scalability, and adaptability throughout the integra-
tion process. In addition, the paper presents an interactive graphical interface designed to support context-sensitive
navigation of the semantic view. This tool enhances user interaction by enabling intuitive exploration and deeper

utilization of resources within the EKG.

Keywords: Data Integration, Enterprise Knowledge Graph, Semantic View, Data Design Pattern.

1 Introduction

An Enterprise Knowledge Graph (EKG) have emerged as
a promising solution and a robust foundation for knowl-
edge management, data integration, and advanced analytics
across organizations, by offering a semantic view as noted
by [Grainger et al., 2016; Ehrlinger and Woss, 2016]. In this
context, the primary goal of the semantic view is to provide a
unified ontological framework emerging from the semantic
integration of the data sources from an organization’s data
lake. This integration establishes a comprehensive and co-
herent organizational data environment, enabling seamless
access and fostering streamlined decision-making processes.

& [

LLM Agents Data Analytics Business
& ML Mashups Intelligence

Applications
Layer

Semantic
View
Layer

§ o ou

Semantic View Semantic View
Data Graph Ontology

Data Lake @ @
Layer

Structured and semi-structures sources

Figure 1. Architecture of EKG Systems.

The general architecture of EKG systems, as proposed by
Galkin ef al. [2017], and illustrated in Figure 1, consists of
three distinct layers:

(i) the Data Lake Layer serves as the foundational storage
environment of the EKG architecture. It provides a central-
ized and scalable repository capable of accommodating di-
verse data sources, including unstructured, semi-structured,
and structured data. The data lake is not responsible for se-
mantic integration; rather, it preserves data in their native
formats and supplies the raw material that the subsequent
layers of the EKG will semantically transform, enrich, and
integrate into the unified knowledge graph;

(i1) the Semantic View Layer is responsible for semantically
integrating the data sources from the data lake into a coherent
and unified representation. This layer comprises two main
components. The Semantic View Ontology (SVO) defines
the conceptual and terminological structure of the view, its
classes, properties, and axioms, operating at the schema or
TBox level. The Data Graph of semantic view contains the
corresponding ABox assertions of TBox, representing the
factual instances and their relationships that instantiate the
model defined by the SVO;

(iii) the Application Layer implements domain-specific ap-
plications and services that leverage the integrated and se-
mantically enriched data provided by the Semantic View
Layer. By consuming the unified semantic view, this layer
enables advanced functionalities such as semantic querying,
analytics, reasoning, and knowledge discovery.

The construction and maintenance of a semantic view in an
EKG system present three major challenges: (i) Extraction
and Transformation — Integrating data from heterogeneous
sources within a data lake into a unified representation, using
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a shared vocabulary defined by the SVO; (ii) Semantic Link-
ing — Establishing connections between semantically equiv-
alent entities across different data sources to enable cross-
referencing and semantic alignment; (iii) Data Fusion and
Quality Enhancement — Merging multiple representations of
the same real-world object into a single, consistent represen-
tation while resolving data inconsistencies to improve overall
data quality.

Although Enterprise Knowledge Graphs have become
central to semantic integration and organizational data man-
agement, the state of the art lacks a formally defined and
reusable architectural model that structures the semantic
view produced during integration. Existing approaches offer
processes, workflows, mapping languages, and linking tech-
niques, but they do not specify how the resulting data and
metadata should be organized into a canonical representa-
tion. This gap leads to heterogeneous implementations, lim-
ited reusability, and difficulty supporting incremental exten-
sions across sources and domains.

The absence of a unified and implementation-independent
structure for semantic views means that organizations lack
a principled way to represent exported data, identity links,
unified entities, and fused information in a consistent and
reusable manner. Without such a structure, semantic integra-
tion efforts remain ad hoc, difficult to reproduce, and chal-
lenging to evolve incrementally.

In this perspective, our research question is “How can we
formalize a reusable and implementation-independent archi-
tectural pattern that organizes the data and metadata of a se-
mantic view in an EKG into well-defined layers, supporting
both consistent semantic integration and incremental con-
struction?”

To address these challenges, Vidal et al. [2024] introduced
a data design pattern tailored for the logical organization of
data within the semantic view of an EKG. This pattern struc-
tures the data and metadata into three hierarchical layers: ex-
ported views, linkset and unification views, and fusion views.
This structured approach addresses the specific challenges of
semantic data integration, simplifies maintenance, and en-
hances the flexibility and depth of exploration of the seman-
tic view across various contexts.

The work of Vidal et al. [2024] also detailed an interac-
tive graphical interface developed to support context-based
exploration of semantic view resources. Using this interface,
users can effectively track the data lineage of a particular re-
source through its transformational flow before its integra-
tion into the knowledge graph of the semantic view. This ca-
pability is invaluable for understanding the origin, transfor-
mations, and data integrations within the knowledge graph.

This article extends the work reported in Vidal et al. [2024]
in two directions:

(1) It presents a novel incremental methodology for construct-
ing the semantic view of an EKG, leveraging the data de-
sign pattern. In this approach, each data source within the
data lake is integrated into the semantic view one at a time,
facilitating manageable and systematic incorporation. This
methodology supports a pay-as-you-go data integration strat-
egy, enabling the incremental and continuous construction of
semantic views without requiring a complete specification
beforehand to maintain their knowledge graph [Paton ef al.,

Vidal et al. 2026

2016].

(i1) It implements a domain-specific knowledge graph for
music, called SV_Music, which integrates music-related data
from two sources: DBpedia and MusicBrainz. SV_Music is
freely available at [https://semantic-ekgraphs.
github.io/semantic-music/], and can be explored
through either a graphical user interface or a SPARQL
endpoint, providing flexible access for both casual users
and advanced queries. SV _Music serves as a real-world
case study to validate the effectiveness of the proposed
framework.

The remainder of this paper is organized as follows. Sec-
tion 2 reviews related work. Section 3 introduces the pro-
posed data design pattern for structuring the semantic view
of an EKG. Section 4 formalizes the conceptual specifica-
tion of each view layer in the data design pattern and defines
the semantics for deriving the state of a view from its declar-
ative specification. Section 5 presents a novel incremental
methodology for constructing the semantic view. Section 6
describes an interactive graphical interface developed to sup-
port the exploration of resources within the semantic view.
Section 7 concludes the paper and outlines directions for fu-
ture research.

2 Related Work

The construction of Enterprise Knowledge Graphs (EKGs)
from semantic data integration requires structured method-
ologies, frameworks, and tools. Several studies have ad-
dressed this challenge from complementary perspectives,
contributing to aspects such as interoperability, modular de-
sign, lifecycle management, and user interaction.

Although the classical formulation of pay-as-you-go data
integration was developed mainly between 2012 and 2017,
the underlying principle of incremental and progressive se-
mantic integration remains highly relevant in the context of
modern EKGs. Recent works on knowledge graph lifecy-
cle and modular evolution ([Simsek et al., 2022], [Angelis
et al., 2024], [Cimmino and Garcia-Castro, 2024],[Rehman
et al., 2025]), ontology-driven EKG engineering ([Sequeda
and Lassila, 2021]), and LLM-assisted incremental KG con-
struction ([Yang et al., 2024], [Tian et al., 2025]) demon-
strate a renewed interest in incremental integration method-
ologies. Our approach extends this principle to the construc-
tion of semantic views, situating pay-as-you-go as a concep-
tual strategy aligned with the incremental nature of EKG de-
velopment.

To support the knowledge graph process construction doc-
umentation, Azizi [2023] develop an RDF-based knowl-
edge graph to represent the data integration process, using
a unified schema to describe a data integration system. Al-
though this facilitates integrated analysis of heterogeneous
data sources, the work does not specify mechanisms for link-
ing, unification, or fusion of semantic views, nor does it offer
tools to support such activities.

From the perspective of tools to support knowledge graph
(KG) interaction and visualization, several tools have been
proposed. Schultz et al. [2011] propose the Linked Data In-
tegration Framework (LDIF) designed for KG construction
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and visualization. LDIF focuses on the backend processes of
semantic data management, providing mechanisms for data
extraction, transformation, linking, and fusion of heteroge-
neous RDF sources into a unified knowledge base.

Haase et al. [2019] introduce metaphactory, a standards-
based platform for KG management with customizable user
interfaces. De Souza et al. [2022] present TKGEvolViewer
for visualizing KG evolution, while Sellami and Zarour
[2022] propose KeyFSI, a faceted, keyword-based interface
to support exploration.

While Paton ef al. [2012] conceptualize pay-as-you-go as
a process strategy for progressively refining mappings and
integration rules, they do not propose a unified architectural
model that structurally supports incremental integration. In
contrast, our approach incorporates pay-as-you-go as a struc-
tural property of the DDP_SV— the four-layer architecture
allows each data source to be integrated independently, with-
out reprocessing previously integrated sources, because each
view layer is modular, declarative, and incrementally exten-
sible.

This work advances the field by proposing an integrated
approach that combines a unified formal model for orga-
nizing data and metadata with a methodology based on this
model to construct EKG semantic views. These contribu-
tions are supported by a formal data design pattern and an
exploration tool, the approach enhances both the engineer-
ing process and the use of EKGs in multiple dimensions.

3 Data Design Pattern for Construct-
ing a Semantic View

This section introduces a data design pattern, referred to as
DDP_SV, specifically developed to logically organize both
data and metadata within the semantic view of an EKG [Vidal
et al., 2024]. At the core of the proposed framework, the se-
mantic view is composed of two interconnected knowledge
graphs: the Data Graph and the Metadata Graph, each dis-
cussed in the subsections below.

A knowledge graph is commonly represented using the
Resource Description Framework (RDF)!, a W3C standard
for modeling data on the Web in the form of RDF triples
(s, p,0). Each triple encodes a statement in which the sub-
ject (s) and the object (0) denote nodes in the graph, while
the predicate (p) represents the directed edge that specifies a
relationship or fact connecting them. In this sense, a knowl-
edge graph can be viewed as an RDF graph composed of a
set of such triples, collectively capturing entities, their at-
tributes, and the relationships among them [Deb Nath et al.,
20201].

3.1 Data Graph

The Data Graph serves as the informational backbone of the
semantic view, representing the instance-level data that em-
bodies the semantics defined by the ontology of the semantic
view.

Uhttps://www.w3.org/TR/rdf12-concepts/
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Within the proposed framework, the Data Graph provides
a structured and unified representation of the integrated data
sources, capturing entities, relationships, and literal values
that collectively instantiate the conceptual model defined by
the ontology.

To ensure scalability and semantic clarity, the Data Graph
is systematically organized into a four-tier hierarchy of
views, each capturing and structuring integrated data at dis-
tinct levels of abstraction, as detailed below (see Figure 2(a)).
(1) Exported Views Layer — This foundational layer consists
of RDF views exported from the data sources within a data
lake. These exported views are generated by systematically
mapping raw source data to a common, shared vocabulary
defined by the Semantic View Ontology (SVO).

(1) Linkset Views Layer — This layer establishes semantic
connections between equivalent entities across different
exported views using identity relations such as owl:sameAs.
These links enable semantic alignment and cross-referencing
of distributed data.

(iii) Unification Views Layer — Built upon the linkset views,
this layer consolidates semantically equivalent entities into
a unified representation. Unification ensures that resources
referring to the same real-world object are represented as a
single—unified resource in the semantic view.

(iv) Fusion Views Layer — The topmost layer addresses and
resolves conflicts that may arise when multiple sources pro-
vide inconsistent or conflicting information about the same
entity or relationship. This layer applies conflict resolution
techniques to improve the accuracy, consistency, and overall
quality of the integrated data.

These four layers emerge as a natural generalization of
the classical challenges in semantic data integration rather
than as an arbitrary design choice. Each layer corresponds
directly to a recurring integration problem: structural het-
erogeneity (exported views), semantic equivalence identi-
fication (linkset views), identifier consolidation (unifica-
tion views), and conflict resolution (fusion views). By
aligning the pattern with these well-established challenges,
the DDP_SV provides a principled and systematic structure
for organizing semantic integration results within an EKG,
independent of the specific tools or processes used to con-
struct them.

3.2 Metadata Graph

The Metadata Graph, depicted in Figure 2(b), serves as the
repository for all metadata related to the semantic view. It
plays a critical role in describing both the SVO and the view
specifications across all levels of the DDP_SV.

The view specification metadata provides a declarative de-
scription of how each view, in the semantic view, is con-
structed, including: (i) the input data sources used; (ii) the
transformation logic applied; and (iii) the structure of the re-
sulting RDF triples.

This metadata inherently captures data lineage, document-
ing the entire lifecycle of data from its origin and transforma-
tion steps to its final representation in the EKG. Document-
ing this lineage enables organizations to trace data prove-
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Figure 2. Data Design Pattern DDP_SV for EKG’s Semantic Views.

nance and transformation history, fostering transparency, ac-
countability, and trust in the semantic view.

In the proposed framework, the SVO is vital for defining
a common vocabulary that facilitates the transformation and
integration of EKG data sources. The SVO spans all layers
of the DDP SV and is built by integrating semantically
equivalent elements across exported views. This integration
involves two key processes:

(1) Unification of Semantically Equivalent Properties —
Properties with similar semantic roles across different
exported views are identified and unified under a common
vocabulary.  This standardization ensures a consistent
vocabulary for describing attributes across all layers.

(ii) Establishment of Generalization Classes — Semantically
equivalent classes from various sources are grouped under
shared superclasses, forming generalization classes. These
provide an abstract semantic foundation for the unification
and fusion views, supporting alignment at the conceptual
level. This systematic approach enables that the SVO re-
mains adaptable and semantically coherent, even as new data
sources are integrated over time.

Importantly, the Metadata Graph is intrinsically linked to
the Data Graph. This tight integration fosters a holistic un-
derstanding of the semantic view and strengthens metadata-
driven operations such as data discovery, quality assessment,
governance, and reuse.

4 Formal Basis for the Conceptual
Specification of DDP SV Views

This section presents the formal definitions necessary to con-
ceptually specify the views of each layer in the DDP_SV. It
also defines the formal semantics for constructing the state
of a view based on its declarative specification.

4.1 Exported View

In our DDP_SV, every data source within the data lake ex-
ports an RDF view, named exported view, created through

a systematic mapping of the data source to a common and
shared vocabulary defined by the SVO.

Definition 4.1 (Exported View Specification) The specifi-
cation of an exported view is a tuple (£, S, O, M), where:

» & is the name of the exported view;

» S is the data source in the data lake that exports E;

« O is an ontology defined as a tuple O = (C, P, R),
where C' is the set of classes, P the set of properties,
and R a set of semantic constraints operating at the ter-
minological level (TBox).

o M is a set of mapping rules that specify how elements of
the source schema S (such as tables, columns, hierar-
chies, or graph patterns) are translated into RDF terms
defined by the ontology O. Thus, the mapping rules
serve as the formal mechanism that drives the seman-
tic transformation of source data into the RDF triples
that populate the ABox of O.

Given a specification of an exported view (£, S, O, M) and
S(t), the state of the data source S at time ¢, the data graph
of &, at time ¢, denoted £(t), is constructed by applying the
transformation rules M over S(t), more formally:

E(t) = {(s,p,0) | (s,p,0) € M(S(1))}

The generation of RDF triples is governed by the struc-
tural properties of the underlying data source, such that the
mapping rules are defined according to the specific char-
acteristics of each data model. For tabular data sources—
most notably relational databases—the mapping rules con-
form to the R2ZRML specification (W3C Recommendation)
Das et al. [2012] in which database tables are mapped to RDF
classes and each row is instantiated as a subject whose iden-
tifier is commonly derived from the table’s primary key. In
contrast, for hierarchical or semi-structured sources such as
JSON or CSV, the mapping rules follow the RML framework
Dimou et al. [2014], an extension of RZRML that accommo-
dates nested, heterogeneous structures by generalizing log-
ical sources and enabling flexible transformation pipelines.
Consequently, the triples are generated systematically with
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the type of data source, ensuring semantic consistency in the
resulting RDF graph.

4.2 Linkset View

The linkset views creation process involves defining rela-
tionships or “sameAs” links between entities that are equiva-
lent across different exported views. To establish these links,
users should first define the “sameAs” linkset view by spec-
ifying the classes of the exported views and match function.

Definition 4.2 (Linkset View Specification) The specifi-
cation of a linkset view is a tuple (L, T, W, u), where:

» L is the name of the linkset view;
o T and W are classes of different exported views;
* u is a match function.

The match function compares the state of two instances,
e and eq, of classes 7" and W, returning “true”, if e; and eq
satisfy the match condition of ; otherwise, it returns “false”.

Given a specification of a linkset view (£, T, W, u), and
T'(t) and W (t), representing the state of classes 7" and W at
time ¢, respectively, the data graph of £ at time ¢, denoted as
L(t), is defined as follows:

L(t) = {(Tl,sameAs,r2) | 1 € T(t), o € W(t), and
p(ry,re,t) = true}

4.3 Unification View

A unification view should be specified for each generaliza-
tion class in the SVO, defined as follows:

Definition 4.3 (Unification View Specification) The spec-
ification of a unification view is a tuple (U, G, n), where:

* U is the name of the unification view;

* G is a generalization class of the SVO;

* 1 is a normalization function, which maps all IRIs of the
instances of G, to a canonical target IRl in U.

Given a specification of a unification view (U, G, 1) and
G(t), the state of G at time ¢, then the data graph of U at
time ¢, denoted U(t), is defined as:

Ut) = {(s,p,0) | (r,p,0) € G(t) and n(r,t) = s}

The design of a normalization function for unification
view (U, G, n) must satisfy the following axiom:

Vr1Vae € G(t) (x1 sameAs xo < n(x1,t) = n(z2,t))
Therefore, the IRIs x; and zo are unified to the same

canonical IRI iff they are declared equivalent via a sameAs
statement of the form “x; sameAs x5”.
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4.4 Fusion View

In our framework, the user is free to decide how to resolve
the problem of discrepancy when combining various repre-
sentations of the same real-world object into a single view
(canonical IRI) to specify fusion views. This is done with
the help of “property fusion assertion”.

Definition 4.4 (Property Fusion Assertion) A4 property fu-
sion assertion (PFA) is a quadruple (A, G, p, ¥), where:

A is the name of the PFA;

* G is a generalization class of the semantic view ontol-
ogy;

* pis a property of G;

* U is a conflict resolution function.

The conflict resolution function W, accepts as input a
canonical IRI ¢ and a set of values for p of ¢, and produces
a single value. Definitions 4.5 and 4.6 below define how to
solve conflicts based on a PFA of datatype properties and
object properties, respectively.

Definition 4.5 (Conflict Resolution of DataType Property)
Let:

* (A G, p, U) be a PFA for property p of G;

* (U, G, n) be the unification view specification for G;
U(t) be the state of U at time t;

* ¢ be a canonical IRI in U(t);

V= {v | (¢, p,v) € Z/{(t)}; V' contains the set of all
values of property p for resource c.

The result for solving conflicts in property p of resource c,
at time t, using the PFA A, denoted A(c,t), is defined as:

A(e,t) = (¢, p,v), wherev = U(c, V).

Definition 4.6 (Conflict Resolution of Object Properties)
Let:

* (A, G, p, V) be a PFA for object property p of general-
ization class G.

« (U, G, n) be the unification view specification for G.

U(t) be the state of U at time t.

* cbe a canonical IRI in U(t).

V ={ul (¢ p o) € U(t)andn(o,t) = u}; V con-

tains the set of all canonical IRIs related to c via object

property p.

The result for solving conflicts in property p of resource c,
at time t, using the PFA A, denoted A(c,t), is defined as:

A(ce,t) = (¢, p,v),wherev = U(c, V).

In the context of a generalization class (G, a PFA should
be defined for each property of G where there is potential for
conflicting values. To compute the fusion view for a resource
c it is necessary to resolve the conflicts of all PFAs specified
for G, as follows.

Definition 4.7 (Fusion View) Let:

« (U,G,n) be the specification of a unification view for
G,‘
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* U(t) be the state of U at time t;

o Ay, ..., A, be all PFAs of generalization class G,

* p1,...,pn be the properties associated with PFAs
A1, ..., Ay, respectively;

¢ ¢ be a canonical IRI in U(t).

The data graph of fusion view for ¢ in time ¢, denoted
FV(c,t), is defined by:

FV(et) = UAi(c, B U {(ep0) | (cp0) €U,

where p is datatype property and p # p;, 1 < i < n} U
{(c,p,w)|(c,p,0) € U(t), where p is an object property,
p # pi, 1 <i<n,and n(o,t) :u}

S Incremental Approach for the Con-
struction of Semantic Views

5.1 Overview

This section presents an incremental methodology for con-
structing the semantic view of an EKG, leveraging the
DDP_SV introduced in Section 3. The approach comprises 5
primary tasks, as showed in Figure 3. Each data source in the
data lake is integrated into the semantic view incrementally,
facilitating manageable and systematic incorporation.

Using a pay-as-you-go strategy, allowing for the gradual
construction and maintenance of the knowledge graph. By
integrating one data source at a time, organizations can pri-
oritize resources effectively, ensuring that each addition is
aligned with specific business needs and objectives.

For the integration of a new data source (DS), the follow-
ing pipeline is executed (see Figure 3):
(1) Semantic View Ontology Modeling — In this phase,
SVO evolves progressively as new data sources are inte-
grated, thus, the initial version of the SVO mirrors the classes
and properties of the first data source’s ontology. When in-
tegrating a new DS, the SVO is extended to incorporate new
classes and properties that accurately represent the semantics
of DS.
(i1) Exported View Construction — Develop both the speci-
fication and the corresponding data graph for the RDF view
exported by DS. This step leverages the vocabulary defined
in the extended SVO, resulting from step 1, to construct the
exported view vocabulary. The exported view provides a
structured representation of DS’s data, facilitating its inte-
gration into the broader semantic view.
(iii) Linkset View Construction — Establish specifications
and corresponding data graphs to store sets of links that con-
nect instances from the exported view of DS to semantically
equivalent instances in other exported views within the se-
mantic view. These linksets enable the identification and
alignment of equivalent entities across different data sources,
promoting data interoperability.
(iv) Unification View Construction — Design new unifica-
tion views that encompass the new generalization classes in-
troduced into the extended version of the SVO. These views
aggregate semantically similar entities, providing a cohesive
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representation of related concepts. Unification views serve
as a foundation for resolving redundancies and inconsisten-
cies across data sources.

(v) Fusion View Construction — Implement property fu-
sion views to resolve data conflicts arising from overlapping
properties in the new unification views. This involves defin-
ing fusion strategies that reconcile discrepancies and consol-
idate information accurately. Fusion views ensure that the
most reliable and relevant data is presented in the semantic
view, enhancing data quality and trustworthiness.

The culmination of this process is the generation of both
the Metadata Graph and the Data Graph that constitute the
semantic view. By following this approach, organizations
can build and maintain their semantic view efficiently, en-
suring scalability, flexibility, and alignment with evolving
data landscapes.

5.2 Case Study: The “SV_Music” Semantic
View

To validate the methodology, we constructed a domain-
specific knowledge graph for music, called SV_Music, which
integrates music-related data from two sources: DBpedia®
and MusicBrainz®.

DBpedia constitutes the main resource of Linked Open
Data on the Web, containing more than 228 million entities to
date. MusicBrainz is an open encyclopedia that gathers mu-
sic metadata, including artists, releases, recordings, works,
labels, and their interconnections.

Figure 4 depicts a fragment of the DBpedia ontology
(dbo:) using the vocabularies Dublin Core (dc:) [Weibel
et al.,, 1998] and Friend of a Friend (foaf:) [Brickley, 2005]
for music data representation. MusicBrainz ontology has as
its core the Music Ontology (mo:) and incorporates dc. and
foaf: vocabularies, as illustrated in Figure 5.

The semantic view SV_Music is freely available via a se-
mantic portal*. This portal provides structured access to both
data and metadata graphs of SV_Music.

5.3 Semantic View Ontology Modeling
5.3.1 Incremental Process

In the incremental approach to constructing the semantic
view ontology (SVO), the process begins by modeling the
ontology for a selected data source from the data lake. It’s ad-
visable to start with the data source that contains the primary
entities of the EKG, as this forms the foundational structure
for subsequent integrations.

Therefore, the initial version of the SVO mirrors the
classes and properties of this primary data source’s ontol-
ogy. To integrate a new data source (DS) into the EKG, the
process involves three key activities:

(1) Modeling the Data Source Ontology (DSO) — This ac-
tivity entails creating an ontology that accurately represents
the structures, entities, relationships, and attributes inherent

Zhttps://www.dbpedia.org/

3https://musicbrainz.org/

“https://semantic-ekgraphs.github.io/semantic-music/
index.html
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Figure 3. Framework to Construct EKG’s Semantic View.
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Figure 5. MusiBrainz Ontology.

to the new data source. A thorough analysis is required
to capture the schema and semantics of the data source
effectively;

(i1) Semantic Annotation of the DSO — Align the classes
and properties of the DSO with the existing SVO and
other relevant ontologies, such as those in the Linked Open
Data (LOD) cloud®. This alignment identifies semantic
correspondences, ensuring consistent representation of
similar concepts across different data sources;

(ii1) Incorporation of Classes and Properties into the SVO
— Extend the SVO by integrating new classes and prop-
erties from the DSO, promoting ontological harmonization
Noy et al. [2001]. Unify semantically equivalent properties
under a shared semantic definition to maintain consistency.
Additionally, define generalization classes as superclasses
that group semantically equivalent classes from various ex-
ported views, providing broader, more abstract concepts that
facilitate integration.

This structured and incremental approach ensures that the
SVO evolves systematically, promoting semantic consis-

Shttps:/lod-cloud.net/

tency and interoperability between integrated data sources.

5.3.2 Ontology of SV_Music

In the context of the case study, the initial version of
SV _Music ontology mirrors the classes and properties of the
MusicBrainz ontology as shown in Figure 5. Subsequently,
the SV_Music ontology has to be extended by integrating
classes and properties from the DBpedia ontology (see Fig-
ure 4). To achieve this, it was first necessary to align the
DBpedia and MusicBrainz ontologies. The following class
correspondences were identified:

- CCA{ — mo:MusicArtist = dbo:MusicalArtist;
- CCAy — mo:Record = dbo:Album;
- CCA3z — mo:Track = dbo.:Single;

For the integration of these DBpedia concepts into the
SV _Music ontology, it was necessary to introduce new
generalization classes — mo:MusicArtist, mo:Record, and
mo:Track — which serve as superclasses grouping semanti-
cally equivalent classes, as defined by the correspondence
assertions CC A1, CCA,y, and CCAs.

When naming these generalization classes, preference was
given to reusing the class names from the Music Ontology
(mo:), as these classes are already well-established within the
music domain and are appropriate for aggregating instances
from different data sources.

It is important to note that a subclass of a generalization
class should not have the same name as its superclass. If a
naming conflict occurs, the specific classes must be renamed
by adding a predefined prefix associated with their respective
data source.

In the case study, the prefix “dbp:” is used for classes spe-
cific to DBpedia, and the prefix “mbz:” is used for classes
specific to MusicBrainz. Figure 6 illustrates the resulting
class hierarchy adopted for the case study.

The SV_Music ontology is available through this link® in

®https://semantic-ekgraphs.github.io/semantic-music/
ontologia_visao_semantica.html
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the Semantic Portal, where users can explore its structure and
semantics in detail.

Generalization
O

mo:Track foaf:made—— mo:MusicArtist

<—mo:track‘ J’ foaf:mak Class

‘oa . maker>»| [[] DBpedia
4 mo:Record % MusicBrainz
[—rdfs:subC/assOfﬁ hrdfs:su Classofﬁ
dbp:Track mbz:Track dbp:MusicArtist mbz:MusicArtist

ﬁrdfs:subCIassij
dbp:Record

mbz:Record

Figure 6. Main Classes and Relationships of S¥_Music ontology.

5.4 Exported View Construction

In this phase, the objective is to construct an exported view
for the new data source (DS) by leveraging the existing se-
mantic view ontology (SVO) and predefined matching asser-
tions between DS and SVO.

5.4.1 Development Process

The development of an exported view for a new data source
comprises two primary steps:

1. Generation and Validation of Mappings from DS to SVO —
The goal of this step is to create operational mappings from
DS to SVO, utilizing the established matching assertions
[Neto et al., 2013]. To ensure the quality and accuracy of
these mappings, it’s crucial to assess them using established
frameworks. Tools like Luzzu [Debattista et al., 2016]
provide a comprehensive methodology for Linked Data
Quality Assessment, offering extensible interfaces for defin-
ing quality metrics and generating detailed quality reports.
Incorporating feedback mechanisms and iterative testing
further refines the mappings, ensuring they accurately
represent the underlying data and adhere to desired quality
standards.

2. Implementation of the Data Graph — Upon validating
the mappings, the next step involves implementing them to
construct the Data Graph for the exported view. This Data
Graph can be realized in two ways:

(1) Materialized Approach: In this method, RDF triples
are generated and persistently stored within a named
graph, enabling efficient querying and management.
Named graphs serve as containers for RDF triples, each
identified by a unique URI, allowing for modularization
and provenance tracking of datasets.

(i) Virtual Approach: Alternatively, virtualization tech-
niques can be employed to create a Data Graph that
queries the underlying data source in real-time without
materializing the RDF triples. This approach ensures
up-to-date data retrieval and reduces storage overhead.

5.4.2 Exported Views of SV_Music

Within the semantic view SV_Music, two exported views are
defined: EV_DBpedia and EV_MusicBrainz. Each exported
view is materialized in a distinct named graph, promoting
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modular data management and enabling accurate provenance
tracking.

Figure 7 presents fragments of EV DBpedia and
EV MusicBrainz.  For instance, the resources dbr:rl
and mbr:r2 are instances of the classes dbp:Record and
mbz:Record, respectively.

It is noteworthy that the set of classes and properties as-
sociated with each exported view constitutes a subset of the
classes and properties defined in the overall semantic view,
as determined by the corresponding mapping specifications.

The complete metadata describing each exported view
of SV_Music— including its ontology, mapping definitions,
data source provenance, named graph, and related artifacts
— is available through the SV _Music Semantic Portal’.

5.5 Linkset Views Construction

This phase focuses on creating linkset views to connect in-
stances from the new exported view to semantically equiva-
lent instances in other exported views within semantic view.

5.5.1 Development Process

The development of linkset views from the new exported
view is carried out in three structured steps:

(1) Selection of Source and Target Classes — To define a
linkset view, it is essential to identify pairs of classes, one
from the new exported view and another from existing
exported views, that are semantically related. In the pro-
posed framework, two classes are considered semantically
equivalent if and only if, they are both subclasses of the
same generalization class defined in the SVO. This criterion
ensures that only conceptually aligned classes are linked,
streamlining the identification process and promoting
semantic coherence and interoperability across data sources.

(i1) Definition of Matching Criteria — The match function
defines the conditions under which an instance from the
source class is considered equivalent to an instance from
the target class. It compares the state (i.c., selected property
values) of the two instances and returns true if the similarity
criteria are satisfied. These criteria may involve exact
string matches, similarity thresholds, or more complex
functions involving multiple attributes such as names, dates,
identifiers or links.

(iii) Creation of Named Graphs for Linkset Views — For each
linkset view, a dedicated graph is created to store the gen-
erated links. This modular structure allows for the separate
management, querying, and provenance tracking of link as-
sertions, facilitating incremental updates and traceable align-
ment operations between data sources.

Tools such as Silk [Volz et al., 2009], and Open Refine
[Ham, 2013] support the implementation and execution of
linkage rules, offering functionalities such as string similar-
ity computation, data normalization, and value merging al-
gorithms to facilitate the comparison of data across different
sources.

"https://semantic-ekgraphs.github.io/semantic-music/
localgraphs.html
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Figure 7. (a) Fragment of EV_DBpedia; (b) Fragment of EV_MusicBrainz.

5.5.2 Linkset Views for SV_Music

Considering the hierarchy of classes of SV_Music ontology
in Figure 6, three linkset views are established to connect
semantically equivalent resources between EV_DBpedia and
EV MusicBrainz.

LV Record: This linkset view connects instances of
dbp:Record (from EV DBpedia) and mbz:Record (from
EV_MusicBrainz). The matching criteria for establishing
owl:sameAs links include the attributes similarity, such as
dc:title and dc:date. Records with identical or highly similar
titles and release dates are considered equivalent.

LV Track: This view links instances of dbp.Track and
mbz:Track. The equivalence is determined based on match-
ing track titles and associated metadata. For example, tracks
sharing the same name and duration across both datasets are
linked.

LV MusicArtist:  This linkset connects instances of
dbp:MusicArtist and mbz: MusicArtist. Matching is based on
attributes like foaf:name and foaf:homepage. Artists with
identical names and official websites are considered the same
entity.

Figure 7 shows examples of sameAs links for each
linkset view, represented by the dotted red arrow, such
as the RDF triple (dbr:al)-owl:sameAs— (mbr:a2) from
LV _MusicArtist.

The metadata describing each linkset view of SV_Music—
including its source and target classes, matching function,
named graph and related artifacts — is available through the
SV _Music Semantic Portal®.

5.6 Unification View Construction

In the proposed framework, a unification view must be de-
fined for each generalization class present in the SVO. Con-

$https://semantic-ekgraphs.github.io/semantic-music/
semantic_link_sets.html

sequently, when new generalization classes are introduced as
part of the integration of a data source, (as described in Step
5.3.2), corresponding unification views should be designed
and added to the semantic view.

5.6.1 Development Process

The construction of a unification view for a generalization
class requires the definition of a “normalization function”.
This function is responsible for remapping all IRIs that refer
to semantically equivalent entities — declared as such via
owl:sameAs links — into a single canonical IRI. The purpose
is to unify multiple representations of the same real-world
entity across different exported views.

A normalization function in this context is an algorithm
or rule set that standardizes identifiers by selecting a canon-
ical form from a set of equivalent IRIs. The selection of a
canonical IRI can be based on various criteria, such as: the
authority of the source, the frequency of use, or predefined
organizational standards.

The implementation of the Data Graph for a unification
view is virtual. That is, the unification view is computed dy-
namically at query time rather than materialized and stored
in advance. During query execution, all properties and re-
lationships associated with semantically equivalent IRIs are
consolidated and presented under the canonical IRI defined
by the normalization function. This runtime consolidation
enables a unified and consistent view of entities across mul-
tiple data sources, without the overhead of materialization.

5.6.2 Unification View of SV_Music

Based on integration of DBpedia concepts into SV_Music on-
tology, new generalization classes:  mo:MusicArtist,
mo:Record and mo:Track have been introduced. Con-
sequently, three corresponding unification views are
constructed: UV_MusicArtist, UV_Record and UV _Track.
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Figure 8. (a) Unification View for Canonical IRI can:r1. (b) Fusion View for Canonical IRI can:rl.

Each unification view consolidates semantically equiv-
alent instances from different data sources into a sin-
gle, unified representation. For example, the unification
view UV _Record merges instances of dbp:Record from
EV _DBpedia and mbz:Record from EV_MusicBrainz.

Figure 8 illustrates an instance of UV _Record, where
resources dbr:rl (from DBpedia) and mbr:r2 (from Mu-
sicBrainz) are identified as semantically equivalent. These
resources are normalized to a canonical IRI, can:ri, which
aggregates all classes, attributes, and relationships from both
dbr:rl and mbr:r2.

The canonical IRI can.:rl is computed by concatenating
the local names (i.e., the last segments) of the original IRIs
dbr:rl and mbr:r2. This approach ensures a unique and re-
producible identifier for the unified entity, facilitating con-
sistent referencing across the knowledge graph.

The metadata describing each unification view of
SV _Music— including its generalization class, normaliza-
tion function, and related artifacts — is available in°.

5.7 Fusion Views Construction

In this last phase, building a fusion view for each unifica-
tion view is crucial to resolve data conflicts and enhance the
quality, accuracy, and reliability of the semantic view.

5.7.1 Development Process

To construct a fusion view for a unification view U involves
three main tasks:

(1) Identification of Properties with Conflicts Information
— Analysing the resource of U, it is possible to detect the
properties that have discrepancy when combining various
representations of the same real-world object into a single
view (canonical IRI);

(i1) Creation of Property Fusion Views — For each identified
conflicting property, define a Property Fusion View (PFV)
that specifies a conflict resolution function. This function
takes as input the set of conflicting values for a property

‘https://semantic-ekgraphs.github.io/semantic-music/
visoes_unificacao.html

and outputs a single, resolved value. Common conflict res-
olution strategies include: KeepSingleValueByReputation(),
KeepMostFrequentValue(), KeepMostRecentValue(). Each
PFV is materialized and stored in a dedicated named graph,
promoting modular management and provenance tracking
of triples;

(iii) Implementation of the Fusion View — The fusion view
itself is implemented on-demand using SPARQL queries dy-
namically. Thus, for a given resource r in U, the fusion
view state is computed using SPARQL queries with CON-
STRUCT or INSERT, according to the preference of the in-
tegration approach. This approach ensures that the fusion
view remains up-to-date with underlying data changes. Sec-
tion 6.3 presents an example.

5.7.2 Fusion View of SV_Music

In the semantic view SV_Music, three fusion views are con-
structed corresponding to the previously defined unification
views: FV_MusicArtist, FV_Record, and FV_Track.

For FV_Record, discrepancies were identified in two prop-
erties: svm:labelName and dc:date. To address these con-
flicts, property fusion views (PFVs) are defined for each
property, employing the conflict resolution function KeepS-
ingleValueByReputation(). This function selects the value
from the most reputable source among the conflicting ones,
thereby enhancing data quality and trustworthiness.

Figure 8 illustrates the fusion view for the canonical re-
source can.rl, which is generated by merging the records
dbr:rl (from DBpedia) and mbr:r2 (from MusicBrainz). The
KeepSingleValueByReputation() function resolves conflicts
in the svm:labelName and dc:date properties by selecting the
most reputable values.

In the fusion view, object properties reference the canon-
ical IRIs of related entities. For example, the foaf:maker
property of can:rI points to the canonical IRI can:al, which
represents the unified artist entity derived from mbr:a2 and
dbr:al.

This approach ensures that the fusion views in
SV _Music provide a consistent and accurate represen-
tation of musical records, artists, and tracks by effectively
resolving data conflicts and unifying information from
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multiple sources.

The metadata describing each fusion view of SV_Music—
including its set of property fusion view assertions, alog with
their associated named graphs, and related artifacts — is
available through the SV Music Semantic Portal'?.

6 A Tool to Explore Resources into Se-
mantic View Using Various Context

This section introduces ContextEKG Explorer, an interac-
tive graphical tool designed to explore the EKG’s semantic
view, constructed using the DDP_SV presented in Section 3.

In the context of an EKG, resource visualization is typ-
ically entity-centric, where entities such as “Artist” and
“Record” are the central focus. This visualization highlights
the properties of these entities and their connections to other
entities within the graph. This approach facilitates a deeper
understanding of patterns, relationships, and insights within
the EKG, making it easier to identify key information.

The key distinction of ContextEKG Explorer is its ability
to allow users to explore semantic view entities in multiple
contexts. Different contexts provide varied perspectives on
the same data. By exploring entities across these contexts,
users can uncover insights that might remain hidden in a sin-
gle, unified view, thus facilitating better decision-making.
Additionally, context-based exploration aids in identifying
and resolving inconsistencies or gaps in the data, further en-
hancing the quality and reliability of the information.

ContextEKG_Explorer allows users to explore and visu-
alize a resource in the semantic view across three different
contexts: the exported view context, the unification view
context, and the fusion view context, as detailed in the fol-
lowing subsections.

6.1 Visualization in Context of Exported
Views

To visualize a resource in the exported view (EV) context,
the user should follow these steps: first, select an EV; next,
choose a class within that EV; and finally, select a resource
from the chosen class. For example, consider the resource
dbr:rl shown in Figure 7(a), which is an instance of the class
svm:Record DB from the exported view EV _DBpedia. Fig-

Talking Book & = Context Menu
http://dbpedia.org/resource/Talking_Book
isa > @QELRED & Fusion View
title - . Talking Book ¢ Unification View
date » . 1972-10-28 3¢ EV_DBpedia
name of label - . Motown 3 EV_MusicBrainz
web page - . https://www.discogs.com/master/874<
Talking-Book 7 Graphical View
artist > ° Stevie Wonder
track » * °upe

+ You Aret ne of My Life

Figure 9. Resource Exploration Screen of dbr:71 in Exported View Context.

Onttps://semantic-ekgraphs.github.io/semantic-music/
visoes_fusao.html

Vidal et al. 2026

Talking Book & =

http:/fwww arida.ufc br/resource/canonical/Talking_Book

EERAN Record

title > . Talking Book & (DBpedia)
. Talking Book § (MusicBrainz) & (TiEEREm Vi
+1972-10-27@ g (MusicBrainz)
-1972-10-28@ g (DBpedia) o

Context Menu

Q

Fusion View

date -
e Je EV_DBpedia

name of label > . Motown@ g (PBpedia)

.Tamlag g (MusicBrainz) * ¢ EV_MusicBrainz

web page - . https://www.discogs.com/master/87446-Stevie-Wol —»

" Graphical View
Talking-Book

artist > - Stevie Wonder (DBpedia) @ §

r (MusicBrain) & §
on (MusicBrainz) ® §
on_(song) (DBpedia) & §

track >
+ Sup:

Figure 10. Resource exploration screen in the Unification View context.

ure 9 illustrates the resource exploration screen, displaying
information about dbr.r1, labeled as “Talking Book™.

On the left side of the resource exploration screen in Figure
9, the current state of dbr:rl is displayed, with information
retrieved from the data graph of the EV_DBpedia. The state
of a resource refers to the current set of properties, values,
and relationships associated with that resource. For object
properties, such as “maker”, the tool allows interactive navi-
gation through the IRI of the referenced object. For instance,
the user can navigate to the artist “Stevie Wonder” (dbr:al),
who made the record dbr:r1. This action displays the state
of the artist “Stevie Wonder” in the context of EV_DBpedia.

On the right side of this same screen, the context menu of
dbr:rl is displayed. This menu lists all contexts in which
dbr:rl can be explored, with the currently active context
highlighted in yellow. The user can pick a new context from
this menu, allowing them to see the entity in a different way.

For example, the user can switch to the context of
the EV MusicBrainz. This action displays the resource
exploration screen of the mbr:a2, the instance of class
svm:Record MB that has a “sameAs” link with dbr:al. If
the user chooses to switch to the unification or fusion view
of aresource 7, the respective state of the canonical resource
of r is displayed, as discussed in Sections 6.2 and 6.3.

6.2 Visualization in Context of Unification
Views

To visualize a resource in the context of a unification view,
the user should first select a generalization class G, and then
choose an instance of the unification view of G.

Consider, for example, can.r1, an instance in unification
view of generalization class mo:Record, shown in Figure
8(a). Figure 10 illustrates the resource exploration screen,
displaying the unification view of resource can:r1, which is
the canonical entity for resources dbr:r1 and mbr:r2.

The unification view is virtual; therefore, the unification
view of can:al is dynamically computed and generated at the
exploration time, as specified in Definition 4.3. As shown
in Figure 10, during the construction of the unification view
of can:al, the tool aggregates all properties from resources
dbr:rl and mbr:r2, presenting the current state of can:al,
and detects discrepancies between the grouped values of the
properties. It also captures the provenance of each value.

It is also possible to change context when exploring a re-
source r in the unification view context. The user can switch
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Figure 11. Resource exploration screen in Fusion View context.

to the context of an exported view that includes a resource
for which r is the canonical entity. Additionally, the user can
switch to the fusion view context of the resource r to display
the state of the fusion view of r, as discussed in Section 6.3.

6.3 Visualization in Context of Fusion Views

To visualize a resource in the context of a fusion view, the
user should first select a generalization class G, and then
choose a canonical resource from the fusion view of G. Con-
sider the resource can:rl shown in Figure 8(b). Figure 11
illustrates the resource exploration screen, displaying infor-
mation for the fusion view of can:rI. The fusion view is vir-
tual; therefore, the state of can:al is dynamically computed
as specified in Definition 4.7.

While exploring a resource in the fusion view context,
the user can choose to switch to one of the other con-
texts listed in the resource’s context menu. The Confex-
tEKG Explorer tool also offers the functionality to browse
external websites, such as those connected via the home-
page property. This feature enhances the user’s ability to ac-
cess further information beyond the immediate scope of the
EKG. Moreover, it facilitates integration with visual RDF
browsers, enabling users to be redirected for visual explo-
ration in tools like GraphDB'!.

7 Conclusions

This paper introduced an innovative data design pattern
(DDP_SV) specifically developed for the construction and
management of the semantic view of an Enterprise Knowl-
edge Graph (EKG). The proposed architecture structures
both data and metadata into a four-level hierarchy of views,
offering a conceptual framework for semantic data manage-
ment and enhanced utilization within EKG systems.

Another key contribution of this work is a novel incremen-
tal methodology to construct the semantic view, grounded in
DDP_SV. This methodology uses a pay-as-you-go strategy,
allowing organizations to incrementally build and maintain
their knowledge graph.

To validate the methodology, we constructed an EKG
for the music domain, referred to as SV _Music. This
knowledge graph integrates music-related data from two
open data sources, with both its data and metadata
graphs made freely available in semantic portal https://
semantic-ekgraphs.github.io/semantic-music/.

https://graphdb.ontotext.com/documentation/10.6/
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In addition, we develop an interactive graphical interface
to facilitate the exploration of semantic resources across mul-
tiple contextual views. This tool enables users to trace the
data lineage of individual resources, offering visibility into
their origins, transformations, and integration processes. By
elucidating these transformational flows, the interface en-
hances users’ ability to manage and interpret semantic data
within the EKG framework.

As future work, we intend to further explore the use of this
framework for constructing semantic vision, exploring new
approaches and techniques, seeking to:

* A practical implementation of the proposed framework
is still required, as well as an empirical validation in-
volving real users;

* We plan to propose a multi-agent approach with large
language models, based in our recently preliminary
study [Rolim et al., 2025], aligned with the conceptual
framework proposed in this paper, to assist in the incre-
mental and interactive construction of semantic views
for EKGs.

* Furthermore, we plan to explore how the semantic view
can support the construction of domain-specific data
mashups for analytical applications, using the seman-
tic view as a navigational and operational guide across
complex enterprise data ecosystems.
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