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Abstract— Supply chain organizations are hitting a
wall with Al (Artificial Intelligence) automation
initiatives because their data is a fragmented mess.
Inconsistent terminology and siloed systems create a
structural bottleneck that kills Al effectiveness before
it can even scale. This study delivers the essential
semantic infrastructure with a specialized ontology
framework specifically designed to bridge these
existing gaps. It transforms Al from a disconnected
tool into a scalable, explainable, and high-performing
asset that actually works across the entire supply
chain network. Utilizing a rigorous Design Science
Research (DSR) approach, this study moves beyond
theory to build a high-functioning solution for real-
world operational failures. By analysing documented
semantic gaps in current supply chains, a domain-
specific ontology was engineered to formalize every
relationship, attribute, and constraint within the
operation. This framework was then stress-tested
through scenario analysis across procurement,
forecasting, inventory management, and logistics to
ensure it demonstrates potential utility and logical
coherence. The results are clear, this ontology
successfully bridges the gap between fragmented
systems, ensuring data remains consistent and
actionable across the entire network. By embedding
logical rules and explicit relationships directly into
the data structure, the framework facilitates
interoperability across heterogeneous platforms. This
doesn't just make systems talk to each other; it
empowers Al to perform complex reasoning and
enhances traceability for every decision made,
ensuring total transparency. This research redefines
the “ontology” as a strategic mandate for Al success
rather than a mere modelling exercise. It proves that
semantic architecture is the primary driver of Al
scalability. For industry leaders, this provides a
structured pathway for harmonizing data definitions
and building a foundation that can support large-
scale, high-stakes Al integration.
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1. Introduction

Background of the Study: Modern supply chains
have evolved from linear and internally managed
systems into highly dynamic, interconnected
networks that span multiple organizations,
countries, and digital platforms [2]. Advances in
digital technologies such as cloud computing, big
data analytics, and the Internet of Things have
enabled organizations to generate and capture vast
amounts of data  across  procurement,
manufacturing, warehousing, transportation, and
distribution activities [4]. In this data-intensive
environment, Artificial Intelligence (AI) has
emerged as a powerful enabler of operational
efficiency and strategic decision-making. Al
applications support improved demand forecasting,
inventory optimization, logistics planning, and real-
time coordination across supply chain partners [6],
[15].

While the potential of Al is widely acknowledged,
the path toward full integration within supply chain
networks remains complex. Many firms invest
heavily in AI technologies but struggle to achieve
seamless implementation across diverse systems
and stakeholders.

Problem Statement: A major challenge in Al
integration arises from the fragmented and
heterogeneous nature of supply chain data.
Information is often distributed across multiple
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enterprise  systems, each wusing different
terminologies, formats, and data structures [5].
These inconsistencies create semantic
misalignment, limiting interoperability  and
reducing the effectiveness of Al models.
Consequently, Al solutions are frequently confined
to isolated functions rather than integrated across
the entire supply chain network.

“Despite advances in Al algorithms, scalable
integration remains constrained by unresolved
semantic fragmentation across supply chain
systems.”

Although prior research has extensively explored
Al-driven optimization and predictive analytics [6],
[15], limited attention has been paid to the
foundational knowledge structures that enable
sustainable Al integration. Organizations often
prioritize  algorithm  development  without
establishing a standardized framework that defines
key supply chain entities, relationships, and
constraints. This conceptual gap restricts scalability
and hinders cross-functional collaboration.

DIGITAL SUPPLY CHAIN

ENVIRONMENT ERP, WMS, TMS, 10T, Cloud Platforms

HETEROGENEOUS DATA Different formats, terms, structures

SEMANTIC FRAGMENTATION Iuﬁqnslstent terminology ( SKU vs Item vs Product),

data d Isolated system logic

decision outputs

PROPOSED SOLUTION

Shared Classes, Relationships, Rules, Constraints
DOMAIN-SPECIFIC ONTOLOGY

I Siloed Al applications, Reduced interoperability, Conflicting

SEMANTIC ALIGNMENT LAYER Embedded operational logic, Cross-functional traceability
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Integrated forecasting, Aligned logistics decisions, Coordinated

SCALABLE & EXPLAINABLE Al Pk .
inventory planning
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Figure 1. Semantic Fragmentation as a Barrier to
Scalable Al Integration

Research Objectives: To bridge this gap, this
study proposes the development of a domain-
specific ontology framework for supply chain
management.

1. Develop a structured ontology tailored to core
supply chain operations.

2. Define key concepts, relationships, and
constraints to enhance semantic clarity and
interoperability.

3. [Illustrate how ontology-driven modeling
supports Al applications in forecasting,
inventory ~ management, and  logistics
coordination through scenario-based
demonstrations.

4. Provide a scalable knowledge representation
structure that facilitates coordinated and
interpretable Al deployment across supply
chain networks.

Significance of the Study: Digital supply chains
rely not only on data availability but also on shared
semantic understanding and system interoperability
[7]. Ontologies can function as a semantic
backbone that enables structured knowledge
representation and supports automated reasoning
[1]. By shifting the focus from isolated Al
implementation toward foundational knowledge
architecture, this study contributes to the
development of more integrated, scalable, and
explainable Al-enabled supply chain systems. For
practitioners, it highlights the importance of
semantic harmonization and governance as
prerequisites for sustainable Al adoption.

2. Literature Review

2.1 Al in Supply Chain Management

Artificial Intelligence (AI) has become an
important driver of innovation in supply chain
management. Machine learning, predictive
analytics, and optimization algorithms are widely
used to improve demand forecasting, inventory
control, supplier evaluation, and transportation
planning [6], [13], [15]. Recent studies further
highlight AI’s contribution to resilience and real-
time decision-making [5], [8], particularly in
volatile and uncertain environments [14].

Empirical evidence suggests that Al enhances
efficiency, responsiveness, and cost performance
when effectively implemented [4]. However, much
of this research concentrates on algorithmic
accuracy and computational performance. It often
assumes the availability of clean, structured, and
interoperable data. In practice, supply chain
information is dispersed across multiple systems
and organizations, leading to fragmentation and
semantic inconsistencies. These foundational data
challenges receive comparatively less attention in
Al-focused supply chain research.



Int. ] Sup. Chain. Mgt

14

Vol. 15, No. 3, June 2026

Data Integration and Interoperability
Challenges

Digital supply chains rely on interconnected
enterprise systems, including ERP, WMS, TMS,
IoT platforms, and partner databases. While cloud
computing and API-based integration improve
system connectivity, they do not automatically
resolve inconsistencies in terminology or data
interpretation [5].

Interoperability involves more than technical
linkage; it  requires  shared  conceptual
understanding. Information systems research
emphasizes that sustainable integration depends on
common data definitions and agreed semantic
structures rather than mere data exchange [7]. For
example, equivalent concepts such as “product,”
“item,” and “SKU” may be treated differently
across systems, creating ambiguity in analytics and
decision outputs.

Technologies such as master data management
(MDM) and data lakes address structural
consolidation but do not formalize domain logic or
contextual relationships [13]. As a result, technical
integration often precedes, but does not guarantee,
semantic alignment. This distinction underscores
the need for structured knowledge representation
mechanisms that explicitly define meaning within
supply chain networks.

Prior research acknowledges integration challenges
[5] but largely addresses technical connectivity
rather than semantic alignment. More recent
information systems research emphasizes that
interoperability ~ requires  shared  conceptual
definitions, not merely shared data formats.

2.2 Ontology and
Representation

Knowledge

Ontology engineering provides a formal method for
representing domain knowledge through defined
classes, attributes, relationships, and constraints
[3],[11],[12]. Ontologies enhance consistency,
interoperability, and machine interpretability across
distributed systems. They have been widely
adopted in healthcare, manufacturing, and semantic
web applications to support data integration and
automated reasoning [10].

Within supply chain research, ontologies have been
applied to logistics modeling, product lifecycle
management, and inter-organizational coordination
[15]. These studies demonstrate improved semantic
clarity and support for intelligent decision systems.
However, most applications treat ontology as a
modeling tool for data exchange rather than as a
foundational infrastructure for Al deployment.

The potential of ontology to systematically
structure Al-driven forecasting, optimization, and
cross-functional coordination remains insufficiently
explored in supply chain contexts.

23 Bridging AI and Ontology in Supply
Chains

Emerging research suggests that Al systems
perform more effectively when supported by
structured and  context-aware  knowledge
representations [9]. Ontologies provide a semantic
backbone that enables consistent interpretation of
data across organizational boundaries and
technological platforms.

Integrating Al with semantic technologies enhances
reasoning transparency and reduces ambiguity in
automated decisions. In complex environments
such as supply chains, where decisions depend on
interconnected constraints and policies, explicit
knowledge structures can improve both scalability
and explainability.

Despite this potential, the literature remains
fragmented. Studies on Al primarily emphasize
predictive performance, while ontology research
focuses on  knowledge  modeling  and
interoperability. Few studies integrate these
perspectives into a coherent framework tailored to
supply chain networks.

24 Identified Research Gap

While prior research clearly highlights how Al
sharpens forecasting and efficiency, it fails to
explain why these tools struggle to scale across
complex, multi-system environments. Most
theories focus on better algorithms or data
availability, but they overlook the real bottleneck:
the lack of a shared language. Without a common
framework for defining data, Al cannot remain
consistent or understandable when moving between
different parts of the business.
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Although ontology engineering offers a robust
method for structured knowledge representation, its
strategic role in enabling scalable and coordinated
Al integration in supply chains remains
underdeveloped. We have limited research
availability that explicitly conceptualizes ontology
as a strategic architectural layer conditioning Al
effectiveness in supply chain systems.

2.5 Positioning of the Present Study

This study addresses the identified gap by
conceptualizing ontology as a foundational enabler
of interoperable and explainable Al deployment
within digitally integrated supply chain networks.
Rather than treating ontology as a supplementary
modeling tool, the study positions it as a strategic
semantic infrastructure that supports scalable Al
integration across supply chain functions. By
synthesizing insights from AI research, digital
supply chain studies, and knowledge representation
literature, the research advances understanding at
the intersection of intelligent systems and semantic
architecture. It further provides organizations with
a structured pathway for achieving coherent,
scalable, and interoperable Al implementation.

2.6 Theoretical
Contribution

Framing and

This study reframes Al scalability as a challenge of
organizing knowledge, not just connecting
software. It argues that a shared data language is a
strategic necessity rather than an optional technical
add-on. Ultimately, it proves that for Al to succeed
long-term, systems don't just need to be linked they
must share the same definitions and understand
data in the exact same way. First, it extends the
knowledge-based view of the firm by
conceptualizing semantic architecture as an
organizational capability that shapes how Al
systems interpret and operationalize data. Rather
than treating data as a neutral resource, the study
positions structured knowledge representation as a
strategic asset that conditions the effectiveness of
advanced analytics.

Second, the research contributes to digital supply
chain  integration  theory by  reframing
interoperability as a semantic challenge rather than
solely a technical connectivity issue. While existing
integration approaches emphasize APIs, cloud
platforms, and data aggregation, this study

highlights that sustainable integration requires
shared conceptual structures that define meaning
across organizational boundaries.

Third, within Design Science Research the
ontology is positioned as a foundational artifact
that structures intelligent decision environments.
The contribution lies not merely in constructing a
domain model, but in demonstrating how semantic
architecture reshapes Al interpretability, cross-
functional coherence, and scalable deployment. By
explicitly linking ontology development to
explainable Al and interoperable operations, the
study provides a theoretical bridge between
knowledge representation and operational decision
systems.

3. Methodologies

3.1 Research Design

This study adopts a Design Science Research
(DSR) approach centered on the development and
evaluation of a domain-specific ontology artifact to
enable Artificial Intelligence (AI) integration in
supply chain management. Design Science is
appropriate where the objective is not hypothesis
testing but the systematic creation of an innovative
artifact that addresses an identified organizational
problem. In this case, the problem concerns
semantic fragmentation and limited interoperability
across supply chain systems, which constrain
scalable Al deployment.

The research followed a structured, multi-stage
design process. First, domain scoping and
conceptual grounding were conducted through
extensive literature synthesis to define the
boundaries and requirements of the ontology.
Second, the ontology artifact was constructed by
identifying core entities, relationships, attributes,
and constraints reflective of real-world supply
chain operations. Third, the artifact was aligned
with representative Al application contexts,
including forecasting, inventory optimization, and
logistics coordination. Finally, the ontology was
evaluated through structured scenario-based
demonstrations to assess its explanatory capacity,
interoperability potential, and practical relevance.
Each phase was iteratively refined to ensure
conceptual coherence and design validity.
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3.2 Materials and Tools Used

The ontology was developed wusing formal
conceptual modeling principles derived from
knowledge representation and ontology engineering
rescarch  [12]. The development process
emphasized hierarchical structuring of domain
concepts, explicit specification of inter-entity
relationships, and formal articulation of operational
constraints. Supply chain components were
organized into classes and sub-classes representing
suppliers, products, facilities, transportation modes,
demand signals, and planning entities.

Attributes such as lead times, service levels,
capacity constraints, safety stock thresholds, and
replenishment parameters were embedded to
capture operational realism. Logical rules were
incorporated to demonstrate inferencing potential,
for example conditions under which inventory
levels trigger replenishment or rerouting decisions.
The methodological focus remained on semantic
rigor, internal consistency, and transferability
rather than on software-specific implementation.
This abstraction enhances adaptability across
heterogeneous enterprise systems and industry
contexts.

This study makes three theoretical contributions.
First, it conceptualizes semantic architecture as an
enabling capability that conditions Al effectiveness
in supply chain systems. Second, it reframes
interoperability as a semantic alignment problem
rather than solely a technical integration issue.
Third, it extends Design Science Research by
demonstrating how  foundational knowledge
artifacts reshape intelligent decision environments.

33 Data Collection

As a design-oriented conceptual study, data
collection relied on systematic secondary source
analysis rather than primary empirical observation.
Peer-reviewed literature from supply chain
management, artificial intelligence, information
systems, and ontology engineering formed the
theoretical foundation. In addition, industry
documentation and digital supply chain reports
were examined to ensure contextual grounding in
contemporary operational practice.

Concept identification proceeded through iterative
extraction and comparison of key domain

constructs. Core supply chain entities such as
suppliers, orders, products, warehouses,
transportation assets, and demand forecasts were
identified across multiple sources. Relationships
among these entities were mapped to reflect
material, informational, and financial flows.
Operational constraints, including lead times,
capacity limits, and policy parameters, were
incorporated to preserve structural realism.
Concepts were refined through cross-source
triangulation to eliminate redundancy and
ambiguity, resulting in a consolidated and
internally coherent domain model.

I Literature Synthesis I
| Domain Concept Extraction I
I Ontology Modeling I

.

I Rule Integration I

.

| ATl Use-Case Mapping I

“

| Scenario Evaluation I

4

| Refined Ontology Framework I

Figure 2. Ontology Development and Evaluation
Workflow

34 Data Analysis

The ontology artifact was evaluated using
established Design Science principles, focusing on
semantic consistency, structural completeness,
interoperability, and practical relevance. Semantic
consistency was verified by ensuring that all
entities, attributes, and relationships were logically
defined and aligned with supply chain theory.
Structural  completeness was  assessed by
confirming coverage of key processes, including
procurement, inventory management, demand
planning, and distribution.

Interoperability was examined by analyzing the
framework’s ability to harmonize heterogeneous
data and support Al systems across organizational
boundaries. Embedded logical rules were reviewed
to determine whether they enable automated
reasoning and decision support. The ontology-
driven approach was also conceptually compared
with conventional Al models that rely mainly on
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data aggregation without explicit semantic
structure, highlighting differences in
interpretability, scalability, and cross-functional
alignment.

To strengthen rigor, the evaluation followed
predefined criteria: (1) semantic alignment, (2)
cross-functional data coherence, (3) inferential rule
traceability, and (4) interpretability enhancement.
Each demonstration required explicit mapping
between Al outputs and ontological constructs to
ensure traceability and analytical transparency.

This study does mnot involve real-world
implementation or empirical testing. Instead, it
evaluates the proposed artifact in advance using a
Design Science approach, focusing on its internal
coherence, structural completeness, and
explanatory clarity. The aim is to establish a solid
theoretical and architectural foundation that can
guide and support future empirical validation in
practical settings.

35 Reliability and Replicability

Reliability was strengthened through iterative
refinement and transparent documentation of each
design stage. Concept extraction, classification,
relationship mapping, and rule formulation were
conducted sequentially and revisited multiple times
to ensure logical integrity and domain accuracy.
Structured scenario demonstrations simulating
procurement flows, warehouse operations, and
distribution coordination were used to test the
ontology’s applicability under realistic operational
conditions.

Replicability is supported by the explicit
articulation of development steps, clearly defined
constructs, and literature-grounded definitions.
Because the methodology follows a systematic
progression from domain scoping to artifact
evaluation, other researchers can reproduce the
process in alternative industries or extend the
ontology to specialized supply chain contexts. By
adhering to established Design Science principles
of artifact creation, evaluation, and documentation,
the study ensures methodological transparency and
scholarly rigor.

3.6 Scope and Boundary Conditions

The proposed ontology framework is designed for
digitally enabled supply chains operating across
multiple interconnected systems. Its value is most
pronounced in environments characterized by
heterogeneous  enterprise  platforms,  cross-
functional coordination complexity, and multi-
partner data exchange. In highly centralized
systems with uniform data standards, the marginal
benefit may be comparatively lower.

The framework assumes a baseline level of digital
maturity, including structured data capture and
system interoperability capabilities. In
organizations with predominantly manual processes
or minimal data governance, preliminary digital
standardization may be required before ontology-
driven integration becomes effective. These
boundary conditions clarify that the artifact is most
impactful in medium-to-large supply chain
networks pursuing scalable AI deployment rather
than isolated automation initiatives.

4. Results
4.1 Improvement in Semantic
Consistency

Consistent with the evaluation criteria of semantic
consistency defined in Section 3, the application of
the ontology framework cconceptually
demonstrated improved semantic alignment within
the structured scenario analysis. Prior to
implementation, equivalent operational concepts
were represented inconsistently across
procurement, inventory, and logistics systems.
Terms such as “item,” “product,” and “SKU” were
used interchangeably yet stored as distinct entities,
creating ambiguity and increasing the risk of
misinterpretation across Al modules.

The ontology framework consolidated these
representations into a unified class hierarchy with
explicitly defined attributes and relationships. This
harmonization established a shared vocabulary
across functional domains and reduced semantic
redundancy. As a result, data exchanged between
forecasting, warehouse management, and supplier
coordination modules operated on standardized
conceptual definitions. From an operational
perspective, this consistency enhanced the
reliability of Al-driven outputs by ensuring that
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predictive and optimization models referenced
structurally aligned inputs. The finding reinforces
the proposition that semantic structuring is
foundational to scalable Al integration in complex
supply chain networks.

4.2 Enhanced
Functions

Interoperability  Across

Evaluation of interoperability potential revealed
that the ontology functioned effectively as a shared
semantic layer linking procurement, inventory
management, and logistics planning processes.
Rather than operating as isolated analytical
systems, Al applications were conceptually
anchored within a unified domain structure.

For example, Al-generated demand forecasts were
explicitly connected to inventory control policies,
supplier lead-time parameters, and warchouse
capacity constraints through predefined ontological
relationships. This structural integration reduced
discrepancies that previously arose when systems
interpreted operational parameters independently.
Decision outputs across functional units exhibited
improved coherence, supporting synchronized
planning and execution. From a practitioner
standpoint, this interoperability reduces
coordination friction and mitigates the risk of
conflicting system recommendations. The results
therefore validate the framework’s capacity to
facilitate cross-functional alignment in digitally
integrated supply chains.

Figure 3 framework illustrates how establishing
shared definitions across procurement, inventory,
and logistics systems creates consistent data
interpretation. This alignment allows Al tools to
generate coordinated and transparent
recommendations, improving forecasting accuracy,
replenishment decisions, and logistics planning
while reducing cross-functional conflicts.

Create a Shared Supply Chain Vocabulary
(Common definitions for item, SKU, lead time, safety stock, capacity)

Connect Procurement, Inventory, and Logistics Data
(Align systems so they interpret data the same way)

Enable Smarter AT Decisions
(Forecasting, replenishment, routing based on consistent inputs)

Improve Operational Outcomes

« Fewer data conflicts « Better replenishment timing

» Coordinated logistics planning « Clear explanation of Al
recommendations

~J ___J ___J __J

€<€E€LC

Figure 3. Shared Data Structure Enabling Reliable
Al Decisions Across the Supply Chain

Table 1 below represents an illustrative excerpt of
the ontology structure to demonstrate how entities,
attributes, relationships, and logical rules are
formally articulated. This structured representation
enables Al systems to operate within explicitly
defined operational constraints rather than relying
solely on numerical inputs. The example highlights
how semantic structuring supports inferential
reasoning and traceability.

Table 1. [llustration of Supply Chain Ontology

Structure
Ontology | Key Relationships | Example
Class Attributes Logical Rule
Product SKU ID, Supplied By — | If Demand
Demand Supplier Rate 1 AND
Rate, Unit Stored In — Lead Time >
Cost Warehouse Threshold —
Increase
Safety Stock
Supplier Lead Time, | Supplies — If Reliability
Reliability | Product Score | AND
Score Demand
Variability 1
— Flag Risk
Inventory | On Hand Belongs To — | If On Hand
Item Level, Product Level < Safety
Safety Located At — | Stock —
Stock Warehouse Trigger
Replenishment
Warehouse | Capacity Stores — If Capacity
Limit, Inventory Item | Limit Reached
Handling — Restrict
Rate Replenishment
4.3 Strengthening of Al Model

Interpretability

The evaluation further indicated improvements in
Al model interpretability, addressing a critical
concern in Al-enabled supply chain environments.
By embedding forecasting and optimization models
within a clearly defined semantic architecture, each
system output could be traced to specific classes,
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attributes, and logical relationships within the
ontology.

When increased demand was predicted, for
instance, the resulting inventory recommendations
were directly linked to formally defined safety
stock levels, lead-time parameters, and
replenishment rules. This traceability enabled
managers to follow the reasoning pathway from
prediction to operational action. Beyond technical
performance, the structured semantic layer
enhanced managerial confidence in Al outputs by
making decision logic transparent and auditable.
The finding suggests that ontology integration
contributes not only to interoperability but also to
explainability, thereby addressing the “black box”
perception often associated with advanced
analytics.

4.4 Operational Impact on Inventory and
Replenishment Logic

The ontology-driven framework demonstrated
particular  effectiveness in  inventory and
replenishment management through its embedded
reasoning capabilities. Logical rules encoded
within  the ontology enabled automated
identification of operational risk conditions. For
example, when inventory levels fell below
predefined safety thresholds while supplier lead
times exceeded historical norms, the system
generated structured replenishment
recommendations.

Unlike conventional Al implementations that rely
primarily on isolated numerical triggers, the
ontology-based approach incorporated contextual
relationships among demand variability, supplier
performance, and storage capacity. This integrated
reasoning  capability = supported  proactive
intervention rather than reactive correction. In
practical terms, such structured logic enhances
decision coherence and reduces the likelihood of
fragmented responses across planning functions.
The results therefore provide evidence of the
framework’s ability to embed operational
intelligence  within a semantically unified
environment.

4.5 Support for Logistics Coordination

Within the logistics scenario, the ontology
framework contributed to improved coordination

by standardizing definitions of transportation
modes, routing constraints, and warehouse
handling capacities. Optimization algorithms
operated using explicitly defined parameters,
minimizing inconsistencies that previously resulted
from divergent data interpretations.

Because routing decisions referenced the same
semantic structure as inventory and capacity data,
transportation planning became more closely
aligned with warehouse availability and delivery
timelines. This alignment reduced the risk of
scheduling conflicts and improved the logical
continuity of material flows across the distribution
network. For practitioners, this suggests that
semantic integration can enhance the effectiveness
of optimization tools by ensuring that operational
constraints are uniformly interpreted across
systems.

4.6 An additional emergent benefit:
Increased Decision Transparency

An unanticipated yet significant outcome of the
evaluation was the extent to which the ontology
framework enhanced decision transparency. While
the primary objective centered on semantic
alignment and Al integration, the structured
representation of knowledge also clarified the
pathways through which recommendations were
generated.

Each Al-driven output could be traced through
explicitly defined relationships and logical rules,
enabling clearer explanation and auditability. This
feature directly addresses managerial concerns
regarding the opacity of algorithmic decision-
making. By bridging the gap between technical
analytics and operational interpretation, the
ontology layer made Al outputs more accessible to
non-technical stakeholders. The finding highlights
an additional dimension of value: ontology-based
systems may simultaneously strengthen technical
integration and organizational trust.

4.7 Overall Framework Effectiveness

Across the simulated case environment, the
ontology-driven framework demonstrated
consistent positive effects along four core
evaluation dimensions:
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1. The evaluation indicates that semantic
ambiguity functions as a structural bottleneck
to Al scalability. By formalizing domain
constructs, the ontology removes this
bottleneck at the architectural level

2. Cross-functional interoperability

3. Logical reasoning capability

4. Decision transparency

Although the case study was illustrative rather than
statistically ~ quantified, improvements were
observed across procurement, inventory, and
logistics functions in a coherent and mutually
reinforcing manner. The artifact did not merely
reorganize data structures; it established a shared
semantic foundation that enabled Al systems to
operate within an integrated and interpretable
decision environment.

Collectively, these results provide conceptual and
practical support for the proposed ontology-based
approach. They underscore the importance of
structured knowledge representation as a strategic
enabler of scalable, interoperable, and managerially
transparent Al adoption within supply chain
networks.

5. Conclusion and
Recommendations
5.1 Implications for Practice

The findings indicate that successful Al integration
in supply chains depends not only on advanced
algorithms but on a well-defined semantic
foundation. Organizations often focus on predictive
accuracy and computational capability, yet without
consistent data  definitions and structured
relationships, Al  systems operate  within
fragmented environments. Establishing a domain-
specific ontology enables firms to standardize
entities, align processes, and create a shared
conceptual  framework across  procurement,
inventory, and logistics functions.

From a practical perspective, semantic modeling
should be embedded early in digital transformation
initiatives rather than treated as a corrective step
after system integration. A structured knowledge
architecture improves cross-functional
coordination, reduces ambiguity in data
interpretation, and enhances transparency in Al-
driven decisions. It also supports collaboration

among supply chain partners by ensuring consistent
terminology and shared understanding. For
managers seeking scalable and explainable Al
solutions, semantic governance should be
considered a strategic capability that underpins
long-term digital maturity.

For implementation, organizations may consider a
phased approach. The first phase involves semantic
auditing to identify inconsistencies in terminology,
data definitions, and process representations. The
second phase focuses on ontology modeling, where
core entities, attributes, and relationships are
formally defined with cross-functional stakeholder
involvement. The third phase entails pilot
integration with selected Al applications, such as
demand forecasting or replenishment planning, to
validate semantic alignment. Finally, governance
mechanisms must be established to maintain,
update, and oversee ontology evolution as
operational conditions change.

Successful  implementation  requires  cross-
functional collaboration between supply chain
experts, data engineers, and Al specialists.
Assigning clear ownership of semantic governance
often within digital transformation or data
governance units is critical for long-term
sustainability.

5.2 Implications for Research

This study extends existing research by shifting
attention from algorithm performance to the
knowledge structures that enable Al to function
effectively within supply chain systems. While
prior work has emphasized optimization techniques
and predictive models, this research highlights the
foundational role of semantic architecture in
shaping interoperability, reasoning capability, and
interpretability.

The study contributes to the intersection of Design
Science Research and supply chain digitalization
by conceptualizing ontology as a core artifact that
structures intelligent decision environments. It also
enriches the discourse on explainable Al by
demonstrating how formal knowledge
representation  enhances  transparency  and
managerial understanding. By integrating insights
from supply chain management, artificial
intelligence, and ontology engineering, the research
frames Al adoption as an architectural
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transformation of organizational knowledge rather
than a purely technological upgrade.

5.3 Limitations

This research is conceptual and design-oriented,
supported by scenario-based evaluation rather than
large-scale empirical testing. Although the findings
provide structured evidence of framework
effectiveness, quantitative validation across diverse
industries ~ remains  necessary. Real-world
implementation may reveal operational
complexities related to integration costs, change
management, or system scalability. The evaluation
relies on structured simulation rather than live
organizational deployment.

Furthermore, supply chains differ in structure,
regulatory conditions, and technological readiness.
The proposed ontology serves as a generalized
framework that may require adaptation to industry-
specific contexts. Finally, as Al technologies and
digital platforms continue to evolve, semantic
frameworks will require ongoing refinement to
remain aligned with emerging tools and data
environments.

Additionally, ontology development requires
organizational commitment, domain expertise, and
governance coordination. Initial modeling efforts
may demand time and specialized knowledge in
both supply chain processes and knowledge
representation principles. Firms lacking internal
capabilities may need external expertise, which
introduces resource considerations. However, these
upfront investments should be evaluated against
long-term  benefits related to  scalability,

interpretability, and reduced integration
redundancy.
5.4 Future Research Directions

Future studies should empirically evaluate
ontology-driven Al implementations through case
analyses, pilot projects, and comparative
performance assessments. Measuring impacts on
forecasting accuracy, inventory efficiency, service
performance, and logistics coordination would
strengthen evidence of operational value.
Comparative research between ontology-based
integration and conventional data harmonization
approaches would further clarify practical
advantages.

Additional inquiry is needed into governance
mechanisms that sustain semantic consistency in
dynamic supply chain environments. As networks
evolve, maintaining alignment between knowledge
structures and operational processes becomes
increasingly important. Exploring the integration of
ontology frameworks with digital twins, blockchain
systems, and autonomous decision-support
technologies also presents promising opportunities.
Research examining how structured knowledge
architectures contribute to sustainability, resilience,
and risk management [8] would further expand the
relevance of this work.

55 Conclusion

This study demonstrates that effective Al
integration in supply chain networks requires more
than sophisticated analytics; it requires a coherent
semantic architecture that structures how data,
processes, and decisions interrelate. By proposing
and evaluating a domain-specific ontology
framework, the research addresses a critical yet
underexplored dimension of supply chain digital
transformation.

By elevating semantic architecture to a strategic
design priority, organizations can transform Al
from isolated analytical tools into integrated
decision infrastructures. The study demonstrates
that structured knowledge representation is not a
peripheral  technical  enhancement but a
foundational mechanism for building resilient,
transparent, and scalable supply chain ecosystems.
As digital complexity intensifies, competitive
advantage will increasingly depend on how
effectively firms architect the meaning that
underlies their intelligent systems.
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