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Abstract

Strategic logistics planning is used by management to define action plans that will enable
organizations to always make decisions that are in the organization’s best interests. They
are based on a knowledge repository of business experiences, which is usually represented
by a centralized, organized, and searchable digital system where organizations store and
manage critical institutional knowledge. Thus, an institutional knowledge base provides
sustainability, making the experiences readily available while keeping them well organized.
In this research, the experiences of logistics experts from selected scholarly designs for
six-sigma business improvement projects have been collected, classified, and organized to
form a logistics knowledge management system. Although originally meant to facilitate
current and future decisions in strategic logistics planning of the cooperating companies, it
is also used in logistics education to introduce knowledge-based engineering principles to
enterprise strategic planning, based on continuous improvement of quality-related product
or process performance indicators. The main goal of this article is to highlight the benefits
of knowledge-based engineering over the established ontological logistics knowledge base
in smart production, based on the predisposition that ontological institutional knowledge
base management is more efficient, adaptable, and sustainable.

Keywords: logistics; knowledge-based engineering; ontology; sustainable

1. Introduction

In the dynamic and modern business environment, the greening of supply chains
has emerged as a key priority for organizations striving to foster sustainability and op-
erational efficiency. This acceleration towards sustainability is supported by strategic
logistics planning, integrating decision-making frameworks with organizational objectives
and environmental stewardship [1,2]. Sustainability transformations are crucial, as global
supply chains face severe pressures from regulatory demands, consumer expectations for
environmental practices, and the need to adapt to unpredictable disruptions [3]. Thus, or-
ganizations are required to rethink existing logistics approaches to align their sustainability
and competitiveness agendas in a globalized economy. This dual focus on greening, on the
one hand, increases efficiency, while on the other hand, underscores the urgency of devel-
oping innovative strategies that can address both economic and ecological imperatives in
an increasingly interconnected global economy:.

Strategic planning seeks to acquire a company’s success and competitive positioning,
necessitating robust frameworks to guide logistics operations [4]. These operations are
often represented in information systems via logistics models, outlining the interplay of
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activities, organizations, transportation methods, goods, and services involved in logistics
processes. However, a significant drawback of many current models is their lack of formal
semantics, impeding automated data integration across organizational boundaries [5].
This lack of standardization often results in fragmented data ecosystems, intensifying
real-time decision-making and coordination among supply chain partners [6]. Strategic
logistics planning addresses these challenges by establishing action plans that empower
management to make informed decisions aligned with organizational interests. Such an
organized repository of business experiences from the institutional knowledge base en-
hances decision-making by leveraging past insights [7]. Thus, the institutional knowledge
base of experiences, which have been accumulated over years of operational practice,
serves as a critical asset for identifying best practices and avoiding past pitfalls [8]. By tap-
ping into this knowledge base, companies can embed sustainability into their logistics
strategies, ensuring environmental considerations are prioritized alongside operational
efficiency. Such an approach also mitigates risks associated with supply chain disrup-
tions, a growing concern in volatile markets [9]. Addressing these challenges requires
innovative approaches to business model design that prioritize flexibility and scalability to
meet evolving industry demands [10]. Enhancing logistics models using an institutional
knowledge base could unlock significant competitive advantages by streamlining processes,
reducing waste, and improving responsiveness across global networks [11]. By leveraging
this knowledge base, companies can ensure that sustainability is seamlessly integrated into
their logistics strategies. Yet, the limitations of current models, such as their lack of formal
semantics, highlight the need for advanced ontological approaches that standardize and
enrich logistics knowledge bases, enabling seamless interoperability [12].

An ontology seeks to formalize a language and definitions for domain-related commu-
nications, thus enhancing the sharing of meaning across relevant stakeholders. According
to [13], a strategic ontology for enterprises is no exception, as it provides a structured lens
through which complex logistics interactions can be understood and optimized. Identifying
patterns in business-level typologies advances the ontology by informing strategy direction
within competitive environments. These ontologies not only improve data sharing, but also
foster sustainable supply chain practices by aligning resource allocation considering envi-
ronmental goals [14]. Usually, when processing knowledge bases, the knowledge-based
engineering (KBE) approach is used, which integrates knowledge bases into engineer-
ing processes to automate, optimize, and enhance design, planning, or operational tasks.
KBE formalizes knowledge into reusable models, reducing time and errors in complex
applications, which is valuable when decisions need to be fast, repeatable, and informed
by deep expertise [15]. Furthermore, integrating these knowledge bases with emerging
technologies, such as artificial intelligence, can optimize decision-making and enhance
resilience in increasingly complex global networks [16]. This digital transformation is
crucial for adapting to disruptions, as evidenced by the growing adoption of artificial
intelligence-driven predictive analytics in logistics [17].

The convergence of ontology and technology also enables proactive risk manage-
ment, allowing firms to anticipate and respond to challenges before they emerge or even
escalate [18]. Such advancements, using ontology foster a more cohesive and adaptive
logistics ecosystem, capable of meeting both operational and sustainability demands while
paving the way for long-term organizational success. Furthermore, these improvements
can position companies to evolve in market dynamics, contribute to a more sustainable
global supply chain landscape, and set a foundation for future research into scalable,
knowledge-driven logistics solutions.

To demonstrate the usefulness of knowledge bases and knowledge-based engineering,
we have carried out research, categorizing and structuring logistics experts” experiences
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into an ontological logistics knowledge base. This ontological approach integrates insights
derived from design for six sigma business improvement projects, forming a coherent
framework that enhances decision-making for both present and future strategic logis-
tics planning, which can be further integrated into green and sustainable supply chain
management-related courses.

The paper introduces various examples regarding the usage of the established ontological
logistics knowledge base for knowledge management in companies. Experts, analysts, and
managers share insights on how this organized framework improves their ability to address
complex logistics challenges, including sustainability agendas, such as the following:

e Expert Insights: Experts can quickly retrieve case studies or best practices related to
sustainable logistics initiatives, streamlining their research and application efforts.

*  Analytical Perspectives: Analysts can utilize the knowledge base to run simula-
tions and predict outcomes based on historical data, allowing for data-driven strate-
gic planning.

*  Managerial Applications: Managers can easily access strategic recommendations that
align with sustainability goals, ensuring that their decisions are informed by collective
experiences and proven methodologies.

This paper is organized into four sections. Research Placement discloses relevant
research topics and gaps, using Leximancer software. The Methods and Tools section intro-
duces the domain-specific and cross-domain methodologies used in the conceptualization
of the proposed approach. In the Results section, an illustrative use case is given, followed
by a Discussion, providing an in-depth interpretation of the findings. The Conclusions
section summarizes the key insights and takeaways from the study.

2. Research Placement

For an in-depth overview of current research on the topic of sustainable supply chain
management and a better understanding of the importance and identification of potential
gaps, we conducted an additional analysis of existing published research. In the first
step, we conducted several search queries in the two most expansive and scientifically
supported databases, Web of Science (WoS) by Clarivate and Scopus by Elsevier, with the
initial searches conducted on the 26th and 27th of November 2024, respectively. In both
databases, three search queries were carried out, with additional limitations focusing only
on publications published from 2019 to the date of search, written in English, and being an
article, review article, or book. Following the initial settings, additional screening further
reduced the number of identified papers, with the first screening focusing on the paper’s
title and abstract, and the second on the entirety of the paper’s content and its contextual
semblance on the searched keywords. The results of each search and the two screenings
can be observed in Table 1.

Following the merging of the identified papers from each search query and database,
we ended up with a collection of 242 papers. The next step was using Leximancer software
to conduct a contextual analysis. Leximancer is a software designed to analyze large
collections of textual documents and graphically visualize the results based on users’ inputs.
The software builds high-level concepts and themes through rigorous statistical techniques
and applies both neural and contextual semantics between identified words. By creating a
concept map, the software visualizes intricate connections and inter-dependencies between
concepts, which the user can interpret [19]. Using Leximancer, we constructed a concept
map with five distinct themes, represented as circular shapes with different color schemes
(see Figure 1). In this representation, brighter colors (e.g., red) represent themes of higher
importance in the analysis, whereas colder ones (e.g., dark blue) represent themes of lower
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importance [20]. The most prominent theme identified was knowledge base, followed by
ontology, entity, rules, and supply chain.

Table 1. Cross-referencing research topics.

Database Search Que No. of Hits 1st Screenin 2nd Screenin
ry 8 8
Scopus ontolog;/y AND “six 51gr’r’1a AND 59 49 35
knowledge base
“ontology” AND “six sigma” AND
Scopus “knowledge-based engineering” 1 ? 7
Scopus ontology” AND “Knowledge base 8443 4738 171
AND “engineering
WoS ontolog”y AND “six sigma AND 3 1 1
knowledge base
WoS Sntology AND “six sigma .Al\’T’D 1 1 1
knowledge-based engineering
WoS ontology” AND “Knowledge base 1457 649 74
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Figure 1. Concept mapping.

As observed in the concept map, all themes overlap significantly, indicating a strong
interconnection in contextual backgrounds. This overlap reflects that the analyzed publi-
cations address several intersecting research areas. Some concepts were included under
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multiple themes to interpret the results better and capture the thematic interrelations. A
deeper insight into the theme knowledge base identified 31 concepts within the theme,
which could be grouped into three distinct concept clusters. The first and most prominent

”oou ”ou

concept cluster consists of “data mining”, “data”, “information”, “system”, “process”,

“machine learning”, “algorithm”, and “decision making”, indicating that the research is
focusing on the development of methods that enable collection and processing of large data
volumes in datasets and databases through the usage of machine learning, data mining, and
semantic approaches in structured knowledge systems [21] and finally evaluate the quality
of the data [22]. The second concept cluster centered around “design for six-sigma”, “de-
sign”, “product”, “engineering”, “manufacturing”, “process”, “planning”, and “human”,
suggesting research into applying knowledge bases to improve industrial processes [23], in-
volving optimizing and enhancing system processes by implementing design for six-sigma
principles supported by structured knowledge systems [24]. The third cluster included the
concepts “knowledge base”, “semantic”, “graph”, “representation”, “intelligence”, “reason-
ing”, and “structure”, aligning with the development of knowledge graphs, semantic webs,
and Al-powered decision systems, designed to enable predictive analytics, automation,
and self-learning capabilities, which can offer solutions for structured data representation
and intelligent decision-making [25].

The second most prominent theme was ontology, for which two concept clusters

v

were identified, with the first one encompassing concepts “ontology”, “ontologies”, “do-
main”, “intelligence”, and “domain”. The cluster focuses on research into developing
domain-specific ontologies [26] for predetermined industry sectors and research fields.
Such ontologies, in turn, provide standardized domain knowledge, forming the foundation
for Al systems [27], reasoning frameworks, and interoperable structures, which can enable
improved communications across systems [28] and among stakeholders within specific

V77

domains [29]. The second cluster consisted of “software”, “development”, “sustainable
development”, “framework”, “construction”, “applications”, “safety”, and “support”,
indicating research into the development of both sustainable and adaptable ontology frame-
works [30]. Sustainable frameworks, in particular, prioritize and help achieve resource
efficiency, safety, and usability, while supporting practical software applications, enhancing
safety and risk management in existing systems [31], ensuring their reliability, and promot-
ing collaboration and knowledge sharing through advanced tools or frameworks [32].
The third most prominent theme was entity, where the concept cluster included the

v ”ou v Zanr v

concepts “entity”, “relations”, “extraction”, “language”, “text”,

”oou

classification”, “graph”,
and “type”. The concepts reflect research into developing methods for extracting entities
and defining relationship between them, with an emphasis on using natural language
processing technologies (NLP). The NLP technologies can parse, analyze, and interpret
human language, enabling the extraction of meaningful structures from unstructured
text [33] and help with building knowledge bases [34]. Another research focus which could
be identified was the classification and structuring of entities, involving assigning categories
and types to better represent entities in more structured formats such as graphs [35]. The
indices towards such development can be observed in the concept and theme overlaps,
which indicates the development of knowledge graph modeling, which improves the
structuring of extracted entities into relational models for use in either decision-making or
analytical activities [36].

The fourth theme was rules, where the concept cluster consisted of concepts “rules”,
“concepts”, “web”, “query”, “terms”, “intelligence”, “education”, and “reasoning”.
The concepts suggest research oriented towards rule-based knowledge representation
and reasoning. Incorporating formalized rules and concepts to infer new knowledge into
systems can establish supporting decision-making processes or automation of reasoning
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tasks [37]. Another identified focus is the development of intuitive and intelligent query
mechanisms for accessing structured knowledge in either web-based or semantic envi-
ronments. Such query mechanisms aim to improve both user interaction with complex
knowledge systems and enable efficient retrieval of relevant information [38].

The least prominent theme was supply chain, which included concepts “supply
chain”, “industry”, “management”, “risk”, “technology”, and “management”. The supply
chain theme overlaps with the ontology theme, suggesting a research focus on integrating
semantics into the existing supply chain systems. Such an integration aims to enhance real-
time tracking and decision-making in supply chain networks [39], through the utilization
of tools for evaluation and ontology-driven metrics. Additional indices include research
into the ontology-based platform development, which is needed for scenario modeling and
risk mitigation, which, in turn, both improve the resilience and efficiency within supply
chains [40].

The Leximancer analysis highlights a significant research focus on the selected key-
words and their associated areas. The concept map generated from this analysis illustrates
the strong interconnections among themes, concepts, and keywords, suggesting a parallel
research relationship characterized by knowledge sharing and collaborative development.
The findings reveal that ontology, knowledge bases, engineering, and six sigma are inter-
related and mutually dependent in ongoing research efforts, with advancements in one
domain influencing progress in the others.

3. Materials and Methods

The herein applied research methods can be categorized as qualitative research based
on case studies. By their nature, descriptive and analytical research methods are combined
to synthesize the various concepts and formalize them to form an ontology. By its purpose,
this research falls both into fundamental and applied research methodologies, since on
the one hand, a conceptualization is completed, whilst on the other, concrete use cases
are investigated. However, since this research is conducted on preexisting concepts and
data, it can be qualified as secondary research. To fulfill its purpose as a conclusive study,
the main research question to be answered here is to prove the predisposition of the original
fundamental research, stating that “ontological institutional knowledge base management
is more efficient, adaptable, and sustainable”.

3.1. Methods

Strategic logistics planning entails formulating approaches and structured activities
that guide organizations toward fulfilling their objectives. This strategic planning process
enables management to establish coherent action plans, ensuring that decision-making
consistently aligns with organizational priorities and interests. Such planning frameworks
are fundamentally rooted in the concept of institutional knowledge.

Institutional knowledge is typically governed via business intelligence (BI) methods,
encompassing a range of strategies and technologies for analyzing and systematically
managing business data and information. In conjunction with business analytics (BA) and
knowledge-based engineering (KBE) approaches [41], these methods support the develop-
ment of informed decisions aimed at sustaining or enhancing organizational performance
and competitive positioning in the market.

Although institutional knowledge often originates from the expertise of individuals, it
is advisable to preserve this knowledge in a structured and enduring format. Standard prac-
tice involves capturing such knowledge through business improvement projects. However,
this approach can become inefficient over time for two key reasons:

1. It tends to grow considerably over time and become scattered;



Sustainability 2025, 17, 6820

7 of 16

2. With the growth of the archive in size and complexity, the time it takes to find
information on a particular project may grow exponentially.

From the BI perspective, these challenges highlight the need for more advanced and
structured approaches to institutional knowledge management. As data storage technolo-
gies have developed from traditional databases to data warehouses and subsequently to
cloud-based architectures, the logical progression also includes migrating and transform-
ing the organizational knowledge bases. In the course of this, in [42], a semantic web
approach to managing business experiences and supporting online analytical processing
(OLAP) technologies has been proposed.

The need to capture, manage, and utilize design knowledge and automate decision-
making processes unique to a manufacturer’s product development has led to the intro-
duction of KBE into smart production. KBE comprises a number of intertwined meth-
ods that systematically address the common institutional knowledge base to achieve
planned results:

e  Computer-aided project management (PS);

e Computer-aided design (CAD), production (CAM), and robotics (CIM);
e  Computer simulation modeling and analysis (SMA);

e  Computer-aided detailed production planning (MPS/MRP).

Within this research, they have been systematically integrated into the ontological
knowledge base (KB) of the logistics knowledge management system (LKMS). Acting as a
primary source of information in business improvement projects, the goal was to build an
expert system that would support the different levels of management in their decisions.

Aligned with the principles of KBE and design for six sigma (DFSS) [43], the knowledge
management lifecycle within the LKMS is structured around the iterative application of
Deming’s OPDSA (Observe-Plan-Do-Study—Act) cycle [44]. This framework enables
systematic learning and continuous improvement through the following stages:

1.  Detection of deviations from the intended state within manufacturing processes,
typically arising from inadequately defined products or processes.

2. Documentation of the observed experience, emphasizing its distinctive characteristics.

3. Executing root cause analysis based on the identified symptoms to formulate a tar-
geted corrective or preventive strategy.

4.  Integrating analytical insights into the institutional knowledge base, formalizing the
experience for future reference and reuse.

As deduced from this experience lifecycle, the integrated application of the afore-
mentioned methods yields actionable outcomes, facilitating systematic and controlled
organizational change in alignment with DFSS business improvement strategies. Their
consequences are again analyzed to determine possible further improvements, hereby
closing the PDCA (Plan-Do-Check—Act) circle of continuous improvement. Since these
findings enrich the organization’s institutional knowledge, they are again included in its
common knowledge base.

Hence, according to SCOR [45], KBE represents integrating continuous improvement
principles into strategic enterprise planning, guided by quality- oriented performance
indicators related to products or processes.

3.2. Tools

Companies generate large amounts of data on every front. Whether it is internal
knowledge, materials specifications, manuals, or business process data, the amount of
information is huge. The challenge that comes with it is to collect, store, and make it easily
accessible to a wider audience. That is where knowledge management tools are used. These
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tools help businesses collect and manage information among employees and customers.
Storing and organizing knowledge helps the organization improve processes, workflows,
and, in the long run, make better business decisions. Sharing knowledge with customers,
on the other hand, provides them with customer self-service. There are many knowledge
management tools to choose from—from knowledge bases and wikis to learning and
knowledge management software tools. They are described and compared in detail in [46].
For managing tactical and operational business process-related data, Enterprise Resource
Planning (ERP) systems are being used. In combination with Business Intelligence (BI)
and modern Supply Chain Management (SCM) tools, they provide a framework for smart
production; however, strategic decision-making supporting KBE’s knowledge management
lifecycle is essential. It provides for the reuse of past experiences gained by business
improvement projects for business optimization.

The methods in the previous section address strategic logistics planning from differ-
ent perspectives and levels of decision-making, supporting the knowledge management
lifecycle of KBE. By the logistics knowledge management system (LKMS), an expert system
has been defined, which utilizes experience-based strategic logistics planning for business
improvement on the principles of KBE [42].

The LKMS’s KB represents institutional knowledge, being managed in the form of
an ontology [47] of business improvement experiences [48]. As indicated in Figure 2, it is
composed of three distinct types of artifacts: entities, attributes, and relations. Properties,
represented by attributes, have a specific type and value. Relations, on the other hand,
introduce links to other entities, representing their associations. On the other hand, English
controlled natural language (ECNL), based on predicate logic with facts and rules, can
be used interchangeably [42]. Such a context-based KB organization eases the retrieval of
information from the KB while keeping it compact and well-organized.
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Two ontology management tools, namely Stanford’s Protege (https:/ /protege.stanford.
edu/ (accessed on 24 July 2025)) and Cognitum’s Fluent Editor (www.cognitum.eu/
semantics/FluentEditor/ (accessed on 24 July 2025)), have been used by domain experts
and analysts to construct, access, maintain, and retrieve information from the LKMS. Apart
from accessing the LKMS’s KB directly via the aforementioned ontology management
tools, they can be made accessible via a knowledge base server through a semantic web
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service, like Apache Jena’s Fuseki (https://jena.apache.org/ (accessed on 24 July 2025))
server, or via online analytic processing (OLAP) [49] tools (e.g., using Cognitum’s Python,
R-language plug-ins).

4. Results

The proposed logistics knowledge management system (LKMS) represents an expert
system for collecting, cataloging, and retrieving business process design experiences that
are stored in its knowledge base.

While the system can store a wide range of information, its most crucial content con-
sists of context-aware business improvement experiences. These entries serve as essential
resources for addressing specific operational challenges related to production efficiency,
contingency planning, and sustainability. They embody institutional knowledge ana-
lysts, experts, and managers, who are drawn upon during organizational decision-making
processes via the enterprise LKMS.

Our LKMS builds on a catalog of experiences from multiple DFSS business improve-
ment projects (see Appendix A) and is primarily meant for study purposes. The collected
experiences are represented as entities that can be retrieved and combined in various
ways. Each experience in LKMS KB is represented by the symptoms, assessment methods,
and action plans (see Figure 2). Action plans can be layered across different levels of
decision-making. Experiences can be grouped into DFSS projects where, according to DFSS,
diverse experiences address the distinct phases of business improvement projects.

There are various ways to retrieve knowledge from the LKMS’s logistic knowledge
base. The most straightforward one is to use the associated knowledge management
tools (e.g., Fluent Editor, Protege, etc.) with their knowledge aggregation, classification,
and representation mechanisms. However, this may be impractical for non-expert users.
The aforementioned programming/statistical language interfaces may be used for OLAP
in advanced planning and scheduling (APS) systems. By issuing appropriate SPARQL
queries to the LKMS semantic web server, the desired results can be obtained.

Use Case

In one of our typical student-assisted projects with the industry, our partner was
seeking advice on the improvement of their production process. They were exploring
different ways to improve their production capability. Although at first it seemed the
company only needed a second production line to handle the increased workload, it turned
out that the production capacity of the existing production line was poorly used. Hence,
a multilevel business improvement project was necessary in order to investigate, plan,
and implement the necessary changes. The DFSS business improvement project Dfss-1
comprises experiences gained with the partner company. It is composed of combinations of
multiple methods within experiences, pertaining to individual DFSS phases, with Scex-1-1
representing the define phase and Scex-2-1 to Scex-5-1 representing the monitor, analyze,
design, and verify phases, respectively (Table 2). These experiences have been included
in the ontology-based knowledge base of LKMS to assist in further research and future
business improvement projects.

Scex-1-1 defines the company’s system model with its key components and processes
on the strategic, tactical, and operational levels, thus making it manageable. Various
design methods (e.g., mind-maps, organigrams, process-charts, decision-tables, swim-lane
diagrams, object-flow diagrams, equipment, data, and service models) have been applied
to formalize conceptual and logical models of the company. Based on these insights,
students could grasp the physical production process characteristics and the environmental
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conditions in which the company operates. At the same time, they also identified its
properties, being explored in the subsequent phases.

Table 2. Classification of Dfss-1 experiences.

Experience Phase Scope Type Focus
Seex-1-1 define strategic, .tactlcal, strate g.y—formulat}on, capacity-planning
operational operations-planning
Scex-2-1 monitor strategic, .tactlcal, strateg.y—formulat.lon, performa.nce—mon{tormg,
operational operations-planning capacity-planning
Scex-3-1 analyze tactical, operational operations-planning performap Ce-monl'tormg,
capacity-planning
Scex-4-1 design tactical, operational operations-planning capacity-planning
Scex-5-1 verify operational operations-planning performance-monitoring

In Scex-2-1, a physical model of the company has been devised to allocate and measure
the current state (AS-IS) of the company’s relevant key performance indicators (KPIs) (e.g.,
stock levels, utilization of production capacities). Here, business analytics and simulation
methods (cp. [50]) have been used to assess the company’s KPIs and put them into the
strategic context of the problem at hand.

By Scex-3-1, the KPIs have been analyzed on the tactical (e.g., business analytics)
and operational levels (e.g., discrete event simulation) to identify the shortcomings. They
have been assessed to predict possible improvements by materials and resource planning
methods (capacity planning and production scheduling).

In Scex-4-1, the identified shortcomings have been addressed by appropriate methods
and measures at the same levels, on which they occur, and the best-case scenario (TO-BE)
has been defined. By appropriate equipment design, as well as simulation modeling and
analysis methods, the foreseen solution has been designed to enable its verification and
validation. Both are important since the former determines the correctness of the designed
model and the second its coherence.

The proposed solution has been verified and validated in Scex-5-1 to check whether the
identified deficiencies have been properly addressed (e.g., production cost, warehousing
cost), and further deficiencies (e.g., bottlenecks) prevented.

Although, the long-term impact of the proposed solutions is difficult to predict, one
can foresee the side effects of their implementation and prevent their negative consequences
by introducing appropriate business contingency measures (e.g., forecasting, materials
requirements planning, and master production scheduling).

Considering the volume and level of detail in the descriptions of the acquired experi-
ences in our LKMS, the contribution to its knowledge base may vary from project to project.
It depends on the size as well as the structural, behavioral, and interaction complexity of the
company’s model, as well as its specifics. Nevertheless, its integration must be concise to
enable automated knowledge retrieval and decision-making (e.g., using the aforementioned
OLAP tools’ search and retrieve mechanisms) in future (similar) DFSS projects.

5. Discussion

While the presented use-case from the proposed LKMS mainly serves as proof of
concept and an in-class presentation example, an enterprise knowledge base may be more
elaborate and complex. Nevertheless, the presented LKMS experiences are a good way
to structure a next-generation contextual institutional knowledge base. Expressed in the
Fluent Editor’s ECNL language, the complexity of ontological knowledge representation
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is reduced, making it human-readable whilst retaining the benefits of its formal notation.
The predicate logic representation of knowledge also retains the capability of automated
reasoning using OLAP and natural language processing tools. By this, future business
improvement projects can be derived faster and more accurately by just applying previous
experiences on similar symptoms and adapting them to the problem at hand.

The LKMS expert system has proven to support managers and students alike in
managing the complexity of strategic logistics planning and business process improvement.
Our experience from in-class presentations has shown that the volume of information here
is overwhelming and may lead to confusion among the students even when using the
systemic approach. However, by systematically assessing the individual levels of strategic
logistics planning, defining conceptual, logical, and physical models of a company, and
concluding with a comprehensive business improvement project, the big picture regains
focus. This also eases the navigation through the established logistics knowledge base and
enables new ways of knowledge discovery and generation.

In relation to former research on smart production logistics [51], the herein introduced
support for strategic production planning by the presented logistics knowledge manage-
ment system (LKMS) underpins the efforts for a consistent and coherent digital model of a
modern enterprise. The main benefits of LKMS’s ontological institutional knowledge base
organization are as follows:

*  Enhanced clarity and usability: The structured context-aware organization of knowl-
edge facilitates easier access to relevant information, making it simpler for decision-
makers to find insights that pertain to their specific challenges.

¢  Sustainability integration: By systematically incorporating sustainability principles
into the knowledge base, organizations can make greener choices that align with their
overall strategic goals.

* Improved decision-making: With predicate logic-based knowledge discovery and
management techniques, complex decision-making processes become more manage-
able and user-friendly. This approach allows for nuanced analyses that consider
multiple variables and scenarios.

¢  Facilitated knowledge management: The ontological structure supports ongoing
knowledge maintenance and updates, ensuring that the knowledge base remains
coherent over time.

*  Generations of managers, employees, and students can benefit from former knowledge
stored in our LKMS and build on it.

6. Conclusions

This paper discusses different forms of institutional knowledge representation and
management, with a focus on the application of the DFSS methodology in strategic logistics
planning. In particular, its aim is to highlight the benefits of knowledge-based engineering
over the established ontological logistics knowledge base in smart production. In contrast
to other institutional knowledge management tools, semantic web and OLAP technologies
have proven to be more efficient, adaptable, and sustainable.

Considering the identified benefits of ontological knowledge base management,
the main research question regarding our LKMS expert system’s knowledge base has
been confirmed—an ontological institutional knowledge base is more efficient, adaptable,
and sustainable. It is smaller and easier to navigate. It grows by its use; however, it never
becomes cluttered since every new experience fits into place according to the LKMS inter-
nal organization. In consequence, the ontology-based LKMS expert system’s KB is more
sustainable, since it grows and ages with the company without degradation in its efficiency.
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KBE in strategic logistics planning represents a pivotal shift toward sustainable busi-
ness practices. By harnessing the LKMS'’s ontological KB of DFSS experiences, organizations
can enhance their operational efficiency while committing to environmental stewardship.
The integration of semantic web technologies and predicate logic-based knowledge dis-
covery techniques not only improves knowledge management but also empowers orga-
nizations to navigate complex logistics landscapes with greater ease and effectiveness.
As businesses continue to embrace sustainability, the role of KBE-based strategic logis-
tics planning will be crucial in driving forward-thinking decisions that benefit both the
organizations and their environment.
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Appendix A. DFSS SCM Experiences Catalog

3k 3k 5k >k >k >k 3k 5k 5k 3k >k >k 3k 5k 5k >k >k 3k 5k 5k >k >k >k 5k >k >k >k >k >k >k >k >k >k >k >k 3k 5k 5k >k >k >k >k >k >k >k >k >k %k >k >k >k >k >k >k >k >k >k >k %k >k >k > %k >k >k >k >k
Phase: Define, Measure, Analyze, Design, Verify

Scope: strategic, tactical or operational

Type: network design, strategy formulation, operations planning
Focus: capacity planning, performance monitoring, quality assurance

>k >k >k >k >k 5k ok ok ok 5k 5k >k >k >k >k k >k >k >k 5k >k 5k 5k %k %k >k >k >k %k >k >k >k >k 5k 5k 5k %k %k >k %k >k >k >k >k >k >k 5k 5k 5k %k >k >k >k >k %k %k >k >k >k >k >k >k %k %k >k *k %

Phasel (Define)

- Strategic ------------- !
. Conceptual modeling

.1 Mind charts

.2 Organizational charts

e

.3 Process diagrams

b Tactical ------------- !

2. Logical modeling

2.1 Decision

Tables™2.2 Swim-lane diagrams

2.3 Object-flow diagrams

2.4 Stock-and-flow diagrams

R ettt Operational ------------- !

3. Physical modeling

3.1 CAD/CAM modeling (IT modeling, Telecommunications modeling,
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Functional equipment modeling)
3.2 Data modeling (Spreadsheet, Database, Data-warehouse, Ontology)
3.3 Simulation modeling (DES, SD, ABS, NS)

Phase2 (Monitor)

R e e Strategic ---------—---—- !

1. Portfolio analysis (BA, pivot table, DB)

2. Seasonal-trends analysis (BA, pivot table, DB)
3. Location-trends analysis (BA, pivot table, DB)
R e e e Tactical ------------- !

4. Cycle-stock monitoring (BA, DES)

5. Stock-and-flow monitoring (BA, SD)

6. Service-quality monitoring (BA, ABS)
e - Operational ------------- !

7. Sales-order tracking (BA, pivot table, DB)

Phase3 (Analyze)

b Tactical ------------- !

1. Production performance monitoring (BA, capacity planning, DES)
1.1 Utilization monitoring

2. Distribution performance monitoring (BA, capacity planning, SD)
2.1 Stock levels balancing

3. Warehouse performance monitoring (BA, capacity planning, SD)
3.1 Stock cost validation

3.2 Stock monitoring (min, max, signal, safety, cycle)

R ettt Operational ------------- !

4. Optimization

4.1 Production cycle/capacity optimization

4.2 Economic order quantity (E0OQ) optimization

4.3 Inventory turnover optimization

4.4 Transport capacity optimization

4.5 Total production cost (TC) optimization

Phase4 (Design)

R e e Strategic ------------- !

1. Project planning (OR)

1.1 Strategic logistics planning (P1)

R e e T Tactical ------------- !

. Sales and operations planning (SOP) (BA, pivot table, DB)
.1 Demand program (DP)

.2 Master Production Scheduling (MPS)

.3 Master Resource Planning (MRP)

e - Operational ------------- !

w

. Computer integrated manufacturing (CIM)

Phaseb5 (Verify)

b - Operational ------------- !

1. Logistics revision (conformance with DFSS strategy)
1.1 Target and actual KPI comparison

1.2 Perceived and actual KPI comparison
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1.3 KPI inter-dependency analysis

1.4 Critical operations identification

References

1.  Khan, S.A.R;; Ponce, P; Yu, Z. Green supply chain management in the era of Industry 4.0: A systematic literature review. J. Clean.
Prod. 2022, 367, 132987. [CrossRef]

2. Sarkis, J. Supply chain sustainability: Learning from the COVID-19 pandemic. Int. |. Oper. Prod. Manag. 2021, 41, 63-73.
[CrossRef]

3. Ahi, P; Searcy, C.; Jaber, M.Y. A quantitative approach for measuring sustainability in supply chains. Sustain. Consum. 2022, 31,
243-257. [CrossRef]

4.  Pfohl, H.-C. Logistics Management; Springer eBooks; Springer Nature: Berlin/Heidelberg, Germany, 2023. [CrossRef]

5. Bagchi, S.; Chen, Y.; Li, X. Semantic interoperability in supply chain management: A systematic review. Int. J. Prod. Econ. 2022,
244,108373. [CrossRef]

6. Ivanov, D.; Dolgui, A. A digital supply chain twin for managing the disruption risks and resilience in the era of Industry 4.0. Prod.
Plan. Control 2021, 32, 775-788. [CrossRef]

7. Govindan, K.; Shaw, M.; Majumdar, A. Knowledge management in sustainable supply chain: A systematic literature review.
J. Clean. Prod. 2023, 391, 136159. [CrossRef]

8.  Fatorachian, H.; Kazemi, H.; Sarkis, J. Knowledge management and digital transformation in supply chains: A systematic review.
Int. J. Prod. Res. 2022, 60, 5873-5894.

9.  Dolgui, A.; Ivanov, D. Resilience and risk management in supply chains: Concepts and future directions. Int. . Prod. Res. 2023, 61,
2507-2523.

10. Ralston, PM.; Blackhurst, J. Supply chain resilience and agility: A review of the literature and framework for future research. Int.
J. Phys. Distrib. Logist. Manag. 2022, 52, 413-435.

11. Battaia, O.; Dolgui, A.; Gendreau, M. Sustainable logistics and supply chain optimization: New trends and challenges. Ann. Oper.
Res. 2023, 329, 1-25.

12.  Tsai, C.-W.,; Lai, C.-F,; Vasilakos, A.V. Ontology-based smart logistics: A comprehensive review and future trends. IEEE Trans.
Eng. Manag. 2023, 70, 1456-1472.

13. Caine, J. Advancing Strategy Ontology. In Measuring Ontologies for Value Enhancement: Aligning Computing Productivity with
Human Creativity for Societal Adaptation. MOVE 2020; Polovina, R., Polovina, S., Kemp, N., Eds.; Communications in Computer
and Information Science; Springer: Cham, Switzerland, 2022; Volume 1694. [CrossRef]

14. Centobelli, P.; Cerchione, R.; Ertz, M. Mapping the interplay between sustainability and circular economy in supply chain
management. Sustain. Prod. Consum. 2021, 28, 1532-1546. [CrossRef]

15.  Verhagen, WJ.C.; Bermell-Garcia, P.; van Dijk, R.E.C.; Curran, R. A critical review of knowledge-based engineering: An
identification of research challenges. Adv. Eng. 2012, 26, 5-15. [CrossRef]

16. Choi, T.-M.; Wen, X.; Zhang, X. Artificial intelligence in supply chain management: A systematic literature review and future
research directions. Transp. Res. Part E Logist. Transp. Rev. 2022, 157, 102564.

17. Li, S.; Gu, X. A Risk Framework for Human-centered Artificial Intelligence in Education: Based on Literature Review and
Delphi-AHP Method. Educ. Technol. Soc. 2023, 26, 187-202. [CrossRef]

18.  Queiroz, M.M.; Fosso Wamba, S.; Chiappetta Jabbour, C.]J. Proactive supply chain risk management with big data analytics:
A systematic review. Int. ]. Logist. 2023, 34, 678-702. [CrossRef]

19. Smith, A.E.; Humphreys, M.S. Evaluation of unsupervised semantic mapping of natural language with Leximancer concept
mapping. Behav. Res. Methods 2006, 38, 262-279. [CrossRef] [PubMed]

20. Vazquez Melendez, E.I; Bergey, P.; Smith, B. Blockchain technology for supply chain provenance: Increasing supply chain
efficiency and consumer trust. Supply Chain. Manag. 2024, 29, 706-730. [CrossRef]

21. Khan, A.Q.; ElJaouhari, S.; Tamani, N.; Mroueh, L. Knowledge-based anomaly detection: Survey, challenges, and future directions.
Eng. Appl. Artif. Intell. 2024, 136 Pt B, 108996. [CrossRef]

22. Titah, M.; Bouchaala, M.A. An ontology-driven model for hospital equipment maintenance management: A case study. J. Qual.
Maint. Eng. 2024, 30, 409-433. [CrossRef]

23. Adamczyk, B.S.; Szejka, A.L.; Canciglieri, O. Knowledge-based expert system to support semantic interoperability in smart
manufacturing. Comput. Ind. 2020, 115, 103161. [CrossRef]

24. Razavian, M.; Paech, B.; Tang, A. The vision of on-demand architectural knowledge systems as a decision-making companion.
J. Syst. Softw. 2023, 198, 111560. [CrossRef]

25. Dong, M.; Zeng, X.; Koehl, L.; Zhang, J. An interactive knowledge-based recommender system for fashion product design in the

big data environment. Inf. Sci. 2020, 540, 469-488. [CrossRef]


http://doi.org/10.1016/j.jclepro.2022.132987
http://dx.doi.org/10.1108/IJOPM-08-2020-0568
http://dx.doi.org/10.1016/j.spc.2022.02.005
http://dx.doi.org/10.1007/978-3-662-66564-0
http://dx.doi.org/10.1016/j.ijpe.2021.108373
http://dx.doi.org/10.1080/09537287.2020.1768450
http://dx.doi.org/10.1016/j.jclepro.2023.136159
http://dx.doi.org/10.1007/978-3-031-22228-3_7
http://dx.doi.org/10.1016/j.spc.2021.08.013
http://dx.doi.org/10.1016/j.aei.2011.06.004
http://dx.doi.org/10.30191/ETS.202301_26(1).0014
http://dx.doi.org/10.1108/IJLM-02-2022-0065
http://dx.doi.org/10.3758/BF03192778
http://www.ncbi.nlm.nih.gov/pubmed/16956103
http://dx.doi.org/10.1108/SCM-08-2023-0383
http://dx.doi.org/10.1016/j.engappai.2024.108996
http://dx.doi.org/10.1108/JQME-10-2023-0097
http://dx.doi.org/10.1016/j.compind.2019.103161
http://dx.doi.org/10.1016/j.jss.2022.111560
http://dx.doi.org/10.1016/j.ins.2020.05.094

Sustainability 2025, 17, 6820 15 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

Amador-Dominguez, E.; Serrano, E.; Manrique, D.; Hohenecker, P.; Lukasiewicz, T. An ontology-based deep learning approach
for triple classification with out-of-knowledge-base entities. Inf. Sci. 2021, 564, 85-102. [CrossRef]

Zhu, W,; Xing, W.; Kim, EM.; Li, C,; Wang, Y.; Yang, Y.; Liu, Z. Integrating image-generative Al into conceptual design in
computer-aided design education: Exploring student perceptions, prompt behaviors, and artifact creativity. Educ. Technol. Soc.
2025, 28, 166—183. [CrossRef]

Chiang, Y.V,; Cheng, Y.-W.; Chen, N.-S. Improving Language Learning Activity Design through Identifying Learning Difficulties
in a Platform Using Educational Robots and IoT-based Tangible Objects. Educ. Technol. Soc. 2023, 26, 84-100. [CrossRef]

Hai, N.; Gong, D.; Liu, S. Ontology knowledge base combined with Bayesian networks for integrated corridor risk warning.
Comput. Commun. 2021, 174, 190-204. [CrossRef]

Wang, G.; Liu, P; Huang, J.; Bin, H.; Wang, X.; Zhu, H. KnowCTI: Knowledge-based cyber threat intelligence entity and relation
extraction. Comput. Secur. 2024, 141, 103824. [CrossRef]

Li, J.; Zhang, H.; Chen, X. Al-driven predictive analytics in supply chain optimization: Trends and applications. Eur. |. Oper. Res.
2023, 308, 567-583. [CrossRef]

Spoladore, D.; Pessot, E. An evaluation of agile Ontology Engineering Methodologies for the digital transformation of companies.
Comput. Ind. 2022, 140, 103690. [CrossRef]

Wang, Y.; Peng, T.; Xiong, Y.; Kim, S.; Zhu, Y.; Tang, R. An ontology of eco-design for additive manufacturing with informative
sustainability analysis. Adv. Eng. Inform. 2024, 60, 102430. [CrossRef]

Dost, S.; Serafini, L.; Rospocher, M.; Ballan, L.; Sperduti, A. Aligning and linking entity mentions in image, text, and knowledge
base. Data Knowl. Eng. 2022, 138, 101975. [CrossRef]

Guo, L; Yan, F; Li, T; Yang, T.; Lu, Y. An automatic method for constructing machining process knowledge base from knowledge
graph. Robot.-Comput. Manuf. 2022, 73,102222. [CrossRef]

Abad-Navarro, F; Martinez-Costa, C. A knowledge graph-based data harmonization framework for secondary data reuse.
Comput. Methods Programs Biomed. 2024, 243, 107918. [CrossRef]

Chasseray, Y.; Barthe-Delanog, A.-M.; Volkman, J.; Négny, S.; Le Lann, ].M. A generic hybrid method combining rules and
machine learning to automate domain independent ontology population. Eng. Appl. Artif. Intell. 2024, 133 Pt F, 108571. [CrossRef]
Zhang, L.; Lobov, A. Semantic Web Rule Language-based approach for implementing Knowledge-Based Engineering systems.
Adv. Eng. Inform. 2024, 62 Pt A, 102587. [CrossRef]

Janchai, W.; Bouras, A.; Siddoo, V. An ontology model for medical tourism supply chain knowledge representation. Int. J. Adv.
Comput. Sci. Appl. (IJACSA) 2022, 13. [CrossRef]

Chen, Y.; Liang, B.; Hu, H. Research on ontology-based construction risk knowledge base development in deep foundation pit
excavation. . Asian Archit. Build. 2024, 24, 1640-1658. [CrossRef]

Prasad, B. Best Practices in Knowledge-Based Engineering (KBE)-Catia Operators Exchange (COE) Report. 1 January 2006.
[CrossRef]

Gumzej, R.; Kramberger, T.; Dujak, D. A Knowledge Base For Strategic Logistics Planning. Bus. Logist. Mod. Manag. 2023, 23,
317-330. Available online: https://ideas.repec.org/a/osi/bulimm/v23y2023p317-330.html (accessed on 24 July 2025)
Chowdhury, S. Design for Six Sigma: The Revolutionary Process for Achieving Extraordinary Profits; Dearborn Trade Pub: Chicago, IL,
USA, 2002.

Tague, N.R. The Quality Toolbox, 2nd ed.; ASQ Quality Press: Milwaukee, WI, USA, 2005.

APICS. APICS Supply Chain Operations Reference Model SCOR Version 12.0. 2017. Available online: https://www.apics.org/
docs/default-source/scor-training /scor-v12-0-framework-introduction.pdf?sfvrsn=2 (accessed on 24 July 2025).

Dunn, ]. Knowledge Management Tools Explained: Types, Differences, and Examples. Knowledge Base, Text Inc. 2023. Available
online: https://www.knowledgebase.com/blog/knowledge-management-tools/ (accessed on 24 July 2025).

Hofweber, T. Logic and Ontology; Zalta, E.N., Ed.; Stanford Encyclopedia of Philosophy; Metaphysics Research Lab, Stanford
University: Stanford, CA, USA, 2018. Available online: https://plato.stanford.edu/entries/logic-ontology/ (accessed on 24
July 2025).

Sowa, ]J.F. Knowledge Representation: Logical, Philosophical, and Computational Foundations. 1 January 2000. Avail-
able online: https:/ /www.researchgate.net/publication/225070439_Knowledge_Representation_Logical Philosophical_and_
Computational_Foundations (accessed on 24 July 2025).

Salley, C.; Codd, E.F. Providing OLAP to User-Analysts: An IT Mandate. 1998. Available online: https://www.semanticscholar.
org/paper/Providing-OLAP-to-User-Analysts%3A-An-IT-Mandate-Salley-Codd /a0bd1491a54a4de428c5eef9b836ef6ee291
5fe7 (accessed on 24 July 2025).


http://dx.doi.org/10.1016/j.ins.2021.02.018
http://dx.doi.org/10.30191/ETS.202507_28(3).SP11
http://dx.doi.org/10.30191/ETS.202307_26(3).0007
http://dx.doi.org/10.1016/j.comcom.2021.04.024
http://dx.doi.org/10.1016/j.cose.2024.103824
http://dx.doi.org/10.1016/j.ejor.2022.12.015
http://dx.doi.org/10.1016/j.compind.2022.103690
http://dx.doi.org/10.1016/j.aei.2024.102430
http://dx.doi.org/10.1016/j.datak.2021.101975
http://dx.doi.org/10.1016/j.rcim.2021.102222
http://dx.doi.org/10.1016/j.cmpb.2023.107918
http://dx.doi.org/10.1016/j.engappai.2024.108571
http://dx.doi.org/10.1016/j.aei.2024.102587
http://dx.doi.org/10.14569/IJACSA.2022.0130427
http://dx.doi.org/10.1080/13467581.2024.2329361
http://dx.doi.org/10.13140/2.1.4370.5602
https://ideas.repec.org/a/osi/bulimm/v23y2023p317-330.html
https://www.apics.org/docs/default-source/scor-training/scor-v12-0-framework-introduction.pdf?sfvrsn=2
https://www.apics.org/docs/default-source/scor-training/scor-v12-0-framework-introduction.pdf?sfvrsn=2
https://www.knowledgebase.com/blog/knowledge-management-tools/
https://plato.stanford.edu/entries/logic-ontology/
https://www.researchgate.net/publication/225070439_Knowledge_Representation_Logical_Philosophical_and_Computational_Foundations
https://www.researchgate.net/publication/225070439_Knowledge_Representation_Logical_Philosophical_and_Computational_Foundations
https://www.semanticscholar.org/paper/Providing-OLAP-to-User-Analysts%3A-An-IT-Mandate-Salley-Codd/a0bd1491a54a4de428c5eef9b836ef6ee2915fe7
https://www.semanticscholar.org/paper/Providing-OLAP-to-User-Analysts%3A-An-IT-Mandate-Salley-Codd/a0bd1491a54a4de428c5eef9b836ef6ee2915fe7
https://www.semanticscholar.org/paper/Providing-OLAP-to-User-Analysts%3A-An-IT-Mandate-Salley-Codd/a0bd1491a54a4de428c5eef9b836ef6ee2915fe7

Sustainability 2025, 17, 6820 16 of 16

50. Gumzej, R.; Rakovska, M. Simulation Modeling and Analysis for Sustainable Supply Chains. In Sustainable Logistics and Production
in Industry 4.0; EcoProduction; Springer: Cham, Switzerland, 2019; pp. 145-160. [CrossRef]

51. Gumzej, R. Intelligent Logistics Systems for Smart Cities and Communities; Lecture Notes in Intelligent Transportation and Infrastruc-
ture; Springer International Publishing: Berlin/Heidelberg, Germany, 2021. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://dx.doi.org/10.1007/978-3-030-33369-0_9
http://dx.doi.org/10.1007/978-3-030-81203-4

	Introduction
	Research Placement
	Materials and Methods
	Methods
	Tools

	Results
	Discussion
	Conclusions
	DFSS SCM Experiences Catalog 
	References

