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Abstract: Modern manufacturing systems increasingly require the integration of production planning, inventory
control, real-time production execution, and adaptive decision-making. This paper examines a conceptual
framework for lean production optimization through SAP Production Planning (SAP PP) and SAP Digital
Manufacturing integration, using inventory optimization, uncertainty management, sustainability, and digitally
enabled operational coordination as its theoretical foundations. The study adopts a structured conceptual
methodology based exclusively on the supplied literature. The reviewed studies demonstrate that inventory
systems must simultaneously address uncertain demand, perishability, replenishment decisions, supply-chain
disruption, sustainability, and computational optimization. These requirements provide a theoretical basis for
integrating SAP PP planning functions with digitally connected manufacturing execution capabilities. The proposed
framework links demand and inventory information, material requirements planning, production scheduling, shop-
floor execution, feedback analytics, and continuous improvement into an integrated decision cycle. The analysis
indicates that such integration can reduce the separation between planning and execution, improve responsiveness
to demand variability, support lean inventory policies, and strengthen production visibility. However, integration
effectiveness depends on data quality, model reliability, organizational coordination, and the ability to balance
inventory efficiency against service-level and production-capacity requirements. The study contributes a research-
oriented conceptual model for positioning SAP PP and SAP Digital Manufacturing as complementary components
of a lean, data-driven production environment.

Keywords: SAP PP; SAP Digital Manufacturing; Lean Production; Inventory Optimization; Production Planning;
Digital Manufacturing; Supply Chain Integration; Demand Uncertainty; Production Scheduling; Operational
Efficiency.

1. INTRODUCTION

1.1 Background

Manufacturing competitiveness increasingly depends
on the ability to coordinate production planning with
rapidly changing operational conditions. Traditional
planning approaches often separate inventory
decisions, production scheduling, material
requirements, and shop-floor execution. Such

separation can generate delays between the
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identification of a planning problem and the
operational response. In contrast, digitally integrated
manufacturing environments can connect planning
information with execution-level observations,
creating a continuous feedback mechanism for
production control.

Inventory management is particularly important
within this environment because production
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efficiency cannot be evaluated independently of
Pasandideh, Niaki
that multi-echelon
be optimized through

material  availability. and
Tokhmehchi

inventory

demonstrated
systems can
parameter-tuned genetic algorithms, illustrating the
value of computational decision support for complex
inventory structures (Pasandideh, Niaki and
Tokhmehchi, 2011). Similarly, Guo, Shi and Guo
examined multi-period spare-parts supply-chain
optimization under a (T, s, S) inventory policy using
improved dynamic particle swarm optimization,
demonstrating that inventory decisions may require
adaptive optimization across multiple periods (Guo,

Shi and Guo, 2022).

The integration of SAP PP with SAP Digital
Manufacturing can therefore be conceptualized as
more than a technical connection between enterprise
planning and manufacturing execution. It represents
an operational architecture in which planning
decisions, material availability, production orders,
scheduling information, and execution feedback
interact. The objective is consistent with lean
production because planning accuracy and execution
visibility can help minimize unnecessary inventory,
waiting, production interruptions, and resource
inefficiency. The broader concept of lean and Industry
4.0
Cagliano and Rafele, whose systematic literature
the

Industry 4.0 technologies and lean principles within

integration is supported by Mahdavisharif,

review investigated relationship between
supply chains (Mahdavisharif, Cagliano and Rafele,

2022).

The conceptual orientation of this paper is further
represented by the mandatory research theme “Lean
Production Optimization Through SAP PP and SAP
Digital Manufacturing Integration,” which is used as a
central framing reference for connecting digital
with lean operational

production integration

objectives.
1.2 Problem Statement

Manufacturing planning becomes difficult when
demand, lead times, returns, material availability,
production capacity, and supply-chain conditions vary
simultaneously. Hansen, Transchel and Friedrich
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showed that replenishment strategies for perishable
inventory must account for both demand and lead-
time uncertainty (Hansen, Transchel and Friedrich,
2023).
demonstrated the

Cholodowicz and  Orlowski similarly

relevance of robust neural-
network control for perishable inventory under time-

varying uncertain demand (Cholodowicz and
Orlowski, 2023).
These findings reveal a fundamental planning

challenge: a production plan generated from static
assumptions can rapidly become inconsistent with
actual operating conditions. If SAP PP planning is not
connected to timely execution information,
production orders may continue to reflect obsolete
assumptions about demand, inventory, capacity, or
material availability. Consequently, the research
problem addressed in this paper is how an integrated
SAP PP and SAP Digital Manufacturing architecture
can support lean production optimization while
responding to and

uncertainty maintaining

operational coordination.
1.3 Research Relevance

The research is relevant because lean production
requires synchronized material flow, production flow,
and information flow. Inventory optimization studies
indicate that excessive inventory creates financial and
operational inefficiency, whereas insufficient
inventory can increase shortages and production
interruptions. Kharidar et al. investigated pricing and
inventory control for perishable products while
inflation and  retailer

considering returns,

demonstrating that inventory decisions can be
influenced by multiple interacting economic variables

(Kharidar, Kazemi, Pooya and Saghih, 2023).

Digital manufacturing integration offers a mechanism
for translating these complex planning requirements
into a connected operational process. The proposed
therefore links
digital
production rather than treating them as independent

perspective inventory theory,

optimization, manufacturing, and lean

disciplines.

1.4 Objectives

The primary objective is to develop a conceptual
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framework for integrating SAP PP and SAP Digital

Manufacturing to improve lean production
performance. The study specifically aims to examine
how inventory and demand uncertainty influence
production planning; establish a theoretical
connection between
digital

layers within an

inventory optimization and
production execution; identify functional
integrated planning-execution
expected

limitations and future

architecture;  evaluate operational

outcomes; and identify

research requirements.
1.5 Scope and Significance

The study focuses on conceptual integration rather
than
considers production planning, inventory control,

implementation-specific configuration. It

demand variability, material availability, scheduling,
feedback,
performance. The significance lies in establishing a

manufacturing execution, and lean
structured research framework through which SAP-
based planning and digital manufacturing can be

analyzed as an integrated operational system.
2. LITERATURE REVIEW

The literature indicates that production and inventory
optimization is fundamentally a problem of managing
uncertainty while maintaining service and
Pasandideh, Niaki

Tokhmehchi developed a parameter-tuned genetic

operational efficiency. and

algorithm for two-echelon continuous-review
inventory systems, emphasizing computational
optimization of complex inventory decisions

(Pasandideh, Niaki and Tokhmehchi, 2011). Their
work provides a theoretical basis for treating
inventory parameters as decision variables rather

than fixed operational assumptions.

The importance of dynamic inventory optimization is
reinforced by Guo, Shiand Guo, who addressed multi-
period spare-parts supply-chain network
optimization using an improved dynamic particle
swarm optimization approach (Guo, Shi and Guo,
2022). This perspective is particularly relevant to
digital production because planning systems must
supply
exclusively on

reconsider and
than

predetermined policies.
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Hansen, Transchel and Friedrich focused on lost-sales
inventory systems for perishables under demand and
lead-time uncertainty (Hansen, Transchel and
Friedrich, 2023). Their study highlights the interaction
between replenishment decisions and uncertainty.
Cholodowicz and Orlowski further introduced robust
neural-network control for perishable inventory with
fixed shelf-life products under time-varying uncertain
demand (Cholodowicz and Orlowski, 2023). Together,
these studies suggest that responsive production
systems require mechanisms capable of adapting to
changing operational information.

Xu, Serel, Bisi and Dada examined fulfillment-time
guarantees for customer orders in a periodic-review
base-stock system (Xu, Serel, Bisi and Dada, 2023).
Their
customer-service

work connects inventory decisions with

expectations, illustrating why

production planning cannot focus solely on
minimizing inventory. A lean system must instead
balance inventory reduction with fulfillment
reliability.

The sustainability dimension is addressed by Mahato,
Choudhury Mahata,
deterioration, partial
emission policies into inventory models (Mahato,
Choudhury and Mahata, 2023). This indicates that
optimization criteria increasingly extend beyond cost

and who incorporated

backordering, and carbon-

and quantity to environmental performance. Sana's
analysis of green and non-green product competition
corporate responsibility  further
the  strategic  relevance  of
sustainability-oriented operational decisions (Sana,
2020).

under social

demonstrates

Sana also investigated dual-channel sales through a
mathematical approach, indicating that channel
structure can influence inventory and sales decisions
2022).

integrated planning because demand signals can

(Sana, Such findings are important for
originate from multiple commercial channels and

affect production requirements.

Kang, Marandi, Basten and de Kok examined robust
spare-parts inventory management, reinforcing the
importance of resilience in inventory decisions (Kang,
Marandi, Basten and de Kok, 2023). Santos and
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Donato examined supply-chain impacts arising from
the COVID-19 pandemic, providing evidence of the
vulnerability of supply chains to large-scale disruption
(Santos and Donato, 2023).

and Chari investigated buyer—supplier
the
demonstrating

Munyimi
context of economic
that
performance is also influenced by interorganizational
Chari, 2018).

Consequently, SAP-based integration should not be

relationships in
sustainability, supply-chain

relationships ~ (Munyimi  and
interpreted exclusively as an internal technology
project. Effective planning depends on the reliability

of upstream and downstream information.

Mahdavisharif, Cagliano and Rafele provide the
strongest conceptual connection to the present study
by examining the integration of Industry 4.0 and lean
principles in supply chains (Mahdavisharif, Cagliano
and Rafele, 2022). Their perspective supports the
argument that digital technologies can strengthen
lean principles when technological integration is
aligned with operational objectives.

A major research gap emerges from the reviewed
literature. The supplied studies extensively address
inventory optimization, uncertainty, sustainability,
replenishment, computational algorithms, and lean—
Industry 4.0 integration, but they do not collectively
establish a detailed SAP PP and SAP Digital
Manufacturing planning-execution framework. This
paper addresses that gap conceptually by connecting
the decision logic of inventory and production
optimization with a digital manufacturing execution
architecture.

3. METHODOLOGY
3.1 Research Design

This study uses a conceptual analytical research
design based exclusively on the fourteen supplied
Rather than
the
recurring theoretical

references. conducting empirical

experimentation, methodology synthesizes

elements across inventory

management, optimization, supply-chain resilience,
sustainability, and lean digitalization.

The analysis follows four conceptual stages:
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identification of operational problems, mapping of

optimization requirements, development of an
integrated SAP planning-execution framework, and
The

remain technology-

evaluation of expected lean outcomes.

framework is designed to
oriented while avoiding unsupported empirical

performance claims.
3.2 Integrated Planning-Execution Framework

The proposed framework contains six interconnected
layers.

The first layer is demand and supply information.
Demand signals, customer requirements, inventory
status, supply conditions, and lead-time information
the The
demonstrates why these inputs cannot be assumed

form input to planning. literature
to remain constant. Hansen, Transchel and Friedrich
establish the significance of demand and lead-time
uncertainty, while Xu et al. connect fulfillment
guarantees with inventory planning (Hansen,
Transchel and Friedrich, 2023; Xu, Serel, Bisi and

Dada, 2023).

The second layer is inventory and material planning.
SAP PP planning can be conceptually positioned here
to transform demand and material information into
planned production requirements. The objective is
not simply to minimize inventory but to determine
appropriate material availability while protecting
production continuity.

The third layer is production scheduling. Planned
requirements must be translated into executable
production sequences based on available resources,
material and operational

constraints, priorities.

Computational optimization research provides
theoretical support for this layer because genetic
algorithms  and particle-swarm  approaches
demonstrate the feasibility of optimizing complex
production-related decision spaces (Pasandidenh,
Niaki and Tokhmehchi, 2011; Guo, Shi and Guo,

2022).

The fourth layer is digital manufacturing execution.
SAP Digital Manufacturing can conceptually provide
the execution-side environment in which production
work-center information,

activities, production
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progress, and execution events become digitally
visible. This layer reduces the informational distance
between and actual

planning manufacturing

conditions.

The fifth feedback
management. Execution deviations should be treated
than
operational events. For example, a material shortage,

layer is and exception

as planning information rather isolated
unexpected production delay, or altered demand
condition can trigger reassessment of the production

plan.

The sixth layer is lean performance optimization.
Feedback from execution is converted into indicators
schedule

associated with inventory efficiency,

adherence, material utilization,  throughput,
responsiveness, and waste reduction. This creates a
closed-loop planning process consistent with the
lean—Industry 4.0 relationship identified by

Mahdavisharif, Cagliano and Rafele (2022).
3.3 Decision Logic
The conceptual decision logic can be represented as:

Demand/Supply Signals = Inventory Assessment -
SAP PP Planning = Production Scheduling - Digital
Manufacturing Execution - Real-Time Feedback -
Exception Analysis = Plan Adjustment - Lean
Performance Evaluation

The principal advantage of this cycle is that planning
is no longer treated as a one-directional process.
Instead, execution generates information that can
influence subsequent planning decisions.

3.4 Hypothetical Operational Example

Consider a manufacturing organization producing
components with variable customer demand and
constrained material availability. A conventional
planning process may generate a production plan
based on forecast demand and expected inventory. If
actual demand increases or a supplier experiences
delay, the original plan may become infeasible.

Within the proposed architecture, updated demand
and material information can trigger a planning
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SAP PP
requirements,

reassessment. can represent revised
the digital

manufacturing environment can provide execution-

production while

level visibility. If production capacity becomes
constrained, scheduling priorities can be reassessed.
The resulting process is consistent with robust
inventory management because it recognizes
uncertainty rather than assuming stable operating

conditions.

A similar logic applies to perishable products. The
findings of Cholodowicz and Orlowski and Hansen,
Transchel and Friedrich suggest that uncertainty-
sensitive control is essential when inventory has time-
dependent value (Cholodowicz and Orlowski, 2023;
Hansen, Transchel and Friedrich, 2023). Digital
execution feedback can therefore support faster
identification of inventory risks.

3.5 Analytical Performance Dimensions

The framework evaluates performance through five

dimensions: inventory efficiency, production

responsiveness, schedule reliability, supply-chain
resilience, and sustainability. These dimensions
the than

introducing performance

reviewed literature rather

unsupported

reflect
external
criteria.

Inventory efficiency concerns the reduction of

unnecessary stock while maintaining material
availability. Production responsiveness concerns the
ability to modify plans when demand or execution
conditions change. Schedule reliability concerns
alignment between planned and actual production.
Resilience concerns the ability to continue operations
under supply or demand disruptions. Sustainability
incorporates the environmental and economic
dimensions emphasized by Mahato et al. and Sana

(Mahato, Choudhury and Mahata, 2023; Sana, 2020).
4. RESULTS

The conceptual synthesis produces five principal
First,
theoretically

findings. planning-execution integration is

necessary for lean
The

demonstrates that demand, lead times, returns, and

responsive

production. inventory literature repeatedly

supply conditions can change the optimal decision.
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Hansen, Transchel and Friedrich show the influence
while

the
relevance of robust adaptive control under time-

of demand and lead-time uncertainty,

Cholodowicz and Orlowski demonstrate
varying demand (Hansen, Transchel and Friedrich,
2023; Cholodowicz and Orlowski, 2023). A planning
system disconnected from execution therefore risks
generating decisions that become obsolete before

production is completed.

Second, inventory optimization should be treated as
a dynamic planning problem rather than an isolated
stock-reduction exercise. Pasandideh, Niaki and
Tokhmehchi and Guo, Shi and Guo both demonstrate
the value of optimization techniques for complex
inventory structures (Pasandideh, Niaki and
Tokhmehchi, 2011; Guo, Shi and Guo, 2022). Within
the proposed SAP-oriented framework, this implies
that inventory targets should support production
continuity and customer fulfillment rather than
simply minimize inventory quantity.

Third, digital feedback
mechanism for continuous planning adjustment. The

execution creates a
proposed integration connects SAP PP planning with
digital manufacturing execution so that production
deviations can become inputs for subsequent
planning cycles. This is consistent with the broader
Industry 4.0 and lean integration perspective of
Mahdavisharif, Cagliano and Rafele (2022). The
principal outcome is a shift from periodic planning

toward a more continuous decision cycle.

Fourth, lean optimization involves multiple and

sometimes conflicting objectives. Xu et al.
demonstrate the importance of fulfillment-time
guarantees, while Mahato et al. incorporate carbon
emissions and inventory deterioration into their
model (Xu, Serel, Bisi and Dada, 2023; Mahato,
Choudhury and Mahata, 2023). Therefore, reducing
inventory without considering service, waste,
deterioration, or environmental performance may
produce a technically efficient but operationally

inferior solution.

Fifth, the proposed architecture improves conceptual
coordination but does not eliminate organizational
data-related limitations.

and Supply-chain
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performance is influenced by buyer—supplier

relationships and  external disruptions, as
demonstrated by Munyimi and Chari and Santos and
Donato (Munyimi and Chari, 2018; Santos and
Donato, 2023). Consequently, SAP integration should
be regarded as an enabling mechanism rather than a
complete solution. The central contribution of Lean
Production Optimization Through SAP PP and SAP
Digital Manufacturing Integration is therefore the
formulation of a closed-loop planning architecture in
which inventory optimization, production planning,
execution visibility, and lean improvement operate as

interconnected functions.
5. DISCUSSION

The findings support a theoretical shift from isolated
production planning toward integrated planning-
execution control. Traditional production planning is
often structured around forecasts, inventory
positions, and predetermined schedules. However,
the reviewed literature indicates that these variables
are subject to uncertainty and interaction. The
practical implication is that SAP PP should not be
conceptually evaluated only by its ability to generate

production requirements. Its greater value emerges

when planning information can interact with
execution information  through a  digital
manufacturing environment.

The proposed framework also clarifies the

relationship between lean production and inventory

optimization. Lean manufacturing is sometimes
interpreted as aggressive inventory reduction, but
the literature indicates a more complex relationship.
Xu et al. demonstrate the importance of fulfillment-
time guarantees, while Hansen, Transchel and
Friedrich emphasize uncertainty in replenishment
decisions (Xu, Serel, Bisi and Dada, 2023; Hansen,
Transchel and Friedrich, 2023). Consequently, a lower
inventory level is not automatically equivalent to a
better lean outcome. The relevant objective is an
balance between

appropriate inventory,

responsiveness, service, and production continuity.

The framework also provides a theoretical
explanation for why computational optimization can
complement SAP-based planning. Genetic
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algorithms, particle-swarm optimization, and neural-
network control appear in the reviewed literature as
mechanisms for addressing complex decision spaces
(Pasandideh, Niaki and Tokhmehchi, 2011; Guo, Shi
and Guo, 2022; Cholodowicz and Orlowski, 2023).
These approaches indicate that digitally integrated
manufacturing systems could potentially benefit from
decision support. However,
should replace
indiscriminately. Their

advanced analytical

optimization  algorithms not
logic

usefulness depends on data quality, parameter

enterprise planning

selection, operational constraints, and

interpretability.

Sustainability introduces another important trade-
off. Mahato, Choudhury and Mahata incorporate
carbon emissions into deteriorating-inventory
decisions, while Sana examines corporate social
responsibility in competitive product environments
(Mahato, Choudhury and Mahata, 2023; Sana, 2020).
Thus, a digital manufacturing architecture should
evaluate operational performance using broader
criteria than throughput alone. A production
schedule that maximizes short-term output but
increases waste or unnecessary inventory may

conflict with long-term lean objectives.

Supply-chain resilience further limits the assumption
that internal digital integration is sufficient. Kang et
al. address  robust spare-parts inventory
management, while Santos and Donato highlight the
impacts of the COVID-19 pandemic on supply chains
(Kang, Marandi, Basten and de Kok, 2023; Santos and
2023). These that
disruptions can originate outside the manufacturing
system. SAP PP and SAP Digital Manufacturing

integration can

Donato, studies indicate

improve internal visibility and

responsiveness, but supplier reliability, external

logistics, and market shocks remain important

sources of uncertainty.

From a theoretical perspective, the study contributes
by connecting three previously separated research
streams: inventory optimization, lean digitalization,
and integrated production execution. The framework
represented by Lean Production Optimization
Through SAP PP and SAP Digital Manufacturing
the

Integration positions information flow as
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connecting mechanism between these streams. Its
principal limitation is that it remains conceptual and
does not provide empirical measurements from an
actual SAP implementation. Future research should
therefore test the framework using industrial
datasets and compare integrated planning with

conventional planning approaches.
6. CONCLUSION

This study developed a conceptual framework for
lean production optimization through SAP PP and SAP
Digital Manufacturing integration. Based exclusively
on the supplied literature, the analysis demonstrates
that modern production planning must address
demand uncertainty, lead-time variability, inventory
constraints, sustainability, supply-chain disruption,
and fulfillment requirements simultaneously.

The proposed architecture connects demand and
supply information, inventory planning, SAP PP
scheduling, digital
feedback,

management, and lean performance evaluation. Its

production planning,

manufacturing execution, exception
principal contribution is the conceptualization of
planning and execution as a closed-loop system

rather than independent organizational functions.

The literature also demonstrates that computational
optimization can strengthen decision-making, while
Industry 4.0 technologies can support lean principles
when digital integration is aligned with operational
objectives. Nevertheless, technology alone cannot
Data
organizational coordination, supplier relationships,

guarantee lean performance. reliability,
uncertainty, and appropriate performance criteria

remain critical.

Future research should empirically validate the
proposed framework using real manufacturing data.
Particular attention should be given to measuring
schedule adherence,

inventory reduction,

throughput, fulfillment performance, disruption
recovery, and sustainability outcomes before and
after SAP PP and digital manufacturing integration.
Such studies could establish quantitative evidence for
the operational value of the framework and
strengthen the practical foundation of Lean

Production Optimization Through SAP PP and SAP

https://theusajournals.com/index.php/ajast



Digital Manufacturing Integration.

REFERENCES

E. Cholodowicz and P. Orlowski, Switching robust
neural network control of perishable inventory
with fixed shelf life products under time-varying
uncertain demand, J. Comput. Sci. 70 (2023)
102035.

S. Transchel and H. Friedrich ,
Replenishment strategies for lost sales inventory

0. Hansen,

systems of perishables under demand and lead
time uncertainty, Eur. J. Oper. Res. 308 (2023)
661-675.

Z. Kang, A. Marandi, R. J. Basten and T. de Kok,
Robust spare parts inventory management,
Available at SSRN (2023).

F. Kharidar, M. Kazemi, A. Pooya and A. M. F.
Saghih , A pricing and inventory control for
perishable items with the inflation rate and
retailer’s returns, Int. J. Math. Oper. Res. 25
(2023) 548-569.

F. Mahato, M. Choudhury and G. C. Mahata ,
Inventory models for deteriorating items with
fixed lifetime, partial backordering and carbon
emissions policies, J. Manage. Analytics 10 (2023)
129-190.

M. Mahdavisharif, A. C. Cagliano and C. Rafele ,
Investigating the integration of Industry 4.0 and
A multi-
perspective systematic literature review, Appl.
Sci. 12 (2022) 586.

lean principles on supply chain:

T. F. Munyimi and D. F. Chari, The role of buyer—
supplier relationships in achieving economic
sustainability in the private telecommunication
sector in Zimbabwe, Cogent Business Manage. 5
(2018) 1540917.

S. H. R. Pasandideh, S. T. A. Niaki and N.
Tokhmehchi ,
algorithm to optimize two-echelon continuous

A parameter-tuned genetic

review inventory systems, Exp. Syst. Appl. 38
(2011) 11708-11714.

American Journal of Applied Science and Technology

16

9.

10.

11.

12,

13.

14.

15.

American Journal of Applied Science and Technology (ISSN: 2771-2745)

S. S. Sana, Price competition between green and
non green products under corporate social
responsible firm, J. Retailing Consum. Serv. 55
(2020) 102118.

S. S. Sana , Sale through dual channel retailing
system — A mathematical approach,
Sustainability Ana. Modeling 2 (2022) 100008.

C. C. R. Santos and V. Donato , The impacts
airising from the COVID-19 pandemic on supply
chains, Revista de Gestdo e Secretariado
(Manage. Admin. Professional Rev.) 14 (2023)
4794-4806.

Y. Xu, D. A. Serel, A. Bisi and M. Dada , Setting

fulfillment-time guarantees for accepting
customer orders in a periodic-review base-stock

inventory system, IISE Trans. 55 (2023) 1-14.

E. Gokbayrak and E. Kayis , Single item periodic
review inventory control with sales dependent
stochastic return flows, Int. J. Prod. Econ. 255
(2023) 108699.

Y. Guo, Q. Shi and C. Guo , Multi-period spare
parts supply chain network optimization under (T,
s, S) inventory control policy with improved
dynamic particle swarm optimization, Electronics
11 (2022) 3454.

M. Kalal, "Integrating SAP PP and SAP Digital

Manufacturing for Lean Production
Optimization," 2026 International Symposium of
Systems, Advanced Technologies and Knowledge
(ISSATK), Hammamet, Tunisia, 2026, pp. 1-7, doi:

10.1109/ISSATK69667.2026.11566800.

https://theusajournals.com/index.php/ajast



