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Abstract: This paper aims to seek ways on how EOQ model can be improved through integration
of realistic constraints like stochastic demand and variable lead times. The conventional EOQ
models, as they are developed, do not fully capture the dynamics of managing inventories in
contemporary businesses, resulting in higher costs and reduced effectiveness of operations. The
objective of this research is to design a mathematical model that will incorporate all these
constraints so as to enhance inventory efficiency. From this study, we use data obtained from a
mid-sized retail company to examine performance indicators such as inventory turnover, stockout
rates, and total inventory costs before and after the application of the extended EOQ model. A
direct percentage rise of 37.78% in inventory turnover and 46.67% drop-in stock rate are some of
the findings highlighted by the research. In addition, the importance of utilizing data analysis and
future technologies is stressed for real decisions improving the organizations reaction to market
Sfluctuations. However, the study also outlines several disadvantages tied to implementation of the
practice, including financial investments and training of the employees. These issues highlight the
need for implementing more sophisticated approach to inventory management that also addresses
sustainability, making the extended EOQ model an ideal solution for organizations that aim at
operating efficiently and being competitive within the contemporary business context. The
expansion of the proposed model to various industries for further validation of the effectiveness of
the implementation of the model together with the improvement of the methods incorporated into
the model will form the basis of the future research studies.

Keywords: economic order quantity (EOQ), inventory management, stochastic demand, variable
lead times, data analytics, supply chain optimization, real-world constraints.

INTRODUCTION

The Economic Order Quantity (EOQ) model conceived by Ford W. Harris in 1913 remains as a
formidable framework in inventory control until the present time. Order quantity can be defined
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as the number of units that a company has to order to stock up and replenish its inventory and in
applying this model, companies can be able to identify the right order quantity that can help
minimize on the total cost required for ordering inventory and for holding it in stock. The use of
the EOQ model involves the assumptions of demand rate, constant lead time, holding and ordering
costs that are steady hence suitable for simple and deterministic systems. However, such an
assumption in real life business environment has lack of credibility as it does not occur commonly.
Some of the reasons include volatility of demand, irregular supply chain, inconsistency of lead
time, and dynamism of costs which threaten the applicability of the traditional EOQ model.

The Research Problem and Objectives

Although the EOQ model seems to give a good approach to inventory management when the
environment is constant, the contemporary business environment is unpredictable, and... For
instance, demand variation, supplier reliability, and transportation delay are some of the problems
that make the assumptions of the classic EOQ model impractical. Furthermore, many companies
consider data analytics and real-time supply chain visibility as promising technologies that can
help to improve decision-making processes that the EOQ model does not allow to address
comprehensively. Therefore, it is necessary to establish a new algebraic model for the EOQ that
takes into account real life considerations.

The purpose of this research is to build upon the EOQ model with the view of integrating additional
aspects such as varying demand rates, lead times, and costs. Thus, integrating all these
complexities into one, the main objective of this study is to develop a model with more robust
containment with a view of improving the decision-making process on inventory management
under conditions of uncertainty.

Current Challenges in EOQ Model

Some limitations of the traditional EOQ model have been identified in prior research as follows:
One of the criticisms is the perpetual customer demand, which does not apply to the businesses
that experience shocks by seasonality, trends, or occasions. For instance, demand can be erratic in
segments such as the retail industry because of sales promotions, the state of the economy, or
actions by rival firms, which necessitate more operational flexibility in inventory management.
The next challenge is the assumption of fixed lead times in calculating Forming Operations per
Cycle Time. However, lead time may vary in a practice setting because of delays in transportation,
production constraints, or issues from the supplier, resulting in stock out or overstocking.
Moreover, the original EOQ model also fail to address the dynamics of the new millennium supply
chains, where globalization, unreliable suppliers, and just in time deliveries have become the
orders of the day.

Also, the last but not least advantage, is again a disadvantage which contends to the EOQ model,
and that is the fact that it is a model with static cost structure. In fact, the ordering costs and holding
costs fluctuate with time due to factors like inflation, energy costs and holding space. Due to these
costs, it is required to have a model that is able to accommodate any changes in cost conditions.
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The Objectives of Your Research
This research aims to develop an enhanced EOQ model that addresses the aforementioned
challenges by incorporating real-world constraints. Specifically, the objectives of this study are:
o To integrate demand variability into the EOQ model, allowing businesses to better manage
inventory under uncertain demand conditions.
e To account for variable lead times, enabling more accurate inventory planning in complex
supply chain environments.
e To incorporate dynamic cost structures, ensuring that the model remains relevant in
fluctuating economic conditions.
e To explore the role of emerging technologies, such as data analytics and predictive
modeling, in improving inventory decision-making within the extended EOQ framework.
By achieving these objectives, the extended EOQ model will offer businesses a more flexible and
responsive tool for managing inventory in today’s dynamic and unpredictable markets.

Related Works

Much research work has been done on the original EOQ model, since its establishment over a
century ago. To the present, several changes have been made with regards to the mentioned model
to suit the more appropriate current environment within multifaceted organizational structures.
This part provides a brief of EOQ model development and the subsequent literature with an aim
of applying the model with constraints such as demand variability, lead time and variable costs.

EOQ Model Extensions for Demand Variability

The fundamental EOQ models fail to seized [?] demand variations which are inevitable in any
usage application and as such they are not solution providers in reality. Numerous authors have
come up with modifications to include stochastic demand into newsvendor equation endogenously.
For instance, another paper that Whitin (1963) wrote was another generalization of EOQ as he
made the demand of the product depend on probability estimates of the demand. Their model had
an idea of safety stock to manage the variability and even with it, it is among the most effective
utilized strategies for industries that may face an unpredictable demand.

Later literature has endeavoured further to categorize demand uncertainty in a more refinanced
way. To illustrate this, Ray & Chaudhuri (1997) have developed a demand-based EOQ model that
included order quantities to real-time demand signals employing data and analytical and
quantitative forecasting techniques. The differences appear to be most fitting to contexts of radical
changes in demand such as the retail or consumer from behavior change particular to consumer
electronics.

EOQ Models with Variable Lead Times

Lead time variability is yet another factor that is neglected in basic EOQ models. Past literature
has focused on extending stochastic lead-time into the application of EOQ model. As pointed out
by Per Lo, fixed and variable lead time have both incorporated at Ray & Chaudhuri (1997) where
the EOQ is tied in proportion to the change in lead time its expected by the business. Their model
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has safety stock, which allows it to have some contingency of delay in replenishment and prevent
stock-out situations.

Of a similar context, Ray & Chaudhuri (1997) used EOQ models with dependent ordering policy
with the lead time where the order quantity is dependent on the lead time variation. This method
enabled flexibility of managing inventory particularly when the transportation time or suppliers
reliability is unpredictable. These extensions have demonstrated the high suitability in handling
the deficiencies of the basic EOQ model in the GCSC environment, in which lead-time are
influenced by the logistics time, customs clearance time, changes in the delivery time and the
availability of the supplier’s performance.

Dynamic Cost Structures in EOQ Models

The last of the assumptions that have been leveled against the EOQ model for inventory
management is that holding and ordering costs are constant. There, actual costs differ with time
because of factors such as inflation cost, energy cost or even changes in supplier’s price. In what
follows, there is a number of papers that have attempted to introduce the above dynamic cost
structures into EOQ model. Pentico and Drake (2011) has conducted a survey of several extensions
of the EOQ model that allows for recognizing time-variant costs, which the authors recommended
an adaptive ordering policy that updates the calculation of AOQ according to any fluctuations in
the cost factors over time. Their work also brings out the need to be very cautious on the costs of
the products in order to make better inventory decisions.

Following this, Absi et al. (2013) further extended the above idea to define and examine an EOQ
model with inflationary conditions Where both holding and ordering costs are aspects that increase
over time. I agree with them that their model is indeed convenient where planning of inventory is
necessary for the longer period, particularly where inflation rates are high or the cost structures are
highly volatile. With these factors in mind, firms will be well placed to order the right time and
right quantity with aim of cutting down on general inventory expenses.

Integrating Emerging Technologies with EOQ Models

The new opportunities for further enhancements of the EOQ models emerge due to the progress in
the technology during the last couple of years, particularly in the field of data analysis and machine
learning methods. Other scholars have also described how these technologies can be used for
improved stocks management. For instance, (Pentico & Drake, 2011) illustrated a dynamic EOQ
model in which the real-time data analysis is the basis of determining the optimum frequency of
orders depending on the prevailing supply chain environment. They have established how
application of analytics enhance the flexibility of inventory management to meet the user needs.
Where EOQ models and predictive predictive algorithms can increase EOQ utility and therefore
benefit inventory management. These works are valuable in emphasizing the potential of modern
technologies to increase the practical use of the EOQ model in real production environment, as
well as the realism and precision of the demand and inventory dynamics.
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There are still some areas which are not covered adequately in the extensions of EOQ model in
literature. Most of the models do not consider interaction of several constrains, for instance, the
demand variability and lead time uncertainty. Also, most models do not consider cost behavior as
influenced by factors like demand and lead time in other models as well. This research aims at
filling these gaps by presenting an integrated multi-constraint EOQ model that considers variable
demand, stochastic lead times and dynamic costs subject to the opportunity of utilizing data
analytics and machine learning techniques.

RESEARCH METHODOLOGY

This section defines the research strategy used to reformulate the EOQ model integrating realistic
constraints. The methodology is systematic in regard to data sampling, model construction as well
as analysis, in order to meet the earlier stated research goals. The flowchart of the overall research
implementation is shown below in Figure 1.

Data Collection Methods
The data collection process for this study consisted of two main components: secondary data
from existing literature and primary data from real-world business case studies.

e Secondary Data: Historical data on inventory management, demand patterns, lead times,
and cost structures were gathered from publicly available datasets and company reports.

e Primary Data: Case studies from manufacturing firms and retail companies were used to
gather primary data. Semi-structured interviews with supply chain managers provided
insights into real-world constraints such as variable demand and fluctuating costs.

The collected data included:

o Historical demand and supply data

e Lead time variability

e Ordering and holding costs

e Supplier reliability metrics

Research Design and Approach

The research follows a quantitative design where mathematical models are used to analyze data.
The development of the extended EOQ model involved a combination of mathematical
formulation, simulation, and data analytics. Following the framework proposed by Silver
(1998), this research adopts an iterative approach where real-world constraints are progressively
integrated into the EOQ model.

o Mathematical Formulation: The first step was developing the theoretical extensions of
the EOQ model by incorporating stochastic demand, variable lead times, and dynamic
costs, following the methodologies of Whitin (1963).

e Simulation and Optimization: The extended model was tested using simulation
techniques to assess its performance under different scenarios. Optimization algorithms
were applied to identify the best order quantities that minimize total costs while accounting
for the added constraints.
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Use of the EOQ Model
The basic EOQ model was derived under the assumption of constant demand and fixed costs which
do not exist in practical business setting. The assumptions made in this line of research have been
changed in this research in a bid to make them less constraining. Following the works of Ray &
Chaudhuri (1997), the EOQ model was modified in three key areas:

1. Demand variability: Introduced a probabilistic demand function.

2. Lead time fluctuations: Modeled lead times as a stochastic variable.

3. Dynamic cost structures: Accounted for time-dependent holding and ordering costs.

Start

Literature_Review

Data_Collection_Primary_and_Secondary

Model_Development

Simulation_of _EOQ_Model

Data_Analysis

Model_Validation

Implementation_of_Strategies

Practical_Implications

End

Figure 1: Methodology Flowchart
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Model Development and Testing

The extended EOQ model was derived based on the collected data of demand, the lead time, and
cost variability. Prior testing of the model was done to check the performance of the optimization
execution to the historical data with the objective to minimize the total inventory costs.

o Testing Scenarios: The effectiveness of the extended model was evaluated by simulating
possible situations, including high variability in the demand and cost parameters. Ray &
Chaudhuri (1997) proved that when several versions are checked, there is the ability to
adjust to real, more inflexible constraints.

o Data Analytics: Data analytics tools were employed to analyze patterns in demand, lead
time, and cost structures. Predictive analytics were used to forecast future demand and
optimize the EOQ accordingly.

Model Validation

The last stage was to analyze the real-world data and compare the results with the validated
extended EOQ model. The effectiveness of the model in reducing the total costs and controlling
stockout and inventory holding were measured by assessing cost reduction, stock out rates and
inventory holding levels respectively. This validation process was important in establishing the
realism of the model as well as its ability to apply in practical field versions.

Theoretical Framework

This research is based on basic inventory theory and also new developments done to enhance the
classical inventory models. This theoretical framework is a synthesis of aspects of Economic Order
Quantity (EOQ) theory, stochastic inventory management, and supply chain management. These
theories inform the development of the extended EOQ model that considers actual constraints such
as demand that is not constant, costs that are not fixed, and lead times that are not constant.

Classical EOQ Model

The basic theoretical model applied in this research is the EOQ classical model based on the Harris
(1913) method. The EOQ is used in determining the best order size when the overall inventory
costs which include the holding and ordering costs are to be kept to the lowest level. However, the
general assumption made in the original EOQ model is that demand rate is constant, lead times are
constant and costs are constant over time (Silver 1998). These assumptions restrict applicability
on context to real environment where such factors might not be so constant.

500 — 2DS
Q= H

Where:
e D = Annual demand
e S = Ordering cost per order
e H = Holding cost per unit per year
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However, Ray & Chaudhuri (1997) highlighted that application of this model in the current supply
chain exposes a number of shortcomings that needs to be corrected when organizations experience
fluctuating demands and constantly changing supply chain environment.

Extensions to the EOQ Model

Since the above classical EOQ model has been found to have several imperfections, a number of
its extensions have been made by several authors in the literature to make it fit for variables
demand, dynamic costs and stochastic lead times (Whitin, 1963; Ray & Chaudhuri, 1997).

1. Stochastic Demand: Many researchers have incorporated stochastic demand into the EOQ
model. For instance, Whitin (1963) explored how variable demand can be modeled using
probabilistic approaches, allowing the EOQ model to adapt to changing market conditions.

2. Variable Lead Times: Lead times in real-world supply chains are often uncertain. Song
and Zipkin (1996) developed models to account for variable lead times and their impact on
inventory levels, providing more accurate predictions of stockouts and overstock scenarios.

3. Dynamic Cost Structures: The traditional EOQ model considers the holding and ordering
costs as fixed while in real business environment the costs will be volatile due to the volatile
economic environment. Employing time varying unit costs which is more responsive to
dynamic market and cost factors.

Real-World Constraints in Inventory Models
To bridge the gap between theory and practice, this research incorporates real-world constraints
into the EOQ model. This includes:

e Demand Variability: Demand is modeled as a stochastic variable with a probability
distribution that reflects real-world fluctuations (Ray & Chaudhuri, 1997).

e Lead Time Uncertainty: Lead time is modeled as a stochastic process, as shown in the
work of Song and Zipkin (1996).

e Dynamic Holding and Ordering Costs: Dynamic cost structures are integrated, following
the methodology proposed by Ray & Chaudhuri (1997), where holding and ordering costs
vary with external factors like inflation and supplier price changes.

Integration of Emerging Technologies

The extended EOQ model takes advantage of data and analytical tools and features machine
learning and predictive data analysis as complementary tools. These technologies facilitate better
predictions of the demand and cost profiles.

Machine Learning: By leveraging machine learning algorithms, the extended EOQ model can
learn from historical data and make real-time adjustments to order quantities (Bertsimas & Kallus,
2020).

o Predictive Analytics: The various predicting models are used in making future projection
of both demand and costs; firms are thus in a position to minimize on their inventory costs
where uncertainty is involved. This theory models show the evolution of the basic EOQ
model to a more complex model reflecting real organizational constraints. The targeted
elements therefore include stochastic demand, variable lead times, and dynamic cost
structures with the objective of contributing towards a more ideal and relevant inventory
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model to fit todays dynamic supply chains. The model is equally effective in real-time
decision-making, considering the incorporation of emerging technologies such as machine
learning and predictive analytics.

Development of Mathematical Formula

There is no question that the basic formula of EOQ or the Economic Order Quantity is already set
within the field of inventory management objectives of minimizing the overall cost of inventory
through a proper balance between the acquisition and storage costs of a certain item. But practical
challenges including demand unpredictability, time to order, and fixed operating costs call for an
expansion of this model to reflect these issues. The following section depicts the formulation of a
rather generalized mathematical model: the one that will overcome these issues.

Classical EOQ Model
The classical EOQ model, developed by Harris (1913), calculates the optimal order quantity Q as
follows:

2DS

H

Where:

e D = Annual demand

e S = Ordering cost per order

e H = Holding cost per unit per year
This formula considers the demand rate to be fixed, the lead times to be regular and the holding
and ordering costs to remain static and does not consider any variation in these parameters which
in a changing business environment can be very inaccurate (Silver ef al., 1998).

Modifying the EOQ for Stochastic Demand

In real-world scenarios, demand is rarely constant. To account for stochastic demand, we represent
demand as a random variable D with mean pup and standard deviation o,. The EOQ formula is
modified to include a safety stock component to mitigate stockout risks due to demand uncertainty.
The total inventory cost is minimized by adjusting the order quantity to reflect this uncertainty:

ZﬂDS
H

Q* = + ZopVLT

Where:
e up = Mean demand
op = Standard deviation of demand
Z = Safety factor (based on desired service level)
LT = Lead time in years
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This formula integrates a safety stock term, Zo, VLT, which compensates for variability in demand
and lead time, ensuring a higher probability of meeting customer demand without stockouts (Ray
& Chaudhuri, 1997).

Incorporating Variable Lead Times

Incorporating variable lead times introduces an additional level of complexity to the EOQ model.
Lead time LT is often subject to delays and fluctuations due to supply chain inefficiencies. To
account for this variability, lead time is modeled as a stochastic variable with mean y;; and
standard deviation o, (Whitin, 1963)

The safety stock must also reflect this lead time variability:

Safety Stock = Z\/LTGS + up oty

This modification ensures that safety stock levels adjust dynamically to account for both demand
and lead time variability, thereby reducing the likelihood of stockouts (Song & Zipkin, 1996).

Dynamic Cost Structures

Initial EOQ model considers holding cost per unit (H) and ordering cost per unit (S) were constant,
which is not the case in current logistics systems. Since the actual cost model of tangible goods is
the basis, costs may be variable because of changes in inflation rates, pricing policies of suppliers,
among others. In response to this, Bertsimas & Kallus, (2020) have developed cost functions which
are time dependent with both H and S.

Let H(t) and S(t) be time-dependent holding and ordering costs, respectively. The extended EOQ

formula becomes:
upS(t)
Q*(t) = ’ + ZopVLT
() H(D)
Where:

e H(t) = Holding cost as a function of time

e S(t) = Ordering cost as a function of time
This time-varying cost structure provides a more realistic approach to minimizing inventory costs,
as it allows businesses to adapt their ordering quantities in response to economic changes.

Incorporating Sustainability Constraints

In the last decade, sustainability and environmental aspects can be observed to have an impact on
inventory control. To submit these, we incorporate an environmental cost factor E that consists of
aspects such as carbon emission, wastes and other environmental costs (Carter & Rogers, 2008).
The total cost function can now be represented as:

TC = H(t)Q + % + ZopVLT + E
Where:

e E = Environmental cost per unit of product
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This formula reflects the growing need for businesses to factor in environmental sustainability
when making inventory decisions.

Optimizing the Extended EOQ Model
To optimize the extended EOQ model, businesses must solve for Q* that minimizes the total cost
function, including holding, ordering, safety stock, and environmental costs. Using calculus, the

first-order condition for minimizing total costs is given by:

dTC 0

dQ
By solving this equation, the optimal order quantity Q" is determined, taking into account real-
world constraints like demand variability, lead time uncertainty, dynamic costs, and sustainability
considerations.
The application of the mathematical formula to the development of the extended EOQ model
incorporates actuality aspects such as stochastic demand, variable lead time, dynamic cost and
sustainability issue. Therefore, thus, the extended model contains more practical and closer to
reality guidance for companies operating in complex supply chain networks compared to the
original EOQ model. Most of these changes improve the usefulness of the EOQ model and allow
more organizations to increase inventory management efficiency and sustainability.

Data Analysis

In this section, we provide an examination of the data implemented in the evaluation of the
extended EOQ model under external and internal factors such as demand fluctuation, lead-time
variation, changes in costs and sustainability factors. To support realization of these factors on
inventory management and to fine-tune the extended EOQ model, data analysis is paramount.

Data Collection
The data for analysis is collected from historical records of demand data, from supplier lead time,
and from the cost structure of manufacturing and retail companies. Specifically, we collect:

e Annual demand (D) and its variability over time
Lead time (LT) data from suppliers
Holding (H) and ordering (S) costs over several periods

e Environmental cost data, such as carbon footprint, related to inventory management
These datasets give a coherent picture of the forces underpinning the EOQ model and assist in
developing stronger inventory plans. Data management and preprocessing were conducted by
statistical software; Python’s pandas and R’s dplyr packages (Pedregosa et al., 2011).

Descriptive Statistics

The basic statistics were computed initially to provide the demographic features of the data
collected. Among them the measures of central tendency such as mean and median, measures of
dispersion such as standard deviation and variance, measures of frequency distribution. It is crucial
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to know these items and apply them correctly to the extended EOQ model to solve real scenarios
(Montgomery, 2017).
For instance, in the context of demand, the following results were observed:

e Mean demand (i) = 500 units/month

e Standard deviation of demand (o) = 75 units/month
Similarly, the mean lead time was found to be 3 weeks, with a standard deviation of 1 week,
indicating the variability suppliers face in delivering orders on time.

Inferential Statistics and Hypothesis Testing

To reach an understanding of a relationship of demand variability and lead time, the authors
performed inferential statistical analyses. The linear relationship of these variables was also
assessed through Pearson coefficients of correlation. According to Lehmann et al (1986), the
coefficient of correlation equal to 0.67 indicates a moderate positive relation between demand
variation and lead time variation. This shows that when demand variability is high then also lead
time follows, it may be because the supply chain is under pressure.

To assess whether incorporating dynamic cost structures significantly affects EOQ performance, a
paired t-test was conducted. The null hypothesis assumed no significant difference between the
classical EOQ model and the extended EOQ model under variable cost conditions. The p-value
obtained (p = 0.003) was less than 0.05, leading to the rejection of the null hypothesis. This
confirms that accounting for dynamic costs significantly improves the model’s performance
(Cohen, 2013).

Data Segmentation and Analysis of Variance (ANOVA)

To examine how other limitation including demand volatility and lead time risk impact the costs
of inventory, data was partitioned according to ranges of demand and lead time. In order to identify
if there were significant difference in total costs within such segmentations, an ANOVA test was
conducted.

The results of the ANOVA test showed that demand variability has a significant effect on total
costs (F(2,97) = 15.32,p < 0.01). This supports the need to include stochastic demand in the
EOQ model to better reflect real-world conditions (Montgomery, 2017). Additionally, the analysis
revealed that dynamic holding and ordering costs contribute significantly to variations in total cost,
further justifying the inclusion of time-dependent cost structures.

Regression Analysis

In addition, a multiple regression model was used to measure the cost variability of demand, lead
time and other dynamic costs of inventory. Total inventory cost was used as dependent variable
while demand variability, lead time and cost fluctuations were used as independent variables in the
model.

The regression equation was found to be:

TC = Bo + P1(0p) + B2(LT) + B3(Cost)
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Where:

e [, = Intercept

e [31,[,, B3 = Coefficients for demand variability, lead time, and cost, respectively
The regression coefficients indicated that demand variability ( f; = 0.45,p < 0.01 ) and lead time
(B2 = 0.32,p < 0.05) had a significant positive impact on total costs, while dynamic costs ( S5 =
0.25,p < 0.05) also contributed to increased total costs (Kutner et al., 2005).

Sensitivity Analysis

The Chow test was again conducted to examine how variations in certain input variables-demand
fluctuation, lead time, and holding/ordering costs-affect the result of the EOQ model. The analysis
indicated that the model had the greatest level of sensitivity to changes in demand variability. The
results also suggested that the incorporation of stochastic demand into the model is appropriate as
there was numerical average increase of total inventory cost by about 8% for every 10% increase
in demand variability.

Also, there was correlation found on the lead time sensitivity where when lead time was increased
by 5%, the inventory costs were increased by 4%. This implies that for firms that experience
variations in lead times, more safety stock is needed more to act as a hedge against the uncertain
environment.

These results confirm that using stochastic demand or cost factors, variable lead-times, dynamic
and imprecise coefficients developed from real-world data gives more accurate and study EOQ
modelling. Thus, combining descriptive and inferential statistical methods and performing
regression and sensitivity analyses, it is possible to prove the density of such constraints for
inventories costs. The findings therefore imply an urgent need to adapt the EOQ model to the
present day conditions to meet the dynamic nature of inventories.

Strategies

Most purchasing and inventory systems should initially consider the strengths of the extended
EOQ model but they should also consider the practical limitation of the models in real life
businesses when drawing up their overall purchasing and inventory systems policies. The
following are few approaches that can help business organizations to reach the optimum inventory
levels so that there would be high operation efficiency.

Demand Forecasting and Stochastic Modeling

Great accuracy in demand forecasting effectively eliminates stockout...and helps in the efficient
management of inventories. The demand forecasting methods which should be used by several
companies include modern approaches that use previous information and trends. Some of the
statistical tools that can help in improvement of precision of demand expectations include; time
series decomposition, moving averages, vestibular smoothening.
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In addition, incorporating stochastic helps firms to consider fluctuations in demand. Applying
probabilistic models like Monte Carlo simulations, the businesses may predict different states of
demand, which will allow them to create more effective inventory management plans (Law &
Kelton, 2000).

Supplier Collaboration and Lead Time Management

It is crucial to identify some of the emerging best practices that can be embraced in an organization
in order to improve on suppliers lead time. Supplier cooperation should be further developed so
that the companies could share different information flows concerning inventory status, production
plans, and delivery schedules. The above collaboration can, however, be enhanced by using
aggressive strategies such as the use of VMI (vendor-managed inventory) whereby the supplier
manages inventory using information regarding sales (Simchi-Levi et al., 1999).

Furthermore, variability in lead time can be addressed through staffing dual-sourcing strategies
that may be used by businesses. Here, risk is reduced since firms are able to acquire directly from
several suppliers hence breaking the dependency cycle with a solitary vendor.

Dynamic Inventory Policies

With the situation being unpredictable and demand and cost frequently fluctuating, organizations
should therefore use dynamic inventory policies which enable the changes. And this involves re-
ordering and re-structuring the safety stock in relation to the present orders. For instance,
employing inventory management software with the help of artificial intelligent (AI) may help in
giving suggestions regarding appropriate inventory levels depending on past sales trends and
market situations (Bowersox et al, 2020).

Also, the implementation of Just-In-Time (JIT) can decrease too much inventory and holding
expenses. JIT systems involve manufacturing and procurement for use and therefore synchronizes
inventory with consumption patterns (Ohno, 2019).

Sustainability Considerations

Promoting sustainability in the approaches for managing inventories is a concept that is gaining
more and more relevance. It important that companies evaluate the current Inventory practices
with a view of coming up with a policy that can reduce or (eliminate) the company’s impact on the
environment. Adopting circular economy strategies for managing inventory which entail
demanding resource efficiency alongside minimizing wastage generates sustainable strategies
(Geissdoerfer et al., 2017).

Another benefit of LCA is that organizations could utilize LCA tools for assessment of the
environmental cost of the products which they offer, or actual supply chain and make an effective
decision on various aspects such the selection of the suppliers, the management of the inventories
and production processes (Guinée et al., 2001).

Continuous Improvement and Performance Measurement
That is why it is critical to develop a culture of high performance in relation to inventory

management practices. There is need for business entities to carry out a periodic assessment of the
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inventory management approaches and the relevant benchmark indicators. The areas such as
inventory turnover ratio, order fulfillment rate and the carrying cost has to be tracked for further
improvement (Kaplan & Norton, 2005).

The primary strategies addressing lean inventory include continuous improvement through better
and simpler processes and waste reduction practices within the organization also improve on lean
inventory. Even, the inventory management can be improved by the Kaizen technique or 5S
technique (sort, set in order, shine, standardize, sustain) (Womack & Jones, 2003).

Training and Development

Enhancing employee skills and knowledge is well-needed for the successful implementation the
extended EOQ model. Employee training for inventory management should be instituted by
organizations in the form of training programs in the fields of inventory management skills,
demand forecasting and even the Inventory Management Information System. Such planning
enables employees to get the knowledge and skills required in realizing efficient inventory
management and managing changes occurring in the marketplace (Bowersox et al., 2020).

This paper has also highlighted that for successful application of extended EOQ model, it is
necessary to integrate the following: demand forecasting, supplier collaboration, dynamic
inventory policies, sustainability concerns, continuous improvement, other key enablers and
employee training. Implementing these strategies hence ensures that the correct practices of
inventory management are used by organizations in a bid to increase efficiency, decrease costs and
improve customer satisfaction.

Practical Implications

The derivation of extended EOQ model brings some practical importance for those organizations,
which are in the process of improvement of their inventory management systems. It is claimed that
by modeling the reality of stochastic demand, variable lead time and dynamic cost, inventory
performance is enhanced, cost reduced and last but not the least, customers satisfied. In this
section, the author examines how the extended EOQ model could be applied in a handling,
considering various uses of the data acquired from the model.

Enhanced Decision-Making

Evaluating on the factors that enable the use of the extended EOQ model it is clear that it helps
organization in making proper decisions on inventory. In general, incorporated best and unique
methods of time series analysis, outstanding elements in demand forecasting can be forecasted
accurately (Hyndman & Athanasopoulos, 2018). Enhanced decision making in the case of order
quantities, safety stock, re-order points reduces the issue of stock out and overstocking of products.

Cost Reduction

Indeed, among the numerous advantages of implementing the extended EOQ model, the most
significant seems to be cost savings. If variable costs and lead time fluctuations are included in the
inventory management approach, then, the total cost of ownership of inventory will be more
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closely reflected. This makes it possible for firms to optimally match order quantity with holding
and ordering costs in a way that will result in considerable savings.

For example, Kaplan and Norton highlighted that managers who bring dynamic inventory policies
into their companies could save between 10-20% as compared to traditional EOQ models. This is
especially so in industries that have significant fluctuations in demand and supply forces.

Improved Supply Chain Resilience

Integrating actuality limitations into the EOQ model leads to improvement of SCRO. With
suppliers, there are ways on avoiding risks to lead time variability and supply disruptions including
the use of a dual-sourcing relationship (Simchi-Levi et al., 1999). This il make sure that companies
can keep the stocks well-stocked throughout the market even when there are hitches in the supply
chain such as increased demand or delayed supplies.

In the same respect, businesses can work the variation in demand and supply by establishing
contingency plans and safety stock which improves the inventory systems in a business (Bowersox
et al, 2020).

Sustainable Practices

The adjusted conclusions shown by the EOQ model help the organizations to develop more
sustainable inventory management strategies. Thus, measures that consider the environmental
consequences as well as Standards that integrate sustainability into company processes can help
corporations correlate their inventory plans with the overall interaction menu of the company as a
global actor and principles of corporate and social responsibility.

For example, inclusion of LCAs to assess inventory decision considerations for environmental
impact will likely improve on the sustainability of sourcing decisions and waste management
(Guinée et al., 2001). Due to rising developments of sustainable consumerism, these practices
improve the organization’s brand reputation and customer loyalty.

Training and Development Needs

Protection of the self-organizing system expends the need to train and develop employees to
enhance the performance of the additional EOQ model. Member constellations require that the
human capital within their organizational systems is capable of applying high/level approaches in
inventory control, predictive analytics, as well as technology-enabled tools and applications
(Bowersox et al., 2020). Having a learning organization culture means developing the business
organizations’ operating efficiency and flexibility.

Based on the findings of this study, training programs should incorporate real life activities such
as statistical tools on demand forecasting, inventory analysis and performance measurement.

Integration of Technology

The integration of the above identified extended EOQ model is realized in accordance with the
increasing prominence of the digital revolution in supply chain management. Some of the
technologies that are relevant in the current world that organizations can implement to improve
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inventory management include artificial intelligence, machine learning and the Internet of Things
(Montgomery, 2017).

For instance, Al integrated analytics can determine the proper order amount and safety stock
buckets depending on the current data, and IoT can offer real time inventory and supply chain
operations status (Womack & Jones, 2003). This technological integration enables the
improvement of the flexibility of the inventory management system.

The conclusion extended EOQ model has a rich of implications at practice level. Ranging from
optimizing the decision-making process to minimizing the costs, strengthening the supply chain
sensitivity and embracing sustainability, organizations stand to gain by implementing this
sophisticated inventory management strategy. Also, the training and integration of technologies,
stress the fact that inventory management should be done strategically and systematically.

RESULTS

Exploration of the Possibilities of the EOQ Model

Some improvements of the EOQ model were discussed in previous sections and the extended
model was tested under various scenarios to compare it to the other EOQ type models. The study
was based on data that were obtained from a mid-sized retail company; specifically, shortages,
stockout frequency and overall inventory costs for a period of six months.

Table 1: Summary of Key Performance Metrics

Metric Traditional EOQ | Extended EOQ | Percentage Improvement
Inventory Turnover Ratio | 4.5 6.2 37.78%

Stockout Rate (%) 15% 8% 46.67%

Total Inventory Costs ($) | 20,000 15,000 25%

Table 1 summarizes the key performance metrics before and after implementing the extended
EOQ model. The results indicate significant improvements across all metrics, with the extended
EOQ model yielding a 37.78% increase in inventory turnover and a 46.67% reduction in stockout
rates.

Re-examination of the EOQ Model

Further analysis involved re-evaluating the EOQ model's assumptions, particularly concerning
demand variability and lead times. The extended model was designed to incorporate stochastic
demand patterns and variable lead times, enhancing its applicability to real-world scenarios.
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Figure 1: Demand Variability and Lead Time Impact
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Figure 1: Demand Variability and Lead Time Impact
Figure 1 depicts the correlation of demand variability with lead time. Figure presents a clear picture
showing that as the demand variability increases, the number of stockouts increases, mainly due
to application of traditional EOQ model parameters. This risk is efficiently managed when using
the extended EOQ model since actual data and constant revision of the order quantities are used.

Advantages and Difficulties of Incorporating Real-World Constraints
The analysis also highlighted the advantages and challenges associated with incorporating real-

world constraints into the EOQ model.

Table 2: Advantages and Challenges of the Extended EOQ Model

Category Advantages Challenges

Cost Reduced total inventory costs Initial implementation costs for new

Efficiency systems

Flexibility Enhanced responsiveness to | Complexity in managing supplier
demand fluctuations relationships

Sustainability | Improved alignment with | Need for continuous employee training
sustainable practices and adaptation

Table 2 presents an analysis of the advantages that organizations get when implementing the
extended EOQ model together with the difficulties that this implementation may entail. Although
the model addresses issues of cost and flexibility, there is a heavy system investment and staff
training needed.
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Role of Data Analytics and Emerging Technologies

Data analysis was also important in the evaluation of the Total Relevant Cost when using the
extended EOQ model in enhancing the results. Business intelligence technologies employed to
come up with sales history trends, and predict future demands, and inventory requirements.

Figure 2: Impact of Data Analytics on Inventory Management

20000 == Traditional EOQ Mode!

~. —— Extended EOQ Model with Data Analytics
18000
16000

14000

12000

Inventory Holding Costs ($)

10000

8000

2 ) 6 8 10 12
Time Period (Months)
Figure 2: Impact of Data Analytics on Inventory Management

The extension of the figure shows how data analytics transform the inventory management
process. The graph demonstrates a significant reduction in inventory holding cost and instance of
stockouts in organizations that implement real-time analytics for his or her inventory management.
The result justifies the proposed extended EOQ model because it yields greater cost savings than
existing models of inventory cost management while accounting for practical considerations like
demand fluctuations and lead time. The above improved model results in proper decision making,
fewer expenses and better inventory performance.

DISCUSSION

The findings for directing the extended EOQ model show that there are significant advantages for
aspects of inventory control in practical applications. This discussion builds on these findings,
relating them to the extant literature, and discussing the implications for practitioners and scholars.

Implications of Enhanced Inventory Performance

The observed changes in identified performance indicators — turnover of inventories, stockout rates
— likewise support conceptual research on the benefits of incorporating the lessons learnt about
real-world constraints into methodologies for the management of inventory. For instance,
Geissdoorfer et al. (2017) noted that reliance on the typical EOQ models results in high costs due
to the exclusion of demand variations and lead times. Thus, the findings of this research confirm
that through the use of an extended EOQ model, these challenges can be minimized and
organizations increase efficiency in their operations.
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Adaptability to Market Changes

To the extent that the extended EOQ model allows for adaptation to market dynamics, it supports
the principles offered by (Simchi-Levi et al., 1999). This work proves that flexibility in stock
management is crucial especially in unpredictable markets. We use the results presented in the
study to show that the use of data analytics enables the firms to manage the order amount based
on the actual demand signals and thus avoids high risks of stock-outs while avoiding excessive
inventory.

Balancing Cost Efficiency and Responsiveness

One of the major strengths of the extended EOQ model therefore is the consideration of both the
minimization of costs and flexibility in operations. This is in line with the findings by Simchi-Levi
et al. (1999) pointing out that the conventional models focus on cost minimization at the exp
moving average e of service levels. When combining variable lead times and stochastic demand,
the extended model is an overall better representation of inventory management, so as not to
jeopardize cost savings for customers.

Challenges in Implementation

The results also indicate some considerable problems related to the execution of the longevity
boom of the EOQ model. Duties such as purchasing new technologies, training employees, and
the development of new processes indicated that implementation costs are high as pointed out by
(Bowersox et al, 2020). These costs imply that such changes require careful planning as
organizations seek to balance the costs now and into the future with the long-term benefits.

Role of Emerging Technologies

It is apparent from the extended EOQ model that integration of such smart technologies like
artificial intelligence, machine learning etc., have a significant impact on the various aspects of
inventory management. In the previous studies, it has been established that the use of big data in
making decisions on supply chain can enhance the quality of the performance of the chain. Our
findings also support this train of thought by arguing that organizations effecting advanced
analytics are likely to be more accurate in demand forecasting and inventory management.

Contribution to Sustainability

The extended EOQ model's capacity to incorporate sustainability metrics aligns with the growing
trend of corporate social responsibility in supply chain management. Geissdoerfer et al. (2017)
argue that sustainability should be a core component of inventory strategies. Our results indicate
that firms that adopt sustainable practices within the extended EOQ framework can enhance their
brand reputation and meet consumer demand for environmentally responsible products.

In conclusion, the extended EOQ model presents a valuable framework for organizations seeking
to enhance their inventory management practices. The results not only validate the model’s
effectiveness in improving performance metrics but also highlight the necessity of adapting to
market dynamics and integrating advanced technologies. As businesses navigate increasingly
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complex supply chains, the extended EOQ model offers a pathway to achieving greater efficiency,
responsiveness, and sustainability.

CONCLUSION

This research successfully demonstrates the advantages of extending the Economic Order Quantity
(EOQ) model to incorporate real-world constraints such as stochastic demand, variable lead times,
and dynamic costs. The findings indicate significant improvements in inventory management
metrics, including a notable increase in inventory turnover and a substantial reduction in stockout
rates. By integrating data analytics and emerging technologies, organizations can make informed,
agile decisions that enhance responsiveness to market fluctuations. Furthermore, the extended
EOQ model supports sustainability initiatives, aligning inventory practices with corporate social
responsibility goals.

The implementation of this model also presents challenges, including the need for investment in
technology and employee training. Organizations must strategically assess these costs against the
potential long-term benefits of improved operational efficiency and customer satisfaction. Overall,
the extended EOQ model serves as a robust framework for modern inventory management,
providing a pathway for firms to navigate the complexities of contemporary supply chains. As
businesses continue to face uncertainties and increased competition, adopting advanced inventory
strategies like the extended EOQ model will be crucial for achieving sustainable growth and
maintaining a competitive edge. Future research could explore the application of this model across
various industries to validate its effectiveness and refine its methodology further.
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