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Abstract

The primary challenge in inventory management is to strike a balance between maintaining optimal inventory levels to meet
customer demand while minimizing holding costs. Traditional inventory management techniques often fall short of achieving this
balance, leading to inefficiencies and increased costs for industrial organizations. The need for more efficient and effective
inventory management solutions has led to the exploration of optimization algorithms, such as the Brute Force Algorithm, as a
potential solution to this problem. To investigate the application of the Brute Force Algorithm in inventory management and
control, a comprehensive review was conducted on Brute Force Algorithm optimization for warehouse layout, inventory
replenishment, risk identification and opportunities, demand planning, inventory forecasting and recent trends. Information was
gathered from online databases and relevant literature from library sources. Results of the study revealed that the Brute Force
Algorithm can significantly improve inventory management and control in the manufacturing company. By optimizing the
processes, this algorithm can reduce excess inventory levels and holding costs while ensuring that customer demand is met
efficiently. The study further indicated that implementation of this algorithm could cause a reduction in stock-outs and backorders,
improving overall customer satisfaction. The findings also suggested that the Brute Force Algorithm can be a valuable tool for
industrial organizations looking to enhance their inventory management processes. By optimizing inventory levels through this
algorithm, companies can achieve a better balance between supply and demand, leading to increased profitability and customer
satisfaction.

Keywords: Brute force, Algorithm, Inventory management, Industrial hotspot, Optimization.

1| Introduction

Brute force algorithm optimization has emerged as a significant industrial hotspot in inventory management
and control. With the increasing complexity of supply chains and the need for efficient inventory
management, businesses are turning to brute-force algorithms to streamline their operations [1], [2]. This

method involves systematically analyzing all possible combinations of inventory levels, ordering quantities,
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and lead times to determine the most cost-effective and efficient solution. In the context of inventory
management, brute force algorithm optimization can be applied to vatious tasks such as inventory forecasting,
demand planning, and inventory replenishment [3]. By considering all possible scenarios, businesses can make
informed decisions that minimize costs, reduce stock-outs, and improve overall inventory management. The
concept of brute force algorithm optimization is based on the idea of exhaustively searching through all
possible combinations of variables in order to find the best solution [4].

This approach is particularly useful in situations where the problem space is relatively small, and the number
of possible solutions is manageable. In the context of inventory management, this method can be used to
determine the optimal inventory levels, reorder points, and safety stock levels for a given set of products. The
morphology of brute force algorithm optimization involves breaking down the problem into its components
and systematically evaluating each possible solution [5]. This process typically involves iterating through all
possible combinations of variables and evaluating the performance of each solution based on a predefined
set of criteria. The goal is to identify the solution that maximizes the desired outcome, such as minimizing
inventory holding costs or maximizing service levels. In terms of behavior, brute force algorithm optimization

is characterized by its systematic and exhaustive approach to problem-solving [6].

This method is particularly well-suited for situations where the problem space is relatively small, and the
number of possible solutions is manageable. However, brute force algorithm optimization can be
computationally intensive and may not be practical for large-scale inventory management problems. Brute
force algorithm optimization is a valuable tool in the field of inventory management and control [7]. By
systematically evaluating all possible solutions to a problem, this method can help organizations optimize
their inventory levels, improve demand forecasting accuracy, and enhance overall supply chain efficiency.
While brute force algorithm optimization may not be suitable for all inventory management problems, it

remains a valuable technique in the industrial hotspot of inventory management and control [8].
2| Recent Trends in Brute Force Algorithm Optimization

Recent trends in technology and computing power have enabled significant advancements in brute force
algorithm optimization, leading to more efficient and effective inventory management strategies. Recent

trends in brute force algorithm optimization are as follows:

I.  The development of more powerful computing systems: The increasing availability of high-performance
computing resources has allowed for the rapid processing of large amounts of data, making it possible to
implement brute-force algorithms on a much larger scale. This has led to improved accuracy and speed in
inventory management and control, allowing businesses to make more informed decisions in real time [9],

[10.

I.  The integration of machine learning and artificial intelligence techniques: By incorporating these advanced
technologies into brute force algorithms, businesses can now automate the process of inventory optimization
and control, reducing the need for manual intervention and minimizing the risk of human error. This has
resulted in more efficient and cost-effective inventory management practices, leading to increased profitability
and competitiveness in the market [11], [12].

II.  The development of cloud computing and big data analytics: These technologies allow businesses to store
and analyze vast amounts of data in real time, enabling them to make more accurate predictions and optimize
their inventory levels accordingly [13], [14]. By leveraging the power of cloud computing and big data analytics,
businesses can now implement brute force algorithms on a much larger scale, leading to improved efficiency

and effectiveness in inventory management and control.

Recent trends in brute force algorithm optimization have revolutionized the field of inventory management
and control, leading to significant advancements in efficiency and effectiveness. By leveraging the power of
high-performance computing, machine learning, artificial intelligence, cloud computing, and big data
analytics, businesses can now implement brute force algorithms on a much larger scale, leading to improved

accuracy and speed in inventory management practices.
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3| Types of Brute Force Algorithms in Inventory Management

Inventory management is a critical aspect of any business operation, as it directly impacts the efficiency and
profitability of the organization. One common approach to optimizing inventory management is the use of
brute force algorithms, which can be used to optimize various aspects of inventory control, such as ordering,
stocking, and replenishment. The various types of Brute force algorithms in inventory management strategies
are as follows:

I. The exhaustive search algorithm, which involves systematically evaluating all possible combinations of
inventory levels to determine the optimal ordering and stocking strategy. This approach can be

computationally intensive, especially for large inventory systems, but it guarantees finding the best solution
[15].

Search Algorithms

Uninformed Search Informed Search

Fig. 1. Search algorithm [16].

Depth First: Search Brezdth First Search

II. The branch and bound algorithm, which is a more efficient version of the exhaustive search algorithm. The
branch and bound algorithm involves breaking down the problem into smaller sub-problems and using
heuristics to prune branches that are unlikely to lead to the optimal solution [17]. This approach can
significantly reduce the computational complexity of the optimization process while still ensuring a near-
optimal solution.

Fig. 2. Branch and bound algorithm [18].

III. The dynamic programming algorithm. Dynamic programming involves breaking down the problem into
smaller sub-problems and solving them recursively, storing the solutions to sub-problems in a table to avoid
redundant calculations [19]. This approach can be particularly useful for optimizing inventory replenishment
policies, as it allows for the consideration of multiple factors such as lead times, demand variability, and
holding costs.
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Fig. 3. Dynamic programming algorithm [20].

I. Heuristics: Heutistics are problem-solving techniques that involve using rules of thumb or intuition to find
a good solution quickly. By incorporating heuristics into brute force algorithms, the search space can be
reduced, leading to faster and more efficient solutions [21]. For example, in stock replenishment, heuristics
can be used to prioritize the order in which items are restocked based on factors such as demand, lead time,

and storage capacity.
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Fig. 4. Heuristics algorithms [22].

II. Parallel processing is another type of brute force algorithm optimization that involves breaking down a
problem into smaller sub-problems and solving them simultaneously on multiple processors. This can
significantly reduce the time required to find a solution, especially for complex inventory management
problems [23]. For example, in order picking, parallel processing can be used to optimize the route taken by
warehouse workers to fulfill customer orders most efficiently.
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Fig. 5. Parallel computing algorithm flowchart [24].
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III. Genetic algorithms can be used to optimize brute force algorithms in inventory management and
control. Genetic algorithms are optimization techniques inspired by the process of natural selection.
They work by generating a population of potential solutions, evaluating their fitness, and then evolving
the population over multiple generations to find the best solution [25], [26]. By incorporating genetic
algorithms into brute force algorithms, the search process can be guided towards more promising
regions of the solution space, leading to faster convergence and better solutions.
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Fig. 6. Modified genetic algorithm [27].

Brute force algorithm optimization techniques can be a valuable tool for improving inventory management
in businesses. By systematically exploring all possible solutions to inventory control problems, these
algorithms can help organizations find the optimal ordering, stocking, and replenishment strategies.

4| Components of Brute Force Algorithm for Inventory Management

Inventory management is a critical aspect of any business operation, as it directly impacts the efficiency and
profitability of the organization. One of the key components of inventory management is the use of
algorithms to optimize inventory levels and ensure timely replenishment of stock. One such algorithm that is
commonly used in inventory management is the Brute Force Algorithm. The Brute Force Algorithm is a
straightforward approach to solving complex optimization problems, such as inventory management. It
involves systematically examining all possible solutions to a problem and selecting the best one based on
predefined criteria. In the context of inventory management, the Brute Force Algorithm can be used to
determine the optimal order quantity, reorder point, and safety stock levels for each item in the inventory.
Several essential key components of the Brute Force Algorithm make it an effective tool for inventory

management. Some of the key components are:

1. The exhaustive search process, where all possible combinations of inventory levels are evaluated to identify
the best solution. This ensures that no potential solution is overlooked, leading to a more accurate and reliable
optimization of inventory levels [28], [29].

II.  The objective function, which defines the criteria for evaluating the quality of each solution. In the context
of inventory management, the objective function may include factors such as minimizing stock-outs,
reducing holding costs, and maximizing service levels [30], [31]. By defining a clear objective function, the
Brute Force Algorithm can effectively prioritize solutions that align with the organization's inventory

management goals.
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III.

Iv.

VI

The Brute Force Algorithm also incorporates constraints, such as budget limitations, lead times, and supplier
capacities, to ensure that the solutions generated are feasible and practical for implementation. By considering
these constraints during the optimization process, the algorithm can provide realistic and actionable
recommendations for inventory management [32], [33].

Optimal order quantity is a key component of the Brute Force Algorithm in inventory management that
refers to the amount of inventory that should be ordered at one time to minimize costs while ensuring that
there is enough stock to meet demand. By considering factors such as carrying costs, ordering costs, and
demand variability, the algorithm can determine the order quantity that will result in the lowest total cost
[34], [35].

Reorder point is another important component of the Brute Force Algorithm. This is the level of inventory
at which a new order should be placed to avoid stock-outs. By analyzing historical demand data and lead
times, the algorithm can calculate the reorder point that will ensure that there is enough inventory on hand

to meet demand until the next order arrives [36].

Brute Force Algorithm also considers safety stock levels as a key component. Safety stock is extra inventory
held to protect against unexpected fluctuations in demand or lead times. By factoring in safety stock levels,
the algorithm can ensure that there is a buffer of inventory to prevent stock-outs and maintain customer
satisfaction [37], [38].

By considering the aforementioned factors, the Brute force algorithm can help businesses make informed

decisions about their inventory management strategies. While it may be time-consuming to calculate all

possible solutions, the benefits of using the Brute Force Algorithm can outweigh the drawbacks in terms of

improved efficiency and cost savings.

5| Procedure for Conducting Brute Force Algorithm Optimization in

Inventory Management

In order to optimize inventory management and control, businesses often employ various algorithms to

streamline their processes. One such algorithm is the brute force algorithm, which involves systematically

checking all possible solutions to find the optimal one. The procedures for conducting brute force algorithm

optimization in inventory management are as follows:

I

1I.

IIT1.

IVv.

The first step in conducting brute force algorithm optimization is to define the problem at hand cleatly. This
involves identifying the specific inventory management issue that needs to be addressed, such as minimizing
stock-outs, reducing excess inventory, or optimizing order quantities. Once the problem has been cleatly
defined, the next step is to identify the variables and constraints that will be used in the optimization process.
This may include factors such as demand forecasts, lead times, and storage capacity [39], [40].

With the problem and variables identified, the next step is to generate all possible solutions. This involves
systematically generating all possible combinations of vatiables and constraints to determine the optimal
solution [41]. In the context of inventory management, this may involve calculating the optimal order
quantities for each product, determining the best storage locations for each item, or identifying the most
cost-effective suppliers [42].

Once all possible solutions have been generated, the next step is to evaluate each solution based on a
predefined objective function. This objective function may be based on factors such as cost, service level, or
lead time. By evaluating each solution against the objective function, businesses can identify the optimal
solution that best meets their inventory management goals [43], [44].

After identifying the optimal solution, the final step is to implement the recommended changes in the
inventory management system. This may involve adjusting order quantities, reorganizing storage locations,
or renegotiating supplier contracts. By implementing the optimized solution, businesses can improve their
inventory management processes and achieve greater efficiency and profitability [45], [40].
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Conducting brute force algorithm optimization in inventory management and control involves a systematic
approach to identifying, generating, evaluating, and implementing optimal solutions. By following the
aforementioned procedure, businesses can effectively optimize their inventory management processes and

achieve greater success in their operations.

6 | Factors Affecting the Implementation of Brute Force Algorithm
Optimization in Inventory Management

The implementation of brute force algorithm optimization in inventory management and control is not
without its challenges. Several essential factors can affect the successful implementation of brute force
algorithm optimization in this context. These include the following:

1. The size of the dataset: Brute force algorithms are known for their simplicity and effectiveness, but they can
become computationally expensive as the size of the dataset increases. In the context of inventory
management, businesses often deal with large volumes of data, including information on product demand,
supply chain logistics, and storage capacities. Implementing brute force algorithm optimization on such a
large dataset can lead to significant processing times and resource constraints, making it impractical for real-
time decision-making [47], [48].

II. Complexity of the optimization problem: Inventory management involves multiple variables and constraints,
such as demand variability, lead times, and storage costs. Brute force algorithms may struggle to efficiently
handle these complex optimization problems, leading to suboptimal solutions or even infeasible outcomes.
Businesses must carefully consider the specific requirements of their inventory management system and
evaluate whether brute force algorithm optimization is the most suitable approach for addressing these
challenges [49], [50].

III.  Scalability: As businesses grow and expand their operations, the volume and complexity of inventory data
are likely to increase. Implementing brute force algorithm optimization on a small scale may yield satisfactory
results, but it may not be scalable to meet the evolving needs of a growing business. Businesses must assess
the scalability of brute force algorithm optimization and consider alternative optimization techniques that

can accommodate future growth and changes in inventory management requirements [51], [52].

While brute force algorithm optimization can offer a simple and effective solution for inventory management
and control, several essential factors can impact its successful implementation. Businesses must carefully
evaluate the size of the dataset, the complexity of the optimization problem, and the scalability of brute force

algorithm optimization to determine its suitability for their inventory management needs.
7| Brute Force Algorithm in Inventory Forecasting Process

Brute Force Algorithm is a popular method used in inventory forecasting to analyze historical data and make
accurate predictions. In the context of inventory forecasting, the algorithm involves analyzing historical sales
data to identify patterns and trends and then using this information to predict future demand for products
[53], [54]. This method does not rely on sophisticated mathematical models or algorithms but rather on brute-
force computation to generate accurate forecasts. The operation principles of the Brute Force Algorithm in
inventory forecasting involve data collection (gather historical sales data for the products being forecasted),
data analysis (analyze the data to identify patterns, trends, and seasonality), forecasting (using the historical
data to predict future demand for the products) and evaluation (compare the forecasted demand with actual
sales data to assess the accuracy of the predictions) [55], [56]. The brute Force Algorithm is commonly used
in inventory forecasting for products with stable demand patterns and limited variability. It is particularly
effective for forecasting products with low demand volatility, as it does not require complex mathematical
models or algorithms. This method is suitable for small to medium-sized businesses that do not have access
to sophisticated forecasting tools or software [57], [58]. The use of brute force algorithm in inventory
forecasting offers several benefits, including simplicity (the algorithm is easy to implement and does not
require advanced mathematical knowledge), accuracy (by analyzing historical data and identifying patterns,
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the algorithm can generate accurate forecasts), cost-effectiveness (brute force algorithm is a cost-effective
solution for businesses with limited resources) and flexibility (the algorithm can be customized to suit the
specific needs of the business and the products being forecasted) [59], [60]. By systematically analyzing
historical data and predicting future demand, businesses can optimize their inventory levels and improve
supply chain efficiency. This method is particularly suitable for small to medium-sized businesses looking for
a straightforward and effective forecasting solution.

8 | Brute Force Algorithms Optimization in Demand Planning

Brute force algorithm optimization involves exhaustively evaluating all possible solutions to a problem to
identify the best one. In the context of demand planning for inventory management, brute force algorithms
can be used to analyze various factors such as historical sales data, market trends, and customer preferences
to forecast demand accurately [61]. By considering all possible scenarios, businesses can make informed
decisions about inventory levels, production schedules, and supply chain logistics. The operation principles
of brute force algorithms optimization are relatively straightforward. The algorithm systematically evaluates
each possible solution by testing all combinations of variables until the optimal solution is found. While this
method can be computationally intensive and time-consuming, it is highly effective in identifying the best
course of action for demand planning in inventory management. By adopting this approach, businesses can
improve forecasting accuracy, reduce stock-outs and overstock situations, optimize production schedules,
and enhance overall supply chain efficiency [62], [63]. The implementation of brute force algorithms
optimization in demand planning for inventory management requires a robust technological infrastructure
and skilled data analysts. Businesses must invest in advanced analytics tools, data management systems, and
training programs to effectively leverage this approach [64]. Additionally, businesses must ensure that they
have access to high-quality data sources and reliable forecasting models to support the algorithm's operations.

9| Brute Force Algorithm in Risk Identification and Opportunities

In order to effectively manage inventory, businesses must be able to identify potential risks and opportunities
in the market. One method that can be used to achieve this is through the use of brute force algorithms,
which analyze large sets of data in order to identify potential risks and opportunities in the market [65], [606].
One way in which brute force algorithms can help identify potential risks in the market is by analyzing
historical sales data and trends. By examining past sales patterns, businesses can identify potential risks such
as slow-moving inventory or declining demand for certain products. This information can then be used to
make informed decisions about inventory levels and product offerings in order to mitigate these risks.

On the other hand, brute force algorithms can also help identify opportunities in the market by analyzing
market trends and customer behavior. By analyzing data on customer preferences and purchasing habits,
businesses can identify potential opportunities for new product offerings or marketing strategies. This
information can then be used to capitalize on these opportunities and drive sales growth [67], [68]. By
systematically analyzing large sets of data, businesses can identify potential risks and opportunities in the
market, allowing them to make informed decisions that will ultimately lead to increased profitability and
success.

10 | Inventory Replenishment via Brute Force Algorithm
Optimization

Inventory replenishment is a critical aspect of inventory management that involves the timely restocking of
goods to ensure that a company has the right amount of inventory on hand to meet customer demand [69].
In recent years, the use of brute force Algorithm optimization has gained popularity as a method for
optimizing inventory replenishment processes. The first step in implementing inventory replenishment via
brute force Algorithm optimization is to define the problem. This involves identifying the key variables that
impact inventory levels, such as demand patterns, lead times, and order quantities [7]. Once the problem has
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been defined, the next step is to develop a mathematical model that can be used to optimize inventory
replenishment decisions. This model will take into account factors such as demand variability, lead time
variability, and holding costs to determine the optimal order quantities and reorder points. The principles of
brute force Algorithm optimization involve the generation of all possible combinations of order quantities
and reorder points, calculating the total cost associated with each combination, and selecting the combination
that minimizes total cost [70].

While this approach can be computationally intensive, advances in computing power have made it feasible to
apply brute-force Algorithm optimization to large-scale inventory management problems. By optimizing
order quantities and reorder points, companies can reduce holding costs, minimize stock-outs, and improve
customer service levels [71]. In addition, brute force Algorithm optimization can help companies better
manage demand variability and lead time variability, leading to more accurate inventory forecasts and
improved Inventory Turnover Rates (ITR). The significance of inventory replenishment via brute force
Algorithm optimization lies in its ability to improve the efficiency and effectiveness of inventory management
processes |72]. By using mathematical models to optimize inventory replenishment decisions, companies can
reduce costs, improve service levels, and increase profitability. In today's competitive business environment,
where companies are under increasing pressure to deliver products faster and more efficiently, inventory
replenishment via brute force Algorithm optimization can provide a competitive advantage [73].

11| Order Picking Via Brute Force Algorithm Optimization

In inventory management, Brute force algorithm optimization can significantly impact the speed and accuracy
of order-picking processes, ultimately leading to improved operational efficiency and customer satisfaction
[74]. It involves an exhaustive evaluation of all possible combinations of items to be picked in order to identify
the most efficient route for the picker. By considering every possible scenatio, this method ensures that the
optimal solution is achieved, minimizing the time and resources required to fulfill orders. This systematic
approach is particulatly effective in complex warchouse environments where there are numerous SKUs and

picking locations to consider.

The implementation of brute force algorithm optimization in order picking requires the use of advanced
software systems that can analyze large amounts of data and calculate the most efficient route for pickers [75].
These systems take into account factors such as item location, order priority, and picker availability to generate
optimized picking routes. By automating this process, companies can streamline their order-picking
operations and reduce the risk of errors or delays. By optimizing picking routes, companies can reduce the
time and labor required to fulfill orders, leading to cost savings and increased productivity [76]. Additionally,
by minimizing the distance traveled by pickers, companies can improve the overall efficiency of their
warehouse operations and enhance customer satisfaction through faster order fulfillment. The
implementation of advanced software systems that can automate this process is essential for companies
looking to optimize their order-picking operations and stay competitive in today's fast-paced business
environment.

12| Warehouse Layout via Brute Force Algorithm Optimization

Brute force algorithms operate by systematically evaluating all possible solutions to a given problem without
any heuristic or optimization techniques. This approach ensures that the optimal solution is found, albeit at
the cost of increased computational complexity. In the context of warehouse layout optimization, brute force
algorithms can be used to explore all possible configurations of storage locations, aisle layouts, and picking
paths to identify the most efficient solution [77]. The first step in implementing brute force algorithms for
warehouse layout optimization is to define the problem at hand. This involves identifying the objectives of
the optimization process, such as maximizing storage capacity, minimizing travel time for picking operations
or reducing congestion in the warehouse. Once the problem is clearly defined, the next step is to generate all
possible solutions using brute-force algorithms. By systematically evaluating all possible solutions, these
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algorithms can identify the most efficient layout that minimizes travel time, maximizes storage capacity and
reduces congestion. This can lead to cost savings, improved productivity, and enhanced customer satisfaction
[78]. The implementation of brute force algorithms for warehouse layout optimization involves developing a
computational model that represents the warehouse layout and inventory management processes. This model
is then used to generate and evaluate all possible solutions using brute-force algorithms [79]. The optimal
solution is selected based on predefined criteria, such as minimizing total travel distance or maximizing storage
density. While brute force algorithms may be computationally intensive, they guarantee the identification of
the best possible layout configuration and finding the optimal solution to complex optimization problems in
warcehouse layout [80]. This can lead to tangible benefits for warehouse operations, such as reduced operating
costs, improved order fulfillment rates, and enhanced overall efficiency.

13| Aspects of Inventory Management and Control

The various aspects of inventory management and control are as follows:

I. Lead time is the amount of time it takes for a company to receive a product after placing an order with a
supplier. It includes the time required for processing the order, manufacturing the product, and shipping it
to the company's warehouse. Lead time is a critical factor in inventory management as it directly impacts the

company's ability to meet customer demand in a timely manner. It is mathematically represented as

Lead Time = Delivery date — Order date. 1

II. Economic Order Quantity (EOQ) is a formula used to determine the optimal order quantity that minimizes
total inventory costs. It takes into account the costs of ordering, holding, and stock-out costs to find the
most cost-effective quantity to order. By using the EOQ formula, companies can ensure that they are not
overstocking or understocking their inventory, leading to improved efficiency and cost savings. It is
represented as

EoQ= |[%| @)
Ch
ITII.  Safety stock is the extra inventory that a company holds to protect against fluctuations in demand or lead time.
It acts as a buffer to ensure that the company can meet customer demand even in unforeseen circumstances.
By maintaining a safe stock, companies can reduce the risk of stock-outs and maintain high levels of customer
satisfaction. Safety stock is expressed as

Safety Stock = (Maximum Lead Time — Average Lead Time) *
Average Product Demand. 3)

IV. Inventory Carrying Cost (ICC) is the cost associated with holding inventory in a company's warchouse. It
includes costs such as storage, insurance, and obsolescence. Carrying costs are an important consideration in
inventory management as they directly impact the company's profitability. By minimizing catrying costs
through efficient inventory management practices, companies can improve their bottom line. Carrying cost is
mathematically expressed as:

Total Cost of Holding Inventory

ICC = +100. @)

Total Value of Inventory

V. Stock-out occurs when a company runs out of a product and is unable to fulfill customer orders. Stock-outs
can result in lost sales, decreased customer satisfaction, and damage to the company's teputation. By
implementing effective inventory management strategies, companies can reduce the risk of stock-outs and
ensure that they can meet customer demand consistently. It is mathematically expressed as

Stockout = Number of Unsupplied Items * Unit Storage Cost. 5)



229 Essienubong Ikpe et al. | Uncert. Disc. Appl. 1(2) (2024) 219-236

VI. Gross Margin Return on Investment (GMROI) is a metric used to evaluate the profitability of inventory
investments. It measures the return on investment generated by each dollar of inventory. By calculating the
GMROI, companies can assess the effectiveness of their inventory management practices and make informed
decisions to improve profitability. GMROI is expressed as

Gross Margin

GMROI =

Average Invetory Investment’ (6)

IV. ITR is a measute of how quickly a company sells through its inventory. It is calculated by dividing the cost of
goods sold by the average inventory level. A high I'TR indicates that a company is efficiently managing its
inventory and generating sales, while a low turnover rate may indicate overstocking or slow-moving inventory.

ITR is mathematically expressed as

Cost of Goods Sold
ITR = : )
Average Inventory Level

V. Maximum Stock Level (MSL) is the highest level of inventory that a company should hold to meet customer
demand without incurring excess costs. By setting a MSL, companies can prevent overstocking and minimize
carrying costs while ensuring that they can fulfill customer orders in a timely manner. MSL is expressed as

MSL = (Reorder Point + Replenishment Quantity) — (Minimum Demand * Lead Time). (8)

VI. Mastering the Reorder Point (MRP) is essential for effective inventory management. The reorder point is the
inventory level at which a company should place a new order to replenish stock before running out. By
calculating the reorder point based on lead time, demand, and safety stock, companies can ensure that they
have the right amount of inventory on hand to meet customer demand. MRP is expressed as

MRP = Safety Stock + (Average Consumption * Lead Time). )

VII. ABC analysis is a method used to categorize inventory based on its value and importance. It classifies items
into three categories: A, B, and C, with A items being the most valuable and C items being the least valuable.
By conducting an ABC analysis, companies can prioritize their inventory management efforts and focus on
optimizing the inventory that has the greatest impact on their bottom line. ABC analysis can be expressed as

Annual Usage Value od an Item

ABC = *100. (10)

Total Annual Usage Value of all Items

Mastering the various aspects of inventory management, including lead time, EOQ), safety stock, carrying
cost, stock-out, gross margin return on investment, inventory turnover rate, MSL, reorder point, and ABC
analysis, is essential for companies to achieve optimal efficiency and profitability. By implementing effective
inventory management practices, companies can minimize costs, improve customer satisfaction, and
maximize their return on investment.

14| Brute Force Inventory Control Models

Inventory control is a critical aspect of supply chain management that aims to optimize the balance between
holding costs and ordering costs. Various mathematical models have been developed to assist organizations
in determining the most cost-effective inventory management strategies. The commonly used Brute force
inventory control models are discussed in this section. While this approach can theoretically yield the most
cost-effective solution, it is computationally intensive and may not be practical for large-scale inventory
management. The commonly used brute force inventory control models are as follows:

Model 1. EOQ model with a constant rate of demand

In the EOQ model with a constant rate of demand, it is assumed that the demand for the product remains
constant over time. This simplifying assumption allows for a more straightforward calculation of the optimal
order quantity, as the demand rate does not fluctuate. For real application of Eg. (2), the total variable
inventory cost incurred when an order of size Q, placed at the end of the reorder cycle is considered in Eg.

(11).
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TVC = Annual carrying cost + Annual ordering cost. (11)
Substituting Q into Eg. (77) yields Eq. (12).

Q D

The total variable inventory cost is minimum at a value of Q, which appears to be at the point where inventory

carrying and ordering costs are equal, as expressed in Eg. (73).

Co=2.ChorQ? = 222 13)

D
Q’ Ch

Eg. (13) can further be represented as Eg. (74).

2DCo] _ \/2 xAnnual demand xOrdering cost (14)

Q= (E0Q) = J[ Ch ] Carrying Cost

The optimal interval t*¥ between the successive orders Q* is given by Eg. (15).

Annual demand X Reorder cycle time = D *t. (15)

This can further be expressed mathematically as

S S S TN N
t=3=p% Ch  DCyp’ (16)
The optimal number of orders (N*) to be placed in a given time period is given by Egq. (77).

. _ Annual Demand D

D x 1 _ |DCq
" Optimal Order Quantity ~ Q* 2DCo ¢ T4l 2C, (17)
/ h

The optimal (minimum) total variable inventory cost (TVC¥*) is given by Eq. (18).

" D Q* 1 Ch
TVC*= = Cy+ = C,=D.Cj X ———+—" X /2DCy/Cy, = /2DC,Cy,.
Q* 0 5 ~h 0 \/m 2 \/ 0/ h \/ 0%“h (18)

However, the optimal total inventory cost is given by Eg. (79).
TC = Fixed purchase cost + Total variable inventory cost = D.C + TVC". (19)

Model 2. EOQ model with different rates of demand

The EOQ model with different rates of demand considers varying demand rates over time. This model takes
into account fluctuations in demand and calculates the optimal order quantity based on the changing demand

patterns.

1 1 1
Carrying cost = > q-t1 Cp + > q.-t, G + - + > q-th Cp

(20)
1 1
=35 qQ-Cp(ty +ty + 4+ t, ) =3 qCyT.
Hence,
Ordering Cost = % Co. (21)

The annual total variable inventory cost is given by Eg. (22):

1 D
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The optimum value of q that minimizes TVC, equating ordering cost and carrying cost, is expressed in Eg.
(23):

% qC, T = % Coorq* = /2DC,/TCy, Economic Order Quantity. (23)
Therefore,

TVC* = /2C,Cy (D/T) Optimal cost. (24)
Model 3. Economic production quantity model when supply (replenishment) is gradual

The Economic Production Quantity (EPQ) model is used when the supply (replenishment) of inventory is
gradual rather than instantaneous. This model determines the optimal production quantity that minimizes

total inventory costs while considering factors such as production costs, holding costs, and demand rate.

Imax = Inventory accumlation rate X Production time. (25-1)
Q d

= p-DH=0-d>=(1-5) ¢ (25-2)
p p

The average inventory level is expressed as

(1-3) @

P

Therefore,

- =Q(_4d
Carrying cost = > (1 p) Cp. (27)
However,
Production set up cost = g . Co. (28)
Hence,

Q¢ _D b
Tve=2(1 p) Ch + 2 Co. (29)

The EOQ model is a widely used inventory control model that determines the optimal order quantity that
minimizes total inventory costs. The EOQ model considers factors such as holding costs, ordering costs, and
demand rates to calculate the most cost-effective order quantity. The selection of an appropriate inventory
control model depends on various factors such as demand patterns, supply constraints, and cost
considerations. By utilizing these mathematical models, organizations can optimize their inventory
management strategies and improve overall operational efficiency.

15| Conclusion

This study comprehensively reviewed the application of Brute force Algorithm optimization as an industrial
hotspot in inventory management and control, providing valuable insights into the potential benefits and
limitations of this approach. The findings suggest that while Brute force Algorithm optimization can be a
powerful tool for improving inventory management processes, it is not without its challenges. One of the key
findings from this study is that Brute force Algorithm optimization can help businesses achieve significant
cost savings by reducing excess inventory and minimizing stock-outs. By analyzing large amounts of data and
identifying patterns and trends, this approach can help businesses make more informed decisions about when
and how much to order, leading to more efficient inventory management practices. However, it is important
to note that implementing Brute force Algorithm optimization can be complex and time-consuming.
Businesses must invest in the necessary technology and resources to collect and analyze data effectively, as

well as train employees on how to use the algorithms correctly. Additionally, the accuracy of the results



Application of brute force algorithm optimization as an industrial hotspot in ... 232

generated by these algorithms can be influenced by the quality of the input data, so businesses must ensure
that their data is clean and up-to-date.

Despite these challenges, the findings from this study suggest that Brute force Algorithm optimization can
be a valuable tool for businesses looking to improve their inventory management and control processes. By
considering and taking advantage of the power of data analysis and algorithmic optimization, businesses can
make more informed decisions about their inventory levels, leading to improved efficiency, cost savings, and
customer satisfaction. While Brute force Algorithm optimization may not be a one-size-fits-all solution for
every business, the findings from this study indicate that it can be a valuable tool for businesses looking to
optimize their inventory management processes.
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