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Abstract: This article presents the development of a hybrid optimization software designed for inventory
management in supermarkets, leveraging Big Data and advanced algorithms. The system integrates Artificial
Neural Networks (ANN), Genetic Algorithms (GA), Particle Swarm Optimization (PSO), and Ant Colony
Optimization (ACO) to address critical variables such as current stock, monthly demand, unit cost, and sales
price. By combining predictive analytics with optimization techniques, the software reduces costs, enhances
decision-making accuracy, and prevents overstocking or stockouts. The results demonstrate significant
improvements in efficiency, offering a robust and adaptive solution for dynamic market conditions and

promoting sustainability in inventory management.

Keywords: hybrid optimization; inventory management; big data; artificial neural networks;
genetic algorithms; particle swarm optimization; ant colony optimization

Summary

This article examines improving supermar-ket inventory management using hybrid op-
timization techniques supported by big data technology. It proposes integrating advanced
algorithms such as neural networks, genetic algorithms, particle swarms and ant coloniesto
optimize key aspects such as current in- ventory, monthly demand, unit cost and salesprice.

This approach combines forecasting and optimization techniques to reduce costs, im-prove the
accuracy of inventory decisions, and avoid problems such as overstocking or stock- outs.
Additionally, it discusses how a hybrid approach can improve the ability to adapt to dynamic market
conditions and provide a bet- ter customer experience by ensuring product availability.

This approach includes data collection and processing, scenario simulation and on- the-fly
adjustments to ensure a balance be- tween economic efficiency and sustainability. Finally, the
operational and strategic bene- fits of using advanced data analysis tools in supermarket
inventory management are high- lighted.

Introduction

Efficient inventory management is a funda- mental task in supermarkets, where fluctua-tions in
demand and associated costs require innovative solutions. In this context, the pro- gram that we will
develop seeks to integrate hybrid optimization methods with advanced data analysis techniques, to
improve decision making in real time [1]. These methods are especially useful in scenarios where
consump- tion patterns constantly vary, and the abilityto respond quickly becomes a key
competitive factor [2].

Our program is supported by Big Data technologies, which allow us to analyze large volumes
of data from different sources, such as historical transactions and real-time salesdata. This not only
improves the accuracy of demand predictions, but also reduces the likelihood of errors when
managing invento-ries [3]. This approach makes it possible toaddress problems such as overstock or
lack of products, which are common challenges in the industry [4]

Additionally, we will use hybrid methodssuch as neural networks combined with ge-netic
algorithms to optimize decisions related to inventory replenishment. For example, neural networks
can identify complex pat-terns in data, while genetic algorithms help find optimal solutions
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considering multiplevariables [5]. This combination offers greater adaptability to dynamic market
conditions, an essential feature for any inventory man- agement program [6].

Another key feature of the program isits ability to integrate with warehouse man-agement
systems (WMS), facilitating the au-tomation of repetitive tasks and improving operational efficiency
[7]. WMSs also allow accurate tracking of inventory levels, which is essential to avoid losses and
optimize product rotation [8]. The implementation of this type of technology has proven to be
effective in var-ious studies related to logistics managementin supermarkets [9].

The expected impact of the program is not limited to operational improvements alone. We also
seek to improve the customer experi- ence by ensuring products are available when they are needed.
For example, built-in ma- chine learning can forecast spikes in demand and suggest adjustments to
inventory levels to avoid stockouts [10]. This not only increases customer satisfaction, but also
reinforces loy- alty to the supermarket [11].

Finally, the program will take sustain- ability into account, optimizing available re- sources
to minimize waste. This aspect is especially relevant in an environment where responsible
practices are valued by both con-sumers and regulators [12]. The use of hy- brid methods allows
finding a balance be-tween economic efficiency and environmen-tal responsibility, maximizing
the positive im-pact of the program [13].

In conclusion, our program is positioned as a comprehensive solution for inventory
management in supermarkets, combining Big Data, advanced algorithms and sustainabil- ity. With
these elements, we seek to trans- form traditional processes and adapt to thedemands of a constantly
evolving market [14, 15].

Methods

General Approach

The general approach of this study is based on the application of hybrid optimization meth-
ods combined with Big Data and statisticsto improve storage management in supermar- kets. This
approach is necessary due to the complexity inherent in managing large vol- umes of inventory
data and accurately pre- dicting product demand, two key factors in reducing costs and
improving operational ef-ficiency.

Method Selection

The hybrid optimization methods selectedfor this study combine traditional techniqueswith
advanced Big Data-based approaches. The following methods have been considered in this work:

Genetic algorithms (GA) optimize the dis-tribution of products on shelves and the al-
location of space in warehouses, addressing combinatorial optimization problems. Ne-matzadeh
demonstrated how these algorithmsmanage operational constraints, improvingthe efficiency of
product storage and distri- bution [16].

Artificial Neural Networks (ANN) are used to predict future demand for productsusing
historical and contextual factors, ap- plying non-linear approaches and aggregation operators, thus
improving predictive capac- ity [17].

Particle Swarm Optimization (PSO) is ap-plied in dynamic inventory management, ad- justing
parameters such as the inertia factor and search range to improve global conver-gence and avoid
local solutions [18].

Ant Colony Optimization (ACO) is in- spired by the collective behavior of ants, which use
pheromones to find optimal routes. This approach is applied in combinatorial op-timization
problems, such as network routingand resource allocation [19].

Hybrid Simulation, combined with pre- dictive and optimization models, evaluates
demand scenarios and dynamically adjusts operating conditions. Inspired by hybrid
methodologies, it optimizes system perfor- mance, ensuring energy efficiency, cost mini-
mization and resolution of operational limita-tions through advanced computational tools [20]
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These methods are chosen for their ability to handle large volumes of data and provide accurate
solutions in dynamic scenarios, such as those found in supermarket management.

Justification for Choice of Meth- ods

“The methods selected in this study were cho- sen for their ability to handle large volumes of
data and for their demonstrated effectiveness in solving complex optimization problems indynamic
contexts. Hybrid algorithms are es- pecially suitable for storage management in supermarkets, since
that combine the preci-sion of predictions based on Big Data with the flexibility of optimization
techniques, al-lowing informed decisions to be made in real time. In particular, hybrid models have
been effective in integrating operational and de- sign parameters in dynamic environments,
managing to improve efficiency and reduce costs in complex systems.” [20]. In addition, Big Data-
based strategies optimize decision- making. decisions in storage management by allowing more
precise analysis of demand [11].

Results

Table of Studies
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The application is designed to optimizestorage management in supermarkets, usingartificial
intelligence and hybrid optimizationtechniques.  Its objective is to analyze keyvariables such as
current stock, monthly de-mand, unit cost and sale price, improving de-cisions related to inventories.
Big Data toolshave proven to be effective in managing largevolumes of data [11], while hybrid
methodsmaximize efficiency in complex systems [20]. The application workflow includes data
loading and processing, where the quality ofthe information is validated to ensure reliableand
accurate results [13]. The quality of theinitial processing directly affects the successof the
subsequent analysis [11]. Subsequently,the visualization of original data providesan initial
reference to evaluate improvementsachieved after optimization [12], facilitatingthe identification
of patterns that influenceoperational decisions [9]. In the optimizationstage, hybrid methods that
combine precisionand adaptability are applied, improving crit-ical variables of the system [20].
These tech- niques have been shown to be effective in op- timizing operational performance in
dynamic environments [13]. Finally, the visualization of results generates graphs and tables that
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simplify the interpretation of data, helping to make informed decisions [14]. These tools are essential
to evaluate the impact of the applied strategies [11].

The application also contributes signifi-cantly to warehouse management. Predict- ing
consumption patterns allows you to ad- just stock and avoid shortages, aligning with advanced
data analysis strategies [10]. Opti- mizes the layout of products in warehouses, making the most
of the available space [9].In addition, it reduces logistics costs by min- imizing problems such
as overinventory and shortages [15]. Finally, it improves decision- making efficiency by
integrating predictivemodels with mathematical optimization tools [20].
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Stock Actual 51,921 26,455.38 49.05% 26,401.20 49.14% 26,300.45 49.32%
Demanda Mensual 102,118 51,518.22 49.55% 51,300.10 49.74% 51,150.70 49.90%
Costo Unitario 2,087.89 1,497.45 28.28% 1,487.30 28.75% 1,478.90 29.15%
Precio de Venta 5,630.24 3,313.00 41.16% 3,300.80 41.38% 3,280.50 41.73%
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