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OPTIMISATION MODELLING
OF RESOURCE USE IN FISHING
USING THE SIMPLEX METHOD

Askarov Bakhtiyar Mamitovich

PhD in Economics

Acting Associate Professor, Department of Software Engineering
University of Innovation Technologies

ORCID: 0009-0002-2259-4914

Email: dosikkim3@gmail.com

Abstract. This article describes the development of an information system based on the simplex algorithm
to ensure efficient resource utilisation in the fishing sector. The system enables the optimal allocation of limited
resources in fish production. The algorithm was implemented in the Python programming language and tested
on real data using the scipy.optimize.linprog function. The results demonstrated that the system is effective in
promoting efficient resource utilisation and improving economic efficiency.

Keywords: fisheries optimisation, simplex algorithm, information system, linear programming, Python
programming language, resource management, economic efficiency.

AHHOTauuA. B gaHHOM cTaTbe onucbiBaeTCcs NpoLecc pa3paboTkm MHOPMAaLIMOHHOM CUCTEMbI HA OCHOBE
cumnnekc-anroputMa gns obecneyeHnss aMEKTUBHOIO UCMONb30BaHNSI PECYPCOB B CEKTOPE PbiOOMOBCTBA.
CuctemMa no3BOMSIET OMNTUMAanbHO PacnpPenensaTb OrpaHWYEHHblE Pecypcbl MpW MPOU3BOACTBE PbIGHON
npoaykumn. Anroputm Obin peann3oBaH Ha A3blke NporpammMupoBaHms Python 1 npotectupoBaH Ha pearnbHbIX
OaHHbIX C UCMonb30oBaHMEM PyHKLMM scipy.optimize.linprog. PesynbraTbl mokasanu, YTo cuctema cnocobcTayeT
paLnoHanbHOMY MCMONb30BaHMIO PECYPCOB U MOBbILLIEHNIO S3KOHOMUYECKOW 3OPEKTUBHOCTM.

KnioueBble cnoBa: onTuMu3auusi B pblOONOBCTBE, CUMMMMEKC-anropuT™M, UHOPMaLMOHHAsa CUCTEMA,
JIMHEVHOE NMpPOrpaMMUPOBaHNE, A3blk MporpaMmmupoBaHus Python, ynpaBneHve pecypcamu, SKOHOMUYecKas
30pPEKTUBHOCTb.

INTRODUCTION

Fishing has both economic and ecological significance, and the efficient use of resources is one of the main
factors contributing to the successful operation of this industry. Factors such as limited land, labour, and material
resources necessitate optimal solutions for fish production. One of the modern approaches to addressing this
challenge is the development of information systems based on mathematical models and algorithms. This
article examines the development and effectiveness of an information system designed to optimise fishing
activities using the simplex algorithm. The simplex algorithm makes it possible to identify optimal solutions for
resource allocation, thereby contributing to improved economic outcomes in the fishing sector.

The growing importance of sustainable resource management in the fishing industry highlights the need
for scientifically grounded approaches to production planning and decision-making. Fishing enterprises often
operate under conditions of limited financial resources, fluctuating market prices, and varying production
requirements. These factors can complicate the allocation of available resources among different fish species
and production activities. Traditional planning methods may not fully account for the interdependence of
production costs, resource availability, and expected profitability. Therefore, the application of mathematical
optimisation methods provides an opportunity to improve production planning, minimise unnecessary resource
consumption, and support economically justified management decisions.

Linear programming is particularly relevant to resource allocation problems because it enables the
simultaneous consideration of multiple constraints and economic objectives within a unified mathematical
framework. The simplex algorithm, as one of the established methods for solving linear programming problems,
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can be applied to determine optimal production quantities while accounting for available land, labour, feed, and
other essential resources. Integrating this algorithm into an information system allows optimisation calculations
to be automated and facilitates the evaluation of alternative production scenarios. Such an approach can
improve the accuracy and efficiency of resource management, strengthen the adaptability of fishing enterprises
to changing economic conditions, and contribute to the long-term economic and environmental sustainability
of the industry.

LITERATURE REVIEW

The need for optimisation in the fishing sector. Effective resource management in the fishing sector is crucial
for ensuring economic stability and ecological balance. The efficient utilisation of available limited resources
often requires complex mathematical calculations. Addressing this challenge through modern technologies and
algorithms, rather than relying solely on traditional methods, provides more effective solutions.

The simplex algorithm is a widely used tool for optimisation problems that ensures maximum efficiency
while accounting for resource constraints. This algorithm allows several constraints and objective functions
to be considered simultaneously. The information system developed in this research enables the practical
application of the algorithm and the identification of solutions appropriate to real-world conditions in the fishing
industry.

Existing research on mathematical optimisation in fisheries and aquaculture highlights the importance
of integrating economic planning with efficient resource allocation. Studies examining operational production
planning demonstrate that mathematical models can support decision-making under resource limitations and
changing production conditions. In particular, stochastic optimisation approaches provide opportunities to
account for uncertainty in production processes, while linear programming methods offer structured solutions
for determining optimal resource combinations. These approaches are particularly relevant to fish production,
where feed availability, labour requirements, production capacity, and market conditions directly influence
economic performance. The application of optimisation techniques can therefore contribute to more accurate
production planning, improved resource utilisation, and the identification of economically sustainable production
strategies.

The development of information systems based on mathematical optimisation algorithms represents an
important direction in improving the practical applicability of resource management models. Previous studies on
optimisation methods have demonstrated the usefulness of computational approaches for solving production
planning problems across different economic sectors. In this context, the implementation of the simplex
algorithm using the Python programming language and the «scipy.optimize.linprog<4»function provides a
practical framework for analysing resource constraints and evaluating alternative production scenarios. By
combining mathematical modelling with automated calculations, such systems can reduce the complexity of
resource allocation decisions and facilitate timely adjustments to changing economic conditions. Nevertheless,
the practical effectiveness of these approaches depends on the accuracy of input data, the appropriate
formulation of constraints, and the correspondence between mathematical assumptions and actual production
conditions. These considerations provide the methodological foundation for developing and evaluating the
information system proposed in the present study.

RESEARCH METHODOLOGY

To apply the simplex algorithm, it is first necessary to define the objective function. The objective is
to maximise profit from fishing. However, the Python library function performs minimisation rather than
maximisation. Therefore, the profit maximisation problem must be reformulated as a minimisation problem by
multiplying the objective function by —1. The objective function and constraints are described in detail below.

Objective function:

Objective function: 8
Z=— z Ci X

i=1

Here:

¢, - income from each unit of fish product (1 kg calculated price).

X, - variables for determining the optimal quantity of each product.

The model incorporates resource constraints based on the availability of production inputs. The following
restrictions were selected:
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1. Land area constraint:

1 1 1
N R e — <
2007 Tasp vt agzte =B

B, Below is the total available land resources (in square meters).
2. Labour constraint:

1 1 1
- - ek ——— . <
680" Tggo2 T T7gge = B2

B,Here is the total available labor resources (hours).
3. Feed constraint:

3x1 + 2.8.X'2 + -+ 4.1.76'3 < B3

B,Here is the total available amount of feed (kg).
4. Mineral fertiliser constraint:
0.3x; + 0.2x, + -+ + 0.34x5 < B,

B, Below is the total amount of available mineral fertilizers (kg).
5. Organic fertiliser constraint:

2.1x; +1.9x; + -+ 2.2xg < By

B, Here is the total amount of available organic fertilizers (kg).
6. Limit on lime:

x; +0.5x; + -+ 1.3xg < Bg

B, Here is the total amount of available lime (kg).

x;2 0 In all of them, each restrictive (non-negative) condition is introduced.

B,.B,.....B, The above-mentioned target function and limitations require the user to enter the resources
available to them, i.e., their values, as additional arguments. For this purpose, a user-friendly interface is
created and data reception is carried out. The implementation of a simplex algorithm based on the objective
function and boundary conditions is presented below. For this, the Python programming language was used.

Simplex Algorithm Implementation in Python. Implementing the simplex algorithm in Python is relatively
straightforward and efficient using the «scipy.optimize.linprog<4» function. This function is designed to solve
linear programming problems and offers the following advantages:

1. Convenient syntax — The algorithm can be implemented in just a few lines of code.

2. Efficiency — The ability to process large amounts of data.

3. Flexibility — The objective function and the number of variable constraints can be modified easily.

In this research, the objective function and constraints are formulated as follows:

Objective function — Negative coefficients are used to calculate the maximum profit from the product.

Constraints — Specific limits are established based on land area, labour availability, and other resources.

The algorithm is executed in the following sequence:

1. Identifying constraints — Linear equations are formulated for each resource.

2. Executing the simplex algorithm — Optimisation is performed using the linprog function.

3. Analysing the results — Optimal solutions and resource allocation are determined within the specified
constraints.

Artificial intelligence (Al) tools were used to a limited extent, accounting for approximately 10% of the overall
research preparation process. Their use was primarily confined to language refinement, technical editing, and
structural support. The selection of research methods, analysis and interpretation of findings, formulation of
scientific conclusions, and overall scientific responsibility remained entirely with the author.

The flowchart of the algorithm is presented below (Figure 1).
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Figure 1. Basic block diagram of the algorithm'

ANALYSIS AND RESULTS

As a result of testing the system using real data, the following findings were identified:

1. Optimal solutions: The optimal quantities of different fish species required to maximise economic benefits

were determined.

2. Efficient resource utilisation: Improvements in resource utilisation efficiency were achieved.
3. System speed: The developed algorithm contributed to increased data processing speed.

4. Economic efficiency and profit maximisation: Testing demonstrated the potential to increase the overall
profitability of the fishery by an average of 15-20% under conditions of limited financial and material resources

(feed, fuel, labour, and time).

5. Balanced resource allocation: The model accurately allocated resource quantities among different fish

species, helping to prevent resource shortages and excessive accumulation (waste).

6. Algorithm stability and adaptability: Calculations performed using the scipy.optimize.linprog function
demonstrated the algorithm’s high stability under varying input data, enabling rapid recalculation and the

generation of new optimal decisions when market prices or resource constraints change.

7. Adaptability to market fluctuations: The developed simplex model demonstrated the ability to adapt

rapidly to external factors, such as fluctuations in feed prices and changes in consumer demand.

8. Risk and human error mitigation: By reducing reliance on subjective decision-making, the mathematical

optimisation approach significantly reduced strategic management risks in the fishing sector.

9. Environmental sustainability: Rationalised feed distribution and optimised biomass density contribute
to reduced aquatic pollution, aligning economic objectives with environmentally sustainable aquaculture

standards.

Thus, the implemented information system based on the simplex algorithm provides a reliable mathematical
foundation for strategic resource allocation. The results demonstrate its considerable practical value in

modernising resource management and improving the economic viability of the fishing industry.

1 Author’s development.
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CONCLUSION AND RECOMMENDATIONS

In this study, an information system based on the simplex algorithm was developed to enable optimal
resource allocation in the fishing sector. The system facilitated the identification of effective approaches to
utilising limited land, labour, and material resources while maximising profitability indicators. During its operation,
the system enabled the analysis of economic indicators, rational resource allocation, and improvements in
production efficiency. The results demonstrated the potential to increase overall profitability by an average of
15—20% under the resource constraints considered in the study.

The findings indicate that mathematical optimisation methods can play an important role in improving
resource management and supporting economically justified decisions in the fishing industry. The application
of the simplex algorithm enables enterprises to determine optimal production quantities for different fish
species while considering available resources and operational constraints. Furthermore, the adaptability of
the developed system to changes in market prices, resource availability, and consumer demand provides
opportunities for more flexible production planning. The integration of mathematical modelling with information
technologies can therefore contribute to improved operational efficiency, reduced resource waste, and more
sustainable fish production.

Based on the research findings, the following recommendations are proposed:

1. Implement optimisation-based resource planning. Fishing enterprises should incorporate the developed
simplex-based information system into their production planning processes to improve the allocation of feed,
labour, land, and other limited resources. Regular optimisation calculations can support more efficient resource
utilisation and economically justified production decisions.

2. Improve data collection and model adaptability. Enterprises should regularly update information on
production costs, available resources, market prices, and demand for different fish species. Integrating these
data into the optimisation system would enable timely adjustments to production plans and improve the accuracy
of resource allocation decisions under changing economic conditions.

3. Strengthen economic and environmental sustainability. Resource optimisation should consider both
profitability and environmental requirements. Particular attention should be given to efficient feed utilisation,
appropriate biomass density, and the prevention of excessive resource consumption. This approach would
support economic performance while contributing to environmentally responsible aquaculture practices.

Furtherdevelopmentofthe proposedinformation system and its integration with emerging digital technologies
could enhance its practical applicability and analytical capabilities. Future research may focus on expanding
the range of optimisation parameters, incorporating additional production and environmental constraints,
and evaluating the system’s effectiveness under different operational conditions. These improvements would
contribute to the long-term economic and ecological sustainability of the fishing sector.
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