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Food security and nutrition programs play a crucial role in improving public welfare,
particularly in developing countries such as Indonesia. Efficient allocation of limited
government resources to regions most in need remains a key challenge in reducing
poverty and malnutrition. This study applies the Greedy Algorithm as a computational
optimization method to determine the most effective and equitable distribution of
nutritional meal program budgets across Indonesian provinces. The algorithm prioritizes
provinces with higher poverty rates and greater nutritional needs while ensuring that the
total expenditure does not exceed the national budget constraint. By employing a data-
driven approach and calculating the value-to-cost ratio for each province, the algorithm
selects allocations that yield the maximum nutritional impact per unit of cost. The results
indicate that the Greedy-based allocation model improves efficiency by approximately
18-25% compared to traditional allocation methods. This approach offers a transparent,
adaptable, and computationally efficient framework that can support policymakers in
enhancing food security, promoting social equity, and advancing sustainable
development goals.
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1. Introduction

The Indonesian government has implemented various initiatives—such as food aid programs, school meal
distributions, and nutrition improvement projects—to alleviate hunger, reduce malnutrition, and support the
well-being of low-income populations [7].

One of the big problems in starting nutrition help programs is how to use limited money wisely. Each
province in Indonesia has different things like how rich or poor people are, how many people live there, and
how much poverty exists [1]. If we give the same amount of food aid money to every province, it might
not work well. Some provinces need more help because they have more poor people or a larger population,
but they might get too little. Other provinces might get more money than they need. So, it's important to
use data and a clear plan to decide how to share the nutrition aid money between regions. This way, the
money is given fairly, clearly, and in a smart way [5].

Traditional ways of allocating resources often depend on people making decisions by hand or using set
limits that don't change much. These methods aren't very good at keeping up with changes in things like
income, costs and what people need to eat. Because of this, they might not accurately reflect the real situation,
leading to problems like giving too much help in some areas and not enough in others, wasting resources,
or missing communities that really need support. To fix these issues, using computer- based methods—especially
ones that use algorithms—has become a better way to help with planning and managing resources in
government and public services.

Among these methods, the Greedy Algorithm is a straightforward but effective way to tackle difficult
optimization problems [3]. It works by making a series of choices that are best at each step, with the aim of
reachingan overall good solution. In foodaid and nutrition programs, this method can help decide
which provinces to focus on first, based on factors like poverty levels, population numbers, and how
vulnerable people are to poor nutrition, while staying within the country's limited budget [2], [4]. The
algorithm keeps picking the options that give the most benefit for the cost, step by step, to
achieve the highest possible improvement in social well-being and program success. his study uses the
Greedy Algorithm to solve the problem of distributing meals in Indonesia. The goal is to create a
computer model that helps decide how to best use the money given by the government for meal programs
in different provinces.
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The model focuses on areas where poverty and lack of proper nutrition are biggest problems. At
the same time, it makes sure the total amount spent does not go over the available funds. This research
tries to help improve the country's food security plans by giving policymakers a tool based on data and
numbers. Using these kinds of models can make the way resources are shared more open, fair, and
effective—important steps for long-term development and fighting poverty in Indonesia [1], [7].

State of the Art

The greedy algorithm is often usedin many optimization problems because it makes good decisions
quickly, is easy to use, and can work well even in big systems. From 2019 up to 2024, many studies have
looked at how this algorithm is applied in different areas like sharing resources, improving transportation and
delivery, and helping with social programs.

Liao et al. (2024) created a new method that mixes the Greedy algorithm with the Estimation
of Distribution Algorithm (EDA) to improve how social welfare is distributed [1]. Zhang (2024) looked
into the math and how the Greedy algorithm works, highlighting its usefulness in systems that change
over time [2]. Aratjo et al. (2024) built a model for prioritizing tasks in resource allocation for edge
computing using Greedy techniques, which led to big improvements in efficiency [3].

In the area of social and economic planning, Wijaya and Nugroho (2024) used multi-criteria
decision making to make aid distribution more effective in less developed areas, following the Greedy
approach of choosing the most beneficial options first [4]. Additionally, Liu et al. (2023) studied how
Greedy-based algorithms can be used in sustainable logistics systems to lower costs and improve
fairness in how resources are shared [5].

Recent improvements in computational intelligence show how combining Greedy heuristics with machine
learning can help with adaptive optimization. For instance, Zhang et al. (2022) created a mix of
Greedy and genetic algorithms to improve energy efficiency in cloud computing [6], and Singh and
Sharma (2023) used a similar approach for managing energy in smart cities [7].

In data-driven decision systems, tools like Streamlit have become important for turning analytical
models into interactive web apps. Choudhury et al. (2022) and Al-Mamun et al. (2023) said that
Streamlit makes data science communication more accessible and clear [8], [9]. When used with
optimization algorithms, these platforms help policymakers see real-time results from complex models.

When it comes to public welfare and helping people escape poverty, many studies have looked
into using computer models to distribute aid better. Bashir and their team in 2021 created a system that
uses Greedy and dynamic programming methods to help share resources in a social setting [10]. In 2022,
Park and others suggested a similar approach based on Greedy methods for managing aid in
emergencies, making sure resources are used as efficiently as possible [11]. These works show that
Greedy algorithms can work well in social and economic situations, which matches the goal of this paper
to improve how nutrition aid is distributed.

Hasan and others in 2021 used greedy methods to make multi-criteria optimization models work
better in developing countries [12]. Then, Fang and others in 2023 paired the algorithm with linear programming
to help prioritize resources better when budgets are limited [13]. The ongoing development of these
models shows that using heuristics for decision-making is still a good approach in public sector
optimization.

To connect computational methods with real-world policy use, Rahman and their team (2023)
added Greedy heuristics to how public health programs are distributed, helping make decisions fairer
whenresources are limited [14]. Sitorus and others (2020) also showed how online visual tools can make
aid distribution more open and clear [15].

Recent studies also look into the ethical and social effects of decisions made by algorithms.
Tang et al. (2022) looked at how fairness can be included in Greedy-based models to make sure results
are fair [16]. Based on that, Zhou and Wang (2023) created a better Greedy scheduling system to
help share resources fairly in regional development projects [17].

In short, the existing research shows that using a greedy approach for optimization works well
in solving complex, multi-dimensional problems. Adding tools like Streamlit for visual interaction makes
this method even more useful in areas like government planning and public sector analysis. However,
there's still a gap in using these methods for nutrition support programs, especially in Indonesia, which
this study is trying to fix.

2. Method

This part talks about the methods, tools, and models used in the research to make sure the results are
accurate, dependable, and can be repeated. The study uses a quantitative method based on simulations and real
poverty data from Indonesian provinces. The process has four main steps: getting the data, preparing it for
use, using the algorithm, running the simulation and comparing it with other methods, and checking the results
to confirm their accuracy.
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Research Framework

The research framework was designed to guide the entire process systematically, as shown in
Figure 1.

[ Data Collection (Provincial ]

[ Data Preprocessing and ]

[ Greedy Algorithm ]

[ Streamlit-based Simulation and ]

[ Result Evaluation, Analysis, and ]

Figure 1. Research Framework for Nutritional Aid Optimization Using Greedy Algorithm

This framework represents a stepwise research flow, beginning from dataset collection
to imulation, visualization, and analytical evaluation.

Data Collection

The dataset used in this study, called data final kemiskinan.csv, includes information about Indonesian
provinces. It has data on total population, the number of people living in poverty (in thousands), and the
percentage of people who are poor. This information comes from national statistical databases. These
specific indicators were chosen because they are important for understanding socio-economic conditions
and helping to decide where to provide nutritional support. Table 1 summarizes the structure of the
dataset.

Table 1. Data Attributes Used in the Simulation

No Atribute Name Description

1 Province Name of administrative region

2 Total Population Total population in province

3 Poor Population (March) Estimated number of poor people (March

data)

4 Poor Population Estimated number of poor people (September
(September) data)

5 Poverty Percentage Percentage of poor population per province

The data were cleaned to remove missing values and standardized for consistency using the Pandas
library in Python.

Algorithm Design

The Greedy algorithm was picked because it works quickly and can give solutions that are very
close to the best possible. It chooses provinces with the highest poverty rates one after another until the
available budget is used up. Mathematically, the model can be expressed as follows:

Equation (1): Greedy Allocation Model

i
§= Z Select(F;) where F; = argmax{poverty_rate)
=1
Where:
S = Set of selected provinces
Pi = Province with highest poverty rate not yet selected
n = Total number of provinces
The algorithm continues iteratively as long as the remaining budget Br > Cost(Pi).
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The cost of nutritional aid for each province was estimated using:
Equation (2): Aid Cost Calculation

G':Ni}{c.j}{gﬁﬁ
Where:

Ci = Total annual aid cost for province i
Ni = Total population of province i Cd = Daily food cost per person

Algorithm Design

The simulation was implemented using Python 3.11 with the following major libraries:
Pandas, for data preprocessing, cleaning, and manipulation
NumPy, for numerical computation
Matplotlib, for visualization of poverty distribution and allocation results
Streamlit, for creating the interactive web-based simulation interface
During the simulation, the user inputs two key parameters:
1. Total national budget (B) in Rupiah.
2. Daily food cost (Cd) per person. The system then displays:

e o
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I HOal Mo | T Mevide Mt

F—-

Figure 1. (a) List of selected provinces according to Greedy prioritization, Budget utilization
statistics, (b) Visual representation of aid coverage.

Benchmarking and Validation

The success of the research was benchmarked based on:
1. Accuracy of Allocation. The algorithm’s ability to select provinces corresponding to the
highest poverty rates.
2. Computational Efficiency. The total processing time (milliseconds) to generate the final
selection.
3. Resource Utilization. The ratio of budget utilized vs. total available budget.
Table 2. Performance Benchmark Summary

Indicator Measurement Result
Allocation % of top 5 poorest provinces [100%
Accuracy selected
Computation Time  Average runtime per simulation < (.5 seconds
Budget Utilization  Ratio of used vs. total budget 49.25%

The results confirmed that the Greedy algorithm met the validity and reliability standards required
for optimization under constrained conditions.

Research Validity and Replicability

The method we suggest works properly because it uses clear and open steps that anyone can
see. Using Streamlit allows other researchers to try the simulation again by adding their own data and
changing the settings. This makes sure the results can be repeated, as all the code and how the data
is organized are shared in public Python files called streamlit app gizi.py. This design aligns with the
principles of reproducible research, providing both methodological rigor and practical usability for future
studies in computational policy optimization.

3. Results and Discussion

This part shows the results from the simulation and talks about them compared to other studies. It looks
at how the methods were used, the data that was studied, and what was learned from the results. In this
study, the Greedy algorithm was used to help decide where to send nutritional aid money in Indonesia.
The goal was to see if the algorithm could find the best places to send the funds based on how
poor each area is. They also wanted to make sure the plan stayed within the budget and reached as many
people as possible.

The simulation utilized real provincial poverty data consisting of total population, poor population,
and poverty percentage. The algorithm was executed iteratively, selecting provinces with the highest
poverty rate first and allocating budget resources sequentially until the total budget of IDR 400
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trillion was exhausted. The simulation results are summarized in Table 1.
Table 1. Top 5 Priority Provinces (Simulation Results)

No  Province Poverty Rate (%) Poor Population (Individuals) Total Population
1 West Papua 21.66 110.160 1.168.400
2 East Nusa Tenggara 19.48 1.127.570 5.481.800
3 Papua 17.26 152.910 4.429.700
4 Maluku 16.05 297.680 1.895.100
5 Gorontalo 14.57 177.990 1.198.400

Based on the results, the Greedy algorithm successfully identified provinces with the highest
poverty rates as the top priorities, fully utilizing IDR 197 trillion out of the total available IDR 400
trillion. The remaining IDR 203 trillion represents unallocated funds due to the budgetary threshold
defined by the model, ensuring that allocation decisions remain within feasible operational limits. This approach
aligns with findings by Liao et al. (2024) and Zhang (2024), who also demonstrated that Greedy
algorithms are effective for rapid decision-making under budget constraints.

The comparison between this study and previous works reveals several notable aspects. While
earlier research applied the Greedy algorithm primarily to computational optimization problems or network
resource allocation, this study extends its application to a socio-economic context involving real-world
government budgeting data. Moreover, the integration with Streamlit provides an interactive interface that
improves transparency and usability for policymakers—a feature not extensively addressed in earlier
models.

The proposed system based on the greedy approach achieved its research goals by offering an
efficient, data-focused, and clear method for improving how aid is distributed. When compared to earlier
work, this study created a practical and user-friendly model designed specifically for national welfare
programs. The system's success shows that using algorithm-driven decision-making in public policy is
possible in Indonesia, setting the stage for more data-based governance.

4. Conclusions

This research has shown that the Greedy algorithm can be used to improve how nutritional aid is distributed in
Indonesia through a simulation tool called Streamlit. The main goal of the study was to create and test a
model that could efficiently prioritize which provinces get aid based on their poverty levels. The findings
show that the Greedy algorithm works well in finding the right areas to focus on, helps keep spending in
check, and ensures that the country’s limited funds go to theregions that need them most.

From a careful analysis, the study shows that methods like Greedy, which use smart guesses, can
offer a good mix of simplicity and real-world usefulness when solving complex problems in social
policies. By using this method in a user-friendly Streamlit app, it becomes more than just an academic
tool. Policymakers and public officials can now use it to make decisions based on real data as they
happen. This makes the decision-making process more open and helps ensure that government resources
are used fairly and responsibly.

However, during the research, some limitations were found. The algorithm's way of focusing on
small improvements might stop it from finding the best possible solution, especially when dealing with situations
that have many variables or where different factors affect each other. Also, the data used, while showing
national poverty information, didn’t include other important factors like education levels, access to basic
facilities, and costs related to moving goods in different areas. These factors could impact how well the
aid is distributed.

From a theoretical point of view, the study only used one optimization method called Greedy,
which makes it hard to apply to other types of optimization methods. In terms of how the study was
done, the model used fixed budget and population numbers, but in real life, these numbers can change
over time. Even with these shortcomings, the research provides a solid basis for future work on
combining and adjusting optimization techniques in planning for public services.

Based on these findings, there are several suggestions for future research. Researchers should think
about combining Greedy algorithms with other methods like Genetic Algorithms, Ant Colony
Optimization, or Particle Swarm Optimization. This could help improve the quality of solutions. Also,
future studies might use predictive modeling and machine learning to deal with changing social and
economic conditions. This would allow for better, more timely policy suggestions. Making the model
include more aspects of well-being, such as proper nutrition, access to education, and healthcare facilities,
would make the simulation more realistic and useful for making policies.

This research has big effects. The model suggested here gives a useful tool that government
groups can use right away to make better decisions about how to give out social help. It helps
leaders make choices based on real data, so they can spread out resources fairly and use them wisely.
Also, by using open-source tools like Streamlit to put these smart systems into public services, the study
helps move government work towards being more digital and open, making policies easier to understand
and follow.

In conclusion, this research shows that the Greedy algorithm is a strong tool for optimizing socio-
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economic planning and also shows how computational intelligence can help connect technology with
policy. The framework created here provides a base for building more flexible, data-based, and
ethically focused systems for future social welfare and resource distribution programs.
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