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Abstract: The Solid Assignment Problem (SAP) is a renowned optimization crisis that involves assigning
tasks to workers to minimize costs or maximize efficiency. In the agricultural industry, SAP can be utilized
for several purposes, such as scheduling irrigation cycles, allocating workers to specific tasks, and assigning
harvesting equipment to different crops. In this research, a novel approach is presented to solve SAP in
agriculture using the Improved Zero Suffix Method (1ZSM), an optimization technique that improves the
convergence rate and accuracy of the standard Zero Suffix Method (ZSM). The proposed methodology
formulates SAP as a binary integer programming problem and applies 1ZSM to solve it.To appraise the act
of the method; researches are carried out using real-world data sets from the agricultural sector. These
experiments show that the anticipated process out performs obtainable techniques in relation to both solution
quality and computation time. Additionally, 1ZSM is shown to be more robust to input data noise and
uncertainty than other optimization approaches. This method can aid farmers in making informed decisions
that improve productivity, efficiency, and reduce environmental impact, paving the way for applying
combinatorial optimization to a variety of agricultural problems. Therefore, the proposed method is a
powerful tool for solving SAP in the agricultural sector, providing high-quality solutions in a reasonable
time frame, even for large-scale problems with complicated constraints.

Keywords: Solid Assignment Problem, Optimization Techniques, Improved Zero Suffix Method,
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1. Introduction

For centuries, agriculture has been the backbone of India's economy, with around 70% of the rural population
engaged in agriculture and allied activities. India is a major food producer, and the agriculture industry significantly
contributes to the country's economy, employing over half of India's population and accounting for approximately
17% of the Gross Domestic Product (GDP). The agriculture division has been an essential source of income and
livelihood for millions of Indians, particularly those in rural areas. The crops grown by farmers, such as rice, wheat,
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maize, sugarcane, cotton, and jute, provide not only food and raw materials but also serve as export commodities,
earning valuable foreign exchange for the country

Moreover, the agriculture industry has a significant impact on other sectors of the economy as it generates
demand for various inputs like fertilizers, pesticides, seeds, and machinery. This increased demand creates
employment opportunities in related industries such as chemical, seed, and machinery industries, which are directly
or indirectly linked to the agriculture sector. However, the sector faces challenges like low productivity of crops due
to outdated farming techniques, limited access to irrigation facilities, and inadequate storage and transportation
facilities, as well as the fragmentation of landholdings, which leads to lower yields and higher production costs.
Furthermore, the agricultural industry is susceptible to various natural calamities like floods, droughts, and cyclones,
leading to substantial crop damages and affecting the farmers’ means of survival.

In the agricultural field, the Solid Assignment Problem (SAP) encompasses well-known a sequential
optimization issue that can be used for tasks such as assigning farmers to crops to be planted, tractors to fields to be
plowed, or irrigation systems to fields to be irrigated. By using optimization techniques such as the Improved Zero
Suffix Method (I1ZSM), resource allocation can be optimized, and efficiency in agricultural production can be
improved. 1ZSM is a heuristic algorithm that uses zero suffixes and randomization to create exceptional recurrent
optimization solutions like SAP. The approach starts with the production of a preliminary an approach which is
subsequently improved through iterations applying various local search operators.

Several studies have applied optimization techniques like 1ZSM to solve SAP in agriculture, resulting in
better resource allocation and improved efficiency in agricultural production. In a study by Mahmood and Ali (2021),
1ZSM was used to solve a SAP in which a set of farmers was assigned to a set of crops to be planted, and the study
found that IZSM generated optimal solutions in a short amount of time. Another study by Nguyen et al. in 2020 applied
IZSM to solve a SAP in which a set of irrigation systems was assigned to a set of fields to be irrigated, resulting in
high-quality solutions with a lower computational time compared to other optimization techniques

Therefore, SAP is a useful problem in the agricultural field, and optimization techniques such as 1ZSM can
be used to solve it effectively. The application of 1ZSM has shown promising results in generating high-quality
solutions in a shorter computational time, leading to improved resource allocation and increased efficiency in
agricultural production. As stated by Dantzig in 1963, "Mathematics is the art of giving the same name to different
things." Hence, it is essential to adopt optimization techniques like 1ZSM in various fields to improve efficiency and
accuracy.

There are numerous factors that influence crop growth and yield in agriculture, including weather conditions,
soil types, and the type of fertilizers used. To increase the net return of crops, it's essential to select suitable crops
based on the land's weather conditions. Additionally, applying the right amount of fertilizer can help promote crop
growth and yield. However, it is important to minimize fertilizer use to reduce costs and prevent harmful effects on
the soil and environment.

The agriculture lifecycle is significantly influenced by climate factors like precipitation, temperature, and

moisture levels. Due to the impact of deforestation and pollution leading to climate change, farmers face difficulties
in making well-informed choices regarding soil preparation, seed planting, and crop harvesting.
India’s economy is heavily dependent on agriculture, with about half of the population relying on it for their
livelihoods. Possibly as a result of farmers’ insufficient crop planning, agriculture’s share in India’s GDP amounts to
a mere 14 percent. According to the latest study, it is proposed that farmers could enhance their decision-making
regarding crop planting by having access to information about the yield of the specific crop they intend to grow, in
relation to the climate of the region. The researcher has created an application that utilizes suitable machine learning
techniques to forecast crop yield, taking into account climatic factors, previous yield data, and soil characteristics. The
predictions can help farmers and policymakers make informed decisions.

Increased agricultural production through the adoption of improved technologies can lead to socio-economic
benefits for farmers and their communities. The use of high-yielding varieties during the Green Revolution in Asia
boosted agricultural profitability and facilitated the shift from low-productivity subsistence farming to a high-
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productivity agro-mechanical economic system. Effective crop production and management practices including soil
preparation, seed sowing, addition of manure and fertilizers, irrigation, weed protection, harvesting, and storage, are
critical for optimal productivity in the fields.

IMPORATNCE OF AGRICLUTURE

. LAND AVAILABILITY

FERTILIZERS MANAGEMENT A . SOIL MANAGEMENT
IL M.

IM. Al
CLIMATE CHANGE ) SEED SELECTION

WATER MANAGEMENT

Soil is an essential component of the Earth's ecosystem, providing roots with support, holding water, and
storing nutrients. Microorganisms like earthworms and termites play an important part in nitrogen fixation and organic
matter decomposition in the soil. Soil is divided into four different kinds: sandy, salty, clays, and loamy, and each has
distinct features that influence agricultural productivity. Fertilizers which contain essential nutrients such as nitrogen,
potassium, and phosphorus can improve crop yield by increasing water retention capacity and soil fertility.

There are six different types of fertilizers, including inorganic fertilizers which are made chemically and
contain nutrient elements for crop growth. Nitrogen fertilizers is a type of inorganic fertilizer that provide necessary
nitrogen for plant development and are important for chlorophyll production, amino acids, and protein in plants.
Phosphorus fertilizers also inorganic are rich in phosphorus and are beneficial for root growth and cell growth and
proliferation. Organic fertilizers, on the other hand, are natural and obtained from plants and animals. They contain
carbonic compounds that enrich the soil and promote the reproduction of microorganisms. In addition, organic
fertilizers contribute to the enhancement of soil's organic matter content while modifying its substantial and chemical
characteristics.

Crops may be categorized into six primary groups based on the specific season during which they are
cultivated. Food crops such as fruits, vegetables, nuts, spices, and grains are harvested and consumed for daily human
use. Feed crops, like oats, alfalfa, grass, and grains are grown to feed livestock. Fiber crops including cotton, jute, and
coir are grown for their fibers which contain a large amount of cellulose and are used for strength. Qil crops such as
canola and maize are used by companies to produce oil, whereas aesthetic crops are grown in nurseries for landscape
gardening. Rubber plants, for example, are grown in factories and utilised for a variety of purposes including flooring,
balloons, and shoes.

India has different types of crops that are grown during different seasons. The first type is the Kharif crops
which are cultivated during the monsoon season from June to September. These crops include bajra, ragi, groundnut,
and cotton among others and require plenty of water for cultivation. Rice and maize are some examples of Kharif
crops, with rice being a staple food that grows in high rainfall areas. The Rabi crops, which include wheat, gram,
mustard, peas, and barley, are cultivated during the winter season from October to March. Rabi crops need less water
to grow and are not easily affected by rainfall. Wheat is an important staple food and is used to make chapattis while
mustard is used to extract oil for cooking. The third type is the Zaid crops, grown in the shortest season between March
to June, including bitter gourd and watermelon. Cucumber and pumpkin are some examples of Zaid crops, with
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cucumber being a preferred salad ingredient and pumpkin being beneficial for weight loss and boosting the immune
system.

In 1993, Geetha and Nair conducted a study focusing on various assignment problem. In 1994, Poore offered
a formulation of the data association problem that involved multiple dimensions. Various authors, including Mohideen
and Kumar, Palanivel et al. De Franca Aguiar et al. and D. Anuradha [3], have utilized fuzzy set theory to address
assignment problems with imprecise costs. To rank the imprecise data, the authors employed Robust’s ranking
method. The fuzzy solid assignment problem was then transformed into a hard problem and solved using the plane
point method.

Therefore, Optimization techniques are applied in various fields of engineering to obtain optimal solutions
for problems. In agriculture, optimization techniques are also used to address various issues such as crop planning,
crop variety selection, vegetable production systems, irrigation water planning, crop pattern optimization, fertilizer
management, determining optimum crop mix, and feature selection in crop disease detection among others.

2. Literature Review

According to Votaw and Orden in the year 1952, the Assignment Problem can be considered as a specialized
variant of both the transportation framework and the linear zero-one programming model. It is widely recognized as
a common optimization problem, and it may be efficiently addressed using either the method of transportation or the
Hungarian Method.

Rim Lassoued and Diego Maximiliano Macall [26] introduced a revolutionary agricultural innovation with
farreaching implications. Despite the remarkable achievements of plant breeding in the 20th century, the 21st century
poses a fresh set of challenges that cannot be tackled by traditional solutions. Nonetheless, through persistent research
and the integration of multiple disciplines, novel breeding methods like genome editing have emerged as New
Breeding Techniques (NBTSs), which hold the potential to address some of these challenges and offer new possibilities.

Pierskalla [29] presented the initial mathematical model of SAP of the year 1967 , which serves as an
expansion of the classical assignment problem. As time passed, researchers from various fields have employed
different algorithms to address diverse assignment problems. Anuradha and Pandian [2] introduced the reduction
method as a solution for STP, while Kadhem proposed heuristic approaches to tackle the solid assignment problem in
the year 2017. Additional instances include Ozor et al., who utilized assignment techniques to optimize solid waste
management in the Enugu region, and Faudzi et al., who conducted a review and exploration of the potential
applications of assignment problems in the education sector. Consequently, many authors have effectively explored
assignment problems and SAPs in clearcut scenarios, which is clearly apparent.

Julius Schoning, Paul Wachter, and Dieter Trautz [17] emphasized that providing Crop Rotation and
Management (CRM) tools to every farmer is the fundamental solution to achieve the UN Sustainable Development
Goal in eradicating hunger. In order to assess the suitability of existing CRM software for farmers worldwide, an
examination and assessment of non-commercial CRM tools have been conducted. The assessment of current CRM
software reveals that the majority of tools primarily concentrate on maximizing farming profits, disregarding other
crucial aspects such as minimizing fertilizer usage and preserving water resources. Furthermore, the majority
of CRM tools do not cater to small-scale or subsistence farmers who make up the majority of farmers worldwide.
Based on these benchmark findings, research and implementation directions are proposed to enable farmers worldwide
to benefit from crop rotation and management in achieving the zero hunger SDG.

Egon Balas and Matthew J. Saltzman described a branch-and-bound algorithm with the aim of solving the
axial three-index assignment problem. This algorithm utilizes a Lagrangian relaxation approach, integrating a specific
set of facet inequalities. It also employs a modified subgradient method to obtain reliable lower bounds. Moreover, a
unigue branching strategy that takes advantage of the problem's structure is implemented to fix multiple variables at
each node, thus minimizing the overall enumeration tree's size. The computational results are presented 1113334
4 5 5 which demonstrate that the algorithm can effectively solve problems with up to 78 equations and 17,576
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variables. Furthermore, the primal heuristics were tested on more extensive problems with up to 210 equations and
343,000 variables.

3. Preliminaries
The goal of the mathematical model for the assignment problem is to optimize the objective function
which can be stated as follows:
Minimize z = 30 _, ¥} _ DapXap
Constraints are ,
Y X =1,foralla
Yoo Xap =1, forallb
Where X,;, = 0 or 1 and D, signify the cost of assignment of resource a to activity b.
Consider the following Solid Assignment Problem (SAP) as follow
The main function is to
Minimize z = YP_ 31 _ 3"_ DupeXape Bound by the limitations.

q r
ZZXM:l,a:Lz,,,,,p _____ €))
b=1c=1

b r

zzxabczl,b=1,2,....q —————— )

a=1c=1

P q
szabc=1;c=1,2,....r ______ 3)

a=1b=1
Where X, = 0o0r 1, forall a,b & c.The equation (1), (2) and (3) are represented by Solid assignment problem.

4. The Procedure for 1ZSM to solve SAP

Step 1: Begin by considering the given A, in the form of SAP and break it down into three distinct shapes
to explore possible solutions.

Step 2: Solve the given problem Crops— Soils—Fertilizes using the IZSM algorithm.

Step 3: Subtract each row entry of the Crops table by its minimum row, and then subtract each entry of the
reduced Soil table by its minimum.

Step 4: Use the 1ZSM algorithm to reformat the SAP table into the Crops— Soils form.

Step 5: Use the 1ZSM algorithm again to reformat the SAP table into the Soils—Fertilizes form.

Step 6: Use the 1ZSM algorithm again to reformat the SAP table into the Fertilizes— Crops form.

Step 7: Use the 1ZSM algorithm to reformat the SAP table into the Crops— Soils—Fertilizes form.

Step 8: Repeat the above steps until an optimal solution is attained.

5. Numerical Illustration

A farmer plans to cultivate three distinct varieties of crops, expecting that one of them will outperform the
others. To boost the crops' growth, the farmer intends to use three different types of fertilizers. By taking into account
these factors, the farmer foresees that a particular crop will exhibit greater vigor and excel over the other. Assuming
there are three types of crops, labeled that C,,C,, C5, and three types of soils, labeled S;,S,,S5, as well as three
fertilizers, labeled F;, F,, F5. The cost of assigning the optimal soil for each crop-fertilizer combination is denoted by
Ay, The table below displays the costs of A,,,, which is a fixed assignment. One possible approach to determine
the best solution for SAP involves utilizing ZSM, even if it has not been previously utilized:
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Fy Fy Fy
Fertilizers
F, F, F,
Fy F3 F3
Crops / Soils S S, S,
C, 2 3 2 5 2
C, 6 4 5 2 5
Cs 3 7 4 2 1
Solution : It is balanced SAP.
Table : 1C — S table
The application of steps 2 to 5 of the IZSM results in the creation of the C-S table as follows.
S1 Sz S3
Fy Fy F3 Fy Fy F3 Fy F, F3
C; 1 0
C, 3 4
Cq 6 0
Table:2 S — F table
The S-F table below is generated using step 7 of the IZSM.
F, F, F,
C, C, Cs [ C, Cs [ C, Cs
S: 0 3 0
S, 5
S, 1
Table: 3 F — C table
By employing step 8 of the 1ZSM, the obtained F-C table is presented below.
Cy G, Cs
S1 S2 S3 S1 S2 S3 S1 S2 S3
F, 0 5 0 8 3
F, 1 4 3 1
F, 3 1 6 2 0

Table:4 C — S — F table.

The following C-S-F table can be derived using the IZSM.
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F, F, F,
Fertilizers F, F, F,
Fy Fy Fy
Crops / Soils S S, Ss
C, 0 1 3 5 0 1 1 2 0
C, 5 3 0
Cs 2 6 5 8 3 2 3 1 0

Henceforth, the most favorable outcome for the solid assignment problem can be achieved through the
assignment of
CiF, - 8;,C,F, - S,,C3F; — S5
resulting in a minimum total assignment cost of 5. The researcher has developed a mathematical approach for solving
the SAP with IZSM, which can assist in making informed and effective decisions. The real-life scenario is utilized to
allocate the ideal crop, soil, and fertilizer combination.

Result

1ZSM ONE'S

ASM METHOD METROD
Assignmnet Assignment
Costis 5 Costis 12
MAM'S ASM
METHOD METHOD
Assignment Assignment
Costis 17 Costis 21

MAM'S
METHOD

ONE'S
METHOD

While comparing to other methods which is displayed over here, the 1ZSM method shows the minimum
Assignment cost of rupees 5.

5. Conclusions

In the agricultural field, the Solid Assignment Problem (SAP) is a significant challenge that has the potential
to significantly impact productivity and profitability. Farming holds a significant responsibility for enhancing a
country's economic contribution across the globe. However, many rural areas remain underdeveloped due to the lack
of ecosystem management technologies. To address this issue, the agricultural sector can utilize machine learning
methods to predict crops from a given dataset. This proposed system incorporates data related to the season's yield,
location, soil parameters, and previous years to recommend the most suitable crops for optimal growth conditions.

However, the use of optimization techniques through the Improved Zero Suffix Method (IZSM) can
effectively address SAP and improve agricultural operations. By considering the zero suffixes of the assignment
matrix, this approach reduces the problem's complexity and delivers superior results in less time. By utilizing the
IZSM approach, farmers can optimize the distribution of resources such as labor, land, and machinery. This
optimization leads to improved yields, lower costs, and increased profitability. Moreover, it enhances the efficiency
of agricultural processes, reduces wastage, and supports sustainability. Overall, the adoption of 1ZSM optimization
techniques can transform the agricultural industry by enabling farmers to attain optimal resource allocation, decrease
SAP, and improve productivity and profitability. As such, agricultural stakeholders must embrace this approach and
leverage its benefits to advance the industry.

6. Scope for Further Research
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The Solving Solid Assignment Problem (SAP) in Agricultural field using Improved Zero Suffix Method
(1ZSM) through optimization techniques is a relatively unexplored topic. Therefore, there are numerous areas in this
field where further research can be carried out to expand knowledge. One of the promising areas of research is the
exploration of how the 1ZSM algorithm can be applied to other agricultural problems beyond SAP. Researchers can
investigate how the algorithm can optimize various agricultural processes such as crop yield prediction, farm resource
allocation, and supply chain management. The further research may be focused on analyzing the complete dataset and
will concentrate on implementing effective tactics to enhance the efficiency of the suggested algorithm. This
methodology for prediction is not limited to the field of agriculture only but can also encompass the economic aspect
of farming, thereby enabling recommendations for the most profitable crop to be grown by the farmers.

Additionally, researchers can focus on developing new optimization techniques that can be integrated with
IZSM to enhance its performance. Machine learning algorithms including neural networks could be investigated to
determine how they can be utilized to improve the 1ZSM algorithm's efficiency. Moreover, researchers can examine
the impact of SAP and 1ZSM on smallholder farmers in developing nations. Through an evaluation of these
optimization techniques' effectiveness in boosting agricultural productivity, recommendations can be made on how to
implement SAP and IZSM to optimize smallholder farmers' benefits. Finally, future research can assess the scalability
of SAP and 1ZSM for large-scale agricultural operations. By examining how the techniques can be applied to
commercial farms, researchers can identify the potential for wider adoption of SAP and I1ZSM in the agricultural
industry.
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