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0guz SAHIN, Fatih TOPALOGLU

DEVELOPMENT OF RULE-BASED EXPERT SYSTEM FOR
VARIABLE COST AND GROSS PROFIT CALCULATIONS
OF AGRICULTURAL PRODUCTS: A CASE STUDY

ABSTRACT

Cost and gross profit calculations of agricultural products are a comprehensive
and difficult process. Many different parameters, such as soil cultivation, pruning,
spraying, irrigation, storage, drying, harvesting, transportation, and marketing,
need to be evaluated together. Currently, cost calculations of agricultural products
are made with classical programs and simple mathematical methods. For this re-
ason, the results vary depending on the person and organization making the eva-
luation. This creates some limitations, making cost planning, which is a dynamic
process, unreliable. In the study, a rule-based expert system was developed for the
cost and gross profit calculation of apricots. The expert system developed is called
Apricot Information System (APRIS). The developed expert system aims to provi-
de more accurate solutions by adding the precision and speed of the computer to
the calculation process. The main contribution of this study is the development of a
complete decision support set covering all processes from tillage to marketing and
the design of rule-based user-system interaction. The designed system found the
apricot variable cost calculation to be 1126.36 TL/da for 2020. This value largely
overlaps with the values obtained from the field in the previous year. The develo-
ped expert system will be a platform that can be used in cost calculations of many
agricultural products.

Keywords: Expert System, Apricot Information System, Cost Calculation,
Gross Profit Calculation.

ek

TARIM URUNLERINDE DEGISKEN MALIYET VE BRUT KAR
HESAPLAMALARINA YONELIK KURAL TABANLI UZMAN
SISTEMIN GELISTIRILMESI: BIR ORNEK OLAY iINCELEMESI

0z

Tarim driinlerinin maliyet ve briit kar hesaplamalar1 kapsamli ve zor bir sii-
regtir. Topragin islenmesi, budama, ilaglama, sulama, depolama, kurutma, hasat,
nakliye ve pazarlama gibi bir¢ok farkli parametrenin bir arada degerlendirilmesi
gerekmektedir. Giiniimiizde tarim {riinlerinin maliyet hesaplamalar1 klasik prog-
ramlar ve basit matematiksel yontemlerle yapilmaktadir. Bu nedenle sonuglar de-
gerlendirmeyi yapan kisi ve kurulusa gore farklilik gostermektedir. Bu durum bazi
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sinirlamalar yaratarak dinamik bir siire¢ olan maliyet planlamasini giivenilmez
hale getirir. Caligmada kayisinin maliyet ve briit kir hesaplamast i¢in kural tabanlt
bir uzman sistem gelistirilmistir. Gelistirilen uzman sisteme Kayis1 Bilgi Sistemi
(APRIS) ad1 verilmektedir. Gelistirilen uzman sistem, hesaplama siirecine bilgisa-
yarin hassasiyetini ve hizin1 da ekleyerek daha dogru ¢oztimler sunmay: amagla-
maktadir. Bu ¢alismanin temel katkisi, toprak islemeden pazarlamaya kadar tiim
stiregleri kapsayan eksiksiz bir karar destek setinin gelistirilmesi ve kural tabanl
kullanici-sistem etkilesiminin tasarlanmasidir. Tasarlanan sistemde kayis: maliyeti
2020 y1li i¢in 126,36 TL/da olarak bulunmustur. Bu deger gecen yil sahadan elde
edilen degerlerle bityiik olgiide ortismektedir. Gelistirilen uzman sistem birgok
tarim triiniiniin maliyet hesaplamalarinda kullanilabilecek bir platform olacaktir.

Anahtar Kelimeler: Uzman Sistem, Kayis: Bilgi Sistemi, Maliyet Hesabi, Briit
Kar Hesabu.

ik

1. INTRODUCTION

Crop yield and cost estimation in the agricultural sector is a fundamental task
for decision-makers at national and regional levels (e.g., EU level) for rapid de-
cision-making ( Klompenburg et al., 2020 ). Internet of Things, Big Data, Arti-
ficial Intelligence, Expert System, Cloud Computing, Remote Sensing, Machine
Learning, etc. Using technologies such as this OR the use of technologies can) can
significantly increase the efficiency of agricultural activities (Zhai, 2020). The dif-
ference between the expert system and other techniques is that it uses the defined
information at hand, not algorithmic models.

Expert systems, an artificial intelligence technique, have a wide range of uses
in many areas of computer technology. In other words, expert systems are used for
every field where information is actively used.

Agricultural production is rapidly changing towards smart agricultural sys-
tems, driven by the fast pace of technological developments (Janssen et al., 2017;
Tzounis et al., 2017; Kamilaris and Prenafeta-Boldd, 2018; Zhai, 2020; Verdouw et
al., 2021). Expert systems hold promise for bringing smart farming to new levels
of farming productivity and sustainability. Because in such systems, knowledge is
transferred from real-life expertise, appropriately represented, and organized in
a knowledge base (Mostafa et al., 2022). However, there are likely to be broader
impacts resulting from the digitalization of agricultural innovation systems (Fielke
et al,, 2020). Agricultural knowledge and expert systems are important compo-
nents of agricultural innovation systems. The proposed benefits of expert systems
in agricultural applications focus on increased efficiency through precision mec-
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hanization, automation, and improved decision-making. However, emerging Al in
agricultural applications is also likely to create solutions for agricultural stakehol-
ders as it learns to grasp new ways of working.

When we look at agricultural studies on expert systems that have applications
in many different fields, (Musleh and Abu Naser, 2000) developed an expert system
to ensure accurate diagnosis and treatment of potato disease. The expert system
proposed for potato disease has diagnosed 11 potato diseases. (Ustiin and Bayto-
run, 2003) have developed an expert system that determines the live and fixed lo-
ads on the greenhouse for people who want to build a greenhouse, and minimizes
material loss for display elements of different sizes used in the truss system. (Shah-
zadi et al., 2016) developed an expert system integrated with IoT technology that
predicts irrigation and disease damages in cotton products and guides farmers.
(Cayli and Temizkan, 2018) developed an expert system to determine the effect
of cover material and heat-saving measures on the heating load in greenhouses
for the Kahramanmaras region. (HeiB et al., 2021) have designed a fuzzy expert
system that evaluates the environmental damage associated with variable nitrogen
rates in the fertilization used by farmers.

According to the Food and Agricultural Organization (FAO) data, apricots,
which are produced in a wide area around the world, were produced in 562,475
hectares of land worldwide in 2020. Turkey is the world’s highest apricot producti-
on area, with a rate of 23.60% and a production area of 132,748 hectares. According
to the data of the International Hazelnut and Dried Fruit Council (INC), when
dried apricot-producing countries are examined, Turkey ranks first in the world
dried apricot production with a share of 57.34%, while Malatya province produces
85-90% of Turkey’s dried apricot production. It is the dominant sector that keeps
the provincial economy alive due to the high production values it provides.

In the study, it was aimed to design the apricot information system with the
rule-based expert system technique and thus calculate the cost and gross profit.
The developed software is a rule-based, modular, fast-reporting, dynamic, and up-
to-date platform that is free from incorrect and missing data problems. This article
aims to increase clarity regarding potential impacts on apricot production systems,
institutional norms and governance, considering interactions between technologi-
cal developments and existing stakeholders.

The main contributions of this study can be summarized as follows;

1. Development of a user-system interactive APRIS expert system for apricot
cost calculation and production planning.
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2. Development of a complete decision support set covering all processes
from tillage to marketing.

3. Creating a digital database where all data related to apricots are stored.

The organization of this study is as follows: Section 2 presents the material and
method for the rule-based expert system. Section 3 describes the proposed APRIS
approach and design, and Section 4 concludes the work.

2. MATERIALS AND METHODS

2.1. Data Set and Study Region

In the model, supported by the General Directorate of Agricultural Research
and Policies (TAGEM) and carried out at the Apricot Research Institute (KAEM),
Data obtained from the field were used with the project named ‘Determination of
Dried Apricot Production and Marketing Efficiency in Malatya Province’ with
project number TAGEM / TEPAD / A/20/ A8/ P1/5015. These data were obtai-
ned through a face-to-face survey with 15 farmers in 2020. Land data was entered
into the system by classifying it as 5 large (40 da and above), 5 medium (20-40 da)
and 5 small (1-20 da).

For software, the software development platform Microsoft Visual Studio,
software language .net framework MVC, C#, database, MSSQL for graphic design,
and Photoshop and Illustrator were used.

2.2. EXpert System

Artificial intelligence is using computers to perform human characteristics
such as acquiring information, thinking, making decisions, benefiting from past
experiences, and establishing cause and effect relationships. Expert systems are
one of the sub-branches that make up artificial intelligence (Babalik, 2000). The
knowledge engineering part of artificial intelligence includes expert systems (Gu-
tierrez and Branch, 2011). Therefore, it is also known as decision support systems
or information application systems. They are well suited to problems that require
experience, knowledge, judgment, and a complex, interactive process to arrive at
a workable solution (Winstanley and Courvalin, 2011). Because in such systems,
knowledge is transferred from real-life expertise, represented, and appropriately
organized in a knowledge base (Mostafa et al., 2022). Although expert systems
have different design methods, the method of the rule-based expert system used in
the article is shown in Figure 1 (Negnevitsky, 2005).
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Figure 1. Rule-based expert system diagram

The rule-based expert system method consists of 5 main elements. These are
the database, rule base, explanation unit, logical inference engine, and user inter-
face (Negnevitsky, 2005).

The Rule Base consists of expressions and rules that define the work on the
subject of the problem, showing the knowledge of the expert. The knowledge base
is prepared by working together with an expert in one or more fields and a knowle-
dge engineer. The knowledge engineer creates a knowledge base of the knowledge
and experience of the expert who will be consulted in solving the identified prob-
lem. The information in the knowledge base is expressed with rules in the form of
IF... THEN (Cetinyokus et al., 2010).

Database is the area where the data forming the IF (condition) section of the
rules in the form of IF... THEN the knowledge base is kept (Negnevitsky, 2005).
Databases occupy more space in the system by holding all kinds of data and
creating the memory of the expert on the subject. The knowledge base works
towards solving the problem by using the query and reasoning features of the
data in the database.

Logical Inference Engine is a piece of code coded by the knowledge engineer
that covers the core of the expert system structure, which operates the system on
the lowest level information, makes inferences by looking at the data it accesses
through the database and knowledge base, and provides solutions to defined prob-
lems (Golanski and Madrzycki, 2015).
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User Interface enables two-way communication between the user and the ex-
pert system (Angeli, 2010). It is also thought that the expert system facilitates the
use of users, developers, and administrators (Abraham, 2005).

2.3. Apricot Production and Cost Elements

Although there are more than 1750 apricot varieties and hybrids in the world
today, the number of apricot varieties grown economically in each country does not
exceed 5-10 (Demirtas et al., 2011). Apricot cultivation is carried out by following a
series of processes, as in the production of other agricultural products. The process
begins with soil cultivation and continues with harvesting and post-harvest opera-
tions. Apricot production and marketing stages are shown in Figure 2.

Figure 2. Apricot production and marketing stages

The economic problem of an agricultural enterprise can be summarized as the
problem of achieving a certain goal under certain technology, market, and resource
constraints. It is possible to express the long-term economic problem of a business
that produces in input and output markets where perfect competition conditions
prevail and whose aim is profit maximization (in cases where the production tech-
nology is fixed but all production inputs are variable), with the following solution:

Maximum K =PQQ - PXX (1)

AxnaPy xny

Restrictions Q = f(X) _’uqﬂ—rquﬂ, " PX, PQ (2)
PQ = (pql, pq2, ........ , pqn) (3)
Q=(ql,q2, ..ccceevvvnue, ) (4)
Px = (px1, px2, ......... , pxm) (5)
X=(x1,%X2, ....eonvneens, XIM) (6)
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In the equation, K: Snow amount; Q: Production quantities vector; X: Input
usage vector; f: Production functions or technology matrix; Px: Input prices vec-
tor; PQ: Output prices vector; *: Denotes optimum values.

The fact that some of the inputs of the business are limited or fixed in the short
term and that perfect competition conditions do not apply in the input or output
markets does not change the basic structure of the algebraic expression above but
makes it more complex. In the short term, resource constraints such as xI=kI or
xI<k should be added to the constraints, and if prices can be affected by business
production, relevant factor, and product demand functions should be substituted
instead of fixed input and output prices.

The cost elements used in the study are defined in two classes, depending on
their variable or fixed character, and are shown in Table 1.

Table 1. Fixed and variable costs in production (Aslan, 2013).

Variable Costs Fixed Costs

Fixed Capital Interest
Seed, Seedling
(Machine, building, etc.)

Depreciation of Fixed Capital
Fertilizer, Lime etc.
(Machine, building, etc.)

Agricultural Control Medicine Insurance
Fuel, oil, repair-maintenance
Tax (Except income tax)
Variable costs of the machine such as
Temporary Worker Wage Land Rent
Machine Rent Permanent Labor Wages
Irrigation Fee
Product Insurance
Marketing Expenses

Interest on Variable Costs

(Revolving Fund Interest)

Payments for Lump Sum Works
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3. PROPOSED METHOD AND DESIGNED SOFTWRARE

The block diagram of the APRIS expert system is shown in Figure 3(a). It is de-
signed to identify the problem and determine the requirements, analyze the system
needs and functions in detail, create the database and knowledge base, perform
coding for logical inference, interface design, test it with data obtained from the
field, and solve the problem.

Problem POPULATION
Determnaton PRy T
| TOOL - MACEDNE IRGATION
s L) mME s PASTICDE U2
| | DNSURANCE MINNG
BAXVEST
1 Ans
Intadtace ace
Design
l s
E AMDOTLATR. cosT
+
some pr—
(a) (b))

Figure 3. (a) Block diagram of the expert system, (b) APRIS modular structure

The defined problem is real-time analysis of apricot data for agricultural en-
terprises and farmers, making cost and gross profit calculations and planning pro-
duction with the obtained digital data. A modular structure was planned to solve
the problem at hand, and the requirements needed for each module were designed
as seen in Figure 3(b). For the APRIS system, the Interface design stages are pre-
sented in Section 3.1, the design of the Information base and the created rules and
database design are presented in Section 3.2, and the Data Analysis and Cost and
Gross Profit Calculation are presented in Section 3.3.

3.1. APRIS Interface Design

In the developed system, the user interface allows the application to commu-
nicate with the user. If the user needs to control the developed knowledge base, he
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can add or remove new rules, run the rules in the knowledge base, and solve the
problems with the results obtained by the logical inference engine. It also makes it
easier for users, developers, and administrators to use.

Administrator Sheet e

Welcome to Apricot Information System

Cost sheet

riame ana apricat <y

)y

Figure 4. Data input interfaces of modules.

In the interface design, the Admin Module interface containing User, Cost,
Gross Profit modules for Administrators and Developers in Figure 4(a), Figure
4(b) shows the User Module interface that enables enterprises or farmers to per-
form Population Demography, Tools - Machinery, Maintenance Operations, Sup-
port, Insurance, Harvest and Product user transactions, and Figure 4(c) shows
Cost and Gross Profit Calculation, which is the subject of the study. The Cost Cal-
culation Module interface, where the transactions take place, and the Gross Pro-
fit Calculation Module interfaces are designed in Figure 4(d). The design focused
especially on making APRIS software easy to use and accessible for, who are its
most important stakeholders. In this way, practical and fast access to information,
efficiency, and complex tasks are ensured by avoiding designs that would tire the
user and cause a loss of time.

3.2. APRIS Knowledge Base Design

Expert systems aim to accumulate the knowledge and experience of experts
in a field in order to solve the problem in a real and fastest way. This collected
information forms the knowledge base. APRIS knowledge base was prepared in
line with the information obtained from KAEM staff and academicians of MTU
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Faculty of Agriculture, Department of Agricultural Economics. APRIS knowledge
base consists of 180 rules. Rule examples are prepared in Table 2, and the pseu-
do-code block representing these rules is presented in Table 3.

Table 2. APRIS knowledge base sample rules.

Rules created according to the IF... THEN............ELSE structure

Rule 1 Rule 2

If irrigation is done; If irrigation is done;

And if the irrigation type is drilling, And if the irrigation type is drilling,

And if the irrigation number is less than 6, And if the watering time is less than 6 hours,
Then the irrigation frequency should be 6. Then watering should be done at 6 oclock.

Table 3. Knowledge base pseudocode.

choose irrigation type

If (irrigation type== drilling or Cooperative && irrigation quantity (<6 or >6)) then

Irrigation Quantity=6;

Irrigation Cost = (Irrigation Quantity * Labor Time / 8 * Labor Per Diem * Number of Workers) +
(Fuel Liter Price * Fuel Liter per Decare) + (Paid to the Cooperative) + (Electricity Fee) + (Other
Expenses);

Else If (irrigation type== (drilling or Cooperative) && irrigation hour (<6 or >6)) then

Watering Hour =6;

Irrigation Cost = (Irrigation Quantity * Labor Time / 8 * Labor Per Diem * Number of Workers) +
(Fuel Liter Price * Fuel Liter per Decare) + (Paid to the Cooperative) + (Electricity Fee) + (Other
Expenses);

Endif

Databases are areas where structured information or data is stored. It is pos-
sible to define a database simply as a system consisting of more than one table
(relationship). The APRIS relational data model, which is the subject of the study,
consists of 32 tables that provide modular design.

3.3. APRIS Cost and Gross Profit Calculation

In this section, cost and gross profit calculations, which are the main purpose
of the article, were carried out by processing the information from the database
and the rules in the knowledge base in the inference engine, which is the last stage
of expert systems.
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3.3.1. Apricot Cost Calculation

The cost of apricots was calculated by processing the data obtained from 15 far-
mers through a face-to-face survey and the rules created in the information base.
The flow diagram of cost calculation is presented in Figure 5.

Start

+
Select Transaction
Year
+

Pull preducer's harvest,
ploughing, fertilizer,
irrigation, pruning,

spraying, support and
insurance data

i

Add up post-harvest
costs

Add up Plowing Costs

—————+ Add Up Spraying Costs
+ u
Add up Fertilizer Costs Add up all Support
prices
* :
Add up Irrigation Costs Calculate Premium
prices frem insurance
i data
Add Up Pruning Costs

Add up all costs and subtract the
upport price
(Calculated Cost = All Costs -
Support Price)

o F Register in the
ot o DL oV
Demographics? Demographics.
T
T Daoes the producer’s
have cost in the
transaction year?
L F

Open new record
in variable cost module

1

Total Variable Cost=
Calculated Variable Cost

1

Apricot Variable Cost =Total
Variable Cost
/ Total Decares

il

Finish

Find to update record

Figure 5. Variable costs calculation flow chart (Erkus et al, 1995).
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In Table 4, annual calculations were made for the apricot area (da), number of
apricot trees, variable costs (}/da), and average regional variable costs (b/da) in the
expert system cost calculation module. Farmers were included in the system, and
the 2020 apricot variable cost was found to be 1126.36 (TL/da).

Table 4. Cost calculation results and comparison.

Statistical Methods Expert System Method (APRIS)

Average Average
Apricot Number Variable  Region Apricot Number Variable  Region
Land of Costs Variable Land of Costs Variable

(Da) Trees (TL/Da) Costs (Da) Trees (TL/Da) Costs
(TL/Da) (TL/Da)
Farmer 1 15 250 780,43 1252,89 15 250 780,43 1126,36
Farmer 2 12 160 1452,11 1252,89 12 160 1452,11 1126,36
Farmer 3 10,5 120 924,55 1252,89 10,5 120 924,55 1126,36

In the study, fixed costs were not taken since the system calculates the gross
profit. Variable expenses were used to find gross profit. Rental prices in the region
were taken into account in the expenses incurred.

3.3.2. Gross Profit Calculation

The gross production value (GPV) of the enterprises was calculated with the ap-
ricot, seed, and wood sales information obtained from the farmers. The annual costs
of these enterprises were subtracted from their annual GPV totals, and after this
process, their gross profits were calculated by dividing them by the apricot land (da)
of the enterprise. The main steps of calculating gross profit are explained in Figure 6.

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 365-379



0guz SAHIN, Fatih TOPALOGLU

—

Pull Gross Procuction
Values (GPV). Total Cost
and Gross Profit of the
Producer

ASS UD B Gross PrOGUCTON
values
(Calcutated GPV)

Start

Select Transacton Year

Regster n the
poputaton
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l
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+
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Total Cost / Total Decare

1
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Figure 6. Gross profit calculation flow chart.

As seen in Table 5, the gross profit page is drawn from the data entered by
farmers into the system; Name and surname, variable costs (b), total product sales
price gross profit (b/da) are calculated and listed. Gross profits of businesses per
decare are calculated on a business-by-business basis, as seen in the Gross Margin

Column of Table 5.

Table 5. Gross profit calculation results and comparison.

Statistical Methods Expert System Method (APRIS)
Variable Total Gross Variable Total Gross
Costs Product Margin Costs Product Margin
(TL) Sales Price  (TL/Da) (TL) Sales Price (TL/Da)
Farmer 1 30087,91 4675 -473,48 30087,91 4675 -423,55
Farmer 2 9458,9 7210 -321,21 9458,9 7210 -281,11
Farmer 3 25586,28 16700 -260,12 25586,28 16700 -222,16
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CONCLUSIONS

APRIS is a platform where farmers are authorized to access the system and
enter their own data into the system in real-time. This study aims to reveal a stru-
cture in which producers can instantly monitor the recently increasing input costs
and operate price mechanisms in cost calculations. It also provides up-to-date data
flow to institutions making production planning. The module’s feature will crea-
te an important platform for a system that can prepare reports on issues such as
cost calculations of other agricultural products, yield calculations, determination
of tree availability, and the effects of climate change. The designed APRIS expert
system is an artificial intelligence-based application that can provide fast and ac-
curate answers and provide solutions to problems that may arise with incorrect or
incomplete data. The fact that the developed application has high reasoning power
and a good memory prevents incorrect data entry and miscalculations.
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