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INFO ABSTRACT
Received 18.03.2024 The Albanian economy relies heavily on the agricultural sector. However, the lack of
Accepted 21.04.2024 comprehensive farm management data reduces Albanian agricultural enterprises’
Available on-line: 28-08-2024 competitiveness in global markets. The purpose of this article is to propose the building of a
Responsible Editor: Laszl6 data gathering, analysis, and visualization application utilizing the C# programming
Vérallyai language and the.NET framework. Big data in agriculture can help businesses improve their
efficiency, competitiveness, and performance. Drawing on current challenges in Albanian
Keywords: agri-SMEs, it presents a logical structure for a web application designed to improve small
SME, big data, agricultural, and medium-sized enterprises (SMEs) in the agricultural sector by easing sales and
.NET, Albania, farm purchase monitoring while optimizing profitability. The study suggests that data-driven
management. visualization. solutions are essential for agricultural optimization in Albania, with guidelines for future
JEL: D83, L86 refinement and implementation.

1. Introduction

Agriculture generates 18.92% of GDP in 2022, and represents a vital and strategic sector in Albania’s
economy. (STATISTA, 2023) Thus, contributing significantly to GDP and providing livelihoods for a
substantial portion of the population. However, the absence of robust data tracking mechanisms
impedes the sector’s ability to adapt and thrive in the era of globalization. With globalization,
agricultural markets are becoming increasingly competitive. Data-driven solutions enable SMEs to
make informed decisions, optimize processes, and stay competitive in both domestic and international
markets. (Allioui & Mourdi, 2023) By leveraging technology for data collection and analysis, SMEs
can identify market trends, optimize pricing strategies, and improve supply chain management,
ultimately enhancing their competitiveness. Furthermore, sustainable agricultural practices are
essential for long-term viability. SMEs can adopt more sustainable practices while maintaining
profitability. (Kamble et al., 2020)

Furthermore, leveraging data-driven insights empowers SMEs to make strategic decisions based on
real-time information. Through the analysis of sales data, market trends, and financial metrics, SMEs
can establish opportunities for growth, allocate resources effectively, and mitigate risks. Notably,
87.5% of agricultural businesses in Albania utilize software with a predominant focus on financial
programs like Financa 5 and Alfa. (Ahmeti & Gjermeni, 2016) However, this statistic underscores a
notable gap in operational management, emphasizing a limited view centered on financial aspects
rather than holistic considerations within the value chains.

Profit-oriented business, commonly known as productivism model in farming, increasingly recognize
the significant value of big data in shaping both short and long-term strategies within agriculture.
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(Wilson, 2008) Big data, delineated across five dimensions: volume, velocity, variety, veracity, and
valorization, encompasses the scale, timeliness, diversity, quality, and transformation into actionable
insights. (Grover, Chiang, Liang, & Zhang, 2018) This multifaceted nature underscores its vital role
in enhancing decision-making processes and driving efficiency in agriculture. Beyond agriculture,
industries like banking have successfully leveraged big data analytics to gain insights and effectively
engage customers. (Skyrius, Giritinien¢, Katin, Kazimianec & Zilinskas, 2018) The application of big
data has been an important topic, with a good influence and attention in various areas of agriculture.
(Kamilaris, Kartakoullis & Prenafeta-Boldu, 2017)

The article delves into the significance of the big data on agriculture, particularly focusing on its
importance for agricultural businesses and value chains in Albania. Furthermore, the article proposes a
logical framework for a web application designed to assist agricultural SMEs in optimizing their profit
margins while providing a comprehensive overview of their sales and purchases. This framework,
leveraging C# programming and .NET technologies, aims to empower Albanian agricultural SMEs
with data-driven solutions to enhance competitiveness and sustainability.

2. Material and Methodology

Firstly, a use-case model (UML) is built to demonstrate how different users interact with the system
to solve a particular problem. It defines the goals of users, the interactions between users and the
system, and how the system behaves to accomplish these goals. (Bittner & Spence, 2003) The UML
model includes actors and their relationships, as illustrated in Figure 1. This use-case scenario explains
how an agricultural SME owner/manager in Albania can use the suggested framework, which uses C#
programming and .NET technologies, to optimize sales and operations in their business. It describes
particular activities and interactions between the SME owner/manager and the system. Moreover,
illustrating how the framework makes it easier to track sales, handle inventory, manage staff, analyze
data, and make decisions.
Secondly, the framework utilizes several technologies, including: CSS for styling, ASPX elements,
HTML for application structure, ASP.NET and C# language for development, Microsoft SQL Server
for database management, JSON for interactive graphics, and the Ajax Toolkit for retrieval from the

server.
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Figure 1: UML of the Web API (application) Source: authors’ work.

doi: 10.17700/jai.2024.15.1.711 2
Dejsi Qorri, Irida Gjermeni , Janos Felf6ldi: Data-driven Solution for Agri-SMEs Optimization in Albania: A Framework Using
C# and .NET


https://link.springer.com/chapter/10.1007/978-3-319-53817-4_17#auth-Gintar_-Giri_nien_
https://link.springer.com/chapter/10.1007/978-3-319-53817-4_17#auth-Michail-Kazimianec
https://link.springer.com/chapter/10.1007/978-3-319-53817-4_17#auth-Raimundas-_ilinskas

Journal of Agricultural Informatics (ISSN 2061-862X) 2024 Vol. 15, No. 1:1-8

3. Results

Notably, a staggering 87% of Albania’s population engages with the internet, indicating a widespread
adoption of online connectivity among individuals in the nation. (The World Bank, 2022) Moreover,
according to Ahmeti & Gjermeni (2016) in their study, nearly all respondents at 98.8% acknowledge
that the internet facilitates product information. Furthermore, a significant majority, representing
91.3% recognizes the crucial contribution of computer science in automating tasks within enterprises.
Additionally, a substantial proportion, 95% agree on the software’s efficacy in direct bill creation,
while 90% acknowledge its assistance in direct profit calculations. Lastly, 100% affirm that software
expedites data processing. (Ahmeti & Gjermeni, 2016) Further insights from their study can be found
in Table 1, recognizing the role of computer science and software in automating tasks highlights the
potential for improving business processes and streamlining operations. It indicates a willingness to
embrace technology-driven solutions for enhancing efficiency and competitiveness, and the internet’s
ability to facilitate product information (Su, Zhang & Wu, 2023), and the usefulness of digital
platforms in marketing and sales operations. (Gupta, Leszkiewicz, Kumar, Bijmolt & Potapov, 2020)
Table 1: Reasons for using Computer Science (CS) in Albanian agricultural sector. Source: Ahmeti &
Gjermeni, 2016

Reasons Yes No
Security of saved information 100% 0%
Possibility to publish at internet | 98.8% 1.3%
world
Possibility to automatize work 91.3% 8.8%
Direct bill creation 95% 5%
Direct profit calculation 90% 10%
Direct expenses calculation 86.3% 13.8%
Direct data process speed 100% 0%
Fast response to different | 96.3% 3.8%
clients
GPS usage 93.8% 6.3%

We can take example dairy farms in Albania characterized by various challenges, but some of them
are associated with limited access to modern technology and resources, issues with quality, and a lack
of monitoring resulting in low competitiveness in European markets (Qorri, 2022). Technology can
help to address these difficulties optimizing processes, lowering costs, and increasing supply chain
efficiency. (Ivanov, Dolgui, & Sokolov, 2019) Automating daily activities allows Just-In-Time (JIT)
monitoring of inventory levels, orders and production plans, resulting in better decision making and
response to changing market needs. (Hofmann & Riisch, 2017; Hoque, 2000) Perceiving the internet
as a source of product knowledge emphasizes the significance of collaboration and information
exchange across supply chain participants, driving more collaboration and coordination. (Li & Lin,
2006)

The web application is created with interfaces in the Albania language; however, the coding is
documented in English. The application has been assigned the hypothetical name “Small AgriBusiness
Daisy”. Moreover, starts with a Login interface, as depicted in Figures 2 on the left, ensuring that all
functionalities are securely locked behind an authentication process. The SME’s owner gains entry to
the system’s features by signing in using their unique login details. After successfully logging in, the
users are directed to the Application Interface which is shown on the right side of Figure 2, which
serves as the central hub for cataloging pivotal data spanning sales, procurement, and employee
records.
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Figure 2: Log In Page on the left and the Application Interface on the right. Source: authors’ work.
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Figure 3: Data visualization for Sales on the left and Purchases on the right. Source: authors” work.

The ‘Small AgriBusiness Daisy’ web application is designed to meet the needs of SME owners,
particularly in the agriculture sector. Within this tracking module, the owner has the ability to observe
real-time sales metrics as depicted in Figure 3 on the left side, which are neatly categorized by product
and delineated monthly. Real-time sales metrics, offer the SME owner a detailed view of their
business performance. Such insights are vital for identifying top-selling products, deciphering sales
patterns, and capturing the consumer behavior. In parallel, the application’s procurement module
delivers crucial insights into monthly buying patterns, enriching the owner’s grasp on inventory
management as shown on the right side of Figure 3. This module tracks stock levels, enabling precise
monitoring of inventory turnover. The strategic utilization of this data is key to optimizing inventory,
minimizing holding costs, and ensuring timely product availability to meet market demands. This is
also displayed in the Application Layer depicted in Figure 5, analogous to the Business Logic Layer,
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serves as the central operational hub within ‘Small AgriBusiness Daisy’. It bridges essential functions,
including:
o Data Entry which allows users to enter the recent data into the system.
o Data Query enables the retrieval of the requested information from the underlying database.
o Data Login administering user authentication and session security.
e Analytics and reporting include converting data into meaningful insights via comprehensive
visualizations.
o Data Visualization by using graphics to improve the digestibility of data that is complex.
e Inventory Management consists of monitoring and managing the movement of products,
including inventory levels, orders, and delivery.
e Human Resource Management includes overseeing personnel-related operations such as
payments and recruiting operations.
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Figure 4: Logical Architecture Diagram of the System. Source: authors’ work derived from Long,
Deng, & Wang, 2020.

The proposed system architecture visualized in Figure 5, rooted in C# and the .NET framework, is
engineered to deliver an intuitive user experience while handing data analytics, ultimately striving to
elevate the profit margins of agricultural SMEs in Albania through smart and strategic user of the data.
The Logical Architecture Diagram of the System based on Long, Deng, & Wang, (2020), is simplified
in 3 (three layers): presentation layer (client layer), application layer (business logic layer), and data
layer. Presentation layer is known as the front-end, and it is what the users interact with directly in
their web browsers. Moreover, the process of retrieving data from a server-side database using AJAX,
performing necessary processing, creating a DataTable to organize the data, and then using a
visualization library such as Google Visualization to generate and display a graphical representation
on a web page.

1. Data specification means deciding what data to present in your visual. This might be
numerical data, category data, or other types of organized information. A web method is a
method or function in a web application that handles requests for visual data retrieval. It
involves retrieving information from a server-side database or other data source.

2. AJAX (Asynchronous JavaScript and XML) is a web development technique that allows users
to share and receive data asynchronously, without having to reload the entire page. (Batra,
2006). It uses server data in a format similar to JSON (JavaScript Object Notation), which is
widely used for data transmission between a server and a web application. (Afsari, Eastman &
Castro-Lacouture, 2017).
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3. Google JSAPI (Google JavaScript API) is a collection of JavaScript libraries made available
by Google that allow developers to embed different Google services, such as charts and maps,
into web pages. (Krél, 2016)

4. Google Visualization Library is a JavaScript library that enables interactive data visualizations
on the web. It provides a range of chart styles, including line charts, bar charts, and pie charts,
as well as options for editing and designing them. Library for Graphic itself refers to any
additional JavaScript libraries or frameworks used for creating and manipulating the graphic
such as D3.js (Data-Driven Documents) or Chart.js, which provide additional features and
flexibility for building charts and graphs. (Murray, 2017)

5. DataTable Initialization is a data structure for storing and manipulating tabular data. To
initialize a DataTable, create an instance of the object and provide its structure (for example,
columns) and data. Column specification is the process of establishing the structure of a
DataTable by describing the columns it includes. Each column is normally assigned a name, a
data type, and optional attributes such as formatting choices. Once the DataTable has been
started and filled with data, it can be used to generate and display a chart or graphic on a web
page. Thus, providing the DataTable a relevant visualization function supplied by the Google
Visualization Library or other graphic libraries. (Adelfio & Samet, 2013).

Furthermore, the Application Layer process user requests, application data and overall business logic.
It includes data entry, data query, data display, data login, analytics and reporting, data visualization,
inventory management, and Human resource management. Furthermore, Data Layer is the
foundational database layer where data is stored and managed. The Figure 5, also denotes the “Web
Browser’ as the medium through which the Presentation Layer is accessed and the “Web Server’ and
‘Database Server’ as the back-end components that handle the application and database services,
respectively. The arrows indicate the flow of data and control between the layers, highlighting how the
user’s action in the web browser traverses down through the application and data layers to retrieve or
manipulate data.

3.1 User Authentication: Connecting Interface and Backend Logic

Constructing the project as a web application involved designing the user interface within a master
page. This page serves as a structure for other pages, ensuring consistency and user-friendliness.
Acting as the foundation, MasterPage.Master.aspx provides a uniform layout for all pages, including
elements such as the header with the application’s logo and title, a navigation menu for easy access,
and a footer containing essential information. Within the master template, there’s a dynamic area
called ’ContentPlaceHolder” where unique content from child pages, like text, forms, or images can be
inserted while maintaining the overall layout. LoglnForm.aspx is a page designed for user
authentication, inheriting its structure of the master page to maintain consistency. It includes user
interface elements such as *UsernameField’ and *PasswordField’ for entering login credentials, while
the latter masking the password for security. The *LogInButton’ initiates the authentication process
when clicked, triggering the ’ValidateUser()’ method from the ’LoginForm.apsx.cs’. This method
verifies the entered credentials against the application’s user database, redirecting the user to another
page upon successful login or displaying an error message for incorrect credentials. The server-side
logic within "LoginForm.aspx.cs’ ensures access is granted only to verify users by checking the
provided credentials against the database records. If the credentials match, the user is redirected to the
homepage; otherwise, as ’Invalid credentials’ message is displayed.

3.2 Monthly Sales and Purchases Analysis using SQL Queries

The query selects the “Month” column and computes the total sales amount by multiplying the
“price” column with the “quantity” column for each row, and then aggregates these values. The
outcome is named as “Amount”. The clause “FROM Sales” specifies that the data is retrieved from a
table named “Sales”. GROUP BY Month” organizes the results based on the “Month” column,
implying that the query calculates the sum of the sales amounts for each distinct month. The analysis
of sales was carried out using JSON. Moreover, to determine monthly sales, the query was constructed
as following:
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SELECT Month, SUM (price*quantity) AS Amount
FROM Sales
GROUP BY Month;

Similarly, the analysis of purchases was carried out using JSON, and to specify the timeframe for
analysis, two dropdown lists with years, and a search button was utilized. The following query was
built to ascertain the monthly purchases:

SELECT Product, SUM (price*quantity) as Amount
FROM Purchases
GROUP BY Product;
Conclusions

The current state of Agri-SMEs in Albania necessitates the development of an application able to
track data, manage profit and costs, develop efficient strategies, to detect and observe patterns, and
manage inventory optimally. We suggest a web application due its advantages, including accessible
from any internet-connected computer, it does not need a specific operating system, and neither needs
any other package installation. The owner can use the data analysis and visualization features to
develop insights and reports based on the acquired data. They may provide customized reports,
examine sales patterns, and pinpoint areas for development. By employing data-driven insights, the
owner can make well-informed decisions to improve sales tactics, streamline operations, and increase
profitability. Furthermore, depending on the data analysis results, the owner can make strategic
adjustments to improve sales and operations. This could involve changing price strategies and/or
extending choices for products. By constantly evaluating performance measures and iterating plans,
the owner promotes continuous improvement and long-term growth for the SME.

Recommendations

We recommend for the adoption of modern technologies in order to improve the application’s
efficiency, User Interface (Ul), and User Experience (UX), allowing for customization based on
unique agricultural areas and training needs. This provides a good foundation for a long-term approach
to assist the agricultural farmers. Furthermore, in order to fully realize the benefits of data-driven
optimization, coordinated efforts are required to enhance digital literacy, and stimulate information-
sharing among agricultural stakeholders. Collaboration between government agencies, academic
institutions, and industry partners is essential for promoting innovation and scaling solutions across the
sector.
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