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ABSTRACT 
 

The development of e-commerce in Indonesia has shown an upward trend, with gross merchandise value (GMV) 

reaching USD 59 billion in 2022. This study aims to develop a mobile-based e-commerce application, with a case study of 

the Berlian Tech Online Store. This study employs a Research and Development (R&D) method using a software 

engineering approach based on the Software Development Life Cycle (SDLC) with the waterfall model. The waterfall 

model provides a sequential lifecycle approach, beginning with the analysis phase and proceeding to design, coding, testing, 

and maintenance. The requirements analysis is divided into two categories: functional requirements and non-functional 

requirements. The system architecture comprises four entities: authentication, products, and the shop. The software 

architecture adopts the Model-View-ViewModel (MVVM) pattern due to its superior CPU efficiency, with an average CPU 

usage of 8.92% and a memory consumption of 121.48 MB. The MVVM architecture is combined with a service layer and 

an API gateway. The Online Store application was successfully designed using the Model-View-ViewModel (MVVM) 

system architecture, combined with a service layer that facilitates communication between the API gateway and the view. 

The NoSQL database implemented with Firebase provides high flexibility for storing data in a non-relational structure. The 

results of black-box testing indicate that all core system features, including user authentication, product management, 

shopping cart, checkout, and transaction processing, function properly and align with user requirements. 
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Introduction 
 

The development of e-commerce in Indonesia has shown an upward trend, with gross merchandise value (GMV) 

reaching USD 59 billion in 2022 [1]. Based on data from the Central Statistics Agency (BPS), e-commerce transaction 

values in Indonesia increased by 33.2% in 2023, with an estimated 220 million internet users [2]. This growth serves as an 

indicator that the adoption of mobile applications is essential for businesses competing in the modern market. This study 

aims to develop a mobile-based e-commerce application with a case study on the Berlian Tech Online Store. 

Prior to the application design process, the researcher conducted an analysis of mobile application characteristics. The 

characteristics of mobile applications include operating systems and network availability as independent variables, and 

response time, responsiveness, and interface accessibility as dependent variables [3]. Based on the literature review, e-

commerce companies are advised to focus on enhancing the user experience during the checkout process to reduce shopping 

cart abandonment rates [1]. 

The technologies used to develop the e-commerce application include Flutter and Firebase as a backend-as-a-service. 

Flutter was selected for its ability to create mobile applications with responsive user interfaces and efficient cross-platform 

deployment [4]. Firestore was chosen because it facilitates seamless integration of end-user data into a cloud-hosted 

database, as its services are part of the Google Cloud Platform [5]. 

The e-commerce application was developed using the Model-View-ViewModel (MVVM) architecture. The 

implementation of MVVM significantly improves the separation between the view and business logic, enabling developers 

to manage code more efficiently while enhancing the application's scalability and maintainability [6]. Black-box testing was 

used to evaluate all system features and ensure they functioned as intended; based on the test results, all validations passed 

successfully [7]. The successful development of this application is expected to provide tangible benefits for Berlian Tech, 

both in terms of increased sales and improved operational efficiency. 

 

 

Research Method 
 

This study employs a Research and Development (R&D) method using a software engineering approach 

based on the Software Development Life Cycle (SDLC) with the waterfall model. Research and Development is 

a research method used to produce a specific product and evaluate its effectiveness [8]. The R&D method was 
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chosen because this study aims to produce a product in the form of an online shop application implemented for 

Berlian Tech. The SDLC, or waterfall, system development life cycle is one of the classical approaches that 

follow a linear, sequential model [9]. The SDLC waterfall model was selected because it aims to design and 

build a software system to meet Berlian Tech's needs. The waterfall model provides a sequential lifecycle 

approach, starting from the analysis phase, followed by design, coding, testing, and maintenance [10]. 

 
Figure 1. Waterfall Model 

Requirements Analysis 

To understand the abstraction or problem domain of the given case, it is necessary to establish a scenario 

or description of the domain that can be reviewed against predefined business processes, business rules, and 

business needs [11]. The requirements analysis is divided into two categories: functional requirements and non-

functional requirements. Functional requirements represent the features to be developed during the iterative 

development stages. Non-functional requirements are formulated based on the system's non-technical needs 

[12]. The list of requirements is prioritised using a scale to enhance focus and productivity, ensuring that the 

primary requirements are met. 
Tabel 1. Priority Description 

Code Priority Description 

1 Low 

2 Medium 

3 High 
Tabel 2. Functional Requirements 

Code Functional Requirements Priority 

KF01 User Registration 3 

KF02 User login 3 

KF03 User Logout 3 

KF04 Shop page 3 

KF05.a Product search using keywords 2 

KF05.b Product filtering by price and name 2 

KF05.c Product categories 2 

KF06 Product details 3 

KF07.a Shopping cart 3 

KF07.b Add and remove products in the cart 3 

KF08.a Display the total price on the checkout page 3 

KF08.b Users can select a shipping address on the checkout page 1 

KF08.c Users can choose a payment method 3 

KF08.d Users can choose a shipping method 2 

KF09 Users can view transaction status and payment notifications 3 

KF10.a Users can view and edit their profile 2 

KF10.b Add and update the shipping address 1 

Table 3. Non-Functional Requirements 

Code Non-Functional Requirements Priority 

Reliability 

KNF01 The system operates 24 hours a day. 3 

KNF02.a Ensures proper data integration. 3 
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Code Non-Functional Requirements Priority 

Reliability 

KNF02.b Capable of storing transaction data. 3 

KNF03 Able to handle increased workloads without performance degradation. 3 

Availability 

KNF04 Perform data backup three times within a 24-hour period. 3 

Security 

KNF05.a Passwords are encrypted using SHA-256. 3 

KNF05.b The system can send OTPs (One-Time Passwords). 3 

KNF06 Stores data logs. 3 

KNF07 Verifies checkout forms. 3 

Maintainability 

KNF08 The system is updated every three months. 2 

KNF09 Documents issues and problems systematically. 1 

Performance 

KNF10 The system has a fast response time. 2 

Software Quality 

KF11 The user interface is easy for users to understand. 2 

 

System Architecture 

The system architecture illustrates the entities involved in the application [13]. As shown in Fig 1, the 

system architecture is divided into four entities: authentication, which acts as the initial stage before users 

perform transactions, product information, shop which allows users to save products in the shopping cart and 

proceed to checkout with transaction status later displayed on the transaction page and external integration, 

which manages the process of sending OTPs and storing data through Google Firestore services. 

 
Figure 2. Functional Requirements 

System Design 

The modelling stage of this research encompasses all aspects of system design, including system 

integration, as illustrated in Fig. 2. Software model design, including use case diagrams, database design 

through the Entity Relationship Diagram (ERD), and user interface (UI) design [14]. Activity diagrams and 

sequence diagrams were also utilized. Use case diagrams serve to identify the roles of each actor [15]. Activity 

diagrams describe the sequence of processes or activities occurring from the beginning to the end of the system 

[16]. Sequence diagrams explain the order of processes within the system and the interactions among the objects 

involved [17]. 

The use case diagram in Fig. 3 illustrates the relationship between the user, the main actor and the system. 

The user performs registration, login, product search, cart management, transactions, profile access, and 

shipping address management. The activity diagram Fig 4 describes the workflow, starting with user 

registration, login, OTP verification, and navigation to the dashboard. Users can then search for products or 

view product details, add items to the cart, or proceed to checkout. On the checkout page, users must complete 

the required form fields, including shipping address, product quantity, shipping method, and payment method. 

After payment, users can view payment status and transaction details. 

The sequence diagram Fig 5 illustrates the interactions between users and the system, beginning with 

registration and OTP verification. Successful verification results in data being stored in the database and the 

system displaying the shop page. After login, the system retrieves user data and proceeds with OTP verification. 

The dashboard displays product data retrieved from the database. Keyword-based product searches are 

validated, and appropriate feedback is provided. Checkout processes include form validation, storing transaction 
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data, and displaying the virtual account (VA) page. Upon payment, the system updates the transaction data and 

displays updated transaction details. 

A class diagram Fig 6 is used to represent the structure of classes, attributes, and their relationships. The 

diagram includes six main classes: user, address, product, cart, transaction, and transaction detail. Relationships 

include one-to-many between user and cart, user and transactions, and user and address. Product relates one-to-

many with cart and transactions, while cart represents a many-to-many relationship with products. Transactions 

relate many-to-one with users and one-to-many with transaction details. These relationships support integration 

between product data and shipping address data. The ERD Fig 6, illustrates entity relationships along with their 

attributes and data types. 

 
Figure 3. Usecase Diagram 

 
Figure 4. Activity Diagram 

 
Figure 5. Sequence Diagram 

 
Figure 6. Class Diagram dan Entity Relationship Diagram 

Software Development Architecture 

In Android application development, several architectures can be used, including Model-View-Controller 

(MVC), Model-View-Presenter (MVP), and Model-View-ViewModel (MVVM). Both MVP and MVVM offer 

advantages over the MVC architecture [18]. In this study, the Berlian Tech online store application was 

developed using the MVVM architecture. MVVM was chosen due to its superior CPU efficiency, with an 
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average usage of 8.92% compared to 11.15% for MVP. In terms of memory usage, MVVM is also slightly more 

efficient, averaging 121.48 MB compared to 121.55 MB for MVP [19]. 

As shown in Fig 7, MVVM separates responsibilities among components to ensure that code remains 

structured and maintainable. The View represents the UI that interacts with users. The ViewModel acts as an 

intermediary between the View, Model, and Services. The Model represents the data used in the application. 

The Service layer serves as a communication bridge between Flutter and the backend via an API gateway, 

responsible for invoking APIs through HTTP, managing Firebase integration, and forwarding data to the 

ViewModel. 

 
Figure 7. Software Development Architecture 

Database Design 

This study employs a document-based NoSQL database, as illustrated in Fig 8, 9. NoSQL databases 

play a crucial role in managing modern data-intensive applications that handle large volumes of data [20]. 

NoSQL databases enable the storage of big data and offer strong query performance, making them highly 

suitable when data structures do not align with traditional relational database schemas [21]. One of the NoSQL 

databases used in this study is Firebase. Firebase was selected because it simplifies data integration from end 

users to a cloud-hosted database, as its services are part of the Google Cloud Platform [22]. 

 
Figure 8. Sign-in Provider 

 
Figure 9. Collection users, address, carts, product, transactions, detail transactions 
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Application Testing 

The application testing in this study uses black-box testing. Black-box testing focuses on evaluating 

software's functional specifications [23]. The testing process ensures that the application meets the functional 

requirements. The black-box testing method assesses system functionality without requiring knowledge of the 

system’s internal structure [24]. 

 

 

 

Results and Discussion 
 

The online store application was developed using Flutter, Firebase, and integrated with API gateways for 

automated payments, shipping, and WhatsApp notifications. Flutter enables developers to build multi-platform 

applications using a single codebase [25]. Firebase simplifies many common development challenges, allowing 

developers to focus on business logic and user experience [26]. As a document-based NoSQL database, Firebase 

is suitable for data-intensive modern applications [27]. The proposed system architecture uses the MVVM 

pattern, separating GUI development from business logic and backend processes. This approach supports 

parallel development, automated unit testing, code reusability, and ease of maintenance [28]. The application is 

optimized by integrating a payment gateway API to enhance the efficiency and security of payment processing 

[29]. Firebase’s real-time data capabilities and simplified backend processes also support mobile app 

development without requiring server-side coding [30]. 

 

User Interface Implementation 

The Berlian Tech Online Store application consists of several main screens, including the login, register, 

dashboard, product detail, cart, checkout, and transaction pages. As shown in Fig 10, 11, the login and register 

pages are used for authentication. Fig 12, shows the dashboard displaying available products. Fig 13, presents 

detailed product information. Fig 14, displays the cart, allowing users to store products and proceed with 

checkout using different items. After successfully completing the checkout process, Fig 15 shows the virtual 

account (VA) code for payment. If the payment is successful, the system displays the transaction page in Fig 16, 

and users can view transaction details as shown in Fig 17. 

 
Figure 10. Login 

 
Figure 11. Register 

 
Figure 12. Homepage 

 
Figure 13. Product Detail 

 
Figure 14. Cart 

 
Figure 15. Checkout 

 
Figure 16. Transaction List 

 
Figure 17. Transaction Detail 
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Database Implementation 

The Firebase services used in this study include Firestore Database, Firestore Authentication, and Firestore 

Cloud. The Berlian Tech Online Store application uses the following collections: users, product, address, 

transactions, detail transactions, and carts Fig 18, 19, 20, 21, 22, 23. 

 
Figure 18. Collection Users 

 
Figure 19. Collection Cart 

 
Figure 20. Collection Address 

 
Figure 21. Collection Product 

 
Figure 22. Collection Transaction 
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Figure 23. Collection Detail Transaction 

System Testing 

After completing the implementation stages of the user interface and database, the next step is system 

testing, which aims to ensure that each code function and application feature operates in accordance with the 

defined functional requirements. The system was evaluated using the black-box testing method, as presented in 

Table 4. 

Table 4. System Testing 

Feature Test Scenario Input Expected Result Testing 

Authentication 

Register 
Input Email & 

Password 

Email: 

user@test.com 

Password: 

Test@1234 

Successfully registers. Success 

Login 
Input Email & 

Password 

Email: 

user@test.com 

Password: 

Test@1234 

Successfully login. Success 

Logout 
Logout from the 

application 
Click the logout button. 

Successfully logs out and 

does not return to the 

dashboard page if the user 

has not logged in. 

Success 

Shop 

Home Page Login Account input. 
Successfully displays 

available products. 
Success 

Search Search Product Enter product keyword. 

Successfully displays 

products based on the 

keyword. 

Success 

Product Details Select Product 
Click on the product 

area. 

Successfully displays 

product information. 
Success 

Keranjang 

Cart 

Add, Remove, and 

Decrease Products 

in the Cart 

Click the cart icon on 

the product detail page, 

then click the add, 

decrease, or remove 

icons on the cart page. 

Successfully adds, 

removes, and decreases 

products in the cart. 

Success 

Transaksi 

Checkout Shipping Address 
Select a shipping 

address. 

Successfully adds the 

shipping address. 
Success 

Checkout Delivery Method 
Select a delivery 

service. 

Successfully adds the 

delivery service. 
Success 

Checkout Payment Method 
Select a payment 

method. 

Successfully completes 

the payment and displays 

the VA (Virtual Account) 

code. 

Success 

Checkout 

Display 

Transaction 

Details 

Click the view details 

button. 

Successfully displays the 

transaction details. 
Success 

 

 

Conclusion 
 

This study produced an Online Store application implemented for Berlian Tech. The Berlian Tech Online Store 

application was designed using the Model-View-ViewModel (MVVM) system architecture combined with a service layer 

that facilitates communication between the API gateway and the view. The integration of Flutter and Firebase enables real-
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time user experience, high security, and efficient cross-platform development. Additionally, Firebase provides high 

flexibility in data storage through its NoSQL structure. Results from black-box testing demonstrate that all core system 

features, including user authentication, product management, shopping cart, checkout, and transaction processes, function 

properly and in accordance with user requirements. The implementation of the Berlian Tech Online Store application 

significantly expands market reach, enhances promotional effectiveness and improves customer service. This digital 

transformation represents a strategic step in addressing business competition in the digital economy era. This study has 

limitations and requires further research in terms of UI and UX improvements, customer reviews, and user-based application 

testing for the Berlian Tech Online Store application. 
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