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ABSTRACT

Nowadays, the online web-based auction system has become an extremely popular component in the electronic
marketplace. A practical case study will be introduced in this research to highlight the best practices for analyzing
and designing a bidding system. The proposed Bid Buy-Sell (BBS) - Bidding system was designed and implemented
using the UML (to illustrate the architectural model), MySQL and Spring Boot with java programming language. In
the proposed BBS, the UML offering several diagrams enabled the new functions to be updated and easily added.
The proposed BBS will help the bidders bid in fast and increase their chances of making a successful bid by
suggesting a bid price and help the seller to achieve maximum profit. The main architectural challenges addressed
are handling multiple concurrent transactions, real-time information updates and handling online payment through
secure payment gateways. Along with the testing tools and methods that have been used based on the analysis and
implementation of architecture design, the proposed BBS offers excellent advantages for the control of concurrent
users through optimistic locking and multithreading.
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INTRODUCTION

In recent years, the electronic marketplace has been exponentially growing in usability, size and worth. It is expected that
this trend will exaggerate in the upcoming years [1]. Because of the rapidly growing internet environment, the customer can
conveniently obtain the products that he/she purchases from the traditional market by online systems. The online platform
is a main component of the electronic marketplace that makes use of electronic commerce mechanisms. The idea of our
research is like any e-commerce platform in which buying and selling of goods are done. But the core addition feature will
be the system of bidding before buying anything. The products added will be subjected to a certain time frame where users
most probably buyers will be allowed to bid on the products and can buy the product once the bid time closes or when there
are no other bidders. In the case of the Asian Institute of Technology (AIT), this platform can be used to sell the used items.
More than one user could be interested in the same product, but with this system, there will be a sense of competition as
one user bids over another user’s bid at the same time and the product value will also increase.

It is not uncommon to have hundreds or thousands of users independently and concurrently interacting with the [2]
resources in modern software systems. We generally want to avoid situations when changes made by one client are
overridden by another one without even knowing. The main architectural challenges that will be addressed is handling
multiple concurrent transactions, real-time information updates and handling online payment through secure payment
gateways.

We have used MVC with Client-Server architecture. System backup and recovery is not handled as there are no lengthy or
long transactions in our purpose system. However, we store some instant information in the cache, so that with little
interruptions like network connectivity issues users will be able to restore their session data. The application has used
MySQL as a data store. For developing, we have used Java Spring Boot for backend and HTML & CSS for frontend.

Bidding system was designed and implemented using the UML (to illustrate the architectural model). In the proposed
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BBS,the UML with several diagrams like use case, sequence and class diagrams helped to enable new functions to be added
and easily updated.

RELATED WORK
To prevent our data integrity from being violated we often use locking mechanisms provided by database engine, or even
use abstractions provided by tools like JPA.

Optimistic locking lets every client read and write data with the restriction that just before committing the transaction we
need to check whether a particular record has not been modified by someone else in the meantime [2]. This is usually done
by adding the current version or last modification timestamp attribute. We need to compare all attributes of an aggregate,
while in the locking, we only check if version and aggregate ID are the same. All attributes consistency and version-based
consistency both define a pre-condition for the request to be fulfilled.

There is an explicit and standard way of dealing with conditional requests in HTTP protocol. RFC 7232 defines this
concept including a set of metadata headers indicating the state of the resource. The ETag [3] or entity tag is part of HTTP,
the protocol for the World Wide Web. It is one of several mechanisms that HTTP provides for Web cache validation, which
allows a client to make conditional requests. This mechanism allows caches to be more efficient and saves bandwidth, as a
Web server does not need to send a full response if the content has not changed. ETag can also be used for optimistic
concurrency control [4] to help prevent simultaneous updates of a resource from overwriting each other.

For the request from the users will be considered as the threads and multiple requests will be treated as multithreading. All
the threads will be inside a thread pool. A thread pool is a collection of threads on the same machine that operate by
continually processing tasks. Logically, a thread pool is associated with a set of task types, and each thread in the pool
executes a piece of code that consumes a task, processes it, and dispatches one or more outgoing tasks to a thread pool [5].
This way we can handle the multiple threads to process the requests sent by the client and give back the response according
to the requests within its lifespan.

The UML is a language used to specify, visually model [7], and document the artifacts of an Object-Oriented system under
development. It denotes several ideas unification from various methods. UML is used in the system design to improve its
reusability and maintainability. Object-oriented analysis methods offer class, use case, state chart, sequence, and other
diagrammatic notations for modeling [6]. UML has been employed effectively in many projects for modeling different
requirements and architectures [7]. With this UML approach, ithaseased the process of understanding the system and
architectures design to be robust for the purpose of controlling concurrent user through sequence diagram.

The performance testing involves recording and monitoring the performance levels for any websites. Performance testing
tools are used to determine the time required to perform a task by a system. [13] JMeter tool is used to test the performance
of BBS.

METHODOLOGY

In modern software systems, it iscommon to have hundreds or thousands of users independently and concurrently
interacting with the application. Therefore, we generally want to avoid situations when changes made by one client are
overridden by another one and to control the concurrent user request or access to application.

In this Architectural design, application consists of 3 hierarchically ordered subsystems or three tiers such as Client Tier,
Middle Tier and Data Tier.The middle Tier or subsystem services data requests between the user interface and the database
subsystem.Three Layer architectural pattern is used for the development of our web app where:

« the Web Browser implements the user interface.
« the Web Server serves requests from the web browser.
« the Database manages and provides access to the persistent data.
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Figure 1: Architecture design

Use Case Diagram

The use case diagram is a visualization of a use-case [10, 6-9], i.e., the auction system interaction with the users. In the
proposed Bid Buy-Sell, the use case mainly consists of register case, view products case, add product case, update product
case, make a bid for products, specify time and price of bidding. Figure 2 shows the use case diagram for the actions that
the actors (Seller, Bidder and Admin) can perform in our Bidding system.

Class Diagram

In Object-Oriented analysis and design, the class diagram is the most essential entity. It defines the kinds of objects that are
present in the system and describes the static relationships between the system internal classes [10]. The operations and
attributes of a class and the constraints that apply to the object’s connection can be shown by the class diagram. Figure 3
displays the BBS class diagram in basic level to understand the classes. Figure 4 shows the BBS entities, such as product,
user, and its detail with every interface and operation related to sequence diagram.
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Figure 3: InitialClass Diagram
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Figure 4: Detailed Class Diagram

Sequence Diagram

A sequence diagram is one of the UML dynamic models [6, 11], and it defines the interaction scene between the objects in
time when the use case was executed and highlights the information sending time priority among objects. Usually, the
sequence diagram illustrates the single use-case behavior. Figure 5 demonstrates the sequence diagram for the use case ‘Bid
on Products’ in the proposed BBS.

Below sequence diagram is for the use case 'Bid on products'. Here we have shown two actors as client 1 and client 2 and
bidController, server, bidRepo and bid (Entity) as the object for the sequence diagram. As shown in the sequence, when
client 1 and client 2 both requests to update the bid amount simultaneously the timestamp taken here will be till nanosecond
to diminish the possibility of clicking the bid at the same time. Once, the request is sent to the server, it will use locking to
lock object and further proceed to update he bid entity. When the request from the second actor client 2 is sent to the server,
say after 1 nanosecond, it will create another thread for the request and try to request the lock object, but since the thread 1
is already using it thread 2 will be sent to wait state until the lock is released by thread 1. After that, thread 2 will proceed to
update the bid, and bid will be updated if the value is more than the latest bid amount.
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Figure 5: Sequence Diagram of Bid on Products (Use Case)
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EXPERIMENT

The application testing was applied to our system (Bid Buy-Sell) for concurrent programs, the main architectural challenges
are handling multiple concurrent transactions and real-time information updates. Handling multiple concurrent transactions
is one of the factors to be checked where there will be many users active on the system and they will be able to bid on the
products.

But multiple users may place bids on the same product at the same time. Another concern is updating the product price in
real time for ongoing bidding processes. If the product is being bid by someone, there will be multiple users who will be on
the same page waiting or trying to bid. If one bid is updated, other users must instantly see the updated bid amounts on their
systems.

With JMeter, there are a variety of ways we can conduct a concurrent user test. For example, we can begin load testing with
as few as 10 concurrent users and run these users for 5 minutes to establish our baseline performance metrics. After
establishing a baseline, we can increase the number of concurrent users by 10 users a minute until we reach 100 concurrent
users. We choose to follow that up with a test run for another 5 minutes for every 100 additional concurrent users to be sure
that the results level out.

Some factors that may cause drops in webapp response time while adding concurrent users include additional allocation of
memory on the web server or additional concurrent database connections on the backend. These could easily cause a drop
in the average page load speed while waiting for the system resources to become free only to drop back to normal levels
once the resources have been allocated.

To test this, we have chosen to run a test of 500 to 1000 concurrent users, or until we feel we have adequately proven that
our webapp is capable of handling peak user numbers. These tests can be used to identify both the volume of users that
causes unacceptable page load speeds as well as the number of concurrent page requests that causes the web app to crash.
This may be done by running additional load tests that start at a higher volume of users to push the system to its limits.

RESULT

JMeter is used for the purpose of load testing and considered as one of the best tools. Apache JMeter is a Java open-source
GUI-based software that is used as a performance testing tool for analyzing and measuring the performance of our
application. Performance testing can be categorized as load testing focused on testing whether the system is able to handle
concurrent user accesses without breaking and stress testing focused on how our system copes with high load and limited
resources under constrained conditions.

We configure 10000 threads in 4 loops, making it 400000 threads or users access the localhost. Our application was able to
handle the multiple access over 10000. Then we configure 1000 group threads in 10 second (hold target rate), making it
concurrent threads or users access the localhost. Our application was also able to handle more than 1000 concurrent access.

DISCUSSION

To check the architecture design; there is no better way to check than testing, rather than using theoretical claims. From
aggregate report we can find that there is 15.56% error while the concurrent access with 1000 threads in 10 seconds (hold
target rate) but when we have same 1000 threads in 10 minutes, it showed 0% of error.

The hold target rate — the duration which we want to run our tests for (how much time you want to keep adding new users
each minute).

For more details on testing, check the link given below:
https://github.com/Younten-Tshering/Projects_and_related_works/blob/main/Bid-Buy-Sell-
Project/Related%20Documents/Final%20Project%20Submission/Testing%20Documents/BSS%20Testing%20Document.p
df
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For code and implementation, follow the link given below:
https://github.com/Younten-Tshering/Projects_and_related_works/tree/main/Bid-Buy-Sell-Project/Main_Project

CONCLUSION

The system ‘Bid Buy-Sell’ is especially designed to be used by students and employees (staff and faculties) of AIT to sell
the products which can be new or used. The products added will be subjected to a certain time frame for buyers to bid on
the products and are able to buy the product once the bid time closes or when there are no other bidders.

The Spring Boot based application was developed mainly to give reliable and handle multiple concurrent transactions, real-
time information updates and handling online payment through secure payment gateways. With this application (BBS),
concurrent users can access and manipulate the webapp with optimistic locking and multithreading concept.

In future, the application has a provision to integrate payment gateways and perform database performance testing.
Therefore, bidding system was designed and implemented using the UML to illustrate the architectural model and this app
will assist concurrent users to access and bid on products.
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