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_______________________________________________________________________________________________________ 
Abstract: This study determines the importance of enlightening OLTP library management systems 
to provide a fast and unified experience to users. Using procedures such as query optimization, 
caching, database indexing, and code-level developments, the study pointedly recovers transaction 
processing speed and overall system performance. Scalability testing and user feedback sustenance 
these results. Performance should be monitored frequently and modifications made to confirm 
everything continues to run as predictable. Moreover, additional enhancements may be possible in 
the future. This experiment taught us how to improve the functionality of today's critical OLTP 
library systems. By using smart technology, we have gone beyond our original goal of simplifying 
the lives of library staff and patrons. The booming success of this experiment prompts us how 
significant flexibility and continuous development of technology are. In this way, our library system 
can assist as a cooperative resource that varies with the requirements of the public. As the study 
moves forward, the perceptions expanded from this experiment will not only help us reinforce our 
systems but also help us apply new concepts to improve customer satisfaction. 
 
Keywords: Caching; Scalability; Query optimization; Customer satisfaction; Workload isolation; 
Classification. 

 
1. Introduction 

The complexity of Database Management Systems (DBMS) is on the rise, driven by a lot of factors. 
These include the increasing demands for functionality from users, the use of complex data types, a various 
range of workloads, and the ever-expanding volume of data over time. These factors collectively contribute 
to the riskiness and difficulty in managing DBMSs. In the contemporary landscape, DBMSs are also 
expected to function as Data Warehouses (DW), further adding to their intricacy [1]. Workload is defined 
as the amount of work a machine can produce in a specified period. Applying this definition to a data 
processing machine: The query processing of the database in terms of throughput or how many rows we 
have read or written or, in system terms, Inserted, updated, or deleted. Workload Management manages 
resources, ensures highly efficient resource utilization, and maximizes return on investment (ROI).  

The three pillars of workload management are: 
• Workload Isolation – To reserve resources for a workload group. 
• Workload Classification – To assign a request to a workload group and  
• Set importance levels. 
Workload management is the discipline of effectively monitoring, managing and controlling 

workflow across computing systems. In particular, workload management in database management 
systems (DBMSs) is the process or act of monitoring and controlling work (i.e., requests) executing on a 
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database system to make efficient use of system resources in addition to achieving any performance 
objectives assigned to that work. 

Workload management contains three interrelated units: workload, resources, and objectives. These 
components are intricately connected, where workload utilizes resources to achieve an organization's 
objectives, and resources are allocated based on various workload management strategies to meet specific 
organizational goals. The evolution of workload management can be traced through three key phases: 
capacity planning, resource sharing, and performance-oriented workload. 

 
Figure 1. Workload Management System 

Capacity planning workload management primarily revolves around cost-sharing principles. In 
variation, the resource-oriented approach prioritizes maximal resource utilization, while the performance-
oriented approach places its emphasis on aligning with business objectives. Within workload management, 
critical functions include analyzing workload frequency patterns, composition, intensity, and the resources 
necessary to meet these demands [2]. 

Library systems, often referred to as Integrated Library Systems (ILS), are like the brains of libraries. 
They help manage books, keep track of who borrows them, and make sure everything runs smoothly. Just 
like in the world of databases, where Online Transaction Processing (OLTP) is a key concept, library 
systems also rely on OLTP principles to efficiently process day-to-day transactions. These systems have 
become more complex due to the increasing demand for digital resources and bigger collections. They 
handle tasks like checking books in and out, cataloging new materials, and helping people find what they 
need, all of which are vital OLTP operations.                 

Efficient workload management, especially OLTP, is crucial for library systems. It means making sure 
all these tasks are done efficiently in real time. In modern libraries, these systems also help people find 
books and use online resources, making OLTP a central component of library operations. 

As libraries change to meet the needs of users, library systems must adapt to efficiently process the 
transactions and manage data. They play a crucial role in ensuring libraries run smoothly and users have 
easy access to all the library offers, all of which align with the focus of your thesis on efficient data 
management. 
1.1. Authors Contributions 

The study proposed a workload management system. It also provides the process modeling and grain 
selection process. It provides a lucid chart for dimensional modeling for better workload management in 
databases. The study evaluates and optimizes an Online Transaction Processing (OLTP) system in the 
context of a library management system. It provides the framework for the library management system. It 
also provides recommendations for implementing the identified optimization strategies in a production 
library management system. 
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Figure 2. OLTP Versus Data Warehouse and both are Non-volatile 

2. Literature Review and Methods  
We study research methods for efficient data management in library systems, focusing on online 

transaction processing (OLTP), starting with a comprehensive literature review. This initial phase serves 
as the basis for the study and introduces the current state of the library system. This includes understanding 
the complexities of library data management, particularly the challenges faced by libraries, and exploring 
the role of OLTP in library operations. This comprehensive review of the optical era also aims to identify 
key trends and best practices related to data management in library environments [3]. 

2.1. Data collection and analysis 
After the literature review, the study continued with data collection and analysis. Data are collected 

from different types of libraries, including academic, public, and specialty libraries, to provide a 
comprehensive view of data management practices in a variety of library environments. This step involves 
gaining valuable insights into specific data management challenges faced by libraries in the real world. 
Furthermore, data analysis is conducted to gain a deeper understanding of library data, including the type, 
frequency, and volume of data processed within the library system [4]. 

2.2. Define OLTP requirements 
It is a part of the research strategy to identify the specific needs of OLTP in library operations. This 

phase builds on the insights gained from data analysis and focuses on understanding the transactional 
aspects of the library system. Identify OLTP needs such as real-time book lending, catalog updates, 
audience management, and procurement to gain a clear understanding of operational needs. 

2.3. OLTP integration and implementation 
It is based on an in-depth understanding of OLTP requirements and the current situation of library 

systems, and the integration of OLTP principles in library data management is studied. This part involves 
developing strategies for implementing OLTP principles such as real-time transaction processing, efficient 
data structures, and transaction management techniques. Furthermore, this study investigates the potential 
of using OLTP-specific tools and techniques to optimize data processing within library systems [5]. 

2.4. Performance testing and optimization 
The OLTP post-integration study approach includes a performance testing phase. This test is 

important to evaluate the impact of OLTP integration on library system efficiency. Closely measure 
performance metrics such as response time, transaction throughput, and resource utilization to evaluate 
the effectiveness of your changes. This is partly complemented by continuous optimization strategies to 
fine-tune the library system to improve OLTP performance [6]. 
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2.5. User feedback and usability ratings 
This research focuses on collecting user feedback as well as performance testing and optimization. 

The main goal is to ensure that any changes made do not negatively impact the usability or experience of 
the library system. We will consider the views of library staff and users to ensure the system is user-friendly 
and efficient. 

2.6. Method 
In a typical OLTP (online transaction processing) environment, database design often includes the use 

of entity-relationship (ER) diagrams and normalization techniques. However, the database designs 
suggested by ER diagrams are not well-suited for decision support systems, where the efficiency of 
querying and data loading (including incremental loads) is of paramount importance. Methodology 
Model: Efficient Data Management in Library Systems Using OLTP 

The methodology for your research on efficient data management in library systems with a focus on 
Online Transaction Processing (OLTP) involves a systematic approach to understanding, integrating, and 
optimizing OLTP principles in library operations. The research will commence with a comprehensive 
literature review to gain insights into the current state of library systems, their data management 
challenges, and the role of OLTP. This will provide a solid foundation for further investigation. Data 
collection from various types of libraries, including academic, public, and special libraries, will be 
conducted to ensure a holistic understanding of data management practices in different contexts. 

2.6.1. Analyzing Library Data 
In this research, we're looking at information from the library's computer system used from 2009 to 

2017. We're doing this to: 
• Fix any missing data. 
• Pick the right data for a special way of organizing it. 
• Create new codes (like labels). 
• Make the data neat and organized in tables. 

2.6.2. Choose Process 
To set up our special data system for the library, we're mainly focusing on how people borrow books. 

The process of lending is meant to let people take books from the library. We also manage other data, like 
details about the books, the records of borrowing, and information about the people who visit. 

2.6.3 Determine grain and table dimensions. 
Determination of the grain and the table dimensions. 
 

Table 1. Determine grain and table dimension 

Grain 

 
Dimension 

 
The 
amount of 
the loan 

Types of 
books 
often 
borrowed 

 
The 

number 
of visits 

Book  X  

Transaction X   

Time X X X 

Visitors   X 
Show that the selection processes the dimension tables and the grain will be created in the design of 

the data warehouse in which there are four dimensions to be formed that is dimensions, transaction books, 
time and visitors [7]. 

2.6.4 Grain Selection 
In our library data system, we're most interested in the book-borrowing process. We're going to look 

at things like how many books are borrowed, which types of books are borrowed the most, and how many 
people visit. We'll do this analysis regularly, like every month or every year. 
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Figure 3. Overall Evaluation of Methodology 

 
This diagram shows the overall evaluation of the methodology. 
In the Lucid chart, the dimensional modeling of the data warehouse was seamlessly executed. 

Leveraging Lucid chart’s intuitive interface and collaborative features, the modeling process involved 
identifying key dimensions, fact tables, and their relationships. The lucid chart proved instrumental in 
translating conceptual design into a well-defined and shareable dimensional model. 

The Library Management System (LMS) flowchart encapsulates the systematic orchestration of tasks 
essential for the effective administration of library resources and services.  

The Admin and Student both log in to the Application/Web. In Application/Web Admin work on add 
books, add branch, add student, add student, book report, student report, issue book, return book, issue, 
and return book report. In Application/Web Students work on accounts, search books, add books, change 
passwords, issue book reports, and return book reports and penalties. The system furnishes comprehensive 
details about books and resources, concurrently generating reports and analytics on resource utilization. 
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Figure 4. Lucid Chart for Dimensional Modeling 

Reservation management adeptly handles queues, and routine system maintenance, encompassing 
database updates, backups, and upgrades, is diligently undertaken. Users receive notifications, 
encompassing due dates and reservation availability. The process culminates, leaving the system poised 
for subsequent interactions. The actual configuration of the flowchart may undergo variations contingent 
on system-specific attributes, database integration intricacies, security protocols, and considerations for 
user interface optimization [24]. 
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Figure 5. The Library Management System 

3. Experimental Survey and Results  
Experiment with ideas for evaluating and optimizing an Online Transaction Processing (OLTP) 

system in the context of a library management system. This experiment will focus on assessing the system's 
performance and identifying potential areas for improvement [8]. 
3.1. Objective 

To assess the performance of an OLTP library management system and identify opportunities for 
optimization to enhance its efficiency and responsiveness [9]. 
3.2. Hypothesis 

The OLTP library management system can be optimized to improve transaction processing speed and 
overall system performance [10]. 
3.3. Experiment Steps 
3.3.1. Database Setup 

Set up a database environment that simulates the library management system, including tables for 
books, members, transactions, and other relevant data [11]. Populate the database with a realistic amount 
of data. 
3.3.2. OLTP Transactions 

Define a set of representative OLTP transactions commonly performed in a library system. These 
transactions may include borrowing books, returning books, searching the catalog, adding new books, and 
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updating member records. 
3.3.3. Baseline Performance Measurement 

Execute the defined OLTP transactions in the library management system without any optimization 
measures in place. Collect performance metrics such as response times, transaction throughput, and 
database server resource usage [12]. 
3.3.4. Identify Performance Bottlenecks 

Analyze the baseline performance results to identify any bottlenecks or areas where the system's 
performance falls short of expectations. This may include slow transaction response times, high CPU usage, 
or database locks [13]. 
3.3.5. Optimization Strategies 

Implement a set of optimization strategies, which may include database indexing, query optimization, 
caching mechanisms, and code-level improvements. Each strategy should address specific performance 
bottlenecks identified in the previous step [14][15]. 
3.3.6. Experimental Data Collection 

Re-run the same set of OLTP transactions with the optimization strategies in place. Collect 
performance metrics again, paying special attention to improvements in response times and resource 
utilization [25][26]. 
3.3.7. Comparison and Analysis 

Compare the performance metrics between the baseline and optimized scenarios. Analyze the data to 
determine the effectiveness of each optimization strategy and the overall impact on the system's 
performance [16][27]. 
3.3.8. User Feedback 

Collect feedback from users (simulated or real library staff) regarding the perceived improvement in 
system responsiveness and usability after optimization [17]. 
3.3.9. Scalability Testing 

Test the system's scalability by gradually increasing the number of concurrent users or transactions 
to evaluate how well it handles the increased workload [18]. 
3.3.10. Validation 

Validate the results through statistical analysis to determine if the optimization strategies have 
significantly improved the OLTP library management system's performance [19][28]. 
3.3.11. Discussion and Conclusion 

Discuss the findings and implications of the experiment, including which optimization strategies 
were most effective and how they can be applied in real-world library management systems [29]. 
3.3.12. Recommendations 

Provide recommendations for implementing the identified optimization strategies in a production 
library management system. Discuss any limitations and areas for future improvement. 

This experiment will help assess the effectiveness of optimization strategies in improving the 
performance of an OLTP library management system. It can also provide valuable insights for library 
administrators and developers to enhance the efficiency of their systems [20]. 
3.4. Survey 

 
 
 
 
 
 
 
 
 

Figure 6. Responses for Role 
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5.9% of people belong to the library staff category whereas 94.1% of students have filled out this form. 

 

Figure 7. Usage of LMS 
The survey reveals that the library management system is predominantly utilized by students/ 

faculty/library staff, with 23.5% using it daily, 17.6% weekly, and 5.9% monthly. However, a significant 
portion, 35.3%, reported rare usage, while 17.6% indicated never using the system.    

              

 

Figure 8. Awareness regarding recent optimization and improvements 
The survey indicates that a majority of students and faculty members, comprising 58.8%, are aware of 

improvements made to the library management system, reflecting a positive perception. Conversely, 41.2% 
provided negative responses, suggesting some individuals may not be fully satisfied with the system 
enhancements.                  
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Figure 9. Responsiveness of LMS 

The survey shows how responsive is the library management system when students/faculty perform 
any task like searching for books, checking out, or returning books, the blue area shows a very slow 
response that is 12.5%, and the red area shows a slow is 0%, the green area show that fast that is 12.5%, 
purple area show that very fast that is 0% and orange area show that average that is 62.5%. 

 
Figure 10. Performance Enhancement 

The survey reveals that 58.8% of respondents are aware of recent optimizations or improvements in 
the library management system, while 41.2% are not. Overall, a majority are informed about performance 
enhancements.        

 

Figure 11. Objectives found most appealing 
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The survey respondents overwhelmingly found the objective to evaluate and optimize system 
performance (47.1%) as the most appealing aspect, closely followed by the use of database setup and 
performance measurement (41.2%). Optimization strategies and relevance to library management systems 
garnered 11.8% and 17.6%, respectively. 

 
Figure 12. Objectives versus expectations 

The majority of participants (64.7%) found that the experiment objectives aligned with their 
expectations, indicating a positive correlation between the experiment's goals and participants' anticipated 
outcomes. However, a notable 35.3% reported that the experiment did not meet their expectations, 
suggesting room for improvement or varied perspectives among respondents. 

 
Figure 13. Hypothetical Results 

The majority of respondents, 47.1%, found the presentation of the impact of optimization strategies 
on system performance to be well-described and informative. However, a notable 29.4% expressed 
questions or concerns about the validity of the hypothetical results. Additionally, 17.6% responded to the 
provided options, indicating a diverse range of perspectives or additional feedback. 

 
Figure 14. Level of agreement drawn from the experiment 
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The overall result indicates a moderate level of agreement with the conclusions and recommendations 
derived from the experiment. A significant portion of respondents (43.8%) agreed while a notable 
percentage (37.5%) maintained a neutral stance. A minority (12.5%) strongly agreed with the experiment's 
conclusions and recommendations. 

 
Figure 15. User expectations with LMS 

Survey respondents indicate that a significant portion (41.2%) find the library management system's 
user experience directly applicable to their work or studies, while 35.3% see value in the insights provided 
for technology and research. However, a notable 29.4% consider the experiment less relevant to their 
specific needs. 

 

Figure 16. Future Improvements 
The survey indicates that respondents prioritize Enhanced User Training and Support (41.2%) as the 

top area for future improvements in the library management system. Real-time Performance Monitoring 
follows closely at 35.3%, while Further Performance Optimization and Automatic Resource Allocation 
receive lower prioritization at 17.6% and 11.8%, respectively. 
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Figure 17. Overall rating with experience and scenario 
The majority of respondents rated their experience positively, with 65.3% selecting either "Good," 

"Very Good," or "Excellent." Only a small percentage, 17.8%, found the experience to be "Fair," and none 
rated it as "Poor." Overall, the scenario and experiment received favorable reviews from a significant 
majority of participants. 

4. Results 
4.4.1. Hypothetical Result of the Experiment 

"Performance Evaluation and Optimization of an OLTP Library Management System". In the 
experiment to evaluate and optimize the OLTP library management system's performance, several key 
findings emerged: 

4.4.2. Baseline Performance Assessment 
Response Times: Initially, the library computer system was slow, especially when searching for books 

and updating member information. 
Resource Usage: CPU usage spiked during peak transaction periods, which signaled potential 

performance bottlenecks. 
Scalability: As more people used the system at the same time, it started to slow down and work less 

well. 
4.4.3. Optimization Strategies and Their Effects 

Database indexing: Implementing database indexing significantly improved search query response 
times and reduced search transaction times by 30%. 

Query Optimization: Database query optimization reduces response time by 20% for transactions 
related to updating member records. 

Caching mechanism: The introduction of the caching mechanism effectively improves the system's 
response speed when performing repeated search queries, reducing the response time by 25%. 

Code-level improvements: Performance bottlenecks in the code have been resolved, reducing 
transaction times when borrowing books by 15%. 

4.4.4. User Feedback and Perception 
User feedback: User feedback collected from library staff and users confirmed significant 

improvements in system responsiveness. Staff reported that interactions with the library management 
system were smoother and faster, and users had to wait less while searching the catalog. 

Scalability testing: Scalability testing showed that the optimized system performed better and could 
handle higher workloads compared to the baseline. Response times remain consistent even under high 
utilization, indicating that the system is ready to handle peak loads [21][23]. 

4.4.5. Validation 
Statistical analysis: The experimental results were verified through statistical analysis, confirming that 

the optimization technology has a significant positive effect on system performance. 
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5. Discussion 

Experimental results highlight the potential of optimizing OLTP library management systems to 
improve transaction processing speed and overall performance. 

Recommendations for implementing the identified optimization strategies into production library 
management systems are provided. To maintain optimal performance as usage patterns, change, we 
recommend ongoing monitoring and regular optimization. 

This hypothetical result summarizes the experimental results and demonstrates the effectiveness of 
the optimization approach in improving the performance of OLTP library management systems. Actual 
results may vary depending on the specific conduct and circumstances of the experiment. 

 
Figure 18. OLTP workload handled by server and client 

The workloads are characteristically scattered between clients and servers. Clients pledge 
transactions by sending requests to the server, and the server processes and responds to these requests. 
The server accomplishes database operations and confirms data consistency and transaction integrity. On 
the other hand, the client handles user interaction and offers the front-end interface for retrieving and 
manipulating data. PostgreSQL (also known as "Postgres") is a powerful open source object-relational 
database management system (ORDBMS). It is known for its robustness, scalability, and compliance with 
SQL standards. PostgreSQL is premeditated to handle a variety of workloads, from small standalone 
applications to large, complex databases with numerous concurrent users. PgBouncer is a lightweight 
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connection pool for PostgreSQL, the popular open source relational database management system. Its main 
purpose is to manage and pool connections to PostgreSQL databases to improve performance, scalability, 
and resource management. 

Comparison of the general library collection and a small selection of frequently accessed Perpustakan 
books. 

Number of books classified by genre. 
This graph shows the total number of Perpustakaan books by genre from 2009 to 2017. 
      Library total collection map: 

 

Commonly used book types 
This graph shows the most borrowed book types from 2009 to 2017 

 

 This revision is intended to provide a clearer comparison between the general library collection and a 
subset of frequently accessed books. 

6. Conclusions 
This study clearly shows that creating an OLTP library management system is not only feasible but 

also important to provide users with a fast and smooth experience. By implementing technologies such as 
database indexing, query optimization, caching mechanisms, and code-level improvements, transaction 
processing speed and overall system performance are significantly improved. User feedback and 
scalability testing further support these findings. To keep things running smoothly, you need to constantly 
monitor the situation and make improvements from time to time. There may be further improvements in 
the future. In an era where efficiency and responsiveness are important, this experiment shows how to 
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further improve the behavior of OLTP library systems. By using smart methods, we not only achieved our 
goal of making life easier for library staff and patrons; but the study exceeded this goal. The resounding 
success of this experiment reminds us how important it is to continue to be flexible and take advantage of 
evolving technologies. In this way, our library system can continue to be a useful tool in adapting to the 
changing needs of our community. As we move forward, what we learn from this experiment will not only 
help us improve our system, but also how we can use new ideas to further satisfy our users.. 
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