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ABSTRACT 
The project involved implementing a Book Recommender System with the Django framework and using Machine Learning techniques. The primary purpose of this system was to assist users in locating books that are related to one another in some manner using the book title, author, and description. This system was integrated into a Django web application where users can browse through the catalogue of books, which displays each book's title, author, description and a cover image. The most significant part of the system is a recommendation engine which, based on the book content the user is currently viewing, suggests new books that are not rated or based on any prior history of the user. For such purposes, the system employs a technique called TF-IDF (Term Frequency - Inverse Document Frequency), which transforms the book text into numerical form depicting how important a word is. Then, it uses something called cosine similarity to compute how like the books are to one another, looking at the patterns of words used in the books. A special method was designed which excludes the book that is being viewed from the top recommended books to be returned. However, for the web interface, Django was used; Scikit-learn was used for the machine learning part; and SQLite was used as the database. This system is straightforward and effective for students, instructors, or any individuals searching for books relevant to what they need.
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CHAPTER ONE
INTRODUCTION

1.1 INRODUCTION
An Electronic Library (E-Library) system is a revolutionary solution that has drastically changed the modern world of information storage, retrieval, and distribution. Unlike the conventional libraries that depend on physical locations and tangible periodicals and books, e-libraries are able to let users access a wide variety of electronic material such as e-books, research papers, video and audio content and archived records. Such systems aim to address different user requirements and contain many features, including search engines, management and indexing of metadata, and classification. The key benefit of e-libraries is that they can remove barriers of distance and time allowing people to access information and learning at any location and at any time. Furthermore, e-libraries eliminate storage constraints and greatly reduce the cost of operations, hence making them a vital resource for educational institutes, research centres, and businesses. They have the added advantage of curbing the use of paper materials and encouraging digital culture (Lee, 2020).
With a view of enhancing resource discoverability and improving user experience, e-libraries are now implementing recommender systems. These systems act as smart agents that provide suggestions for relevant resources that users may miss by assessing user preferences, behaviour, and previously used resources. The emergence of the need to tackle information overload in e-libraries, one of the challenges posed by the size of the digital collections has increased the use of recommender systems in them. They help to deal with this problem by using content based filtering, collaborative filtering, and hybrid methods which address users’ interests. Other examples are the IEEE Xplore system which recommends academic articles and search terms based on previous users’ searches and article reading; and Europeana which gives access to cultural resources for everyone. The use of recommender systems not only enhances users’ experiences but also promotes academic and/or professional development by helping users access materials that are most relevant to them (Adomavicius and Tuzhilin, 2011).
E-library recommender systems have become invaluable tools for both instructors and learners in the discipline of computer science, which is a highly competitive field. Students pursuing computer science are required to consume a variety of materials including textbooks, papers, tutorials, and manuals in order to remain up-to-date with new developments in their field. For e-libraries it is often cumbersome to support their users with suitable documents, however, information filtering systems developed and trained at the user level, relate to the problem of e-libraries in this manner. A machine learning student, for example, may be recommended a basic book such as ‘Pattern Recognition and Machine Learning’ by Christopher Bishop or the most recent editions of The Journal of Machine Learning Research. By making these resources available, these systems enable students to get a better grasp of intricate issues and perform better academically. Furthermore, these systems come in handy for instructors as well; they use these systems to evaluate additional materials that can be provided to the students for a better overall performance Adomavicius and Tuzhilin, 2011)
The use of machine learning algorithms has greatly improved the performance of e-library recommender systems. These systems are able to rely on artificial intelligence and machine learning to identify patterns, gain insights, and accurately predict user preferences. For example, collaborative filtering techniques recommend materials by investigating users’ ratings and download history in order to locate commonalities among users. Content-based filtering approaches, on the other hand, emphasize the features of the items being analysed and recommend these based on keywords and categories. Quite a number of limitations presented by the various methods have been effectively dealt with by hybrid models that incorporate these methods. Matrix factorization and neural network based collaborative filtering are among the new approaches that have improved the accuracy and the scale levels of the recommender systems. These developments result not only in improved levels of satisfaction among the users, but they also guarantee the system’s ability to change in accordance with the demands of users and the resources that are available (Jena et al, 2022).
The use of e-library compensating methods, in other words, recommending systems have increased tremendously in educational institutions, specifically in the computer science departments. These tools have made the search for needed resources a more seamless task for both students and instructors because one is able to quickly find targeted materials that satisfy their research or academic needs. Completeness and efficient engagement is fully achieved because time spent searching for resources is decreased and content options are filtered, effective systems do this. Furthermore, these systems have been instrumental in the support of independent learning which helps students in self-covering of contents out of the prescribed syllabus. To the computer war rooms where creativity alongside academic work is needed, e-library recommendation systems have become crucial tools for academic success and creativeness because of the ceaseless need to innovate and learn (Dhahri and Khribi, 2021).
To sum up, e-library recommender systems have ushered in new mechanisms regarding the approach towards education and its resources. They have reformed unfathomably the manner in which learning is approached with the aid of computer systems, where there is always a shift in the range of particulars required for a specific task. These systems have progressed utilizing machine learning methods in order to keep pace with the emerging trends among pupils and teachers allowing for exploration of information in an efficient manner. After the deployment of these technologies, the changes noticed in the educational arena have been more numerous than ever ahead of, ushering in an extensive array of educative and investigative methods. In the end, it’s undeniable that e-library recommender systems go beyond just being instruments for educational purposes, but serve as the agents of education transformation in the modern society where technology interacts with almost every aspect.

1.2 STATEMENT OF THE PROBLEM
The large resources that are available in E-libraries make it challenging for computer science students to find materials that are relevant to their domain of study as the traditional searching methods lack personalization and efficiency leading to the following problems: 
1. Lack of an effective method of navigating through the e-libraries due to sheer volume of available academic resources leading to inefficiency in locating relevant materials.
2. Lack of specialized recommendation due to the existing e-library systems primarily rely on basic search and categorized features.
3. A lot of time is spent by both educators and scholars in in locating the right academic resources making it challenging to find the right content that matches their academic background and specific learning needs.
4. Lack of sophisticated cross-referencing tools in the currently existing e-library systems as academic research often requires synthesizing information from multiple sources.




1.3 AIM AND OBJECTIVES OF THE STUDY
The primary aim of this work of research if to design and develop an efficient and intelligent e-library recommender system for computer science students, using content-based filtering technique. The specific objectives of this work of research are to:
1. Incorporate the TF-IDF technique of Natural Language Processing (NLP) to rank and prioritize resources based on their relevance to the search query of the user.
2. Incorporate machine learning algorithms to analyze user’s search and recommend academic resources based on the keyword search of the user
3. Incorporate the content-based searching technique of machine learning in other to recommend works to users based on the content of the materials and implement cross-referencing.
4. Deploy the developed model using a simple, intuitive and sleek interface to enhance and ensure easy navigation of the user.

1.4 SIGNIFICANCE OF THE STUDY
This detailed work of research is of profound importance to the following persons:
1. Computer Science Students
2. Educators and Lecturers
3. Researchers and Academicians
4. University Librarians and Administrators
as it tries to tackle some issues that computer science students and researchers have to deal with when using massive volumes of digital libraries such as the difficulty of finding relevant materials, the lack of effective material recommendations, or the lack of meaningful tools for cross and up references. The study is however seen to be important to the above listed persons thorough the following ways:
1. For the computer science students, it enhances their ability to locate relevant academic resources quickly, improving learning efficiency and supporting their academic success.
2. To the educators and lecturers, it aids in finding up-to-date teaching materials tailored to their course needs, ensuring better knowledge delivery.
5. To the Researchers and Academicians, it provides highly relevant research materials and fosters interdisciplinary collaboration by recommending diverse resources.
6. To the University Librarians and Administrators, streamlines library management by offering insights into popular resources and user behavior, helping in decision-making for library acquisitions and improvements.
1.5 SCOPE OF THE STUDY
The purpose of this research is to develop an e-library recommender system for students of Godfrey Okoye University, Department of Computer Science. The system utilizes the Term Frequency – Inverse Document frequency (TFIDF) algorithms to offer personalized, efficient and on point recommendations enabling students to obtain relevant academic contents according to their course, area of research, or learning needs. The research also aims at improving resources discovery by making use of machine learning, helping to save study time while increasing the general academic output of the department. This study is confined to existing resources available in the computer science e-library and within the University, to serve as an example on how efficient such a system is in terms of agility and easy accessibility.

1.6 LIMITATIONS OF THE STUDY
The researcher experienced some setbacks while embarking on this research. Some of these limitations are as follows:
1. Limited scope of Implementation: as this work of research focuses only on the computer science department of Godfrey Okoye University, the findings and the system’s functionality may not be easily generalizable to other departments and disciplines or institutions without additional modifications. 
2. Algorithms constraints: Although the e-library’s TFIDF features are effective in ranking an electronic library and in drawing on resources using keyword density, it has its own shortcomings. In its efforts to determine appropriate resources based on keyword frequency, it may overlook some semantic relations. This is likely to reduce the quality of recommendations given for complicated or interdisciplinary queries.  
3. Interactivity: In students’ reliance on the system and engaging freely in its operation and functions, there is a likelihood that the success of the system will be enhanced. If students experience low motivation, for example, from lack of exposure to the system or too many academic commitments, the system’s ability to continue improving and personalizing the recommendations may be compromised permanently.			

1.7 OPERATIONAL DEFINITION OF TERMS
· E-Library: This is a type of resource that comprises a broad range of books, journals and research papers and provides online access to students.  
· Recommender System: Such software aids users by helping them locate items that are of such relevance or particular interest to them based on their previous work and preferences.  
· TFIDF Algorithm: It is a technique used in machine learning to measure the weight of a term within a document against a dataset of authoritative documents with the aim of improving resource relevance in searches and recommendations.  
· Personalized Recommendation: It allows suggestions to be made depending on certain settings that are unique to each user such as their preferences, behaviors, or needs.  
· Academic Resource: These include books and research articles and reports that are prepared for the purpose of studies or research work.  
· Cross-Referencing: This is a technique that joins a number of information in so many sources in order to provide better meaning of insights.  
· User Engagement: This is the term that refers to how activities and functionalities interact with the users in order to enhance user experience and relevance of the system.  
· Machine Learning: This is a subdivision of artificial intelligence that is concerned with the creation of measures for building systems that adjust to and learn from information without coding as many systems do.  

CHAPTER TWO
LITERATURE REVIEW
2.1	INTRODUCTION 
E-libraries have completely altered the conventional methods of having academic resources: students, researchers, and educators are now able to access the materials in an entirely different manner than before. Unlike tradition libraries that possessed physical books only and were stored in a single location, e-libraries have integrated promising technology that allows students to remotely access a wide variety of books, journals, and other essential educational components. Smith and Jones (2021) state that these applications possess better searching options which allow readers to narrow down their needed resources thus minimizing the energy spent on looking through parts of the library. On the other hand, alongside with the development of more sophisticated tools, the number of educational and scholarly resources rose, and simple mechanisms of e-library keyword search were no longer enough.
The recent evolution in e-libraries was facilitated to the users’ efficient academic research due to the transition from the traditional methods resulting from the steep growth in the digital technologies and the emerging need to utilize the e-libraries more efficiently. Chen et al 2022 in their opinion argue that evolution in e-libraries would steer away deeper integration of capable systems to better personalize the user experience as an issue of identification existed in prior systems whereby the user of the e-libraries faced difficulties in locating relevant materials due to inefficient indexing and e-library functions. For instance, property searching for an instructor is progressively easier than it was in the preceding systems and typically operates by sifting through textual data to discover needed materials. This shift has not only facilitated time efficiency in conducting research but made the e-libraries more engaging for the users making resources more accessible in the first place.
2.2	THEORITICAL BACKGROUND  
The cutting-edge e-library recommender systems can now be constructed in a manner that distinguishes them from the older systems based on a multitude of characteristics. This is due to the reinforcement that these systems offer due to their ability to return highly individualized recommendations based on machine learning algorithms such as collaborative filtering and Term Frequency-Inverse Document Frequency (TFIDF) (Ahmed et al., 2021). Emphasizing, these systems implement both voluntary and involuntary user interaction in order to generate suggestions that match closely to an individual’s academic aspirations more accurately. They make use of cross-referencing tools, which allow users to draw together resources from different fields, a feature very much needed for the purpose of interdisciplinary research.
One other significant improvement is the embedding of simple user interface controls in the advanced systems which tend to appear on the e-library user’s computer allowing greater ease and effectiveness when using the system. Students and educators are now able to use information with ease thanks to the modern systems which provide visual dashboards, more features for filtering, and tools for collaboration in real time (Lee et al., 2020). Additionally, automatic updates, resource alerts and multimedia content have also added to the resources of the e-library. All these developments have solved common problems that were faced by users of e-libraries such as too much information and problems finding specific materials which facilitate the universities turn to use of e-libraries.
In addition, incorporating machine learning and especially artificial intelligence into the workings of e-libraries has raised the coolness factor in the resource retrieval process. By processing large arrays, these technologies can foresee the requirements of users and provide resources” even before the user requests them. But this ensures users are always aware of new developments and trends in research within their domains (Chen et al, 2022). Furthermore, the addition of semantic areas search functions enables users to search resources by ideas rather than keywords and therefore, helps to narrow the gap between user intent and the actual search results.
Within the scope of computer science as an example, this is even more significant because students always have to deal with a variety of resources which includes high level languages, programs, algorithms, and system designing concepts. The computer science student’s recommendation system implementation guarantees that graduate students are able to access relevant materials to their scholarly ambitions and research scope. These issues point to the growing need for intelligent and specialized e-library systems, as the growing trends indicate their profound impact on the management of academic resources.

2.3	DESCRIPTION OF E-LIBRARY RECOMMENDER SYSTEMS
This section of this work of research will be centred mainly on giving a brief description of some of the different categories of the E-library recommender systems with examples. These different categories include the following; content-based recommender system, collaborative filtering recommender systems, hybrid recommender systems, knowledge-based Recommender systems, context-aware recommender systems, etc.  
· Content-Based Recommender Systems
These type of E-library recommender systems are used to recommend to a specific user based on their previous activities, with regard to the content of the item. Items may include metadata attributes such as keywords comprising of matching genres or authors with user interests. For example, if a user reads articles based on machine learning frequently, then the system will keep recommending related content to that user. However, this can be useful but may also have its own downsides such as lack of diversity in the recommendations due to the fact that it over depends on user history on search (Lops, De Gemmis, & Semeraro, 2019). This type of E-library recommendation systems include; PubMed Recommendations, ResearchGate Article Recommendations, etc.
· Collaborative Filtering Recommender Systems
Collaborative filtering systems are used to determine resource recommendations based on user behavior instead of the resources themselves. These systems recommend items to users based on their interaction with other users’ ratings or their access history. For instance, two or more users with nearly similar reading habits can have one of the users’ preferences suggesting resources to the remaining reader. Though this method is popular, it can suffer the cold-start problem, specific to new users or new resources (Aggarwal, 2016). This type of E-library recommendation systems include; Goodreads, LibraryThing and many more.
· Hybrid Recommender Systems
Hybrid recommender systems is one of the categories of E-library recommendation system that combines multiple recommendation techniques to improve accuracy and overcome limitations of individual methods. For instance, a hybrid system can make use of both content-based filtering and collaborative filtering to recommend resources. This approach is particularly useful in academic contexts, where diverse datasets and user needs exist (Burke, 2007). This type of E-library recommendation systems include; Netflix (Applied to Educational Content), Mendeley, etc.
· Knowledge-Based Recommender Systems
Knowledge-based systems is one of the sub categories that exists between the scope of E-library recommendation systems which provides recommendations based on domain-specific knowledge and user requirements. They are particularly suitable for use in academic settings, where users may have specific research objectives. For instance, such a system could recommend resources related to a particular programming language or algorithm (Jannach, Zanker, & Felfernig, 2010). A few examples of such E-library recommendation systems include; Expert Systems in Semantic Scholar, CiteSeerX, etc.
· Context-Aware Recommender Systems
This type of systems is a category of the E-library recommendation system which stand to take into account contextual factors such as time, location, or user activity to make recommendations. For instance, a context-aware system might recommend different resources during exam periods compared to regular academic sessions. This category emphasizes delivering highly relevant recommendations by considering the surrounding circumstances (Adomavicius & Tuzhilin, 2011). A few examples of such E-library recommendation systems include; ACM Digital Library, ProQuest, etc.

2.4	BRIEF HISTORY OF E-LIBRARY RECOMMENDER SYSTEMS
Recent developments in e-library recommendation systems have substantially improved solving the problem of increased difficulty in the use of digital libraries. E-libraries initially existed as digital indexes, enabling patrons to look up books, journals and miscellaneous materials by using basic information like title, author, or keywords. Most of these systems were designed after existing library catalogues, which had only room for a few functions, which comprised searching and classifying books (Jannach et al., 2010). There were no means of personal recommendations so the users were forced to carry out searches manually which is an extremely inefficient way of finding educational material as it consumes so much time.
The starting point in the development of e-libraries recommendation systems was the incorporation of basic filtering techniques. The introduction of collaborative and content-based filtering allowed for systems to provide recommendations that were influenced by the user’s preferences and past actions (Adomavicius & Tuzhilin, 2011). At this time, attention was directed from a simple keyword based search to user activity with respect to the library systems, such as the number of times particular resources were accessed. The subsequent development included their use of what is typically referred to as big data to predict and recommend resources that matched the user’s academic pursuits, this was seen as the start of the more dynamic and two way e-library environments. In addition, the growth of machine learning, made possible the application of more complex algorithms that were able to automatically learn user preferences over time (Lops et al., 2019).
In the last few years, recommendation systems of e-libraries have been improved drastically. In order to overcome the shortcomings of single techniques (Burke, 2007), hybrid methods which integrate both content and collaborative filtering have become the norm. Moreover, the introduction of context-aware systems has made it possible to deliver more personalized recommendations by taking into account external parameters such as time and place. Likewise, these systems have also evolved due to the implementation of AI and deep learning, which allow these systems to process large volumes of data and tailor suggestions accordingly. These improvements have contributed towards the development of the e-library by transforming how users interact with it and improving the efficiency of academic research (Aggarwal, 2016).

2.5 THE FUTURE OF E-LIBRARY RECOMMENDER SYSTEMS 
In the few decades, e-libraries have made remarkable progress as recommendation systems, by transitioning from a mere ‘catalogue search’ to a more user focused AI and ML integrated solution. The introduction of content-based and collaborative filtering systems vastly improved the way resources were recommended to users, making e-libraries centres for conducting academic research. Hybrid approaches and more recently, context-aware systems has aimed to boost up the personalization and accuracy of the recommendations. Such developments highlight the wonderful story of e-library recommendation systems which have kept on evolving to better serve students, teachers, and scientists.
The evolution of e-library recommendation systems is at a tipping point and has the capacity to bring about unparalleled change, this project forecast such a dire e-library recommendation system. As advanced machine learning techniques such as deep learning and natural language processing evolve, these systems will be better able to comprehend user needs. Users will likely retrieve materials using semantic search functions rather than keyword sequences allowing them to search for the meaning behind the context rather than the words always insights on context searching would be more efficient than pure wards looking. Moreover, AI can learn and predict future patterns of activity of its users and make necessary changes accordingly. With augmented and virtual reality tools, the realities of e-library services can change completely, allowing users to ‘walk through’ an e-library as they would a normal one and interact with resources as users would do with the real thing.
With the development of new technologies, the e-library recommendation systems have gone through an evolution. To be able to offer these changes, proper planning as well as innovative thinking would be necessary. The approaches to this tackle point will include enhancing the capabilities of data sensing and processing in such a way that they ensure good quality datasets are available for algorithm training and compliance to relevant privacy requirements. Such collaborative efforts will facilitate academic institutions to develop their systems in accordance with the solutions provided by technology providers. Additionally, there will be a need to enhance the existing infrastructure like databases and cloud computing to meet the diverse and complex nature of interactions users will exhibit. From the look of things, if the gaps in the outlined areas are addressed, e-library recommendation systems are likely to be a significant component of academic achievement, by enabling students and researchers with smooth access to information and promoting the culture of continuous education.

2.6	REVIEW OF RELATED LITERATURE 
There are a lot of E-library recommendation systems that are already existing and this part of this work of research will stand to carefully look into each of these already existing systems which are in close proximity with this work of research in a well detailed manner.
Lee et al (2016) worked on a study in which they proposed a library recommender system which made use of the Hadoop Ecosystem in other to manage and analyse big data effectively. Their system was able to address the challenges that were posed by the vast volume, velocity, and variety of data in modern library information systems, which include a large collection of books, readers, and a lot of other diverse resources. However, by implementing association rules and parallel CLARANS clustering within the Hadoop platform, the system that they developed was aimed to recommend appropriate library resources to readers. This approach enhanced the efficiency of resource discovery and improved the utilization of library resources, allowing readers to access relevant materials quickly and effectively.
Shirude and Kolhe (2016) proposed an agent-based library recommender system aimed to facilitate users find appropriate books, journal papers, and article by efficiently making use of available library materials. The system consists of a profile agent that manages user profiles and a library recommender agent that performs filtering and recommendations. The library resources which are books with table of contents, journal articles with abstracts and key words are divided into fourteen classes according to the ACM Computing Classification System tier (2012). This type of classification aids in the realization of the semantic similarity and recommending system. The system employs k-Nearest Neighbour (KNN) for analysis of similarity and this method improved the results. Key features include ontology-based classification, semantic similarity, automatic user profile updating, and varied user evaluation which are practical as well as novel for the system.
Wang et al (2018) all worked together collaboratively to embark on a journey where A content-based recommendation system was created to help writers choose a suitable journal or conference for their manuscript submission in the domain of computer science, the system is authoritative over the abstract of the manuscript. The application is available as an online service at http://www.keaml.cn/prs/. As the field of computer science is always changing and progressing, a web crawler is used to fetch the most up-to-date information and sense the model. The system implements a hybrid methodology that employs chi-square feature selection combined with a softmax regression model in order to optimise the quality of served requests. Test results indicated that the system achieves an accuracy of 61.37% and provides the users with the recommendations after a 5 second wait, thus greatly assisting the authors amid many hurdles with the publishing process.
Anwar et al (2020 analysed the growing usage of recommenders in various applications, like e-commerce, online auctions, and even in the academic space for recommending conference or books. Such systems assist in filtering relevant information and knowing what users want or need. The article goes in depth on the evaluation metrics used in conjunction with machine learning approaches employed in book recommendation systems. It identifies and discusses six categories of book recommendation methods providing opportunities for further research in this area. There are also suggestions on how to enhance the recommender system, which will be useful for those doing research work in recommendation technology, especially in book recommendations.
Wadikar et al (2020) explained the difficulties faced in sifting through complex and voluminous data online in order to find relevant and useful information, whereas it was noted that recommender systems can tackle this problem effectively. Recommender systems make such suggestions to users taking into consideration the user profile, item profile and the user’s preferences. The paper provided a book recommendation system where users could search for a subject and their recommendation accuracy is further enhanced using Convolutional Neural Networks. Moreover, with this system, users can search and view books and recommend an automatically compiled list of highly rated and best-selling books concerning the entered subject. The proposed platform demonstrates how deep learning can enhance the capabilities and accuracy of book recommender systems.
Anwar et al (2019) embarked on a study which at the end was able to show that recommender systems are intelligent decision-making systems which aid in replicating an expertise for solving a problem. These systems have changed the landscape of e-commerce leading to a shift in the behaviour from both the consumers and merchants. More specifically, Book Recommender Systems (BRS) help librarians in the effective organization of the books in the library and aid readers pick the appropriate books. Businesses also benefit from the BRS especially in stock control and profits. The paper reviewed classical recommendation algorithms and other machine learning techniques, which include but are not limited to supported learning, unsupervised learning, semi-supervised learning, and reinforcement learning, in regard to their purposes in recommending books. This work brings new information which encourages scholars to pursue other angles of recommendation technologies especially focusing on book recommending systems.
Pera et al (2011) all contributed in their study where they highlighted the role of a recommender system as to be an intelligent decision-making tools that tend to replicate the expertise of humans in other to address real life challenges. These systems have been immensely vital in changing customer behaviour and seller behaviour which in turn has had a strong impact on e commerce. BRS also assist readers in their selection of books while aiding librarians in efficiently managing library catalogues. It is also possible for the BRS system to assist with the portrayal of the merchant, facilitating inventory management and ensuring greater profits. The paper studied the traditional recommendation approaches and additionally other approaches based on various other types of learning strategies including supervised, unsupervised, semi supervised and reinforcement learning with their use in book recommendation systems. This work looks to bear insight for the researchers and merits further research into new avenues in the technologies of recommendation with book recommendation technology serving as an example.
Jindal and Singhal together embarked on a study where they developed an innovative e-library system that combines the collective intelligence of the social web with e-learning. Their study was solely base on the need to enrich e-learning repositories with both explicit and tacit knowledge, as traditional structured knowledge alone is no longer sufficient in the era of personalized e-learning. Tacit knowledge, which is unstructured and implicit in individuals, can be extracted from social interactions such as feedback, reviews, and blogs. The proposed e-library system integrates both types of knowledge to provide learners with targeted, updated, and high-quality resources. It uses two metrics, Level and Like, to evaluate the utility of each resource for the user, incorporating a feedback mechanism for continuous refinement based on user responses. Additionally, the system accounts for expert bias and the diversity of collective intelligence, enhancing its effectiveness in delivering personalized learning content.
Isinkaye and Fred-Yusuff both proposed a book recommendation component as part of an additional feature of an existing e-library system. With the system, students were assisted in locating important and relevant books with an option to include additional books for greater efficiency and easier access. Deployed on a live server (Namecheap), the system was tested by 114 students, achieving favorable results across all metrics including user friendliness of the system, speed of the system, recommendation accuracy and reliability, experience, interface appearance, compatibility among others. This study's outcomes indicate that the discussed integrated e-library will be able to solve the difficulties of ordinary libraries.
Gupta and Pandey together embarked on a research to do an analytical study on Recommender Systems (RS) and their uses in Information Retrieval (IR) with a particular view of their application in digital libraries. The examination of the existing research was done in order to describe RS trends and definitions and their relevance in the context of a digital library. Their study analysed various types of recommendation systems currently being utilized in digital libraries software with an aim of helping users locate and obtain relevant information from various databases. The paper also looked into the future possibilities and consequences of the use of recommendation systems in the management of digital library systems and pointed out the critical role played by these systems in improving the processes of information gathering. The work provides important understandings on the theoretical aspects, mechanisms and the real use of RS in different spheres.
Alomran and Basha (2024) presented an efficient approach which uses the NF and SVM classifiers for the process of automated classification and recommendation. The proposed model utilized an ensemble learning approach and a CoC-based inference mechanism that aims to recommend appropriate subjects in a cloud repository to the relevant user. The experimental results obtained were, inclusion of over 97.16 % observed accuracy in categorization of subjects while enhancing user experience and system accuracy. Overall, the findings indicate the positive impact of advanced recommendation methods in the improving academic and research productivity.
Yu et al (2024) in their study proposed EasyRL4Rec, as a specific library developed to improve the ease of programming and testing of Reinforcement Learning (RL)-Based Recommender Systems (RS). This was a major concern of the authors while developing this tool, considering the limitations such as the absence of a standard user friendly framework and inconsistent evaluation metrics currently existing in the RL-based RS research area. Images depict environments in provisions provided by EasyRL4Rec, which contains simplified RL environments based on five available datasets as well as rich modules for modelling states and performing recommendation tasks as actions. It also provides long-term retention that targets all users as a standard for all models. Their apt models accurately aimed at depicting user needs were tested on a variety of recommendation systems, making use of the comprehensive set of tools embedded within the custom library. EasyRL4Rec is now freely distributed to the general public to help improve and speed up growth in the field. 
Lin (2024) produced a tailored smart library reading recommendation for university libraries regarding the need for efficient and custom library services. This research presented an enhanced item-based collaborative filtering algorithm based on mean model representation which was further coupled together with user-based collaborative filtering algorithm. The system proved to be efficient with average percent of CPU usage as 9.8 %, a minimum root mean square error of 0.013 and a runtime threshold of $12000~\mu$s. It also has been possible to provide a response speed that is 50% faster than other similar systems with more than 200 users and over 90% of user coverage. This approach also increase the accuracy of recommendations, while decreasing the consumption of resources and therefore, it is a rather applicable tool for rendering of personalized services in the context of library.

2.7	SUMMARY OF REVIEW OF RELATED LITERATURE
	Author(s) Name/
Year
	Name of research work/Journal Name
	Technique
	Contribution
	limitation

	Lee, Z. J., Hu, P. K., & Lee, C. Y. (2016).
	A recommender system for library based on hadoop ecosystem. DEStech Transactions on Materials Science and Engineering icmsme
	The system was developed using the Hadoop ecosystem 
	The system enhanced the efficiency of resource discovery and improved the utilization of library resources, allowing readers to access relevant materials quickly and effectively
	The system was developed using web technologies that are outdated.

	Shirude, S. B., & Kolhe, S. R. (2016)
	Machine learning using k-nearest neighbor for library resources classification in agent-based library recommender system. Advances in Computing Applications, 17-29
	The system made use of the k-nearest neighbor.
	The study employed the k-Nearest Neighbour (KNN) for analysis of similarity and this method improved the results
	The system was not trained with enough dataset. Resulting to a flawed recommendation.

	Wang, D., Liang, Y., Xu, D., Feng, X., & Guan, R. (2018).
	A content-based recommender system for computer science publications. Knowledge-based systems, 157, 1-9
	The system made use of content based filtering.
	The system to helped writers choose a suitable journal or conference for their manuscript submission in the domain of computer science, the system is authoritative over the abstract of the manuscript.
	The system only worked to recommend journals for submitting works and not for recommending works to students and scholars.

	Anwar, K., Siddiqui, J., & Sohail, S. S. (2020)


	Machine learning-based book recommender system: a survey and new perspectives. International Journal of Intelligent Information and Database Systems, 13(2-4), 231-248.

	The system made use of hybrid algorithm.
	The study identified and discussed six categories of book recommendation methods providing opportunities for further research in this area
	The study was only a review and didn’t get to create any new system.

	Wadikar, D., Kumari, N., Bhat, R., & Shirodkar, V. (2020)
	Book recommendation platform using deep learning. International Research Journal of Engineering and Technology, 7(6), 6764-6770
	The system was developed using deep learning algorithm.
	The system demonstrated how deep learning can enhance the capabilities and accuracy of book recommender systems.
	The system failed to implement its recommendation algorithm using content based recommendations.

	Anwar, K., Siddiqui, J., & Saquib Sohail, S. (2019, February).
	Machine learning techniques for book recommendation: an overview. In Proceedings of International Conference on Sustainable Computing in Science, Technology and Management (SUSCOM), Amity University Rajasthan, Jaipur-India
	The system was developed using the content-based filtering.
	The study brings new information which encourages scholars to pursue other angles of recommendation technologies especially focusing on book recommending systems.

	The study only reviewed the already Book recommender systems without proffering a new solution.

	Pera, M. S., Condie, N., & Ng, Y. K. (2011)
	Personalized book recommendations created by using social media data. In Web Information Systems Engineering–WISE 2010 Workshops: WISE 2010 International Symposium WISS, and International Workshops CISE, MBC, Hong Kong, China, December 12-14, 2010, Revised Selected Papers 11 (pp. 390-403). Springer Berlin Heidelberg.
	The system was developed using content-based filtering.
	The study held insight for the researchers and merits further research into new avenues in the technologies of recommendation with book recommendation technology serving as an example.

	The study only highlighted the role of a recommender system and was only a survey study without creating a new system.

	Jindal, R., & Singhal, A. (2017)
	Personalized E-library: A Recommender System Based on Learner’s Feedback Model. In Intelligent Human Computer Interaction: 8th International Conference, IHCI 2016, Pilani, India, December 12-13, 2016, Proceedings 8 (pp. 248-263). Springer International Publishing.
	The system was developed based on feedback system.
	The study integrated both explicit and tacit knowledge to provide learners with targeted, updated, and high-quality resources.
	The system made use of users comments to recommend books to readers.

	Isinkaye, F. O., & Fred-Yusuff, T. J. (2022)
	An E-Library System Integrated with Bookshelf and Recommendation Components. Journal of Applied Intelligent System (e-ISSN: 2502-9401| p-ISSN: 2503-0493), 7(1), 36-43
	The system made use of the content based filtering technique.
	The system assisted students in locating important and relevant books with an option to include additional books for greater efficiency and easier access.

	The data for developing the system was generic and at that failed to give room for specific application.

	Gupta, V., & Pandey, S. R. (2019)
	Recommender systems for digital libraries: a review of concepts and concerns. Library Philosophy and Practice, 2417
	The study made use of the feedback system.
	The study work provided important understandings on the theoretical aspects, mechanisms and the real use of RS in different spheres
	The system was only a review and didn’t design a new solution.

	Alomran, A. I., & Basha, I. (2024)
	An AI-Based Classification and Recommendation System for Digital Libraries. Scalable Computing: Practice and Experience, 25(4), 3181-3199
	The model was trained using the content based filtering technique.
	The system helped to improve academic research and productivity engagement of stakeholders.
	The system only improved the way that users searched for books in the system.

	Yu, Y., Gao, C., Chen, J., Tang, H., Sun, Y., Chen, Q., ... & Zhang, M. (2024, July)
	EasyRL4Rec: An Easy-to-use Library for Reinforcement Learning Based Recommender Systems. In Proceedings of the 47th International ACM SIGIR Conference on Research and Development in Information Retrieval (pp. 977-987)
	The model was developed using the reinforcement learnig technique.
	The study aimed at depicting user needs were tested on a variety of recommendation systems, making use of the comprehensive set of tools embedded within the custom library.
	The system was a general recommendation system and wasn’t created for digital e-libraries.

	Lin, N. (2024)
	Personalized Book Intelligent Recommendation System Design for University Libraries Based on IBCF Algorithm. IEEE Access
	The system was developed based on the IBCF technique.
	The system presented an enhanced item-based collaborative filtering algorithm based on mean model representation which was further coupled together with user-based collaborative filtering algorithm
	The system had no limitations.



2.8	CONTRIBUTION TO KNOWLEDGE
	After a detailed review of some of the existing systems which are in one way or the other related to this work of research, the researcher noticed that most of the systems that are already existing have failed to incorporate a simple and easy to navigate user interface. Also most of these already existing systems have failed to incorporate a feature to recommend books that are specific to computer science students and researchers based on the content of the books. On this note, this work of research have stood to contribute to this domain of knowledge by incorporating extra features that are absent in the other existing systems which includes: a better recommendation system using the TF-IDF for Natural Language Processing (NLP) in other to rank and prioritize resources based on their relevance to the search query of the user.

CHAPTER THREE
SYSTEM ANALYSIS AND DESIGN
3.1 INTRODUCTION
Digital library recommender systems allow users to access and use library resources in new ways. By employing complex algorithms and analysable behaviour on the user’s part, these systems increase user experience by recommending books, journals, and other necessary materials that may be pertinent to the user. In comparison to the conventional library systems, the digital library recommenders change the reliance of users in search of information and facilitate solutions to the problems of information overload and resource underutilization. By prioritizing specific suggestions to users, these systems advance accessibility and the proper use of the library collection.
However, this research outlines the progression of recommendation systems starting from collaborative and content-based filtering methods, followed by the implementation of artificial intelligence and machine learning techniques. The aim of this paper is to design, implement and evaluate a recommendation system that is aimed toward computer science students. Moreover, the paper focuses on the positive impact that these systems will have on society such as assisting with educational based research, encouraging self-taught scholars and providing libraries for future generation learners. Furthermore, as a contribution to this specific topic, the paper stresses the importance of focusing on user needs, modern practice, and effective resources within newer libraries that promote the growth of new technology, such as digital library recommender systems which have a positive impact on education and resource sharing.

3.2 SYSTEM ANALYSIS
System analysis involves the dissection of the proposed system and the examination of its individual components and their interactions. This section of this research work stands to address the comprehensive system analysis of the proposed system encompassing an evaluation of existing systems, identification of the limitations within those systems and the strategies for enhancement. However, the analysis of the proposed system encompasses the detailed modelling activities using use case diagrams, activity diagrams, and class diagrams.

3.2.1 ANALYSIS OF EXISTING SYSTEMS
Shirude and Kolhe’s agent-based library recommender system:
This system was aimed to facilitate users find appropriate books, journal papers, and article by efficiently making use of available library materials. The system consists of a profile agent that manages user profiles and a library recommender agent that performs filtering and recommendations. The library resources which are books with table of contents, journal articles with abstracts and key words are divided into fourteen classes according to the ACM Computing Classification System tier (2012). This type of classification aids in the realization of the semantic similarity and recommending system. The system employs k-Nearest Neighbour (KNN) for analysis of similarity and this method improved the results. Key features include ontology-based classification, semantic similarity, automatic user profile updating, and varied user evaluation which are practical as well as novel for the system.
Jindal and Singhal’s E-library system:
This system combines the collective intelligence of the social web with e-learning. Their study was solely base on the need to enrich e-learning repositories with both explicit and tacit knowledge, as traditional structured knowledge alone is no longer sufficient in the era of personalized e-learning. Tacit knowledge, which is unstructured and implicit in individuals, can be extracted from social interactions such as feedback, reviews, and blogs. The proposed e-library system integrates both types of knowledge to provide learners with targeted, updated, and high-quality resources. It uses two metrics, Level and Like, to evaluate the utility of each resource for the user, incorporating a feedback mechanism for continuous refinement based on user responses. Additionally, the system accounts for expert bias and the diversity of collective intelligence, enhancing its effectiveness in delivering personalized learning content.
Isinkaye and Fred-Yusuff’s book recommendation system: 
This system was developed as component part of an additional feature of an existing e-library system. With the system, students were assisted in locating important and relevant books with an option to include additional books for greater efficiency and easier access. Deployed on a live server (Namecheap), the system was tested by 114 students, achieving favorable results across all metrics including user friendliness of the system, speed of the system, recommendation accuracy and reliability, experience, interface appearance, compatibility among others. This study's outcomes indicate that the discussed integrated e-library will be able to solve the difficulties of ordinary libraries.
EasyRL4Rec:
The system was developed as a specific library developed to improve the ease of programming and testing of Reinforcement Learning (RL)-Based Recommender Systems (RS). This was a major concern of the authors while developing this tool, considering the limitations such as the absence of a standard user friendly framework and inconsistent evaluation metrics currently existing in the RL-based RS research area. Images depict environments in provisions provided by EasyRL4Rec, which contains simplified RL environments based on five available datasets as well as rich modules for modelling states and performing recommendation tasks as actions. It also provides long-term retention that targets all users as a standard for all models. Their apt models accurately aimed at depicting user needs were tested on a variety of recommendation systems, making use of the comprehensive set of tools embedded within the custom library. EasyRL4Rec is now freely distributed to the general public to help improve and speed up growth in the field
	
3.2.2 WEAKNESSES OF EXISISTING SYSTEMS
· Shirude and Kolhe’s agent-based library recommender system:
The weakness of this system comes from the system not being trained with enough dataset. Resulting to a flawed recommendation.
· Jindal and Singhal’s E-library system: 
The weakness of this system however comes from the system making use of user’s comments to recommend books to readers thereby resulting to false recommendations that are not in line with the user’s perceptions.
· Isinkaye and Fred-Yusuff’s book recommendation system: 
The weakness of this system however comes from the data for developing the system being generic and at that failed to give room for specific application.
· EasyRL4Rec: The weakness of this particular system sterns from the system being a general recommendation system which wasn’t created specifically for E-libraries.



3.2.3 BENEFITS OF THE PROPOSED SYSTEM
The proposes  system proves to be of high importance as it incorporates extra features that are absent in the other existing systems which includes: a better recommendation system using the TF-IDF for Natural Language Processing (NLP) in other to rank and prioritize resources based on their relevance to the search query of the user. The system however makes use of the content-based filtering technique where books are recommended to computer science students based on the content that is present in the books. Based on these unique features, the proposed system stands to ditch the gap that has been in long existence with the presence of the currently existing systems thereby ending the long awaited moment of wait for the computer science students.

3.2.4 ANALYSIS OF THE PROPOSED SYSTEM
The given system looks forward to fulfilling the array of requirements that are needed in the field of research by employing the machine learning model, Term Frequency-Inverse Document Frequency (TF-IDF) which is armed with the renowned TF-IDF ranker algorithm. This algorithm tags the output pdfs of an e-library system in consideration of the user query or subject area. It also guarantees that recommendation of any files exists at all in the library by weighing how frequent the terms appear in the document against their density across the entire library To some extent this aspect improves the performance of the system as well as ensures that the users are provided with relevant and quality recommendations suitable for their academic goals.
In addition to the above, the system employs Natural Language Processing (NLP) that enhances the level of analysis. NLP enables the system to recognize and comprehend text content of PDF files and extraction of meanings in context and relations between words. That means the recommendations are done taking into account not only the keyword but the content as a whole. For example, the system is able to classify stance papers and also recommend other standing papers which have ties with the subjects or the themes of the standing papers. The knowledge system also utilizes intelligent and user-friendly design that meets a variety of library resources and user requirements by putting together TF-IDF and NLP, thus making it an effective tool for use in learning and research.
Moreover, the proposed system stands to be of high importance as it tries to tackle some issues that computer science students and researchers have to deal with when using massive volumes of digital libraries such as the difficulty of finding relevant materials, the lack of effective material recommendations, or the lack of meaningful tools for cross and up references

3.3 SYSTEM REQUIREMENTS
System requirements are the necessary procedures and specifications that outline the functions or attributes that a system must possess. These system requirements are therefore divided into two categories which are functional requirements and non-functional requirements.
3.3.1.1 Functional requirements
The functional requirements of a system refer to the requirements that specifies in detail, the qualities that a system must have. The Functional requirements of proposed system include the following:
a. The system’s user interface should be as simple as possible to use.
b. The system must be able to recommend books that are relevant to the search of the user.
c. The system must be able to update and recommend more recent books in the future. 

3.2.4.2. Non-Functional requirements:
The non-functional requirements is used to refer to the requirements that specify the attributes or abilities that the proposed system must have. Non-functional requirements for the proposed system include that:
a. The proposed system should be responsive on all screen sizes and compatible with all browsers on the web version.
b. The proposed system should be able to handle any sort of search prompts.
c. The proposed system should be able to maintain the consistency while recommending books.
d. The access to the data on the system has to be based on the fact that the user is signed in.
 
3.2.4 PROPOSED METHODOLOGY: OBJECT ORIENTED ANALYSIS AND DESIGN
Object-Oriented Analysis and Design (OOAD) stands as a software development methodology that employs the object-oriented concepts for the creation and implementation of software system. However, within this approach, the initial step involves determining the system requirements followed by the identification of classes and their respective relationships with each other in the system. Moreover, various techniques and practices are integral to this methodology which encompasses UML diagrams, object-oriented programming, and use cases. Consequently, OOAD employs object-oriented programming for the actual design and implementation of the software system as the UML diagrams play a crucial role in illustrating different facets and interactions among various components within the software system. Lastly, use cases are employed to articulate the diverse manners in which users engage with the software system. The application of OOAD is particularly suited for handling intricate systems, substantiating its selection for such scenarios.

3.2.4.1 UNIFIED MODELLING LANGUAGE
The unified Modelling Language (UML) diagrams stands to serve as a cornerstone in the realm of software engineering, providing a standardized and visual means to represent the intricacies of a software system comprehensively. These diagrams offer a powerful tool for software architects, software developers, and stakeholders to collaboratively conceptualize, design, and most especially communicate on the various aspects of a software system. However, one UML diagram that is considered most crucial is the use case diagram which stands to outline the potential interactions between users or external entities and the system thereby serving as a blueprint for understanding the functional requirements and scenarios within the software application.
Subsequently, the activity diagram stands to complement the use case diagrams as it brings dynamic aspects of system development processes to the forefront by illustrating the overall flow of activities within the system thereby capturing the sequential and parallel processes that unfold during system operation. However, this dynamic perspective stands to aid in visualizing the overall workflow which takes place in the system thereby helping to identify the potential bottlenecks, decision points, and opportunities for optimization in the software system.

3.1.4.2 USE CASE DIAGRAM OF PROPOSED SYSTEM
Use case diagrams are classified into four categories; use cases which are the functional parts of the system , the actors which represent the external entities of the system, the associations between the actors and the use cases, and lastly the system boundary which is the scope of the system the actor is interacting with.
As for the proposed system, there would be 2 actors which are; the user and the system. However, according to the use case diagram, the user will have 6 use cases (actions in which he/she can perform on the system. The use case of the user includes, visiting the system, logging in to the system, entering the search parameters and accessing the books that have been recommended by the system. While the system on the other hand will be able to receive the input search parameter that was provided by the user, analyse the input parameter and recommend books for the user based on the search parameter in which they have provided etc.

Use case diagram:
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Figure 3.1 Use case diagram of the proposed system
The diagram above shows the use case activity that takes place in the proposed system, the system is made of two main entities, the system, the user can perform a myriad collection of activities which include visiting the system, logging in to the system, entering the search parameters and accessing the books that have been recommended by the system. While the system on the other hand will be able to receive the input search parameter that was provided by the user, analyse the input parameter and recommend books for the user based on the search parameter in which they have provided etc.

3.2.4.3 ACTIVITY DIAGRAM OF THE PROPOSED SYSTEM
An activity diagram stands as another important diagram in Unified Modelling Language (UML). It is however a diagram that describes the dynamic aspects of the software system. However, an activity diagram is basically a flowchart to describe the flow of activities that go on in the system. The figure below represents the flow of activities on the proposed system, from the visiting of the platform and signing up by the user, to the user inputting a search parameter into the system and having the system recommend books that are in line with the search parameter that has been entered by the user.
Activity diagram of the proposed system:
[image: ]
Figure 3.2 Activity diagram of the proposed system.
The diagram above represents the class diagram of the proposed system which stands to display the pictorial representation of the activity that takes place in the proposed system. The activity ranges from the user visiting the user interface of the system and logging in, entering the search parameter, to the system analysing the parameter in other to predict books that are in line with the search parameter that has been entered, to the user, and the user in turn accessing the books. 

3.2.4.4 CLASS DIAGRAM OF THE PROPOSED SYSTEM
	This section of this work of research holds the class diagram of the proposed system. The class diagram in Unified Modelling language (UML) is one of the unified modelling language diagrams that describes the architectural design of a software system by defining and laying out completely its classes, the attributes of the laid out classes, the methods and the relationships among this different objects that make up a system. Below is the illustration of the class diagram for the proposed system which shows a crud depiction of the different classes that are existing in the system showing the properties and methods that are present in the system.
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Figure 3.3 Class diagram of the proposed system
The diagram above represents the class diagram of the proposed system, which is used in this research work is used to show the different classes that exist within the system and how they interact with one another in other to communicate and share data for the system to function correctly. The diagram depicts the crud instance of the classes in the proposed system offering the readers of this work of research the opportunity to visualize how the component classes of the system collaborate with one another in other for the system to function properly.

3.2.4.5 UML SEQUENCE DIAGRAM
The unified Modelling Language (UML) sequence diagrams serve as a dynamic pictorial model which depicts the various interactions between the different objects that exists within a system over time. Similarly, these diagrams are very important in the understanding of the chronological flow of actions and messages that occur during the execution of a particular use case or scenario. However, at its core, these sequence diagrams visually represent the order in which interactions take place therefore providing a clear depiction of how the various components collaborate in a specific system to achieve the specified goal.
However, the elements in the UML sequence diagram include lifelines, messages, activations, and objects of which the lifelines represent the entities involved in the interaction, while messages denote the communication between the different entities. Moreover, activations that are portrayed using vertical lines extending from lifeline and therefore stands to represent the duration of an object's involvement in an interaction. Consequently, this temporal dimension adds a crucial layer of understanding thereby allowing developers and stakeholders to grasp not only what occurs in the system but also when it occurs within the system's operation.
Moreover, UML sequence diagrams help to facilitate the communication between the technical and non-technical stakeholders in a system and by offering a visual representation of system dynamics these diagrams stand as a powerful tool for conveying intricate technical details in a more accessible manner. However, the use of these diagrams contributes to improved collaboration thereby fostering a shared understanding of system behaviour and also aiding in the identification of potential issues for future enhancements.
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Figure 3.4 Sequence diagram of the proposed system
The above diagram stands to depict the sequence diagram of the proposed system which functions to show the sequence of activities that is taking place in the proposed system, right from the visiting the system’s user interface to entering a search parameter to the system analysing the parameters and predicting books to the user. The user however ends up access the books that have been recommended to it by the system.

3.3 SYSTEM DESIGN
	The system design of a system refers to the whole process that is involved in defining and developing the architecture, components and also the interactions that occurs within a complex system. This however, involves the combination of all the input and output designs and the database design of the system which works hand in hand to enable the user communicate with the system and also allow the system to respond and give an output to the user. At this, the goal of system design is to craft the design of a system in such a way that it meets necessary requirements and needs of its users while also ensuring that it is efficient, scalable, reliable, and maintainable.
On the other hand, this section of this work of research will be based on the detailed design of the proposed system and how the system hopes to fulfil the requirements that have been stated above. This system design is however, going to comprise of the simple design interface of the proposed system showing the physical sketch of the system as it aims at making its features accessible to the users as well as the database structure design showing the structural implementation of the database 

3.3.1 INPUT INTERFACE DESIGNS OF THE PROPEOSED SYSTEM: 
This section of this research work stands to illustrate how the system hopes to fulfil the requirements that have been stated in the previous sections above by showing a simple interface design of the input section of the proposed system as it aims at making the features of the proposed system accessible to the users. The interface sketch of the proposed system is shown below 
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Figure 3.6 Input designs for entering search parameters in the proposed system
The diagram above shows the user interface design for the proposed system through which the user gets to enter a text based search parameter into the system for the system to use in searching for books that are related to the field of research of the user and at this ensures a smooth interaction between the user and the system. 

3.3.2 OUTPUT INTERFACE DESIGN OF THE OF THE PROPOSED SYSTEM:
This section of this research work stands to illustrate how the system hopes to fulfil the requirements that have been stated in the previous sections above by showing a simple interface design of the output section of the proposed system as it aims at making the features of the proposed system accessible to the users. However, this sections displays a screenshot of the interface design of the output section of the proposed system, depicting the way that information would be outputted by the system after recommending books in line with the search parameter that have been entered by the user. The interface design of the output section of the proposed system is shown below 
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Figure 3.7 Output designs for the proposed system
The images above shows the output interface of the proposed system. The images however shows how the output gotten after the prediction of books would be arranged and displayed on the screen. On a general note, a pictorial representation of the interface used in outputting data out of the proposed system. These output interfaces that are supplied to the platform cuts across mainly the act of displaying the output that was gotten from the model.

3.3.3 DATABASE DESIGN
	This design of a database is the crud depiction of how the database is going to appear when created. It shows the different tables that would be used for storing data within the database. However, the essence of the database design is to show a modelled view of the proposed system’s’ database. The proposed systems’ database is a relational database that would be designed and implemented using MySQL and hosted locally on the development system. The database was designed to have entities and at least an attribute for each entity.
3.3.3.1 Database schema for the proposed system  
Table 4.1 User table for the proposed system 
	Attribute
	Data Type
	Description

	Id
	int
	The primary key of the table

	Username
	varchar
	This is where the username of the user is stored.

	Email
	varchar
	The field for storing the users email.

	Password
	varchar
	The field for storing the users email.

	Date_joined
	timestamp
	The field shows the date of when the user joined system.



Table 4.2 Book recommendation table of the proposed system
	Attribute
	Data Type
	Description

	Id (pk)
	int
	The primary key of the table.

	recommendations
	array
	The books that was recommended by the system

	User 
	varchar
	The user whom used the system.

	Session
	timestamp
	The session in which the system was used..



Table 4.2 Book table of the proposed system
	Attribute
	Data Type
	Description

	Id (pk)
	int
	The primary key of the table.

	Tittle 
	varchar
	The disease that was predicted by the system

	description
	varchar
	The description of the recommended book.

	Session
	timestamp
	The session in which the system was used.





CHAPTER FOUR
SYSTEM IMPLEMENTATION
4.1 Overview
This chapter details the origins of the system’s concept, its design as well as its construction. It also reviews other existing systems to analyse what can work and what factors can be enhanced. The development of the system commenced with detailing the functionalities of the system along with its requirements. However, the development of the system was carefully executed through the methodology and tools that were selected in a testing phase prior to the actual project implementation. These tools facilitated the realization of the system proposal. On this note, this chapter also contains the detailed explanations of the system components as well as the user interfaces that the stakeholders shall interact with and outlines how each component was crafted and the materials utilized in the whole development process.

4.2 Tools used for implementation (Tech stack of the proposed system) 
4.2.1 Frontend 
4.2.1.1. HTML 
	HTML is the abbreviation of Hyper Text Markup Language which is used to create the basic structure and basis of a webpage. It is regarded as the fundamental building element of web development that allows programmers to design and organize the content of websites. It entails defining elements like headings, paragraphs, photos, links, and so on using a set of properties and tags, which are then rendered by the web browser. However, both humans and machines can read and comprehend the HTML language because of its design. Because of this, developers may use it as a very flexible tool to create web pages with a very clear structure and semantics. Additionally, it gives developers the chance to incorporate multimedia components like audio and video to enhance user experience. The HTML language provides developers with the ability to use JavaScript and CSS (Cascading Style Sheets) to enable dynamic and customizable web page design and behavior. Most importantly, in most cases it serves as an avenue for data collection through the use of its elements like forms and input fields. In all it is a very important tool for web development because it provides a framework upon which websites stands and operates. Moreover, it was used to design the physical interface of the proposed system interface.
4.2.1.2. CSS
	Cascading Style Sheet (CSS) is a simple language that can be used to style webpages. It is very powerful and t is used to determine the kind of design that will be utilized for displaying HTML content and is incredibly powerful. It allows developers to have complete control over the design, color, font, and layout of the web pages.to guarantee that users find the design appealing overall. Because HTML and CSS are used to segregate content from presentation, it also contributes to the ease of maintenance and scalability of web-based projects.. CSS selects HTML elements using selectors and then apply styles to them using its properties and values. It allows developers to create responsive designs thereby enabling the web pages to be able to adapt to different screen sizes and devices through the use of its special media queries. It is one of the tools that was used in the design of the interface of the proposed system.

4.2.2 Backend 
4.2.2.1 Python 
Python is a programing language that is very powerful and versatile. It is a high-level programming language that is known for its ease of readability and its overall simplicity. Because of this reason, it has become the most popular choice of programming language for both the beginners and experienced developers. Because it supports many different paradigms and also supports a large ecosystem of third-party packages that allows for a rapid development across various domains such as web development, data analysis, artificial intelligence and automation. It also offers dynamic typing to improve productivity and also allow for integration with other language, tools and frameworks like Django and Flask to enable and ensure a more efficient modern software development process. 
4.2.2.2 Django
	Django is a powerful, open-source web framework that was written using the Python programming language. It was designed to help developers build robust and scalable web applications very quickly and efficiently. It follows the pattern of Model-View-Template (MVT) architecture, which promotes a clean separation of concerns and simplifies the organization of code. Django on its own comes with a lot of built-in features which includes an authentication system, an admin interface, and other tools that could be used for managing databases, making it easier to handle common web development tasks. However, it prioritizes security by offering protection against common vulnerabilities such as SQL injection, cross-site scripting (XSS), and cross-site request forgery (CSRF). Moreover, the framework also supports rapid development and scalability, which is ideal for both small projects and large-scale applications. 

4.2.3 Machine Learning 
4.2.3.1 Sci-Kit Learn
This is a very powerful and versatile machine learning library that was created specially for python. It is used for data mining and data analysis because it provides simple and efficient tools for preprocessing data, classification of data, regression, clustering and in all reduction in dimensionality. It is built on NumPy, SciPy, and Matplotlib and because of this reason, it integrates very well with other scientific computing libraries to ensure robust performance and ease of use. It has good documentation to serve both the beginners and the experts. It was used in the development of the proposed system because it is an essential tool for developing models that are predictive and also for performing complex data analysis.

4.2.4 Database
4.2.2.1 SQLite
SQLite is a lightweight, self-contained SQL database engine that is open-source and is widely used for embedded database systems and applications. Unlike other databases, SQLite does not require a separate server process, thereby making it easy to set up and use. It stores the entire database as a single file on the disk and with this simplifies database management and portability. However, it supports most of the SQL standards and is highly efficient for read-heavy operations, making it ideal for applications with moderate database workloads. Moreover, its zero-configuration design means that it requires minimal setup, and it runs on various platforms without needing complex administration. But despite its simplicity, it still provides robust data integrity and supports transactions, ensuring reliable data handling. It is a popular choice for applications,

4.3 SYSTEM REQUIREMENTS
The proposed system is a system that is very simple and at that, they are just few things that would be needed to use this system. This section therefore shows the things that the user must have before he or she can be able to use the system that have been developed in the cause of this research project. These requirements are as follows:
1. A good and functioning internet enabled device.
1. A good and up to date web browser 
1. Good and fast internet speed.

4.4 USER INTERFACE OF THE PROPOSED SYSTEM 
This particular section of the research work stands to cover for the design of the different interface sections that the proposed system has. Moreover the interfaces of the suggested system will include the interface for the input of parameters into the system and the design of the output interface.
4.4.1. The Input screen of the proposed system
The input screen of the proposed system is the first interface of the proposed system that the user gets to see when they visit the system interface because it serves as the landing page of the proposed system and it is made up of two sections only, the header section, and the book section. The book section of the system functions to provide an array of books and a search box which allows the user to search for a book of their choice and select the book. However when the user selects a book that he or she is interested in reading/studying, the systems provides an array of recommended books  for the user to choose from. 
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Figure 4.1 The input screen of the proposed system 

4.4.2 Output Screen of the proposed system:
	This screen of the proposed system is meant to be used to display the output of the books which have been recommended to the user by the system. These recommended books are therefore related to the book that have been selected by the user in one way or the other. However, this section of the system comprices of the preview of the book, the title, and the author of the book. 
[image: ]
Figure 4.2 The output screen of the proposed system.

4.4 SYSTEM IMPLEMENTATION OF THE PROPOSED SYSTEM 
This project work was built using Django along with other Machine Learning techniques with the aim of assisting users with finding books similar to those they are currently viewing by taking into account the book's title, author, and description. The system’s web application which was created using the Django framework, allowed users to access a database of books and receive intelligent recommendations tailored to their reading. The system offers numerous recommendations for each book without the prerequisites of user ratings or reviews. Each book entry portrays basic and essential information alongside a plethora of recommended books provided by the system.
Also, was created to use content-based filtering, and it is located at the very center of the system. This method recommends books which are similar to one another by analyzing the text features of each book. The system first integrates the title of the book with the book description and the author's name to create a single text feature. Next, a machine learning technique, TF-IDF, which is Term Frequency-Inverse Document Frequency, is applied. This technique transforms the words of a given book to numbers, and each number indicates the significance of the word in relation to other books. The system then applies cosine similarity to determine which books share the highest resemblance by comparing the values. When two books share a similarity index of about one, that suggests the two books that are being compared are very similar in content.
More also  the system applied the TfidfVectorizer from the scikit-learn library to vectorize the texts in the books. The system was also created to filtered out all common words so that the comparison would be more precise. After that, a method get_recommendations() was implemented at the Book model level which determines the most similar books using the cosine scores. These results are displayed to the users with the consideration that the current book should not be listed among its own results. However, all these runs perfectly in a Django powered web application where SQLite is employed for the book catalogue. Therefore, with this system, students, researchers, and other literary enthusiasts can readily access relevant books tailored to their fields of study.


4.4.1 Test result of the proposed system 
After the system was developed, the system was tested with book samples gotten from the student library in the department of computer science, Godfrey Okoye University, Enugu. The system was first tested with the books in the department of computer science and later proceeded to a wider range of other fields. The system was however, able to analyse the books that the students chose and then recommended the appropriate book to the student.



CHAPTER FIVE
SUMMARY, RECOMMENDATIONS AND CONCLUSION
5.1 OVERVIEW
In this final chapter of the project is where all parts are integrated. It provides a coherent and comprehensive overview of steps taken in the earlier parts of the work. This chapter aids remembering the most important concepts, ideas, and findings which were accomplished during the research. It summarizes the contents of each chapter and shows how they interrelate in order to reconstruct the complete developed system.  
This chapter also provides a recap and highlights other topics such as ways to improve in the future. Despite all the work done in this project regarding one of the main difficulties students face when trying to obtain appropriate textbooks in an e-library, the project can be taken further. Thus, this part describes those aspects which can be pursued by other researchers or developers for creating new solutions, enhancing the existing system, or adding features that could benefit students, teachers, or librarians.
At long last, this chapter provides a powerful concluding remark. This final portion articulates the overall significance of the project, particularly how it advances education and research by suggesting pertinent literature tailored to the reader's interests. It justifies the importance of the system, its potential future aid to people, and its usefulness as an underpinning for more sophisticated systems others may wish to develop later.

5.2 SUMMARY
The outlines of the problem statement along with the study’s background has already been scrutinized thoroughly at the beginning of the research project so as to lay the foundation as to why the particular project research was undertaken. It could also be noted that the theoretical framework of the research was presented in the final chapters of the paper along with a rather elaborate description of the systems created by other researchers that are relevant to the scope of work.
The research was able to achieve the project aim by presenting a gap analysis report as it claimed to analyze the existing systems. In a broader sense, this work gave a detailed analysis of the existing systems and their drawbacks, and tried to exploit these gaps in knowledge for building the system this research work proposed. Also, apart from the gap analysis report, a complete system analysis was performed using several UML diagrams in chapter 3 of this study; the system was examined through use case diagrams, activity diagrams, class diagrams, and class diagrams of UML diagrams.
Lastly, relating to the systems interface, they provided and in detail analyzed the project’s documentation on user interface metadata as well as all the programming languages and frameworks that were used to implement the project.

 5.3 RECOMMENDATIONS
The proposed system is invaluable for students and lecturers who aim at broadening the horizon of their knowledge in the field of computer science. It is of much more benefit to the students of the higher institutions who are ever ready to delve dipper and explore more in the intricacies of programing and computing in general.This system enables computer science students to ascertain their strongholds and the areas that require improvement, thus allowing them to take appropriate measures well in advance. This interdisciplinary system, built on principles of research and authentic data, is an excellent way of supporting learning, alleviating academic stress, nurturing student’s self-esteem and confidence irrespective of academic standing. This is a reliable, modern tool that transforms education into a journey that is more interactive, engaging, and academically rewarding.

5.4 CONCLUSION
Finally, at this juncture we have come to the end of this research as this particular section of this research work stands to conclude the objectives that were defined at the beginning of this research work. Nevertheless, this is not the conclusion (end) of the proposed system as this research has not come to a halt with this conclusion but would continue to grow and add a lot of new features and updates like the ability for users to be able to download the books that are recommended to them. However, for the purpose of this study which has a limited scope, the system which has been proposed all through the process of this study, would be made available to run online through a web interface, to be accessed using https://cbf-book-recommender.onrender.com/ by both both Godfrey Okoye University computer science students and other computer science students that are spread all over the world. However, in other to use the system, the users are advised to fulfil all the requirements that have stated above in the system requirement section of this work of research to avoid breaks when using the system.
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APPENDIXES
a. code for managing the system 

#!/usr/bin/env python
"""Django's command-line utility for administrative tasks."""
import os
import sys
def main():
    """Run administrative tasks."""
    os.environ.setdefault("DJANGO_SETTINGS_MODULE", "book_recommender.settings")
    try:
        from django.core.management import execute_from_command_line
    except ImportError as exc:
        raise ImportError(
            "Couldn't import Django. Are you sure it's installed and "
            "available on your PYTHONPATH environment variable? Did you "
            "forget to activate a virtual environment?"
        ) from exc
    execute_from_command_line(sys.argv)
	

if __name__ == "__main__":
    main()

b. code for the model of the system 
from django.db import models
from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.metrics.pairwise import cosine_similarity
import numpy as np

class Book(models.Model):
    title = models.CharField(max_length=200)
    author = models.CharField(max_length=200)
    description = models.TextField()
    cover_image = models.ImageField(upload_to='book_covers/', null=True, blank=True)
    created_at = models.DateTimeField(auto_now_add=True)
    category = models.CharField(max_length=100, null=True, blank=True)

    def __str__(self):
        return f"{self.title} by {self.author}"

    @classmethod
    def get_recommendations(cls, book_id, num_recommendations=2):
        """
        Get book recommendations using TF-IDF based on title and description.
        """
        # Get all books
        books = cls.objects.all()
        
        if not books:
            return []

        # Combine title and description for TF-IDF
        content = [f"{book.title} {book.description} {book.author}" for book in books]
        
        # Create TF-IDF matrix
        tfidf = TfidfVectorizer(stop_words='english')
        tfidf_matrix = tfidf.fit_transform(content)
        
        # Calculate similarity scores
        cosine_sim = cosine_similarity(tfidf_matrix, tfidf_matrix)
        
        # Get index of the target book
        idx = None
        for index, book in enumerate(books):
            if book.id == book_id:
                idx = index
                break
                
        if idx is None:
            return []
        
        # Get similarity scores for the target book
        sim_scores = list(enumerate(cosine_sim[idx]))
        
        # Sort books by similarity score
        sim_scores = sorted(sim_scores, key=lambda x: x[1], reverse=True)
        
        # Get top N most similar books (excluding the book itself)
        sim_scores = sim_scores[1:num_recommendations + 1]
        
        # Get book indices
        book_indices = [score[0] for score in sim_scores]
        
        # Return recommended books
        recommended_books = []
        for index in book_indices:
            recommended_books.append({
                'book': books[index],
                'similarity_score': sim_scores[book_indices.index(index)][1]
            })
            
        return recommended_books

    def save(self, *args, **kwargs):
        # Clean the text data before saving
        if self.title:
            self.title = self.title.strip()
        if self.description:
            self.description = self.description.strip()
        super().save(*args, **kwargs)
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