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[bookmark: _Toc512446502]1 Introduction
Library management system belongs to MIS (management information system) [1], which becomes more and more popular in the society of emphasizing the information and management. 
With the widespread use of computers, it gradually become a sign of modernization. Some small libraries or some enterprises, and even bookstores, personal book lovers, in the process of normal operation, are always faced with a large number of readers information, book information and the interaction. Therefore it is necessary to manage the information of the readers, the resources of the books, the information of the borrowed books, the information of the returned books, the timely changes of the information in all aspects, and the timely processing of the documents that are generated. 
The book management is facing more difficult problems than the past, such as massive data, personality needs and so on. In this context, data mining technology has great advantages in solving these problems. Therefore, this paper has discussed the commercial application value of data mining in book management system.
In order to improve the book’s management which can make it meet the reader's requirements more quickly for personal use and improve the efficiency of the work for professional use, the system is designed to meet the above objectives and will also include the basic functions. This system’s function can also be further expanded to meet the needs of professional use.


[bookmark: _Toc512446503]1.1 Aim
The aim of this report is
An investigation into the development and data mining application analysis of a book management system 
[bookmark: _Toc512446504]1.2 Objective
The objectives are to:
1. Secondary research into personal and professional book management system.
2. Understand the Development environment and tools and design the basic structure of book management system.
3. Develop a book management system prototype.
4. Evaluate the book management system prototype designed. 
5. Discuss the commercial application direction of data mining in book management.


[bookmark: _Toc512446505]2 Research & review of literature
Library management system is a system composed of people, computers and etc, which can collect, transmit, process, save, maintain and use management information. 
Since twentieth Century, with the development and application of modern information technology, book management has gained great development in many aspects, and has made some changes in book management in some respects.
Since the advent of data mining technology, it has been widely used. It permeates all walks of life. It is not only used in finance, marketing, and electronic administration. Business, telecommunications, industrial production and biomedicine. At present, data mining has some application in book management.
[bookmark: _Toc512446506]2.1 The history and technology of book management system
The main modern information technology applied in book management:
1. Computer technology and computer integrated management technology
2.Digital processing technology, and database technology
3.Electronic and digital memory technology: RAM, ROM and etc
4.Network transmission technology
5.Cloud computing technology
These technology bring lasting impact on the development of book management and the most powerful technology are the computer technology, digital technology, multimedia technology, database technology and network technology which promote the becoming of cloud computing technology. 
[bookmark: _Toc512446507]2.1.1 the application of computer technology-the first step of book management
The first electronic computer[2] was created in the United States in 1940s. Some scholars thought that computer technology can be used in document information processing at the beginning of it becoming. In 1945, Bush, director of the center for scientific research and development, USA in the "Pacific monthly magazine" published “As We May Think” and it discusses collecting, processing, retrieval for literature and first proposed the idea of mechanized retrieval which was applied into some aspects of book management.
2.1.1.1 Bibliographic data processing
Application 1: the application of bibliographic data processing[3] in the library uses computers to compile bibliographies and provide retrieval. There were some advantages of computer processing bibliographic data: (1) large amount of data can be stored in very small space; (2)data sorting and retrieval are convenient. There were also some problem to solve. 
The first is how to realize bibliographic data input and output. At the beginning of 1950s, American Librarian and inventor Ralph Robert Shaw invented the first machine used in the literature retrieval called fast selection machine at that time. In 1953, the United States Naval Weapons Center Library first applied computer technology to the library, and established the world's first document retrieval system on the IBM - 701 computer[4]. Between 1950s and 1960s, the U.S. government agencies, information center and library all used computer to store and retrieve documents. In 1960s, the library has applied computers to the processing of bibliographic data in the library, and began the era of computer cataloging[5]. 
The second problem is MARC (Machine Readable Cataloging Format) format[6]. The key of computer bibliographic data processing is to solve the problem of computer readable bibliographic data and the MARC format and the standardization problem are key to it. Library of Congress began developing machine readable catalogue format in 1960s. They published MARC1 and MARC2 in 1966 and MARC was put into use in 1967. Subsequently, the United Kingdom and other countries have done the substantive research and experiment of MARC. In 1973, the international standard organization issued the international standard ISO2709-1973 based on the MARC of the United States and Britain, which laid down the basic structure of MARC. In 1977, IFLA published UNIMARC and revised it in 1985, which was open to libraries all over the world, and provide bibliographic Book reprint for countries all over the world for the library reference, and for countries to provide for the exchange of bibliographic Marc format. The advantages of bibliographic data compiled by computer machine: the realization of a multiple input and output; an input, a number of use; a record, a variety of search; multiple output; shared cataloging data; automatically instead of manual sorting; conveniently for remote retrieval. 
2.1.1.2 union cataloging and online retrieval
Application two: Joint cataloging and online retrieval, the forming of them is by the use of the communication technology to achieve joint processing of bibliographic data, shared cataloging data. There were also some problem at that time.
The first is the problem of Joint cataloging system. In 1967, the world's first library cataloging system OCLC[7] (Ohio College Library Center, Ohio University Library Center) was established. in 1971 the catalogue was implemented in 12 universities in this state.
Based on the union catalogue, OCLC absorbed the university’s libraries outside the state to join them. in 1981, it was renamed Ohio Computer Library Center, which achieve a greater range of cataloging.
The second problem to be solved is retrieval system problems.Between 1960s and 1970s, the application of computer in the field of bibliographic data processing gave birth to a number of commercial operating companies, and further developed into companies providing online retrieval services.
In 1972, the world's first commercial online information retrieval system DIALOG[8] was established by the Lockheed Missile and Space Company in the United States and it also provided some services for some companies. This system is connected by a user terminal around the world and telecommunication networks, providing bibliographic data retrieval service.
2.1.1.3 library automation integrated management system
This system regarded the computer as the main body and used communication technology and the high density storage technology to implement automatic management under procedures control for all aspects of library work (interview, cataloging, circulation, information retrieval and library management).
To promote the main conditions of Library Automation Integrated Management: computer Joint cataloging system, retrieval system, computer network connected to each other by means of communication,the microcomputer and its popularization.
[bookmark: _Toc512446508]2.1.2 The application of electronic technology -the second step of book management 
2.1.2.1 data processing
The purpose of document information processing is to organize and manage the document information scientifically, to make it orderly, and to provide users with convenient use.
The document information processing in the modern information technology environment mainly refers to:
(1) bibliographic data processing; 
2) full text data processing; 
3) multimedia data processing. 
This is actually the basis of digital libraries. With the application of computer in library document information processing technology, from the initial electronic processing technology to digital technology and multimedia technology, the level of document data processing is further developed from the initial bibliographic data processing to the full text data processing and the multimedia data processing.
The practice of bibliographic data processing began in 1950s. Full text data processing related theoretical discussions began in 1960s and the typical research is reflected in the following works: in 1960s, the American scholar Licklider published the "future library"; In 1975, Christian, an American library scientist, published “the electronic library: bibliographic database: 1975-1976”. The related practice research began in 1970s. In 1973, the world's first LEXIS-NEXIS, which provides networked full-text legal information, was founded and began to provide services. At the end of 1970s and early 1980s, the electronic information exchange system project (EIES) [9]funded by the U.S. National Science Foundation and Birmingham and loughborough electronic network development funded by the British Library Research and Development Department do some experiments. The experimental system provides electronic journals full text to end users through the network. 
Related research about multimedia data processing is started in 1980s, 1982-1987, the Library of Congress of the United States launched a “Optical Disk Pilot Project”, many Library of Congress departments of the collection ,documents and pictures was processed digital, and they also provide services. In 1980s, the National Library of Medicine (NLM) and the National Archives of the United States (NARA) launched the world's first electronic image systems.
2.1.2.2 data storage 
In the introduction of data processing technology, storage technology has also been a great development: Disk and CD-ROM disk was an important carrier of information storage; Database technology makes electronic information storage, sorting and retrieval more convenient and reliable. a large number of literature resources database can be produced and used.
2.1.2.3 LAN(local area network) service
local area network began to be applied in the library service. Electronic reading room has become a new service point of the library. 
The above application has greatly improved the data processing ability of the library, and the technology has been widely used in the service. The management idea of library automation has changed from internal management to user service. People call this change the second stage of library automation development.
[bookmark: _Toc512446509]2.1.3 The application of network technology-the third step of book management
With the rapid development of computer technology and document information processing technology, network technology has also been developing rapidly. Mainly in two aspects: the development of Internet technology, the application of the Internet which makes the forming technology environment -the world wide web (WWW) [10]and information exchange by the highway. 
Technology environment of the world wide web makes the resources distributed on all parts of the Internet connected by nodes, which make it easy to organize and query cyber source for people.
In 1989, scientists of CERN(the European particle physics laboratory, Switzerland) programmed an information query system-web system. It provides a hypertext environment for the Internet, the distribution of all kinds of resources on the Internet (including multimedia resources) can be connected with each other through the system. The cyber source query is also possible.
With the development of Internet, the globalization and integration of electronic document information service becoming a reality. More importantly, the globalization and integration of electronic document information services make it possible to share the global literature information resources that people dream of. People call that the service of electronic literature information globalization and integrated electronic literature information service of the library are the third stage of library management automatic development.
[bookmark: _Toc512446510]2.1.4 The application of digital technology-the fourth step of book management
Digital library technology[11] is a kind of technology which integrates many kinds of information technology and equipment. It includes computer technology, network technology, communication technology, document information processing technology, database technology, multimedia technology and other technologies[12]. The main technology of improving the development of the digital library is the computer processing ability. It can make fast text retrieval and multimedia text production become possible. By extensive interconnection between computers, digital documents become the ultimate form of communication; third is a micro computer popularization and user friendly interface. The use of computer become intuitive, easy to use, available. People call the application stage of digital library technology as the stage of digital library, that is, the fourth stage of library management development.
[bookmark: _Toc512446511]2.1.5 The introduction to Ebook
EBook[13] is the so-called electronic book, which is a new way of network publishing created by Internet technology. It implements the traditional way of publishing and publishing books in computers, which is different from traditional printed media publications. As an important tool for civilization and cultural heritage, e-books have replaced paper media in many fields. Electronic books and paper books are tools for carrying text. With the continuous development of society, people will gradually deepen their understanding and understanding of the significance and necessity of traditional reading in reading habits. The decline in the reading rate of paper media is largely due to the fact that readers have turned their attention from paper media to electronic reading materials. In the library management system, e-book can also be added to the search functions, such as the classification and search of books.
E-book is a new form of literature publication. It is published on the Internet in digital form, and readers read information through reading terminals. It has many advantages, such as large information content, rich content, multiple retrieval methods, convenient replication, convenient storage and space saving. In recent years, with the continuous improvement and progress of electronic publishing technology, the variety of electronic publications is more and more.
[bookmark: _Toc512446512]2.2 The example of book management system
There are many famous book management systems, such as Unicorn, Horizen, Innopac, Aleph500, Interlib and etc. These book management system have their own features. This chapter will introduce two systems-Aleph500 and Interlib and also analyze Aleph500 and Interlib from cost, technology, functions and structure. This part will also discuss the representative electronic book.
[bookmark: _Toc512446513]2.2.1 Aleph500
2.2.1.1 The introduction to Aleph500
ALEPH500 system[14] is a complete library automation integration system, which is the fifth generation of products developed by ExLibris Ltd, israel.
ALEPH500 is a product based on intelligent design, using distributed logical structure and multi-layer client / server architecture as well as mature and open relational database (ORACLE).
In the library functions, it includes World Wide Web and Z39.50 integration, multi lingual, multi MARC format, as well as more complex joint operations support center. It has strong scalability and adaptability, and can effectively realize resource sharing by combining interlibrary loan and document delivery function.
The ALEPH500 system provides powerful resource sharing capabilities, which support multi library combined operating mode, support library management policy and database configuration (including joint contents, joint index, centeral ,virtual Union Catalog, etc.). It also has been combined to interlibrary loan and document delivery function module, and these modules are integrated into the circulation and cash management function of the ALEPH500 system. The support of ISO ILL (interlibrary loan international standards) enables readers to obtain the required documentation from libraries or worldwide literature providers.
Aleph 500 is fully in line with industrial standards, and is a perfect art level library solution, which represents the essence of flexible and easy-to-use philosophy pursued by Ex Libris. Ex Libris is the world leader in the development of high performance application systems in libraries and information centers. 
Aleph 500, the Oracle database as the background, fully supports the Unicode character set, XML management reports, and API which can connect to other top-level application system, and is the pioneer of library automation field. With more than 20 years of development experience, and after four generations of Aleph system design, Ex Libris has won a number of loyal users around the world. At present, there are more than 1250 Aleph systems installed in libraries and multi library organizations in 51 countries and regions.
The basic function modules of ALEPH500 system include: online public inquiry directory (including WEB based query), cataloging and standard control, book management, circulation, interview, continuous publication management, interlibrary loan, system management and etc..
Readers can also achieve access to electronic resources and Internet resources by the ALEPH500 system supporting the function of connecting the field. By Z39.50 radio retrieval function, the library can be achieved on a local or remote database fast and effective retrieval. The access to the CDROM CD and the cited library extends the readers' retrieval of the electronic resources of the library, and the real-time connection between the citation system and the ALEPH500 bibliographic collection enables the readers to understand the library's collection resources in time.
2.2.1.2 The characteristics of ALEPH 500 system
1 complete system function
2 open and reliable platform for software and hardware system
3 powerful network service function
4 Advanced Architecture Design
5 fully support the international standards of the industry
6 unique system flexibility
7 highly flexible application process
8 super multilingual processing ability
9 full Unicode support
10 successful localization development in China
11 system integration
12 complete online technical data
13. Sustainable development capacity of the system
14 super multi library joint operation support
15 convenient two development capabilities
16 imely and effective localization services and technical support
2.2.2 [bookmark: _Toc512446514]Interlib
2.2.2.1 The introduction to Interlib
Library management system Interlib [15]is a new third generation library automation software, which use an open multi-tier structure system. It bases on Internet to achieve the combination of traditional services and massive digital resource management. As a new carrier form of Resource Construction and sharing, Interlib breaks the separation situation of libraries and manages the library group in the region as a whole so as to achieve the purpose of resource co construction, sharing, rational allocation and mutual cooperation between libraries.
Interlib links the area’s library together through the Internet network or metropolitan area network, which will make up a regional group to establish virtual library, electronic, a regional library group digital and network information space. At the same time, through the opened multilayer structure opened with other libraries, readers can achieve resource sharing and collaboration at home and abroad. It just achieved the library group the resource management and business collaboration in the real sense.
2.2.2.2 Advantages of joint services of Regional Library groups
1. Through the Internet network or metropolitan area network, the library in the region will be united to form a regional virtual library.
2. To establish a regional library group of electronic, digital, networked information space.
3. Using multi-tier structure, through the open multi-layer structure to share and collaborate with other libraries at home and abroad.
4. Combine library work with digital resources.
5. Provide multi-level library group joint service.
6. Orderly integration of Library groups of literature, digital resources, information, to achieve 1+1>2 effect.
7. Areas are connected with each other through the Internet/ metropolitan area network. Under the management of the library cluster management system, they are no longer isolated and discrete points.
8. Regional library group is a whole, but also has its own characteristics.
2.2.2.3 The main function features of InterLib system
1.100% pure Java development products, cross platform products running on multiple hardware platforms and multi operating systems.
2. B/S mode multi-tier architecture, closely integrated with Internet.
3. Browser uses XML and XSLT technology to solve the limitations of Html and adapt to the latest technology development.
4. Fully support the Unicode standard, truly solve the multilingual (small language) coding problem.
5. Support Z39.50 protocol, and support the next generation Z39.50 protocol ZNG.
6. The system uses MD5 algorithm to encrypt user information, and provides the security of industrial standards.
7. Dynamic MARC definition, fully meet the coexistence of multi MARC format in the same system.
8. Workflow, the user function menu dynamically organized according to user privileges.
9. Uses a variety of index optimization strategies, cache technology, in millions of bibliographic records, query millisecond response.
[bookmark: _Toc512446515]2.2.3 Comparison between Aleph500 and Interlib
There are many differences between Aleph500[16] and Interlib. This session will compare their features from cost, technology, functions and structure. Aleph500 is made by by ExLibris Ltd, Israel and Interlib is made by a Chinese company. They do this system according the requirements of their country’s library.
2.2.3.1 Cost
Comparing to Chinese library system INTRELIB, Aleph500 costs more money on the cost of buying and the cost of maintenance per year. The proportion of the annual maintenance cost to the purchase cost is almost same. This table is the comparison of the cost.


Table 1 cost comparison
	System name
	Purchase expenses
	Annual maintenance cost
	The proportion of the annual maintenance cost to the purchase cost

	INTERLIB
	14000￡
	1700￡
	12%

	ALEPH500
	170000￡
	14000￡
	8%



2.2.3.2 Technology
These two systems have their own technologies. For Aleph500, it based multi-layer client/server structure which is also the most different thing between these two systems and the development language is Java. In addition, it also Support different kinds of MARC format, including USMARC and UKMARC, completely support Z39.50 agreement and implement Unicode. For Interlib, its architecture pattern is browser/Server mode. The development language, database system, Z39.50agreement and Unicode are the same with Aleph500 except the MARC standard supporting CNMARC and USMARC.


Table 2 technology comparison
	
	ALEPH500
	Interlib

	Architecture pattern
	Based multi-layer client/server structure
	Browser/Server mode, which represent the direction of communication technology

	development language
	Java
	Java

	Database system
	Oracle
	Oracle

	MARC standard
	Support different kinds of MARC format, including USMARC, UKMARC, etc.
	CNMARC,USMARC

	Z39.50 agreement
	Completely support
	Completely support

	Unicode
	Completely implement
	Completely implement


2.2.3.3 Functions
The functions between Aleph500 and interlib is almost similar. The figure compare the features from borrow and return, multi condition group retrieval, minority language cataloging, one card system and core journals management.
Table 3 Functions comparison
	
	ALEPH500
	Interlib

	Borrow and return
	support
	support

	Multi condition group retrieval
	support
	support

	minority language cataloging
	support
	support

	One card system
	Support booking 
	support

	Core journals management
	support
	support


2.2.3.4 System structure
Aleph500 system structure is multi-layer and bases component architecture.It provides a full guarantee for the flexible configuration of the automation system.At the same time, this architecture can be a large-scale transaction service Scatter to multiple hardware platforms and it has an important meaning tothe efficient operation of the system and the further expansion of the system scale
The Interlib software system based on Internet, open system, structure more than three layers: the core layer, the database library business layer, application service layer and Web user interface layer. Scalability and security of the system has been greatly improved due to Web user interface layer. It uses the most popular software development language Java combined with Internet and also uses software engineering ideas: through Unified (Process unified process) analysis and design, the application of PDM (physical data model) analysis of the establishment of data model, UML (Unified Modeling Language) to establish the application model.It has the multi tier architecture and supasses the traditional library automation system of two layer structure. Through the MVC (model view control) architecture, it is the construction application of the third generation library system foundation.
[image: ]
Figure 1 Aleph500 system structure (INSERT LATER)
[image: ]
Figure 2 Interlib system structure
2.3 [bookmark: _Toc512446516]Book management functionality analysis
To understand the general library management system, generally speaking, the library management system will include the following common functions: login management, user information management, book information management, lending management and Book inquiries. For e-book, some functions should also be include, such as login management, user information management, boom information management, lending management and Book inquiries. Therefore, book information management and book inquiries are the basic functions for a book system.
1 login management: to provide users with the functions of login, write off and modify the password.
2 user information management: each user can view and modify his information, and at the same time, users can also check their borrowing information and historical lending information.
3 book information management: librarians can increase and update books. When the books are added, we should check whether the books that are being added or repeated with the books collected, and the corresponding treatment should be done. When the book information is updated, the book information is updated after the collection of books in accordance with the number of books.
4 Library Lending Management: librarians can borrow and return books. Borrowing and returning books is still the most important work of library. When borrowing books, we need to decide whether the book has been borrowed by the user and operate accordingly. When returned, just find the user's borrowing information and return the book.
5 book inquiry: the user can inquire through the book number and the name of the book. The query function of the book is added to meet the needs of the user to understand the library's information. Book query is conditional inquiry, according to the book number, book name, publisher, author and other information for conditional inquiry. When the information to enter is empty, it will query all the books.
[bookmark: _Toc512446517]2.4 The contemporary technology in book management system
In modern society, computer technology is used in many aspects. The typical computer technologies used in the library management system have database technology, JDBC, some structures and JAVA. The application of these technologies has promoted the development of the library management system and improved the efficiency of work and life.
[bookmark: _Toc512446518]2.4.1 Database technology
Database[17] technology focuses on the basic theory and implementation method of database structure, storage, design, management and application, and uses these theories to realize data processing, analysis and understanding technology in database. Database technology is a software science for research, management and application of database.
[bookmark: _Toc512446519]2.4.2 A brief introduction to the C/S and B/S structure
The C/S structure[18], the well known client and server structure, is a software system architecture. It can make full use of the advantages of two ends hardware environment, allocate tasks reasonably to Client terminals and Server terminals, and reduce the communication cost of the system. 
The B/S (Browser/Server) mode is also called the B/S structure. It is an extension of the application of the C/S pattern with the rise of Internet technology. In this structure, the user's work interface is implemented through IE browsers. The biggest benefit of B/S mode is that operation and maintenance are simple. 
[bookmark: _Toc512446520]2.4.3 JAVA brief introduction
Java [19] is an object-oriented programming language that can be used to compose cross platform application software. It is the general name of Java programming language and Java platform (JavaEE, JavaME, JavaSE) launched by Sun Microsystems in May 1995. 
Java has been very popular and developed rapidly since its appearance. It has made a strong impact on the C++ language. Java technology has excellent versatility, efficiency, platform portability and security. It is widely used in personal PC, data center, game console, science supercomputer, mobile phone and Internet, and has the largest developer professional community in the world. Under the global cloud computing and mobile Internet industry environment, Java has a significant advantage and broad prospects.
2.3.4.1 Main features of JAVA
1. mandatory object oriented
2. distributed
3. robust
4. safe
5. architecture neutral
6. portable
7. interpretive
8. Java is slightly higher in performance
9. Java language is native to support multithreading
10. Java language is dynamic
In conclusion, book management has a long history through four steps, many famous people devoted all their life to technology. For book management system, Java and database is a trend. Every system need a front end and back end. Because JAVA is a cross-platform language[20], it will be easy for people who use different system in different region. This project will use database technology and java to build book management system.
[bookmark: _Toc512446521]2.5 Data mining in book management system
[bookmark: _Toc512446522]2.5.1 Definition of data mining
Data mining[21] is an uncommon process of obtaining effective, novel, potentially useful and ultimately understandable patterns from a large number of data. In simple terms, data mining is the extraction or mining of knowledge from a large number of data. The knowledge is limited and must be effective, novel, useful and understandable. It is extracted from the data. The data is not only a number, its form of expression can be text, graphics, structured language, web pages, and so on. The mining process is not easy, and the final result is easy to be accepted and understood by the user. From the definition of data mining, it is not difficult to see the three steps of data mining: data preparation, data mining, result expression and interpretation. In the data preparation stage, we need to select, preprocess and transform the data. In the data mining stage, we need to choose the algorithm. The process of data mining is actually the process of repeated completion of these stages.
[bookmark: _Toc512446523]2.5.2 function of data mining
1 forecast trend and behavior automatically
Developer use data mining[22] to find predictive knowledge in database, and predict the future data state, so it is uncertain. The prediction may be correct and comprehensive. It may also be partial and one-sided. Therefore, it is necessary to analyze, study and demonstrate the results of the excavation.
2 correlation analysis
There is a huge amount of data in the database, which may have nothing to do with the data, and there may be some kind of more or less relationship. Association analysis is to find this kind of relationship in the database, and it is found that the hidden Association in the database is the purpose of association analysis. The relationship between beer and diapers is the association analysis, people will not think there will be a relationship between them f not by data mining.
3 clustering
By dividing or dividing the records in the database into groups, similar clusters can be combined and it is also called clustering. In the division of objects, not only the distance between objects is considered, but also the classes that are divided have some kind of connotation description, thus avoiding some aspects of traditional technology. A cluster generated by clustering is a set of data objects, which are similar to each other in the same cluster and differ from the objects in other clusters.
4 concept description
By describing the connotation of the class objects and summarizing the characteristics of the class objects, that is to describe the concept.
5 deviation detection
There are always some special cases, such as the abnormal instances in the classification, and the data in the database often have unconventional records. It is very necessary to detect the deviations of these abnormal records. It is the basic method for the deviation detection to find the difference between the observation and the reference value.
[bookmark: _Toc512446524]2.5.3 The application of data mining in book management
1 cluster analysis
First of all, we should calculate the attribute value of the data object, get the phase difference, divide it into multiple classes or clusters according to the degree of the phase, The higher object similarity is a cluster, and the different objects make up different clusters. Clustering can be used to analyze the users of books.
2 association rules
Association rules mining is to find interesting association or correlation relationships among a large set of data items. The most classical algorithm in association rules is the Apriori algorithm. Using the single dimension association rules of Apriori algorithm to find the relationship between these books can figure the requirements of books.
[bookmark: _Toc512446525]2.6 Summary
The book management has gone through a long period of time and the emergence of new technology has brought convenience to the management of books. This chapter focuses on the investigation of the four stages of the development of the book management system, introduces two typical library management system Aleph500 and Interlib, introduces related technology and model of library management system and analyze the application of data mining technology in library management. Next, this report will design a simple library management system model based on the simplest user needs, and discuss the long-term application and related structure of data mining 

[bookmark: _Toc512446526]3 Research methodology and development methodology 
[bookmark: _Toc512446527]3.1 Definition of methodology
Methodology is a method used in the research process that why you choose methods rather than alternative methods of your research. What is the process of your research? What is the difference between your methods and other comparisons? What is the inspiration and limitation of your research methods on future development?
[bookmark: _Toc512446528]3.2 Waterfall software development model
The waterfall model (figure 3)[23] is a project development framework. The development process is designed through a series of stages from the analysis of the system requirements to the product release and maintenance. Each stage will have a feedback loop, therefore, if the information is not covered or found a problem, it is best to "return" on a a stage and make the appropriate changes, the project development process from one stage of the "flow" to the next stage, which is the origin of the name of the waterfall model. 
[image: ]
Figure 3 waterfall model
[bookmark: _Toc512446529]3.2.1 Advantages for this project
Water model have many advantages[24] for this project so that this project choose it. Below is a list of its advantages.
1. A checkpoint which is divided by stage is provided for the project.
2. When the current phase is completed, you only need to pay attention to the follow-up phase.
3. It provides a template that allows analysis, design, coding, testing, and support to have a common guide under the template.
4. The overall requirements of users in this project are relatively clear
[bookmark: _Toc512446530]3.2.2 Disadvantages for this project
However, there are still several shortcomings for this project to use this method[24]. 
1. There is little feedback between the various stages of the project.
2. The results can only be seen in the later period of the life of the project.
3 Tracking each project phase through too many forced completion dates and milestones.
[bookmark: _Toc512446531]3.3 Development tools
For developing this system, the software that have been used are eclipse and SQLyog. As for hardware, a computer is needed which is used to simulate a server. There are also some language used such as Java and SQL language.
Eclipse[25] is an open source, Java based extensible development platform. As far as it is concerned, it is just a framework and a set of services that are used to build a development environment through plug-in components. For this project, plug in windows builder is used, which include graphic interface development.
SQLyog[26] is a fast and concise graphical tool for managing MYSQL database. It can manage your database effectively at any place and is produced by the famous Webyog company in the industry.Using SQLyog can quickly and intuitively maintain a remote MySQL database from any corner of the world.
Java[27] is an object oriented programming language. It not only absorbs the advantages of C++ language, but also abandons the concepts of inheritance, pointers and so on. So Java language has two characteristics: powerful function and simple and easy to use. As a representative of static object oriented programming language, Java language implements object-oriented theory excellently, allowing programmers to do complex programming in an elegant way of thinking. Some reasons cause that this system choose this programming language[28]. 
1. Safety
Java's storage allocation model is one of the main ways it defends malicious code. Java has no pointers, so programmers can't get hidden inside and forged pointers to the memory. More importantly, the Java compiler does not handle storage scheduling decisions, so programmers can't guess the actual storage arrangements of the class by looking at the declaration. The stored reference in the compiled Java code determines the actual storage address by the Java interpreter at runtime.

2. Simplicity
Java looks like C++, but in order to make language small and easy to be familiar with, designers have removed many of the features available in C++ language. These features[29] are rarely used by programmers. For example, Java does not support go to statements, instead of providing break and continue statements and exception handling. Java also eliminates the C++ operator overload and multiple inheritance features, and does not use the master file to remove the preprocessor. Because Java has no structure, arrays and strings are all objects, so no pointers are needed. Java can automatically process references and indirect references of objects, realize automatic collection of useless cells, and users do not have to worry about storage management problems, and spend more time and energy on R & D(research and development).
3.Cross-platform
Cross platform refers to the normal operation of the software in any computer environment without the constraints of the computer hardware and operating system. This is the trend of software development and the goals pursued by programmers. Say this is because many types of computer hardware, operating system is also different, different users and computer companies have their own different environmental preferences, and software in order to run normally in these different environments, we need independent of the platform.
In the Java language, the virtual machine that Java brings is well implemented across the platform. The Java source code is compiled to generate binary bytecode, which is unrelated to the platform, but can be recognized by the Java virtual machine as a machine code instruction. The Java virtual machine provides a barrier to the underlying hardware platform and operating system, making the Java language cross platform.

[bookmark: _Toc512446532]4. Design
[bookmark: _Toc512446533]4.1 introduction
Design is an important step in the process of the project, which determines the direction and goal of the project. This chapter will analyze the personal library management system and the professional library management system through questionnaires, and design the related database, interface and UML diagram based on the survey results.
[bookmark: _Toc512446534]4.2 requirements specification
Requirements analysis, is also known as the software requirements of system, demand analysis or demand analysis project. It is through research and in-depth analysis, accurate understanding of user and item function, performance, reliability and other specific requirements. The user needs to express the formal requirements definition complete, so as to determine what the system must do in this process. This section will discuss the results of the questionnaire and summarize the needs of the user. The system mainly establishes a book management system model based on C/S mode. The main purpose of the system is to realize some basic functions.
According to the results of the survey, each requirement has its priority, which is different for different types of library management systems.
Table 3 requirements for personal book management system.
	Function
	description
	priority

	login
	Enter the username and password, click the login button, and enter the library management interface
	high

	Book information management
	Add ,revise, edit and delete book information and book type information
	high

	lending
	Lend and borrow
	middle

	Book inquires
	Query books
	high

	Two class users
	One for users and one for administrator
	low

	User information management
	Administrator can manage user’s information
	low



Table 4 requirements for professional book management system
	Function 
	Description 
	priority

	login
	Enter the username and password, click the login button, and enter the library management interface
	high

	Book information managemrnt
	Add ,revise, edit and delete book information and book type information
	high

	lending
	Lend and borrow
	high

	Book inquires
	Query books
	high

	Two class users
	One for users and one for administrator
	high

	User information management
	Administrator can manage user’s information
	high


From the above analysis, it can be seen that the personal library management system needs less function than the professional edition of the book management system. This design will be executed according to the needs of personal library management system, aiming to design a simple personal library management system model. For professional edition library management system can be expanded in the future work.


[bookmark: _Toc512446535]4.3 structure of interface page
The interface of the model includes the login interface, the main interface, and the corresponding pop-up interface in the main interface. The overall diagram of the main interface is shown in the figure.


Figure 4 overall interface diagram
The following picture shows the hierarchy of the interface


Figure 5 the hierarchy of the interface
[bookmark: _Toc512446536]4.4 database design
[bookmark: _Toc512446537]4.4.1 outline of database design
Database design[30] is the process of converting real world entity model and requirement into database model. It is the core problem of establishing database application system. The performance of database and its application is based on good database design. The data of database is the foundation of all operations. If the database is not well designed, all other methods used to improve database performance are limited. The key of database design is how to make the design database can store the user's data reasonably and facilitate the user to carry on the data processing.
Design database must follow certain rules[31]. In relational database, this rule is a paradigm, and the paradigm is a set of relational patterns that conform to a certain level. Generally, people design databases to follow the third paradigm. That is: the database table does not contain the primary keyword information that has been included in the other tables. The use of paradigm reduces data redundancy, saves storage space, and speeds up the speed of editing.
The information included in the whole system includes book information, user information and book type information. This information can be abstracted as the data items and data structures required by the following systems:
1. book information
2. book type information
3. user information
[bookmark: _Toc512446538]4.4.2 ER diagrams and UML
The E-R diagram[32] is used here to describe the data model of the book management system. The UML diagram[33] of the book management system describes the entities involved and the relationship between them. The entity of the design and planning has: the book information entity, the user information entity, the book type information entity. 


Figure 6 entity of book information


Figure 7 entity of user


Figure 8 entity of book type 
The relationship between booktype and book is many to one. One book has only one type and one type book can have many books. For the users here, because it is not the user who borrow books and it is the users who manage the book, no relationship is created between users and other entity. The UML diagram[34] represent the connection (figure 9).
[image: ]
Figure 9 UML diagram for database
[bookmark: _Toc512446539]4.4.3 Data Dictionary
“A data dictionary is a file or a set of files that contains a database's metadata. The data dictionary contains records about other objects in the database, such as data ownership, data relationships to other objects, and other data[35]”
Below tables show the data dictionaries from each tables.
Table 5 book information table
	Field Name
	Type
	Length
	Index

	id
	int
	
	Primary

	Bookname
	Varchar
	20
	

	Author
	Varchar
	20
	

	Sex
	Varchar
	10
	

	Price 
	Float
	
	

	booktypeID
	int
	
	

	bookdescription
	varchar
	1000
	


Table 6 book type information table
	Field Name
	Type
	Length
	Index

	id
	int
	
	primary

	booktypename
	varchar
	20
	

	booktypedescription
	varchar
	1000
	


Table 7 user information table
	Field Name
	Type
	Length
	Index

	id
	int
	
	primary

	username
	varchar
	20
	

	password
	varchar
	20
	





5 [bookmark: _Toc512446540]Implementation
This system is a window application software, using C/S mode to design. Therefore every function in each module should be displayed by window. In order to embody the encapsulation of the program, each window is implemented with a class. In order to implement window view, all classes that are applied have inherited window class objects. This system implement event response listener interface to generate corresponding event response when used.
In order to reflect the interface style of windows, the layout of each control should be consistent on one window. The font used to display is set to the same font, and the color of each window interface must be consistent, so as to ensure a friendly interface to users.
[bookmark: _Toc512446541]5.1 Software and related technology
In the process of the implementation of this system, the main use of eclipse, SQLyog, Java swing and JDBC and other related software and technology.
[bookmark: _Toc512446542]5.1.1 java swing
Swing (user interface development kit) is a development toolkit for developing the user interface of Java applications. It is based on the abstract window toolkit (AWT)[36]  to enable cross platform applications to use any pluggable style of appearance. Swing developers can make use of Swing's rich, flexible functionality and modular components to create an elegant user interface with only a small number of code. All the packages in the toolkit are named with swing, such as javax.swing, javax.swing.event.
JPanel: JPanel is a container, you can add other GUI components to it, such as button JButton components, but JPanel is not a top-level container, so JPanel is displayed on the screen, and it must be added to a top-level container, such as JFrame.
JSplitPane: Split Pane (partitions) can display two components in two display areas at a time. If you want to display components in multiple display areas at the same time, you must use more than one Split Pane at the same time.
JLabel: It is used for a short text or an image or a display area of the two.
JTextField: It is a lightweight component that allows you to edit single line text.
JTextArea: It is a multiline area that displays pure text.
JPasswordField: JPasswordField is a lightweight component that allows a single line of text to be edited, and its view indicates that the contents are entered, but the original character is not displayed.
JButton: The implementation of "push" button. The button can be configured through the Action, and a certain degree of control is carried out.
JScrollpane: It provides a lightweight component's scrollable view. 
JRadioButton: implement a radio button, which can be selected or canceled, and can display its status for the user.
[bookmark: _Toc512446543]5.1.2 JDBC
JDBC[37] provides a unified interface to connect all kinds of relational databases. As a data source, it can provide unified access for multiple relational databases. It consists of a set of classes and interfaces written in Java language. 


[bookmark: _Toc512446544]5.1  The overall structure of the system
[bookmark: _Toc512446545]5.2.1 System operation flow chart
Below is the overall system operation flow chart illustrating the steps for this system.


Figure 10 overall flow chart


[bookmark: _Toc512446546]5.2.2 code structure
To construct this system, codes are organized hierarchically. Below is the structure for code.
[image: ]
Figure 11 code structure
Four packages are used to create the system, dao, model, util and view. The Dao package is connected to the database so as to add, delete and altere through the SQL language. The Model package is the establishment of book, bookType, and user entities. The Util package is to create a connection to the database. The view package is a registered monitor for the image interface and the corresponding events.

[bookmark: _Toc512446547]5.2.3 Process of data
When adding information, the numbering field is automatically generated by the system, and it can not be modified. Other information is input by users. After that, the data is legitimately judged, and the legal data is written to the database, which does not conform to the rule of re entering data. Data addition flow chart:


Figure 12 Data addition flow chart


When modifying information, we first select a record to be modified, then input data directly, decide the legality, and then save it to the database.


Figure 13 modify data


When a user selects a record, click the delete button, which prompts the user to determine whether to delete, and then delete the database related content.


Figure 14 delete data
[bookmark: _Toc512446548]5.3 database design and operation
This system is a window application software, designed by C/S mode, so every function in every module must be displayed in windows. In order to embody the encapsulation of programs, each window is implemented by one class. In order to implement the window view, all the classes applied are the inheritance window class objects, and the event response listening interface is implemented so as to produce the corresponding event response when using the function.
[bookmark: _Toc512446549]5.3.1 Design of database in sqlyog
Database is the basic part for book management system. In this process, sqlyog is the software used. To build the structure of database, the first step is to create appropriate entity. SQLyog is an easy-to-use, fast and succinct graphical tool for managing MYSQL databases. It can manage your database effectively in any place.
You can use SQLyog to create database and data table, add, delete, modify, and query the records in the table.Three entities are built in sqlyog, book, booktype, user. Below shows the table created in sqlyog.
[image: ]
Figure 15 sqlyog project window



Subsequently, relationship of three tables is the next stage.
[image: ]
Figure 16 relationship of database
[bookmark: _Toc512446550]5.3.2 Implementation of the entity in the code
In eclipse, three entities, books, book types, and user entities have been established by Java. Take the get and set methods for access. The initialization is carried out by the correlation construction method.Below is the stage for entity code.
[image: ]
Figure 17 steps to create entity
For book entity, id, bookname, author,sex, price, bookType id, book type name and book description are needed. After creating variables, the corresponding construction methods, codes of get and set methods, should be constructed.
[image: ]
Figure 18 create variables(1)
For book type entity, id book type name and book type description are the variables 
[image: ]
Figure 19 create variables(2)
For user entity, id, user name and password are the variables.
[image: ]
Figure 20 create variables(2)
[bookmark: _Toc512446551]5.3.3 Getting the connection of the database
Using JDBC to access the database contains three steps:establish a connection with the database;read and write to the database by sending SQL statements;processing the execution result of a statement, especially the return data of a query.


Figure 21 create database connection
First, create the corresponding variable. The following code is the construction of variable.
[image: ]
Figure 22 create the corresponding variable
Next is to get the connection of the database. Class.forName is the method to set the driver.Here is the DriverManager interface. Its main function is to get a database connection.
[image: ]
Figure 23 driver
Closing the connection is the final step.
[image: ]
Figure 23 close the connection
[bookmark: _Toc512446552]5.3.4 SQL query between front end and back end
In the process of adding, deleting, and modifying books, some SQL statements will be used. SQL is the programming language which can build the connection between front end and back end, so as to complete some process. The interface PreparedStatement is used to do adding, deleting and modifying books. The first is to write SQL on the basis of needs. Then, by establishing connection with the database, calling related methods to execute SQL, and finally returning the corresponding results.
Taking data delete as an example, other methods of operation are the same. First, delete it based on ID , then establish a connection through the interface, then execute the delete operation and return the result.
[image: ]
Figure 24 delete sql


[bookmark: _Toc512446553]5.4 Interface design and registration of events
Here is the overall figure illustrated the step to create a GUI interface.


Figure 25 Overall process


6.4.1 login interface
When a user runs a library management system, a user login interface will appear. The user enters the correct username and password, that is, the login is successful. If the login information is wrong, the user name or password is prompted to erroneous information and is unable to enter the main operation page after login.
Below is the interface of login for book management system. Because swing is used for interface design, there is no need to write relevant code of interface design. only registered related events are necessary.
[image: ]
Figure 26 login interface
The following is the main code for event processing. First judging whether user name and password are right or not. If not, a window will be popped up.
[image: ]
Figure 27 event processing code
[image: ]
Figure 28 Pop up window
6.4.2 book information management
Book information management includes the addition and modification of book information. The book information is added to the internal form as shown in the diagram. After entering the legal data, click Add button to complete the operation of book information addition.
[image: ]
Figure 29 add shot
For adding events, the corresponding variables are judged, the following is the relevant code.
[image: ]
Figure 30 adding event
The internal form of the book information modification is shown as shown in the figure. After selecting the data that needs to be modified in the form, the relevant information of the book will be displayed below. After the modification is completed, click Modify button to save the modification to complete the operation.
[image: ]
Figure 31 modify window
6.4.3 book type information management
In order to facilitate the management of books, books can be classified, so the management of category information is provided. The addition and modification of book categories is similar to data process. The book category is added to the form as shown in Figure. The page can enter the name of the new category. The book presided over the borrowing days and the fine information of the super device. Click the button to complete the addition and modification of category information.
[image: ]
Figure 32 add book type
[image: ]
Figure 33 edit book type
The addition of book categories will be judged accordingly. Here is the main code.
[image: ]
Figure 34 register event for add book type
[bookmark: _Toc512446554]5.5 problems in implementation
In the Eclipse environment, errors will be displayed in time, so the difficulty of finding and modifying them is not very large.
In this project, I mainly record functions through related notes. By inserting a system.out.println (intermediate value) out of the middle value to the console to determine the process of running a program. In the programming process, sometimes because of too much code and can't be understood directly, the system.out.println (intermediate value) is inserted to determine where the program is going, and the middle value can be clearly recorded.


6. [bookmark: _Toc512446555]Analysis of the application prospect of data mining in the book management system
With the development of information technology and the increase of readers' choice of data, the current library management system has greatly improved in terms of technology automation and information processing diversification. Although the application of these technologies has broken the limit of region and readers of the enhanced processing means, the current library information management system of low precision and poor recall situation has not been fundamentally changed. These systems mainly face the following problems: information is too much, readers information retrieval takes a long time. The existing library management information system can not meet the needs of users personalized service requirements. It is necessary to accelerate the query speed and improve the query efficiency, so as to provide satisfactory information to users.
[bookmark: _Toc512446556]6.1 data warehouse and data mining technology
Data mining[38] is to find valuable hidden events in large databases, analyze them, conclude useful structures and get meaningful information, which is the basis for enterprises to make decisions. The application of data mining is very extensive. Any industry, as long as there are databases that store analysis value and demand, it can use related tools to purposefully mine and analyze.
In the field of book management[39], the use of data warehouse and data mining technology, can not only understand the purpose, characteristics and trend of user access to the library, but also can be based on the understanding of the user's interests and needs, improve service quality. It also can provide timely and accurate information on the basis of life for the management department of books to do some decisions. The application of data warehouse and data mining in library management information system can better solve the shortcomings of the analysis results in text database, such as the lack of reliability, low efficiency of data processing, and difficult to transform data into information.
[bookmark: _Toc512446557]6.2 library management system and data mining realization function
For future research, we can use WEB technology, database technology, data warehouse[40], data mining and AI technology to establish a library management information system for scientific management and decision-making.
The whole data warehouse system[41] is a architecture that contains four levels, as shown in Figure.


Figure 35 data warehouse architecture
[bookmark: _Toc512446558]6.3 The application of data mining
Based on the basic functions of library management information system, data warehouse and data mining technology can be used to establish a systematic decision function[39]. The specific functions have:
Studying the characteristics and relations of readers group: classifying readers group according to factors such as age, grade, profession and so on, or clustering, dividing readers into groups. By this means, the characteristics, relationships and needs of the users are more clearly understood.
To improve the attraction of library to readers: understanding the characteristics of the user can service for readers to carry out a series of improvement, improve the reader's satisfactory.
Improving the lending rate of collections: by improving the frequency of borrowing, the trend and cycle of book circulation, we can improve the layout of the library and make the lending rate of the library higher.
Improve the efficiency of library management: using data mining method can improve the level of decision-making, and better understand the library's service process, so as to improve the process and ultimately improve the efficiency of management.


7. [bookmark: _Toc512446559]Results and Evaluation
[bookmark: _Toc512446560]7.1Questionnaire results
Five candidates join this evaluation. Summary has been done as shown in appendix. Below is the figure shown the results of questionnaire. Every item score is not high level due to that it is a prototype which just achieves the basic function and have not been enough beautified.
Table 8
	candidates
	function
	interface
	usability

	1
	7 marks
	6 marks
	7 marks

	2
	7 marks
	6 marks
	7 marks

	3
	6 marks
	5 marks
	8 marks

	4
	5 marks
	4 marks
	7 marks

	5
	8 marks
	5 marks
	6 marks

	Average
	6.6 marks
	5.2 marks
	7 marks


[bookmark: _Toc512446561]7.1.1Function 
Question 1 is that candidates need to score the function of this system. Overall, as it is designed for personal use and it is a prototype for book management, this system’s function is enough for display. The average marks are 6.6 indicating that the function has achieved its requirements.
[bookmark: _Toc512446562]7.1.2 Interface 
The interface design average marks are lower than other item. From questionnaire, some reason can lead to this result. Such as simple color and not colorful, mess layout and not coordinated design. Due to this system is designed by java swing, the style of interface is unified and it can be changed in the future work by using web design.
[bookmark: _Toc512446563]7.1.3 Usability 
Candidates are required to score usability. Usability score is high. According to user feedback, mainly reflected in the following aspects. The system concept is simple and the function of the system is identified. Language is natural and logical. There are hints and revocation for incorrect operation, and hints for input. The picture is concise and the user has no big memory burden. It can be quickly mastered by the novice. 
Some recommendation are also proposed by users. Such as affordance and metaphor. Because interface design is simple and difficult to meet all requirements, these tasks are expected to be completed in the future.
[bookmark: _Toc512446564]7.2 System verification
This session will briefly document what requirements this project need and whether thet are met. Below tables specify the requirements for book management system and show whether this requirement has been included in this design. Comments part in the table describe how to achieve this function.
Table 9 Requirements
	Requirement
	login

	Comment
	This was built by swing. Drag some button and text.

	completed
	Yes



	Requirement
	Book information management

	Comment
	This was achieved by registering some event. 

	completed
	Yes



	Requirement
	Book inquires

	Comment
	This was achieved by registering some event.

	completed
	Yes


According to the tables, all requirements were met and some requirements are not so necessary that it has not been implemented in this system.


8. [bookmark: _Toc512446565]Conclusion and recommendations
[bookmark: _Toc512446566]8.1 conclusion 
With the advantage of Java language, the computerization of book management makes the management and maintenance of the system more convenient and flexible, the efficiency of work is improved, and the probability of error is greatly reduced.
This system can be convenient for the inquiry of books, convenient for the reader to borrow information, easy to borrow books and other books processing, convenient to add, modify, delete, classified management and other operations of book information. The system administrator can modify and update the library information, add, modify, delete, set up the authority and so on, and modify and maintain the book's certification parameters.
[bookmark: _Toc512446567]8.2 future work
This project just complete the basic function of book management system and it is for personal user. In the future work, some improvements can be applied.
1. build more beautiful and friendly interface
2. chang it to web and make it easy for everyone to get.
3. Build more complicated database
4. Use other programming language to complete it
5. Design a professional version
6. Do more research and get some creation.

[bookmark: _Toc512446568]9 Reflection
In this process, I learned a lot of knowledge, such as the use of Eclipse, MySQL development tools, the development of graphical interfaces, and the understanding of C/S patterns and software engineering, but the most important thing I learned was to use existing resources to solve problems, to find answers in the library and on the network. 
As a whole, the design has achieved the desired goal, not only to complete the task of graduation design, but also to get a workout, to learn the ability to acquire and to use new knowledge flexibly, which is a very meaningful experience for my future work.
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Appendix 3 Book management screen shot
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public Connection getCon()throws Exception({
Class. forlNane (jabcNane) ;
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