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1. Introduce
1.1 Project background
In the information technology, knowledge explosion today, computer technology has long become an indispensable part of our life. An important application field of computer technology is the management information system (Management Information System, MIS), which is a human-oriented system, using computer software and hardware technology and network communication technology, to realize the collection, transmission, storage, update and use of information.

The application of MIS has greatly improved the operation efficiency and management level of all walks of life. The powerful data processing ability and the auxiliary decision-making ability of the computer make the standardization, standardization and efficiency of the industry management possible. For example, in the medical industry, the management of pet hospitals is a typical example. Traditional pet hospitals adopt manual methods to manage files. The handwritten record of diagnosis and treatment information is not only inefficient, but also produces a large number of documents for a long time, which causes great difficulties in the search of documents and information query. However, with the application of MIS, the management mode of pet hospitals has been greatly improved, and the work efficiency has been significantly improved.

At present, WEB technology is widely adopted as the main technology for development. After years of technology accumulation and update, WEB technology has developed from a simple information browsing and information interaction platform to a complex enterprise-level application. For example, the management information system of pet hospitals can realize the functions of remote diagnosis and treatment, electronic medical records and drug management through WEB technology, which greatly improves the efficiency of diagnosis and treatment and the quality of medical services.

With the acceleration of the information process, people's demand for efficient, convenient and accurate information processing methods is also increasing. And the application of MIS just meets this need, enabling us to better cope with the various challenges of modern society. For example, in the management of pet hospitals, the application of MIS can realize remote diagnosis and treatment, electronic medical records, drug management and other functions, greatly improving the efficiency of diagnosis and treatment and the quality of medical services. At the same time, MIS can also provide decision support for hospital managers through data analysis, and improve the operation efficiency and market competitiveness of hospitals. The application of MIS has become an indispensable part of the modern society. It not only improves the operation efficiency and management level of all walks of life, but also meets people's needs for efficient, convenient and accurate information processing methods. With the acceleration of the information process, the application prospect of MIS will be broader.

In order to facilitate the management of pet hospitals, a set of perfect management mechanism is essential, which is also a premise for pet hospitals to provide good service quality, and modern pet hospitals with information technology has become an essential infrastructure and technical support for pet hospital operation. Pet pet hospital the application of management system, not only can realize the pet pet hospital work registered business, diagnosis, charge business, pet hospital business, pet grooming business organically, can also through the establishment of pet archives, help doctors better more timely understanding of pet condition, pet treatment plan, meet the demand of pet owners, and the establishment of pet archives is conducive to the pet epidemic prevention work. 

In the development process, we first need to determine the basic functions and processes of the system. According to the business process of pet hospitals, we need to design a reasonable system structure and functional modules. In the system design phase, we will adopt an object-oriented approach to divide the system into multiple modules, each module responsible for different functions. For example, we can divide the system into registration module, diagnosis and treatment module, charging module, hospitalization module and beauty module. Each module has its own functions and processes, and collaborates to complete the functions of the whole system.

During the system development phase, we will write the code and debug according to the design documentation and flow diagram. We will develop using programming languages such as C # or Java and store and manage data using a database management system (DBMS). We will design the data model and data table structure for data storage and processing in the system.

During the system testing phase, we will conduct unit testing, integration testing and system testing to ensure that all modules and overall functions of the system work properly. We will test with automated test tools and perform manual testing to find and repair defects. During the test, we will collect user feedback and comments and make system improvement and optimization based on these feedback.

Finally, we will conduct the deployment and maintenance of the system. We will deploy the system to the server and ensure that the system is properly and data secure. We will conduct regular system maintenance and updates to ensure the stability and reliability of the system.

In short, the application of information technology is an important means to realize the modern pet pet hospital management. By developing an information management system suitable for pet hospitals, we can better meet customer needs, improve work efficiency and management level, and provide better medical services for pets.

1.2 The current situation of the subject research
As an important place for pet medical service, pet hospital has attracted more and more attention with the development of economy and the improvement of people's living standards. In developed countries in Europe and the United States, pet hospitals as an industry has formed a part of the national economy. Due to the high degree of information, information technology and various research results are early applied to all walks of life, pet hospitals have already realized information construction in management.

The information management of pet hospital refers to the collection, processing, storage and application of pet medical treatment, nursing and management data through computer technology, network technology, database technology and other means, so as to realize the information, intelligence and networking of pet medical services. In Europe and the United States developed countries, the pet hospital information management has become an important infrastructure and technical support, can realize the pet health, medical records, treatment plan data for real-time monitoring and management, for pet owners to provide a more comprehensive, scientific and efficient medical services.

In the information management of pet hospitals, it is necessary to establish the health records of pets, record the health status, medical history, treatment records and other data of pets, and formulate reasonable treatment plans and preventive measures according to the health status and medical records of pets. At the same time, the information management can also realize the whole-process monitoring and management of the pet medical service process, realize the standardized, scientific and standardized management of the medical process, and improve the quality and efficiency of the medical service.As early as the 1980s, developed countries have begun the work of information construction. Information construction is a complex system project, which requires the joint efforts of the government, enterprises and society. In the developed countries in Europe and the United States, pet hospitals, as an important place of pet medical services, have formed a part of the national economy. Due to the high degree of informatization, information technology and various research results have been applied to all walks of life earlier, and pet hospitals have already realized the informatization construction in their management.

In addition, the information management of pet hospitals also has many important roles and meanings. First of all, information management can realize real-time monitoring and management of pets' health conditions, timely detection and treatment of diseases and abnormalities of pets, so as to improve the health level and quality of life of pets. Secondly, the information management can realize the whole-process monitoring and management of the pet medical service process, realize the standardized, scientific and standardized management of the medical process, and improve the quality and efficiency of the medical service. Finally, information management can facilitate the medical treatment and consultation of pet owners, and provide more comprehensive, scientific and efficient medical services.

Compared with the developed countries in Europe and America, China's informatization construction started late. Since the early 1990s, the degree of informatization is still at a low level, and the development is very unbalanced. Most of the information construction of pet hospitals is still in the information management system centered on pricing and charging, and the lack of information management of other businesses, resulting in a lot of work is still stuck in manual operation, which causes a lot of problems to the current information management of pet hospitals.

The continuous promotion of pet pet hospital information construction is of great significance to the development of pet medical and health industry. First of all, information management can realize real-time monitoring and management of pets' health conditions, timely detection and treatment of diseases and abnormalities of pets, so as to improve the health level and quality of life of pets. Secondly, the information management can realize the whole-process monitoring and management of the pet medical service process, realize the standardized, scientific and standardized management of the medical process, and improve the quality and efficiency of the medical service. Finally, information management can facilitate the medical treatment and consultation of pet owners, and provide more comprehensive, scientific and efficient medical services.

The continuous promotion of pet hospital information construction is of great significance for ensuring pet epidemic prevention, health and safety. First of all, information management can realize real-time monitoring and management of the health status of pets, timely detection and treatment of diseases and abnormal conditions of pets, so as to effectively prevent and control the occurrence and spread of the epidemic. Secondly, information management can realize the whole-process monitoring and management of the pet medical service process, realize the standardized, scientific and standardized management of the medical process, and ensure the quality and safety of medical services. Finally, information management can facilitate the medical treatment and consultation of pet owners, provide more comprehensive, scientific and efficient medical services, and effectively improve the health level and quality of life of pets.

In short, the continuous promotion of pet hospital information construction is of great significance for the protection of pet epidemic prevention, health and safety. At the same time, with the implementation of "3521 Project" and other policies, China's pet hospital information construction will usher in a broader development prospect.

1.3 The significance of the subject research
This pet hospital management system not only meets the needs of pet hospital information management, but also effectively improves the efficiency of pet hospital management, and achieves the scientific and standardized goal of information management. The system mainly focuses on the following aspects.

First of all, the system design considers each link of the workflow of the pet hospital, and realizes the standardization of the workflow through reasonable division of functions and authority. This helps to ensure that each employee will only have access to the desired functions in the system, thereby improving productivity and information security. For example, the front desk staff can register and charge fees, doctors can view the diagnosis and treatment information, and administrators can manage the users and permissions of the system.

Secondly, in the system design stage, the scalability and maintainability of the system are fully considered. This means that the system can be easily upgraded and expanded to accommodate new requirements and features that may arise in the future. Using a modular architecture and a good code specification can make the development and maintenance of the system more efficient, reducing the difficulty and cost of subsequent maintenance.

The research results demonstrate the advantages of the pet hospital management system in solving the management problems. The system integrates a number of key functions, including registration, charging, diagnosis and treatment, and doctor performance inspection. The integration of these functions makes the management of pet hospitals more comprehensive and efficient, and doctors can also better provide diagnosis and treatment services for pets. For example, doctors can systematically view their pet's medical records and diagnoses to develop treatment plans more accurately.

In addition, the pet hospital management system has also played a positive role in strengthening the urban pet management. The system can record the information and treatment records of pets, which helps the regulatory authorities to conduct pet review and quarantine work. Through the systematic data statistics and analysis functions, the regulatory authorities can better grasp the number, type and health status of pets, so as to formulate more targeted policies and measures to ensure the safety of public health and community residents.

To sum up, this pet hospital management system has effectively improved the management efficiency and information management level of pet hospitals through reasonable functional division, scalable architecture design and multi-functional integration. The application of the system not only brings convenience to the pet hospitals, but also makes a positive contribution to the urban pet management and public health work. As the system is continuously upgraded and optimized, it is believed that it will play a greater role in the future, promoting the further development of pet medicine and urban management.

2. Requirement analysis
In order to have a deep understanding of the Spring Boot framework, I have collected and read some books about Spring Boot. The book Spring Boot in Action introduces the basics, best practices, and advanced features covering all aspects of Spring Boot, including configuration, security, microservices, testing, data access, and deployment. Example projects in the book include Web applications, RESTful services, and microservices, showing how to build scalable applications using Spring Boot. Written by Big Nerd Ranch, Spring Boot in Action: The Big Nerd Ranch Guide introduces the basics and advanced features of Spring Boot, including dependency management, security, testing, microservices, integration, and deployment. Example projects in the book include Web applications, RESTful services, and microservices, showing how to build scalable applications using Spring Boot. The book Spring Boot by Example uses examples to introduce the basics and advanced features of Spring Boot, including dependency management, security, testing, microservices, and integration. Example projects in the book include Web applications, RESTful services, and microservices, showing how to build scalable applications using Spring Boot. The book Spring Boot for Javadevelopers, written by Packt, introduces the basics and advanced features of Spring Boot, including dependency management, security, testing, microservices, and integration. Example projects in the book include Web applications, RESTful services, and microservices, showing how to build scalable applications using Spring Boot. The book Spring Boot: Build Web and Mobile Apps with Java, Spring, and Maven describes how to build Web and mobile applications using Java, Spring, and Maven. The book introduces a number of best practices and advanced features, including dependency management, security, testing, microservices, and integration. Example projects in the book include Web applications, RESTful services, and microservices, showing how to build scalable applications using Spring Boot.

Since this project is written in the Java language, you will also need to learn about Java. The book Head First Java is an entry-level Java book designed to help readers master the basics and programming ideas of Java. It takes a humorous, light-hearted approach that makes it easier for readers to understand Java concepts and grammar. The book also contains a number of examples and exercises to help readers consolidate their knowledge. The book Thinking in Java is an advanced Java book designed to help readers gain insight into Java's programming ideas and methods. It takes a way of thinking that makes readers think about Java's problems and solutions to better understand Java's programming ideas. The book also contains a number of examples and exercises to help readers consolidate their knowledge. The book Effective Java is a Java best practice guide designed to help readers avoid common Java programming errors and improve code quality. It introduces some of the Java's best practices and design patterns, and how to use the Java features to improve the readability and maintainability of the code. The book also contains a number of examples and exercises to help readers consolidate their knowledge. The book Java in a Nutshell is a Java concise reference manual designed to help readers quickly find commonly used APIs and concepts for Java. It contains the commonly used API and concepts for Java, and the methods and examples of how to use these API and concepts. The book also contains a lot of code snippets and exercises to help readers consolidate their knowledge.

3. Requirement analysis
Demand analysis is an indispensable part of any system development process. Its primary purpose is to determine the functionality, performance, constraints, and test strategies that the system needs to achieve to ensure that the final system can meet the customer's needs and meet the desired goals. Here is an expansion and enrichment of the requirements analysis steps.

The first step is to determine the scope of the requirements. Before starting the requirements analysis, we need to clarify the required required of the system and rank them according to its priority and importance. This ensures that we can capture the core requirements of the system and make targeted planning in the subsequent analysis and design process.

The second step is to gather the information. In this step, we need to interview with customers, and understand the needs of customers through questionnaires, user feedback and other ways. Through the communication and communication with customers, the real needs of customers can be better understood, thus providing valuable information for the development and design of the system.

The third step is to analyze the requirements. In this step, we need to classify the requirements by function. Refine the functionality to a more specific level to facilitate understanding and implementation. This process can help us to better identify the interrelationships and dependencies of the various functions, and further clarify the specific requirements of each function.

The fourth step is to identify the constraints. In the process of system development, various constraints will affect the development and implementation of the system. These constraints include time, budget, technical restrictions, laws and regulations, and so on. In this step, we need to clarify these constraints and consider and follow them in the subsequent development and design process.

The fifth step is to identify the functional requirements. In this step, we need to clarify the functions and features that the system needs to implement, such as interface design, data processing, security, etc. These functional requirements are essential requirements that the system must meet and must be analyzed and planned to ensure the stability and availability of the final system.

The sixth step is to identify non-functional requirements. In addition to the functional requirements, the system also needs to meet some requirements of performance, reliability, ease of use, maintainability and so on. In this step, we must identify the non-functional requirements that the system needs to meet, and plan and design them accordingly to ensure that the system can achieve the expected performance and user experience during use.

Step 7 is to define the test strategy. In the final step in the requirements analysis phase, we need to determine how to test the system to ensure that it meets the requirements. The test strategy was developed to verify that the functionality and performance of the system meet expectations and to discover and repair possible problems and deficiencies.

The final step is to write the requirements document. Based on the above analysis and planning, we need to write a detailed requirement document to clarify the system function, performance, constraints, and test strategy. Requirements document is a reference document in the whole system development process, and also an important basis for communication and coordination with customers and the development team.

Requirements analysis is a crucial step in the system development process. Through the clarity and analysis of the requirements, it can help us to better understand the core requirements of the system, and targeted planning and design. Only by doing our homework in the demand analysis phase can we lay a good foundation for subsequent development and testing work, and ultimately develop high-quality systems that meet customer needs. For the needs of this pet hospital management system, we can further explore in detail each functional requirement, and how these needs meet the various needs and expectations of the users and the system.

Management of user identity: This requirement covers the login and management of different user roles. There are three roles: pet doctor, pet director and system administrator.

Pet Doctor Login: Pet doctors need to log in to the system to gain access. After logging in, they can check their schedule, accept appointments, record diagnosis and treatment information, etc. Log in to need to verify the identity, can use the user name and password, fingerprint identification or other security authentication methods.

Pet Director login: Pet directors also need to log in to the system to manage appointments, coordinate the pet doctor's schedule, and provide support for pet owners. They can list appointments, schedule doctors, coordinate medical services and more.

System administrator login: The system administrator has the highest administrative authority to the system, and can manage user accounts, permission settings, and other system settings. They can add, modify, and delete user accounts to ensure that the system works properly.

System management: This requirement focuses on the overall management and control of the system, including user management, page management, and role management.

User management: The system administrator can manage the account information of all users, including creating new accounts, editing existing account information, and reset passwords, etc. This can be achieved through a user management interface, ensuring the security and accuracy of user information.

Page Management: Page management allows system administrators to control the pages and functions that users can access. This can be achieved through role authorization and permission setting, ensuring that different user roles can only access the functions they need.

Role management: system administrators can define different user roles, each with different permissions and functions. For example, the pet doctor role has access to treatment-related functions, while the pet director may only manage appointments. This ensures the security and controllability of the system.

Pet management: This requirement focuses on pet management and health information records.

Pet list: The system shall be able to record and display all registered pet information, including the pet type, name, age, owner, etc. This way the pet doctor and pet director can better understand each pet.

Pet status: In the pet list, the system can display the health status, reservation status and other information of each pet. This can help pet doctors make better diagnosis and treatment recommendations.

Pet health history: The system should be able to record each pet's health history, including previous diseases, treatment options, and drug use. This is very useful for pet doctors when planning their treatment.

Booking management: This requirement involves appointment management and tracking.

Appointment list: The system shall be able to display a list of all appointments, including appointment date, time, pet information and doctor arrangement. This helps the pet director coordinate the physician's time and pet owner needs.

Appointment status: Appointment status should be updated at any time, including confirmed, pending confirmed, cancelled, etc. This can help pet directors and doctors know real-time appointments.

Doctor time: The pet director should be able to check the available time and make reasonable arrangements according to the appointment. This helps to maximize medical delivery.

Daily health: This need concern provides information about pet health.

Health guidelines: The system can provide guidelines on pet health care, common diseases, and preventive measures. This provides useful information for pet owners to help them take better care of their pets.

Health standards: The system can provide health standards for pets, including weight range, living habits, etc. This helps pet owners understand whether their pets are in good health.

Pet log: Pet owners can record the daily situation of their pets in the system, including eating, activity, weight, etc. This helps pet owners and doctors together to track their health.

To sum up, the requirements of the pet hospital management system cover the user identity management, system management, pet management, appointment management, and daily health. By meeting these needs, the system can better support the operation of pet hospitals, providing efficient, convenient and reliable medical services, while providing pet owners with useful information and guidance about pet health. Full preparation during the demand analysis phase can lay a solid foundation for subsequent development and testing work, ensuring that the final system can meet the user's expectations and achieve the desired goals.

4. Research technique
4.1 Java
Java[2][3] is an object-oriented programming language, which not only inherits the various advantages of C + + language, but also abandons the confusing complex concepts of multiple inheritance and pointer in C + +, so it has the dual characteristics of powerful functions and simple and easy to use. As a representative of static object-oriented programming, Java perfectly embodies the object-oriented concept, allowing developers to build complex programs in an elegant way of thinking.

When it comes to pet hospital information management systems, Java is clearly an ideal development language. This is because Java can not only be used to build efficient Web applications and websites, but its scalability and stability make it excel in developing large, complex enterprise-class applications. Moreover, Java can also be used for Android mobile application development, because the Android Software Development Toolkit (SDK) supports Java well. Once the pet hospital information management system is mature, a Android application can be developed to transplant the system functions to the mobile terminal.

In addition, Java is also suitable for the development of database applications. Considering that the pet hospital information management system needs to process large amounts of data, Java provides a powerful database processing power. At the same time, Java has many advanced features, such as multi-threaded programming, exception handling, reflection and annotation, which provide developers with more powerful and flexible programming tools that can help them better meet system requirements.

Pet hospital information management systems need the ability to respond to changing needs and scale expansion. Java offers powerful scalability and stability, allowing developers to easily scale the system to handle larger user volumes and more complex business logic. Java's object-oriented programming model makes the system easy to maintain and scale, while providing a wealth of tools and frameworks to support system development. Moreover, Java is a cross-platform programming language that can run on different operating systems such as Windows, Linux and macOS. This means that the pet hospital information management system can be deployed and run on a variety of different operating systems, without rewriting or modifying the system. This provides users with greater flexibility and convenience to get the same system functionality and experience, regardless of which operating system they use. Meanwhile, in addition to Web apps and websites, Java can also be used to develop Android mobile apps. The Android Software Development Kit (SDK) has good support for Java, enabling developers to leverage Java's syntax and libraries to build feature-rich mobile apps. Once the pet hospital information management system matures, Java can be used to develop an Android application to port the functions of the system to the mobile terminal. This will provide users with a more convenient and readily accessible service to manage and view pet medical records and information anytime, anywhere.

The activity of the Java community is also a noteworthy aspect. Excellent open source frameworks and tools have emerged in the Java community, providing a rich choice for developers. These frameworks and tools accelerate the development process, improve system quality, and enable developers to focus on the implementation of the system without having to build all components from scratch. Java is a very popular programming language, with a large development community and rich resources. Developers can access questions, technical guidance, and best practices by visiting various forums, blogs, and developer communities. This allows developers to solve problems and learn new technologies more quickly, improving the efficiency and quality of development. Java's high performance and concurrent processing capabilities will ensure that the system can handle large numbers of user requests and remain stable. Java's scalability and flexibility make the system easy to respond to changes in growing user volumes and business needs.

In conclusion, Java, as an object-oriented programming language, is widely used in the field of software development because it inherits the advantages of C + + and eliminates complex concepts. Especially for pet hospital information management systems that require high scalability, stability and complex functions, Java's advantages will be fully utilized. Whether it's building Web, mobile, or database applications, Java can provide suitable tools and support for developers, and its rich community resources make the development process more efficient and convenient. In the future, as the technology continues to evolve, Java will continue to play an important role in software development, creating more possibilities for developers.

4.2 Spring Boot
Spring Boot[1] is an open source framework based entirely on the Java programming language, focusing on simplifying and accelerating the process of building, deploying, and running applications. As a development framework, it aims to help developers quickly build high-quality applications without paying attention to the cumbersome underlying configuration details.

One of the main goals of Spring Boot is to enable developers to build high-quality, maintainable applications by providing a range of powerful and efficient features and features. One prominent feature is the ability of the Spring Boot to configure with automation. Automated configuration allows developers to manually configure a lot of cumbersome settings, but instead automatically apply a series of default configurations by finding specific libraries and components on the classpath. This mechanism greatly reduces the complexity of the configuration, allowing developers to focus more on writing business logic without digging deeper into the underlying configuration details.

Another impressive feature is that Spring Boot has a variety of Web servers, such as Tomcat, Jetty and Undertow. This means that developers can package applications as a standalone executable JAR file without requiring an external Web server. This design simplifies the deployment process and facilitates application delivery. Developers can simply run the JAR file to start the application without additional configuration and management.

In ensuring the stability of the application, Spring Boot introduced the concept of health checks. Developers can add health check endpoints to the application with simple configuration. These endpoints provide status information for the application, including the database connection, memory usage, service availability, and more. This helps to identify potential problems early, thus ensuring the reliability and stability of the application.

For log management, Spring Boot also provides a convenient solution. It integrates common log frameworks such as Logback and Log4j, a predefined log configuration that enables developers to easily configure and manage log output. This is critical for troubleshooting and performance monitoring of applications.

Spring Boot Not only limited to the above features, but also support a variety of data storage technologies, such as JPA, Hibernate, MyBatis, etc. This provides developers with options to meet the needs of different projects. In addition, it integrates with various message queue services such as Kafka, RabbitMQ, etc., allowing developers to easily build asynchronous and distributed applications.

Spring Boot Adopt the design concept of convention is better than configuration, which means that it has a set of predefined default rules for common functions and configurations, and developers only need to follow these conventions to obtain a reasonable and efficient configuration. In this way, Spring Boot dramatically reduces the heavy configuration work that developers need to handle, making the development process more concise and efficient.

The advantage of Spring Boot over the traditional Spring framework is its nature of an automated configuration. It reduces the workload of manual configuration by introducing a series of default configurations. In the development process, developers only need to focus on the implementation of business logic, without need to care too much about the underlying configuration, greatly improving the development efficiency. At the same time, Spring Boot also provides a scalable configuration mechanism that allows developers to personalize their needs to meet specific business requirements.

In addition to simplifying the development process, Spring Boot also features automated deployment and operation. It has embedded Web containers (such as Tomcat or Jetty), which means that developers can directly package the application into a separate executable JAR file and then launch the application through the command line or script. The benefit of this approach is that developers do not need to install and configure independent Web servers, simplifying the deployment process. In addition, Spring Boot provides a range of production-level monitoring and management capabilities that support external configuration and management of the application parameters, further improving the maintainability and scalability of the application.

Spring Boot The ease of learning is also one of its attractive characteristics. By using Spring Initializr, developers can quickly create a basic Spring Boot project skeleton that automatically generates the project structure and initial configuration. This allows novices to get started quickly without having to manually configure cumbersome environments and dependencies. As they become familiar with Spring Boot, developers can gradually learn more about their more advanced features, such as custom configuration, AOP (faceted programming), and security. This gradual learning path helps reduce the learning curve and allows developers to gradually acquire more knowledge and skills.

When using Spring Boot for application development, the following steps. First, developers need to choose the building tools that fit them, and Spring Boot supports Maven and Gradle. You can then create the project through Spring Initializr, or manually build the project structure. Then, depending on the requirements of the application, add the required dependencies, like the Web development, JPA persistence, database connection, etc. When writing business logic, developers can focus on the implementation of the code without paying much attention to the underlying configuration, thanks to the automated configuration nature of the Spring Boot. To ensure code quality, developers need to write unit tests that can be tested using test frameworks such as JUnit. Finally, package the application with the build tools (such as Maven or Gradle), and then deploy it to the server, enabling it to run and serve.

In short, Spring Boot makes the development of Java applications easier, more efficient, and more reliable through a series of features, including automated configuration, embedded Web servers, health checks, and log management. Its flexibility and rich integration capabilities provide developers with rich tools and options to help them better cope with complex project needs and thus build high-quality applications. Spring Boot With its powerful community support, exhaustive documentation resources, and easy learning features, it provides developers with an efficient and convenient development framework. This makes it easier for developers to master and apply Spring Boot to quickly build high-quality, maintainable applications. Both beginners and experienced developers are able to achieve their development goals with the help of Spring Boot.

4.3 Database technique
As a key part of modern software development, database technology[4] is responsible for the storage, management and operation of data, and plays an indispensable role in the application of all walks of life. The evolution and innovation of database technology enable developers to organize and use data more efficiently, so as to build more powerful and intelligent application systems.

Relational database is a common and classic database type, which uses a tabular structure to store data and organize information through rows and columns. MySQL[5], Oracle, SQL Server and others are all common relational database products. These databases are based on the structure and consistency of data, and support rich query languages (such as SQL), making the storage and retrieval of data more convenient and flexible. The transaction support and data integrity of relational database ensure the reliability and consistency of data, making it widely used in finance, e-commerce and other fields with high requirements for data accuracy.

In the field of non-relational database, MongoDB, Redis, Cassandra and other database technologies have attracted much attention for their unique characteristics and application scenarios. Non-relational databases are suitable for scenarios with complex data models, large data volumes, and highly scalability. MongoDB As a document database that allows developers to store data in a JSON-like document format for the storage of semi-structured data. Redis is an in-memory database for high-speed read and write operations, and is particularly suitable for caching and real-time data processing. Cassandra Focus on distributed storage and high availability of large-scale data, suitable for systems that require massive amounts of data.

In addition to relational and non-relational databases, new database technologies such as graph database, temporal database and spatial database have emerged in recent years. The graph database represents the data in a graph structure and is suitable for analyzing complex relationships and networks. Time series database focuses on the efficient storage and query of time series data, and is widely used in the Internet of Things, log analysis and other fields. Spatial database provides specific storage and query methods for geographic information data, and supports geospatial analysis and visualization.

In practical applications, it is very important to choose the right database, which directly affects the application performance, scalability, data consistency and so on. Different types of databases have their own characteristics and applicable scenarios, so it is the key to choose according to the requirements and characteristics of the application.

Relational databases are suitable for scenarios where the data structure is relatively fixed and requires strong consistency. The relational database stores data in tabular structure, which provides powerful data structure and query ability. If the application's data structure is relatively stable, less variable, and there are strong requirements for data consistency, then relational databases are a good choice. Relational databases use transactions to ensure consistency of data and support complex query operations such as multi-table associations, aggregation, etc. Common relational database products include MySQL, Oracle, SQL Server and so on. These databases perform well in handling complex queries, transactions, and data consistency.

Non-relational databases are more suitable for scenarios that require greater flexibility and scalability. Non-relational databases are not constrained by fixed tabular structures and can flexibly store and process semi-structured and unstructured data. Non-relational databases are a good choice if the data structure of an application changes frequently, requires storing large amounts of semi-structured data, or requires support for higher scalability and performance. Non-relational databases are designed to focus on distribution and scalability, and can easily horizontally scale out and handle a large number of concurrent read and write operations. Common non-relational databases include MongoDB, Redis, Cassandra, etc.

There are also other types of databases that can meet specific needs. For example, graph databases are suitable for handling complex relationships and networks, temporal databases are suitable for the efficient storage and query of time series data, and spatial databases are suitable for the storage and analysis of geographic information data. When selecting a database, developers need to deeply understand the requirements and characteristics of the application, and evaluate the database performance, scalability, data consistency, etc. Understanding the advantages and disadvantages of different database types and selecting the right database to support the application requirements will be able to provide better user experience, higher performance and better scalability.

Spring Boot Providing extensive support and integration makes it easy for developers to use different database technologies. For example, using Spring Data JPA facilitates manipulate relational databases, while Spring Data MongoDB supports non-relational databases such as MongoDB. These tools and frameworks allow developers to efficiently store and manage data, improving application performance and reliability.

In this system, I choose to use the MySQL database[5] to store the data. MySQL is an open-source relational database management system that provides a variety of data types to accommodate different data storage requirements. These data types include integer type, floating point number type, fixed point number type, date and time type, string type, binary, and so on. By selecting the right data type, I was better able to store and manage all kinds of data in the system.

The MySQL database is not selected only because it provides multiple data types, but more importantly, MySQL is a free and open-source project. This means that I am free to access and use MySQL without payment. This is an important consideration for project developers, especially with a limited budget.

In addition to being free, MySQL also has superior performance. It supports high concurrent read and write and multi-threading processing, and can quickly respond to large numbers of requests. This means that the system can process more data and more users, and can provide accurate and timely data response in a short time. In addition, MySQL is also highly scalable. It supports horizontal and vertical expansion, meaning more servers can be added or hardware resources added to improve performance. This is very important for a pet hospital information management system, because this system may need to process large amounts of data and user requests.

Security is a very important factor when considering the selection of databases. Fortunately, MySQL offers a variety of security features to protect the database from malicious attacks and data breaches. These include access control, data encryption, and logging. With these security functions, I can set up access rights, encrypt sensitive data, and record all database operations to ensure the data security of the system.

In addition, MySQL is a very stable and reliable database management system. Years of practice and improvement have made MySQL perform well in a variety of scenarios. This is very important for pet hospital information management systems, because the system may need to run for a long time and need to process large amounts of data. The stability of MySQL ensures the long-term stable operation of the system and the reliability of the data.

In short, database technology, as the cornerstone of the information age, has evolved into different types of databases under different scenarios and requirements. From the traditional relational database to the modern non-relational database and graph database, each technology has its own unique advantages and application scope. Developers can choose the appropriate database technology according to the characteristics and requirements of the application, so as to better store, manage and utilize the data, so as to build a more competitive and innovative application system. The continuous development and innovation of database technology will also continue to promote the progress and change in the field of software development. The selection of the appropriate database depends on the requirements and characteristics of the application. Relational databases are suitable for scenarios with relatively fixed data structure that require strong consistency, while non-relational databases are suitable for scenarios that require greater flexibility and scalability. When selecting a database, developers need to consider the database performance, scalability, data consistency and other factors, and make reasonable choices according to the specific needs of the application to ensure the security, availability and performance of the data. MySQL is a powerful, efficient, secure, usable and scalable relational database management system. Its free, open-source nature makes it one of the top choices for project developers. When developing the pet hospital information management system, I chose the MySQL database to be able to store and manage the data efficiently, while ensuring the performance and reliability of the system. By rationally using the features and functions of MySQL, I believe this system will be able to meet the needs of pet hospitals and provide a good experience for users.

4.4 SSM frame
SSM framework[8] is an open source Web application development framework based on Java language, which provides a complete and powerful development environment by integrating three independent frameworks of Spring, Spring MVC[6] and MyBatis[7]. The three frameworks are each responsible for different tasks, together helping developers easily build efficient, reliable, and easy-to-maintain Web applications.

First, let's take a look at the role of the Spring framework. Spring Is a lightweight development framework, with dependent injection (DI) and faceted programming (AOP) as the core, providing developers with a wealth of functions and tools. Dependency injection can simplify dependency management between objects by transferring dependencies between objects to Spring containers, reducing the coupling of code and improving maintainability and teability. Section-oriented programming can abstract and encapsulate common functions across multiple modules. Through Aspect section, these general functions can be called and managed uniformly where needed, which can improve the multiplusability, readability and maintainability of the code. These features of the Spring framework allow developers to focus more on the implementation of business logic without attention to the cumbersome underlying configuration and code details.

Next, we will understand the role of the Spring MVC framework. Spring MVC Is a framework for the model-view-controller (MVC) architecture modes, mainly used for the development of Web applications. It divides the logic of the application into three parts: Model (Model), View (View), and controller (Controller). The model is responsible for encapsulating data and business logic, the view is responsible for displaying data to the user, the controller is responsible for receiving and processing user requests, and scheduling the corresponding view according to the business logic and data model. This separated architecture allows developers to better organize and manage code, improving maintainability and teability of the system. At the same time, the Spring MVC framework also provides many additional features, such as form verification, internationalization support, file uploading, etc., to meet various complex needs, allowing developers to more flexibly respond to user requests.

Second, we will introduce the role of the MyBatis framework. MyBatis is a lightweight persistence framework that easily facilitates the interaction between object and database by configuring the mapping between database operations and Java objects. Developers can simply write a simple SQL statement and then configure the MyBatis mapping file to map the object to the database table. MyBatis It provides many convenient features, such as dynamic SQL, delayed loading, caching mechanism, which can improve the performance and flexibility of database access. Meanwhile, MyBatis also supports multiple databases, such as MySQL, Oracle, SQL Server, allowing developers to switch and use different databases more easily.

The SSM framework integrates three powerful frameworks, Spring, Spring MVC and MyBatis, providing developers with a comprehensive and powerful development environment. By using the SSM framework, developers can develop Web applications more efficiently and provide solutions with high reliability and maintainability. These rich features and features make the SSM framework the first choice for many enterprises and developers, and it also has a huge community support that provides a wealth of documentation, tutorials and questions to help developers better understand and use the SSM framework.

The role of the SSM framework is truly enormous, providing developers with a complete set of tools and methods to help them build efficient, maintainable, and scalable Web applications. This framework combines the three powerful components of Spring, Spring MVC, and MyBatis, which makes it easier for developers to conduct object-oriented programming, software component development, and database access.

First, the SSM framework introduces the IOC (Inversion of Control) and AOP (Aspect Oriented Programming) programming models, which allow developers to free themselves from tedious object creation and dependency management. The idea of IOC is to leave object creation and dependencies to container management, where developers need to focus on the implementation of business logic. This simplifies code writing, reduces coupling, and makes the system more flexible and maintainable. AOP provides a way to abstraction and encapsulate common functions across multiple modules, such as logging, transaction management, etc. With AOP, developers are able to add some cross-cut concerns to the system without changing the original code, improving the reusability and readability of the code.

The role of the Spring framework in the SSM cannot be underestimated. It provides developers with rich features, including but not limited to transaction management, data access, messaging services, security control, and more. Transaction management allows developers to easily control and manage database transactions, ensuring data consistency. The data access module provides a unified access mode to various data sources, reduces the amount of code for database operation, and improves the development efficiency. The message service module supports the sending and reception of asynchronous messages, which is very important in distributed systems. Security control protects the sensitive information of the system from unauthorized access. The Spring framework provides these core functions, allowing developers to quickly build Web applications and focus on the implementation of business logic.

The Spring MVC framework as part of the SSM provides a powerful architecture for the development of Web applications. It uses the MVC (Model-View-Controller) mode, which divides the application into three parts: model, view, and controller. The model is responsible for encapsulating the data and business logic, the view is responsible for presenting the data, and the controller is responsible for processing user requests and responses. This layered architecture makes the code clearer and easy to maintain. The Spring MVC framework also provides many functions, such as request mapping, view parsing, and form validation, to help developers better handle users' requests and presentation information.

The MyBatis framework provides a convenient way for database access. Compared to the traditional ORM framework, MyBatis is more flexible, allowing developers to write SQL statements directly to meet the needs of complex queries. It enables developers to perform database operations in an object-oriented manner by configuring the mapping between database operations and Java objects. This approach retains both the flexibility of SQL and provides the convenience of object mapping.

Overall, the role of the SSM framework is really huge. By integrating the Spring, Spring MVC and MyBatis frameworks, it provides powerful tools and methods to enable developers to develop efficient, maintainable Web applications. The SSM framework can provide comprehensive support in terms of the design of code structure, the implementation of business logic, or the management of database operations. Its scalability and flexibility also allow developers to customize configurations and expand capabilities to the needs of the project. Therefore, the SSM framework plays an important role in the development of modern Web applications, creating a more convenient and efficient development environment for developers.

5. Realize the program and the results
5.1 Implement the plan
According to the five requirements of the pet hospital information management system, designing detailed and high-quality solutions is the key to ensure the system function and performance. The following will provide more detailed solutions for each requirement.

5.1.1 Login requirements
Use case model: According to the login methods of different user roles, the system has adopted flexible strategies to meet the needs of users. Administrators and doctors as administrators and medical professionals log in to the system using usernames and passwords in a way that ensures that they have safe access to the management and medical functions of the system. Pet owners can use their mobile phone number and verification code to log in to the system, which is convenient for pet owners and improves the user friendliness of the system.

Implementation details: Spring Security Is a powerful security framework that effectively handling user identity authentication and permission control. With Spring Security, the system is able to ensure that only authorized users can log in and access the functions of the system. This helps prevent unauthorized users from entering the system, thus protecting sensitive data and features. In order to provide more login options, the system adopts the OAuth 2.0 protocol to support the third-party login. This means users can log in using their accounts on Google, Facebook and other platforms without having to register a new account. This not only improves the convenience of users, but also expands the user range of the system. JWT is a standard for stateless authentication that encodes the user's identity information into a security token that enables the user to authenticate between requests without having to store session information on the server side. JWT can improve the performance and security of the system and reduce the burden of the server.

5.1.2 System management requirements
In the pet hospital information management system, the administrator plays a key role, they undertake the management and maintenance of the system. Administrators have special permissions to access the system management page, which includes key functions such as page management, user management, and role management. The effective management of these functions is the key to ensure the normal operation of the system and user satisfaction.

Use case model: Administrators can create, edit, and delete individual pages of the system. This means that the system can flexibly add, delete and change the page according to the requirements, and keep the system interface updated and user-friendly. For example, when a pet hospital needs to add a new service page or update the clinic information, the administrator can easily do it through the page management function. The administrator is responsible for managing the system users. This includes user creation, and updates, and deletion. Administrators can add new doctors, desk staff or other staff and update their personal information at any time. This capacity for user management is critical to ensure that only authorized people have access to the system. Role management allows administrators to define permissions for different user roles. For example, physicians may need access patient chart information, while front desk staff will only access the appointment information. Through role management, administrators can precisely set access to different roles, ensuring that users can only access the information they need.

Implementation details: Spring Boot is a powerful Java framework suitable for the development of user management modules. It can easily handle user creation, update, and deletion operations, and provides a robust set of security features to protect user data. Role and permission information needs to be persisted so that it is not lost upon system restart. Databases are an ideal storage option to store roles, permissions and user information and supports complex query and management operations. To provide intuitive system management capabilities, systems can adopt popular front-end frameworks such as React or Angular. These frameworks provide a modern, interactive user interface that enables administrators to easily perform page management, user management, and role management. These interfaces can be accessed through the Web browser without any additional installation or configuration. With these implementation details, the system administrator will be able to efficiently manage all aspects of the system to ensure the normal operation and security of the pet hospital information management system. Administrator work will be simplified, while system users will also benefit from better user experience and data security. Such a system design and implementation will help to improve the operation efficiency and service quality of pet hospitals.

5.1.3 Pet management requirements
In the pet hospital information management system, in order to meet the needs of different users, administrators, doctors and owners of pet all have specific functions and rights. These features are designed to provide convenient services that allow each character to easily access information about the pet.

Use case model: Administrators and doctors play important roles in the system and need to gain insight into the pet situation in order to make appropriate decisions. They can view pet details, including basic information, health history, vaccine records, etc. This information is essential for diagnosis, treatment, and health monitoring. Through dedicated pages, administrators and doctors can have quick access to pet health records and diagnostic reports to better provide medical services for pets. Pet owners, as end users of the system, also enjoy specific functions to better manage their pets. Pet owners can create pet information through the registration page, including basic information, breed, age, etc. To make the information more intuitive, pet owners can upload photos of their pets, making it easier for doctors and other users to identify. In addition, pet owners will be able to check booking information and their pet's health records to keep abreast of the pet's condition.

Implementation details: In order to store the relevant information about pets, the system needs to design the pet data model and store the data in the database. Such a design allows the data to be effectively organized and managed for use by various functions. Pet owners need a registration page to create the pet information. With form verification, the system can ensure the accuracy of the pet information and prevent errors or missing data. The function of pet owners to upload photos should involve file uploading. The system can realize the file upload function, store the pet photos in the appropriate location, and associate the file path to the corresponding pet information. Doctors need a dedicated page to view the pet's health records and diagnostic reports. This page should present information with clarity, allowing doctors to quickly access a pet's medical history. Through these implementation details, the pet hospital information management system will be able to provide accurate and convenient pet information management functions for administrators, doctors and pet owners. Both for medical decisions and for the convenience of pet owners, these features will greatly improve the utility of the system and user satisfaction.

5.1.4 Appointment management requirements
In the pet hospital information management system, the appointment function is an important part of the interaction between users and doctors. Users can independently choose the appropriate time period according to the doctor's appointment schedule, and initiate an appointment request through the system. After receiving the appointment request, the doctor has the right to decide whether to accept or reject the appointment, and the system will be responsible for informing the user of the appointment result in a timely manner.

Use case model: Users can browse the doctor's appointment schedule in the system, which is displayed through the calendar control, allowing users to have a clear understanding of the doctor's appointment time. Users can choose the appropriate time period according to their own needs and time arrangement, and fill in the appointment request. The system will process the information of the request to the doctor after the user submits the appointment request. After receiving the appointment request, the doctor can manage the appointment in a dedicated page. The system offers doctors the option to confirm or cancel the appointment. The doctor can scrutinize the appointment information and accept the appointment if the time is appropriate. Conversely, if the doctor cannot meet the appointment request, he can also choose to refuse. Physician decisions are recorded in the system to facilitate follow-up and analysis. Notification of appointment results is an important part of ensuring the user experience. The system can use email or SMS to notify the user of the appointment result. If the doctor accepts the appointment, the system sends a confirmation notification to the user, including the time of the appointment and the doctor information. If the doctor refuses the appointment, the system also notifies the user promptly and can provide other feasible appointment options.

Implementation details: The system needs to design doctor and appointment data models to store physician scheduling information and user appointment requests. Databases are ideal for storing this information and can effectively manage and retrieve data efficiently. Calendar controls are an important tool for users to select appointment times. The system can use off-the-shelf calendar components, allowing users to easily view the doctor's available appointment time and then select the appropriate time period. The system can integrate email or SMS notification service to inform the user. In this way, users can still know the latest reservation status without logging into the system frequently. Doctors need a dedicated page to manage appointments, including acceptance, rejection, confirmation, and cancellation. This page should provide a clear interface for doctors to view and process appointment requests. With these implementation details, the pet hospital information management system will be able to achieve an efficient appointment process between users and doctors. Users will be able to easily select appointment times, and doctors will be able to easily manage appointment requests. This will help improve the usability of the system and provide a better appointment experience for users and doctors.

5.1.5 Daily health requirements
In the pet hospital information management system, health monitoring is a key function, which allows doctors to view their daily health data, such as weight, body temperature, activity, etc., in real time, and provide quantitative analysis and suggestions for the pet's health status. This feature helps doctors to better understand the physiological state of their pets, detect abnormalities in time, and provide scientific maintenance advice for pet owners.

Use case model: Doctors can easily access daily health data in the system. These data can be presented in chart and tabular form, thus allowing doctors to gain a more intuitive view of a pet's health trends. For example, a doctor can watch a pet's weight movements through a weight change chart, or view a temperature chart to monitor the pet's temperature changes. Doctors can set health standards for different types of pets, which are based on breed, age, and sex. For example, different breeds of dogs and cats may have different weight ranges, and physicians can set reasonable health standards based on these factors. The system will assess the health status of the pet according to these criteria. The system automatically analyzes the pet's health data and compares it to set health standards. If the pet's data is beyond standard limits, the system will automatically generate recommendations and alerts. For example, if a pet weighs above the health range, the system can recommend physician adjustments to their diet and provide appropriate weight loss options.

Implementation details: The system needs to design health data models to store daily health information for pets. This information can include body weight, body temperature, activity, etc. Databases will be the key to storing these data. The system can use the chart library and the table library to display the health data. These charts and tables provide doctors with an intuitive presentation of data to help them better understand the health of their pets. The system needs to develop automated analysis algorithms that compare health data with set health standards and identify anomalies. This can be either rule-based logic or machine-learning algorithms. The system generates recommendations and alerts based on the analysis results. Suggestions can cover diet, exercise, medical care and other suggestions to help doctors make reasonable care plans.Through these implementation details, the pet hospital information management system will be able to provide powerful health monitoring functions for doctors. Doctors can better understand the health status of pets, find problems in time and provide scientific solutions. This will help improve the quality of life of pets and enhance the utility of the system in the medical field.

5.1.6 Summarize
In order to meet the five requirements of the pet hospital information management system, it is necessary to comprehensively use database design, user interface development, identity authentication and authority management technologies. These functions are implemented efficiently using the Spring Boot framework and the associated tools and frameworks. Through the detailed use case model and implementation details, the system ensures that it can operate stably and safely, meet the needs of users, and improve the efficiency and quality of pet hospital information management.

5.2 Use case diagram
Spring Boot Developers developers a wide range of support and integration capabilities to easily leverage multiple database technologies. For example, with Spring Data JPA, developers can easily operate relational databases, and with Spring Data MongoDB, they can also easily apply non-relational databases, such as MongoDB. With these tools and frameworks, developers are able to more efficiently store and manage a graph in the data language that describes the interactions between the system and its external participants. It is a powerful tool for visualizing and communicating the functional requirements of a software system and the way the system interacts with the external world. Use case maps play an important role in the software development process, helping teams to understand the needs of the system, design the system architecture, and communicate ideas and expectations among developers, designers and stakeholders. The main components of the use case plot include the use case, participants, and relationships. Here is an explanation of these components.

5.2.1 Use cases
When designing a use case diagram, the use case is one of the core elements in it. The use case represents a specific function or operation in the system, usually describing how the system responds to the user's request from the user's perspective. A use case is a description of a function or a set of related functions in the system. Each use-case represents a task or operation that a system can perform. The use case describes how the system responds to requests from external participants, often by describing the steps, conditions, and results. The use case is a high-level overview of the system functionality that does not involve specific implementation details. Here is a detailed description of the use case.

The first is the use-case name, which should describe the function succinctly. For example, for an online shopping system, useful examples may be "Browse the item,"  "Add to the cart," etc. Then there are the participants, and each use case will involve one or more participants, the entity that interacts with the system. Participants can be users, other systems, or external entities. The use case description is a brief written description of the function or operation that the use case represents. This is a high-level overview of the use cases. The precondition is the condition that must be met before performing the use case. They describe the prerequisites that a use case can be carried out successfully. The main success scenario is the main process of the use case, which describes the interaction steps of the user with the system and how the system responds to the user's actions. This is the most common and expected pathway. In addition to the main success scenario, the use case may include descriptions of alternative paths or anomalies. These scenarios describe other situations that the user may encounter, such as incorrect input, interruption, etc. The postset condition describes the state or environment of the system after the successful execution of the use case. They illustrate the effect or effect of the use case.

The use case helps the team capture the functional requirements of the system from the user's perspective. Each use-case represents a user target or requirement. The use case describes the specific interaction steps between the user and the system, helping the team understand how the user interacts with the system. The use case can provide guidance for interface design, ensuring that the user interface reflects user needs and expectations. Use cases can be used to write test cases to ensure that the system works in all situations. Use case maps and use case descriptions are effective tools for communicating with stakeholders, enable them to understand the function of the system. Use cases are key elements in the use case diagram that help model the system function from a user perspective, provide guidance for system design, development and testing, and are also an important means of communication with the team and stakeholders.

5.2.2 Participants 
Participants are individuals, roles, or other systems outside the system that interact with the system to achieve certain goals. Participants can be human beings, other systems, hardware devices, etc. Each participant is associated with one or more use cases, indicating that the participant can trigger and participate in the execution of these use cases.

The participant names should be able to clearly indicate their role or identity. For example, for an online shopping system, there may be participants named "customer", "administrator", etc. The participant description is a brief illustration of the participant's role on how they interact with the system and their role in the system. Participants can be divided into primary and secondary participants. Primary participants are entities that directly use system functions, while secondary participants may be ancillary entities, such as notification services or external systems.

Participants were used to identify the different roles that interact with the system. They help to identify the stakeholders and user types of the system. Participants helped to define the boundaries of the system, namely identifying which entities interact with the system and which are not part of the system. Participants helped to identify the functional requirements of the system. Each participant role represents a specific type of user need or use case. Associations were established between the participants and the use cases. A single participant may be associated with multiple use cases, indicating that they can perform different operations. Participants help to communicate with stakeholders to better understand the roles and interactions of different roles in the system. Participants were divided into two categories. The primary participants are the entities that directly use the system functions to achieve their goals. They are the main users of the system and often represent the end-user group of the system. Secondary participants are entities that interact with the system but do not directly use the system functions. They may provide data to the system or receive notification of the system.

But in the process of designing the use case plots, we should focus on the entities that really interact with the system. An entity that is not related to or interact with does not have to be included. Participants are not necessarily human beings, but can also be other systems, external devices, etc. The participants in the use case plots are high-level representations and do not involve much operational details. Detailed interaction steps and behaviors are illustrated in the description of the use case. In conclusion, participants play a key role in the use case diagram to identify the users and external entities of the system and to help the team better understand the system interacting with the outside world. They are an important part of the use case diagram that facilitates the visual representation of the functions and roles of the system.

5.2.3Relationships 
In the use case diagram, different types of relationships can exist between the use case and the participant. The most common relationships include: Association, Include, and Extend. Association relations represent the connection between a participant and the use case, the inclusion relationship means that one use case contains another, and an extended relationship means that one use case can be extended before or after another.

Association relationship represents the association between participant and use case. One participant can be associated with multiple use cases, suggesting that the participant is able to perform the functions represented by these use cases. The association line usually does not come with an arrow because it is a bidirectional relationship. The clusion relationships indicates that one use case contains another. This means that while performing the main use case, you also need to perform the included use case to perform more detailed functions. Inclclusion relationships are indicated using a dashed line with arrows which point to the included use case. The extension relation represents the function that one use case can extend another use case under specific conditions. When the primary use case is executed, the extended use case may be performed specifically, to enhance or adjust the functionality of the primary use case. Extension relationships are represented using dashed lines with arrows pointing from the extension case to the main use case. A generalization relationship represents a generalization of one participant or use case is another participant or use case. This is similar to the concept of inheritance in object-oriented programming. Through generalization, you can capture the common feature between multiple participants or use cases. The generalization relationships are indicated using solid lines with hollow triangular arrows pointing from the subclass to the parent. Dependencies represent one participant or use case dependent on another participant or use case. This usually means that one use case needs the information or function provided by another use case to perform. Dependencies are indicated using dashed lines with arrows pointing from the dependent to the dependent. These relationship types work together in the use case diagram to build a complete model of the system. They help teams understand the interactions, dependencies, and hierarchical relationships between different entities in the system to better design, develop, and test the system. When drawing the use case diagram, make sure to use the right relationship type to accurately represent the actual situation.

5.2.4 The role of the use case diagram
Use case diagram is a valid way to document system requirements. With the use case diagram, the development team can understand the functional requirements of the system and how different participants interact with the system. It helps to clarify functional requirements before development begins and avoid later misunderstandings and problems. Use case maps can help developers design the overall architecture of the system. By identifying the use cases and participants, the development team can identify the main functional points of the system and the relationships between the individual components. This helps to build the basic structure of the system, making the development process more organized. Use case diagram is a common language that can be used for communication between developers, designers, testers, and stakeholders. It is able to clearly convey the function and interaction of the system in a graphical way, reducing the barriers to understanding, and thus facilitating team collaboration. Use case plots can be used to verify that the requirements are correctly understood and implemented. The team can verify the behavior and response of each case based on the case and participants described in the case diagram to ensure that the system works as intended. Use case plots can help teams manage requirements changes. When the requirements change, the team can analyze the use case map and understand the impact of the change on the other use cases to make better decisions.

5.2.5 Detailed design
When designing a use case diagram for a pet hospital information management system, it is first necessary to clarify the functions of the system and the participants who interact with it. The following is the use case diagram design process of the pet hospital information management system.

Participants included customers, physicians, administrators, and external payment systems. Customers are pet owners, who can make an appointment, query pet information, check medical records, etc. Doctors are pet hospital doctors that can handle appointments, diagnoses, prescriptions, etc. Managers manage pet hospital information, including managing doctors, scheduling, inventory, etc. External payment systems are used to handle payment transactions.

In order to use these participants as much as possible, I have designed eight use cases in this system. The first use case is an appointment, in which customers can make an appointment. The second use case is to query the pet information, in which the customer can view the basic information about their pet. The third use case is the pet medical records, in which doctors can enter the pet's medical records and diagnostic results. The fourth use case is a prescription, in which the doctor can prescribe pet drugs. The fifth use case is managing doctor information, in which administrators can add, edit, and delete doctor information. The sixth use case is scheduling management, in which the administrator can arrange the doctor's work scheduling. The seventh use case is inventory management, in which the administrator can manage the stock of drugs and medical supplies. The eighth use case is processing payment, in which an external payment system handles the customer payment fee.Below is a use case diagram of the system management requirements, as shown in Graph 1.
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Graph 1

5.2.6 Summarize
In summary, the use case diagram is an important tool for describing the functional requirements of the system and the interactions with external participants. It plays a key role in all stages of software development, from demand analysis to system design, to communication and demand verification. With the use case diagram, the development team can better understand the system and ensure that the developed system can meet the user's expectations and needs.

5.3 Dynamic model and the lane diagram
5.3.1 Dynamic model
Dynamic model refers to the model that describes the behavior and interaction mode of the system at different time points or conditions in the software engineering and database design. It usually focuses on the flow of data, changes in state, and interactions between different components. In database design, dynamic models can involve the creation, update, deletion and query of data. In object-oriented programming, dynamic models can describe the state and behavior of instances of classes at different points in time.

In the traditional static model, the data model is generally defined by class or table structure, while the dynamic model can be defined by code or profile at runtime. This means that the properties, relationships and behaviors of the data model can be determined without predetermined.

The advantage of dynamic models is their adaptability to changing needs and data. For example, an e-commerce site may need to dynamically adjust prices, offers, and inventory as products are sold. With the dynamic model, developers can modify product properties or behavior in real time without stopping system running or redeploying.

There are also many ways to implement dynamic models, including the use of script language, reflection mechanism, configuration files and so on. Scriting languages such as JavaScript can create objects, define properties, and methods at run time to enable dynamic models. The reflection mechanism operates on the properties and methods of classes and objects at runtime through an API provided by Java. Proffiles can define the structure and properties of the data model, enabling dynamic loading and management.

Dynamic model has great value and application prospect in some scenarios. For example, dynamic models can help to implement these flexible changes when the system needs to dynamically display different interfaces or provide different functions according to the user's needs. In addition, in some large systems or frameworks, dynamic models can provide better scalability and plug-in support, making the system easier to develop and maintain.

However, there are some challenges and potential problems with the dynamic model. First, the flexibility and freedom of the dynamic model may lead to decreased readability and maintainability of the code. When the structure and behavior of data models are not limited by fixation, developers may struggle to understand and debug code. Furthermore, runtime generation and modification of dynamic models may pose performance and security risks that require appropriate controls and constraints.

5.3.2 Lane diagram
Lane diagram and dynamic model are two concepts used in different fields, which are used for business process modeling and data model design, respectively. Despite their different concerns, in some cases they can associate with each other and work in concert.

Lane diagram is a commonly used graphical representation method in business process modeling, which is widely used in the activity map of UML (Unified Modeling Language). Through the lane chart, you can clearly show which department or position each action occurs in a process, so as to more intuitively describe the business logic and process relationship more directly.

In the lane chart, the drawing elements are similar to the traditional flow chart, but in the business process body, different executive subjects, such as departments, positions or roles. This approach helps organize activities according to responsibilities, dividing different executors and responsibilities to better understand business processes. These areas are called swimming lanes, and they can help us distinguish between different roles or departments in Fig.

One of the advantages of lane charts is the ability to clearly describe the various business processes of the enterprise. By dividing the activities into different lanes, it is easier to see the role of each department or position in the process and the relationships between the activities. This is very helpful for teamwork, process optimization, and business management.

For example, in a pet hospital information management system, we can use a lane diagram to describe the main functions and processes of the system. The head in the figure can reflect the various kinds of roles involved in different execution operations, such as administrator, doctor, front desk, etc. The main part shows the main operation process of the system, such as login, system management, pet management, appointment management, daily health and so on.

Through the lane chart, we can clearly see how the characters work together and how the logical relationships between the activities are intertwined. This helps team members understand their position and responsibilities in the process to work more efficiently. The lane chart can also be used as a communication tool to allow better coordination and cooperation between different departments and reduce misunderstandings and conflicts.

Another advantage is that the lane chart can support the extension and judgment of business processes. On the basis of existing, processes can be expanded or optimized as needed, and these changes will be presented on the graph in a more intuitive way. By observing lane charts, business process bottlenecks, improvement points, and risks can be better assessed.

However, it is important to note that while the lane chart shows the relationship between role and process well, it is not suitable for all scenarios. In some simpler processes, the use of lane charts may be too complicated to understand. Therefore, when choosing the modeling method, we need to decide whether to use and how to use the lane diagram.

Although lane maps and dynamic models differ in the content and focus of expression, they can be correlated in some ways. In a business process, the operations involved often need to be executed in the system. Dynamic models can help to describe in further detail the process of the implementation and execution of each operation and how they affect the system state and data flow. Lane charts demonstrate roles and interactions in business processes, and dynamic models can describe how these roles manipulate data and affect data status. For example, in the pet hospital management system, the business process of booking a pet examination can be represented through the lane chart, while the status change and database operation of each appointment can be described through the dynamic model. Lane charts are able to show interactions between roles, while dynamic models can ensure the consistency and correctness of the system during execution. Through reasonable data model design, the data are correct and consistent in different business processes.Below is a simplified version of the lane chart for the Pet Hospital Information Management system. As shown in Graph 2.
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Graph 2

5.3.3 Summarize
As a UML activity graph, lane diagram plays an important role in business process modeling. It can clearly demonstrate the role of different departments, positions or roles in the process, helping teams to better work together and manage the process, while also supporting the process optimization and expansion. Where appropriate, lane chart is a powerful tool to improving the efficiency and effectiveness of business process modeling and management. Lane charts and dynamic models can complement each other in some ways to help us better understand business processes and system behavior. In practical applications, these two models can be used in combination to achieve a more comprehensive system description and design.

5.4 Subsystem design
5.4.1 Specific design content
Subsystem design refers to the system development process, which divides the system into multiple independent subsystems, and defines its functions, modules, interfaces, data structures, etc. for each subsystem, so as to realize the division of labor and collaboration of the system. In the subsystem design, the following several steps are usually required.

Functional analysis: decompose the whole system and divide the core functions of the system into different subsystems. Each subsystem should have independent functions and be able to perform specific tasks.

Module design: For a more detailed design of each subsystem, each subsystem is further divided into multiple modules. Each module should have independent functions and can complete specific tasks.

Interface design: Define the interfaces between subsystems, including the format and transmission method of input and output data. The interface should be designed to consider the scalability and reusability of the system, so that the different subsystems can easily integrate and interact.

Data structure design: For subsystems that need to share data, appropriate data structures are designed to store and manage data. The data structure should be designed to consider the integrity, consistency and security of the data and to meet the needs of operation and query data.

Test and Verification: Unit tests and integration tests are performed for each subsystem to ensure that its functionality and performance meet the design requirements. At the same time, the collaboration and effectiveness of the whole subsystem are verified through the verification of the system.

Document preparation: Make a detailed document preparation of subsystem design, including subsystem function description, module design, interface definition, data structure design, etc. These documents facilitate the maintenance and upgrading of the system and are provided for reference and use by developers and maintenance personnel.

In the process of subsystem design, the requirements, feasibility and performance requirements of the system should be designed reasonably, reliable and easy to maintain. At the same time, work closely with other subsystems to ensure that the whole system can work together to achieve the overall goal of the system. The quality of the subsystem design will directly affect the availability, reliability and scalability of the system, so it is necessary to be fully analyzed and evaluated in the design process to ensure the effectiveness and feasibility of the design.

Then it would be very important to design an SSM framework for the pet hospital information management system. The SSM frameworks set is integrated from three open source frameworks, Spring, SpringMVC and MyBatis, and is commonly used for Web projects with relatively simple data sources. Each framework plays a different role and function throughout the project.

The first is the Spring framework, which is the large factory of the entire project, responsible for assembling Bean and managing dependencies. In the configuration file of Spring, you can instantiate an object by specifying a specific parameter for calling the construction method of the entity class. Therefore, Spring is also known as the adhesive in the project. The core idea of Spring is IoC (reversal of Control), which makes the programmer not need to instate objects explicitly, but to the Spring framework. This design idea greatly reduces the workload of the developers and improves the maintainability and scalability of the code.

SpringMVC Is part of Spring, which user requests and processes them accordingly. The core component of SpringMVC is DispatcherServlet, which acts as a mediator or a front-end controller. DispatcherServlet To match the Controller requested by the user through the HandlerMapping, and the Controller corresponds to the specific operation. SpringMVC Is similar to Struts in the SSH framework, but SpringMVC is more flexible and lightweight than Struts.

MyBatis Is an encapsulation of JDBC, through which the underlying database operations become more transparent. The operation of MyBatis is spread out around a sqlSessionFactory instance. In MyBatis, the entity class is associated to a Mapper file through a configuration file that has configured the database sql statement mapping required for each class. At each interaction with the database, a sqlSession can obtain a sqlSession via sqlSessionFactory and execute the sql command in that session.

The workflow of the SSM framework set is as follows: When the page sends the request to the controller, the controller receives the request, and will call the business layer for processing logic. The business layer processing logic then sends the request back to the persistent layer, which interacts with the database and returns the results to the business layer. The business layer sends the processing logic to the controller, which then calls the view to present the data to the user.

The benefit of using the SSM frameworks is that they each assume different responsibilities and functions and collaborate with each other, enabling developers to focus more on the implementation of business logic, reducing the coupling and complexity of code. At the same time, by integrating different open source components, SSM frameworks provides higher flexibility and scalability, and the suitable framework combination can be selected according to project requirements. In addition, both the Spring framework and the MyBatis framework have extensive community support and rich documentation resources, allowing developers to easily access related help and solutions.

5.4.2 Summarize
In conclusion, SSM framework set is composed of three open source frameworks, Spring, SpringMVC and MyBatis, which assume different responsibilities and functions, realizing the smooth collaboration of front-end controller, business logic processing and database access. Using the SSM framework set can improve the development efficiency and code quality of developers, making Web project development more convenient and flexible.

5.5 Database design
Database design is a systematic process, which first needs to determine the functional requirements, data requirements and the way users and applications can access the data. These requirements will guide the subsequent database design. For requirements, create a concept Data Model, usually represented in an entity-relationship diagram (ERD). At this stage, determine the relationships and attributes between the entities in the system. Then we need to translate the conceptual design into a logical Data Model. Select the Database Management System (DBMS) to define the data types, primary keys, foreign keys, indexes, etc. Then we need to map the logical design to the actual data table structure, including tables, fields, constraints, indexes, etc. Consider performance optimization, data integrity, and security. Meanwhile, we need to create databases and tables in DBMS and initialize them. Ensure a secure deployment and configuration of the database on the server. Finally, we will conduct various tests, including functional tests, performance tests, and data integrity tests. Database optimization based on the test results to improve query performance and data processing efficiency. Below is a simplified pet hospital information management system database design, including major entities, relationships, and properties.

Here are the five classes of entities, which are pets, owners, doctors, appointments and diagnosis. In the pet entity, it mainly includes the basic information of the pet, such as the name, type, age, gender and so on. In owners entities, mainly record the pet owner information, including name, contact information, etc. In doctors entities, personal and professional information, such as names, expertise, etc. In the appointments entity, the appointment information of the patient's pet is mainly recorded, including the appointment date, doctor, diagnosis, etc. In the diagnosis entity, it mainly includes doctors' diagnosis and treatment recommendations for pets. There are multiple relationships in these five categories of entities. A one-to-many relationship between pets and their owners. Make a multi-to-one relationship with pets and doctors. A one-to-one relationship was established between diagnosis and appointment, and diagnostic information was recorded for each appointment.

After building the entities and relationships, we can design the data tables. Create the corresponding data table in the database to store the above entities and attributes. The pet table contains the ID, name, species, age, gender, owner ID and other fields. The host table contains the ID, name, contact information and other fields. The physician table contains the ID, name, expertise, and other fields. The appointment form includes ID, pet ID, doctor ID, appointment date, status and other fields. The diagnosis table includes fields including ID, appointment ID, diagnosis result, and treatment recommendations. According to the requirements of the database query, the appropriate index is set up to improve the query performance. For example, in the appointment form, the index is set according to the pet ID, the doctor ID, and the appointment date.

This is just a simple example of the database design, and the actual design is more complex, covering more entities, relationships, and attributes. In the detailed design, I also considered the issues of data integrity, consistency, security, etc.

6 Summary and outlook
Pet hospital information management system is an indispensable part of modern medical institutions. By integrating information technology and medical practice, it effectively improves the management and service level of pet hospitals. This system covers diagnosis, treatment, drug management, appointment, outpatient service, medical record management and other aspects, providing a comprehensive solution for pet hospitals. On the basis of the existing technology, the future pet hospital information management system still has many development space and prospects.

First of all, the current pet hospital information management system has achieved remarkable results in data management and information interaction. The system can realize the functions of online appointment and offline medical treatment for pet owners, which greatly improves the convenience of the service. At the same time, the electronic management of medical data makes the pet medical records, treatment plans, drug use and other information more clear and easy to understand, and the medical team can provide treatment plans for patients more accurately. In the future, the system can further deepen the application of data analysis, provide better clinical decision support for veterinarians through the statistics and analysis of a large number of pet medical data, and even mine the laws and trends of pet diseases, which is conducive to the promotion of scientific research.

Secondly, the scalability and intelligence of the system is also the future development direction. With the continuous development of technology, artificial intelligence, big data analysis and other technologies have gradually penetrated into the medical field. The future pet hospital information management system can integrate the intelligent diagnosis system to provide more accurate diagnostic suggestions for veterinarians by analyzing the pet symptoms, disease history and other information. At the same time, the system can combine the drug database to intelligently generate drug combination and dosage recommendations, so as to maximize the effectiveness of pet treatment and safety. In addition, the system can also introduce telemedicine technology, so that pet owners can consult veterinarians through video and other ways, solve some common problems, and improve the coverage and convenience of pet medical treatment.

In addition, the security and privacy protection of the system is also one of the important directions in the future. With the development of information technology, the risk of data security and privacy leakage is also increasing. The pet hospital information management system needs to strengthen the security mechanism such as data encryption and authority management to ensure that the information of pet owners and veterinarians is fully protected. At the same time, for the processing of some sensitive information, the system needs to follow laws and regulations to ensure the legality and morality of data use.

In general, the pet hospital information management system plays an important role in the modern medical field, and its development prospects are still broad. The future system will be more intelligent and personalized, providing a better service experience for pet owners and veterinarians. At the same time, the systematic data analysis and mining will also provide strong support for the scientific research of pet medical treatment. However, in the development process of the system, we also need to fully consider the privacy protection and security issues, to ensure the reliability and legitimacy of the system. With the continuous progress and application of technology, it is believed that the pet hospital information management system will play a greater role in the future and provide a better guarantee for the health of pets.
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