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1. Abstract
This paper introduced a database design scheme suitable for Abertawe Arts Centre based on SQL Server database, which including elaborate integrity constraints, insert realistic data, elaborate Performance Tuning, create transaction and Distributed Database Solution. In addition, I analyze and explain performance tuning, transactions, and distributed databases in more detail.
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3. SQL vs. NoSQL
3.1 Concepts of SQL and NoSQL  
SQL is a kind of relational database, the use of SQL representatives is SQL Server, MySQL, Oracle. At the same time, NoSQL refer to Not Only SQL, it is a common term of non-relational database, main representatives: MongoDB, Redis, CouchDB.

3.2 The difference between SQL and NoSQL
· In SQL, data is stored in a database in the form of tables. In NoSQL, data is stored as objects, documents, graphs, and key-value equivalents [1]
· SQL is Relational Database Management System (RDBMS). And NoSQL is Non-relational database system.
· SQL databases require a pre-developed schema; however, NoSQL databases have dynamic schemas.
· SQL uses standard SQL syntax commands to query data. At the same time, NoSQL uses a non-standardized query format to retrieve data.
· SQL databases can be used when large amounts of data need to be stored and complex databases are required. Use a NoSQL database for situations where you need to store less data and have a low budget [2].

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]3.3 For Abertawe Arts Centre
In this article, I combined the actual situation of Abertawe Arts Centre and chose SQL to create the dataset. There are many advantages to using SQL databases. For example, SQL databases use tables to store data and use a standardized structure, which can reduce data redundancy. At the same time, SQL statements can be used to retrieve related data from multiple tables. In addition, the database needs to comply with data integrity constraint rules and use transactions to ensure data consistency. In summary, using the powerful SQL query language provides specialized techniques and tools for this database. 
4. Create the database
According to the actual situation of Abertawe Arts Centre, I design seven tables to meet the requirements, which including BookingTickets (Ticket Booking table), Company (Booking Company table), performType (Performance Type table), program (Program Type table), seatType (Seat type table), theatre (Theatre space table), theatreBook (Theatre Booking table).
To ensure the authenticity of the event, the referential integrity constraints and check constraints have been created and four actual data has been inserted into each table. Besides, SQL code is used to demonstrate evidence of transaction rollback and commit operations. In the following thesis, I will explain many details.

5. Performance Tuning
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK23][bookmark: OLE_LINK24]5.1 concept of performance tuning 
With the more and more extensive application of database in various fields, the requirements of database performance are more and more high. Database performance tuning is a knowledge-intensive discipline that involves a combination of complex factors: index creation, statement rewriting, and so on. In summary, the goal of database performance tuning is to make the system run faster. Database tuning techniques can be used in different database systems, and index tuning is an important aspect of this. In the following articles, I'll focus on index tuning.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK17]5.2 concept of indexes 
Database index is a kind of sorting data structure in database management system, which can quickly query and update the data in the table in the database. Using an index in a database, like using a table of contents in a book, can speed up searching for information. Using an index to find data allows people to quickly find the data without having to scan the entire table. By creating an index, one can improve the performance of the system during the query process. By creating a unique index, one can ensure the uniqueness of each row of data in a database table. However, there are some problems with indexes: For example, indexes take up physical space, and they take more time to add, delete, and modify data in tables.

[bookmark: _Hlk60069455][bookmark: OLE_LINK25][bookmark: OLE_LINK26]5.3 two kind of indexes
SQL Sever provides two kinds of indexes: clustered index and non-clustered index (Also known as secondary indexes):
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The clustered index corresponds to the particular number. If the column with the clustered index is of a numeric type, the records are arranged in terms of the numeric size of the key value.
· A non-clustered index is used to specify the logical order of data, that is, the data in the table is not arranged in the order specified by the index key value, but is stored in the order in which the records were inserted.
These two types of indexes are quite different and can be used in different dataset scenarios. Specifically, the difference between a clustered index and a clustered index is the way a database is queried. In the case of a clustered index, the database can directly look up the required data. At the same time, for a non-clustered index, the database can look up the corresponding primary key value, and then use the primary key value to look up the required data through a clustered index.

5.4 For Abertawe Arts Centre
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Considering the respective advantages of clustered and non-clustered indexes.  In this paper, I use Non-clustered indexes because that a non-clustered index can quickly find all the data corresponding to this value, reducing sorting time without requiring a full table scan. I create Non-clustered indexes for the companyName in the company table, pType in the performType table, programType in peogram table and theatreName in theatre table respectively. In practice, I found it easier to retrieve results by company name, perform Type name, Program Type, and theater name than by ID only, because I think remembering names is more realistic than performing ID numbers.
6. Transaction
[bookmark: _Hlk59575153]6.1 concept of transaction
Transactions are the basic unit of concurrency control as well as an inseparable unit of work. Transactions are mainly used to deal with data with large amount of operation and high complexity. Transactions can be used to maintain database integrity, ensuring that batch SQL statements are executed at all or not executed at all. In general, a transaction must satisfy four conditions, which can be referred to simply as ACID, which stands for atomicity, consistency, isolation, and persistence [4].
· Atomicity: All operations in a transaction, complete or incomplete, are not interrupted somewhere in the middle of the database. This means that if an error occurs during the transaction, the transaction will be rolled back to the pre-transaction state as if it had not been executed.
· Consistency: Everything involved in a transaction must be done according to all the rules set. This ensures that the consistency of the database before and after the transaction is not compromised, and it also enables the database to perform the planned work precisely.
· Isolation: The database allows many concurrent transactions to read, write, and modify simultaneously. Isolation prevents unexpected situations, such as data inconsistencies due to the cross-execution of multiple concurrent transactions.
· Durability: When the transaction is completed, changes to the data made by the operation are permanent and cannot be undone. This has the same effect even in the event of a system failure.
Transactions are widely used in databases and provide a way for database operations to recover from failures. The database system uses the locking mechanism to realize transaction isolation. Specifically, when multiple transactions update the same data in the database at the same time, only the transaction holding the "lock" is allowed to update the data, and other transactions must wait for the previous transaction to release the lock, and then other transactions have a chance to update the data.

6.2 the process of transaction 
The user can mark save points in the declared transaction, and the user can use the tag points to mark any position in the transaction that needs to be marked. This way, when the user rolls back the transaction, the database can choose to fall back from the current location to any save point. For example, a user can insert save points in a complex series of update operations, and if an error occurs during a statement, the user can roll back to the previous save point or any save point.
The specific SQL operation is as follows: BEGIN means to start a transaction, ROLLBACK means that the reservation failed and rolled back the transaction, and COMMIT means that the reservation succeeded and the transaction was confirmed.

6.2 For Abertawe Arts Centre
In this paper, I implement two transactions to ensure database integrity, including the reservation ticket transaction and the reservation theater transaction. For Abertawe Arts Centre, there are two main booking operations that people have, namely booking the theatre and booking the tickets. I create these two actions as transactions to ensure database integrity and convenience, which means that people using the database no longer have to worry about incomplete execution of SQL statements due to improper operation or other reasons. 
In this experiment, the transaction is started first. If the theater booking fails, the transaction will be displayed to the user and rolled back; if the theater booking succeeds, the transaction will be returned to the user and submitted. I do the same thing with booking tickets.
7. [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK22]Distributed Database Solution 
7.1 concept of distributed database
Compared with the centralized database system, the distributed database system is the product of the combination of database technology and network technology [5]. Distributed database is composed of a group of data distributed in different computers in the computer network, each node in the network has the ability to process independently, at the same time, each node can also execute global application through the network communication subsystem.
Distributed databases have the following advantages:
· Good reliability of the system: because the distributed database system is composed of multiple computers in multiple locations, in the case of individual node or individual communication link failure, it can still be downgraded to continue to work 
· Good Scalability: Nodes can be added or removed as needed, or the system can be reconfigured. 
· Good autonomy: The data manipulation and interaction of all nodes in the system are highly autonomous, and there is no master-slave control. Therefore, distributed database better meets the requirements of each department in an organization who wants to have their own data and manage their own data, and at the same time want to share relevant data of other departments

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]7.2 fragmentation strategy 
Data fragmentation allows data to be stored in segments rather than relationships, which not only helps to organize the distribution of data according to users' requirements, but also helps to control the redundancy of data. [3] shows that distributed databases make great contributions to the storage and processing of large-scale data nowadays, especially for the processing of enterprise-level high-parallel database systems.
There are many ways of fragmentation, horizontal fragmentation and vertical fragmentation are two basic fragmentation methods, and mixed fragmentation and derived fragmentation are more complex fragmentation methods. The following are more detailed discussions
· horizontal fragmentation: According to certain conditions, all tuples of a global relationship are divided into disjoint subsets, each of which is a fragment of the relationship. Horizontal segmentation represents a horizontally partitioned table. It refers to the division of different rows of data in a table according to certain rules. Such operations can reduce the amount of data in a single table and optimize query performance. The most common approach is to split based on key information such as the primary key or time.
· vertical fragmentation: The attribute set of a global relation is divided into several subsets and these subsets are partitioned vertically. Vertical fragmentation is based on columns in a relational database. In other words, the different databases are divided according to business modules. Typically, enterprise-level databases break up infrequently used or long-sized fields into separate tables, which is easier to develop and maintain.
· mixed fragmentation: Mixed fragmentation is a combination of horizontal and vertical mode, which enables more flexible deployment of distributed databases. 
· derived fragmentation: There is no need to generate derived fragments for inherent attributes, but using derived fragments in steps that require computation makes the database cleaner and easier to manage and maintain later

7.3 For Abertawe Arts Centre
With the use of the database, the volume of business will have an obvious upward trend. If increasing volumes and volumes of business are to be handled, the existing database structure may not be able to meet the needs of enterprise data display. Therefore, we need to follow the above approach to break down the business system into a more clearly structured distributed structure.
· horizontal fragmentation: Based on the analysis of this database, a separate table is built for each company in the company and the attributes it contains. Therefore, the four companies in the database are divided into four tables, each table contains a company ID, name, type, program type, etc. The venue and ticket price of the theater are also divided into four tables according to this logic.
· vertical fragmentation: Based on the analysis of this database, five databases can be made from five business modules, namely, users booking tickets, companies booking venues, theatres planning time and programs planning price.
· mixed fragmentation: Considering the actual situation of the database, as for few and simple table function, but a large quantity of data, I can use horizontal fragmentation, for example, the company, venue and user data table can be used as a horizontal fragmentation. However, as for the tables which involve multiple logics, such as booking tickets, venue and ticket price can undertake vertical fragmentation according to the business module, such as two steps to accomplish, constitutes mixed fragmentation. 
· derived fragmentation: The following situations can be used for derived fragments: 1. Generate the free days of the remaining days based on the dates of the sites booked by the existing company; 2. Calculate the number of seats left according to the reserved seats of the user; 3. Calculate the ticket price according to the performance level.

7.4 The reconstruction of global relations from the fragments
By reconstructing global relationships from fragmentation, the integrity of the overall database can be maintained, which plays an important role in enterprise applications. For this database: First of all, the global relationship can be reconstructed by 'parallel' operation for the data set of horizontal segmentation, and by 'join' operation for the vertical fragmentation. The database processing logic is still, the company book the venue, arrange the performance type, time; Theaters calculate pricing, times, and seats; User booking. The company, the site, and the users all use independent databases without affecting each other. When booking tickets and booking venues, the single-level database is connected with the business module to form a 'joint' operation, thus forming a complete and efficient processing logic.
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