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Database Construction and Solution Research Based on Abertawe Arts Centre 
[bookmark: _Toc61662380]Abstract 
[bookmark: _GoBack]In this report, we first briefly introduced the database created for Abertawe Arts Centre. A small amount of data was inserted into the database and constrained operations such as checks were performed. In order to improve database performance, secondary indexes and transactions have been added. Provide some clarity on the debate between using SQL databases and using NoSQL databases at the company's request. Finally, Using the Abertawe Arts Centre case study, a distributed database solution is proposed.
Key words: Database, secondary indexes, transactions, SQL, NoSQL, Distributed Database
[bookmark: _Toc38189069][bookmark: _Toc61662381]1 Introduction
With the maturity of traditional database technology, the rapid development of computer network technology and the expansion of application range, database applications have been generally established on computer networks. At this time, the centralized database system shows its shortcomings. The application program runs on a computer, once the computer occurs Failure, the entire system is affected, and the reliability is not high; centralized processing causes the scale and configuration of the system are not flexible enough, and the scalability of the system is poor. In this situation, the concept of "centralized computing" of centralized DB is developing toward the concept of "distributed computing". [1] So this article will propose a distributed database solution after introducing the database.
[bookmark: _Toc61662382]2 Database Creation
[bookmark: _Toc61662383]2.1 Create Table
Through the analysis of the case, I created eight tables, namely: ProductionCompany, EntertainmentProduction, PerformanceSchduling, Venue, Seat, Customer, Ticket, Booking, and used VISIO to draw a schematic diagram, as shown in Figure 2.1.[image: ]
Create a table through SQL code statements in SQL SEVER, and add constraints such as primary keys and foreign keys. The code example is shown in the figure below.
[image: ] Then use the insert statement to insert part of the data into each table, part of the insert code is shown in the figure below.
[image: ]
The table after creating and inserting data is shown below.
[image: ] SQL code used to create the check constraint(s), as shown below.
[image: ]
[image: ]
[bookmark: _Toc61662384]3 Performance Tuning Enhancement
[bookmark: _Toc61662385]3.1 Create Secondary Index
Think of data query requirements that are going to be important and/or frequently executed in the database。Therefore, in addition to the primary key index, multiple secondary indexes should be added to improve data query performance. In this task, I added three important secondary indexes. First, I added an index about CompanyId in the Booking table. The code is as shown below.
[image: ]
The CompanyId column is indexed in the Booking table to quickly query which companies have booked venues in the Abertawe Arts Centre. In addition, I also added an index about BookingDate in the Booking table, the code is as shown below.
[image: ]
The BookingDate column is indexed in the Booking table to quickly query how many companies have booked venues in the Abertawe Arts Centre on a specific date. Finally, I added an index about ProductionId in the PerformanceSchduling table, the code is as shown below.
[image: ]
Indexing the ProductionId column in the PerformanceSchduling table is to quickly query the performance schedule of a certain work.
[bookmark: _Toc61662386]3.2 Transactions
Transaction is a logical unit of work in SQL Server, which will be processed as a whole. The transaction guarantees that multiple consecutive operations must be executed successfully, otherwise it must immediately return to the state without performing any operation, that is, the result of executing the transaction will either complete the operation to be performed by the data or not modify all the data. [2] At the request of Abertawe Arts Centre, Transaction operation is performed on the constructed database. The code is shown in the figure below.
[image: ]
The production company will reserve a venue at the Abertawe Arts Centre, so there will be a record of the company's reservation of the venue in the Booking table of the database. When there is no detailed content for the specific date (bookingdate) required by the production company or the bookingdate is empty, "Error" will be displayed, and then rollback operation will be performed, and then commit transaction. This will complete a Transaction operation.
[bookmark: _Toc61662387][bookmark: OLE_LINK6][bookmark: OLE_LINK7]4 SQL vs. NoSQL
[bookmark: _Toc61662388][bookmark: OLE_LINK8][bookmark: OLE_LINK9]4.1 SQL
SQL stands for Structured Query Language. As evident from the name, it is a querying language that is used to perform various data operations. It is supported on almost all Relational Databases. A relational database, often synonymous as a SQL Database, is a collection of data records that may have predefined associations or relationships with each other. [3]
SQL databases, or Relational Databases, employ the traditional way of storing data (where each database may contain several tables). However, it is worth mentioning that in RDBs, each table contains rows that have the same attributes or "shape". Each column describes one specific piece of information about the record. The type of data that each column will contain is also predefined. 
Properly defining tables and columns is upfront work to be done to gainfully use a database. Then, the day to day task becomes adding new rows. This is where the SQL language comes in handy. It offers a convenient way to create tables, define columns, add records, delete them, etc. It also allows us to "connect" or associate (create relationships for) multiple tables by using the concept of primary and foreign keys.[4]
[bookmark: _Toc61662389]4.2 NoSQL
Several NoSQL database systems have grown rapidly in popularity over the last few years. They are non-relational DMSs that support structured data, unstructured, semi-structured, and polymorphic data. At a high level, NoSQL just means not only SQL. Thus, it doesn’t speak to a single database offering — rather, it’s a collection of diverse technologies. [4 Don’t assume that the databases are similar in nature either.
NoSQL Databases:
· typically don’t use SQL
· usually don’t store data in tables
· usually don’t care about relationships
· usually don’t provide ACID transaction
· usually don’t require formal data schemas (making them more flexible)
[bookmark: _Toc61662390]4.3 Comparison of SQL and NoSQL
[bookmark: _Toc61662391]4.3.1 Theoretical difference
In short, SQL databases are primarily Relational Database Management Systems, while NoSQL databases are non-relational distributed databases and datastores.
[bookmark: _Toc61662392]4.3.2 Schema
A schema refers to the organization and shape of records within a database. Both of these database types have a very contrasting data storage models.SQL databases usually deal with structured data that is organized in the form of tables. On the other hand, NoSQL databases, along with support for structured data, offer the convenience of storing unstructured, semi-structured, and polymorphic data as well. NoSQL databases can store information in the form of document stores, key-value pairs, graphs databases, and column stores. These DBs do not have predefined schemas that they need to adhere to. This distinction makes them useful for specific scenarios. [5] For example, RDBs are intuitively useful for accounting systems because they model the accounting ledger well. NoSQL is preferred in "Big Data" scenarios where the flexibility of data types are essential.
[bookmark: _Toc61662393]4.3.3 Scalability
Scalability refers to how a database technology adapts to an ever-increasing amount of data without sacrificing performance. In this regard, singular SQL databases tend to be vertically scalable, in the sense that additional load can be handled by using more efficient and newer hardware (CPUs, RAM and SSD). On the flip side, NoSQL databases tend to be more horizontally scalable (they can automatically handle more traffic by distributing it among more servers in the database cluster). Note that relational databases can also be scaled via more hardware — however, there is some additional work to be done to unify the various database instances. [6] This is why NoSQL databases are preferred in the case when our data is increasing at a very high rate.
[bookmark: _Toc61662394]4.3.4 Support
Historically, SQL database were in the market long before the NoSQL ones arrived. Therefore, it shouldn’t come as a surprise that almost all the SQL database vendors provide substantial support to their users. Moreover, a huge community of independent consultants is there to help with the large deployment of SQL databases. Of course, the same is starting to also be true for NoSQL databases. [7] However, many are still in their embryonic stage, and thus depend more (or often solely) on the open source community for support. Furthermore, independent consultants are also more scarce when it comes to the setup and deployment of large-scale NoSQL databases.
[bookmark: _Toc61662395]4.3.5 Languages Used
SQL databases support Structured Query Language (SQL) which allows us to perform various operations on the database. It accomplishes this by providing different types of commands. Though SQL is the most stable and widely used option for performing database operations, it may be restricting in the sense that it requires users to predefine the structure of tables and records. [8] There's also the constraint that all data it stores must be consistent in observing that structure.
On the other hand, NoSQL databases are dynamic and flexible. They allow storing unstructured data in multiple ways. Depending on the nature of data, NoSQL options include document stores, key-value pairs, graph databases, and column-oriented stores. As mentioned, you are not required to come up with the structure of data before-hand. Each document may have its own unique structure. [9] This is referred to as Unstructured Query Language (UnQL) and syntax will vary between products.
[bookmark: _Toc61662396]5 Distributed Database Solution
[bookmark: _Toc61662397]5.1 Overview of Distributed Database System
Distributed Database System (DDBS) is a database management information system proposed for geographically dispersed, and management needs to require different levels of centralized management. [11] Distributed database is the product of the combination of database technology and network technology, and has formed a branch in the database field. Since the 1990s, distributed database systems have entered the stage of commercial application. Traditional relational database products have developed into distributed database products centered on computer networks and multitasking operating systems. At the same time, distributed databases have gradually become client/server Model development.
[bookmark: _Toc38189088][bookmark: _Toc61662398]5.2 Features and advantages and disadvantages of DDBS
[bookmark: _Toc61662399]5.2.1 Basic features of DDBS
(1) Physical distribution: Data is not stored on one site, but on multiple sites on a computer network.
(2) Logical integrity: The data is physically distributed in each site, but logically as a whole, they are shared by all users (global users) and managed by a DDBMS.
(3) Site autonomy: The data on each site is managed by a local DBMS, with autonomous processing capabilities, to complete the application (partial application) of the site.
(4) Collaboration between venues: Although the venues have a high degree of autonomy, they cooperate with each other to form a whole. [12]
[bookmark: _Toc61662400]5.2.2 Advantages of DDBS
(1) Have a flexible system structure
(2) Adapt to distributed management and control institutions
(3) Superior economic performance
(4) The system has high reliability and good availability
(5) Fast response speed for partial application
(5) Good scalability and easy integration with existing systems
[bookmark: _Toc61662401]5.2.3 Disadvantages of DDBS
(1) The system overhead is relatively large, mainly spent on the communication part.
(2) Complex access structure (such as auxiliary index, file link technology) is an important technology for effective data access in centralized DBS, but it is not necessarily effective in distributed systems.
(3) The security and confidentiality of data are difficult to handle.
[bookmark: _Toc61662402]5.3 Data fragmentation
[bookmark: _Toc61662403]5.3.1 Fragmentation type
(1) Horizontal fragmentation; (2) Vertical fragmentation; (3) Export fragmentation; (4) Mixed fragmentation.
[bookmark: _Toc61662404]5.3.2 Fragmentation conditions:
(1) Completeness conditions: All data of the global relationship must be mapped to fragments, and data that belongs to the global relationship but does not belong to any fragment of it is never allowed.
(2) Reconfigurable condition: It must be ensured that the global relationship can be reconstructed by each segment of the same global relationship. For horizontal shards, it can be used to reconstruct the global relationship; for vertical shards, the join operation can be used to reconstruct the global relationship.
(3) Disjoint condition: It is required that the data fragments obtained after a global relationship is divided do not overlap with each other (except for the primary key of vertical fragmentation). [13]
[bookmark: _Toc61662405]5.4 Distributed Database Solution
[bookmark: _Toc61662406]5.4.1 Horizontal Fragmentation
In the Abertawe Arts Centre case, perform horizontal fragmentation on the form PerformanceSchduling, as shown in the figure below. 
The fragmentation condition is to split startdatetime, which is split every six months. Because there are various performance arrangements every day, a long time will cause too much data in the table PerformanceSchduling, which will affect the server operation and query efficiency.
[bookmark: _Toc61662407]5.4.2 vertical fragmentation
In the Abertawe Arts Centre case, I will perform vertical fragmentation on the customer form, as shown in the figure below.
[image: ]
Because many customers come to watch the performance every day, the attributes in the table are divided into customer-1 (CustomerNo, FirstName, Surname, Password) and customer-2 (CustomerNo, EmailAddress, PhoneNo). Of course, each table contains the primary key CustomerNo.
[bookmark: _Toc61662408]5.4.3 mixed fragmentation
In the Abertawe Arts Centre case, I will perform mixed fragmentation on the ticket form, as shown in the figure below.
[image: ]
First, perform horizontal fragmentation on the form Ticket, and the fragmentation condition is to split StartDatetime, which is split every six months. Then perform vertical fragmentation and divide the table into Ticket-1(TicketNo,ProductionId,CustomerNo), Ticket-1(TicketNo,SeatNo,SeatType,Price), Ticket-1(TicketNo,StartDateTime,EndDateTime) according to the attributes.
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