Overview
Abertawe Art Center will set up branches in different places to meet the needs of customers. The existing system faces performance problems and needs to improve the performance of the entire system through performance optimization such as adding indexes, or security regulations, such as transaction management. In the future, application data will no longer be stored in a single location, but distributed anywhere in the world. The distributed database function of MS SQL Server 2000 allows users to use multiple databases of different management systems as a complete database, allowing users to transparently query and manipulate data from remote database instances, and make the application appear to have only one large centralized In the database, users can enter a unified and distributed application at any time and anywhere, but the data distribution is transparent to the user and logically as a whole.
1. SQL vs. NoSQL
Abertawe Arts Centre have asked you to provide some clarity on the debate of using a SQL database versus a NoSQL database.

There are thousands of debates on the Internet about choosing SQL or NoSQL. But should the two fight on opposite sides? If you choose one or the other, do you know why you chose, and do you know the potential benefits of each? This article briefly discusses the most common advantages and disadvantages of SQL and NoSQL methods, including simple comparisons and factors that developers consider.

Data table vs. data set

The main difference between relational and non-relational databases is the way data is stored. Relational data is naturally in table format, so it is stored in the rows and columns of the data table. Data tables can be stored in association with each other, and data can be easily extracted. In contrast, non-relational data is not suitable for storage in the rows and columns of the data table, but is grouped together in large chunks. Non-relational data is usually stored in data sets, like documents, key-value pairs, or graph structures. Your data and its characteristics are the primary factors that influence the choice of data storage and retrieval methods.

Pre-defined structure vs. dynamic structure

Relational data usually corresponds to structured data, because the data table has a predefined structure (column definition), and the structure describes the form and content of the data. This is very important for data modeling, you must "define the structure in the first place". Although the predefined structure brings reliability and stability, it is very painful to modify the table structure that has already stored data. On the other hand, non-relational data is based on a dynamic structure and is usually suitable for unstructured data. Non-relational data can easily adapt to changes in data types and structures, because the dynamic structure itself supports this.

Storage normalization vs storage cost

The data storage of the relational database is for higher standardization, dividing the data into the smallest logical table (relational table) to avoid duplication and obtain the most streamlined space utilization. Although data standardization makes data management clearer, it usually brings a little complexity, especially when a single operation may involve multiple relational tables, data management is a bit troublesome. In addition, a more streamlined space utilization can usually save valuable data storage, but in today's world we can basically consider the cost of storage (disk space) to be insignificant. Non-relational data is stored in flat data sets, and data may often be duplicated. A single database is rarely separated, but stored as a whole, so that the entire block of data is easier to read and write.

Vertical expansion vs horizontal expansion

The biggest difference between SQL and NoSQL databases may be in the way of expansion. Of course, it must be expanded to support the increasing demand. To support more concurrency, the SQL database is scaled vertically, that is to say, to increase the processing power and use a faster computer, so that the same data set can be processed faster. Because data is stored in relational tables, the performance bottleneck of the operation may involve many tables, all of which need to be serviced by improving computer performance. Although the SQL database has a lot of room for expansion, it will eventually reach the upper limit of vertical expansion. The NoSQL database is scaled horizontally. Non-relational data storage is naturally distributed, and the expansion of NoSQL databases can share the load by adding more ordinary database servers (nodes) to the resource pool.

Structured query vs unstructured query

Relational databases use the so-called structured query language (that is, what we often call SQL) to manipulate data. SQL supports database CRUD (add, query, update, delete) operations, which is very powerful and is the industry standard usage. Non-relational databases manipulate data in units of blocks (like documents), and use the so-called Unstructured Query Language (UnQL), which has no standard and differs depending on the database provider. The concept of the primary key in the relational table corresponds to the document Id in the non-relational storage. SQL databases use predefined optimization methods (such as column index definition) to help speed up query operations, while NoSQL databases use simpler and more accurate data access patterns.

Mapping vs localization

The choice of SQL and NoSQL data storage also depends on the developer, although this factor has little effect. Developers using object-oriented programming languages ​​usually operate one or more data entities (including complex structures of nested data, lists, and arrays) at the same time, and pass the data to the application user interface. If the underlying database is discussed, things are not always fair and reasonable. In relational storage, data entities usually need to be divided into multiple parts for normalization, and then stored separately in multiple relational tables to streamline storage. Fortunately, this is a long-standing problem, and most programming platforms have corresponding simple solutions, such as the ORM layer (object-relational mapping). ORM is a mapping layer between relational data sources and object-oriented data entities used by developers. However, for non-relational storage, there is no need to normalize data, and complex data entities can be stored in a separate unit as a whole. The objects used in the application are usually serialized as a JSon string and stored in a JSon document in a NoSQL database.

Transactionality vs pure scalability

If your data operations require high transactionality or complex data queries need to control the execution plan, then traditional SQL databases are your best choice in terms of performance and stability. SQL database supports fine-grained control of transaction atomicity and is easy to roll back transactions. Although NoSQL databases can also use transaction operations, their real shining value is in the scalability of operations and the processing of large data volumes.

ACID VS CAP

The long-standing value of SQL databases is to ensure data integrity through so-called ACID properties (atomicity, consistency, isolation, and durability). Most relational storage vendors support ACID. Our goal is to support the isolation of indivisible transactions, whose changes are permanent, and the data remains in a consistent state. The NoSQL database allows you to choose any two of CAP (consistency, availability, partition tolerance), because in a node-based distributed system, it is difficult to satisfy all three.

Data VS Big Data

SQL database can reliably store and process data, and NoSQL's biggest advantage is in dealing with big data, that is, a large number of unstructured data entities generated by our society or computers every day. NoSQL uses a modeless method for data management, so its horizontal expansion potential is unlimited. This may be the only effective way to deeply deal with big data capture, management, retrieval, analysis and visualization.

Data logging VS Internet of Things and Internet of People

Relational databases streamline storage on the basis of focusing on data standardization and ensuring performance. But in recent years, the speed at which we generate data is much faster than relational storage can meet the storage capacity growth. The reasons that stimulate the rapid growth of data are: the huge number of users and the Internet of Things. The number of users connected to the Internet is increasing exponentially, using our apps simultaneously. As a large number of mobile device data sensing devices are connected to the Internet, the amount of data generated by the machine has also increased significantly. Therefore, enterprises must seek NoSQL technology and infrastructure to handle the continuous influx of semi-structured and unstructured data.

On-premise VS cloud computing

Cloud computing is now ubiquitous, and it has the benefits of both SQL and NoSQL databases. Relational storage in the cloud environment is usually provided in the form of services, which is replicable, highly available and distributed, which greatly improves horizontal scalability. NoSQL databases hosted in cloud services also naturally enjoy the benefits of automatic sharding, which can be processed flexibly and elastically in stages, integrated high-speed caches and huge computing power to capture, store, and analyze big data.

Paid vs open source

There is a perception that SQL databases are mostly expensive, and NoSQL databases are usually open source. In fact, both types of databases are open source and commercial. Common SQL databases include Microsoft's SQL Server, MySQL, SQLite, Oracle and PostGres. Popular NoSQL databases are Couchbase, MongoDB, Redis, BigTable and RavenDB.

in conclusion

Just like Neo is to Matrix, you can choose. Happy ignorance and fantasy or acceptance of cruel reality. However, blindly choosing whether to use SQL or NoSQL technology, or choosing according to the needs of the general public is based on the illusion that magic will automatically choose the appropriate solution. Both SQL and NoSQL have their own advantages and disadvantages. Choosing the right architecture depends on the needs of your application. Traditional SQL databases are still very powerful and can reliably handle your transactional needs and maintain integrity. Only when you are close to the edge of the limitations of relational databases, or when your data processing volume is huge, and when the expansion of operations requires a more distributed system, consider NoSQL solutions. After considering these factors and making a choice, you can become an amazing man who releases your data to build next-generation applications.
2. Performance Tuning
You have been contracted to investigate the most important transactions for Abertawe Arts Centre in order to improve query performance.

People often fall into a misunderstanding when using SQL, that is, pay too much attention to whether the results obtained are correct, and ignore the performance differences that may exist between different implementation methods. This performance difference is in large or complex database environments. (Such as online transaction processing OLTP or decision support system DSS) is particularly obvious. We have found in practice that bad SQL often comes from improper index design, inadequate join conditions and unoptimized where clauses. After properly optimizing them, their running speed has been significantly improved!

Clustered index, the data stored in the table is stored in the order of the index, and the retrieval efficiency is higher than that of the ordinary index, but it has a greater impact on data addition, modification, and deletion.

Non-clustered index, does not affect the data storage order in the table, retrieval efficiency is lower than clustered index, the impact on data addition, modification, and deletion is small.

We added two indexes to optimize the query speed of the order.

create unique nonclustered  
index UQ_THEATREORDERS_ono_aID_cID
on THEATREORDERS(Order_No,THEATRE_ID,Order_TIME,CUSTOMER_ID,Duration)   
with 
(
    pad_index=on,   
    fillfactor=50,   
    ignore_dup_key=on,  
    statistics_norecompute=off 
);


create unique nonclustered  
index uq_tickorders_ono_cID_tt_at
on TICKETORDERS(Order_No,CUSTOMER_ID,Order_TIME,TICKETTYPE,AirTYPE)   
with 
(
    pad_index=on,   
    fillfactor=50,   
    ignore_dup_key=on,  
    statistics_norecompute=off 
);

We believe that the order number, customer ID and order time are the most queried data of the order, so it is very necessary to add indexes to improve the retrieval speed.
3. Transaction
Briefly explain how the transaction you have implemented for Task 1, item 3 may be used to address the problems raised by Abertawe Arts Centre.

The function of the transaction is that if any statement operation fails, the entire operation will be failed, and the operation will be rolled back to the state before the operation, or the previous node. In order to ensure that it is executed or not executed, transactions can be used.

In banking activities, "transfer of funds X from account A to account B" is a typical bank database industry

Service. This business can be broken down into two actions:

1) Subtract amount X from account A
2) Add amount X to account B

These two actions should form an inseparable whole. Either complete all of them or not perform any of them. One of the two must be. These two actions are an "inseparable" business unit. Once a link fails, it needs to be rolled back (return to the initial state)

ACID characteristics of transactions:
1) Atomicity
2) Consistency
3) Isolation
4) Durability

There are three types of databases in SQL Server:

Auto-commit transaction: This is the default mode of SQL Server. It treats each individual T-SQL statement as a transaction. If it is executed successfully, it will be automatically committed; if there is an error, it will be automatically rolled back.

Such as: once the execution fails, it will automatically roll back.

Display transaction: Use BEGIN TRANSACTION to specify the beginning of a transaction, which is the most commonly used transaction type.

Implicit transaction: By setting the SET IMPLICIT_TRANSACTIONS ON statement, the implicit transaction mode is set to open, and the next statement automatically starts a new transaction (no BEGIN TRANSACTION is required), and each transaction is still explicitly completed with a COMMIT or ROLLBACK statement. The next Transact-SQL statement will start a new transaction.

Turn off the implicit transaction mode through SET IMPLICIT_TRANSACTIONS OFF. (Invisible transactions will take up a lot of resources, generally not recommended)

T-SQL uses the following statements to manage transactions:

Start transaction: BEGIN TRANSACTION

Commit the transaction: COMMIT TRANSACTION

Rollback (undo) transactions: ROLLBACK TRANSACTION

Store point statement: SAVE TRANSACTION

The so-called transaction storage point is to insert several marks in the transaction process. When an error occurs in the execution of the transaction, the entire transaction may not be undone, but only part of the transaction is undone, and the transaction is returned to a certain thing storage point. Once the transaction is committed or rolled back, the transaction ends.

E.g:

/*
Create a transaction, one changes the price to 2 and the other changes 
the price to 10, Any one of the above two operations fails, the transaction 
is rolled back, and the transaction execution result is viewed.
*/

begin transaction t1_TICKETS
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =2
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =10
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
if @@ERROR!=0
 rollback transaction
 else
commit transaction t1_TICKETS

/*Create a transaction, change the price to 0, the first operation fails, the transaction is rolled back,
If it succeeds, it is set as a save point. If the second operation fails, the transaction is rolled back and the result of the transaction execution is checked.
*/
begin transaction t2_TICKETS
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =0
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =10
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
if @@ERROR!=0
 rollback transaction t2_TICKETS
 else
commit transaction t2_TICKETS

/*
Start the implicit transaction, update the price, and then close the implicit transaction
*/
set implicit_transactions on use SM
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =2
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
UPDATE ArtsDB.dbo.TICKETS
SET PRICE =10
WHERE
TICKETTYPE='bands' AND AirTYPE='professional';
commit transaction
set implicit_transactions off
4. Distributed Database Solution
Use SQL Server to build a distributed database

We use several tables in ArtsDB, THEATRE, CustomerType, Customer, Ticket, AuditoriumOrders, TicketOrders to build a hybrid distributed database system with horizontal and vertical sharding. Every company has the same SQL Server database instance. The first two companies keep their own information tables, and ArtsDB keeps two copies of the table information for citizens.

Create three databases, called DB1, DB2, DB3

Add suffixes to each table, such as one for database DBA, two for database DBB, three for database DBC.

CREATE DATABASE DB1;

CREATE TABLE THEATRE1 (
    THEATRE_ID int IDentity(1,1) primary key,
	CAPACITY int,
    THEATRE_NAME varchar(120),
	PRICE numeric(18, 2)
);

CREATE TABLE CUSTOMERTYPE1(
    CUSTOMERTYPE_ID int IDentity(1,1) primary key,
    TYPE_NAME varchar(80)
);

CREATE TABLE CUSTOMER1(
    CUSTOMER_ID int IDentity(1,1) primary key,
	CUSTOMERTYPE_ID int NOT NULL,
    FNAME varchar(100),
	LNAME varchar(100),
	TELEPHONE varchar(20)
);


CREATE TABLE TICKETS1(
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	PRICE numeric(18, 2) NOT NULL,
	primary key(TICKETTYPE,AirTYPE) 
); 


CREATE TABLE THEATREORDERS1(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	THEATRE_ID int,
	CUSTOMER_ID int, 	
	Duration int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No)
); 


CREATE TABLE TICKETORDERS1(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	CUSTOMER_ID int, 	
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	Quantity int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No),
); 

CREATE DATABASE DB2;

CREATE TABLE THEATRE2 (
    THEATRE_ID int IDentity(1,1) primary key,
	CAPACITY int,
    THEATRE_NAME varchar(120),
	PRICE numeric(18, 2)
);

CREATE TABLE CUSTOMERTYPE2(
    CUSTOMERTYPE_ID int IDentity(1,1) primary key,
    TYPE_NAME varchar(80)
);

CREATE TABLE CUSTOMER2(
    CUSTOMER_ID int IDentity(1,1) primary key,
	CUSTOMERTYPE_ID int NOT NULL,
    FNAME varchar(100),
	LNAME varchar(100),
	TELEPHONE varchar(20)
);


CREATE TABLE TICKETS2(
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	PRICE numeric(18, 2) NOT NULL,
	primary key(TICKETTYPE,AirTYPE) 
); 


CREATE TABLE THEATREORDERS2(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	THEATRE_ID int,
	CUSTOMER_ID int, 	
	Duration int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No)
); 


CREATE TABLE TICKETORDERS2(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	CUSTOMER_ID int, 	
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	Quantity int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No),
); 


CREATE DATABASE DB3;

CREATE TABLE THEATRE3 (
    THEATRE_ID int IDentity(1,1) primary key,
	CAPACITY int,
    THEATRE_NAME varchar(120),
	PRICE numeric(18, 2)
);

CREATE TABLE CUSTOMERTYPE3(
    CUSTOMERTYPE_ID int IDentity(1,1) primary key,
    TYPE_NAME varchar(80)
);

CREATE TABLE CUSTOMER3(
    CUSTOMER_ID int IDentity(1,1) primary key,
	CUSTOMERTYPE_ID int NOT NULL,
    FNAME varchar(100),
	LNAME varchar(100),
	TELEPHONE varchar(20)
);


CREATE TABLE TICKETS3(
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	PRICE numeric(18, 2) NOT NULL,
	primary key(TICKETTYPE,AirTYPE) 
); 


CREATE TABLE THEATREORDERS3(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	THEATRE_ID int,
	CUSTOMER_ID int, 	
	Duration int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No)
); 


CREATE TABLE TICKETORDERS3(
	Order_No varchar(50) NOT NULL,
	Order_TIME Date NOT NULL,
	CUSTOMER_ID int, 	
	TICKETTYPE varchar(50) NOT NULL,
	AirTYPE varchar(20) NOT NULL,
	Quantity int,
	AMOUNT numeric(18, 2) NOT NULL,
	primary key(Order_No),
); 

Next, create the link server
Set up a two-way database link on each of the four servers to create a DB1 to DB2 link server.

exec sp_addlinkedserver   'DB2', ' ', 'SQLOLEDB ', '192.168.0.12' 
exec sp_addlinkedsrvlogin  'DB2', 'false ',null, 'sa', 'fwsg3@01'

Create distributed partitioned views on each of the four servers.

create view THEATRE_VIEW
as
select * from THEATRE1
union all
select * from THEATRE2
union all
select * from THEATRE2;

create view CustomerType_VIEW
as
select * from CustomerType1
union all
select * from CustomerType2
union all
select * from CustomerType3;


create view Customer_VIEW
as
select * from Customer1
union all
select * from Customer3
union all
select * from Customer3;

create view Tickets_VIEW
as
select * from Tickets1
union all
select * from Tickets2
union all
select * from Tickets3;

create view THEATREOrders_VIEW
as
select * from THEATREOrders1
union all
select * from THEATREOrders2;
union all
select * from THEATREOrders3;

create view TicketOrders_VIEW
as
select * from TicketOrders1
union all
select * from TicketOrders2;
union all
select * from TicketOrders3;

At this point, the entire distributed database system has been established.

All distributed database operations can now be implemented by accessing the local distributed partitioned views THEATRE_VIEW, CustomerType_VIEW, Customer_VIEW, Tickets_VIEW, THEATREOrders_VIEW and TicketOrders_VIEW in any location of the 3 companies.

[bookmark: _GoBack]Using replication technology to achieve mixed data distribution. The Abertawe Arts Centre needs to keep two separate copies of the customer information form. In order to maintain transaction consistency within a satisfactory range, this article uses transaction replication. The initial snapshots of the two branches (publishers) are propagated to the registry office (subscribers). When data changes occur on the three branch servers, a single transaction will be captured and propagated to the Abertawe Art Center, thereby maintaining transaction consistency across subscribers Sex.
