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This paper introduces SQL and NoSQL, analyzes the differences between them, introduces the characteristics and advantages of each, and proposes to meet the requirements of Abertware database performance Tuning, including index, transaction and distributed database design and other operations.
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NoSQL, sometimes also known as the abbreviation Not Only SQL, is a general term for database management systems that are different from traditional relational databases. NoSQL is used for very large scale data storage. (e.g. Google or Facebook collect trillions of bits of data for their users every day). These types of data stores do not require fixed schemas and can be scaled horizontally without unnecessary operations.

The difference between SQL and NoSQL:
(1) SQL databases provide relational tables to store data, and NoSQL databases use key-value pairs like JOSN to store documents.
(2) In an SQL database, you cannot add data to tables and fields unless you have defined the schema for them in advance. In a NoSQL database, data can be added at any time without having to define documents and collections beforehand.
(3) SQL has the normalization of a database. NoSQL can also use canonicalization, but prefers de-canonicalization.
(4) SQL has a JOIN operation. NoSQL does not have a JOIN operation.
(5) SQL has data integrity. NoSQL has no data integrity and can store any data you want.
(6) In general, NoSQL is faster than the SQL language. This shouldn't come as a shock; the simpler, de-normalized storage in NoSQL allows us to get all the information for a particular item in a single query. There is no need to use complex JOIN operations in SQL.
(7) SQL requires custom transactions. NoSQL is transactional when operating on a single document, while it is not transactional when operating on multiple documents.

The characteristics of SQL versus NoSQL are shown in Table 1 below.

Table 1 The characteristics of SQL versus NoSQL
	Database type
	Characteristics

	






SQL database
	·Use tables to store related data
·The underlying schema needs to be defined before the table can be used
·Encourage the use of normalization to reduce data redundancy
·Support the use of JOIN operations, using a single SQL statement to fetch related data from multiple tables
·The data integrity constraint rules need to be met
·Use transactions to ensure data consistency
·It can be used on a large scale
·Use the powerful SQL language for query operations
·Provides a lot of support, expertise and AIDS

	





NoSQL database
	
·Use a JSON-like document format to store key-value pair information
·No specific schema is required to store data
·De-normalized standards are used to store information to ensure that a document contains all the information for an entry
·You do not need to use the JOIN operation
·Allows data to be stored in any location without validation
·Make sure to update a single document, not multiple documents
·Provides excellent performance and scalability
·Query using JSON data objects
·It's a new type of technology
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Data query is a database transaction used to query information from the database. In order to improve the query performance, the index (secondary index) is used in this database. This section is to introduce and analyze the index used.
An index is a structure that sorts the values of one or more columns in a database table. Using an index gives quick access to specific information in a database table, which helps you get information faster.
In the database design, we first created the following table, users table (for AbertaweAC. Co. UK company management production company and venue booking), table (for registration venue information), and the theatre space seating chart (for registration each stadium seat information), the performance table () is used to record the performance information and ticket table (for registration information). This task is mainly to solve the problems related to information retrieval, so this article will not repeat the problems related to the tables, mainly explain the index used in the design.
First, let us discuss SQL Server performance tuning. SQL Server's Database Engine Advisor is a tool. It can analyze the input workload and provide the foundation for database optimization on this basis. A table without a clustered index is called a heap, and a table with a clustered index is called a clustered index table (or a clustered table). An index is a structure for sorting and searching. Indexing reduces I/O consumption when looking up a database.
All indexes in SQL Server are organized as a B-tree structure, which is a special case of balanced trees. A clustered index is not a copy of the data, but the data itself. A nonclustered index is also structured as a B-tree with leaf-level rows containing only index keys and specific row locators. Row Locator It is an 8-byte physical pointer that consists of the file number in the database, the target page number in the file, and the row number of the target page. The only difference between a non-clustered index created on a clustered table and a non-clustered index created on the heap is that the row locator of the former is a value called the clustered key, not the RID. A clustered index is a sorted table sequence that is specified by SQL Server and maintained when you create the index. Any row in this table has quick access to a given key value. Any set of rows in the index key sequence also quickly access a given range key.
Adventure Works DW provided by SQL Server is taken as an example to achieve index optimization.
Import table structure
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Disk IO enabled
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To optimize
Create two indexes, the second index: for the column of GROUP BY
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Execute the statement
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Create indexes
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The execution plan
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Access
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Balance the overhead in the maintenance and use of secondary indexes against performance improvements gained when retrieving data.

Overheads include:
Adding an index record to every secondary index when a row is inserted into a table.
Updating a secondary index when the corresponding row is updated.
Extra disk space needed to store secondary index.
Possible performance degradation during query optimisation, as the query optimiser may consider all secondary indexes before selecting an optimal execution strategy.

Do not index small relations.
In general, index the PK of a relation if it is not the ordering key of the file organisation.
Add a secondary index to a foreign key if it is frequently accessed.
For example, the OwnerNo may be frequently used to join the Property and Property Owner tables.

Add a secondary index to any attribute that is heavily used as a secondary key.
For example the rent attribute in the property table.
Add secondary indexes to attributes involved in:

Selection (WHERE) or JOIN criteria
ORDER BY
GROUP BY
Operations involving sorting (such as UNION, DISTINCT)

Add a secondary index on attributes involved in built-in aggregate and built-in functions.
Add a secondary index on attributes that could result in an index-only plan.Index contains all the data needed to execute query – results in very efficient queries. 
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A transaction is an action, or series of actions, carried out by a single user or application, which reads or updates the contents of the database.A transaction is treated as a logical unit of work on the database.

All the required series of actions that make up a transaction collectively form the logical unit of work.That is a sequence of operations consisting of:A series of read/write actions on the database with non-database processing taking place in between, followed by what is known as a commit or abort action.

ISO SQL defines a transaction model based on two statements: COMMIT and ROLLBACK.
A SQL transaction automatically begins with a transaction-initiating SQL statement (e.g. SELECT, INSERT, UPDATE).Changes made by a transaction are not visible to other concurrently executing transactions until the transaction completes.Most DBMSs conform to this model.
The transaction state diagram is shown in Figure 1 below.
[image: 3ZY@$OFZKP46UUL8IM}N7A2]
Figure 1 Transaction State Diagram

ACID Properties of Transactions is shown in Figure 2 below.
[image: YV%VD%TSEMY3UMSS8M}BAKB]
Figure 2 ACID Properties of Transactions
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Distributed Database:A logically interrelated collection of shared data (including a description of this data) physically distributed over a computer network.
Distributed DBMS:The software system that permits the management of the distributed databases and makes the distribution transparent to users.

The ability to share data should be improved by developing a distributed database system that reflects this same organisational structure:Makes the data in all units accessible across the organisation.Stores data closest to the location where it is most frequently used.

When designing a distributed database, there are three main factors to consider:
Fragmentation:A relation may be divided into a number of sub-relations called fragments, which are then distributed.
Allocation:Each fragment is stored at the site with “optimal” distribution.
Replication:The DDBMS may contain a copy of a fragment at several different sites.
Types of Fragmentation is shown in Figure 3 below.

[image: 3TAG9E]~XCFHD}@195NP8XE]
Figure 3 Types of Fragmentation

Imagine that there are 3 pages of data for a table with a cluster index. A new row with a primary key of "5" must be inserted, and since it is a clustered index, the new row is inserted in order. Because the target page is sufficiently complete that the new row can not be inserted, SQL Server divides the page into approximately two and inserts the new data on the new page, as shown in the Figure 4 below.

[image: S_}A`{W{(UD_LWFU8CE23SH]
Figure 4 Fragmentation



Distributed database architecture diagram is shown in Figure 5 below.
[image: K2%@J1YJ5]}0%6BEO}}@Z}2]
Figure 5 Distributed database architecture diagram

In the actual production environment, there may be hundreds or thousands of Host services, mainly business services.

The state information of each functional node in the data center is maintained in Gate Gate. Application Server obtains the host address to be operated from Gate, and then communicates with the node specified in the data center. The node information retained in GATE will record the routing IP and port of the node, the state of the node, and the functional characteristics of the node. In the Gate will open a daemon responsible for communicate with data center of each node (there was responsible for each node communication daemon), nodes available through heartbeat detection (whether nodes extension machine), whether the node in the busy state by the node's own reports to the Gate daemon, Gate daemon to update the configuration information.

Update Master is responsible for the Update operation of database. This node does not save all the data, but only retrieves the required data from the corresponding query library when it needs to be updated, and then conducts transaction Update on the local machine, which is also submitted to the local machine. And through a certain mechanism (timer or reach a certain threshold), on the backup of the local Data, and submitted to the Data Transfer Station, after the successful submission, empty the local database. The difficulty here is that if you know what data to fetch, my initial thinking is that the application service itself tells the node, this is the easiest way.

Update Slave: The backup Update server, which automatically becomes the Master to replace the updateMaster when opening the machine. The daemon monitors the Master status in real time.

The Data Transfer Station is responsible for collecting the change Data and backup storage in case the Data need to be tracked or recovered. After the Update Master submits the backup data, the Dispatcher is found to be free, and then the Dispatcher pulls the required data and dispatches it to the Query Server.

The Dispatcher Data distributor, the distributor from the Data Transfer Station access to the Data, and get free from Gate, not synchronize the Data of the Query Server, and the Query Server tags for synchronous Data, then synchronize Data, after the completion of the synchronization, logging, synchronously back to the Data Transfer Station, then on to the next Query Server to synchronize, until all the synchronization is complete. After completion, the Data Transfer Station will mark this Data as all nodes have been synchronized (Query Server can still provide Query service during synchronization).

Query Server is responsible for external data Query. Here are still under consideration, that is, whether or not a shard, because of large amount of data, not shard sure to cause a decline in the query efficiency of single, fragmentation, such as fragmentation is obtained by using the Hash algorithm, increases the complexity of the query, the most main is, data issued, need to consider is the updated data on which shard, relatively more complex.

To understand how SQL Server defragments an index, consider a simplified example of pages after many insertions, updates, and deletions, as shown in the following figure:
[image: (_20[DR6Y2H8J%V)4HSNAFV]Page numbering represents the logical sequence of pages.However, the physical sequence as shown in the figure from left to right does not correspond to the logical sequence.The following figure illustrates several passes during the defragmentation and reorganization process, causing re-scheduling of physical pages by changing the first logical page with the first physical page and swapped with the second physical page and so on.
[image: CH~MX@[OX3NUV[JS7Q_GZWL]
During the first pass, SQL Server finds the first physical page (4) and the first logical page (1), and then exchanges these pages in a discrete transaction.On the second pass, SQL Server exchanges the next physical page (7) with next logical page (2).On the third pass, SQL Server exchanges the next physical page (4) with the next logical page (3).On the fourth pass, SQL Server exchanges the next physical page (5) with the next logical page (4).Sorting is now complete because all physical pages correspond to their logical positions. 
Establishment of distributed database:

1.T_ Space table is the basic table, which is used to store theater space information, and can be distributed horizontally.
Conditions: distinguish different specifications of the theater 
SELECT * FROM T_ SPACE WHERE Type = 'B' 
SELECT * FROM T_ SPACE WHERE Type = 'S'

2.T_ Book is a company booking table, which can be vertically distributed. 
Column 1: Store company information and company booking time
BOOK_ NO|BOOK_ NAME|BOOK_ TIME_ FROM|BOOK_ TIME_ TO 
Column 2: store company booking information and fees 
BOOK_ NO |THEATRE_ NO|THEATRE_ Type|COST 
Column 3: store the ticket information corresponding to the theater reserved by the company 
BOOK_ NO |TICKET

3.T_ BUY_ Ticket is a ticket table, which can be distributed horizontally. 
Conditions: distinguish the number of tickets purchased 
SELECT * FROM T_ BUY_ TICKET WHERE NUM >5

4.T_ Ticket is the activity ticket price table, which can be distributed horizontally. 
Conditions: distinguish the professional level of the performance 
select * from T_ TICKET where PRO_ LEVEL ='A' 
select * from T_ TICKET where PRO_ LEVEL ='P'

Reconstruction of distributed database

1.SELECT * FROM M_ SPACE WHERE Type = 'B' union SELECT * FROM M_ SPACE 
WHERE Type = 'S' 
select 
[bookmark: _Toc30371]a.BOOK_ NO 
,a.BOOK_ NAME 
,a.BOOK_ TIME_ FROM 
,a.BOOK_ TIME_ TO 
,b.THEATRE_ NO 
,b.THEATRE_ Type 
,b.COST 
,c.TICKET from T_ BOOK a 
full outer join T_ BOOK b on a.BOOK_ NO=b.BOOK_ NO 
full outer join T_ BOOK c on a.BOOK_ NO=c.BOOK_ NO

2. SELECT * FROM T_ BUY_ TICKET WHERE NUM >5 union SELECT * FROM T_ BUY_ TICKET WHERE NUM <=5 

3. select * from T_ TICKET where PRO_ LEVEL ='A' union select * from T_ TICKET where PRO_ LEVEL ='P
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