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Abstract
This report introduces SQL and NoSQL, discusses the differences, advantages, disadvantages and applicable environment between SQL and NoSQL, and establishes the database needed by abagain ABargin with SQL. In addition, the report also establishes appropriate secondary indexes to improve the performance of the database, and constructs two transactions to solve the problems raised. Finally, this paper proposes an appropriate distributed database solution. 
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[bookmark: _Toc28148]1 SQL And NoSQL
[bookmark: _Toc21187][bookmark: _Toc4753]1.1 Definition of SQL And NoSQL 
[bookmark: _Toc29953][bookmark: _Toc26278]1.1.1 The Introduction of SQL 
[bookmark: _Toc11224][bookmark: _Toc30199]SQL is a structured query language, which is mainly used to access data, query, update and manage relational database systems. SQL language has great flexibility, sometimes only one SQL statement is needed to implement an a transaction[3]. 
1.1.2 The Introduction of NoSQL
NoSQL, generally refers to a non-relational database. It is different from the traditional relational database management system[4]. With the rise of Internet Web 2.0 sites, the traditional relational database has been unable to cope with Web 2.0 sites, especially SNS Web 2.0 pure dynamic sites of the very large scale, high concurrency. NoSQL is typically used to store large-scale data.
[bookmark: _Toc21213][bookmark: _Toc28404]1.2 The different difference between SQL DatebaseDatabase and NoSQL DatebaseDatabase
1. Storage method: the relational database is in table format, and the data is stored in the rows and columns of the table. There are constraints between tables, so it is convenient to extract data. However, the data stored in NoSQL database is different from that in SQL database. They are usually stored in datasets, such as documents, key value pairs, or graph structures.            
2. Storage structure: the data stored in the relational database is structured data, and the data table defines the type and size of each data in advance. This approach brings reliability and stability. NoSQL database is based on dynamic structure, using unstructured data.            
3. Storage specification: in order to improve the normalization, the data storage method of relational database is to divide the data into the smallest relational table to avoid data duplication. This operation reduces data redundancy and improves the spatial utilization of database. NoSQL data is stored in a flat data set, and a single data is often repeated. A single database is rarely separated, but stored as a whole, so that the whole data is easier to read and write.            
4. Storage expansion: the relational database is a vertical expansion. If you want to improve the processing capacity of the database, you can only improve the hardware, such as using a faster computer. The NoSQL database is horizontally expanded, and its storage mode is distributed. It can share the load by adding more common database servers to the resource pool. 
[bookmark: _Toc2353][bookmark: _Toc14222]1.3 theThe disadvantages and advantages of SQL and NoSQL
[bookmark: _Toc30333][bookmark: _Toc3456]SQL has several advantages,            :            
(1) SQL uses transaction processing to ensure data consistency[3].            (2) SQL is stored in the form of tables, and the cost of data update is relatively small.            
(2) itIt can perform complex operations such as join, but not NoSQL.            SQL also has its disadvantages.           
(1) itIt is difficult to expand, because there are various restrictions between tables, and there are query mechanisms such as join, which make database expansion difficult.            
(2) slowSlow reading and writing. When the data stored in the database reaches a certain scale, because of the complex relationship between the various tables in the SQL database, it is very easy to have concurrency problems such as life and death locks when querying the data            (3) the cost is relatively high. Enterprise databases are expensive.            NoSQL has the following advantages:            
(1) easy to expand. Because there is no relationship between the storage structures of NoSQL database, it is easy to add storage nodes to expand the database.            
(2) fast read and write: because NoSQL does not check constraints, it can write continuously.            
(3) low cost: because many software used by NoSQL is free, the cost is much lower than that of SQL.            
NoSQL has the following disadvantages:            
(1) there is no support for SQL.           
(2)  there are not enough features supported by NoSQL, for example, some NoSQL databases do not support transactions             
(3) the development of NoSQL is much shorter than that of SQL, and many technologies are not mature enough. 
1.4 How To Choose The Type of Datebase
[bookmark: _Ref19457317]Not in any scenario, NoSQL is better than relational database in some scenarios. In the following cases, NoSQL is better.           
(1) database table schema changes frequently            
For example, fields are often added to maintain product attributes in shopping website, which means that we should change the code and configuration of the ormapping layer. If the amount of data in this table is very large, additional fields will bring additional costs (index reconstruction, etc.). NoSQL application in this scenario can greatly improve the scalability of DB, and developers can focus more on the business layer.            
(2)  complex data types of datebase table fields            
For complex data types, such as SQL server, extensibility support is provided. For fields of XML type, whether they are queries or changes, the efficiency is very general. The main reason is that it is difficult to build efficient index for XML fields in DB layer, and the application layer needs to do the parsing transformation from character stream to dom. NoSQL is stored in JSON mode, which provides the original ecological support. Its efficiency and convenience are much higher than that of traditional relational databases.            
(3) high concurrency database request            
This kind of application is common in Web 2.0 websites. Many applications have low requirements for data consistency, while transactions and joins in relational databases have become "performance killers". In the case of high concurrency, the performance comparison between SQL and no SQL has always been controversial due to different environments and perspectives, not that in any scenario, no SQL will always be faster than SQL.            
(4) distributed storage of massive data           
If large-scale commercial data, such as Oracle, is selected for mass data storage, the cost of the whole solution is very high, and a lot of money will be spent on hardware and software. NoSQL distributed storage, which can be deployed on cheap hardware, is a very cost-effective solution. Mongo's auto sharding has been applied to the production environment.         
[bookmark: _Toc1642][bookmark: _Toc23833]If the consistency of database information need to be keep at any time, such as confidential information and financial information with high privacy, SQL is a better choice than NoSQL. Because SQL database must have atomicity, consistency, independence and durability. In addition, if the business model is complex, the use of NoSQL will increase the maintenance cost of the system. It's better to choose SQL in this case
2 Performance Tuning
[bookmark: _Toc6128][bookmark: _Toc29985]2.1 The Definition of Secondary Index
Secondary index: the primary key value is stored in the leaf node. Each time data is searched, the primary key value in the leaf node is found according to the index, and then a complete row of records is obtained in the clustered index according to the primary key value. 
[bookmark: _Toc7092][bookmark: _Toc20656]2.2 The Design of Secondary Index
In the ABargain case study, considering the important and /or frequently executed data query requirements in the database, three secondary indexes are determined.As shown below. 
(1)Create  index  idx_TotalStorage_Storage  ON TotalStorage (WarehouseID,[Status])	Comment by Kemi Ademoye: Okay, but would it not be more beneficial to know the status of products at the warehouse rather than just status? You may want to consider combining this with ProductID instead. The order of columns is also important and I would consider making Status the first column in the index.
Where [status] refers to whether the quantity of products is sufficient, and warehouseID refers to the warehouse number. Because an important requirement of ABargain company is that they can track the quantity of product inventory and when they need to reorder the inventory,So these two attributes can be used as a set of secondary indexes of the TotalStorage table. This approach can make the query statement SELECT more effectively retrieve the two attributes and monitor the quantity of different products in different warehouses. When [statue] displays absent, it prompts the warehouse to purchase this kind of goods. In addition, [status] and warehouseID will not be updated frequently, so as a secondary index, the improvement of query can be balanced with the cost of maintaining the index when the database is updated. 
(2)CREATE  INDEX  idx_Order_customer  ON  [Order] (customerID,DeliveredAddress)	Comment by Kemi Ademoye: Using the Address attribute is not really appropriate and does not really provide useful query results in terms of delivery information. You can have the same address in different cities. It would have been better to have a City and Postcode attribute and use these instead. Combining with CustomerID is also not needed.
The CustomerID is the customer number. Deliveredaddress is the shipping address. Through this secondary index, when the warehouse personnel and the distribution personnel need to know who bought the product and where to ship it, the database can query the customers and addresses to ship faster.In addition, the CustomerID and deliveredaddress are not updated frequently. The improvement of the query can balance the cost of maintaining the index when the database is updated. . 
(3)create index idx_Product_Type on Product (TypeNo)
[bookmark: _Toc9544][bookmark: _Toc30739] TypeNo is the product type. When customers are shopping, through this secondary index, they can search the products they need more effectively. In addition, TypeNo can be used in a join operation. Finally, TypeNo attribute is not updated frequently. The improvement of the query can balance the cost of maintaining the index when the database is updated.
[bookmark: _Toc9396]3 Transaction
[bookmark: _Toc12132]3.1 Introduction of Transaction
[bookmark: _Toc13001][bookmark: _Toc6320][bookmark: _Toc20567]Transaction is the logical unit of work in the datebase.it contains the required series of actions. That is, a sequence of operations consisting of:
[bookmark: _Toc21586][bookmark: _Toc32427]A series of read/write actions on the database 
[bookmark: _Toc31469][bookmark: _Toc6021]with non-database processing taking place in between, 
[bookmark: _Toc7016][bookmark: _Toc5322]followed by what is known as a commit or abort action.
[bookmark: _Toc6304]3.2 Introduction of The First Transaction
Code：
BEGIN TRANSACTION AddTheDetailOfProductOrdered
          DECLARE  @OrderID VARCHAR(10)='O0006'
		 DECLARE  @ProductID2 CHAR(8)='0002_03'
		 DECLARE  @Size VARCHAR(12)='Standard'
		 DECLARE  @ProduceAmount2 INT =2
	
     BEGIN TRY
		 INSERT INTO [Order] (OrderID,CustomerID,RegionID,OrderDateTime,AssignedBy,WarehouseID,DeliveredAddress,[Status]) 
		 VALUES(@OrderID,'CR18003','02','29-Jan-2019','Main Head Office','W01','wang zhe Road','Processing')
         INSERT INTO OrderedProduct (OrderID,ProductID,ProduceAmount,TotalPrice,Size,StorageOutTime) 
		 VALUES (@OrderID,@ProductID2,@ProduceAmount2,598,'standard','27-Sep-2019')
		COMMIT TRANSACTION;
	END TRY
	BEGIN CATCH
	IF(@ProductID2 NOT IN (Select ProductID FROM Product ))
	    ROLLBACK TRANSACTION;
		RAISERROR('Rolling back, The Operation is failed !', 16, 1);
	END CATCH;
The operation in the try {} block of the first transaction is that the product details contained in the order will be inserted into the Orderedproduct table, when a new order is inserted into the order table and inserted product number is found to be nonexistent, an error will occur in the transaction. Then run catch {} block section. The transaction will be rolled back in catch {} block. The database will return to the original state before the transaction. If the ProductID exists, the operation of inserting data about the detail of Products ordered is successful. 
This transaction solves the first problem raised by ABargain. Either the order is inserted into the database with the product specific details, or no information is inserted. 
[bookmark: _Toc27073][bookmark: _Toc30903]3.3 Introduction of The Second Transaction
Code:
BEGIN TRANSACTION CheckProductInventory
	     DECLARE @ProductID CHAR(8)='0006_01'
		 DECLARE @ProduceAmount INT =3
		 DECLARE @WarehouseID VARCHAR(5)='W01'
		 INSERT INTO [Order] (OrderID,CustomerID,RegionID,OrderDateTime,AssignedBy,WarehouseID,DeliveredAddress,[Status]) 
		 VALUES('O0005','CR18004','02','25-Jan-2019','Main Head Office',@WarehouseID,'30 locade Road','Processing')
		 INSERT INTO OrderedProduct (OrderID,ProductID,ProduceAmount,TotalPrice,Size,StorageOutTime) 
		 VALUES ('O0005',@ProductID,@ProduceAmount,60,'standard','11-Sep-2019')

		IF (SELECT Totalsum FROM TotalStorage WHERE ProductID=@ProductID And WarehouseID= @WarehouseID)<@ProduceAmount
		   BEGIN
		   		ROLLBACK TRANSACTION CheckProductInventory
		        RAISERROR('Rolling back, the goods are in short stock!', 16, 2);
		   END
	   ELSE
		COMMIT TRANSACTION CheckProductInventory;
The second transaction is to insert data of information of order and product into the order table and orderedproduct table respectively, and then judge. If the purchased product quantity is greater than the inventory quantity in the specified warehouse, the transaction will be rolled back and the database will return to the original images before this transaction occurs. If the purchased product quantity is less than the inventory quantity of the product, the data is inserted successfully. 
This transaction solves the second problem raised by abagain. When the quantity of ordered products is greater than the inventory quantity of the warehouse, the order will not be recorded. 
[bookmark: _Toc16413][bookmark: _Toc12722]4 Distributed Database Solution
[bookmark: _Toc9940]4.1 The Definition of Distributed Database
distributed Distributed database systems is physically distributed, but logically centralized datebase systems. It has some advantages.
(1)The scalability is good, because the data of distributed database stores in different nodes, which are easy to expand.
(2)As long as a database and network are available, the global database can be partially available. Failure of a database does not stop all operations or cause performance bottlenecks..
(3)breakdown usually don’t affect the whole distributed database.
(4)High efficiency, because each node can work at the same time, which improves efficiency
Distributed database also has some disadvantage
(1) Data storage structure is more complex.
(2)management is more complexed, distributed database has more nodes and components,. It is  more difficult to manage.
[bookmark: _Toc3735][bookmark: _Toc12485]4.2 Property Type and Region Tables
Don’t fragment ProductType/Region – replicate relations at all sites – only contains a small number of records.
[bookmark: _Toc1540][bookmark: _Toc12529]4.3 Customer, Order ,Product And Warehouse Table
4.2.1 Use primary horizontal fragmentation for Warehouse with minterm predicates:	Comment by Kemi Ademoye: This table is too small and should not be fragmented

{regionNo = ‘01’ (‘England’),
regionNo = ‘02’ (‘Scotland’),
regionNo = ‘02’ (‘Wales’) }

Horizontal Fragments are:
A1: 	regionNo = ‘01’  (Warehouse)
		A2: 	regionNo = ‘02’  (Warehouse)
		A3: 	regionNo = ’03’  (Warehouse)
	Reconstruction: A1  A2  A3

4.2.2 Use primary horizontal fragmentation for Order with minterm predicates:	Comment by Kemi Ademoye: Okay, but what about locating the order information at the same location as the customer information so it is quick to retrieve customer orders?
{regionNo = ‘01’ (‘England’),
regionNo = ‘02’ (‘Scotland’),
regionNo = ‘03’ (‘Wales’) }

Horizontal Fragments are:
B1: 	regionNo = ‘01’  (Order)
		B2: 	regionNo = ‘02’  (Order)
		B3: 	regionNo = ’03’  (Order)
	Reconstruction: B1  B2  B3

4.2.3 Use primary horizontal fragmentation for Customer with minterm predicates:
 {regionNo = ‘01’ (‘England’),
regionNo = ‘02’ (‘Scotland’),
regionNo = ‘02’ (‘Wales’) }

Horizontal Fragments are:
C1: 	regionNo = ‘01’  (Customer)
		C2: 	regionNo = ‘02’  (Customer)
		C3: 	regionNo = ’03’  (Customer)
	    Reconstruction: C1  C2  C3
Because ABargain needs to access the Customer and Order information by region, we can horizontally fragment the Customer and Order tables by RegionNo. This makes it more efficient to access customer and order information by region.

4.2.4 Use primary horizontal fragmentation for Product with minterm predicates:	Comment by Kemi Ademoye: But some of these product categories are stocked at a number of warehouses. You want to fragment, but replicate at these locations
 {TypeNo =01 (‘Technology’),
TypeNo = 02 (‘Home & Furiture’),
TypeNo = 03 (‘Toys & Children’) }
          TypeNo = 04 (‘Sport & Leisure’)

Horizontal Fragments are:
D1: 	typeNo = 01 (Product)
		  D2: 	typeNo = 02 (Product)
		  D3: 	typeNo = 03 (Product)
        D4: 	typeNo = 04 (Product)

	    Reconstruction: D1  D2  D3 D4
[bookmark: _Toc1525][bookmark: _Toc8615]4.4 Totalstorage Table
Use vertical fragmentation for Totalstorage Table:	Comment by Kemi Ademoye: The strategy for this table needs to be looked at again
E1(ProductDetail):  productID,warehouseID, Size, Storageupper, storagelower, totalAmount(Totalstorage)
E2(inventoryStatus):productID,warehouseID,status(Totalstorage)
Table E1 is used to store the information of products in the warehouse, and table E2 is used to store the information of whether the inventory of products is sufficient. 

Then use derived fragmentation on fragment E1 (based on warehouseID - locate product information at the same location as the warehouse fragment):
Eii:	E1      warehouseID Ai	1  i  3

Reconstruction: (E11  E12  E13)       NIN E2

[bookmark: _Toc25213][bookmark: _Toc2860]4.5 OrderedProduct Table
Use derivntation for OrderedProduct (based on OrderID - locate Products in the same Order at the same location as the Order information):
Gi:	F1      orderIDBAi	1  i  3

Reconstruction:(G1  G2  G3)  
[bookmark: _Toc4800]
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	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]Good comparison of SQL and NoSQL, but the proposed solution for ABargain could be clearer. Satisfactory use of references to support your work but extend these to include more peer-reviewed sources and Chinese references should be translated. (Grade mark: 60.00%)
	[bookmark: totalRIL]30
	[bookmark: markRIL]18

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]
	[bookmark: totalKUS]
	[bookmark: markKUS]

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]A good analysis of the case study, but your database design could be further improved to meet all the requirements and to achieve a 3NF design. The Product table in particular is not in 3NF. You were asked to design the database so that it could cater for different product sizes and colours. This is an example of a many-to-many relationship and you need to introduce some more tables to handle this criteria. The design also does not address the criteria to have different product types stored at a number of specific warehouses.  (Grade mark: 65.00%)
	[bookmark: totalANA]20
	[bookmark: markANA]13

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]Demonstrates good knowledge of SQL with appropriate concepts used to build the database, insert test data and test the different constraints. As noted above the database design (choice of columns and tables) requires some improvements. Some things to note: the Capacity attribute in the Warehouse table is not needed. The AssignedBy column on the Order table should allow NULL values because when the order is first placed, you are unlikely to know which staff is going to be assigned to the order. Furthermore, as this is an online system, is this column really needed? The Status column in TotalStorage should be made a calculated field. In your OrderedProduct table I would have expected you to store the unit price of the product and have TotalPrice as a calculated column. I would have liked to see some more attributes to show the fulfilment of the order to customers and payment details. (Grade mark: 68.00%)
	[bookmark: totalPAD]50
	[bookmark: markPAD]34
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	[bookmark: feedbackSPP]
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	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]65%

	
	Up to 1 week late (40% Max)
	[bookmark: fourWeeksLate]
	

	
	Over 1 week late (0%)
	[bookmark: firstAttempt]
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	Common Assessment Criteria Applied  (Assignment 2)
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills 

	
	

	
	
	

	
	
	

	2. Knowledge and Understanding Skills

	
	

	
	
	

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	
	
	

	
	
	

	4. Practical Application Skills

	
	

	Chosen indexes are satisfactory, but there is room for improvement. See your report for suggestions.

Good proposed solutions for the transactions but would be nice to see how products with multiple orders are handled.

A good attempt at the distributed database design. Demonstrates good understanding of the basic principles and good fragmentation strategies have been applied to some tables, while the fragmentation for some other tables could be improved. As your database design does not really store any payment information, the distribution of this requirement could not really be demonstrated. See your report for more suggestions. (Grade mark: 68.89%)
	90
	62

	
	
	

	5. Transferable Skills for Life and Professional Practice 

	
	

	The report is satisfactory. Generally, aim to improve your writing style. See your report for further suggested improvements.
 (Grade mark: 50.00%)
	10
	5
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