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ABSTACT
This report mainly illustrates a database design for ABargain to control their storage system. In this report, I compared the SQL and NoSQL database to illustrate the reason why I choose SQL for ABargain. For the situation and problems ABargain met, I create the indexes and transaction to solve them. At last, a distributed database design is given to optimize the database.
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[bookmark: _Toc26839647]1. SQL and NoSQL
[bookmark: _Toc26839648]1.1 SQL Database
Sql means “Structured Query Language” which is a programming language designed for managing data held in a relational database management system (RDBMS), or for stream processing in a relational data stream management system (RDSMS). It is particularly useful in handling structured data, i.e. data incorporating relations among entities and variables[1].
SQL’s Data Definition Language (DDL) allow users to create tables which have special structures to store data in defined data type. By adding foreign keys and some other things to connect a table to another databases. SQL Databases are considered as Relational Database[2]. 
[bookmark: _Toc26839649]1.2 NoSQL
The full name of NoSQL is “Not Only SQL”. It refers to No Relational Database in general. In order to be more flexible, NoSQL database drops the relationship of data and gives up guaranteeing the ACID of database[3].
[bookmark: _Toc26839650]1.3 Characteristic of SQL database and NoSQL database
For the SQL databases, they have some features:
· Data storage method:
SQL data is stored in tables whose structures are specially designed. In SQL, table and field structure must be defined the before adding data, such as defining the table's primary key, index, trigger, stored procedure, and so on. The table structure can be updated after it is defined, but it can become more complicated if there are major structural changes[4].
· Data connection:
Tables in SQL database references the data in the other tables by adding foreign keys. With these foreign keys, using query with JOIN can easily query the data in multiple relational data tables with a simple query.
· Data Coupling in SQL database:
In order to guarantee the integrity of the data in SQL database, users are not allowed to delete the external data that has been used[5].
· Commit and Rollback transaction:
SQL database allows user rollback all their actions when one of their actions like updating data failed to execute. Users can commit all their actions after every one of them has been executed successfully.
And for the NoSQL database, their characteristic are:
· More flexible storage method:
NoSQL database dose not have any mandatory rule to store data. In NoSQL, data can be added at any time and anywhere, without defining a table in first time[6].
· Denormalized external data storage：
In NoSQL database ,user are allowed to add external data into original data set. And NoSQL can still use foreign key to store external data. Because there is not JOIN in NoSQL database, in order to search for data more convenient, NoSQL users always use denormalized external data storage rather than foreign key.
· No data coupling：
In NoSQL database, users are allowed to delete any data without considering if there is any connection between this data and any other one.
[bookmark: _Toc26839651]1.4 SQL VS. NoSQL in ABargain Case
From the above information about SQL and NoSQL, you can see that the advantages of SQL databases are:
· Easy to understand
Because the two-dimensional table logic of rows and columns is a concept very close to the logical world, the relational model is easier to understand than other models .
· Easy to operate
The universal SQL language makes it very convenient to operate relational databases, and supports complex queries such as join. SQL + two-dimensional relations are the most incomparable advantages of relational databases. 
· Data consistency
Because of the ACID, SQL database can maintain the consistency of the data in different tables.
· Data stabilization
Data is persisted to disk without risk of data loss and supports massive data storage
· Stable service
The most commonly used relational database products Microsoft SQL server have excellent performance and stable service, and there are usually few exceptions.

And the disadvantages are:
· Takes up massive storage space and computing power
In order to query faster, SQL create index which takes up lager space. And to read a column of a table, the whole table must be read because data is stored in rows.
· Poor extensibility
Everything is determined when creating tables. So some service will not be active when modifying the table structure[7].
And for NoSQL database, the advantages are 
· Flexible data storage;
· Good extensibility
Disadvantages are 
· Poor coupling in different table
· Can not support the query of Rollback and joint table.
Then considering the requirement and the situation of Abargain Company, it would be better to choose SQL Database.
Firstly, Abargain needs a database to control their storage ,orders and replenishment. It means they need coupling between tables which the NoSQL does not have. Secondly, as a online shop, the data that Abargain needs to store has specific structure, so there will not be necessary to expand the structure.
At last, for an enterprise, mistake can not be avoided. An easily understandable database system with rolling back function is better choice.
In conclusion, SQL Database system could be better for Abargain company.


[bookmark: _Toc26839652]2. Performance Tuning
[bookmark: _Toc26839653]2.1 Index
An index is an on-disk structure associated with a table or view that speeds retrieval of rows from the table or view. An index contains keys built from one or more columns in the table or view. These keys are stored in a structure (B-tree) that enables SQL Database user to find the row or rows associated with the key values quickly and efficiently[7][8].
[bookmark: _Toc26839654]2.2 Analyzing Situation of ABargain
From the database I created for ABargain Company, there are 11 tables in this database including Booking, BookingExtraDetails, Customer, Warehouse, Payment, Product, ProductFeature, ProductFeatureDetail, Replenishment and Storage, StorageProductDetail. Each table has its own Primary key and there are foreign keys to other tables.
As an online company selling a variety of products at bargain prices, in each table ABargain needs to query different data in different way:
· Table Booking:
In this table, the users may want to:
1.  List the orders by booking data;
2. Find the total quantity of a specific product in a specific datetime;

· Table Booking Extra Details:
In this table, the users may want to find the extra cost for the products which were ordered with special feature.
· Table Customer:
In this table, the users may want to:  
1. List all the information of customers who registered in a specific city.
2. find the information of a specific customer and his order information;
3. update a customer’s password when he forget his password and want to find back by email.

· Table Warehouse:
In this table, the customer may want to find the contact number or street address but he only knows the city.

· Table Product:
In this table, the customer may want to
1. find the specific product by name;
2. see the product list order by basic price.

· Table ProductFeatureDetail and table ProductFeature and table Product:
the customer may want to know if there is extra feature of a specific item.

· Table Replenishment
The company needs to 
1. know the details of the replenishment to a special warehouse or for a special product;
2. See the replenishment ordered by the booking date or warehouse.
· Table Storage
The company needs to know remaining quantity of a specific product in a specific warehouse or with specific feature.

[bookmark: _Toc26839655]2.3 Analyzing Index and Choose Secondary Index
For all the requirements above, we need to find whether the requirement need a secondary index, and which column would be better if we really need.
After analyzing, I construct a table to illustrate:



Table 1 Identifying Possible Candidates for Secondary Indexes 
	 
	Query Transaction 
	Tables Involved 
	Columns Involved 

	1 
	find the information of a specific customer and his order information
	Booking
customer
	WHERE Clause Attributes: Customer.Surname, Coustumer.FirstName 
Join Attributes: Booking.CustomerNo =  Customer.CustomerNo


	2 
	 List the orders by booking data;
	Booking 

	WHERE Clause Attributes: Booking.BookingDate,   
Ordering Attributes:   Booking.BookingDate,


	3 
	Find the total quantity of a specific product in a specific datetime;
	Booking
	WHERE Clause Attributes: Booking.BookingDate 
Grouping Attributes: Booking.ProductID 
Built-in functions: SUM(Booking.Quantity) 

	4 
	List all the information of customers who registered in a specific city.
	Customer 

	WHERE Clause Attributes: Customer.RegisterCity 
Ordering Attributes: Customer.RegisterCity 


	5 
	update a customer’s password when he forget his password and want to find back by email.
	Customer
	WHERE Clause Attributes: Customer.emailaddress 
Attributes updated:  Customer.Password

	6 
	List the extra feature(s) and cost for a specific product
	ProductFeatureDetail 
ProductFeature
Product
	WHERE Clause Attributes: Product.productID, ProductFeature.FeatureID
Join Attributes: ProductFeatureDetail.FeatureID = ProductFeature.FeatureID, .Product.ProductID = ProductFeatureDetail.ProductID


	7 
	 Identify the total Quantity of a item in all warehouse with specific feature 
	Storage
StorageProductExtraDetail
	WHERE Clause Attributes: StorageProductExtraDetail.FeatureID
Join Attributes: StorageProductExtraDetail.StorageID = Storage.StorageID 
functions:  SUN(StorageProductExtraDetail.Quantity)

	8 
	Update the Extra cost for a item with feature during a specific time
	BookingExtraDetail
Booking
	WHERE Clause Attributes: Booking.BookingDate 
Join Attributes: Booking.BookingNo=BookingExtraDetail.BookingNo 
Attributes updated:  BookingExtraDetail.ExtraCost



From the table and the frequency of users using transaction, I decide to create index for 3 main queries.

· Customer table:
To query the database for the information of customer by using names is quite common used for sorting, so the secondary index is name of customer;
· Booking table &Booking Extra Detail Table
Identifying the order details by using customer or booking datetime is common, so I select “CustomerNo” and “BookingDate” as secondary index;
· Storage and Storage Extra Detail table
Company may concern about the quantities of product. And in order to identify the quantity of a specific product with specific feature, we need to use “JION” to read associated data in other tables. So selecting foreign key “ProductID” as secondary index is better.
	  And to the small table like Warehouse, the index will not be necessary. 
[bookmark: _Toc26839656]2.4 Create Index 
As what I analyzing, I create 3 indexes in my database. Considering about the fact that there may be duplicate names and several orders in the same day, I did not use unique index.
And the code is in the file 1;
[bookmark: _Toc26839657]2.5 Conclusion
Index in SQL database can improve the speed of querying, especially for the database with massive data.
[bookmark: _Toc26839658]3. Transaction
[bookmark: _Toc26839659]3.1 Transaction design
Regardless of the problem the Abargain met, the first transaction I implemented in the database was ensuring the products in the right warehouse. Abargain stocks different product in different warehouse. 
When I insert data about storage like add new item I need to insert data into both Storage table and StorageProductExtraDetail table. So when inserting data, my transaction will select the product category from product table by inserted ProductID and warehouse location from Warehouse table by inserted WarehouseNo, then it will check whether the category matches the warehouse location. If it matches , then commit the transaction or roll back the transaction and print the reason.
For the first problem Abargain met, we need to check if there item was registered in the product table. If there really is the product, commit it. Or roll back.
When ordering products, we need to add data to both Booking table and BookingExtraDetail table. In transaction, we select the ProductID after inserting data. Then check if there is same ProductID in Product table. If there is, commit it. If not, roll back 2 inserted data.
Because I use trigger to control my storage system, when two inserting command(to Booking table and BookingExtraDetail table) finished, the StorageProductExtraDetail table will be update automatically. And I also added a CONSTRAINT to make it greater than or equal to zero. So it will be fail after the second insert command.
But I assume I did not using trigger. In this assumption, I would like to use ROLLBACK to achieve it. At first, I insert data to two table, and select the storage ID by WarehouseNo and ProductID from the inserted data. Then select the remaining quantity of this item and check if the quantity ordered is more the remaining. If it is, roll back all. If not, commit transaction. 
[bookmark: _Toc26839660]3.2 Transaction testing 
After running the transaction, the outcome is what I respected.
For the Problem 1, the outcome is 
[image: ]
Figure 1 Outcome of transaction 1
For the Problem 2 : The outcome is
[image: ]
Figure 2 Outcome of transaction 2
For the checking right warehouse, outcome is 
[image: ]
Figure 3 Outcome of checking right warehouse


[bookmark: _Toc26839661]4. Distributed Database
[bookmark: _Toc26839662]4.1 Analyzing situation
In the case of ABargain company, products are stored in warehouses in three different areas. But different product categories are stocked at different warehouse centres. One kind of product can only be stocked in specific warehouse centre(s). So for table Storage, there should be horizontal fragmentation to reconstruct table. Because we did not create column in Storage Table, in order to make sure the product in correct region, we use the fragmentations of Table Product as a constraint to build the horizontal fragmentations of Storage table.
So we need to design fragmentations for table Product first.
In order to protect information safety of customer, we create two vertical fragmentation to store the basic information and private information.
Because we reconstruct table Product, we use derived fragmentation for Booking Table based on Product table. And use derived fragmentation for Payment table and Booking Extra Feature Table based on Booking Table.
And for Product Feature Detail and Replenishment Table, we can also use derived fragmentation based on Product and Storage table.
As for table Storage Extra Feature, Product Feature and Table Warehouse, we do not fragment them because they do not contain many records.
[bookmark: _Toc26839663]4.2 Solution of Distributed Database
As what I have analyzed in last sector, I can design fragmentation for those table:

· Table Customer:
In order to meet the requirement of safety of private information of customers, the first piece of fragmentation contains first name and surname. And the second piece contains other private information. Use the vertical fragmentation for Table Customer:
C1:	CustomerNo, ContactNo, EmailAddress, RegisterDate, DOB, PassWord, RegistrationCity (Customer)
			C2:	 CustomerNo, FirstName, Surname(Customer)
· Table Product:
Because different product categories are stocked at different warehouse centres, So the horizontal fragmentations are 
P1:  Category = ‘Technology’ (Product)	
P2:  Category = ‘Home & Furniture’(Product)	
P3:  Category = ‘Toys & Children’(Product)	
P4:  Category = ‘Sports & Leisure’(Product)	

Reconstruction: P1 P2P3P4


· Table Product Feature Detail
Use the fragmentation based on Product table:
	PFDi :ProductFeatureDetail ⊳ Pi (1  i  4)
· Table Storage
In order to make sure the products are stocked in warehouse which is in right area, using the horizontal fragmentations. Because there is only one warehouse centre in each region, warehouse ID is regarded as region.
	{P1(P1:  Category = ‘Technology’ (Product))&WarehouseNo =’W001’(Wales),
P1(P1:  Category = ‘Technology’ (Product))&WarehouseNo =’L001’(England),
P1(P1:  Category = ‘Technology’ (Product))&WarehouseNo =’E001’(Scotland),
P2(P2:  Category = ‘Home & Furniture’(Product)) &WarehouseNo =’L001’(England),
		P3(P3:  Category = ‘Toys & Children’(Product)	) &WarehouseNo =’L001’(England),
		P3(P3:  Category = ‘Toys & Children’(Product)	) &WarehouseNo =’E001’(Scotland),
P4(P4:  Category = ‘Sports & Leisure’(Product))&WarehouseNo =’W001’(Wales),
P4(P4:  Category = ‘Sports & Leisure’(Product))&WarehouseNo =’L001’(England),
P4(P4:  Category = ‘Sports & Leisure’(Product))&WarehouseNo =’E001’(Scotland),

}
So the horizontal fragmentations are 
S1 :   P1 and WarehouseNo =’W001’(Storage)
S2 :   P1 and WarehouseNo =’L001’(Storage)
S3 :   P1 and WarehouseNo =’E001’(Storage)
S4 :   P2 and WarehouseNo =’L001’(Storage)
S5 :   P3 and WarehouseNo =’L001’(Storage)
S6 :   P3 and WarehouseNo =’E001’(Storage)
S7 :   P4 and WarehouseNo =’W001’(Storage)
S8 :   P4 and WarehouseNo =’L001’(Storage)
S9 :   P4 and WarehouseNo =’E001’(Storage)

Reconstruction : S1  S2  S3  S4  S5  S6  S7  S8  S9

· Table Storage Product Extra Detail
With foreign key StorageID, Use the fragmentation based on Storage table: 
SPEDi  :  StorageProductExtraDetail ⊳ Si (1  i  9)
· Table Replenishment
As we need specific warehouse and specific item to complete the replenishment, the fragmentations can be based on Storage table.
RLi  :  Replenishment ⊳ Si (1  i  9)

· Table Booking
As there is specific warehouse and item ID in this table, we also use the fragmentations can be based on Storage table: 
Bi  :  Booking ⊳ Si (1  i  9)

· Table Booking Extra Detail
With foreign key “BookingNo” in this table, I use the fragmentation based on Booking table:
BEDi  :  BookingExtraDetail ⊳ Bi (1  i  9)

· Table Payment
With foreign key “BookingNo” in this table, I use the fragmentation based on Booking table:
PMTi  :  Payment ⊳ Bi (1  i  9)

· Table Warehouse
This table only contains a small number of records, so do not fragment it.
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