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ABSTRACT
This report shows the design of a database system applied to the ABargain company. The design is based on the SQL database, creating a database, using indexes, transactions, the distributed database for ABargin order to improve system performance. The main content of this report is divided into four parts. The first part is about the debate of using a SQL database versus a NoSQL database, the second section is explaining the reasons of the three secondary indexes I built to achieve performance optimization, the third part explains how the transaction I have implemented to solve some bug in this online company, the last section is creating multiple distrusted database solution.
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I.SQL vs NoSQL
1.1 The introduction of SQL and NoSQL
SQL and NoSQL are the two most common types of databases [1]. SQL is used to handle relational databases. Tables are the form SQL uses to define relationships. NoSQL is used in non-relational databases. It does not support foreign keys and cross-table joins. It cannot use SQL for queries or use both SQL and non-SQL queries.
1.2 The differences
The main differences between the SQL and NoSQL databases are the construction method, the structure of the saved data, and how to store and query the data [2]. 

1.2.1 SQL
  The relational database (SQL) store some formatted data structures in each table. The field composition of each record is the same. Even if not all fields are required for each record, the database will assign all fields for each data. Relational databases establish relationships between tables through foreign key associations. Structured query statements include the definition and operation statements of the SQL database. In many cases, SQL database is vertically scalable. Represents an increase in the load on the server. You can add features like RAM, CPU or SSD [3]. Besides, SQL database follows ACID attributes (atomicity, consistency, isolation and durability)
Main Advantages:

① Different roles (developer, user, database administrator) use the same language.

② Different RDBMSs use a unified standard language.

③ SQL uses a high-level unstructured query language. .

④ It conforms to ACID guidelines (atomicity, consistency, isolation, durability), and greatly improves the stability, security, and predictability of the database, especially the stability of transactions.
Main Disadvantages:

① Difficult to expand: Because of the multiple use of insert, multi table joint query statements and so on, the expansibility of the database is poor.
② Slow reading and writing: Because of the complex relationship logic of relational database, therefore when the amount of data is large and the speed of reading and writing is slow, there may be other concurrent problems such as deadlock.
③ High cost: With the continuous expansion of the system scale, the license price of database is more and more expensive.

④ Limited support capacity: Today's relationship solutions can't store massive amounts of data like Google.
1.2.2 NoSQL
Nosql is a non-relational database. It has a dynamic model of unstructured data.  Non-relational databases are stored in the form of objects, which are stored as key-value pairs, and their structure is not fixed. Each record can have different keys, and each record can add some key-value pairs of its own, which not only meets the constraints of not being limited to a fixed structure, but also reduces time and space consumption. There are many ways to store data in NoSQL, such as document-oriented, column-oriented, graph-based or KeyValue storage [4]. Some NoSQL systems also exist in "multi-model" mode, that is, multiple data modes can be stored internally [5]. NoSQL databases can be scaled horizontally, data can be processed more by segments, or more servers can be stored in non-relational databases. NoSQL databases follow the Brewers CAP theorem (consistency, availability, and partition tolerance) [6].
The advantages:

① Simple expansion: It can add new nodes to expand the storage data, and it is easy to operate, like Cassandra.
② Fast read and write: Its logic and memory operation are simple and its performance is good. Like Redis, a node can handle more than 100000 reads and writes per second.
③ Low cost: It belongs to open source software.

The disadvantages:

① Cannot use SQL statements and functions: Because many users use SQL's industry standard, unnecessary migration costs will occur.

② Inadequately diverse features: transactions and some additional features cannot be run in most NoSQL databases.
③ The maturity of existing products: most products are still in their infancy.
1.3 The reason of using SQL

The data of the ABagain company is primarily structured and it belongs to transaction-oriented systems. Each row in the database is a distinct entity (e.g. a order), and each column is an attribute that describes that entity (e.g. order time, customer, address, item purchased, etc.) And SQL stores related data in tables, supports multiple table queries to view related data, and provides transactions. Besides, the designed database meets the basic elements of ACID, atomicity, consistency, isolation, durability. Therefore, the SQL database was chosen.
II. Performance Tuning

2.1 The secondary index
2.1.1 Create a non-clustered(secondary) index on TypeID column of product table. 



  CREATE INDEX idx_product_type ON Product(TypeID);
This index provides quick access to the type of products in the product table, and sorts the values in the TypeID column of this table. Therefore, this code create a index shows a product table sorted by product type.

For example, customers just bought a new house and need to buy furniture for their home. If they want to go to this online company to buy some products of furniture, if they don't build this index, they must search product information one by one and then compare them, which increase the number of queries. This index can help them compare, pick and buy products. Besides customers, it is also convenient for the company to check out product information by product types. According to this index, the company can analyze customers’ product type preferences with establishing a join relationship between the product table and order table. This secondary index is to solve this kind of problem, which can make customers and company directly browse the same type of products or similar product. 
2.1.2 Create two secondary indexes in the order table. 
The first index is based on the CustomerNo column, and the other index is based on the City column.
①CREATE INDEX idx_order_customer ON [Order] (CustomerNo);

The CustomerNo is defined as this index on Order table. It means people can access the order table according to the CustomerNo to directly view the orders of each customer.   
For example, if the company wants to send messages about recommended products to customers in order to attract customers. Because each customer has different preferences, so customers want to get information about product they are interested in. At this time, it needs to establish this index - view the customer's order information according to the CustomerNo column, and then predict his preferences for recommendation, which not only saves the customer's shopping time, but also increases the company's revenue. In addition, in the process of product distribution, it is easy to make mistakes. This index also benefits the checking of customer order information.  This index can help this online company get customers' purchasing information more quickly, but also significantly increase the speed of database query.
 
②CREATE INDEX idx__order_ordertime_address ON [Order]( OrderTime, City);

This index is based on the City column and OrderTime column to build a secondary index. It provides an orderly and quickly way to view the order table by City and OrderTime column.

This index is helpful for the company to select the best warehouse for delivery based on the order information of the address or city and order time. For example, on a certain day, customer A and customer B bought Lego and badminton respectively on this online company, and the order addresses are all located in Wales. Then, This online company can deliver these two items from the warehouse which stores both purchase product at the same time, and send them to different addresses in Wales together by an employee. This can greatly reduce the company's distribution costs and help the company check the distribution information to avoid errors. The reason why also make the OrderTime as a column of this index is ensuring timely delivery of products to their customers. Therefore, taking into account the OrderTime, this index can make it easier for employees of this company to view the order information and choose the best warehouse for uniform distribution of closely spaced addresses. 
III. Transaction
3.1 Transaction 1

This transaction is to prevent customers from ordering products which are not registered in this online company.
The code is as follows:
BEGIN TRANSACTION AddNewOrder


BEGIN TRY


INSERT INTO [Order] (OrderID,CustomerNo,OrderTime,DeliveryTime,EstimatedTimeOfArrive,StreetAddress,City,Postcode,[Status],ManagerBy) VALUES ('5','C000003','01-Dec-2019','02-Dec-2019','04-Dec-2019','31 Cromwell Street','SWANSEA','SA1 6EY','Successed','S00018');


INSERT INTO OrderInfo(OrderID,ProductID,ProductNum,TotalPrice,DepartmentID) VALUES('5','P0000010',1,212,'D0001');


COMMIT TRANSACTION;

END TRY

BEGIN CATCH


-- An error occurred, rollback changes


ROLLBACK TRANSACTION;


-- PRINT('Rolling back, an error occurred!');


RAISERROR('Rolling back, an error occurred!', 16, 1);

END CATCH;

Firstly, I suppose a customer wants to order a product numbered P0000003. At this time, we need to insert new data into the order table and order details table in the database. Because it is not known whether this product can be purchased from this company, it is possible that one piece of data was successfully inserted and one piece failed. Therefore, I group database operations which include two insert statement into one transaction to prevent database inconsistencies due to these events.  
Like this example, when inserting data into the OrderInfo table, the ProductID cannot be matched with the ProdcutID in the product table, and then a failure occurs, all updates can be rolled back to the state before the transaction began, that is, the data in the order table and the order details table are not insert into the database. Meanwhile, the use of try and catch statements is to ensure the normal operation of the program. If no failure occurs, the update is completed by committing the transaction in a completed state. 
3.2 Transaction 2

 
This transaction was created to address the issue of customers being able to order products that are no longer in stock.

The code is shown below:

BEGIN TRANSACTION BookingProduct


DECLARE @ProductID CHAR(8)='P0000003';

DECLARE @DepartmentID CHAR(5)='D0002';

INSERT INTO OrderInfo(OrderID,ProductID,ProductNum,TotalPrice,DepartmentID) VALUES ('4',@ProductID,'3','300',@DepartmentID);

IF (SELECT RemainingQuantity FROM ProductInventory WHERE ProductID=@ProductID AND DepartmentID=@DepartmentID)=0


BEGIN


ROLLBACK TRANSACTION BookingProduct  



RAISERROR('Rolling back, the numbers of product are not enough!', 16, 1);

END

ELSE


COMMIT TRANSACTION BookingProduct;
The customer wants to buy one product, but the remaining quantity of this product has been sold out, and there is no stock of this product in all warehouse. We need to create a transaction to ensure that customers cannot perform this operation to ensure data consistency. 
For example, the customer wants to continue to purchase product called P0000003 in OrderID ‘4’. Because it is not possible to confirm whether this product is in stock, therefore it is necessary to establish a connection between the product inventory table and order detail table by the product id and department id column, search the remaining inventory of this product in product inventory table, and use an if Statement to determine if the inventory is equal to 0. If the IF statement condition is met, then roll back to the state before the transaction without inserting data. If not, the transaction is committed and the database changes from one consistency state to another.
As in this example, I set the remaining quantity of the product in the warehouse is 0, so it satisfies the if condition, and then this transaction rollback and the result shows “Rolling back, the numbers of product are not enough!”.
IV. Distributed Database Solution
4.1 Department Table
Because this company requires different products to have specific storage warehouses to store them, products like furniture and houses items only exist in England warehouses, while technology products exist in all warehouses. Therefore, we horizontally divide the department table of the warehouse, Therefore, we horizontally divide the department table of the warehouse so that each department corresponds to a certain type of product in a certain warehouse. The solution as follow:

Use primary horizontal fragmentation for Department :
{
WarehouseID = W0001 (‘England’) and TypeID = T0001 (‘Technology’),

WarehouseID = W0001 (‘England’) and TypeID = T0002 (‘Home & Furniture’),

WarehouseID = W0001 (‘England’) and TypeID = T0003 (‘Toys & Children’),

WarehouseID = W0001 (‘England’) and TypeID = T0004 (‘
Sports & Leisure’),

WarehouseID = W0002 (‘Scotland’) and TypeID = T0001 (‘Technology’),

WarehouseID = W0002 (‘Scotland’) and TypeID = T0003 (‘Toys & Children’),

WarehouseID = W0002 (‘Scotland’) and TypeID = T0004 (‘
Sports & Leisure’),

WarehouseID = W0003 (‘Wales’) and TypeID = T0001 (‘Technology’),

WarehouseID = W0003 (‘Wales’) and TypeID = T0004 (‘Sports & Leisure’),

}
Horizontal Fragments are:

D1: 
(WarehouseID = W0001 and TypeID = T0001 (Department)




  D2: 
(WarehouseID = W0001 and TypeID = T0002 (Department)

D3: 
(WarehouseID = W0001 and TypeID = T0003 (Department)

D4: 
(WarehouseID = W0001 and TypeID = T0004 (Department)




  D5: 
(WarehouseID = W0002 and TypeID = T0001 (Department)

D6: 
(WarehouseID = W0002 and TypeID = T0003 (Department)

D7: 
(WarehouseID = W0002 and TypeID = T0004 (Department)

D8: 
(WarehouseID = W0003 and TypeID = T0001 (Department)

D9: 
(WarehouseID = W0003 and TypeID = T0004 (Department)


Reconstruction: D1 ( D2 ( D3 ( D4 ( D5 ( D6 ( D7 ( D8 ( D9

4.2 Staff Table

In order to more reasonably allocate and pay salaries and to view the basic information of employees more concisely. Firstly, I divide the employee table vertically, and make StaffNo, position, salary and bonus as a part. In addition, each employee belongs to a specific department, there is a derived relationship between the Staff table and the Department table. The distributed solution as follows:
 Use vertical fragmentation for Staff:


S1 (Personnel):  (StaffNo, fName, SName, DOB, Gender, EmailAddress,ContatNo,StartDate,LeavingDate,DeptID(Staff)

S2 (Payroll):
  (StaffNo, Position, salary, Bonus(Staff)

Then use derived fragmentation on fragment S1 (based on DeptID - locate staff personnel information at the same location as the staff’s department fragment):



Sii:
S1      deptID Di
1 ( i ( 9 


Reconstruction: (S11 ( S12 ( S13 ( S14 ( S15 ( S16 ( S17 ( S18 ( S19 )     staffNo S2
4.3 Product Table

Because each product corresponds to a different product type, in order to minimize data redundancy, I use horizontal fragmentation on the product table by the product type. In this way, you can directly contact the product type table to see which products are included in a certain type.
Use horizontal fragmentation for Product :

P1: (Type = ' T0001'（Technology） (Product)

P2: (Type = ' T0002'（Home & Furniture） (Product)

P3: (Type = ' T0003'（Toys & Children） (Product)

P4: (Type = ' T0004'（Sports & Leisure） (Product)

Reconstruction: P1 ( P2 ( P3 ( P4 

4.4 OrderInfo Table

To meet the needs of a order verification department and a finance department, I use the vertical fragmentation on OrderInfo Table, the primary key and total price as a part, the primary key and product purchased on the order and department where products out of stock as a part. Besides, the fragment I2  based on DepartmentID, so it also can be derived by DepartmentID.
Use vertical fragmentation for OrderInfo :

I1: (OrderID, ProductID, TotalPrice (OrderInfo) 

I2: (OrderID, ProductID, DepartmentID, ProductNum (OrderInfo) 

Then use derived fragmentation on fragment I2 (based on DepartmentID - order information at the same location as the warehouse’s department fragment):



Iii:
I2     deptID Di
1 ( i ( 9 


Reconstruction: (I21 ( I22 ( I23 ( I24 ( I25 ( I26 ( I27 ( I28 ( I29 )     OrderID,ProductID I1
4.5 Order Table
 Use mixed fragmentation for Order :


First using the vertical fragment to divide address-related information of the order and other information:

O1: (OrderID, StreetAddress, City, Postcode (Order)  
O2: (OrderID, CustomerNo, OrderTime, EstimatedTimeOfArrive, DayOfDelivery, Status, ManagerBy (Order)  

Fragmenting this further, horizontally by Status to check the status of the order, will give three fragments:



O21: (Status='Waiting for pay' (O2)



O22: (Status='Succeed' (O2)

O23: (Status='Canceled' (O2)
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