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Abstract
Warehouse management has become an increasingly important content of major companies, and the accuracy and efficiency of warehouse management process is very important. This report mainly aims at the actual needs of ABargain company, and proposes a suitable database design method for this company. It also introduces how to improve the performance of the database by building index, transaction and distributed database.
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[bookmark: _Toc26628487][bookmark: _Toc26899206]1.1 Introduction of SQL and NOSQL
[bookmark: _Toc26899207]1.1.1. Definition
(1) Definition of SQL
SQL is a kind of relational database, which is created on the basis of relational model [1]. Relational model refers to the two-dimensional table model, and a relational database is a data organization composed of two-dimensional tables and their relationships.
(2) Definition of NoSQL
NoSQL is a non-relational database, which is a general designation of database management system different from a traditional relational database [2].
[bookmark: _Toc26628488][bookmark: _Toc26899208]1.1.2 Differences between SQL and NOSQL
(1) SQL is stored based on tables, and data is stored in rows and columns of data tables. Data tables can be associated with each other for collaborative storage and easy to extract data. In contrast, NoSQL is not suitable for storing in rows and columns of data tables, but it is more flexible and extensible. The storage mode can be JSON documents, hash tables or other ways [3]. 
(2) SQL usually corresponds to structured data, because data tables have predefined structures (column definitions), which describe the form and content of data. It requires users to use predefined patterns to determine the structure of the data. In addition, all data must follow the same structure. Predefined structures bring reliability and stability. NoSQL is based on dynamic structure, which is usually suitable for unstructured data, and it is easier to adapt to the changes of data type and structure. For example, to store key value pairs, each tuple can have different fields, and each tuple can add some key value pairs as needed, so it is not limited to fixed structure, and it can reduce some time and space overhead. Users can add their own fields according to their own needs [3].
(3) In SQL, if the user wants to add external association data to a table, the normalization method is to add a foreign key to the original table to associate the external data table. But in NoSQL, users can not only use this standardized method to add external data, but also use the non standardized method to put the external data directly into the original data table [4].
(4In SQL, users can use join statements to query data in multiple relational data tables, which makes SQL data query more convenient and efficient. But in NoSQL, it doesn't provide query methods like join statements [4].
(5) In terms of strong coupling, NoSQL is far inferior to SQL. For example, it is not allowed to delete the used external data in SQL, but it can be deleted at any time in NoSQL.
(6) SQL has a great advantage in maintaining data consistency. It maintains data consistency through transactions. If you need to update data in multiple tables at the same time, but if one of the tables fails to update, the other tables cannot be updated successfully. NoSQL has obvious deficiencies in transaction processing and consistency [4].
[bookmark: _Toc26628489](7) The storage mode of NoSQL is memory based, which will affect the security of NoSQL. For example, power failure or machine problem will lead to data loss. But this kind of security problem will not happen in SQL, because the storage mode of SQL is disk based
1.1.3 Applicability of SQL and NOSQL
SQL is most suitable for well-defined, standard precise projects. For example, online stores and banking systems.
NoSQL is variable. It is suitable for projects with simple data model and without high data consistency: for example, social network, customer management and network analysis system [5].
[bookmark: _Toc26628490][bookmark: _Toc26899209]1.2 Analysis: Warehouse management system of ABargain
Now, let's analyze the requirements of the ABargain company's warehouse management system. 
According to the company's request, we need to record the following information:
(1) Warehouse information: The company has three different regional warehouses, each with different types of products. As employees of the company, they need to know the specific information of these warehouses, such as address and contact information, so that when the inventory is insufficient, they can transfer goods between different warehouses.
(2) Details of the goods: As warehouse managers, in order to distinguish different products, they only need to know the general data of products, such as size, color, etc. It does not need to consider the personalized information of the product, such as the performance of the mobile phone, and the endurance of the computer [5]. So when designing a database, it's unnecessary to design different attributes for each product 
(3) Inventory information of goods: The inventory control system is the core of the warehouse management system. In order to manage the warehouse well, the warehouse administrator needs to know the inventory quantity of each product in each warehouse so as to supplement the inventory in time. So when employees want to know the quantity of a product in the warehouse, they can use query statements to easily find it from the inventory table. 
(4) Status of the goods in the warehouse, for example: In-warehousing information and order information of the goods: Employees must strictly supervise the status of goods. The goods in the warehouse cannot be stored or disappeared without any records. And Customers cannot order products that are not registered in the system.
(5) Distribution of goods: Such as delivery time and address. In order to deliver orders to customers in time, warehouse employees also need to know which products are included in each order, the delivery address of the order and the expected arrival time. When querying data, because an order may contain multiple products, the warehouse administrator needs to obtain the required data from multiple tables. For example, when delivering, they need to know the delivery address and the products ordered. 
Conclusion；
Through the above analysis, when designing the database, we should not only ensure the data integrity, but also consider that the warehouse management system requires transaction support and use a variety of query statements, such as where, join and so on. According to the characteristics of SQL, we can judge that SQL can well meet the requirements of the company for the warehouse management system [5].
[bookmark: _Toc26628491][bookmark: _Toc26899210]2. Analysis of index
[bookmark: _Toc26628492][bookmark: _Toc26899211]2.1 Introduction to index
In order to improve the performance of the database, establishing secondary indexes for the database has the following advantages. 
First, indexes can enhance performance because they can provide a quick way for the query engine to find data [6]. 
Second, it can speed up the connection between tables, especially in realizing the referential integrity of data. 
Third, through the use of index, we can use optimization hidden device to improve the performance of the system in the process of query.
But there are many disadvantages to adding indexes. 
First, it takes time to create and maintain indexes, which increases with the amount of data.
Second, it can take up significant disk space [6]. 
Third, indexes are automatically updated when the data rows themselves are updated, such as adding, deleting and modifying the data in the table which can lead to additional overhead and can affect performance [6].
Therefore, we only need to establish the necessary secondary index for the database to improve the system performance.
[bookmark: _Toc26628493][bookmark: _Toc26899212]2.2 Creation of index
The indexes are as follows:
Index 1:  Create a secondary index on Customer table
CREATE INDEX idx_Customer_name ON Customer (FirstName,SurName)
Reason:
Sometimes, a staff in ABargin’s company wants to find some detailed information of a certain customer, but without knowing the Customer number, so the name of the customer will be another good access to it. In other cases, the name of the customer can also be always used for WHERE or ORDER statement for sql queries, for instance, it is frequent to find out someone’s information whose name is ‘Jessie, because the name is easier to be memorized compared with the customer number. Therefore, make the first name and surname a secondary index could greatly enhance the performance of the SELECT queries.
Index 2: Create a secondary index on CustomerBooking table
CREATE INDEX idx_CustomerBooking_CustomerNO ON CustomerBooking (CustomerNo)
Reason:
In reality, it is necessary for employees in the commercial companies to check the booking information of a certain customer. Sometimes, the number of times customers spend in a period of time is counted to consider customers as VIP due to frequent consumption, and there are other purposes. For instance, the Customer number can be usually used for JOIN statement to integrate information for two or more tables, where the Customer number is the FK or PK, aiming for get more complete and intuitive data sets. So Customer number is used as a joint attribute. Hence, make the CustomerNo a secondary index could be essential to some extent, which would be helpful for the enhancement of the performance.
Index 3: Create a secondary index on Product table
CREATE INDEX idx_Product_name ON Product (ProductName) 
Reason:
In a warehouse, it is necessary and basic to keep the inventory of goods. When an employee wants to know the inventory of a product, he only knows the name of the product. At this time, the employee can use the product name to find its product ID in the warehouse table using the where statement, and then he can use the product ID to find information in the inventory table.  
[bookmark: _Toc26628494][bookmark: _Toc26899213]3. Analysis of TRANSACTION
[bookmark: _Toc26628495][bookmark: _Toc26899214]3.1 Transaction for problem a
(1)This transaction helps address the problem a: Orders are sometimes recorded, but
customers cannot order products that do not exist in the database system. If a customer have ordered some products, the customer booking number has been inserted into table CustomerBooking, when inserting the order details in table BookingInfo, if a product is not registered in the system, that is to say, there is no Product ID of this product in table Product. Because Product ID is a foreign key of table BookingInfo, inserting a nonexistent Product ID into the table is not allowed, so transaction will roll back.
Transaction as follows:
BEGIN TRANSACTION RecordDetails
BEGIN TRY
INSERT INTO CustomerBooking(BookingNo,CustomerNo, DeliveryCity, DeliveryStreetAddress,Postcode,ExpectTimeOfArrival,BookingDateTime)
VALUES('W011119003','CW18001', 'Swansea','10 Cromwell street','SA1 7ET','06-Nov-2019','01-Nov-2019')
INSERT INTO BookingInfo(BookingNo,ProductID,DepartmentID,BookingAmount,BookingPrice, Discount)
VALUES('W011119003','32201','E103','100','9','0.1')
COMMIT TRANSACTION RecordDetails;
END TRY
BEGIN CATCH		
ROLLBACK TRANSACTION RecordDetails;
RAISERROR('Rolling back, an error occurred!', 16, 1);
END CATCH
[bookmark: _Toc26628496][bookmark: _Toc26899215]3.2 Transaction for problem b
This transaction helps address the problem b: customers are able to order products that are not in stock.
When generating the order information table of the product, judge whether the inventory of the product purchased by the customer is 0. If it is 0, the transaction will roll back.
Transaction as follows:
BEGIN TRANSACTION CheckInventory
INSERT INTO CustomerBooking(BookingNo,CustomerNo, DeliveryCity, DeliveryStreetAddress,Postcode,ExpectTimeOfArrival,BookingDateTime)
VALUES('W011119003','CW18001', 'Swansea','10 Cromwell street','SA1 7ET','06-Nov-2019','01-Nov-2019')
INSERT INTO BookingInfo(BookingNo,ProductID,DepartmentID,BookingAmount,BookingPrice,
Discount)
VALUES('W011119003','21001','E102','5','180','0.1')
IF(SELECT Amount FROM Inventory WHERE ProductID='21001' AND DepartmentID='E102')=0
BEGIN
		ROLLBACK TRANSACTION CheckInventory
		RAISERROR('Rolling back, this product is not in stock!', 16, 1);
	END
	ELSE
		COMMIT TRANSACTION CheckInventory;
END CATCH
[bookmark: _GoBack]
[bookmark: _Toc26628497][bookmark: _Toc26899216]4. Distribute
As is mentioned in the description of warehouses, this company has three regional warehouses. And in my database, a WarehouseID is designed to represent a region.
Owing to each warehouse stores different categories of products, and the quantities of the categories are also different, therefore, each warehouse is divided into several different departments.
This company want to allocate product item inventory by region and product category, and access customer and order information by region. So generate a distributed database design for this system.
Solution as follows:
ProductType(ProductTypeID,TypeName,Remark), Warehouse(WarehouseID,WarehouseName,City,Postcode,StreetAddress,ContactNo), Supplier(SupplierID,SupplierName,ConactNo)
It is not necessary to split these three tables: ProductType, Warehouse, and Supplier. Each table has only a few rows, and a lot of data in the table is fixed, the update frequency of these tables is very low, so it is better to replicate relationships at all sites.
Department Table (DepartmentID,DepartmentName,WarehouseID,ProductTypeID)
First, according to differences of regions and product types, use horizontal fragments for Department table.
D1: WarehouseID = E1 (England) and ProductTypeID = TE01 (‘England Technology Department’)
D2: WarehouseID=E1 (England) and ProductTypeID = HF02 (‘England Home & Furniture Department’)
D3: WarehouseID = E1 (England) and ProductTypeID = TC03 (‘England Toys & Children Department’)
D4: WarehouseID = E1 (England) and ProductTypeID = SP04 (‘England Sports & Leisure Department’)
D5: WarehouseID = S2 (Scotland) and ProductTypeID = TE01 (‘Scotland Technology   Department’)
D6: WarehouseID = S2 (Scotland) and ProductTypeID = TC03 (‘Scotland Toys & Children Department’)
D7: WarehouseID=S2 (Scotland) and ProductTypeID= SP04 (‘Scotland Sports & Leisure Department’)
D8: WarehouseID = W3 (Wales) and ProductTypeID = TE01 (‘Wales Technology Department’)
D9: WarehouseID = W3 (Wales) and ProductTypeID = SP04 (‘Wales Sports & Leisure Department’)

Horizontal fragments are:
D1:  WarehouseID = E1 and ProductTypeID = TE01 (Department)
D2:  WarehouseID = E1 and ProductTypeID = HF02 (Department)
D3:  WarehouseID = E1 and ProductTypeID = TC03 (Department)
D4:  WarehouseID = E1 and ProductTypeID = SP04 (Department)
D5:  WarehouseID = S2 and ProductTypeID = TE01 (Department)
D6:  WarehouseID = S2 and ProductTypeID = TC03 (Department)
D7:  WarehouseID = S2 and ProductTypeID = SP04 (Department)
D8:  WarehouseID = W3 and ProductTypeID = TE01 (Department)
D9:  WarehouseID = W3 and ProductTypeID = SP04 (Department)
Reconstruction: D1  D2  D3  D4 D5  D6  D7  D8  D9
Staff table (StaffNo, FirstName, SurName, Gender, Position, ContactNO, EmailAdderss, StartDate, LeavingDate, DepartmentID, Supervisor)
Use derived fragmentation for Staff table. It is based on Department because every staff belongs to one department, every staff has their own DepartmentID)
Si : Staff	DepartmentID    Di        1  i  9
Reconstruction: (S1  S2  S3  S4  S5  S6  S7  S8  S9)
Product table (ProductID,ProductName,ProductTypeID,Size,Color,Remark)
Use horizontal fragmentation for product table (Each product has a productTypeID in Product table).
Horizontal fragments are:
P1:  ProductTypeID = TE01 (Product)
P2:  ProductTypeID = HF02 (Product)
P3:  ProductTypeID = TC03 (Product)
P4:  ProductTypeID = SP04 (Product)
Reconstruction: (P1  P2  P3  P4)
Inventory table (ProductID,DepartmentID,Amount,Price)
Use derived fragmentation for Inventory table (based on Department- Locate the inventory information in the same location as the Department segment of the inventory)
Ii : Inventory 	DepartmentID   Di          1  i  9
Reconstruction: (I1  I2  I3  I4  I5  I6  I7  I8  I9)
Inwarehouse table (InWarehouseNo, ProductID, DepartmentID, InDate, SupplierID, InAmount, InPrice,StaffNo)
Use derived fragmentation for Inwarehouse table. Every time a purchase information is generated, there must be a corresponding department ID to indicate which department the incoming goods belong to
IWi : Inwarehouse	DepartmentID   Di          1  i  9
Reconstruction: (IW1  IW2  IW3  IW4  IW5  IW6  IW7  IW8  IW9)
Customer table (CustomerNo, FirstName, Surname, ContactNo, EmailAddress, RegisterAreaNo)
Each customer will ask to choose a nearby warehouse according to their region when they are registering, hence for accessing customers by region, use horizontal fragmentation for Customer table.
Horizontal fragments are:
C1:  RegisterAreaNo= E1
C2:  RegisterAreaNo = S2
C3:  RegisterAreaNo = W3
Reconstruction: (C1  C2  C3)
CustomerBooking table (BookingNo,CustomerNo,DeliveryCity,DeliveryStreetAddress,Postcode, ExpectTimeOfArrival, BookingDateTime)
1. Use vertical fragmentation for CustomerBooking table to ensure timely delivery of products to customers,
Vertical fragments are:
CB1:	 BookingNo,CustomerNo, DeliveryCity, DeliveryStreetAddress,Postcode (CustomerBooking)
CB2:	 BookingNo,ExpectTimeOfArrival,BookingDateTime(CustomerBooking)
2. Use derived fragmentation for CB1 (based on Customer, every order will have a corresponding customer)
CB1i:	CB1            CustomerNo  Ci		1  i  3
Reconstruction: (CB11  CB12  CB13)     CB2
BookingInfo table:(BookingNo,ProductID,DepartmentID,BookingAmount,BookingPrice, Discount)
Use derived fragmentation for BookingInfo table (based on BookingNo)
BIi:	BookingInfo       BookingNo CB1i		1  i  3
Reconstruction: (BI1  BI2  BI3)
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