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Report on ABargain Inventory Management Database System

[bookmark: _Toc26614126]Abstract
[bookmark: _Toc26614127]A database with complete functions and clear structure needs precise design. This report mainly describes the selection of SQL system and NoSQL system for abagain's inventory management system, as well as the way to enhance the database performance and operability and solve a specific problem.
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1. [bookmark: _Toc26614128]SQL vs. NoSQL
1.1 [bookmark: _Toc26614129]Definition of SQL
SQL (Structured query language), is a set of operation commands specially established for database, which is a database language with complete functions. It is mainly used to store and query data, and then update and manage the relational database system.
SQL is a high-level non procedural programming language that allows users to work on high-level data structures. In addition, it does not require the user to specify the storage method of data, and does not require the user to understand the specific method of storing data. That is to say, users only need to issue "what to do" command when using it, and "how to do" is not considered by users. Therefore, different underlying database systems can use the same structured query language as the interface of data import and management. Structured query language statements can be nested, which makes it powerful and flexible.  [1, 2, 3]

1.2 [bookmark: _Toc26614130]Definition of NoSQL
[bookmark: _GoBack]The most common explanation of NoSQL is "non relational", but "not only SQL" is also accepted by many people. NoSQL is just a conception, which generally refers to non relational databases. Different from relational databases, they do not assure the ACID features of relational data. NoSQL is a new revolutionary database movement. It promotes the usage of non relational data storage. Contrast with the tremendous use of relational database, this conception is undoubtedly a rise of new thinking [4].

There are following advantages about NOSQL : it is absolutely convenient to expand, NoSQL database has varieties of patterns, however the common feature of them is to remove relational features of relational databases. Due to there is no relationship between the data, it would be handy to expand, invisibly it also brings extensible capabilities at the framework level. Its advantages includes under circumstances with large data volume, high performance, NoSQL databases perform very well in read-write field, particularly in large data volume with also excellent performance. This is due to its irrelevance of database, the simple structure of the database [4].


1.3 [bookmark: _Toc26614131]Differences between SQL vs NoSQL:
[bookmark: _Toc26614132]1.3.1 Brief differences

	SQL
	NOSQL

	Relational database management system (RDBMS)
	Non relational or distributed database system.

	There are fixed or static or predefined schemas in SQL’s databases 
	There are dynamic schemas in NOSQL’s databases

	These databases are not suitable for tiered data storage
	These databases are suitable for tiered data storage


	These databases are suitable for complicated queries
	These databases are not suitable for complicated queries

	Can scale vertically
	Can scale horizontally


Table 1 A brief explanation of the differences[5]
[bookmark: _Toc26614133]1.3.2 Main differences:
(1) types
Generally, public mainly called SQL database as relational database (RDBMS), while NoSQL database is mainly called non-relational database or distributed database[5].
(2) language
SQL database definition and operation base on data structured query language (SQL). This language is very powerful from the side. SQL database is one of the most common and widely used option, which makes it a safer choice, particularly for complicated queries. But on the other hand, it can be also restrictive to some extent. It is required for SQL that the users need to use a predefined pattern to determine the structure of the data before they use it. In addition, it is necessary for all the user’s data to follow the same structure. It may request a lot of preparation, meaning that structural change is both difficult and damaging to the system as a whole.
A dynamic model with unstructured data is in NoSQL database. Data is deposited in a variety of ways, meaning that it can be column-oriented, document-oriented, graph-based, or organized as a key-value store. This flexibility means that documents can be created without  defining the structure for the first time. Each document can also unique structure for itself. The syntax can vary from a database to another database, users can add fields at any time [5].
(3) Scalability
In almost of the cases, SQL databases are scalable in vertical angle, which means that user can increase the load of a single server by adding ram, CPU or SSD functions. Besides , NoSQL database can be expanded in horizontal angle. This means that user can shared or add more servers to the NoSQL database to handle more traffic. It looks like adding more floors in the same building, rather than adding more buildings nearby. So NoSQL is able to eventually become larger and more powerful, which makes this kind of databases the first option for large or changing datasets[5].
(4) structure
The SQL database is based on tables. On the other hand, the NoSQL database is a key value pair, document based, graphic database or wide column storage which makes a relational SQL database a preferable choice for applications which needs multi-row transactions (such as accounting systems) or legacy systems which is built for relational structures[5].
(5) Properties to follow
SQL databases follow acid properties (atomicity, consistency, isolation, and persistence), while NoSQL databases follow brewers cap theorem (consistency, availability, and partition tolerance)[5].
(6) support
All SQL databases from their vendors are well supported. In addition, there are many independent consultants that can help users use SQL databases for large-scale deployment, but for some NoSQL databases, users still need to rely on community support, and only a limited number of external experts can be used to set up and deploy large-scale NoSQL deployment[5].
Some examples of SQL databases include PostgreSQL, mysql, Oracle, and Microsoft SQL server. Examples of NoSQL databases include redis, ravendb Cassandra, mongodb, BigTable, HBase, neo4j, and CouchDB.[5]

1.4 [bookmark: _Toc26614134]Choice of SQL or NoSQL
SQL and NoSQL databases do the same thing in different ways. It's possible to choose one at the beginning and then switch, but pre design will definitely save time and money.
[bookmark: _Toc26614135]1.4.1 Projects for SQL
Discrete data that can be logically correlated and predetermined.
Data integrity is a must.
Projects requiring standard technologies with rich developer experience and support.
[bookmark: _Toc26614136]1.4.2 Projects for NoSQL
Non-relational, fuzzy or evolving data storage requirements.
Simple and loose project objectives, able to quickly start programming.
Speed and scalability are necessary.
[bookmark: _Toc26614137]1.4.3 Conclusion of this design
For this database system, there is more detailed requirements of each attribute relationship of design, and as a company's inventory management system, it has clear objectives and requirements to be completed, and professional personnel are responsible for the management, development and maintenance of this system. There are data requirements to save the basic information of goods, such as size, color, etc. This system needs to be able to use these irrelevant data to any goods. Besides, the information of goods warehousing and storage location, as well as a series of problems of trading goods are also considered. Therefore, it is necessary to consider the data integrity and transaction support. SQL can meet the design requirements well.



2. [bookmark: _Ref19457317][bookmark: _Toc26614138]Performance Tuning
In ABargain’s database system, it is necessary to create some indexes to enhance the performance of the database. Reasonable setting of index can effectively enhance the search ability of data in the database, but too much setting of index may cause negative impact because of redundancy. Before create the indexes, here is the design principle of the index:
(1) The data column that defines the primary key must be indexed.
(2) Data columns with foreign keys must be indexed.
(3) It is best to build indexes for frequently-queried data columns.
(4) For data columns that need to be queried quickly or frequently within the specified range;
(5) Data columns often used in the WHERE clause.
(6) Fields that often appear after the keywords order, group, distinct, and index.
(7) For those columns that are rarely involved in the query, do not create indexes on columns with many duplicate values.
(8) Avoid creating indexes for frequently accessed columns.
Since only three additional indexes are needed, it is not considered creating any new clustered index for the database, but create secondary indexes.
In these tables, ProductDetail (know detailed information of product),Inventory (know inventories, update inventories), Customer, Supplier, Staff (search information) ,PurchaseRecord (update purchase order) and OrderDetail (supplement of order information) are frequently accessed and read.
For tables Inventory and ProductDetail, the defaulted clustered index with items ‘AreaID’ and ‘ProductID’ is enough for searching queries.

For table Customer, sometimes the ABargain’s staffs want to select detailed information of the customer without CustomerNo under some circumstances such as only knowing the name. Therefore, it is good to create an index with items (FirstName, SurName) for enhancing the performance including cases using WHERE or ORDER instruction in SELECT statement. And the methods are similar in table Supplier and Staff.
CREATE  INDEX firstandsurname ON Customer (FirstName,Surname);

For table PurchaseRecord, sometimes it is needed to know something of purchasing information which is handled by a certain staff). Although in the data of this system, only three staffs participate in the purchase information, but in reality, the number of staffs will be much larger than this, so it will not retrieve a significant proposition of the relationship actually.
CREATE INDEX StaffIDindex ON PurchaseRecord(StaffID)

For table OrderDetail, it is similar to create index including items (Price, Discount), that is because sometimes the company wants to know the transaction amount of goods to understand some sale information.
CREATE INDEX PriceIndex ON OrderDetail(Price,Discount)
3. [bookmark: _Toc26614139]Transaction
3.1 [bookmark: _Toc26614140]Problems needed to be addressed
[bookmark: _Toc26614141]3.1.1 Record the products without existed details
The first problem is: Sometimes orders are recorded but the details of the specific product(s) ordered by the customer are not registered in the system.
[bookmark: _Toc26614142]3.1.2 Order items that are not in stock
The second problem is: Customers are able to order items that are not in stock.
3.2 [bookmark: _Toc26614143]Solution with explanations
[bookmark: _Toc26614144]3.2.1 Solution for the first problem
	BEGIN TRANSACTION
	BEGIN TRY
	INSERT INTO SellingOrder(OrderNo,CustomerID,OrderDate,CityofReceiving,StreetAddressofReceiving,Postcode,ReceiverPhoneNo,StaffID)VALUES('o20190829b1','c1777777','20-Jul-2019','London','18 Third Road','LD89ST','18571930918','s1906071')
	INSERT INTO OrderDetail(OrderNo,ProductID,AreaID,ProductQuantity,Price,Discount)VALUES('o20190829b1','w1090','W01','2','20','0')
		COMMIT TRANSACTION;
	END TRY
	BEGIN CATCH
		ROLLBACK TRANSACTION;
		RAISERROR('Rolling back, there is no such product detail', 16, 1);
	END CATCH;
Assume that the order number is o20190829b1. Since the CustomerID is a foreign key, as long as the customer ID exists and the order ID is not duplicate, other data has no format errors, the order will be recorded. Then it comes to the order details table. Because the order ID is the PK of the ProductDetail table, the absence of the order details means that the ProductID does not exist, because the basic data in the product details table cannot be null. Therefore, as a foreign key in the order details table, the ProductID does not exist, so the insertion will fail, and the order details have not been recorded. At this time, the transaction  rolls back and the sellingorder information have not been recorded.
[bookmark: _Toc26614145]3.2.2 The solution for the second problem
BEGIN TRANSACTION OrderItem
	DECLARE @ProductID VARCHAR(5) = 'w2001',@ProductQuantity INT = '30',@AreaID CHAR(4)='S03';
	INSERT INTO SellingOrder(OrderNo,CustomerID,OrderDate,CityofReceiving,StreetAddressofReceiving,Postcode,ReceiverPhoneNo,StaffID)
VALUES('o20190829s8','c1777777','19-Aug-2019','London','18 Third Road','LD89ST','18571930918','s1906071')
	INSERT INTO OrderDetail(OrderNo,ProductID,AreaID,ProductQuantity,Price,Discount)
VALUES('o20190829s8',@ProductID,@AreaID,@ProductQuantity,'20','0')
	IF (SELECT Quantity FROM Inventory WHERE ProductID = @ProductID AND AreaID=@AreaID) ='0'
	BEGIN
		ROLLBACK TRANSACTION OrderItem
		RAISERROR('Rolling back, not enough stocks', 16, 1);
	END
	ELSE
			COMMIT TRANSACTION OrderItem;

Assume that the ProductID is w2001, the quantity the customer wants to buy is 30, and the products in the S03 warehouse area are purchased. First, insert the data into the order table. Similar to the last problem, the data in the order table is easy to record. When inserting the order detail table, but through the select instruction, if it is found that the product is not in stock in the S03 inventory area, in this case, the transaction rolls back and the order will not  be recorded, the transaction fails (similarly, if the inventory quantity is less than the quantity to be purchased, the SQL statement will be similar).
[bookmark: _Toc26614146]4.Distributed Database Solution
Here is the attributes of each table(The primary key is underlined)
Supplier			(SupplierID, SupplierName, City, StreetAddress, PostCode,ContactNo,EmailAddress)
Customer		(CustomerID, FirstName,SurName,City,EmailAddress,RegisteredRegion)
	Staff				(StaffID, FirstName, SurName,Gender,DOB,City,StreetAddress,Postcode,ContactNo,EmailAddress,Position,Salary,StartDate,LeavingDate,WarehouseID)
	ProductCategory	(CategoryID,CategoryName)
	ProductDetail		(ProductID,ProductName,CategoryID,Size,Colour,DetailInformation)
Warehouse		(WarehouseID, WarehouseName, City,StreetAddress, Postcode)
	InventoryArea	(AreaID,CategoryID,WarehouseID)
	Inventory		(ProductID,AreaID,Quantity,SellingPrice)
PurchaseRecord				 (PurchaseRecordNo,SupplierID,ProductID,PurchaseQuantity,PurchaseCost,AreaID,TradeDate,StaffID)
SellingOrder 					 					 (OrderNo,CustomerID,OrderDate,CityofReceiving,StreetAddressofReceiving,Postcode,ReceiverPhoneNo,StaffID)
	OrderDetail		(OrderNo,ProductID,AreaID,ProductQuantity,Price,Discount)

ProductCategory and Warehouse Tables
Don’t fragment ProductCategory/Warehouse – replicate relations at all sites – only contains a small number of records.
InventoryArea Table
Use primary horizontal fragmentation for InventoryArea with minterm predicates. 
(fragment this table by where the area is and which category of goods it stored)
Horizontal fragments are:
		A1 	AreaID = ‘E01’ or CategoryID =’Te’ and WarehouseID =’r001’
		A2 	AreaID= ‘E02’  or CategoryID =’Sp’ and WarehouseID =’r001’
		A3 	AreaID= ‘E03’or CategoryID =’To’ and WarehouseID =’r001’
		A4 	AreaID= ‘E04’or CategoryID =’Ho’ and WarehouseID =’r001’
		A5 	AreaID= ‘S01’or CategoryID =’Te’ and WarehouseID =’r002’
		A6 	AreaID= ‘S02’or CategoryID =’Sp’ and WarehouseID =’r002’
		A7 	AreaID= ‘S03’or CategoryID =’To’ and WarehouseID =’r002’
		A8 	AreaID= ‘W01’or CategoryID =’Te’ and WarehouseID =’r003’
		A9 	AreaID= ‘W02’or CategoryID =’Sp’ and WarehouseID =’r003’
	Reconstruction: A1  A2 A3  A4  A5  A6  A7  A8  A9
Supplier Table
Use vertical fragmentation for Supplier:
(fragment this table by location and personnel)
		Su1 (Personnel):	SupplierID, SupplierName,ContactNo,EmailAddress, (Supplier)
		Su2 (Location):	SupplierID,City,StreetAddress,Postcode (Supplier)
	Reconstruction: S1      SupplierIDS2
Customer Table
Use horizontal fragmentation for Customer:
(fragment this table by where the customer is registered at)
(convenient for manage the customers at different region, when they are shopping, give them priority to see the latest warehouse information )

Horizontal fragments are:
		C1 	RegisteredRegion = ‘England 		
		C2 	RegisteredRegion = ‘Scotland’ 
		C3 	RegisteredRegion = ‘Wales’    		
		
Staff Table
Use vertical fragmentation for Staff:
(fragment this table by payroll)
		St1 (Personnel):	StaffID, FirstName, SurName,Gender,DOB,City,StreetAddress,Postcode,ContactNo,EmailAddress,Position, StartDate,LeavingDate,WarehouseID(Staff)
		St2 (Payroll):	StaffID,Salary(Staff)
Then use horizontal fragmentation on fragment St1 (based on WarehouseID -fragment this table by where they are working at)
Horizontal fragments are:
		St11 	WarehouseID= ‘r001’	
		St12 	WarehouseID = ‘r002’ 
		St13 	WarehouseID = ‘r003’    		
Reconstruction: (St11  St12 St13)        StaffID St2
ProductDetail Table
Use horizontal fragmentation for ProductDetail:
(fragment this table by what categories the products are)(this is helpful to manage different categories of goods)
Horizontal fragments are:
		Pd1 	CategoryID = ‘Te’ 		
		Pd2 	CategoryID = ‘Ho’ 
		Pd3 	CategoryID = ‘To’ 
		Pd4	CategoryID = ‘Sp’ 
Reconstruction: Pd1 Pd2 Pd3  Pd4 
Inventory Table
Use derived fragmentation for Inventory (based on InventoryArea – locate products at same location as the inventory area the are stored in)
Ii:	ProductID     Ai	1  i  9
	Reconstruction: I1  I2  I3  I4  I5  I6  I7  I8 I9

PurchaseRecord Table
Use vertical fragmentation for Purchase:
(fragment this table by staff and time)(to see which staff handles the purchase record directly at a time)
		Pc1 (detail):	PurchaseRecordNo,SupplierID,ProductID,PurchaseQuantity,PurchaseCost,AreaID(PurchaseRecord)
		Pc2 (whoandwhen):	PurchaseRecordNo,StaffID,TradeDate(PurchaseRecord)
Then use derived fragmentation on fragment Pc1 (based on InventoryArea -fragment this table by where the goods of the purchase order are sent to)
Pc1i:	ProductID      Ai	  1  i  9
	Reconstruction:( Pc11Pc12 Pc13Pc14Pc15Pc16Pc17Pc18Pc19)    PurchaseRecordNo Pc2
SellingOrder Table
Use vertical fragmentation for SellingOrder:
(fragment this table by customer and time and staff)(to see which customer makes this trade directly at a time and which staff handles this order)
		SO1 (detail):	OrderNo,CityofReceiving,StreetAddressofReceiving,Postcode,ReceiverPhoneNo(SellingOrder)
		SO2 (whoandwhen):	OrderNo,CustomerID,OrderDate(SellingOrder)
		SO3 (whoandwhen):	OrderNo,StaffID(SellingOrder)
	Reconstruction:(SO1             OrderNo SO2 )         OrderNoSO3   
OrderDetail Table
Use vertical fragmentation for OrderDetail:
(fragment this table by payroll)
		O1 (detail):	OrderNo,ProductID,AreaID,ProductQuantity,(OrderDetail)
		O2 (payroll):	OrderNo,Price,Discount(OrderDetail)
Then use derived fragmentation on fragment O1 (based on InventoryArea -fragment this table by where the goods are from)
O1i:	ProductID   	Ai	1  i  9
	Reconstruction:( O11O12 O13O14O15O16O17O18O19)        OrderNoO2
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