


Abstract

[bookmark: OLE_LINK1]This report is mainly to summarizing the advantages and disadvantages of SQL and NoSQL respectively, and introduces the applicable scenarios of the two databases respectively. Finally, some solutions are proposed for some business problems raised by ABargain.
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2. SQL and NoSQL
[bookmark: _Toc26312974]1.1 Introduction
With the continuous development of the Internet, people start to demand more about data storage technology (Stonebraker 2010). Now the mainstream storage systems still mostly adopt the relational database around the world, although data storage aspects of relational database have been occupying unshakable status in the worldwide industry, however, because of its inherent limits such as hard to extend and slow R/W, make it difficult to meet the needs of people at present.

To address these requirements mentioned above, the industry has introduced several new types of databases, which are collectively known as the NoSQL databases because they are so different in design from traditional SQL databases.

In general, in design, they pay more attention to the high concurrent reading and writing of data and the storage of massive data. Compared with relational databases, they do "subtraction" in the architectural and data model aspects, and "addition" in the extension and concurrency aspects (Nguyễn 2018).

[bookmark: _Toc26312975]1.2 SQL
[bookmark: _Toc26312976]1.2.1 About SQL
The Structured Query Language (SQL) is an ANSI (American National Standards Institute) standard computer language, which can be used to access and manipulating data. SQL statements are easy to understand, because the two-dimensional table structure in the relational model is very close to the logical world, and users can perform powerful read and write operations on the data by combining a series of simple SQL instructions (Jamison 2003).

[bookmark: _Toc26312977]1.2.2 Advantages and Disadvantages of SQL
There is a reason why SQL databases continues to hold its place in the industry after years of development, and here are some of its main advantages.
a. It is easy to learn and low learning cost.
b. Different Relational Databases Management System (RDBMS) use the same standardized SQL statements.
c. SQL databases follows the ACID (Atomicity, Consistency, Isolation, Durability) principles.
d. SQL databases supports transactions, it is very different from NoSQL.
e. The service is stable, outages are usually rare, and data is persisted to disk with no risk of data loss.

But with the continuous development of the Internet, and the rise of big data, cloud computing and other technologies, some of the disadvantages in the SQL database are beginning to show up.
a. Hard to extend SQL databases servers, because of the multi-table query mechanism like Join statements.
b. When the data volume is very large, the reading and writing speed will decline sharply because of the complex logic relationship of SQL database.
c. Because the limited capacity of SQL databases and it is difficult to extend, making it hard to store massive data like Google.

[bookmark: _Toc26312978]1.3 NoSQL
[bookmark: _Toc26312979]1.3.1 About NoSQL
NoSQL is not a new technology that has been in use since the 1990s, the structure of NoSQL databases is fundamentally different from that of SQL databases, NoSQL databases often stores data as key-value pairs, of course, there are other document databases, columnar databases, graph databases, and so on. NoSQL databases was never meant to replace SQL databases, but to coexist, we should consider NoSQL as ‘Not Only SQL’ instead of ‘No SQL’ (Tim Perdue 2019; Srini Penchikala 2013; Nguyễn 2018).

[bookmark: _Toc26312980]1.3.2 Advantages and Disadvantages of NoSQL
Modern society now is in the stage of information explosion, the scale of Internet data increases sharply, and the data also becomes more and more complex, this makes it extremely difficult to work with traditional SQL databases. But NoSQL technology can better solve this kind of problems because of the following advantages (Madison & Barnhill & Napier & Godin 2015).
a. Consistency. Although NoSQL databases does not completely follow the ACID principles as compared to SQL databases, however, NoSQL databases watches to maximize availability and partition tolerance by reducing the need for consistency. Through this approach to achieve basic availability, soft state and eventually consistency.
b. Extensibility. NoSQL databases are easy to extend horizontally or extend vertically, because NoSQL databases are distributed and horizontally extended from the beginning. Cassandra, for example, its architecture is similar to the classic P2P, so it is very easy to extend it by adding new nodes.
c. Reliability. As the storage scale gets larger and larger, once the only server goes down, the data service will become unavailable, for SQL databases, the usual solution is to extend vertically but would be costly. Whereas because NoSQL databases can achieve data automatic sharding, so users can solve this problem by extend horizontally, for example, adding new servers instead of improving more capabilities to a single server. So, when certain server down, the data can be replaced quickly and smoothly.

Although NoSQL does outperform SQL in some features, there are still many shortcomings in the NoSQL databases.
a. NoSQL databases does not support SQL. Many companies still use SQL databases to store data at present, users will not adopt NoSQL databases because there will be some learning costs, this will limit its growth.
b. The lack of ACID guarantees is not only the advantage, but also the disadvantage, NoSQL databases is hard to meet the requirement for large-scale online transaction such as bank transfer and gambling sites, because NoSQL databases does not guarantee the data accuracy during data manipulation (Stonebraker 2010).
c. There are many kinds of NoSQL databases with big differences, even experienced developers can hardly choose the NoSQL databases properly.
d. Existing NoSQL databases products are not as mature as SQL’s.

[bookmark: _Toc26312981]1.4 Conclusion
With regard to SQL and NoSQL databases, it is not true for some saying that NoSQL databases will inevitably replace SQL databases. In fact, we still rely heavily on SQL databases. Both types of databases have their own applicable scenarios, therefore, there is no universal ideal option. 

So, for the business issue of ABargain. Some data that is not often read or written but needs to be stored like some long character strings data, customers’ address or comment information for example. Users can never query data by ‘WHERE comment = ’, so, developers can store it in NoSQL databases, this can save SQL databases space and a lot of IO. SQL databases are only used to store data that is important and frequently manipulated because the service is stable, it is a good way to ensures performance and maximizes cost savings.

3. [bookmark: _Ref19457317][bookmark: _Toc26312982]Performance Tuning
[bookmark: _Toc26312983]2.1 Overview and principles of database indexing
An index is a sort of a column or columns in a SQL database that provides accelerated access to the rows of a table. Properly applied indexes can greatly improve database performance, here are some principles for creating indexes (YUE Binsen 2019).
(1) Do not index small relations.
(2) Primary keys (PK) are generally clustered indexes by default, but secondary indexes the PK if it is not the ordering key of the file organisation.
(3) Foreign keys (FK) are often used as join conditions for tables, therefore, should indexed FK.
(4) Columns that are frequently queried need to be indexed.
(5) Columns that are frequently used for sorting and grouping can be indexed.
(6) Do not index columns with more duplicate values.
(7) Do not index frequently updated columns.
(8) Do not index columns that consist of long character strings or defined as image and bit.

[bookmark: _Toc26312984]2.2 Address the issues raised by ABargain
Based on the above principles, index ABargain's database.
(1) According to the first principle above, there is no need to index the Category, WareHouse, InventoryClassification, GodownEntry, GodownEntryDetail, OutBoundOrder, OutBoundOrderDetail and Inventory table. There are fewer fields in these tables, the query will check a significant proportion of the relation if index it, it is not efficiency, direct queries may be more efficient in this case.
(2) For the Product table. Select to index the Name, Category and Unit Price columns, because Name are frequently used for WHERE or sorting, Category are often used as foreign keys for queries that require indexing, and Unit Price is often used for query condition in where clause like BETWEEN…AND.
(3) For the Customer table. Select to index the CustomerID, FirstName, Surname and City columns. Because I made EmailAddress the clustered index as email can be used as username to login, then secondary index the CustomerID column, FirstName, Surname and City are frequently used for WHERE or sorting.
(4) For the Order table. Select to index the UserID, OrderDateTime and DeliveryCity columns. Because the UserID is the foreign key, often used for JOIN queries that need indexing, OrderDateTime is frequently used for WHERE or sorting, and DeliveryCity, as a column that often used for WHERE or GROUPBY, also needs to be indexed.

4. [bookmark: _Toc26312985]Transaction
[bookmark: _Toc26312986]3.1 Overview of Transaction
A transaction is a sequence of database operations that accesses and may manipulate various data items and consists of at least one SQL statement. Transactions strictly follows to the ACID principle, if one SQL statement perform failed, then the whole transaction will roll back and the database will return to the original state before the transaction started (Oppel 2009).

[bookmark: _Toc26312987]3.2 Transaction solution
The following is my proposed transaction solution about the problems raised by ABargain company.

For the first issue. When the orders are recorded, but the details are not stored in the database. First of all, in the database there are three tables: Order, OutBoundOrder, OutBoundOrderDetail. Every time a customer places an order, the Order, OutBoundOrder and OutBoundOrderDetail tables will store the relevant data. Because OutBoundOrderNo is the foreign key in the OutBoundOrderDetail table that points to the OutBoundOrder table, the system will query data in the OutBoundOrderDetail table for WHERE based on OutBoundOrderNo values. If the number of query results through the COUNT function equals 0, then indicates that the order details were not registered in the database due to some errors. The transaction will roll back and the database will go back to the original state and wait for the next operation.

For the second issue. A customer can still place an order for an item when the product is not in stock. Transactions starts after a customer places an order, the system first stores the relevant data into the corresponding table and updates the ItemNum value in Inventory table. Because of there is a constraint in the table to check that the ItemNum value must be greater than or equal to 0. Check the latest ItemNum value of the product by ProductID and WareHouseID, if the updated value of ItemNum in inventory table is found to be less than 0 through the query, then an error message will be caught and displayed by the TRY…CATCH block. Finally, the system will roll back the transaction and restore it to its original state before the transaction began

5. [bookmark: _Toc26312988]Distributed Database
[bookmark: _Toc26312989]4.1 Overview of Distributed Database
A distributed database is a system in which a number of database servers are distributed on a network and communicate with each other and coordinate their actions by passing messages. The main reason for a distributed database is to store some of the data in the database, which is often queried by specific users, in easily accessible servers, thus reducing the data transfer time between geographically distant servers (Ince).

Distributed databases are transparent to developers, and distributed data is used like a stand-alone database that ensures users unaware the difference when querying data. It improves the overall performance of the cluster by scaling horizontally. Distributed databases do not allow for a single point of failure. When one machine broke down, other machines were able to carry on in its place.

[bookmark: _Toc26312990]4.2 Distributed Database Solution
The current centralized relational schema is as follows:
	Category	(CategoryID, CategoryName)
Product	(ProductID, Name, Brand, Colour, AdditionalContant, UnitPrice, Category)
WareHouse	(WareHouseID, Name, Address, Postcode, ContactNo)
InventoryClassification	(WareHouseID, CategoryID)
Customer	(Customer, FirstName, Surname, ContactNo, EmailAddress, DOB, RegistrationDate, Gender, City, Password, State)
Order	(OrderID, UserID, OrderDateTime, OrderDateFinishedTime, DeliveryCity, DeliveryAddress, DeliveryPostCode, Comments, State)
GodownEntry	(GodownEntryNo, WareHouseID, CreatedTime, FinishedTime)
GodownEntryDetail	(GodownEntryNo, ProductID, Quantity)
OutBoundOrder	(OutBoundOrderNo, OrderID, CreatedTime, FinishedTime)
OutBoundOrderDetail	(OutBoundOrderNo, ProductID, WareHouseID, Quantity, Amount)
Inventory	(ProductID, WareHouseID, ItemNum, ReorderingTime)

The following is my proposed distributed database solution:
· Category, WareHouse and InventoryClassification Tables
There is no fragmentation of these three tables. Because these tables only contain a small number of records, and are not updated frequently such as WareHouse Table, it can be stored at all database servers.

· Product, GodownEntry and Inventory Tables
Base on the category data of Product table and use horizontal fragmentation for Product table:
P1:		Category = 1 (Technology) (Product)
P2:		Category = 2 (Home & Furniture) (Product)
P3:		Category = 3 (Toys & Children) (Product)
P4:		Category = 4 (Sports & Leisure) (Product)

Reconstruction: 	P1  P2  P3  P4

Base on the warehouse data of GodownEntry table and use horizontal fragmentation for GodownEntry table:
G1:		 Warehouse = 1 (England) (GodownEntry)
G2:		 Warehouse = 2 (Scotland) (GodownEntry)
G3:		 Warehouse = 3 (Welsh) (GodownEntry)

Reconstruction: 	G1  G2  G3

Base on the warehouse data of Inventory table and use horizontal fragmentation for Inventory table:
I1:		 Warehouse = 1 (England) (Inventory)
I2:		 Warehouse = 2 (Scotland) (Inventory)
I3:		 Warehouse = 3 (Welsh) (Inventory)

Reconstruction: 	I1  I2  I3

· Customer Table
Customer data can be divided into two parts: personal information (by Personnel) and system authentication data (by Management), and personal information part can be grouped by city. So can use mixed fragmentation for Customer table (The following city data are simulated data):
[bookmark: _Hlk26303407]C1:	CustomerID,RegistrationDate,EmailAddress,Password,State,CusUID (Customer)
C2:	CustomerID,FirstName,Surname,ContactNo,DOB,Gender,City (Customer)
And:
[bookmark: _Hlk26306566][bookmark: _Hlk26306526]			C21:	City = ‘London’ (C2)
			C22:	City = ‘Derby’ (C2)
			C23:	City = ‘Swansea’ (C2)

Reconstruction:	C1  ⋈  (C21  C22  C23)

· OutBoundOrderDetail, OutBoundOrder and Order Tables
Use derived fragmentation of these three tables. For Order table is based on Customer, locate Order at same city as the customer they are registered with. For OutBoundOrder table is based on Order that locate OutBoundOrder data at same fragment location as the Order. For OutBoundOrderDetail is similar  with OutBoundOrder, is based on OutBoundOrder that locate OutBoundOrderDetail data at same fragment location as the OutBoundOrder:
			Order (O) ⊳ C2i		1  i  3
OutBoundOrder (OBD) ⊳ Oi	1  i  3
OBOD ⊳ OBDi	1  i  3

Reconstruction: O1  O2  O3
Reconstruction: OBD1  OBD2  OBD3
Reconstruction: OBOD1  OBOD2  OBOD3

· GodownEntryDetail Table
Use derived fragmentation for GodownEntryDetail that based on GodownEntry – locate GodownEntryDetail at same warehouse:
	 		GodownEntryDetail (GED) ⊳ Gi		1  i  3

Reconstruction: GED 1  GED 2  GED 3
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