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[bookmark: _Toc26954024]Abstract
This assignment mainly discusses the author’s understanding of the definition, advantage and disadvantages, and differences of SQL and NoSQL. According to the requirements of ABargain company, the author not only created the secondary index and transaction, but also reconstruct distribute database, and roughly expounds the reason and the process of construction.
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SQL database is usually called relational database, with the following characteristics:
-Data relation model is based on relation model, structured storage and integrity constraints;
-Based on the two-dimensional table and its relationship, data operations such as connection, union, intersection, difference and division are needed;
-Using structured query language (SQL) to read and write data;
-Operations need data consistency, transactions and even strong consistency [1].
[bookmark: _Toc26954027]1.2 SQL’s Advantages:
Maintain data consistency (transaction processing);
It can perform complex queries such as join;
Universal, mature technology [2].
[bookmark: _Toc26954028]1.3 SQL’s Disadvantages:
The data reading and writing must go through SQL analysis, and the performance of reading and writing is insufficient for a large number of data, high and distributed;
When reading and writing data or modifying data structure, lock is needed to affect concurrent operation;
Unable to adapt to unstructured storage;
Difficulty in expansion;
Expensive and complex [3].
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NoSQL is usually referred to as a non-relational database with the following characteristics:
-Unstructured storage;
-Based on multi-dimensional relationship model;
-It has a unique use scenario [4].
[bookmark: _Toc26954030]1.5 NoSQL’s Advantages:
High concurrency, strong ability to read and write big data;
Basic support distributed, easy to expand, scalable;
Simple, weakly structured storage [5].
[bookmark: _Toc26954031]1.6 NoSQL’s Disadvantages:
The ability of complex operation such as join is weak;
Weak transaction support;
Poor universality;
Support for complex business scenarios without complete constraints is poor [6].
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In terms of type, SQL mainly refers to relational database management system, while NoSQL mainly refers to non-relational or distributed database system [7];
From the perspective of architecture, SQL has a fixed or static or predefined architecture, which is based on tables, while NoSQL is a dynamic architecture, which leads to SQL database becoming the best choice for a compact system requiring multi row transactions or relationships [8];
From the perspective of diversification, SQL has great limitations, because SQL is a structured query language based on data, and the dynamic unstructured data mode of NoSQL means that NoSQL can be directly oriented to documents or columns and other forms. The flexibility brought by this mode means that NoSQL can create documents without predefined structure, The structure of each document is different, which greatly improves the diversity [9];
From the aspect of storage mode, SQL is not suitable for hierarchical data storage due to its special structure of tables, while NoSQL is suitable for hierarchical data storage because its storage mode is document or hash table [10];
In terms of data coupling, it is not allowed to delete the external data that has been used in SQL. For example, "Barbie Doll" in the ABargain’s product table of this design has been assigned to "pd0000031" in the product details table. Then, "Barbie Doll" is not allowed to be deleted in the product table to ensure data integrity. In NoSQL, there is no such concept of strong coupling, and any data can be deleted at any time [11];
From the aspect of query complexity, the acceptable query complexity of SQL is higher. In SQL, user can use “join” to connect several table to query the data in multiple relational data tables, which just need a simple query sentences, while NoSQL does not provide similar “join” or other ways to query the data in multiple data sets, so NoSQL is not suitable for complex queries [12];
From the transaction level, if multiple tables need to be updated in the same batch in SQL, which means if one of the tables’ update cannot succeed, other tables should rollback—nothing changed. This goal can be achieved by transactions, and transactions can be committed after all commands are completed. But there is no similar concept of transaction in NoSQL, and the operation of each dataset is atomic level;
In terms of expansion, SQL can be expanded in the vertical level, while NoSQL can be expanded in the horizontal level. In terms of this level, SQL is equivalent to adding more buildings near the main building, and NoSQL is equivalent to adding more floors in the same building;
In terms of the type of data set, SQL is different from NoSQL in the aspect of expansion. In this aspect, SQL is aimed at vertical expansion, which means that users can improve the load of a single server by increasing CPU and other functions, and it is more suitable for stable and fine small and medium-sized data sets, while NoSQL is aimed at horizontal expansion, which means users More servers can be added to the NoSQL database to process more traffic. Therefore, NoSQL is more suitable for some large datasets or changing datasets.
From the perspective of perfection, SQL has a history of decades, so most of its suppliers can provide good technical support. In addition, some companies also provide one-to-one consulting services to help customers use SQL database for large-scale deployment. But NoSQL has just emerged for about ten years, so in most NoSQL databases, not only users cannot have a large amount of support, when they meet problem in NoSQL, they even need to rely on community support, but also there are a limited number of external experts knows how to set up and deploy large-scale NoSQL deployment, which is very unconvinent. So, so far, SQL is still the most common and the most extensive choice;
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[bookmark: _Toc26954034]2.1 CREATE INDEX ON Product(TypeNo);
The reasons for selecting TypeNo as the secondary indexes of product are as follows:
1. As a foreign key, TypeNo is not only related to product, but also requires different types of products to be stored in different warehouses,
2. ABagain company also requires distributing product item stock regionally and by product categorization, so TypeNo is of great importance.
3. When customers or employees view the product form, searching according to the TypeNo will help them better understand the products under each product type, greatly saving time and energy.
4. The data inserted in the column TypeNo is very short, not frequently updated and easy to distinguish, which meets the requirements of secondary retrieval.
5. If you select the ProductDescription or the ProductName as the secondary indexes, the problem of too long data inserted in the columns will appear, which is not in line with the principle of selecting secondary retrieval, but may increase the burden of the system.
6. If you choose price or discount as the secondary indexes, the data inserted in columns will be updated frequently, which does not conform to the principle of secondary retrieval, but may cause unnecessary trouble.
[bookmark: _Toc26954035]2.2 CREATE INDEX ON Customer(RegionNo, DOB);
The reasons for selecting RegionNo and DOB as the secondary indexes of customer are as follows:
1. ABagain requires access customer and order information regionally. Therefore, the column of RegionNo is very important for customer table.
2. RegionNo is a foreign key from region table.
3. For ABagain, a company that sells all kinds of goods online, it is very important to understand the needs of customers of all ages. Therefore, DOB column is an entry point to understand the distribution of customers' age groups.
4. For the problems of different types of products stored in each warehouse of ABagain company, if using RegionNo search, ABagain company will have a deeper understanding of the distribution of customers in each region. In combination with the customer demand of DOB column, we can import and export goods and products of each warehouse according to the needs of customers in each region Adjust the quantity properly.
5. It is helpful for ABagain company to know which regions and age groups of customers have become saturated, and which regions and age groups of customers need to be targeted to increase publicity and promotion.
6. The data inserted in the two columns, RegionNo and DOB, is very short, not frequently updated and easy to distinguish, which meets the requirements of secondary retrieval.
7. If other columns in the customer table are selected as secondary indexes, there will be two kinds of problems: the data inserted in the columns is too long or the data is frequently updated, which does not conform to the principle of selecting secondary retrieval, but may increase the burden of the system, causing unnecessary trouble.
[bookmark: _Toc26954036]2.3 CREATE INDEX ON Ordering(CustomerNo, OrderDateTime DESC);
The reasons for choosing CustomerNo and OrderDateTime as secondary indexes of ordering are as follows:
1. CustomerNo is a foreign key, and the customer is the initiator of the order, so it is very important.
2. According to the OrderDateTime column, you can know the latest order time of customers, and according to this time, you can infer the number of times and activity of each customer's recent purchase in ABagain company, so that the company can take incentive or consumption measures for each customer's situation.
3. The data inserted in the two columns, CustomerNo and OrderDateTime, is short, not frequently updated and easy to distinguish, which meets the requirements of secondary retrieval.
4. If you choose other columns in the ordering table as the secondary indexes, there will be two kinds of problems: the data inserted in the columns is too long or the data is updated frequently. They do not conform to the principle of selecting secondary retrieval, but may increase the burden of the system, causing unnecessary trouble.
5.Choosing descending order for OrderDateTime is to help ABagain company to know the newest order date time, this is more valuable for reference.
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In order to solve the problem that some orders are recorded but the products in them do not exist, we need to create transaction. 
About transaction1:
First, begin try, insert a new row of data in the ordering table, and then insert a new row of data in the ordering storage out table, but in this row of data, ProductDetailsNo do not exist in ProductDetails table. Next, commit transaction, end try, begin catch. Because ProductDetails do not exist, so, an error occurred, rollback changes.
Finally, output 'rolling back, an error occurred!', end catch.This means this transaction have already failed. If in the first step, in the insert data, ProductDetailsNo do exist in ProductDetails table, this transaction will succeed.
[bookmark: _Toc26954039]3.2Problem 2
My understand about this problem: this problem just talking about products in order are not in stock, which means products’ amount equals to 0. But maybe in some order, product's amount are more than product's amount in stock. So I also write transaction3, it's for product's amount in order are more than product's amount in stock.
About transaction2:
First, in the insert step, a product with zero inventory in a warehouse has been inserted into the inventory table. The data of declare product details no and warehouse no are the same as that of the inventory table. Then, insert a row of data in OrderingStorageOut table to order the product's amount in certain warehouse are not in stock. Finally, check the product's amount in this warehouse. If the product's amount in this warehouse equals to 0, raise an error.
About transaction2:
First, in the insert step, a product with zero inventory in a warehouse has been inserted into the inventory table. The data of declare product details no and warehouse no are the same as the data inserted in the inventory table. The declare product amount in order is 20, and the product amount in warehouse is 200 (this value can be any value, which will be reassigned later). Then, insert a row of data in OrderingStorageOut table to order the product's amount in certain warehouse are not enough. Finally, check the product's amount in this warehouse, if the product's amount in this warehouse are less than product's amount in the order, raise an error; if the product's amount in this warehouse are more than product's amount in the order, OK to commit.
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ProductType (TypeNo, TypeName)
ProductColour (ColourNo, ColourName)
ProductSize (SizeNo, SizeName)
	Product (ProductNo, TypeNo, ProductName, Price, Discount,ProductDescription)
	ProductDetails (ProductDetailsNo, ProductNo, ColourNo, SizeNo)
	Region (RegionNo, RegionName)
Customer (CustomerNo, RegionNo, FirstName, Surname, ContactNo, EmailAddress, 
DOB, [Password], RegistrationDate, Postcode, StreetAddress)
Warehouse (WarehouseNo, RegionNo, WarehouseName, Postcode, PhoneNo, 
StreetAddress, City)
StatusDetails (StatusNo, StatusDecription)
Inventory (ProductDetailsNo, WarehouseNo, MaxStorage, MinStorage, 
TotalAmount, StorageStatusNo)
Ordering (OrderNo, CustomerNo, OrderDateTime, DeliveredAddress, 
OrderStatusNo, EndDateTime, Postcode, PhoneNo)
OrderingStorageOut (OrderNo, ProductDetailsNo, WarehouseNo, 
StorageOutDatetime, ProductAmount,Price)

Product Type, Colour, Size and Region , StatusDetails Tables
Don’t fragment PropertyType / ProductColour / ProductSize / Region / StatusDetails – replicate relations at all sites – These five tables only have two or three columns, and contains a small number of records.
 
 
Warehouse Table
Use primary horizontal fragmentation for Warehouse with minterm predicates. Horizontal fragments are:
W1    RegionNo = ‘R01’ (Warehouse)
W2    RegionNo = ‘R02’ (Warehouse)
W3    RegionNo = ‘R03’ (Warehouse)
Reconstruction: W1  W2  W3
 
Customer Table
There is an additional requirement to access customer information regionally. Use primary horizontal fragmentation for Customer with minterm predicates. Horizontal fragments are:
C1    RegionNo = ‘R01’ (Customer)
C2    RegionNo = ‘R02’ (Customer)
C3    RegionNo = ‘R03’ (Customer)
Reconstruction: C1  C2  C3
 
Product Table
All payment information, however, is handled by the main head office. Use vertical fragmentation for Product:
P1(Information): ProductNo, TypeNo, ProductName, ProductDescription (Product)
P2 (Payroll):	ProductNo, Price, Discount (Product)
Then use Horizontal fragmentation on fragment P1:
P11   TypeNo = ‘T01’ (Product)
P12   TypeNo = ‘T02’ (Product)
P13   TypeNo = ‘T03’ (Product)
P14   TypeNo = ‘T04’ (Product)
Reconstruction: （P11  P12  P13  P14）   P2

ProductDetails Table
Use derived fragmentation for ProductDetails (based on ProductNo – locate product’s details at the same location as the product responsible for the product’s details):
PDi:   ProductDetails     ProductNo P1i   1  i 4
Reconstruction:（PD1  PD2  PD3  PD4）

Inventory Table
Use primary derived fragmentation for Inventory (based on Warehouse and PropertyDetails):
regionNo = R01 (‘England’) and TypeNo = T01 (‘Technology’) 
I1    W1 and P11
regionNo = R01 (‘England’) and TypeNo = T02 (‘Home&Furniture’) 
I2    W1 and P12
regionNo = R01 (‘England’) and TypeNo = T03 (‘Toys&Children’) 
I3    W1 and P13
regionNo = R01 (‘England’) and TypeNo = T04 (‘Sports&Leisure’) 
I4    W1 and P14
regionNo = R02 (‘Scotland’) and TypeNo = T01 (‘Technology’) 
I5    W2 and P11
regionNo = R02 (‘Scotland’) and TypeNo = T03 (‘Toys&Children’) 
I6    W2 and P13
regionNo = R02 (‘Scotland’) and TypeNo = T04 (‘Sports&Leisure’) 
I7    W2 and P14
regionNo = R01 (‘Wales’) and TypeNo = T01 (‘Technology’) 
I8    W3 and P11
regionNo = R01 (‘Wales’) and TypeNo = T04 (‘Sports&Leisure’) 
I9    W3 and P14
Reconstruction: I1  I2  I3  I4  I5  I6  I7  I8  I9

Ordering Table
Use primary derived fragmentation for Ordering (based on Customer):
Oi:     Ordering    Ci    1  i  3
Reconstruction: O1  O2  O3 

OrderingStorageOut
All payment information, however, is handled by the main head office. Use vertical fragmentation for OrderingStorageOut:
OS1(Information): OrderNo, ProductDetailsNo, WarehouseNo, OrderStatusNo, StorageOutDatetime (OrderingStorageOut)
 
OS2 (Payroll):	 OrderNo, ProductDetailsNo, ProductAmount, Price (OrderingStorageOut)
Then use derived fragmentation on fragment OS1 (based on Warehouse) :
OS1i:      OS1         WarehouseNo Wi      1  i  3
Reconstruction: (OS11  OS12  OS13)       OS2
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