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Abstract

This report designed a project developed for Eco Bike Hub to solve needs. This report first discusses the difference between using a SQL database versus a NoSQL database and compares their advantages and disadvantages. Secondly, it briefly introduces the case background. Additionally, it shows all the design tables and functional effects. Moreover, it illustrates the specific process, design ideas and purposes of performance tuning and transaction design by showing code and SSMS screenshots. At last, it proposes two distributed database solutions including vertical fragmentation and horizontal fragmentation.
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“Eco Bike Hubs” are a small chain of independent shops trading in bicycles, parts, repairs and bicycle hire. The stores have been open since the late 90’s and the business has grown from two stores in the centre of Swansea to ten stores across South Wales. As the business continues to grow the company’s current database provision will not support their business model needs.  

This report analyses the requirements of Eco Bike Hubs and proposes a database design by creating a database schema prototype to show the company. It creates a Microsoft SQL Server database by using SQL statements that will enable Ecobikehubs.co.uk to manage customer requirements.
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Based on the scenario on Eco Bike Hubs introduction, it is important to design a developed project to meet the needs of the company requirements. This project includes discussion of SQL database vs NoSQL database, case background, table design and functional effects, performance Tuning, transaction design and distributed database solution. This project provides some clarity on the debate about using a SQL database versus a NoSQL database, it also can address the problem of Eco Bike Hubs and increase their staff's management efficiency.
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In the late 2000s, NoSQL ("non-SQL" or "not only SQL") databases were created with an emphasis on scalability, rapid queries, frequent application updates, and making programming easier for developers. In the 1970s, relational databases using SQL (Structured Query Language) were created with the goal of avoiding data duplication since storage was significantly more expensive than developer work. SQL databases are known for their inflexible, complicated, tabular schemas, which necessitate costly vertical scalability [1]. The general difference between the two databases is shown in Table 1 [2].

Table 1: General difference between NoSQL and SQL
	Parameter
	SQL
	NoSQL

	Definition
	SQL databases are primarily called RDBMS or Relational Databases
	NoSQL databases are primarily called as non-relational or distributed database

	Design for
	Traditional RDBMS uses SQL syntax and queries to analyse and get the data for further insights. 
	NoSQL database system consists of various kind of database technologies. 

	Query Language
	Structured query language (SQL)
	No declarative query language

	Type
	SQL databases are table-based databases
	NoSQL databases can be document based, key-value pairs, graph databases

	Schema
	SQL databases have a predefined schema
	NoSQL databases use dynamic schema for unstructured data.

	Ability to scale
	SQL databases are vertically scalable
	NoSQL databases are horizontally scalable

	Examples
	Oracle, Postgres, and MS-SQL
	MongoDB, Redis, Neo4j, Cassandra, HBase.

	Best suited for
	An ideal choice for the complex query intensive environment
	It is not good fit complex queries.

	Open-source
	A mix of open-source like MySQL and Oracle Database
	Open-source




Through TABLE 1, it can be concluded that more specific advantages of SQL databases below [3]:
· Flexible queries: Supports a wide range of workloads. Allows engines to optimise searches to fit on-disk representations by abstracting data over underlying implementations.
· Reduced data storage footprint: A smaller footprint increases database speed and resource use thanks to normalisation and other optimization options.
· Strong and well-understood data integrity semantics: ACID (atomicity, consistency, isolation, and durability) are database attributes that ensure legitimate transactions.

The specific disadvantages of SQL databases include:
· Rigid data models: To achieve acceptable performance and evolution resistance, rigorous up-front design is required. Because SQL has a set schema, altering it frequently results in downtime.
· Limited horizontal scalability: It's either entirely unsupported, only supported on young technology.
· Single point of failure: Replication and failover solutions are used to alleviate the effects of non-distributed engines.

The specific advantages of NoSQL databases include:
· Scalable and highly available: Many NoSQL databases are built to facilitate horizontal scaling in real time without introducing large single points of failure.
· Flexible data models: Most non-relational systems do not require developers to commit to data models up front. Because existing schemas are dynamic, they may frequently be modified "on the fly."
· Dynamic schema for unstructured data: Documents can be produced without previously defining a structure, allowing each to have its own distinct structure. The syntax varies each database, and fields can be added as the document is built.
· High performance: Many NoSQL databases can achieve excellent speed by restricting database capabilities (for example, by reducing durability requirements).
· High-level data abstractions: NoSQL systems provide high-level APIs for strong data structures in addition to the "value in a cell" data model. Redis, for example, has a native-sorted set abstraction.

There is a good example of NoSQL is Google Bigtable because it is a fully managed, scalable NoSQL database service for large analytical and operational workloads with up to 99.999% availability [4]. Its key features include High throughput at low latency, Cluster resizing without downtime and Flexible, automated replication to optimize any workload. Other well-known examples include Amazon DynamoDB, Apache Cassandra, MongoDB, Elasticsearch, Redis, these cases really help google build google map, amazon build dynamic database, etc. This shows that the development potential of NoSQL in the future is endless.
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“Eco Bike Hubs” is a small chain of independent shops trading in bicycles, parts, repairs and bicycle hire. The company's main services include bicycle sales, bicycle parts sales, bicycle repair and bicycle rental. Specifically, the company first needs to manage each branch and the staffs in the store, and then needs to record the customer's information. Finally, according to the needs of customers, the company should provide five services including the above four plus after-sales service.
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Table Store sets up four stores and basic information of Eco Bike Hub, as shown in Figure 1.
Figure 1: Store basic information table
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Table Staff sets up ten staffs and their basic information, as shown in Figure 2.
Figure 2: Staff basic information table
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Table BikePart sets up some bike parts and their types, as shown in Figure 3.
Figure 3: BikePart basic information table
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Table Bike sets up some bikes and their types, as shown in Figure 4.
Figure 4: Bike basic information table
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Table BikeRental sets up a fee per car rental, as shown in Figure 5.
Figure 5: Bike basic information on rental fees table
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Table Customer sets up some customers and their basic information, as shown in Figure 6.
Figure 6: Customer basic information table
[image: ]

Table BuyPart records order information for some purchased bike parts, as shown in Figure 7.
Figure 7: Order information for bike part table
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Table Buy records order information for some purchased bikes, as shown in Figure 8.
Figure 8: Order information for bike table
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Table Repair records repair information for some bikes, as shown in Figure 9.
Figure 9: Repair information for bike table
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Table Hire records hire information for some bikes, as shown in Figure 10.
Figure 10: Hire information for bike table

[image: ]

Table AfterSale records after sale information for some repaired bikes, as shown in Figure 11.
Figure 11: AfterSale information for bike table
[image: ]
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Data queries are database transactions used to query the database for information. To meet the needs of the company's Performance Tuning, this project created three secondary indexes to improve the performance of such data queries. The specific codes of these three secondary indexes are:
CREATE INDEX idx_customer_information ON Customer (CustomerNo ASC, RegistrationDate ASC, EmailAddress ASC);
CREATE INDEX idx_staff_salary ON Staff (StaffNo ASC, Salary ASC);
CREATE INDEX idx_buypart_discount ON BuyPart (BuyPartNo ASC, Discount ASC) 
As the definition of secondary index says, A secondary index is an index defined on a non-ordering field of the data file. Another very important point is, do not index small relations. These three secondary indexes all come from tables with a relatively large amount of information, because the query only needs to access the columns defined in the index. Therefore, it can take advantage of fast query execution. 

Specifically, the original intention of the first index design is to associate the customer's ID with the registration time, so that if the merchant wants to do some activities based on the number of days a customer has become a member, they can quickly find the customer's name and send them congratulations mail. The original intention of the second index design is to associate the IDs of staffs with their salaries, because the sorting order in the staff table is in the order of staff IDs instead of salary, and the design of this index can make up for this problem. The original intention of the third index design is to associate the order number of the purchased bike with the discount, because the sorting order in the Buypart table is in the order of the purchase order rather than the size of the discount. The design of this index can make up for this problem.
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Sometimes bicycle repair bookings are recorded but the details of the specific return date(s) as requested by customers are not registered in the system. This problem is reflected in the Repair Table, as shown in Figure 12.
Figure 12: Reflection of Transaction in repair table
[image: ]
From this figure, it can be found that sometimes the property CancellationDateTime is not recorded. Therefore, the transaction process is completely realized through the following code, including rollback and commit. If the staff executes this Transaction, the update return date can be guaranteed. The specific codes of this transaction are:
Begin transaction UpdateRepairInformation
Update Repair Set CancellationDateTime = '2021-06-14' where RepairNo = 'RA001'
if(select CancellationDateTime from Repair where RepairNo = 'RA001') =  NULL
Begin
Rollback transaction UpdateRepairInformation
Raiserror('Rolling back, please record details of the specific return date requested.',16,1);
end
else
Commit transaction UpdateRepairInformation
Since a member of staff must not have more than 20 trade customers assignment at any given time. So here is another transaction designed to meet this requirement. The specific codes of this transaction are:
Begin transaction check20trade
IF (SELECT COUNT(*) FROM Staff p WHERE StaffNo = 'S1001') >20
BEGIN
ROLLBACK TRANSACTION check20trade
RAISERROR('Rolling back, staff already doing too much!', 16, 1);
END
ELSE
COMMIT TRANSACTION check20trade
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Due to the project being asked to come up with a proposed distributed database design that can be used to distribute their information according to the proposed requirements presented in the case study. For example, the person responsible for the maintenance work must be a mechanic, which means that it is necessary to form the horizontal fragmentation of the staff table, the purpose is to filter out only the information of the staff whose job position is mechanical. The effect after fragmentation is shown in Figure 13 and the specific codes of this fragmentation are:
SELECT * FROM Staff where Position ='Mechanic'
Figure 13: Horizontal fragmentation in staff table
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Another example is that sometimes customers need to modify their own information, and some of it can be modified by themselves without the need for staffs to help them modify, as shown in Figure 14, such as the customer's birthday, mobile phone and email. Some of this data is more likely to be changed. If each piece of data is modified by staff, it will undoubtedly increase the work pressure of staff. This means that a vertical fragmentation of the customer table needs to be formed, in order to segment the information into different uses. The specific codes of this fragmentation are:
SELECT CustomerNo,FirstName,Lastname,ContactNo,EmailAddress,DOB FROM Customer;
SELECT CustomerNo,RegistrationDate,Password FROM Customer
Figure 14: Vertical fragmentation in Customer table
[image: ]
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This report first completes the Discussion of SQL database vs NoSQL database, and then introduces the background of Eco Bike Hubs, which is the demand information. In the end it offers some solutions for the company. Solutions include Table Design and functional effects, Performance Tuning, Transaction design and Distributed Database Solution.

The main point of this report is to design a project that truly addresses the needs of the company, rather than simply cutting and pasting other similar projects. For example, during the design process, this report discusses the company's existing problems and provides appropriate resolution documents, and also envisages possible actions by staff. It has a positive effect on the efficiency of company management.
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