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Abstract: Bike has always been people’s preferred choice of transportation since it was invented. “Eco Bike hubs” are a small chain of independent shops concerning bicycles trading, repairing, bicycle parts trading and bike hire in Wales. This medium-sized company operates from buildings and shops and all have purpose-built cycle workshops attached. In this article, a SQL database is designed for helping the company deal with customer requests and booking. Also, several solutions to the company’s problems are proposed, by using SQL. 
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[bookmark: _Toc93008569]1. Introduction
SQL is a lingua franca for databases and large-scale data processing systems that is designed to access Relational Database Management Systems (RDBMS) (relational database management system). [1]Its declarative approach allows complicated analytical tasks to be expressed over huge datasets without having to know about query execution, data distribution, or parallelization specifics. [2]
[bookmark: _GoBack]In most commercial data management systems, SQL and relational databases are still frequently utilized to store and retrieve datasets [6]. Data scientists do, in fact, frequently utilize SQL to get and examine data. [3]Many businesses and scientific applications, including chemical research, pharmaceutical applications, and astronomical research, rely on SQL's declarative nature to examine enormous databases, identify insights, and choose subsets to feed into their models. In this paper, the focus is on the Eco Bike Hubs case study. It is a bike company that helps customer deal with their second-hand bikes and in great need of database design.

[bookmark: _Toc93008570]2. The difference between SQL and NoSQL
When it comes to deciding which structure of the database should be picked, it is always between the SQL (relational) or NoSQL(non-relational) database structure. SQL, also known as Structural Query Language, is used in programming as a domain-specific language. [4]It is mainly designed for handling data, especially structural data, stored in a relational database management system. However, NoSQL is the abbreviation for “Not Only SQL”, which means that this type of database also supports SQL queries. NoSQL is a new way of thinking about data storage and retrieval that is a method to constructing a database that can accept a wide range of data. [4] The majority of the data in a NoSQL database is unstructured or semi-structured. This is helpful when dealing with big amounts of unstructured data.
As mentioned above, SQL databases defines and manipulates data based structured query language (SQL). On one hand, this language appears to be incredibly strong. [5]SQL is one of the most versatile and commonly used languages, making it a safe bet, particularly for large, sophisticated queries. However, it can be restrictive on the other. Before dealing with your data, SQL needs you to utilize predesigned schemas to identify its structure. [4] In addition, all of your data must be organized in the same way. This can need a lot of planning ahead of time, which means that changing the structure would be tough and disruptive to the entire system.
The schema for unstructured data in a NoSQL database is dynamic. [5]Data can be stored in a variety of ways, such as a document, column, graph, or Key-Value store. Because of this flexibility, documents may be generated without previously defining a structure. Each document may also have a distinct structure. The syntax varies each database, and fields can be added as needed. As a result, relational SQL databases are a preferable choice for applications that need multi-row transactions, such as accounting systems, or for legacy systems that were designed with a relational structure.
 SQL databases follow ACID properties (Atomicity, Consistency, Isolation and Durability) whereas the NoSQL database follows the Brewers CAP theorem (Consistency, Availability and Partition tolerance). 
In general, NoSQL is not faster than SQL just as SQL is not faster than NoSQL. To reduce data redundancy and duplication, SQL databases are normalized databases in which the data is divided down into distinct logical tables. SQL databases are quicker than NoSQL databases in this case for joins, queries, updates, and so forth. [4]
By contrast, owing it to the fact that a particular data entity in NoSQL is stored together and not partitioned, performing read or write operations on a single data entity is faster for NoSQL databases as compared to SQL databases.
The decision between SQL and NoSQL is totally dependent on the specific context, since both have advantages and downsides. [5]SQL databases have a long history of having a fixed schema design and structure. They're perfect for applications that demand multi-row transactions, such as accounting systems, as well as legacy systems that were designed with a relational structure
NoSQL databases, on the other hand, are highly scalable, flexible, and simple to use due to their lack of a predefined structure. [5]They're suitable for applications like content management systems, big data applications, real-time analytics, and others that don't have particular schema definitions.
And the following figure [4] pretty much sums all up:
[image: ]
Figure 1 key highlights on difference between SQL and NoSQL

[bookmark: _Toc93008571]3. the schema design of the SQL database
The following figure depicts the entity relationship design for the Eco Bike Hubs company. As is demonstrated in the figure, there are 10 entities created, which contains Branch table, Staff table, CustomerBike table, Customer table, Booking table, Trade table, Repair table, Sale table, BikeforHire table and BikeStockForHire table. Each one is normalized and set up with a primary key.

[image: ]
Figure 2 scheme design of Eco Bike Hubs SQL database
 
The Branch and Staff table store the information about the branch and staff in the company. The branch table is linked by the staff table with the foreign key BranchNo which also serves as the primary key in the branch table. All the personal data about customer are stored in the customer table while customer’s bicycle information goes to the CustomerBike table, with the CustomerID attribute used as the foreign key, linking the two tables.
As for the booking table, it contains the history of booking and what type of booking it belongs to, including bike hire, second-hand bike sale, bike parts trading and bike repair. However, the specific information about these four services is stored in four different tables, with BikeNo and OrderNo working as the foreign key together linking the booking table. Besides, it is also important to record the data of bike stock for hire, such as the brand, category and photo of the bikes for hire, which explains the function of the BikeStockForHire table. 

[bookmark: _Toc93008572]4. Performance tuning: index
An index, by definition, is a structure that offers quicker access to the rows of a table depending on the values of one or more table columns, i.e. index key value (s). It functions similarly to an index in a book, removing the requirement to browse through records sequentially in order to locate a record.
Clustered indexes and secondary indexes (non- clustered index) are the two main types of indexes. In most circumstances, the clustered index is assigned to the main key by default. Simply described, a secondary index is a mechanism to quickly access records in a primary database (the primary) using information other than the primary key. They're extra keys for a base relation that may be utilized to speed up data retrieval.
In a business scenario like “the Eco Bike Hubs” case, it is logical to set the StaffID as the primary key and cluster index at the same time in the Staff table. However, in some cases, it also makes sense to query the data by the BranchNo to distinguish between staffs in different branches. So, it is no doubt that setting the BranchNo as a secondary index could be a reasonable decision. On the management side, when it comes to the query of customer table, what is usually done is to look up to the relationship between the customer and the account manager who helps the former take care of their bookings and orders. Therefore, another good choice of secondary indexes is the account manager attribute in the customer table. Furthermore, for bookings, sometimes it is much easier for the staff to query the data by different bikes so that the specific booking record of the customer’s bike can be located soon enough. Adding the BikeNo as the secondary index in the booking table is also feasible.
There are some other attributes that can be established as the secondary indexes in the similar reason, (such as ….). Due to the limitation of words, they would not be listed out in this article
[bookmark: _Toc93008573]5. Transaction
A transaction is an action or series of actions carried out by a single user or application, which reads or updates the contents of the database. In the Eco Bike Hubs case, there are two problems that can be solved through transactions. The first one is to register the details of the specific return dates that are requested by customers in the repair service table, while another one is remove the bicycle hire times that are not registered as schedules available.
For the first problem, the main purpose is to update the repair table to set the return date to a specific date, on condition that it is null in the attribute. In order to achieve this goal, the update syntax can be used inside the transaction statement. Also, it is important to filter out the null dates to make sure that dates which are originally not null in the table will not get substituted by the misplaced data.

[bookmark: _Toc93008574]6. Distributed Database Design
Distributed Database is a logically interrelated collection of shared data (including a description of this data) physically distributed over a computer network. By splitting a database into multiple parts, it allows users to access not only the data at their own site, but also data stored at remote sites. With no doubt, distributed database system improves the ability to share data efficiently by making the data in all units accessible across the organization and storing data closest to the location where it is most frequently used. In the Eco Bike Hubs, the distributed database design has been considered in each table to distribute their information according to proposed requirements.
[bookmark: _Toc93008575]6.1 Branch table
The Branch table stores the data and information about each branch, such as the BranchNo, which stands for each unique branch, address, postcode, the city where it is located and the contact number. The fragmentation strategy for this table is no fragmentation, since it provides details and information about each branch which can be really useful for one branch attempting to contact another. To some degree, splitting the table and storing the information by branch would only lower the efficiency of communication between different branches and compromise the information transparency in the company.
[bookmark: _Toc93008576]6.2 Staff table
For the staff table, the picture is very clear: divided into different branches. It is reasonable and logical to split the staff data into different branches to manage their own staff to improve the efficiency of management. In this case, horizontal fragmentation is applied. Here are some demonstrations:
S1=BranchNo = 'B0001'
[image: ]
S2=BranchNo = 'B0002'
[image: ]
S3=BranchNo = 'B0003'
[image: ]
Reconstruction: The Staff table = S1 ∪ S2 ∪ S3 

[bookmark: _Toc93008577]6.3 Customer table
The Customer table is horizontally fragmented by the AcountManager attribute. On one hand, it is much more convenient for the employee to have the information of their colleagues when they are doing the query for the customer. On the other hand, it is much clearer and easier for the customer to be informed of who is responsible for providing services and to contact.
[image: ]
C1=AccountManager = 'S29005'
[image: ]
C2=AccountManager = 'S29007'
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C3=AccountManager = 'S29004'
[image: ]
C4=AccountManager = 'S29006'
Reconstruction: The Customer table = C1 ∪ C2 ∪ C3 ∪ C4

[bookmark: _Toc93008578]6.4 CustomerBike table
For the favor of bike management, the CustomerBike table is horizontally fragmented by the ManagedBy predicate. By doing this, it helps each staff to have a better grasp of their responsibilities and specific information about the customer and their properties to manage
[image: ]
CB1=ManagedBy = 'S29006'
[image: ]
CB2=ManagedBy = 'S29007'
[image: ]
CB3=ManagedBy = 'S29004'

Reconstruction: The CustomerBike table = CB1 ∪ CB2 ∪ CB3 

[bookmark: _Toc93008579]6.5 Booking table
The horizontal fragmentation is also applied to the booking table, by different types of orders that have been booked. It can enhance the efficiency of queries and communications, by aligning to the scheme design of Eco Bike Hubs SQL database where the tables of four services are separately created to store details of those orders.
[image: ]
B1=BookingType = 'Trade'
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B2=BookingType = 'Sale'
[image: ]
B3=BookingType = 'Repair'
[image: ]
B4=BookingType = 'Bike Hire'

Reconstruction: The Booking table = B1 ∪ B2 ∪ B3 ∪ B4

[bookmark: _Toc93008580]6.6 BikeForHire table
In the BikeForHire table stores the order history of hired bikes. To achieve a receipt application, the vertical fragmentation is applied to the table. As is demonstrated in the following:
The receipt includes information about the order number, the customer ID and other relevant information 
[image: ]
The receipt fragmentation(BFH1: OrderNo, CustomerID, StartDateandTime, Enddateandtime,Rentalprice,Dicount,DaysforHire)
[image: ]
Rental bike fragmentation(BFH2: OrderNo,RentalBikeNo)
Reconstruction: The BikeForHire table = BFH1 ⋈ BFH2

[bookmark: _Toc93008581]6.7 BikeStockForHire table
The BikeStockForHire table also adopts the horizontal fragmentation. Splitting the data by different branches supports the rental bikes management of each branch. The management efficiency can be enhanced with each branch focusing on the management of their own rental bike stocks.
[image: ]
BSFH1=BranchNo = 'B0001'
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BSFH2=BranchNo = 'B0002'

[image: ]
BSFH3=BranchNo = 'B0003'

Reconstruction: The BikeStockForHire table = BSFH1 ∪ BSFH2 ∪ BSFH3

[bookmark: _Toc93008582]6.8 Repair, Trade & Sale tables.
Given the fact that the stored details in these three tables are quite simple and plain, there is no need to apply fragmentation to them. No fragmentation is the best strategy for this circumstance where clarity and simplicity of data are demanded.
[bookmark: _Toc93008583]7. Summary
This paper gives a scheme design and database design of SQL database for the Eco Bike Hubs case scenario and proposed several solutions to solve the problems Eco Bike Hubs have faced, such as secondary indexes or distributed database design. However, this database system is still relatively incomplete and there are some approaches to be improved, including the proposed distributed database design. In short, Eco Bike Hubs can improve its working efficiency dramatically by using database system and its relevant technology.
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