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A breakdown of eco bikes hub database system and how it was constructed showcasing performance tunning and explaining fragmentation and steps to achieve fragmentation and a detailed discussion on the differences between no sql and sql 
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[bookmark: _Toc93668619]Introduction 
Eco bikes hub has grown from strength to strength originally established with one bike shop eco bikes are currently operating with 10 bike shops across Wales with expansion on the arise. With the company’s rise is the need to update the database system for the company this article will investigate how the eco bikes database was constructed and how performance tuning and transactions created to help improve the database and the fragmentation set out to make the disrupted database. Discussion on what the differences are between NoSQL and SQL to determine which approach was best for eco bikes database 

[bookmark: _Toc93668620]SQL and NoSQL
SQL stands for Structured Query Language this programming language for extracting and organising data which is stored in a database consisting of tables, rows and columns and relies on the schemas to organise and retrieve the data. SQL the language sets out a set of commands which include select, insert, update, delete, create and drop there are more these are the fundamentals to creating and manging a database [1] [2] [3].  
NoSQL when searched stands for not only SQL or non-SQL its confusing but apparently does have two meanings. NoSQL is a new approach to the way data is stored and delivered there is no structure with NoSQL it is used for unstructured data. Common types of unstructured data is messaging, log data, time series data and large objects as video or images. Unlike SQL NoSQL database have no relations between the other tables in the database the table hold only the key and the value but can store a document as the value which can hold more information using a json file [4] [5].

There are different types of NoSQL databases to support the needs and structure for the data it gets broken down into four main categories [6] [7] [8]: 
· Key-value data stores emphasise simplicity and are ideal for supporting high speed read and write of non-transactional data can store any kind of binary files text, video and images the application has complete control of what data is stored and are accessed by a key. Data is divided and duplicated across a cluster to improve scalability and making the data easy to access this kind of database doesn’t accept transactions but highly effective at scaling and dealing with high velocity and non-transactional data.
· Documents stores, document databases only store documents normally in XML format or JSON similar to key values document stores a value in a single document that stores all data related to that value (key) it can be indexed to retrieve data fast without knowledge of the key value when setting the structure each document can be the same or different.
· Wide column stores, NoSQL databases store data the same way as RBDMS with tables, rows and columns A query can retrieve related data in a single operation because the columns related to the are retrieved.
· Graph stores a graph database uses graph structure to store, map and query relations between the database tables.  Graph stores provided index-free proximity so there is no need to index the data get linked together already.


The main differences between SQL and NoSQL are [9] [10] [11]: 
SQL need’s structure, it runs of a relationship structure database compared to NoSQL where it runs on a nonrelational database. 
SQL to improve the infrastructure SQL is going to vertically scale whereas NoSQL scales vertically meaning that SQL is going to need more memory and computing power to process these transactions whereas NoSQL you can keep adding secondary nodes to handle and balance the usage. 

DR E F Cod Stated in 1970’s relational databases were built that early and were not build for speed (this method was designed to save space on the disk; every join in the database actually slows down the speed of the search). [12]


SQL database is constructed around the tables and relationships connected the tables whereas NoSQL is document approached and is the opposite to table based where data can be stored anywhere and just has a key to know where the data is stored.

[bookmark: _Toc93668621]When best to use SQL 
When your access patterns aren’t defined meaning if you’re not sure how your use case is going to evolve and unsure how you want to query the data.
When you want to use flexible and relational queries SQL can query from multiple tables and can query multiple data where NoSQL is limited by the value Key.
Enforcing field constraints this allows to normalize and keep the table constraint so that irregular data will not be stored into the table.
Well documented access language SQL is well documented and has a lot of documentation and communities to help solve and improve your database. 
When the primary keys are unknown to use different queries to pull the data instead of relying on the primary key [13] [14] [15]. 
[bookmark: _Toc93668622]When best to use NoSQL
When your access patterns are defined. 
When your primary key is known using the hashing key to retrieve the data with NoSQL queries have faster performance. 
If data needs to be added NoSQL can add new columns and fields without damaging your existing rows or the applications performance. 
So in conclusion with deciding which is the best option comes down to consumer needs you’ll need to take into account what your data looks like and the Stability which need be needed In the future  if the database structure doesn’t change much or at all and data integrity is essential then going SQL is the best option whereas NoSQL is easily scalable and flexible where development can easily be changed and NoSQL can handle more data but cannot be constrained to restrain the data so if there is no need for constraints and there is a lot of data then NoSQL is the right choice. When considering this it must be noted for parcel force and the nature of the data and how the data must be manipulated and have many constraints for example address, first name, postcode, then SQL would be the correct choice to manage the data [15] [14].

[bookmark: _Toc93668623]
Performance Tuning 
[bookmark: _Toc93668624]Indexes 
Indexes are high performance queries to seed up data retrieval by providing swift access to all the rows in the data tables a prime example of index is to compare to a book index page helps you find the information quickly in the book [16]. 
There are different types of indexes which include [17] [18] [19]
· Clustered index sort and store rows of data in a view or table depending on their central values. 
· Non-clustered index has a structure separate from the data rows. Non-clustered index contains a non-clustered index key value and each key value points to the data in the row which contains the kay value 
· Unique index makes sure that all data is unique and does not duplicate any data 
· Filtered index is made when a column has applicable numbers on subset values, filtered indexs are used when dealing with heterogeneous data rows 
· Column store index are used for questioning enormous data warehousing truth tables 
· Hash index is an array of N buckets or slots each one containing to a pointer to a row hash index use a hash function F(K,N) in which given a key K and the number of buckets N
When eco bikes database distribution system was created, it was considered to create indexes to help improve the speed and how they data gets presented. 
The first index created was to help improve the company if there was an emergency if a staff member was taking ill or there was an emergency where the staff member emergency contact was needed to be called. An index was created for the staff table where it included data regarding the staff members staff ID, Staff name, Emergency contact name and emergency contact number.  It was decided to index due to the size of the staff table there was a lot of data which was not relevant information for the scenario and will help in an emergency instead of having to check all information about the staff member to find the needed data and increase speed and efficiency of the search. 
create  NonClustered index IXF_Emergency2 on Staff(StaffID,FirstName,SecondName,EmergencyContactName,EmergencyContactNumber) where StaffID='S0003';

The second index was created for company orders to see the company OrdersID and the BranchID to speed up to see which branch the order is for and which branches get the most orders to see which branches which are needing more stock regularly. 
create index IDX_CompanyOrders on CompanyOrders(CompanyOrdersID,BranchID)
The third index was created for staff to show the staff members first name, second name, start date and how much the staff member is paid. The index was Created to help see how long a member of staff has been working with the company and how much they are paid; this index was also made to help with updating the database for staff members who have been with the company for given all members a pay rise who have been working for the company since 2015 this will be discussed when discussing transactions. 
create index IDC_StaffStart on Staff(FirstName,SecondName,StartDate,SalaryHour)
Fourth index was created and was though after the database was created so it was needed to update the database to add a field for rentals to set if the returned bike was on time or returned late. The Decision was decided to be created into an index to help speed up to see how many bikes get rented, and how many bikes arrive late. It will also be discussed as a transaction to stop customers renting bikes who have brought back rented bikes late too many times
create index IDC_ReturnedStauts on PurchasedRentals (PurchasedRentalsID,ReturnedOnTime,CustomerId)

[bookmark: _Toc93668625]Transactions 
Transactions are a single unit of work which get applied to a database, transactions are sequences or units completed in a sequence of orders to change the database or the data stored inside the database. For eco bikes transactions were created to improve the way the data is entered or to help improve and stop any incorrect data or short cummings in the database [20] [21]. 
The first transaction created was made for if a member of staff has been working with the company since 2015 then it would give the staff member a pay rise technically this is not a transaction but an update to update the database, but it was included as a transaction to help inform the layout and the steps needed to create a transaction.
begin transaction UpdatePay
declare @Bonus decimal(5,2)
set @Bonus =1.5 
begin try 
update Staff 
Set SalaryHour = SalaryHour + @Bonus
where StartDate <= '2015-11-14'
end try
begin catch 
rollback transaction UpdatePay
raiserror ('pay rise couldnt happen ',4,20);
end catch 
commit transaction UpdatePay 

The transaction above works by setting the bonus to an extra 1.50 when the transaction begins it updates staff table by taking the original data of salary an hour and adding 1.50 which is set in the variable Bonus it then uses a where statement to only update the staff members which have been working with the company since 2015-11-14 if no staff have been working there since then it will no update any staff members if there are any issues with the SQL a rollback stating pay rise couldn’t happen. 
The second transaction was created to help improve trades for the staff if a staff member is already dealing with 20 customers the transaction will count how many customers trades the staff member is dealing with and if the staff member already has 20 staff members when inserting the data it will rollback and cancel the input of data and send back a message informing that this member of staff already has to many staff members so the trade must be set to another staff member.
begin transaction FinialisedTradeStaff
Insert into FinalisedTrades (FinalisedTradesID,StockID,CustomerID,StaffID,BranchID)
values ('F0021','ST0014','C0013','S0002','B0001');
if (select count(*) from FinalisedTrades  where StaffID = 'S0002') >20
begin 
rollback transaction FinalisedTradeStaff 
raiserror ('already to many customers re assign customer to new staff memebr',4,20);
end 
else 
commit transaction FinalisedTradeStaff;

The transaction above starts by using an if statement to count how many customers staff member S0002 has if it is greater than 20 it will rollback and display the message already to many customers assigned re assign customer to new staff member else it will complete the transaction and add the insert of data correctly into the database.
The third transaction was to improve on the database there were complaints with eco bikes that data could be inserted for repairs without the need to enter a customer request date the simple option would have been to update the table and set the field of customer request date to not null so data hat to be set but wanting a challenge a transaction was created that if the customer request date was not set when inserting the data the transaction would rollback a message to Inform staff that this is not allowed and dates must be entered.
begin transaction RepairCustomerDatepass

insert into Repairs(RepairsID,StaffId,ServiceBike,RepairsDescription,StatusOfRepair,Price,CustomerRequestDate)
values ('RP0025','S0005','Yes','Bike Punture','Garage',23.99,'2008-11-14');
if ((select CustomerRequestDate from Repairs where RepairsID = 'RP0025') is null)
begin  
rollback transaction RepairCustomerDatepass
raiserror ('must set a customer request date  ',4,20);
end 

else 
commit transaction RepairCustomerDatepass;

The Transaction Above works by checking if the request date is null the nit will rollback saying must enter a cuter request date otherwise the transaction completes.


Fourth transaction was created from an idea already discussed with the indexes where a field would be set if a bike was returned late or on time bikes returned late can escalate into a big problem can damage eco bikes reputation with other customers turning up to rent a bike that has not yet been returned. This transaction was created that if a customer has brought a bike back late three times it will flag the customer and inform staff not to rent the bike to the customer as he is not trust worthy looking to the future this will be altered and will set a time ban for the customer instead of permanently banning them.
begin transaction lateRefuse
insert into PurchasedRentals(PurchasedRentalsID,StockID,Duration,DateofRental,DateOfReturn,Price,DiscountID,StaffID,CustomerID,ReturnedOnTime)
Values('PR0035','ST0013','2 day','2022-07-16','2022-07-27','14.97','D0002','S0003','C0001','No')
if (select count(*) from PurchasedRentals  where ReturnedOnTime ='No'and CustomerId = 'C0001') >3
begin 
rollback transaction 
raiserror ('brought bike late two many times currently not allowed to rent bikes!!',4,20);
end 
else 
commit transaction lateRefuse;

The transaction above works by checking the customer id and counting how many times the customer has brough back a rental bike back late if the amount is greater than 3 times it will rollback and cancel the transaction else it will all the data into the database and let the customer rent the bike
Fifth transaction was created to help with an issue occurring with eco bikes where a customer can rent a bike where the bike is already rented.
Begin Transaction Pdates
Declare @sDate date  
Declare @eDate date 
Declare @sID varchar(6)
Declare @Damount int
DECLARE @Rentals  int 
insert into PurchasedRentals(PurchasedRentalsID,StockID,Duration,DateofRental,DateOfReturn,Price,DiscountID,StaffID,CustomerID)
Values('PR0036','ST0013','6 day','2022-06-8','2022-06-24','14.97','D0002','S0004','C0009');
select @sDate = DateOfRental from PurchasedRentals;
select @eDate = DateOfReturn from PurchasedRentals ;
select @sID = StockId from PurchasedRentals;
--set @Damount = (select datediff from PurchasedRentals where DateOfRental = '2020-04-11' and DateOfReturn ='2020-04-11');
Set @Rentals = (select count(*) from PurchasedRentals where StockID = @sID and   DateOfRental >= @sDate 
AND DateOfReturn <= @eDate)
print @Rentals;
if @Rentals > 0
begin 
rollback transaction 
raiserror ('bike all ready booked between dates choose another bike ',4,20);
end 
else 
commit transaction ;
The transaction above works by setting the variables to equal the values trying to be set into the database the values are checked and counts how many records with the same dates and stock id of the bike trying to rent if no records are found then the bike can be rented otherwise the transaction sets the rollback ‘bike is already booked between the dates’ to alarm staff members that another bike must be used instead.
[bookmark: _Toc93668626]Distributed database systems 
Distributed database systems are databases that are not set to one system, it is spread over multiple sites on multiple computers or a network of computers. Distributed database systems synchronize data periodically to ensure that any data changed at one location is updated to all databases. Distributed database systems were used to created eco bikes hub database to make easier to deal with eco bikes having multiple branches across Wales it was important that all the data can be retrievable for all branches and updated while having the same database structure for all branches although most data from eco bikes will only need to be relevant to one store accessing parts and customer details for multiple stores was a must to help improve the way eco bikes operates [22] [23]. 


[bookmark: _Toc93668627]Fragmentation 
Fragmentation a database is where you divide a table into smaller tables the subsets of the table are called fragments there are four different types of fragmentation horizontal, vertical, mixed and derived.
[bookmark: _Toc93668628]Horizontal fragmentation 
Horizontal fragmentation fragments the data horizontally, an example of this is taken staff and branch with 10 branches across Wales there are a lot of staff so the need for all branches to see every member of staff and scroll through to find correct staff to the branch is time consuming so with horizontal fragmentation a subset of the table can be created to show the correct information to each branch regarding that branch [24].
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[bookmark: _Toc93494284][bookmark: _Toc93494304]Figure 1 shows all staff members
The image above shows all staff members from all branches.
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[bookmark: _Toc93494285][bookmark: _Toc93494305]Figure 2 shows all data from one branch
The image above shows all the data regarding branch 0001 a sub table was created to show all data relevant to the branch instead of showing all fields of every staff member this doesn’t seem much of a difference. From the images above but working on a database with 1000s of records trying to find the information would be a lot more difficult and it’s not relevant to every branch.  Not every branch should be able to see sensitive data regarding other branches staff members.

[bookmark: _Toc93668629]Vertical fragmentation 
Vertical fragmentation is the opposite to horizontal fragmentation where you take subsections of the columns instead of the rows to make a subset of the database for example using the staff table for all staff members from branch 0001 again not all data in the table may be relevant or want to hide sensitive data restricting what data is shown we can take the original table [25] 
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[bookmark: _Toc93494286][bookmark: _Toc93494306]Figure 3 shows all staff members from branch 0001
Instead, the developer  can create a sub table which will take all staff records from branch which include the data from staff id number, first name, second name and their position in the company to hide sensitive information regarding the staff member 
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[bookmark: _Toc93494287][bookmark: _Toc93494307]Figure 4 vertical fragmentation of table staff
The image above shows the sub table created from the vertical fragmentation to limit the amount of data displayed by limiting the number of columns displayed when using vertical fragmentation 
[bookmark: _Toc93668630]Mixed fragmentation 
Mixed fragmentation is a hybrid to use both horizontal and vertical fragmentation it can be achieved two ways either by horizontal fragmentation first followed by vertical fragmentation or the other way around. The need for mixed fragmentation is when disrupted databases users access subsets of data which are vertically and horizontally fragmented of global relations where the need to process queries or transactions would access theses fragments optimally [26] [27]. 
[bookmark: _Toc93668631]Derived fragmentation 
In Derived fragmentation is when a fragment from a table based on the constraints of another table. The tables are joined through the primary and foreign keys and must establish the connection.
[bookmark: _Toc93668632]Reconstruction of distributed databases 
Horizontal fragmentation is easy to reconstruct as all that is required is create an empty table with the same footprint (data types and columns) once this table is constructed a series or insert and select statements will unify the data into one single table [28] [29]. 
In the case of vertical fragmentation, the process is somewhat more complex as each of the fragmented tables do not have a consolidated footprint, in this case extra steps will be required in order to ensure that the data in a given column will correctly correspond to the data in a given row (transactions and triggers could be used to ensure this during migration) [28] [29].



[bookmark: _Toc93668633]Conclusion 
In conclusion the creation of eco bikes hub database was created with the idea of growth and this was achieved if a new branch is created it can run the exact system as every other store to find and store the data looking forward it will continue to improve the system and keep looking at ways to improve the performance and speed to improve the database and simplify for the user while keeping the structure of the database. 
If time was not a factor a trigger was to be implanted into the eco bikes database to help monitor stock levels when one item is sold it would automatically change the quantity of the product stored in the database system this is something which will be incorporated in the future of eco bike hub.
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Find below the image of the entity relation diagram for eco bikes database construction.
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