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[bookmark: _Toc93057772]Abstract
This report and the accompanying SQL code focused on the creation of a proposed database that would facilitate the functionality required by Eco Bike Hub. To ensure the overall performance of the database reached organisational standards, indexes and transactions were employed to enhance data queries and task practicality. Any necessary restrictive protocols were also put in place to maintain the accuracy and reliability of recorded data. The report clarifies the implementation options between SQL and NoSQL, and which would be better suited to the needs of Eco Bike Hub. In addition, will identify the utilisation of a distributed database and the fragmentation schema which could be adopted.
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[bookmark: _Toc93057773]Introduction
Whether an organisation is selling products or utilising information and consumer data, implementing a database within the business is an integral component of administration. Collecting data is vital because it demonstrates the performance of the business and its functionality. Databases can be accessed, managed and updated using very little financial investment, and can result in a more efficient and productive business. 
     Eco Bikes , an expanding bike business that sells, repairs and hires bikes, required a database to store business records and allow for quick and easy retrieval of customer information. To succeed in the implementation of a database, the creation of an ERD (Entity Relationship Diagram) would be necessary to depict the required tables of data and the relationship that binds the tables together [1]. The ERD created for Eco Bikes can be found in the appendix of this report. 
     Additionally, improvements to the performance of the database had to be identified, which would see beneficial upgrades to retrieval speed, accuracy and modification checking of the information that populated the tables in the database. Furthermore, a suggested alteration to the current database design, that would incorporate the functionality of a distributed database was required and implemented. This would identify how a fragmentation schema could be beneficial to the Eco Bikes organisation. 

[bookmark: _Toc93057774]1. SQL Vs NoSQL
When applying a database application to an organisations business structure, the biggest decision to make lands on two main factors. The choice is whether to implement a relational (SQL) or  a non-relational (NOSQL) system. 
[bookmark: _Toc93057775]1.1 SQL 
SQL is a structured query language used for manipulating or storing integral business data into the confines of a table. The tables contain columns that hold numeric or text data that are defined by data types. A relational database operates by connecting multiple tables, which hold the relevant information needed to optimise the administrative controls of the organisation, through the use of unique identifiers. The unique identifier or “key” is assigned to a row of data that is contained within the table. This “primary key” can then feature in a record located in another table, forging the relationship between the tables. When the primary key is included within another table it is then known as the “foreign key”.
   Although SQL is adopted by many large organisations such as Microsoft, the benefits to small or medium companies tend to be more critical. The main feature to SQL is that it is designed to manage databases, keeping data well organised and allowing the organisation to run complex queries to search for particular pieces of data. SQL requires very little coding and is simple to implement, due to the programming language comprising of only seven different commands. It is also important to keep data secure and this is achieved by SQL following the ACID principles. Atomicity, Consistency, Isolation and Durability are principles that keep data from accidental manipulation, destruction, loss and unauthorised access. This is usually obtained by access controls and encrypted communication channels. To deliver consistency, SQL employs a static schema which refers to the use of fixed statements and the reduction in information redundancy. Allowing the same data to exist in multiple tables can lead to several issues such as lowering efficiency and increasing costs. 
   SQL has several other functionalities that can influence an organisation into making it the desired database of choice. Multiple users can operate the database at the same time, allowing parallel transactions to take place without colleague interference. A relational database utilises vertical scalability which maintains the existing infrastructure of the organisational database system. If any extra resources are required, the business will only need to add additional memory to increase the workload. SQL also has cross platform support and up to now is available at no additional cost. Therefore, the organisation is able to save money in the long run while also employing a database that is quick and highly efficient [2] [3] [4] [5].
[bookmark: _Toc93057776]1.2 NoSQL 
Due to the rise of cloud, web and mobile applications, a new system was necessary to handle the “big data” that was available to the consumer. NoSQL was designed around an unstructured schema that would allow large volumes of data (tera bytes or greater) to be managed. Unlike a relational database that uses tables to store information, NoSQL is non-relational which forgoes the use of a table structure and is implemented in network like databases. The data stored, which due to the capabilities of NoSQL is mainly multimedia sources like audio, video and graphics, is in key value pairs, columns or column families, document stores or graphs (fig 1.1). 
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Fig 1.1 – How data can be stored using NoSQL [5].

As this type of system allows for the laxation of the design structure, it increases the possibilities of scalability. Non-relational databases incorporate horizontal scaling which will share the processing power over multiple machines. Organisations that employ this strategy will also use a distributed storage architecture. By splitting the data across multiple servers, it will increase the efficiency and data volume of the database.
   If security is of utmost importance, NoSQL implements the Base principles which partly stands for Basically Available. Due to the lack of structure in NoSQL, permissions in tables can not be segregated which implies integrity, confidentiality and security is lacking. 
   One must also remember that although this system bares the name of SQL, in fact, the structured language is not SQL. This may have a direct influence on how the user will adapt if relational databases were previously employed [6] [7] [5].
[bookmark: _Toc93057777]1.3 Conclusion
By comparing both systems, it is evident that the organisation will have to analyse the business requirements and then act accordingly. SQL has been available for large period of time and has become a firm favourite of developers. It offers better security and is inexpensive to implement but lacks the performance and expansion of NoSQL. Therefore, it is not possible to give a definitive answer to which is best, but a choice can be made when three important factors are taken into account: 
· The size of the organisation.
· The size of the data that will be processed. 
· Security or performance.
In the case of Eco Bikes, SQL would be the system to implement. As the company will handle private information and the financial data of a customer, security will be a major component of the infrastructure. The information stored will not be classed as “Big Data”, so the support for horizontal scalability will not be required. The first impression of Pronto Parcels is that the organisation is a small to medium sized enterprise and the need for NoSQL will not be warranted. 

[bookmark: _Toc93057778]2. Performance Tuning
In most organisations that have an implemented database, it is essential to effortlessly organise and access the data held within the database. The fundamental principle of performance tuning involves optimising the design of the database and the way in which it functions. The more data that is available for access, the slower retrieval can be and if the organisation does not conduct performance tuning imperfect queries could occur. The system employed by the organisation must also guarantee the consistency and resilience of the data stored on the database [8].

[bookmark: _Toc93057779]2.1  Database Indexes
An Index strategy should be implemented to ensure the fast retrieval of data within a database system. Indexes are structures that allow the user to quickly select and sort data that is found in a database table. Working to the same theory as an index found in a book, it allows the user to go directly to the required data and display information alphabetically or numerically. Indexes contain very little code and are simple to implement, but deciding which data requires fast retrieval requires preparation [9] [8].
[bookmark: _Toc93057780] 2.1.1 ECO Bike Hub Indexes
AS ECO Bike Hub deals with financial transactions and face to face consumer communication, the ideal tables to target were the tables that would be employed the most. In fact, the database design would benefit from several more indexes, but for the purpose of this report, three were implemented to illustrate the advantages of database indexes.
· CustomerStaffRepairs and BikeHireInformation are two main staples of what the organisation is all about and were data will be most accessed and queried. These tables will require quick  and stability, as customerId will be the most important as many tables will associate with that field (fig 1.2).

· The Staffrota index will allow quicker access to all fields that are associated with the employment of staff at ECO Bike Hub. By utilising an index for this table, it will increase the retrieval speed of modified or transactional fields, such as pay increases or a change of department (fig 1.2).
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Fig 1.2 – Implemented indexes for ECO Bike Hub.

[bookmark: _Toc93057781]2.2 Transactions
while indexes are utilised to speed up searches and the retrieval of data, another performance enhancing tool that are a key feature of database management are transactions. Transactions improve the durability and consistency of data by executing code that provides certain criteria for the database to adhere to. If the criteria is not met, then the transaction will use a rollback to catch errors and disregard any modified data that has occurred. The advantages of employing transactions are that they are versatile and can be used for several operations, such as financial processes, batch insertions and data manipulation over various servers [10] [8]. 
    The three database transactions that were developed for ECO Bikes Hub (fig 1.3 – 1.8) were considered a necessity to improve the integrity as well as speed of the database and enhance the useability of the framework to access the information:

· Bike hire availability
To regulate consistency within the bike hire service, a transaction was created to ensure the opportunity to double-book was made difficult (fig 1.3). This was achieved by declaring a variable (teshhDATE) and inserting the date and time from the HireStart column. An IF statement was then used to search through the database to check customers that had hired the bike prior to the new customer (CU00028). Therefore, if the bike was already hired the transaction would rollback and give the RAISERROR message (fig 1.4), if the bike was free the transaction would allow it. 
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Fig 1.3 – Bike hire availability transaction. 
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Fig 1.4 – Bike hire Transaction rollback


· Limit customer trades 
A requirement that was stipulated by Eco Bike Hub was to limit the amount of trade customers a member of staff was allowed to manage. The threshold of trades per member of staff was set to twenty. Within the transaction, a quantity of customers had to be added to a selected member of staff to take it to the threshold. As the transaction illustrates (fig 1.5), a variable known as ‘TradeManagedBy’ was used to store the selected staff member. Then adding a new customer would trigger the IF statement. The IF statement would check the number of customers that staff member (ES00068) has currently. If the next customer takes the total customers over 20, the rollback will raise and error (fig 1.6), but if not, the customer will be added to the staff members list.
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Fig 1.5 – Twenty customer trades transaction.
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Fig 1.6 – Trade rollback warning.


· Five year bonus of staff
The premise of this transaction was to generate a bonus for staff that had worked for the company over five years. The created transaction would separate the long-tenured employees and update the bonus column from NULL to 0.5 (fig 1.7). The Yearly salary would also be updated to show the change in finances. However, due to complications with SQL and the irregular operation of the syntax, the yearly salary was unable to update. Despite this drawback, the bonus column was successful in updating the column for those who have worked for the company over five years (fig 1.8).
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Fig 1.7 – Five year bonus transaction
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Fig 1.8 – Bonus inserted into bonus column.

[bookmark: _Toc93057782]3. Distributed Database Solution 
Organisations around the globe are utilising the internet to increase business and connect to consumers on a wider scale. Due to the amount of information that is gathered, organisations have geographically positioned data centres connected to high speed networks, that allow connections to database systems that are not local to the organisation. By decentralising the database system, businesses that have a chain of locations are given the opportunity to interact with data that is not necessarily kept on site. NoSQL employs distributed data storage to utilise the advantages of having multiple systems connected through a shared network, they are:
· Store larger data files
· Decrease in communication costs
· Faster data retrieval 
· Ease of Scalability
   To increase the efficiency of a distributed system, fragmentation of the database at table level should occur. Fragmentation is the separation of tables into smaller pieces of data which will improve the speed of access while also allowing users to work with the data concurrently. The availability of data will also be greatly improved. There are several ways in which a database can be fragmented, dependant on user preference and the required data. In terms of Eco Bike Hub utilising fragmentation, the following examples will underline the processes required [11] [12].

[bookmark: _Toc93057783]3.1 Horizontal fragmentation
The aim of horizontal fragmentation is to create smaller chunks of data, to maximise the processing power of queries, and then store the fragments to local sites where they will be utilised. Once the table has been sectioned on the preference of the user, each fragment will have a similar structure to the original table but will contain different rows (tuples).



[image: A screenshot of a computer

Description automatically generated with low confidence]







Fig 1.9 – Staff table horizontally fragmented in alphabetical order

To speed up the process of selection, based on the Staff table, ECO Bike Hub could sperate the table to form alphabetical rows focused on staff first name (fig 1.9). This would allow for specific modifications and data retrieval, avoiding incorrect alterations to other staff members in the table. By narrowing down the select to a small group of individuals, quick and consistent searches can be made [12] [13].
[bookmark: _Toc93057784]3.2 Vertical fragmentation
Vertical fragmentation is only used in distributed databases and is an ideal example of how to enforce the privacy of data, while allowing concurrent searches from different locations. This process fragments the table into columns; however, the fragment must contain the primary key attribute. The purpose of retaining the primary key is so that the fragments can be reconstructed at a later date. When the tables have been divided into columns, they are subsequently placed at several locations, keeping columns that require privacy or security onsite and free from outside modifications. Since the database design for ECO Bike Hub will contain information of financial importance and tables that may require a centralised location, the following tables will be ideal for vertical fragmentation (fig 2.0) [12] [13]. 
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Example A 
[image: Diagram

Description automatically generated with medium confidence]













Example B
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Example C
Fig 2.0 – ECO Bike Hub Vertical Fragmentation examples


· Example A – Staff Table
Onsite data can contain generalised information on the members of staff, but all financial data can be stored on a secure system. This can only be accessed by authorised members.

· Example B – Supplier and Parts Tables
Information regarding parts and supplier locations can be kept on a database at a centralised location. This allows all branches of ECO Bike Hub to access this specified data, but information that is only relevant to individual branches can be stored onsite.

· Example C – Customer Table
ECO Bike Hub will be authorised to retrieve data that is detriment to a customer sale, however, all information that is deemed private will be stored on a secure system.

[bookmark: _Toc93057785]3.3 Mixed and derived fragmentation
In some instances, horizontal or vertical fragmentation are not sufficient to deliver data when it is required. Therefore, a combination of both types of fragmentation are applied to the table. This is known as mixed or hybrid fragmentation and is achieved by performing horizontal fragmentation followed by vertical fragmentation or vice versa. Although this system is flexible and provides the best of both worlds, it can be an arduous task to reconstruct. The initial table can be attained by a combination of JOIN and UNION operations.
      Derived fragmentation connects two database tables that are linked via a primary or foreign key. The initial phase is to identify the parent table and then employ horizontal fragmentation to the parent and child table. This is only achieved if there is no other dependant on the primary key of a parent table [12] [13]. 

[bookmark: _Toc93057786]4. Reconstruction of tables from fragments
When a database system has been fragmented and transferred to multiple locations, the option to reconnect the fragments must be available. Certain operations must be invoked for the fragments to merge and deliver the database back to the original state. This reconstruction must be available at any time and make the exact values in the table accessible. Database reconstruction must occur to fix corruptions within the parent tables or modify the server that stores the master database [12]. 
     The operators to fulfil the reconstruction of a table differs, depending on the fragmentation process that the user has opted for. The following operations are:
1. Vertical fragmentation will require a FULLY OUTER JOIN.
Original Customer table = F1 JOIN F2
2. Horizontal fragmentation uses a UNION operator.
Original Staff Table = F1 UNION F2 UNION F3
3. Mixed fragmentation will require both UNION and a FULLY OUTER JOIN.
Original Staff Table = F1 JOIN (F21 UNION F22) [14]












[bookmark: _Toc93057787]5. Conclusion
With so many organisations using cloud databases or server based sources to carry out day to day business, speed and efficiency are a very important factor to consider. Data held within a database must be available quickly and remain consistent, regardless of the retrieval total. By utilising performance tuning, a database can be designed to optimise modifications and prevent data delay when the database has extreme data volumes. The use of indexes are crucial in maintaining access speeds and accurate retrieval by indicating the most frequented information that the organisation has deemed vital.
      Distributed databases and performance tuning work in unison, as accessing data that is stored within a table placed at another location will still require the same proficiency as a database located entirely at a single site. The employment of fragmentation within a distributed database allows for a more versatile system and can be particularly beneficial. Since the three systems of fragmentation have been highlighted in this report, the approach that is dedicated for distributed databases is vertical fragmentation. This will allow superior security to the database, as the table that contains private information can be kept separate from the other tables and only permit users with authorisation. Another benefit of vertical fragments is that speed and integrity of accessed data will remain efficient, even when operations are conducted concurrently by multiple users. For ECO Bike Hub, that wish to capitalise on an extending business, vertical fragments would be better suited. Every store can access tables that are created exclusively for each store and access centralised tables that will be beneficial to all. Due to important details like duplicating tables will be unnecessary and the organisation requiring only one database management system, ECO Bike Hub will be able to modify and update the size of the database without incurring exorbitant costs.
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-PERFORMANCE TUNING ENHANCEMENTS --
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CREATE TIDEX 1% _Custonerstaffaepairs ON Bikenepairsookings (RepairBookiD, CustonerId ASC, SalestaffIn)
w0

-DROP THDEX BikeRepairBookings. ix_Custonerstaffiepairs --* This will remove the index from the selected fields in Staff *
w0

CREATE TIDEX ix_StaffRots OV Staff (SaleStaFfID,Firstiame ASC,Surnane, Position, Department, StaffContract, WeeklyHours, YearlySalary, sranchiD)
w0

-DROP INDEX Staf.idx Staffiota
w0

CREATE TWDEX 1% _BikeHireTnornation OU BikeHire (SikeHirel, Make ASC, Model, SaleStaffiD, WirePriceadult, WirePricechild, HiresikeDeposit)
)

-DR0P INDEX Bikeire. Idx_EikenireInformation
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(3) BIKE HIRE AVAILABILITY TRANSACTION

BEGIN TRANSACTION BikeHireUnavailable
DECLARE @teshhDATE dateTINE;

INSERT INTO HireDuration (DurationID, HireTimeScale, HireStart, HireEnd, BikeHireID, CustomerID
VALUES ('HD@@@e7', "Half Day’, '2021-12-1 12:44:02 AN',NULL, BHOG@@3","CU0@O2S");

SELECT @teshhDATE - HireStart FROM HireDuration

TIF (SELECT count (*) FROM HireDuration WHERE HireStart - @teshhDATE) > 1

BEGIN

ROLLBACK TRANSACTION BikeHireUnavailable

RAISERROR ('Bike is already Hired Out’, 12,1);

END

ELSE

COMMIT TRANSACTION BikeHireUnavailable
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(1 row atfected)
Msg 50000, Level 12, State 1, Line 544
Bike is already Hired Out

2022-01-13T15:42:07.2190575+00:00

Completion tim
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(1) TRADE STAFF LIMITED TO 20 TRADES

BEGIN TRANSACTION TradeCustomerLimiter

-~ Use a variable for sales staff number
DECLARE @TradeManagedBy CHAR(7) - 'ES@0068" ;

-- Add the new trade managed by ES80068

INSERT INTO CustomerTrades(TradeID, Make, Model, SizeType, Colour, Condition, WheelSize, Gender, TradeBikeValue, CustomerID, SaleStaffID.
VALUES ('CT@0@06", "Raleigh’, 'Thunder', 'Adult’, 'Green', 'Mint’, '28 inch’, 'Female', 325.00, 'CUG@@31', @TradeManagedBy)
IF (SELECT COUNT(*) FROM CustomerTrades WHERE SaleStaffID - @TradeManagedBy) > 20
BEGIN
ROLLBACK TRANSACTION TradeCustomerLimiter
RAISERROR(®Staff Member Exceeded Trade Customer Limit’, 12, 1);
END
ELSE
-~ Less than 20, commit transaction
COMMIT TRANSACTION TradeCustomerLimiter;
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(1 row affected)
Msg 50000, Level 12, State 1, Line 487
Staft Member Excesded Trade Customer Limit

Completion time: 2022-01-13T15:42:38.4655752400:00
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STAFF RECEIVE BONUS FOR WORKING AT ECO BIKE HUB OVER 5 YEARS
BEGIN TRANSACTION FiveYear

BEGIN TRY

DECLARE @Bonus DECIMAL(5,2) = 0.5

DECLARE @StartDate DATE

--DECLARE @Bonus INT

SELECT @Bonus = Bonus FROM Staff;

SELECT @StartDate = StartDate FROM Staff;

UPDATE Staff

SET @Bonus - Bonus FROM Staff

WHERE Bonus TS NOT NULL PRINT @Bonus;

--SET @Bonus = 0.5

-WHERE @Bonus IS NULL

-AND WHERE @StartDate <= DATEADD(YEAR, -5,GETDATE());
-print YearlySalary;

-SET YearlySalary - YearlySalary * 1.65;

--WHERE Bonus = 8.5;

COMMIT TRANSACTION FiveYear;

END TRY

BEGIN CATCH

ROLLBACK TRANSACTION FiveYear;

RAISERROR ('Do not Qualify for Five Year Bonus®, 19, 1);
END CATCH;
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