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[bookmark: _Toc535601769]1.0 Introduction
[bookmark: _GoBack]Databases are taken for granted, the average person use many databases sometimes without even realising they are doing so. Databases are used in many organisations for example grocery stores, banks, employment, hospitals, police records, mobile phones, the DVLA etc. The list can be endless and all these companies have some sort of data on a database about someone and this data can be stored  and retrieved as information.[1] This report will create a database for a bus company known as wHole bus company (WHBC), The use of a relationship database will be implemented with a SQL style looking at the entity relationship and the stages in creating a database in this style, a NoSQL type of database will be investigated with the use of MongoDB, more information can be analysed to explain the differences in databases.

[bookmark: _Toc535601770]2.0 Relationship Databases
Relational database management systems are the primary engine of information systems worldwide, these systems allow multiple users to access, create, edit and change quickly and effectively without impacting other users.[2] the relationship model databases structure can be built with simplicity with creating tables with intuitive manner. There is ease of date retrieval in a relationship model being able to access data from a database and not needing to navigate through a hierarchy. Techwalla states ‘Users can query any table in the database, and combine related tables using special join functions to include relevant data contained in other tables in the results. Results can be filtered based on the content of any column, and on any number of columns, allowing users to easily retrieve meaningful results.’[3] this allows a user to have a user friendly experience when try to store and retrieve important data which almost leads into having good flexibility and integrity with the data handling. An important factor to speak about when using Relationship type databases is the Normalisation with the use of this method it provides a set of rules, objectives and quality for the given design, normalisation design is often explained as normal form, which usually is the first step until reaching third normal form. This design process must be created and implemented before being able to use SQL to create the database to make sure the structure is made correctly.



[bookmark: _Toc535601771]3.0 Entity Relationship Model Design
To begin the process of designing the database needed an entity relationship diagram can be created through a series of steps. Starting off from making an entity list is the foremost and important step to visualise how to create the entity diagram.
[bookmark: _Toc535601772]Step 1 – Create Entity List
· Depot
· Busses
· Routes
· Staff
· Salary
· Training 
· Licences
Once a list of entities is created assumptions can be made for the design.

[bookmark: _Toc535601773]Step 2 – Assumptions
Depot
· Five depots in wales will be implemented in this table being Swansea, Cardiff, Newport, Brecon and Aberystwyth.
· There will be local bus routes from each Depot meaning the will be a relation from a depot table to a routes table.
· A depot will have a relation to each bus and consists of two bus types
Busses
· There will be a number of different buses being Double Decker (80 seats), Single Decker (60 seats), Mini Bus (25 seats), Small Coach (40 seats) and Large Coach (60 seats). 
· Some roads types will be limited to a subset of bus types meaning there needs to be a relation to the routes table.
· The busses will have a relation to the staff table to allow which bus can be driven by which staff.



Routes
· Routes need to have a relation with the busses due to constraints with different busses for different road types.
· Routes needs to be related to the training due to certain routes being used for training.
Staff
· There will be a pool of driving staff and a pool of cleaning staff.
· Staff will have a certain salary grade meaning a relation is needed
· Staff will have a certain level of training meaning the training table has a relation
· Driving staff will have certain busses to drive based on their training meaning a relation with the busses table is need.
Salary
· Salary will have 11 pay scales.
· Salary need a relation with the staff table. 
Training
· Driver will need a drivers of professional competence CPC with 35 hours of periodic training every 5 years.
· New drivers that do not hold a CPC will need to apply for a provisional licence and pass 4 tests that make up driver CPC to qualify.
· A training programme will be provided for provisional drivers
· A company training course is given for each bus type
· A driver needs at least 1 pass on at least one bus to drive
· Training will have a relation to the routes table.
· Training will have a relation to the staff table.
Licences
· A full driving licence is needed and a CPS licence




[bookmark: _Toc535601774][image: ]Step 3 – Find Relationships








[bookmark: _Toc535598135]Figure 1: Relationship Diagram step 1



Figure 1 demonstrated how each entity has a relationship but this is still not complete because there is a problem. The crow feet that are linked up between each entity play an important part. For example, when looking at the link between the depot and the busses the crow foot which is attached to the busses explains that the depot has many busses but on one depot. This link is completely adequate to carry on but when looking at the busses and routes link this explains that the busses has many routes and the routes have many busses, this cannot be carried out and will not work unless the next step is taken out which is to create a joining table composite key.







[bookmark: _Toc535601775]Step 4 – Joining tables (composite Keys)
A joining table must be made for each joins in figure 1 which have a many to many relationships both ways therefore there are four joining tables to be created for this design.
[image: ]








[bookmark: _Toc535598136]Figure 2: Joining Table (Composite Keys)

With this information a build of the composite keys can be viewed and drawn down: -
Busses (BusID,.….)
Routes (RouteID,……)
Staff (StaffID,…….)
Training (TrainingID,……)
Bus_Routes (BusID, RouteID, ……)
Staff_Busses (BusID, StaffID,…..)
Staff_Training (StaffID, TrainingID,….)
Training_Routes (RouteID, TrainingID,….)







[bookmark: _Toc535601776]Step 5 – Creating Product Key Diagram
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[bookmark: _Toc535598137]Figure 3: Product key Diagram


With step 3 complete a new product key diagram can be created showing each class and entity with each of their product keys notice the joining table have two Foreign keys only with both of them together do they become a primary key.





[bookmark: _Toc535601777]Step 6: Complete ERD (entity Relationship Diagram)
With all the above steps undertaken correctly the last step to undertake to complete the EDR diagram is to fill in each entity table with the necessary fields.
Depot (DepotID, RouteID, BusID, Depot_name, Depot_address, Depot_postcode, Depot_town, Depot_telNo)
Busses (BusID, BusType, BusLength, BusHeight, BusCapacity, BusReg)
Routes (RouteID, Roadtype, Stop)
Bus_Routes (BusID, RouteID)
Staff_busses (BusID, StaffID)
Staff (StaffID, SalaryID, name, address, DOB, gender, tel_no)
Staff_Training (StaffID, TrainingID)
[image: ]Training (TrainingID, Periodic, CPC_yr1, CPC_yr2, CPC_yr3, CPC_yr4, wHBCTraining, Bustype_Training)
Training_Routes (RoutesID, TrainingID)
Salary (SalarID, Salary, Bonus, Deduction)
Licenses (licenceID, CPC, Provisional, BustypePass) 













[bookmark: _Toc535598138]Figure 4: Complete EDR Diagram

With all the fields completed a full EDR is created as shown in figure 4 with this initial design the SQL can now be made to create the database. Which when analysing the data is in third normal form.
[bookmark: _Toc535601778]Step 7: Create SQL
create Table busses(
    
    Bus_ID SERIAL PRIMARY KEY,
    Bustype         VARCHAR(20),
    Buslength       VARCHAR(10),
    BusHeight       VARCHAR(10),
    BusCapacity     VARCHAR(30),
    BusReg          VARCHAR(10)
    
);

create Table Training(
    
    Training_ID         SERIAL PRIMARY KEY,
    CPCTraining         VARCHAR(20),
    PeriodicTraining    VARCHAR(20),
    wHBCTraining        VARCHAR(20),
    BusTypeTraining     VARCHAR(20)

);

create Table Routes(
    
    Route_ID        SERIAL PRIMARY KEY,
    Roadtype        VARCHAR(30),
    Stop            INTEGER
    
);

create Table Salary(

    Salary_ID SERIAL PRIMARY KEY,
    Salary          INTEGER,
    Bonus           INTEGER,
    Deduction       INTEGER

);

create Table Licences(

    Licence_ID SERIAL PRIMARY KEY,
    CPC         VARCHAR(30),
    Provisional     VARCHAR(30),
    BusTypePass     VARCHAR(30)
    
);

create Table Depot(

    Depot_ID        SERIAL,
    Depot_name      VARCHAR(20),
    Depot_Address   VARCHAR(50),
    Depot_Postcode  VARCHAR(11),
    Depot_Town      VARCHAR(20),
    Depot_telNo     VARCHAR(12),
    Route_ID        INTEGER,
    Bus_ID          INTEGER,
    
    CONSTRAINT Depot_Depot_ID_PK PRIMARY KEY (Depot_ID),
    CONSTRAINT Depot_Route_ID_Fk FOREIGN KEY (Route_ID) REFERENCES Routes (Route_ID),
    CONSTRAINT Depot_Bus_ID_Fk FOREIGN KEY (Bus_ID) REFERENCES Busses (Bus_ID)
    
);

Create Table Staff(

    Staff_ID        SERIAL,
    Staff_Name      VARCHAR(20),
    address         VARCHAR(30),
    DOB             DATE,
    gender          VARCHAR(12),
    tel_No          VARCHAR(15),
    Salary_ID       INTEGER,
    
    CONSTRAINT staff_Staff_ID_PK PRIMARY KEY (Staff_ID),
    CONSTRAINT Depot_Salary_ID_fk FOREIGN KEY (Salary_ID) REFERENCES Salary (Salary_ID)
    
);

Create Table Bus_Routes(

    Bus_ID      INTEGER,
    Route_ID    INTEGER,
    
    CONSTRAINT Bus_Routes_Bus_ID_Route_ID_pk PRIMARY KEY (Bus_ID, Route_ID),
    CONSTRAINT Bus_Routes_Bus_ID_fk
    FOREIGN KEY (Bus_ID)
    REFERENCES Busses (Bus_ID),
    CONSTRAINT Bus_Routes_Route_ID_fk
    FOREIGN KEY (Route_ID)
    REFERENCES Routes (Route_ID)
    
);

Create Table Staff_Busses(

    Staff_ID        INTEGER,
    Bus_ID          INTEGER,
    
    CONSTRAINT Staff_Busses_Staff_ID_Bus_ID_pk PRIMARY KEY (Staff_ID, Bus_ID),
    CONSTRAINT Staff_Busses_Staff_ID_fk
    FOREIGN KEY (Staff_ID)
    REFERENCES Staff (Staff_ID),
    CONSTRAINT Staff_Busses_Bus_ID_fk
    FOREIGN KEY (Bus_ID)
    REFERENCES Busses (Bus_ID)

);

Create Table Staff_Training(

    Staff_ID        INTEGER,
    Training_ID     INTEGER,
    
    CONSTRAINT Staff_Training_Staff_ID_Training_ID_pk PRIMARY KEY (Staff_ID, Training_ID),
    CONSTRAINT Staff_Training_Staff_ID_fk
    FOREIGN KEY (Staff_ID)
    REFERENCES Staff (Staff_ID),
    CONSTRAINT Staff_Training_Training_ID_fk
    FOREIGN KEY (Training_ID)
    REFERENCES Training (Training_ID)

);

Create Table Training_Route(

    Route_ID        INTEGER,
    Training_ID     INTEGER,
    
    CONSTRAINT Training_Route_Route_ID_Training_ID_pk PRIMARY KEY (Route_ID, Training_ID),
    CONSTRAINT Training_Route_Route_ID_fk
    FOREIGN KEY (Route_ID)
    REFERENCES Routes (Route_ID),
    CONSTRAINT Training_Route_Training_ID_fk
    FOREIGN KEY (Training_ID)
    REFERENCES Training (Training_ID)

);

INSERT INTO routes(Roadtype,Stop)
VALUES
('windy',4),
('small',8),
('wide',5),
('wide',7);


INSERT INTO busses(Bustype,Buslength,BusHeight,BusCapacity,BusReg)
VALUES
('mercedes','Double Decker','2 metres','80','ET15 ZZ0'),
('Ford','Single Decker','2 metre','60','ET15 ZZ1'),
('Volkswagen','Mini Bus','2 metres','25','ET15 ZZ2'),
('Mercedes','Small Coach','2 metres','40','ET15 ZZ3'),
('Ford','Large Coach','2 metres','60','ET15 ZZ3');


INSERT INTO Depot(Depot_name,Depot_Address,Depot_Postcode,Depot_Town,Depot_telNo,Route_ID,Bus_ID)
VALUES
('Newport Depot','85 Station Road','SA13 1EG','Newport','01639883472',1,1),
('swansea Depot','32 Kings way','SA1 2PP','Swansea','01792883472',2,2),
('Brecon Depot','18 alley street','SA31 1GG','Brecon','01267883472',3,3),
('cardiff','11 bond street','CF3 1PG','Cardiff','01656883472',4,4),
('Aberystwyth','33 aber street','AB3 1PG','Aberystwyth','01656883472',4,4);

INSERT INTO training(CPCTraining,PeriodicTraining,wHBCTraining,BusTypeTraining)
VALUES
('Passed','Passed','Passed','Long'),
('Not Taken','Not Take','Passed','short'),
('Passed','Passed','Passed','Double Decker'),
('Passed','Not passed','Passed','All');

INSERT INTO salary(Salary,Bonus,Deduction)
VALUES
(10000,2000,0),
(18000,0,0),
(50000,2000,500),
(32000,500,1000);

INSERT INTO Licences(CPC,Provisional,BusTypePass)
VALUES
('Passes','Passed','Passed'),
('Passes','Passed','Passed'),
('Passes','Passed','Passed'),
('Passes','Passed','Passed');

INSERT INTO Staff(Staff_Name,address,DOB,gender,tel_No,Salary_ID)
VALUES
('James','87 Tanygroes Street','1987-12-11','Male','01639883465',1),
('Lewis','22 Bond Street','1985-05-13','Male','01792346571',2),
('Rhys','1 alley Street','1984-07-15','Male','01656749589',3),
('Rhysian','34 bobby Street','1991-10-14','Female','01792765839',4);

INSERT INTO Bus_Routes(Bus_ID,Route_ID)
VALUES
(1,1),
(2,2),
(3,3),
(4,4);

INSERT INTO Staff_Busses(Staff_ID,Bus_ID)
VALUES
(1,1),
(2,2),
(3,3),
(4,4);

INSERT INTO Staff_Training(Staff_ID,Training_ID)
VALUES
(1,1),
(2,2),
(3,3),
(4,4);

INSERT INTO Training_Route(Route_ID,Training_ID)
VALUES
(1,1),
(2,2),
(3,3),
(4,4);


CREATE TABLE Salary_audit (
    
    Sal_Scale_no    INTEGER NOT Null,
    Sal             Integer NOT Null
);

CREATE OR REPLACE FUNCTION Create_Salary_audit() RETURNS TRIGGER AS $Salary_audit$
    BEGIN

IF (TG_OP = 'DELETE') THEN
    INSERT INTO salary_audit
        VALUES ('D', NOW(), user, old.Sal_scale_no, old.sal);
        return old;
        
ELSEIF (TG_OP = 'UPDATE') THEN
    INSERT INTO salary_audit
        VALUES ('U', now(), user, new.Sal_scale_no, new.sal);
        RETURN NEW;
        
ELSEIF (TG_OP = 'INSERT') THEN
    INSERT INTO Salary_audit
        VALUES ('I', now(), user, new.Sal_scasle_no, new.sal);
        RETURN NEW;
        
    END IF; 
    RETURN NULL;
  END;
$Salary_audit$ LANGUAGE plpgsql;

CREATE TRIGGER Salary_audit
AFTER INSERT OR UPDATE OR DELETE ON salary
    FOR EACH ROW EXECUTE PROCEDURE Create_Salary_audit();


[bookmark: _Toc535601779]4.0 Multiuse Database
[bookmark: _Toc535601780]4.1 Concurrency 
Concurrency control becomes an essential when a database is used with multiuse. A single use database or application information can be read, created, deleted and updated with no interference from other users, therefore the use of multiuse can create major problems with data being changed at the same time which can conclude in data becoming incorrect or even lost. When interactions occur in a database if two or several of the same operations occur the database can give non valid results and several anomalies can arise[4] there are three main types of concurrency control which implement transactions to safely execute in parallel under certain constraints which include locking methods, timestamp methods and optimistic methods.[5]
[bookmark: _Toc535601781]4.11 Locking Methods
There can be many variations of locking methods which are widely used in Database management systems David Bell explains ‘There are several variations, but all share the same fundamental characteristic, namely that a transaction must claim a read (shared)  or write (exclusive) lock on a data item prior to the execution of the corresponding read or write operation on that data item.’[5] It essentially locks out the someone if the data is already being changed by someone else stopping the error of lost data or errors by eliminating the unwanted condition of having two or more users working on the same item. There can be problems that occur when using the locking method where a deadlock can occur, it where two or more users can lock the same type of data and create a situation where they have both locked each other in a waiting stage which creates a deadlock, a deadlock detection protocol can be used to prevent this from happening.
[bookmark: _Toc535601782]4.12 Timestamp Methods
Timestamp is very different to the prior Locking method, this method doesn’t use any type of locking therefore a deadlock cannot occur but by using this method there is the possibility of losing a transaction that may have conflict by rolling back and restarting losing the data that needed to be stored. Alexandre L inform ‘In timestamp-based transaction, a unique timestamp is assigned to each transaction. Transactions are processed so that their execution is equivalent to a serial execution in timestamp order. Timestamp ordering is a technique whereby a serialization order is selected a priori and the transaction execution is forced to obey this order.[6] Timestamps are mainly used to order transactions with each other. Transactions are assigned a unique timestamp when released, so no two transactions can have the same timestamp.
[bookmark: _Toc535601783]4.13 Optimistic Methods
An optimistic method also known as a validation or certification method is a type of concurrency control with the assumption that conflicts of an operation on a database are limited leaving a transaction run to complete then only checking for conflicts before the data is committed. While the transaction is being executed nothing is checked the logic is to read validate and certify then write.[7]

[bookmark: _Toc535601784]4.2 ACID
ACID also known as atomicity, consistency, isolation and durability explain a set of properties when looking at database transactions. Database transactions are said to be completed with all these properties in mind and if followed a database will be known to be ACID compliant. Vieiri M proposes that ‘DBMS transactions must fulfil the following properties (also known as ACID properties): atomicity (either all actions in the transaction are executed or none are), consistency (the execution of transactions results in consistent database states), isolation (the effects of a transaction must be understood without considering other concurrently executing transactions), and durability (the effects of a transaction that has been successfully completed must persist, even when the system has a failure after transaction finishing).’[8] Acid is more formally a known terminology for NoSQL databases which can be investigated compared to SQL
[bookmark: _Toc535601785]5.0 Mongo DB (non SQL Database)
Mogo DB is another type of storing data on a database but this type of database does not rely on relation and does not need the use of SQL. The question to ask is why NoSQL? SQL has always worked effectively but more and more companies are moving towards a NoSQL system. A NoSQL system gives technologies that provide data storage and retrieval without constraints, it allows simplified designs, horizontal scaling and finer control of data through availability.[9] MongoDB is based around the use of a document styles database meaning objects are stored as documents separately inside a collection. MongoDB is a high performance, high availability and automatic scaling database allowing ease to install and implementation. The NoSQL databases created a change in how people think about storing and retrieving data. The date stored can be unstructured or at least semi-structures.
[image: Image result for examples of MongoDB]
[bookmark: _Toc535598139]Figure 5: NoSQL MongoDB database Design
Although NoSQL seems to be the way forward this type of database design is still less mature compared to RDBMSs. RDBMSs were on the market roughly 25years ago meaning that many companies will stick to the SQL method due to integrating across to be problematic. There is also less support given with the newer NoSQL the systems tend to be open source with only a few handling the technical side of the systems. The main aim of a NoSQL design was to reduce administration and easier use but in saying this there is still a great need a technical ability when using these systems.[10] overall a NoSQL has great benefits it has a scalability which allows transparency, allowing low cost hardware availability. It allows big data applications allowing very large volumes of data SQL systems do have large systems today but it NoSQL are a better fit. Technical personal need to be on hand for NoSQL systems but a considerable less amount of working power is needed to build and maintain compared to older traditional methods, with this in mind NoSQL systems seem to be better for the economy with less money needed to spent on big storage systems. Data is grouped together through the use of collections, these compromise of documents that have the same purpose. The collection is like a table in traditional SQL systems. SQL implementations need to have several different tables to create a structure but NoSQL systems the collections can be structures differently giving huge flexibility. Creating a database for SQL a Primary key is usually created to create an ID but with the use of mongo DB an ID is automatically given to serve the same purpose meaning that every time something is added a Identifier is automatically given.
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