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[bookmark: _Toc535589071]PART A
[bookmark: _Toc535589072]wHole Bus Company Analysis
The following section of this report will analyse the wHole Bus Company scenario.
[bookmark: _Toc535589073]wHole Bus Company
The wHole bus company has a total of 5 depots throughout Wales being Swansea, Cardiff, Newport, Brecon and Aberystwyth. Each depot has a designated set of routes. The routes can provide a challenge and restrict certain busses from being able to travel the route due to various restrictions such as bus height in relation to bridge heights, where also the bus width will be taken into consideration which has not been identified in the scenario. 
Each depot has a minimum of two bus types, where also each depot has its own set of drivers and cleaners.
[bookmark: _Toc535589074]Bus Types
There are five different bus types that the wHole bus company implement through their depots being the double and single decker’s, the large and small coaches along with the mini bus.
[bookmark: _Toc535589075]Staff
There are three types of staff being highlighted, being provisional drivers, drivers and cleaners
[bookmark: _Toc535589076]Drivers
All the drivers must have a full car license. In addition to this each driver is required to have a CPC certification to be able to have a full bus driving license. The full bus driver license holders are required to complete 35 hours of training within a 5-year period to ensure that they can keep the CPC status and continue to have a full bus driving license legally.
If a driver does not have a CPC, the driver is required to have a bus provisional license. To gain the CPC status, the provisional driver is required to complete 4 individual parts of the CPC, so to iterate, the CPC is subdivided into 4 separate sections. Each section is required to be passed to reach CPC status. wHole bus company provides a provisional license training package in house. 
The drivers are required to pass training on each bus type that they are required to drive in service, the drivers must have at least passed one training programme on a given bus type. 
The drivers are also required to pass training on each bus route that they are required to drive on, demonstrating the ability to follow the route successfully and ensure each designated stop is visited.
[bookmark: _Toc535589077]Salary
The provisional drivers are started on the salary scale of five. Once a full CPC status has been gained and the provisional driver has also completed and passed on at least one bus type training programme, the provisional driver or would then be a driver will be appointed to the salary scale six. All drivers have the opportunity of receiving salary scale increases which are assessed by the company where certain areas such as experience and additional bus type training are taken into consideration.
The cleaners within the company are started on the salary scale of one. As with the bus drivers the cleaners have the opportunity of receiving salary scale increases which are assessed by the company taking into consideration of the experience of the cleaner. 
[bookmark: _Toc535589078]Cleaning
Each bus within the depot is allocated its own individual bay. Each bus is required to be cleaned before it enters service for that given day. Each cleaner is allocated a single bus or a number of busses to clean, where it is also identified that each bus can be allocated a number of cleaners to clean it. 
[bookmark: _Toc535589079]Licenses
There is a total of three license types being the full car license, the provisional bus license and the full bus driving license.
[bookmark: _Toc535589080]Training
There are various training packages available within the wHole bus company. There are four CPC training packages, a training package for each of the five bus types along with individual training packages for each individual route hosted by the depots.
[bookmark: _Toc535589081]Rota’s
There are two rotas that is required by the company covering the cleaning rota and the staff-bus-route rota. 
[bookmark: _Toc535589082]wHole Bus Company: Tables, Primary Keys, Foreign Keys and Check constraints
The database will be constructed using the following set of tables, which identifies the data types, data type allocated sizes (where necessary), primary keys, foreign keys, composite keys, check constraints and so on.
[bookmark: _Toc535589083]Staff Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2035&x=-379&y=-309&w=396&h=510&store=1&accept=image%2F*&auth=LCA%207d03a4aae306603dda236366e37f0d06f1f35110-ts%3D1547637051]
[bookmark: _Toc535589155]Figure 1: staff table
· Constraint check of drivers having to be 17 or older. 
Not null enforcement on:
· Staff id
· Salary id
· Depot id
· First name
· Last name
· Address One
· Address Two
· Address Three
· Post Code
· DOB
[bookmark: _Toc535589084]Salary Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2070&x=-498&y=-1136&w=330&h=194&store=1&accept=image%2F*&auth=LCA%20394160888f2b96a6544a891297d89f61789d1f96-ts%3D1547637051]
[bookmark: _Toc535589156]Figure 2: Salary Table
· Constraint check on values being entered between 10000 and 50000
· Constraint check on salary being entered is greater than 0
Not null enforcement on:
· Salary id
· Scale Number
· Scale
[bookmark: _Toc535589085]Staff License Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2137&x=-456&y=-949&w=352&h=194&store=1&accept=image%2F*&auth=LCA%20613cd04dbad7018f46d6ccd7efa4aaad79bf8b09-ts%3D1547637051]
[bookmark: _Toc535589157]Figure 3: Staff License Table
· Constraint check staff id > 0
· Constraint check license id > 0
Not null enforcement on: 
· Staff License Id: COMPOSITE KEY
· Staff id
· License id
[bookmark: _Toc535589086]License Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2116&x=-877&y=-1114&w=374&h=158&store=1&accept=image%2F*&auth=LCA%2056085d4fef0bde336fa7dd1319125b4ff0e4d565-ts%3D1547637051]
[bookmark: _Toc535589158]Figure 4: License Table
Not null enforcement on:
· License Id
· License desc
[bookmark: _Toc535589087]Staff Training Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2115&x=-509&y=-933&w=330&h=299&store=1&accept=image%2F*&auth=LCA%208d3c3f5154afe58d272d9b78043dc4e4ea81a361-ts%3D1547637051]
[bookmark: _Toc535589159]Figure 5: Staff Training Table
· Constraint check staff id > 0
· Constraint check license id > 0
Not null enforcement on: 
· Staff Training id: COMPOSITE KEY
· Staff id
· Training id
· Training Passed
[bookmark: _Toc535589088]Training Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2116&x=-470&y=-658&w=363&h=158&store=1&accept=image%2F*&auth=LCA%208bac7c2eb07d3ab8424bcf6b44d3cb0930c06826-ts%3D1547637051]
[bookmark: _Toc535589160]Figure 6: Training Table
Not null enforcement on:
· Training id
· Training Desc
[bookmark: _Toc535589089]Bus Training Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2136&x=-985&y=-464&w=319&h=194&store=1&accept=image%2F*&auth=LCA%209da2fcc0eab4620afefa62a54b4506b701670f63-ts%3D1547637051]
[bookmark: _Toc535589161]Figure 7: Bus Training Table
· Constraint check: bus exists check
Not null enforcement on: 
· Bus training id: COMPOSITE KEY
· Bus id
· Training id
[bookmark: _Toc535589090]Route Training Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2116&x=-680&y=-84&w=319&h=194&store=1&accept=image%2F*&auth=LCA%20d33540a91f914384d3338a4d8ddf840eef77d049-ts%3D1547637051]
[bookmark: _Toc535589162]Figure 8: Route Training Table
· Constraint check: Route exists
Not null enforcement on: 
· Route training id: COMPOSITE KEY
· Route id
· Training id
[bookmark: _Toc535589091]CPC Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2116&x=-794&y=-698&w=308&h=229&store=1&accept=image%2F*&auth=LCA%2090100f6d530b2714f486331839107816e5dd985c-ts%3D1547637051]
[bookmark: _Toc535589163]Figure 9: CPC Table
· Constraint check for CPC part one
· Constraint check for CPC part two
· Constraint check for CPC part three
· Constraint check for CPC part four
Not null enforcement on:
· Cpc id
· Staff Id
· Date Achieved
· Expiry Date


[bookmark: _Toc535589092]Staff Clean Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2126&x=-382&y=-523&w=313&h=194&store=1&accept=image%2F*&auth=LCA%2015ecc54d00cef6251d4e1553f98e41f33a076a72-ts%3D1547637051]
[bookmark: _Toc535589164]Figure 10: Staff Clean Rota
· Constraint check staff id > 0
· Constraint check clean rota ID > 0
Not null enforcement on: 
· Staff clean rota id: COMPOSITE KEY
· Staff id 
· Clean rota id
[bookmark: _Toc535589093]Clean Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2115&x=-612&y=-267&w=264&h=158&store=1&accept=image%2F*&auth=LCA%2001e235eab97e93f9ba0cdf57effd17557efde98b-ts%3D1547637051]
[bookmark: _Toc535589165]Figure 11: Clean Rota Table
Not null enforcement on: 
· Clean rota id
· Bay no 
[bookmark: _Toc535589094]Bus Clean Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2128&x=-554&y=-449&w=315&h=194&store=1&accept=image%2F*&auth=LCA%20caf5e1f336dc5743d54cb48d2db3a76f66cf2cc2-ts%3D1547637051]
[bookmark: _Toc535589166]Figure 12: Bus Clean Rota
· Constraint check: Bus exists check
· Constraint check clean rota ID > 0
Not null enforcement on: 
· Bus clean rota id: COMPOSITE KEY
· Bus id
· Clean rota id

[bookmark: _Toc535589095]Bus Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2129&x=-1157&y=-65&w=374&h=229&store=1&accept=image%2F*&auth=LCA%2074f1e903fef4a5ab0fbe4a73527865a4fcf4f677-ts%3D1547637051]


[bookmark: _Toc535589167]Figure 13: Bus Rota Table
Not null enforcement on: 
· Bus rota id: COMPOSITE KEY
· Service
· Service desc
· Service time
[bookmark: _Toc535589096]Staff Bus Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2130&x=-920&y=-250&w=319&h=194&store=1&accept=image%2F*&auth=LCA%202dac34a6fcfa4251f87d97cadd33e97e29aef205-ts%3D1547637051]
[bookmark: _Toc535589168]Figure 14: staff Bus Rota Table
· Constraint check: staff id > 0
· Constraint check: bus rota id > 0
· Constraint check: driver bus check
· Constraint check: driver route check
· Constraint check: driver car license check
· Constraint check: driver bus license check
· Constraint check: driver CPC certificate check
Not null enforcement on: 
· Staff bus rota id: COMPOSITE KEY
· Staff id
· Bus rota id
[bookmark: _Toc535589097]Bus Bus Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2132&x=-434&y=-589&w=308&h=194&store=1&accept=image%2F*&auth=LCA%2073af12562ca00d915632e7df93464e436cab803d-ts%3D1547637051]
[bookmark: _Toc535589169]Figure 15: Bus Bus Rota Table
· Constraint check: Bus exists check
· Constraint check: Bus width check 
· Constraint check: Bus height check 
Not null enforcement on: 
· Bus bus rota id: COMPOSITE KEY
· Bus id
· Bus rota id
[bookmark: _Toc535589098]Route Bus Rota Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2135&x=-751&y=-669&w=308&h=194&store=1&accept=image%2F*&auth=LCA%20a0fdb3e716ad23c7007784fb248a7858ac37a310-ts%3D1547637051]
[bookmark: _Toc535589170]Figure 16: Route Bus Rota Table
· Constraint check: Route exists check
Not null enforcement on: 
· Route bus rota id: COMPOSITE KEY
· Route id
· Bus rota id
[bookmark: _Toc535589099]Bus Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2135&x=-1458&y=-630&w=330&h=334&store=1&accept=image%2F*&auth=LCA%20e976dd8f467807da6ac74f851885f55da439ae11-ts%3D1547637051]
[bookmark: _Toc535589171]Figure 17: Bus Table
· Constraint check bus capacity > 0
· Constraint check Bus height > 0
· Constraint check Bus width > 0
Not null enforcement on: 
· Bus id
· Depot id
· Bus type
· Bus capacity
· Bus height
· Bus width
· Bus reg

[bookmark: _Toc535589100]Depot Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2136&x=-1077&y=-969&w=374&h=194&store=1&accept=image%2F*&auth=LCA%20c1408fea647208c44161ea579116566fa09f65ab-ts%3D1547637051]
[bookmark: _Toc535589172]Figure 18: Depot Table
Not null enforcement on:
· Depot id
· Depot Location
· No of Bays
[bookmark: _Toc535589101]Route Table
[image: https://documents.lucidchart.com/documents/10c72136-2890-4916-8e75-ce98d0f9dd0f/pages/0_0?a=2136&x=-1479&y=-880&w=352&h=264&store=1&accept=image%2F*&auth=LCA%20eb75161ad772757a23643b9cae28c6d90ab57465-ts%3D1547637051]
[bookmark: _Toc535589173]Figure 19: Route Table
· Constraint check: Restricted height > 0
· Constraint check: Restricted width > 0
Not null enforcement on: 
· Route id
· Depot id
· Route desc
· Restricted height
· Restricted width
Additionally, there are two extra tables that are created for auditing purposes being the New Salary Audit and the Staff audit tables




[bookmark: _Toc535589102]wHole Bus Company Entity Relationship Model

The following diagram provides a visual representation of the database design
[image: ]
[bookmark: _Toc535589174]Figure 20: Entity Relationship Model


[bookmark: _Toc535589103]Normal Form
The tables being implemented within the database are recognised to be in 3rd normal form. Which can be identified by inspecting the following representations of the tables, The third normal form has been implemented by viewing that there are no non-key attributes which are fully dependant on the table keys and also where they are not more dependent on separate keys within other tables of the database design [1].
[image: ]
[bookmark: _Toc535589175]Figure 21: Normal Form Tables
[bookmark: _Toc535589104]Multi-User

wHole Bus company have expressed that they require the database to be multi user. There are various options available for the implementation of this requirement, and various considerations to observe.
There are two main possible options of the type of database to implement being a centralised database or a distributed database. The centralised database system (CDB) works off the one database file were a distributed database (DD) works off multiple files which are implemented and stored across a network located at different locations across the company [2].
As with any comparison of different systems, there are always disadvantages and advantages. The CDB enables the ease of backup procedures where the DD approach takes longer to backup due to the locations of the files. Access speeds can be slower with a CDB which is dependant on the network topology of the company, where as a DD provides faster access to the data which is also dependant on the network topology of the company. If a failure was to occur and depending of the architecture implementation users may not be able to access a CDB for some time whereas within a DD set up users will still be able to access the other files which were not affected from the issue. 
The CDB approach can provide a higher data consistency and also provides the complete data to an end user whereas with the DD there is the possibility of the data being in an inconsistent state [2].  CDB’s can also provide additional benefits such as the benefit of the ability of implementing physical local security, enhance data security, reduce costs etc [3]. An additional consideration is to ensure that the system will implement ACID transactions to ensure data consistency through a multi user system [4]. The consideration and implementation of password strength policies and role access policies will have to be considered by the company. By implementing different roles which can be assigned to different staff, this implements and helps to ensure staff only access certain sections of the data that they are only required to work with, thus hiding personal information etc from those end users who are not allowed to view that type of data, which can also help towards the new GDPR policies [3]. 
It is recommended to the wHole bus company to implement a centralised database via the implementation of the Amazon Web Services / Databases, known as the Amazon  Relational Database Service (RDS) [5]. The Amazon RDS can provide millisecond latency of access to the database including the ability for the implementation to be specific to the company requirements. The relational databases support the ACID transactions which helps to ensure the data integrity along with the data consistency [6]. Amazon support various database engines which includes PostgreSQL. The implementation with PostgreSQL in the Amazon RDS structure is simplistic to setup, provides scalability of the database to ensure there is a very minimal down time being experienced should an issue arise. This also includes the ability of hardware scaling and capacity enhancement within minutes,  fast backups and recovery is available to include the provision of high availability to the end user with read throughput [7]. Amazon RDS will take on the patching, provisioning, recovery, backups, repairs and failure detection which also uses a multi zone deployment to ensure a high speed and reliable fail over system to ensure the end users, to have an instant access to a replicated second database should an issue arise with the main database system, the data is fully encrypted at rest and also in transit and provides various monitoring options which finally, the service is very cost effective as you only pay for what is currently being implemented by the system at that time [8]. This choice will eliminate the high costs that can be accumulated with the procurement, installation and configuration and further maintenance requirements of new hardware and software being implemented to on-site locations throughout the company including the timely tasks of securing the system and implementing backups etc.


[bookmark: _Toc535589105]PART B
[bookmark: _Toc535589106]wHole Bus Company Database

The following section of this report will provide an insight of the implementation of the wHole bus company database. The database has been created in PostgreSQL. The database has been designed following that of the ERD diagram which was provided in part A of this report. All of the Primary, keys, foreign keys referential integrity constraints and check constraints identified in part A of the report have also been implemented within the database.  
From investigating the official documentation of PostgreSQL [9], of chapter three, advanced features. It is observed that transactions are an important aspect to that of a database, where multiple steps are gathered and grouped together in one operation. Transactions can start with a begin and commit [9] or a begin and end[10]. Outside of the begin-commit / begin-end, it is identified that it is not necessarily required to state the creation of a transaction or even wrap a statement with a begin or end, as with PostgreSQL all SQL statements are treated as transactions. Even if a begin and end is not provided, these are implicitly added by the system starting with the begin and if the statement has been successful ended with the commit command. These are known as transaction blocks.
From the previous identification it was decided to implement functions from triggers within the creation of the tables via constraint and check use. This enabled the ability to pass required important variables directly to the function for the function to complete its required work. 
****PLEASE NOTE****
Please refer to APPENDIX A for the full table creation code to be copied and used for the creation of the database. 
Please refer to APPENDIX B for the full table population code to be copied and used for the population of the database
Please refer to APPENDIX C for a selection of query statements to assist in the understanding of the complicated joining methods required from within the database to capture information such as:
· Clean Rota
· Staff-Bus-Route Rota
· Contents of audit tables

[bookmark: _Toc535589107]Tables, Constraints, Triggers, Referential Integrity, Primary, Foreign and Composite keys

The following section will provide the SQL of each table creation, including what triggers and constraints are used along with the implementation of Referential Integrity, Primary, Foreign and Composite keys.


[bookmark: _Toc535589108]Salary Table
--#################################################################
--Create salary TABLE, salary audit table, implement constraints,
--implement audit function, implemnt trigger.
--#################################################################
create table Salary (SalaryId serial, ScaleNumber int not null, Scale numeric(7,2) constraint SALARY_HAS_TO_BE_GREATER_THAN_0 check (Scale > 0)
                     constraint SALARY_BETWEEN_MIN_AND_MAX check (Scale between 10000 and 50000) not null,
                     constraint salary_salary_id_PK primary key (SalaryId));
             
                     
create table New_Salary_Audit (operation char(1), Stamp timestamp, UseriId text, SalaryId int, ScaleNumber int, Scale numeric (7,2));

create or replace function Process_New_Salary_Audit() RETURNS TRIGGER as $New_Salary_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Salary_Audit
      values ('D',now(),user,old.SalaryId, old.ScaleNumber, old.Scale);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Salary_Audit
      VALUES('u',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Salary_Audit
      VALUES('I',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Salary_Audit$ LANGUAGE plpgsql;        

create trigger New_Salary_Audit
after insert or update or delete on Salary
for each ROW
execute procedure Process_New_Salary_Audit();


[bookmark: _Toc535589109]license Table
--#################################################################
--Create License TABLE
--#################################################################
create table License (LicenseId serial not null, LicenseDesc varchar(50) not null,
                      constraint license_license_id_PK primary key (licenseId));


[bookmark: _Toc535589110]Training Table
--#################################################################
--Create Training Table
--#################################################################
create table Training (TrainingId serial not null, Trainingdesc varchar (30) not null,
                       constraint training_training_id_PK primary key (TrainingId));

[bookmark: _Toc535589111]CPC Table
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create Cpc Table
--#################################################################                    
create table Cpc (CpcId serial not null, StaffId int 
                  constraint DRIVER_HAS_NO_CPC_PART_ONE CHECK (DRIVER_HAS_NO_CPC_PART_ONE(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_TWO CHECK (DRIVER_HAS_NO_CPC_PART_TWO(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_THREE CHECK (DRIVER_HAS_NO_CPC_PART_THREE(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_FOUR CHECK (DRIVER_HAS_NO_CPC_PART_FOUR(staffId)) not null,               
                  DateAchieved date not null, ExpiryDate date not null,
                  constraint cpc_cpc_id_PK primary key (CpcId));

[bookmark: _Toc535589112]Depot Table
--#################################################################
--Create Depot Table
--#################################################################
create table Depot (DepotId serial not null, DepotLocation varchar(50),NoOfBays int constraint BAYS_HAS_TO_BE_GREATER_THAN_0 check (NoOfBays > 0) not null,
                    constraint depot_depot_id_PK primary key (DepotID));
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--#################################################################
--Create Staff Table
--#################################################################
create table Staff (StaffId serial not null, SalaryId int not null, DepotID int not null, CpcId int, FirstName varchar(30) not null, LastName varchar(30) not null,
                    AddressOne varchar (50) not null, AddressTwo varchar(50) not null, AddressThree varchar(50) not null, PostCode varchar(10) not null,
                    Dob date CONSTRAINT STAFF_MUST_BE_17_OR_OVER 
                    CHECK (Dob <= now() - '17 years'::interval) NOT NULL, JobRole varchar (50) not null, 
                    constraint staff_staff_id_PK primary key (StaffId),
                    constraint staff_salary_id_FK foreign key (SalaryId) references Salary (SalaryId),
                    constraint staff_depot_id_FK foreign key (DepotId) references Depot (DepotId));
                    --constraint staff_cpc_id_FK foreign key (CpcId) references Cpc (CpcId));
                    
create table New_Staff_Audit (operation char(1), Stamp timestamp, UseriId text, StaffId int, SalaryId int, DepotId int, CpcId int, FirstName varchar(30), LastName varchar(30), AddressOne varchar(50),
                              AddressTwo varchar(50), AddressThree varchar (50), PostCode varchar(10), Dob date);

create or replace function Process_New_Staff_Audit() RETURNS TRIGGER as $New_Staff_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Staff_Audit
      values ('D',now(),user, old.StaffId, old.SalaryId, old.DepotId, old.CpcId, old.FirstName, old.LastName, old.AddressOne, old.AddressTwo, old.AddressThree, old.PostCode, old. Dob);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Staff_Audit
      VALUES('u',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Staff_Audit
      VALUES('I',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Staff_Audit$ LANGUAGE plpgsql;     

create trigger New_Staff_Audit
after insert or update or delete on Staff
for each ROW
execute procedure Process_New_Staff_Audit();

[bookmark: _Toc535589114]Staff License table
--#################################################################
--Create StaffLicense Table
--#################################################################
create table StaffLicense (StaffLicenseId int not null, StaffId int constraint STAFF_ID_HAS_TO_BE_GREATER_THAN_0 check (StaffId > 0) not null, 
                           LicenseId int constraint LICENSE_ID_HAS_TO_BE_GREATER_THAN_0 check (LicenseId > 0) not null,
                           constraint staff_license_staff_license_id_PK primary key (StaffId,LicenseId), -- composite key creation
                           constraint staff_license_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                           constraint staff_license_license_id_FK foreign key (LicenseId) references License (LicenseId));

[bookmark: _Toc535589115]Staff Training Table
--#################################################################
--Create StaffTraininig Table
--#################################################################
create table StaffTraining (StaffTrainingID int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0 check (StaffId > 0) not null,
                            TrainingId int constraint Training_ID_HAS_TO_BE_GREATER_THAN_0 check (TrainingId > 0) not null, TrainingPassed boolean not null,
                            PassDate date, FailDate date, CpcHourTraining int,
                            constraint staff_training_staff_id_training_id_PK primary key (StaffId,TrainingId), -- composite key creation
                            constraint staff_training_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));

[bookmark: _Toc535589116]Clean Rota Table
--#################################################################
--Create CleanRota Table
--#################################################################
CREATE TABLE CleanRota (CleanRotaId serial unique NOT NULL,  BayNo int not null,
                        CONSTRAINT  clean_rota_clean_rota_id_PK PRIMARY KEY (CleanRotaId));

[bookmark: _Toc535589117]Staff Clean Rota Table
--#################################################################
--Create StaffCleanRota Table
--#################################################################
create table StaffCleanRota (StaffCleanRotaID int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0_CLEAN_ROTA check (StaffId > 0) not null,
                            CleanRotaId int constraint Clean_Rota_ID_HAS_TO_BE_GREATER_THAN_0 check (CleanRotaId > 0) not null,
                            constraint staff_clean_rota_staff_id_clean_rota_id_PK primary key (StaffId,CleanRotaId), -- composite key creation
                            constraint staff_clean_rota_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_clean_rota_clean_rota_id_FK foreign key (CleanRotaId) references CleanRota (CleanRotaId));

[bookmark: _Toc535589118]Bus Table
--#################################################################
--Create Bus Table
--################################################################
create table Bus (BusId serial not null, DepotId int not null, BusType varchar (30) not null, 
                  BusCapacity int constraint BUS_CAPACITY_HAS_TO_BE_GREATER_THAN_0 check (BusCapacity > 0) not null,
                  BusHeight int constraint BUS_HEIGHT_HAS_TO_BE_GREATER_THAN_0 check (BusHeight > 0) not null,
                  BusWidth int constraint BUS_WIDTH_HAS_TO_BE_GREATER_THAN_0 check (BusWidth > 0) not null,
                  BusReg varchar (7) not null,
                  constraint bus_bus_id_PK primary key (BusId),
                  constraint bus_depot_id_FK foreign key (DepotId) references Depot (DepotId));


[bookmark: _Toc535589119]Bus Clean Rota Table
--#################################################################
--Create BusCleanRota Table
--#################################################################
create table BusCleanRota (BusCleanRotaID int not null, BusId int CONSTRAINT BUS_DOES_NOT_EXIST_CLEAN_ROTA check (BUS_EXISTS_CHECK(BusId))not null,
                            CleanRotaId int constraint Clean_Rota_ID_HAS_TO_BE_GREATER_THAN_0 check (CleanRotaId > 0) not null,
                            constraint BUS_clean_rota_bus_id_clean_rota_id_PK primary key (BusId,CleanRotaId), -- composite key creation
                            constraint bus_clean_rota_bus_id_FK foreign key (busId) references bus (busId),
                            constraint bus_clean_rota_clean_rota_id_FK foreign key (CleanRotaId) references CleanRota (CleanRotaId));

[bookmark: _Toc535589120]Bus Training Table
--#################################################################
--Create BusTraining Table
--################################################################
create table BusTraining (BusTrainingID int not null, BusID int CONSTRAINT BUS_DOES_NOT_EXIST_BUS_TRAINING check (BUS_EXISTS_CHECK(BusId))not null,
                          TrainingId int not null,
                          constraint bus_training_bus_training_id_PK primary key (BusId, TrainingId),
                          constraint bus_training_bus_id_FK foreign key (BusId) references Bus (BusId),
                          constraint bus_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));

[bookmark: _Toc535589121]Route Table
--#################################################################
--Create Route Table
--################################################################  
create table Route (RouteId serial not null, DepotId int not null, RouteDesc varchar (40) not null, 
                   RestrictedHeight int constraint RESTRICTED_HEIGHT_HAS_TO_BE_GREATER_THAN_0 check (RestrictedHeight > 0) not null,
                    RestrictedWidth int constraint Restricted_WIDTH_HAS_TO_BE_GREATER_THAN_0 check (RestrictedWidth > 0) not null,
                    constraint route_route_id_PK primary key (RouteId),
                    constraint route_depot_id_FK foreign key (DepotId) references Depot (DepotId));     


[bookmark: _Toc535589122]Route Training Table
--#################################################################
--Create RouteTraining Table
--################################################################
create table RouteTraining (RouteTrainingID int not null, RouteID int CONSTRAINT ROUTE_DOES_NOT_EXIST_ROUTE_TRAINING check (ROUTE_EXISTS_CHECK(RouteId))not null,
                          TrainingId int not null,
                          constraint route_training_route_training_id_PK primary key (routeId, TrainingId),
                          constraint route_training_route_id_FK foreign key (routeId) references Route (routeId),
                          constraint route_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));

[bookmark: _Toc535589123]Bus Rota Table
--#################################################################
--Create BusRota Table
--################################################################
create table BusRota (BusRotaId serial not null, Service int not null, ServiceDesc varchar(40) not null,ServiceTime varchar(2) not null,
                      constraint bus_rota_bus_rota_id_PK primary key (BusRotaID));

[bookmark: _Toc535589124]Route Bus Rota Table
--#################################################################
--Create RouteBusRota Table
--################################################################                    
create table RouteBusRota ( RouteBusRotaId int not null, RouteId int CONSTRAINT ROUTE_DOES_NOT_EXIST_ROUE_BUS_ROTA check (ROUTE_EXISTS_CHECK(RouteId)) not null, BusRotaId int not null,
                            constraint route_bus_rota_route_bus_rota_id_PK primary key (RouteId,BusRotaId),
                            constraint route_bus_rota_route_id_FK foreign key (RouteId) references Route (RouteId),
                            constraint route_bus_rota_bus_rota_id_FK foreign key (BusRotaID) references BusRota (BusRotaID));

[bookmark: _Toc535589125]Staff Bus Rota Table
--#################################################################
--Create StaffBusRota Table
--################################################################
 
create table StaffBusRota ( StaffBusRotaId int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0_CLEAN_ROTA check (StaffId > 0) not null,
                            BusRotaId int constraint BUS_ROTA_ID_HAS_TO_BE_GREATER_THAN_0 check (BusRotaID > 0) 
                            constraint DRIVER_UNABLE_TO_DRIVE_BUS CHECK (DRIVER_BUS_CHECK(staffId, BusRotaId)) 
                            constraint DRIVER_UNABLE_TO_DRIVE_ROUTE CHECK (DRIVER_ROUTE_CHECK(staffId, BusRotaId))
                            constraint DRIVER_HAS_NO_CAR_LICENSE CHECK (DRIVER_CAR_LICENSE_CHECK(staffId))
                            constraint DRIVER_HAS_NO_BUS_LICENSE CHECK (DRIVER_BUS_LICENSE_CHECK(staffId))
                            constraint DRIVER_HAS_NO_CPC_CERT CHECK (DRIVER_CPC_CERT_CHECK(staffId))not null,                           
                            constraint staff_bus_rota_staff_id_bus_rota_id_PK primary key (StaffId, BusRotaID),
                            constraint staff_bus_rota_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_bus_rota_bus_rota_id_FK foreign key (BusRotaId) references BusRota (BusRotaId));

[bookmark: _Toc535589126]Implemented Triggers
[bookmark: _Toc535589127]New Salary Audit Trigger and Function
create or replace function Process_New_Salary_Audit() RETURNS TRIGGER as $New_Salary_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Salary_Audit
      values ('D',now(),user,old.SalaryId, old.ScaleNumber, old.Scale);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Salary_Audit
      VALUES('u',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Salary_Audit
      VALUES('I',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Salary_Audit$ LANGUAGE plpgsql;        

create trigger New_Salary_Audit
after insert or update or delete on Salary
for each ROW
execute procedure Process_New_Salary_Audit();

[bookmark: _Toc535589128]New Staff Audit Trigger and Function
create table New_Staff_Audit (operation char(1), Stamp timestamp, UseriId text, StaffId int, SalaryId int, DepotId int, CpcId int, FirstName varchar(30), LastName varchar(30), AddressOne varchar(50),
                              AddressTwo varchar(50), AddressThree varchar (50), PostCode varchar(10), Dob date);

create or replace function Process_New_Staff_Audit() RETURNS TRIGGER as $New_Staff_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Staff_Audit
      values ('D',now(),user, old.StaffId, old.SalaryId, old.DepotId, old.CpcId, old.FirstName, old.LastName, old.AddressOne, old.AddressTwo, old.AddressThree, old.PostCode, old. Dob);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Staff_Audit
      VALUES('u',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Staff_Audit
      VALUES('I',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Staff_Audit$ LANGUAGE plpgsql;     

create trigger New_Staff_Audit
after insert or update or delete on Staff
for each ROW
execute procedure Process_New_Staff_Audit();            

[bookmark: _Toc535589129]Implemented Business rules
[bookmark: _Toc535589130]Driver has no CPC Part One
Implemented to check that the driver has passed the CPC training part 1 to gain the CPC Certificate
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_ONE
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_ONE(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 6
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    



[bookmark: _Toc535589131]Driver has no CPC Part Two
Implemented to check that the driver has passed the CPC training part 2 to gain the CPC Certificate
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_TWO
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_TWO(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 7
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589132]Driver has no CPC Part Three
Implemented to check that the driver has passed the CPC training part 3 to gain the CPC Certificate
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_THREE
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_THREE(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 8
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589133]Driver has no CPC Part Four
Implemented to check that the driver has passed the CPC training part 4 to gain the CPC Certificate
--Create Function DRIVER_HAS_NO_CPC_PART_FOUR
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_FOUR(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 9
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589134]Bus Exists Check
Implemented to check that the intended bus exists
--#################################################################
--Create Function BUS_EXISTS_CHECK
--#################################################################                         
CREATE OR REPLACE FUNCTION BUS_EXISTS_CHECK(BusId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId FROM Bus a)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589135]Route Exists Check
Implemented to check that the intended route exists
--#################################################################
--Create Function ROUTE_EXISTS_CHECK
--#################################################################                         
CREATE OR REPLACE FUNCTION ROUTE_EXISTS_CHECK(RouteId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF RouteId IN (SELECT a.RouteId FROM Route a)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    

[bookmark: _Toc535589136]Bus Width Check
Implemented to check that the bus width is ok for the intended route
--#################################################################
--Create Function BUS_WIDTH_CHECK
--################################################################# 

CREATE OR REPLACE FUNCTION BUS_WIDTH_CHECK(BusId INTEGER, BusRotaID INTEGER ) -- test this function
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId 
             FROM Bus a, Route b, RouteBusRota c
             where a.BusId = BUS_WIDTH_CHECK.BusId
             and c.BusRotaId =  BUS_WIDTH_CHECK.BusRotaID
             and c.RouteId = b.RouteID
             and a.BusWidth <= b.RestrictedWidth)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    

[bookmark: _Toc535589137]Bus Height Check
Implemented to check that the bus height is ok for the intended route
--#################################################################
--Create Function BUS_HEIGHT_CHECK
--################################################################# 

CREATE OR REPLACE FUNCTION BUS_HEIGHT_CHECK(BusId INTEGER, BusRotaId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId
             FROM Bus a, Route b, RouteBusRota c
             where a.BusId = BUS_HEIGHT_CHECK.BusId
             and c.BusRotaId = BUS_HEIGHT_CHECK.BusRotaID
             and c.RouteId = b.RouteID
             and a.BusHeight <= b.RestrictedHeight)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589138]Driver bus Check
Implemented to check that the driver has passed the training on the given bus type
CREATE OR REPLACE FUNCTION DRIVER_BUS_CHECK(StaffId integer, BusRotaId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b, BusTraining c, BusBusRota d
                 where DRIVER_BUS_CHECK.staffId = b.StaffId
                 and b.TrainingId = c.TrainingId
                 and DRIVER_BUS_CHECK.BusRotaId = d.BusRotaId
                 and DRIVER_BUS_CHECK.staffId = a.StaffId
                  and c.BusID = d.BusID
                  and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    
[bookmark: _Toc535589139]Driver Route Check
Implemented to check that the driver has passed the training on the given route type
--#################################################################
--Create Function DRIVER_ROUTE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_ROUTE_CHECK(StaffId integer, BusRotaId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b, RouteTraining c, RouteBusRota d
                 where DRIVER_ROUTE_CHECK.staffId = b.StaffId
                 and b.TrainingId = c.TrainingId
                 and c.RouteID = d.RouteID
                 and DRIVER_ROUTE_CHECK.BusRotaId = d.busRotaId
                 and DRIVER_ROUTE_CHECK.staffId = a.StaffId
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589140]Driver Car License Check
Implemented to ensure that the driver has a car license
--#################################################################
--Create Function DRIVER_CAR_LICENSE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_CAR_LICENSE_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffLicense b
                 where a.staffId = b.staffId
                 and b.licenseId = 1)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    

[bookmark: _Toc535589141]Driver bus License Check
Implemented to ensure that the bus driver has a bus license
--#################################################################
--Create Function DRIVER_BUS_LICENSE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_BUS_LICENSE_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffLicense b
                 where a.staffId = b.staffId
                 and b.licenseId = 3)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589142]Driver CPC Cert Check
Implemented to check that the driver has the CPC certification
--#################################################################
--Create Function DRIVER_CPC_CERT_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_CPC_CERT_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, Cpc b
                 where a.staffId = b.staffId
                 and ExpiryDate != now())
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;

[bookmark: _Toc535589143]MongoDB NoSQL Database

Throughout the next section all of the Relational SQL code has been generated using PostgreSQL 
NoSQL databases started to emerge around 1998, which have implemented the challenges against relational database structure and also the database management practises [11]. There are various objectives to resolve and provide solutions to, which the traditional relational database can have troubles with, so the NoSQL solutions aim to address one or more of the following highlighted issues including but not exhausted to:
· The storage of large data volumes
· Provision of near real time processing of transactions
· Provision of high-speed analytics on big data/large volumes of data
· Supporting the requirements of flexible data schemas to assist with the evolution of business requirements
· Horizontal application scaling along with the hardware and licensing cost prediction structures
[11]. It is identified that the relational databases were not quite designed to manage with scalability and flexibility requirements or challenges brought on with the evolution of modern applications along with the older database designs are or were not designed to manage excess processing power and inexpensive storage [11]. On a comparison between a relational and NoSQL model, MongoDB will be used along with a wider view of relational systems such as PostgreSQL. Relational databases are implemented with various components such as tables, views, stored procedures and so on, the tables consist of a common structure with the rows of the tables, where as MongoDB has what are known as collections in relation to the relational model of tables, and within each collection a document is stored, where these documents do have a largely different structure to that of a relational model table / row [12]. To provide a more in depth identification of the differences of a relational model and the mongo DB structures, the following has been observed to show these differences which are but not exhausted to:
· Tables are used in a relational model where in MongoDB they are known as collections
· Tuples or rows are used in the relational model where in MongoDB Documents are used
· Columns are used in the relational model where in MongoDB Fields are used
· Table joins are used within the relational model where in MongoDB Embedded Documents are used or referencing is used
· Primary keys are used in the relational model where in MongoDB Primary key is also used where it is ‘_ID’ and a default key is provided by the MongoDB system it self
[13]. Within a relational model the end user connects to the database schema or (sub)schema, there are restrictions or there can be restrictions enforced on the access rights of the end user which then determines many available tasks such as connecting and accessing different objects which are located in different subschemas. In MongoDB the end user connects straight to the database by using the ‘USE’ command. The relational model deletes or drops tables from the database by using the ‘Drop Table’ command where MongoDB uses the ‘Drop()’ command. 
The relational model implements specific Data Definition commands such as 
create table License (LicenseId serial not null, LicenseDesc varchar(50) not null,
                      constraint license_license_id_PK primary key (licenseId));

along with specific Data Manipulation commands such as:
insert into License (LicenseDesc)
Values ('Car License'),
('Provisional Bus License'),
('Bus License');

Whereas in MongoDB, these techniques are not implemented and do not exist within its design and implementation. A collection can be created simply by:
db.createCollection("license")

or even a collection that does not already exist can be created by immediately inserting a document to the not-yet, non-existing collection:
db.license.save ( { _id : 'IS', licensedesc: 'car license' });

Within the relational model, as the columns are fixed should an insert not include a column and no restriction such as not null is not implemented on that column, the row being inserted will have a null value for that column whereas within MongoDB there is no restriction on columns or data fields within a collection. The document of a collection can have a completely different field structure to that of another document within the same collection [12].  To implement a good practise of data integrity, relational databases tend to include and implement particular constraints on tables such as the primary keys, alternate keys, foreign keys, not nulls, the implementation of referential integrity, check constraints and so on. Within the MongoDB environment Primary keys and alternate keys can only be implemented, which are implemented via the process of creating indexes, although MongoDB does not use the direct wording of an ‘alternate’ key and instead uses the unique wording.    
For the capturing and viewing of data, the relational model uses select statements which can be on one or many tables with correctly implemented joins for example: 
select b.staffId, a.firstname, a.lastname, c.bayNo, d.busId, e.bustype  
from staff a, staffcleanrota b, cleanrota c, buscleanrota d, bus e
where a.staffid = b.staffId
and b.cleanrotaid = c.cleanrotaid
and c.cleanrotaid = d.cleanrotaid
and d.busid = e.busid;
 
To view the collections from within the MongoDB, the syntax is only ‘db.getCollectionNames’ to view the documents from within a collection in MongoDB, you can use the find() method as shown below:
db.license.find().pretty() 

the suffix to the find() in the above example, being ‘Pretty()’ simply displays the results in a ‘pretty’ format for the end user to understand and view easily. As MongoDB documents within collections can have a completely different structure to each other, MongoDB allows for the non-declaration of values for searching the data. 
Within the Relational model the wording of ‘DISTINCT’ can be implemented to ensure distinct values are only provided from the results of the query whereas this method in MongoDB is more difficult, where the possibility of up to three separate selects might have to be implemented to reach and gain the desired information or data set.
In the relational model grouping is implemented within searches where as in MongoDB grouping can also be implemented or by implementing the aggregate framework [12]. 
The MongoDB is not normalised.  Within the relational model, queries can have sub queries within them where MongoDB is not able to implement this function. To tackle this issue, first row query results can then be stored in variables which can include the use of arrays, and then variables can be used further by implementing the ‘$in operator [12], as the example below demonstrates
var result = db.staff.find( {"firstname":"lee"},{"licence":1})
var license = db.license.find({"_id":{$in":result["licence"]}})

As highlighted earlier relational databases have the relation between tables, even though this is not always implemented in MongoDB. Relationships can however be implemented by the implementation of a logical relation [14] in MongoDB.  The relations of documents from within separate collections is available to be implemented. Full code examples of relations in a MongoDB database and non-relation of a MongoDB database can be seen and implemented from the code within APPENDIX D and E of this report.
ALTHOUGH whilst building the referenced MongoDB database via the use of the code being provided in APPENDIX D & E, please note that the object ID references were first created automatically by MongoDB on when the database, collections and documents were first created. Should this code be used and implemented on a different instance and a different database then the object id references would need to be changed to reference the correct fields, within the referenced documents, should they appear to be different. The code has also been commented, these comments must not be included in the creation of the database, collections, documents etc.  
There are two techniques that can be implemented to reference within MongoDB being the referencing approach and the embedded approach, where relationships can include:
· 1:1
· 1:N
· N:1
· N:N
[14].
An example of referencing can be seen below where the staff document is referencing documents from the salary, depot and license collections. The below code also provides the identification that the technique of referencing does not have to be that of a single object, as seen below the license field is actually referencing two object ids which are wrapped up into an array, where the salary and depot id fields are only referencing one single object id.

db.staff.insert([
                 {
                    salaryid: ObjectId("5c4076a2507c21d060fcbdb1"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "lee",
                    lastname: "joseph",
                    address: "7 bro marven, dunstan, swansea",
                    postcode: "sa27fr",
                    licence:  [
                               ObjectId("5c4079b4507c21d060fcbdb6"),
                               ObjectId("5c4079b6507c21d060fcbdb8")
                              ]
                   
                },

Code such as below can then be implemented by the use of declaring variables to gather the required data from a referenced document from within a different collection
var result = db.staff.find( {"firstname":"lee"},{"licence":1})
var license = db.license.find({"_id":{$in":result["licence"]}})

For a working example of a MongoDB, it was decided to build two separate examples to show a normal MongoDB implementation and also how a relational MongoDB can be implemented.
As described previously, APPENDIX D will provide the code for creating a MongoDB database based on a few tables taken from the wHole Bus Company Database which was implemented using PostgreSQL. Please be aware though, that all of the commenting must be removed and not included when being used in the CLI of MongoDB itself.
As also described previously, APPENDIX E will provide the code for creating a MongoDB database based on a few tables taken from the wHole Bus Company database which was implemented using PostgreSQL. Please be aware though, that all of the commenting must be removed and not included when being used in the CLI of MongoDB itself
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Required to be run in the exact order provided below
Please note that the code can be copied directly from the below block to be implemented
--#################################################################
--Create salary TABLE, salary audit table, implement constraints,
--implement audit function, implemnt trigger.
--#################################################################
create table Salary (SalaryId serial, ScaleNumber int not null, Scale numeric(7,2) constraint SALARY_HAS_TO_BE_GREATER_THAN_0 check (Scale > 0)
                     constraint SALARY_BETWEEN_MIN_AND_MAX check (Scale between 10000 and 50000) not null,
                     constraint salary_salary_id_PK primary key (SalaryId));
             
                     
create table New_Salary_Audit (operation char(1), Stamp timestamp, UseriId text, SalaryId int, ScaleNumber int, Scale numeric (7,2));

create or replace function Process_New_Salary_Audit() RETURNS TRIGGER as $New_Salary_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Salary_Audit
      values ('D',now(),user,old.SalaryId, old.ScaleNumber, old.Scale);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Salary_Audit
      VALUES('u',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Salary_Audit
      VALUES('I',now(),user,new.SalaryId, new.ScaleNumber, new.Scale);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Salary_Audit$ LANGUAGE plpgsql;        

create trigger New_Salary_Audit
after insert or update or delete on Salary
for each ROW
execute procedure Process_New_Salary_Audit();

--Insert into Salary (Scale_Number,Scale)
--values (1,25000)

--#################################################################
--Create License TABLE
--#################################################################
create table License (LicenseId serial not null, LicenseDesc varchar(50) not null,
                      constraint license_license_id_PK primary key (licenseId));


--#################################################################
--Create Training Table
--#################################################################
create table Training (TrainingId serial not null, Trainingdesc varchar (30) not null,
                       constraint training_training_id_PK primary key (TrainingId));
               
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_ONE
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_ONE(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 6
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_TWO
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_TWO(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 7
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_THREE
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_THREE(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 8
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create Function DRIVER_HAS_NO_CPC_PART_FOUR
--################################################################# 

CREATE OR REPLACE FUNCTION DRIVER_HAS_NO_CPC_PART_FOUR(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b
                 where a.staffId = b.staffId
                 and b.TrainingId = 9
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create Cpc Table
--#################################################################                    
create table Cpc (CpcId serial not null, StaffId int 
                  constraint DRIVER_HAS_NO_CPC_PART_ONE CHECK (DRIVER_HAS_NO_CPC_PART_ONE(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_TWO CHECK (DRIVER_HAS_NO_CPC_PART_TWO(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_THREE CHECK (DRIVER_HAS_NO_CPC_PART_THREE(staffId))
                  constraint DRIVER_HAS_NO_CPC_PART_FOUR CHECK (DRIVER_HAS_NO_CPC_PART_FOUR(staffId)) not null,               
                  DateAchieved date not null, ExpiryDate date not null,
                  constraint cpc_cpc_id_PK primary key (CpcId));
--#################################################################
--Create Depot Table
--#################################################################
create table Depot (DepotId serial not null, DepotLocation varchar(50),NoOfBays int constraint BAYS_HAS_TO_BE_GREATER_THAN_0 check (NoOfBays > 0) not null,
                    constraint depot_depot_id_PK primary key (DepotID));


--#################################################################
--Create Staff Table
--#################################################################
create table Staff (StaffId serial not null, SalaryId int not null, DepotID int not null, CpcId int, FirstName varchar(30) not null, LastName varchar(30) not null,
                    AddressOne varchar (50) not null, AddressTwo varchar(50) not null, AddressThree varchar(50) not null, PostCode varchar(10) not null,
                    Dob date CONSTRAINT STAFF_MUST_BE_17_OR_OVER 
                    CHECK (Dob <= now() - '17 years'::interval) NOT NULL, JobRole varchar (50) not null, 
                    constraint staff_staff_id_PK primary key (StaffId),
                    constraint staff_salary_id_FK foreign key (SalaryId) references Salary (SalaryId),
                    constraint staff_depot_id_FK foreign key (DepotId) references Depot (DepotId));
                    --constraint staff_cpc_id_FK foreign key (CpcId) references Cpc (CpcId));
                    
create table New_Staff_Audit (operation char(1), Stamp timestamp, UseriId text, StaffId int, SalaryId int, DepotId int, CpcId int, FirstName varchar(30), LastName varchar(30), AddressOne varchar(50),
                              AddressTwo varchar(50), AddressThree varchar (50), PostCode varchar(10), Dob date);

create or replace function Process_New_Staff_Audit() RETURNS TRIGGER as $New_Staff_Audit$
BEGIN
-- create a row in emp_audit to reflect the operation performed on emp,
-- make use of the special variable TG_OP to work out the operation
    IF (TG_OP = 'DELETE') THEN
      INSERT INTO New_Staff_Audit
      values ('D',now(),user, old.StaffId, old.SalaryId, old.DepotId, old.CpcId, old.FirstName, old.LastName, old.AddressOne, old.AddressTwo, old.AddressThree, old.PostCode, old. Dob);
      --SELECT 'D', now(), user(), OLD.*;
    RETURN OLD;
    ELSEIF (TG_OP = 'UPDATE') THEN
      INSERT INTO New_Staff_Audit
      VALUES('u',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'U', now(), user(), NEW.*;
    return NEW;
    ELSEIF (TG_OP = 'INSERT') THEN
      INSERT INTO New_Staff_Audit
      VALUES('I',now(),user, new.StaffId, new.SalaryId, new.DepotId, new.CpcId, new.FirstName, new.LastName, new.AddressOne, new.AddressTwo, new.AddressThree, new.PostCode, new. Dob);
      --SELECT 'I', now(), user(), NEW,*;
    RETURN NEW;
    END IF;
RETURN NULL; -- result is ignored since this is an after input
END;
$New_Staff_Audit$ LANGUAGE plpgsql;     

create trigger New_Staff_Audit
after insert or update or delete on Staff
for each ROW
execute procedure Process_New_Staff_Audit();                    
--#################################################################
--Create StaffLicense Table
--#################################################################
create table StaffLicense (StaffLicenseId int not null, StaffId int constraint STAFF_ID_HAS_TO_BE_GREATER_THAN_0 check (StaffId > 0) not null, 
                           LicenseId int constraint LICENSE_ID_HAS_TO_BE_GREATER_THAN_0 check (LicenseId > 0) not null,
                           constraint staff_license_staff_license_id_PK primary key (StaffId,LicenseId), -- composite key creation
                           constraint staff_license_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                           constraint staff_license_license_id_FK foreign key (LicenseId) references License (LicenseId));

--#################################################################
--Create StaffTraininig Table
--#################################################################
create table StaffTraining (StaffTrainingID int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0 check (StaffId > 0) not null,
                            TrainingId int constraint Training_ID_HAS_TO_BE_GREATER_THAN_0 check (TrainingId > 0) not null, TrainingPassed boolean not null,
                            PassDate date, FailDate date, CpcHourTraining int,
                            constraint staff_training_staff_id_training_id_PK primary key (StaffId,TrainingId), -- composite key creation
                            constraint staff_training_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));
--#################################################################
--Create Function BUS_EXISTS_CHECK
--#################################################################                         
CREATE OR REPLACE FUNCTION BUS_EXISTS_CHECK(BusId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId FROM Bus a)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create CleanRota Table
--#################################################################
CREATE TABLE CleanRota (CleanRotaId serial unique NOT NULL,  BayNo int not null,
                        CONSTRAINT  clean_rota_clean_rota_id_PK PRIMARY KEY (CleanRotaId));
                        
--#################################################################
--Create StaffCleanRota Table
--#################################################################
create table StaffCleanRota (StaffCleanRotaID int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0_CLEAN_ROTA check (StaffId > 0) not null,
                            CleanRotaId int constraint Clean_Rota_ID_HAS_TO_BE_GREATER_THAN_0 check (CleanRotaId > 0) not null,
                            constraint staff_clean_rota_staff_id_clean_rota_id_PK primary key (StaffId,CleanRotaId), -- composite key creation
                            constraint staff_clean_rota_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_clean_rota_clean_rota_id_FK foreign key (CleanRotaId) references CleanRota (CleanRotaId));
--#################################################################
--Create Function ROUTE_EXISTS_CHECK
--#################################################################                         
CREATE OR REPLACE FUNCTION ROUTE_EXISTS_CHECK(RouteId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF RouteId IN (SELECT a.RouteId FROM Route a)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;            


--#################################################################
--Create Bus Table
--################################################################
create table Bus (BusId serial not null, DepotId int not null, BusType varchar (30) not null, 
                  BusCapacity int constraint BUS_CAPACITY_HAS_TO_BE_GREATER_THAN_0 check (BusCapacity > 0) not null,
                  BusHeight int constraint BUS_HEIGHT_HAS_TO_BE_GREATER_THAN_0 check (BusHeight > 0) not null,
                  BusWidth int constraint BUS_WIDTH_HAS_TO_BE_GREATER_THAN_0 check (BusWidth > 0) not null,
                  BusReg varchar (7) not null,
                  constraint bus_bus_id_PK primary key (BusId),
                  constraint bus_depot_id_FK foreign key (DepotId) references Depot (DepotId));
--#################################################################
--Create BusCleanRota Table
--#################################################################
create table BusCleanRota (BusCleanRotaID int not null, BusId int CONSTRAINT BUS_DOES_NOT_EXIST_CLEAN_ROTA check (BUS_EXISTS_CHECK(BusId))not null,
                            CleanRotaId int constraint Clean_Rota_ID_HAS_TO_BE_GREATER_THAN_0 check (CleanRotaId > 0) not null,
                            constraint BUS_clean_rota_bus_id_clean_rota_id_PK primary key (BusId,CleanRotaId), -- composite key creation
                            constraint bus_clean_rota_bus_id_FK foreign key (busId) references bus (busId),
                            constraint bus_clean_rota_clean_rota_id_FK foreign key (CleanRotaId) references CleanRota (CleanRotaId));
--#################################################################
--Create BusTraining Table
--################################################################
create table BusTraining (BusTrainingID int not null, BusID int CONSTRAINT BUS_DOES_NOT_EXIST_BUS_TRAINING check (BUS_EXISTS_CHECK(BusId))not null,
                          TrainingId int not null,
                          constraint bus_training_bus_training_id_PK primary key (BusId, TrainingId),
                          constraint bus_training_bus_id_FK foreign key (BusId) references Bus (BusId),
                          constraint bus_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));
--#################################################################
--Create Route Table
--################################################################  
create table Route (RouteId serial not null, DepotId int not null, RouteDesc varchar (40) not null, 
                   RestrictedHeight int constraint RESTRICTED_HEIGHT_HAS_TO_BE_GREATER_THAN_0 check (RestrictedHeight > 0) not null,
                    RestrictedWidth int constraint Restricted_WIDTH_HAS_TO_BE_GREATER_THAN_0 check (RestrictedWidth > 0) not null,
                    constraint route_route_id_PK primary key (RouteId),
                    constraint route_depot_id_FK foreign key (DepotId) references Depot (DepotId));       


--#################################################################
--Create RouteTraining Table
--################################################################
create table RouteTraining (RouteTrainingID int not null, RouteID int CONSTRAINT ROUTE_DOES_NOT_EXIST_ROUTE_TRAINING check (ROUTE_EXISTS_CHECK(RouteId))not null,
                          TrainingId int not null,
                          constraint route_training_route_training_id_PK primary key (routeId, TrainingId),
                          constraint route_training_route_id_FK foreign key (routeId) references Route (routeId),
                          constraint route_training_training_id_FK foreign key (TrainingId) references Training (TrainingId));
--#################################################################
--Create BusRota Table
--################################################################
create table BusRota (BusRotaId serial not null, Service int not null, ServiceDesc varchar(40) not null,ServiceTime varchar(2) not null,
                      constraint bus_rota_bus_rota_id_PK primary key (BusRotaID));

--#################################################################
--Create RouteBusRota Table
--################################################################                    
create table RouteBusRota ( RouteBusRotaId int not null, RouteId int CONSTRAINT ROUTE_DOES_NOT_EXIST_ROUE_BUS_ROTA check (ROUTE_EXISTS_CHECK(RouteId)) not null, BusRotaId int not null,
                            constraint route_bus_rota_route_bus_rota_id_PK primary key (RouteId,BusRotaId),
                            constraint route_bus_rota_route_id_FK foreign key (RouteId) references Route (RouteId),
                            constraint route_bus_rota_bus_rota_id_FK foreign key (BusRotaID) references BusRota (BusRotaID));
--#################################################################
--Create Function BUS_WIDTH_CHECK
--################################################################# 

CREATE OR REPLACE FUNCTION BUS_WIDTH_CHECK(BusId INTEGER, BusRotaID INTEGER ) -- test this function
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId 
             FROM Bus a, Route b, RouteBusRota c
             where a.BusId = BUS_WIDTH_CHECK.BusId
             and c.BusRotaId =  BUS_WIDTH_CHECK.BusRotaID
             and c.RouteId = b.RouteID
             and a.BusWidth <= b.RestrictedWidth)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;            
--#################################################################
--Create Function BUS_HEIGHT_CHECK
--################################################################# 

CREATE OR REPLACE FUNCTION BUS_HEIGHT_CHECK(BusId INTEGER, BusRotaId INTEGER)
RETURNS BOOLEAN AS
$$
BEGIN
IF BusId IN (SELECT a.BusId
             FROM Bus a, Route b, RouteBusRota c
             where a.BusId = BUS_HEIGHT_CHECK.BusId
             and c.BusRotaId = BUS_HEIGHT_CHECK.BusRotaID
             and c.RouteId = b.RouteID
             and a.BusHeight <= b.RestrictedHeight)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;                
--#################################################################
--Create BusBusRota Table
--################################################################  
create table BusBusRota ( BusBusRotaId int not null, BusId int CONSTRAINT BUS_DOES_NOT_EXIST_BusBusRota check (BUS_EXISTS_CHECK(BusId))not null, BusRotaID int 
                          constraint BUS_WIDTH_TOO_BIG_FOR_ROUTE CHECK (BUS_WidTH_CHECK(BusID,BusRotaID)) 
                          constraint BUS_HEIGHT_TOO_BIG_FOR_ROUTE CHECK (BUS_HEIGHT_CHECK(BusId, BusRotaID))not null, 
                          constraint bus_bus_rota_bus_bus_bus_rota_id_PK primary key (BusId,BusRotaId),
                          constraint bus_bus_rota_bus_id_FK foreign key (BusId) references BUS (BusId),
                          constraint bus_bus_rota_bus_rota_ID_FK foreign key (BusRotaId) references BusRota (BusRotaId));
--#################################################################
--Create Function DRIVER_BUS_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_BUS_CHECK(StaffId integer, BusRotaId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b, BusTraining c, BusBusRota d
                 where DRIVER_BUS_CHECK.staffId = b.StaffId
                 and b.TrainingId = c.TrainingId
                 and DRIVER_BUS_CHECK.BusRotaId = d.BusRotaId
                 and DRIVER_BUS_CHECK.staffId = a.StaffId
                  and c.BusID = d.BusID
                  and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    

--#################################################################
--Create Function DRIVER_ROUTE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_ROUTE_CHECK(StaffId integer, BusRotaId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffTraining b, RouteTraining c, RouteBusRota d
                 where DRIVER_ROUTE_CHECK.staffId = b.StaffId
                 and b.TrainingId = c.TrainingId
                 and c.RouteID = d.RouteID
                 and DRIVER_ROUTE_CHECK.BusRotaId = d.busRotaId
                 and DRIVER_ROUTE_CHECK.staffId = a.StaffId
                 and b.TrainingPassed = 'yes')
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    

--#################################################################
--Create Function DRIVER_CAR_LICENSE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_CAR_LICENSE_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffLicense b
                 where a.staffId = b.staffId
                 and b.licenseId = 1)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    
--#################################################################
--Create Function DRIVER_BUS_LICENSE_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_BUS_LICENSE_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, StaffLicense b
                 where a.staffId = b.staffId
                 and b.licenseId = 3)
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;    
--#################################################################
--Create Function DRIVER_CPC_CERT_CHECK
--################################################################# 
CREATE OR REPLACE FUNCTION DRIVER_CPC_CERT_CHECK(StaffId integer)
RETURNS BOOLEAN AS
$$
BEGIN
IF StaffId IN (SELECT a.staffId
                 FROM Staff a, Cpc b
                 where a.staffId = b.staffId
                 and ExpiryDate != now())
THEN RETURN true;
ELSE RETURN false;
END IF;
END;
$$ LANGUAGE PLpgSQL;
--#################################################################
--Create StaffBusRota Table
--################################################################
 
create table StaffBusRota ( StaffBusRotaId int not null, StaffId int constraint STAFF_ID_IS_TO_BE_GREATER_THAN_0_CLEAN_ROTA check (StaffId > 0) not null,
                            BusRotaId int constraint BUS_ROTA_ID_HAS_TO_BE_GREATER_THAN_0 check (BusRotaID > 0) 
                            constraint DRIVER_UNABLE_TO_DRIVE_BUS CHECK (DRIVER_BUS_CHECK(staffId, BusRotaId)) 
                            constraint DRIVER_UNABLE_TO_DRIVE_ROUTE CHECK (DRIVER_ROUTE_CHECK(staffId, BusRotaId))
                            constraint DRIVER_HAS_NO_CAR_LICENSE CHECK (DRIVER_CAR_LICENSE_CHECK(staffId))
                            constraint DRIVER_HAS_NO_BUS_LICENSE CHECK (DRIVER_BUS_LICENSE_CHECK(staffId))
                            constraint DRIVER_HAS_NO_CPC_CERT CHECK (DRIVER_CPC_CERT_CHECK(staffId))not null,                           
                            constraint staff_bus_rota_staff_id_bus_rota_id_PK primary key (StaffId, BusRotaID),
                            constraint staff_bus_rota_staff_id_FK foreign key (StaffId) references Staff (StaffId),
                            constraint staff_bus_rota_bus_rota_id_FK foreign key (BusRotaId) references BusRota (BusRotaId));



[bookmark: _Toc535589147]APPENDIX B
[bookmark: _Toc535589148]Table population for the wHole Database in PostgreSQL
Required to be run in the exact order provided below
Please note that the code can be copied directly from the below block to be implemented
--################################################################
--################################################################      
-- TABLE POPULATION
--################################################################
--################################################################                      
BEGIN;
                
insert into License (LicenseDesc)
Values ('Car License'),
('Provisional Bus License'),
('Bus License');
COMMIT; 

BEGIN;
Insert into depot (DepotLocation,NoOfBays)
VALUES ('Swansea',4),
('Cardiff',4),
('Newport',4),
('Brecon',4),
('Aberystwyth',4);
COMMIT; 

BEGIN;
insert into salary (ScaleNumber, Scale)
values (1,10000),
(2,12000),
(3,15000),
(4,18000),
(5,20000),
(6,23000),
(7,28000),
(8,32000),
(9,36000),
(10,40000),
(11,50000);
COMMIT; 

BEGIN;
insert into training (Trainingdesc)
values ('Double Decker'),
('Single Decker'),
('Mini Bus'),
('Small Coach'),
('Large Coach'),
('CPC Part One'),
('CPC Part Two'),
('CPC Part Three'),
('CPC Part Four'),
('Route One'),
('Route Two'),
('Route Three'),
('Route Four'),
('Provisional Driver Training');
COMMIT; 

BEGIN;
insert into staff (SalaryId, DepotID, cpcId, FirstName, LastName,AddressOne, AddressTwo, AddressThree, PostCode, Dob,jobRole)
values (7,1,1,'lee','joseph','7 bro marven','dunstan','swansea','sa27fr','15/05/1981','Bus Driver'),
(7,1,2,'joel','jones','67 trouble lane','dunvant','swansea','sa75dr','16/08/2000','Bus Driver'),
(7,1,3,'pete','marks','59 luna avenue','uplands','swansea','sa98fi','25/09/1999','Bus Driver'),
(7,1,4,'nick','jones','24 pantry avenue','morriston','swansea','sa45hy','16/06/2000','Bus Driver'),
(1,1,null,'smantha','smith','12 fortune lane','mumbles','swansea','sa67gt','17/07/1995','Cleaner'),
(2,1,null,'john','ellis','8 candle road','westcross','swansea','sa78de','18/08/1991','Cleaner');
COMMIT; 

BEGIN;
insert into staffTraining (StaffTrainingId,StaffId,TrainingId,TrainingPassed, PassDate)
values (11,1,1,'yes','25/05/2018'),
(12,1,2,'yes','25/05/2018'),
(16,1,6,'yes','25/05/2018'),
(17,1,7,'yes','25/05/2018'),
(18,1,8,'yes','25/05/2018'),
(19,1,9,'yes','25/05/2018'),
(100,1,10,'yes','25/05/2018'),
(111,1,11,'yes','25/05/2018'),
(112,1,12,'yes','25/05/2018'),
(113,1,13,'yes','25/05/2018'),
(23,2,3,'yes','25/05/2018'),
(24,2,4,'yes','25/05/2018'),
(26,2,6,'yes','25/05/2018'),
(27,2,7,'yes','25/05/2018'),
(28,2,8,'yes','25/05/2018'),
(29,2,9,'yes','25/05/2018'),
(210,2,10,'yes','25/05/2018'),
(211,2,11,'yes','25/05/2018'),
(212,2,12,'yes','25/05/2018'),
(213,2,13,'yes','25/05/2018'),
(33,3,3,'yes','25/05/2018'),
(31,3,1,'yes','25/05/2018'),
(36,3,6,'yes','25/05/2018'),
(37,3,7,'yes','25/05/2018'),
(38,3,8,'yes','25/05/2018'),
(39,3,9,'yes','25/05/2018'),
(310,3,10,'yes','25/05/2018'),
(311,3,11,'yes','25/05/2018'),
(312,3,12,'yes','25/05/2018'),
(313,3,13,'yes','25/05/2018'),
(42,4,2,'yes','25/05/2018'),
(43,4,4,'yes','25/05/2018'),
(46,4,6,'yes','25/05/2018'),
(47,4,7,'yes','25/05/2018'),
(48,4,8,'yes','25/05/2018'),
(49,4,9,'yes','25/05/2018'),
(410,4,10,'yes','25/05/2018'),
(411,4,11,'yes','25/05/2018'),
(412,4,12,'yes','25/05/2018'),
(413,4,13,'yes','25/05/2018');


BEGIN;
insert into cpc (StaffId, DateAchieved, ExpiryDate )
values (1,'25/05/2018','25/05/2023'),
(2,'25/05/2018','25/05/2023'),
(3,'25/05/2018','25/05/2023'),
(4,'25/05/2018','25/05/2023');
COMMIT; 


BEGIN;
insert into StaffLicense (StaffLicenseId,StaffId,LicenseId)
values (11,1,1), --  car license for staff 1
(13,1,3),-- bus license for staff 1
(21,2,1), --  car license for staff 2
(23,2,3),-- bus license for staff 2
(31,3,1), --  car license for staff 3
(33,3,3),-- bus license for staff 3
(41,4,1), --  car license for staff 4
(43,4,3);-- bus license for staff 4
COMMIT; 


BEGIN;
insert into bus (DepotId,BusType,BusCapacity,BusHeight,BusWidth,BusReg)
values (1,'Double Decker',80,10,3,'w345fgy'),
(1,'Single Decker',80,5,2,'x647fhu'),
(1,'Mini Bus',80,2,2,'p973jip'),
(1,'Small Coach',80,4,2,'r798bus'),
(1,'Large Coach',80,8,3,'r798bus');
COMMIT; 

BEGIN;
insert into BusTraining (BusTrainingID, BusID, TrainingId)
values (11,1,1),
(22,2,2),
(33,3,3),
(44,4,4),
(55,5,5);
COMMIT; 


BEGIN;
insert into route ( DepotId, RouteDesc, RestrictedHeight, RestrictedWidth )
values (1,'Route One',10,3),
(1,'Route Two',5,2),
(1,'Route Three',2,2),
(1,'Route Four',4,2);
COMMIT; 

BEGIN;
insert into  RouteTraining (RouteTrainingID ,RouteID, TrainingId)
values (110,1,10),
(211,2,11),
(312,3,12),
(413,4,13);
COMMIT; 

BEGIN;
insert into busRota (Service, ServiceDesc,ServiceTime)
values (1,'Service One','am'),
(2,'Service Two','pm'),
(3,'Service Three','am'),
(4,'Service Four','pm');
COMMIT; 


BEGIN;
insert into RouteBusRota (RouteBusRotaId, RouteId, BusRotaId)
VALUES (11,1,1),
(22,2,2),
(33,3,3),
(44,4,4);
COMMIT; 

BEGIN;
insert into BusBusRota (BusBusRotaId, BusId, BusRotaID)
VALUES (11,1,1),
(32,3,2),
(33,3,3),
(34,4,4);
COMMIT; 

BEGIN;
insert into staffBusRota (StaffBusRotaId,StaffId,BusRotaId)
VALUES (11,1,1),
(22,2,2),
(33,3,3),
(44,4,4);   
COMMIT; 

BEGIN;
insert into CleanRota (bayNo)
values(1),
(2),
(3),
(4);
COMMIT; 

BEGIN;
insert into BusCleanRota (BusCleanRotaID,BusId,CleanRotaId)
values (11,1,1),
(22,2,2),
(33,3,3),
(44,4,4);
COMMIT; 

BEGIN;
insert into staffCleanRota(StaffCleanRotaID, StaffId,CleanRotaId)
VALUES (51,5,1),
(62,6,2),
(53,5,3),
(54,5,4);
COMMIT; 

[bookmark: _Toc535589149]APPENDIX C
[bookmark: _Toc535589150]DB Query for the wHole Database in PostgreSQL
Please note that the code can be copied directly from the below block to be implemented
--################################################################
--################################################################      
-- CLEAN ROTA SELECT STATEMENT
--################################################################
--################################################################  
select b.staffId, a.firstname, a.lastname, c.bayNo, d.busId, e.bustype  
from staff a, staffcleanrota b, cleanrota c, buscleanrota d, bus e
where a.staffid = b.staffId
and b.cleanrotaid = c.cleanrotaid
and c.cleanrotaid = d.cleanrotaid
and d.busid = e.busid;

--################################################################
--################################################################      
-- DRIVER BUS ROUTE ROTA SELECT STATEMENT
--################################################################
--################################################################  
select b.staffid, a.firstname, a.lastname, c.busrotaid, d.busid, f.bustype, e.routeId
from staff a, staffbusrota b, busrota c, busbusrota d, routebusrota e, bus f
where a.staffid = b.staffId
and b.busrotaid = c.busRotaId
and c.busrotaid = d.busRotaId
and c.busrotaid = e.busrotaid 
and d.busid = f.busid;

--################################################################
--################################################################      
-- SELECT_NEW_SALARY_AUDIT_TABLE
--################################################################
--################################################################  
select * from New_Salary_Audit;

--################################################################
--################################################################      
-- SELECT_New_Staff_Audit_TABLE
--################################################################
--################################################################  

select * from New_Staff_Audit;


[bookmark: _Toc535589151]APPENDIX D
[bookmark: _Toc535589152]Full code for MongoDB Creation with no joins
Please note that the code can be copied directly from the below block to be implemented
DO NOT include the comments for the creation as these are simply provided for a description of actions
-- mongo DB
-- create database
use mongobuscompany 
-- view the contents of the database

db.mongobuscompany 
-- create the collections
db.createCollection("staff") 
db.createCollection("Salary") 
db.createCollection("license") 
db.createCollection("depot") -

-- get all of the collections
db.getCollectionNames() 
-- individual inserts
db.license.insert({
   
   licensedesc: 'car license'  
})
db.license.insert({
   
   licensedesc: 'Provisional Bus License'
})
db.license.insert({
   
   licensedesc: 'full Bus License' 
})

db.license.find().pretty() 

-- mass inserts by implemting the use of variable inserts
db.depot.insert([

                {
                   
                   depotlocation: 'swansea', 
                   nooofbays: 4    
                },
                {
                   
                   depotlocation: 'cardiff',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'newport',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'brecon',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'aberystwyth',
                   nooofbays: 4
                }
   
])
-- selects all documents within the colllection
db.license.find().pretty() 

-- mass inserts

db.Salary.insert([

                {
                   
                   scalenumber: 1, 
                   scale: 10000
                },
                {
                   
                   scalenumber: 2, 
                   scale: 120005
                },
                {
                   
                   scalenumber: 3, 
                   scale: 15000
                },
                {
                   
                   scalenumber: 4, 
                   scale: 18000
                },
                {
                   
                   scalenumber: 5, 
                   scale: 20000
                },
                {
                   
                   scalenumber: 6, 
                   scale: 23000
                },
                {
                   
                   scalenumber: 7, 
                   scale: 28000
                },
                {
                   
                   scalenumber: 8, 
                   scale: 32000
                },
                {
                   
                   scalenumber: 9, 
                   scale: 36000
                },
                {
                   
                   scalenumber: 10, 
                   scale: 40000
                },
                {
                   
                   scalenumber: 11,
                   scale: 50000
                }
   
])
       

--- all in one document
db.staff.insert({ 
                    salary: 10000,
                    depot: "swansea",
                    firstname: "smantha",
                    lastname: "smith",
                    address: "12 fortune lane, mumbles, swansea",
                    postcode: "sa67gt",
                    licence:""  
               })
               
db.staff.insert({ 
                    salary: 12000,
                    depot: "swansea",
                    firstname: "john",
                    lastname: "ellis",
                    address: "8 candle road, westcross, swansea",
                    postcode: "sa78de",
                    licence:""  
               })                  
db.staff.insert([
                 {
                    salary: 28000,
                    depot: "swansea",
                    firstname: "lee",
                    lastname: "joseph",
                    address: "7 bro marven, dunstan, swansea",
                    postcode: "sa27fr",
                    licence: ["car license","bus license"]
                   
                },
                {
                    salary: 28000,
                    depot: "swansea",
                    firstname: "joel",
                    lastname: "jones",
                    address: "67 trouble lane, dunvant, swansea",
                    postcode: "sa75dr",
                    licence: ["car license","bus license"]
                   
                },
                {
            
                    salary: 28000,
                    depot: "swansea",
                    firstname: "pete",
                    lastname: "marks",
                    address: "59 luna avenue, uplands, swansea",
                    postcode: "sa98fi",
                    licence: ["car license","bus license"]
                   
                },
                {
            
                    salary: 28000,
                    depot: "swansea",
                    firstname: "nick",
                    lastname: "jones",
                    address: "24 pantry avenue, morriston, swansea",
                    postcode: "sa45hy",
                    licence: ["car license","bus license"]
                   
                }
                
               ])   



[bookmark: _Toc535589153]APPENDIX E
[bookmark: _Toc535589154]Full code for MongoDB Creation with relational joins
Please note that the code can be copied directly from the below block to be implemented
DO NOT include the comments for the creation as these are simply provided for a description of actions
-- mongo DB
-- create database
use mongobuscompany 
-- view the contents of the database

db.mongobuscompany 
-- create the collections
db.createCollection("staff") 
db.createCollection("Salary") 
db.createCollection("license") 
db.createCollection("depot") -

-- get all of the collections
db.getCollectionNames() 
-- individual inserts
db.license.insert({
   
   licensedesc: 'car license'  
})
db.license.insert({
   
   licensedesc: 'Provisional Bus License'
})
db.license.insert({
   
   licensedesc: 'full Bus License' 
})

db.license.find().pretty() 

-- mass inserts by implemting the use of variable inserts
db.depot.insert([

                {
                   
                   depotlocation: 'swansea', 
                   nooofbays: 4    
                },
                {
                   
                   depotlocation: 'cardiff',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'newport',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'brecon',
                   nooofbays: 4
                },
                {
                   
                   depotlocation: 'aberystwyth',
                   nooofbays: 4
                }
   
])
-- selects all documents within the colllection
db.license.find().pretty() 

-- mass inserts

db.Salary.insert([

                {
                   
                   scalenumber: 1, 
                   scale: 10000
                },
                {
                   
                   scalenumber: 2, 
                   scale: 120005
                },
                {
                   
                   scalenumber: 3, 
                   scale: 15000
                },
                {
                   
                   scalenumber: 4, 
                   scale: 18000
                },
                {
                   
                   scalenumber: 5, 
                   scale: 20000
                },
                {
                   
                   scalenumber: 6, 
                   scale: 23000
                },
                {
                   
                   scalenumber: 7, 
                   scale: 28000
                },
                {
                   
                   scalenumber: 8, 
                   scale: 32000
                },
                {
                   
                   scalenumber: 9, 
                   scale: 36000
                },
                {
                   
                   scalenumber: 10, 
                   scale: 40000
                },
                {
                   
                   scalenumber: 11,
                   scale: 50000
                }
   
])


db.staff.insert({ 
                    salaryid: ObjectId("5c4076a2507c21d060fcbdab"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "smantha",
                    lastname: "smith",
                    address: "12 fortune lane, mumbles, swansea",
                    postcode: "sa67gt",
                    licence:""  
               })
               
db.staff.insert({ 
                    salaryid: ObjectId("5c4076a2507c21d060fcbdab"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "john",
                    lastname: "ellis",
                    address: "8 candle road, westcross, swansea",
                    postcode: "sa78de",
                    licence:""  
               })              

db.staff.insert([
                 {
                    salaryid: ObjectId("5c4076a2507c21d060fcbdb1"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "lee",
                    lastname: "joseph",
                    address: "7 bro marven, dunstan, swansea",
                    postcode: "sa27fr",
                    licence:  [
                               ObjectId("5c4079b4507c21d060fcbdb6"),
                               ObjectId("5c4079b6507c21d060fcbdb8")
                              ]
                   
                },
                {
                    salaryid: ObjectId("5c4076a2507c21d060fcbdb1"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "joel",
                    lastname: "jones",
                    address: "67 trouble lane, dunvant, swansea",
                    postcode: "sa75dr",
                    licence:  [
                               ObjectId("5c4079b4507c21d060fcbdb6"),
                               ObjectId("5c4079b6507c21d060fcbdb8")
                              ]
                   
                },
                {
            
                    salaryid: ObjectId("5c4076a2507c21d060fcbdb1"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "pete",
                    lastname: "marks",
                    address: "59 luna avenue, uplands, swansea",
                    postcode: "sa98fi",
                    licence:  [
                               ObjectId("5c4079b4507c21d060fcbdb6"),
                               ObjectId("5c4079b6507c21d060fcbdb8")
                              ]
                   
                },
                {
            
                    salaryid: ObjectId("5c4076a2507c21d060fcbdb1"),
                    depotid:  ObjectId("5c407408507c21d060fcbda6"),
                    firstname: "nick",
                    lastname: "jones",
                    address: "24 pantry avenue, morriston, swansea",
                    postcode: "sa45hy",
                    licence:  [
                               ObjectId("5c4079b4507c21d060fcbdb6"),
                               ObjectId("5c4079b6507c21d060fcbdb8")
                              ]
                   
                }
                
               ])
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