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[bookmark: _Toc235497974]Introduction
The objective of this project is to analyse the city-based parking service “AutoPark Management System”, and to design and implement a “Microsoft Access” database system to streamline operations. This minimizes data entry errors, which were previously caused by manual recording.
The development encompassed all necessary stages leading up to the final database deployment, ranging from the initial analysis to the creation of the required design diagrams.
[bookmark: _Toc235497975]Main Body
[bookmark: _Toc235497976]	Scenario Analysis
Following the analysis, the resulting entities, attributes, and relationships were identified, as illustrated in the diagram below and detailed in this section.
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Figure 1- Conceptual Diagram
By analysing this scenario, it was possible to identify 6 entities, 3 of which are weak entities, as well as the attributes of the entities according to the diagram above.
Now, I will detail the entities and relationships:
· Customer: A customer can create one or more Bookings, hence the Many-to-One(M:1) relationship. Similarly, a Customer can have one or more Vehicles, resulting in an Many-to-Many(M:N) relationship, which I will explain further in the Vehicle section.
· Vehicle: After a deep analysis, I concluded that a vehicle can have multiple customers. For example, in a family where a couple uses the same vehicle, they can create bookings on different days or times. We can also imagine a scenario where a user sells their vehicle; therefore, the same vehicle can have different owners, meaning different customers. Thus, I can conclude that the relationship between the Customer and Vehicle entities is Many-to-Many(M:N).
· ParkSite: I decided to separate the site from the slots because I envision the site as a building that contains multiple slots; therefore, this entity contains the address and description if necessary. I also didn't see the need for a name attribute in this entity, because this database is designed for a single company. Consequently, the relationship between ParkSite and ParkSlot is One-to-Many (1:M).
· ParkSlot: This is an entity that represents the slots of the park sites, which includes the slot code, which is nothing more than a unique code for each site, the floor, and the zone. Further ahead, I included as an example the zone "NONE", which can be used for sites that do not have zones.
· Booking: It is a weak entity because it depends on other entities such as Customer, Vehicle, and ParkSlot. When a customer creates a booking, they must select the vehicle they intend to bring, as well as the slot at the site they wish to book. Based on this information, the relationships I was able to identify are:
· Booking to Customer is Many-to-One (M:1), meaning a customer can create, modify, or cancel a booking, but each booking can only have one customer.
· Booking to Vehicle is Many-to-One (M:1), meaning when a customer creates a booking, they must select only one vehicle that they intend to bring.
· Booking to ParkSlot is Many-to-One (M:1), meaning during the creation of the booking, the customer must select the slot of a park they wish to book.
· Payment: It is a weak entity because it depends heavily on the Booking entity, given that as soon as a customer creates a booking, this process must generate a payment process for the booking in question. It is also possible to generate a payment if it is necessary to refund the amount of a cancelled booking, or for using a slot past its allocated time (“Overstayed”). Therefore, looking at the scenario this way, the relationship between Payment and Booking is One-to-Many(1:M), meaning a Payment can be associated with only one Booking, while a Booking can generate multiple Payments depending on the status of the Booking.
[bookmark: _Toc235497977]	Entity Relationship Diagram (ERD)
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Figure 2- Logical Diagram
The logical diagram accurately describes the primary and foreign keys as well as the cardinality. However, I will also add a few important points.
First, I would like to point out that the letter "U" stands for “Unique”. Therefore, it can be observed that some tables have just the letter “U” or “U1”, etc. In the case of the Customer, the “Document Id” field is unique, as is the “Address ID”. However, in the ParkSlot table, the “Slot Code” and the “Park Site ID” are unique but as a composite constraint meaning the combination of both fields is unique, which is why they are marked with “U1”.

[bookmark: _Toc235497978]Normalisation (Up to 3NF)
Since the tables were already in 2NF, meaning all fields depend on the whole primary key and there are no partial dependencies, I was able to advance to 3NF by eliminating transitive dependencies.
One of the steps applied was splitting Payment into PaymentStatus and PaymentType. In other words, if I were to keep the text fields in the main table, the status name and status description would depend on the status ID, and not on the payment ID itself. By isolating these into separate tables, it was possible to eliminate the transitive dependency. The same pattern was applied to BookingStatus and to the ParkSlot tables (Type, Status, Zone).
[bookmark: _Toc235497979]	Forms
Before moving on to the next sections, I would like to point out that I have some knowledge of programming and Object-Oriented Programming (OOP), which is reflected in what I implemented regarding the VBA (Visual Basic for Applications)[1][2][3] code. I also have some knowledge of SQL, including LEFT and INNER JOIN’s.
Since I experienced some difficulty creating an “MS Access” query that contains multiple statements at the same time and I am not sure if this is a limitation of the DBMS or not, I asked AI assistants like ChatGPT and Gemini how to read a file and execute a query via code. The AI’s suggested creating a module and implementing the necessary code. That was when I decided to build an SQL interpreter. Essentially, given a specific SQL file, this interpreter reads the file's content and splits it by semicolons (“;”), since each SQL statement/query ends with a semicolon.
Based on the list obtained from this split, I created a loop that executes the list element by element.
I would also like to point out that the interpreter accepts an “@EXEC” flag. The purpose of this flag is to call the 'Sub' or 'Function' with its respective arguments (or lack thereof) as defined in the SQL.
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Figure 3- SQL Interpreter
1. SQL Interpreter class
2. Line of code that splits the SQL file contents by “;”
3. Loop that iterates through the contents to execute SQL queries or call Subs/Functions
4. Function that receives the full SQL file path and starts the interpreter process
5. Reads the file content
6. Processes the read file content
Having said that, we can now move on to explain the functionality of the following form.
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Figure 4- Main Form
This form is basically the gateway to creating, deleting, and inserting tables and sample data from the SQL files inside the “sqls” folder, which will be included in the zip file. Therefore, it is important to note that the folder in question must be kept together with the database file for this form to function correctly.
This form contains the following buttons:
· Create Database: Creates the tables, leaving them empty. If these tables already exist, they will be deleted and recreated.
· Delete All Data: Responsible for deleting all tables and their respective data.
· Delete All Records: If the tables contain data, this button clears all records from all tables.
· Insert Default Records: This button inserts all data defined in the “insert_data.sql” file located in the “sqls” folder.
· Update Reports: Sets up the queries for the 'Booking' and 'Payments' reports. It is necessary to create these reports with these exact names if they do not already exist.
It is important to emphasize that you must close all tabs before executing any of these buttons; otherwise, you may encounter runtime errors.
[bookmark: _Toc235497980]	Data Structure Design
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Figure 5- Created Table’s
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Figure 6- Queries to create City, Address, Customer and Vehicle Table’s
[image: ]
Figure 7- Queries to create CustomerVehicle, ParkSlotType, ParkSlotStatus, ParkSlotZone and ParkSite Table’s
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Figure 8- Queries to create ParkSlot, BookingStatus and Booking Table's
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Figure 9- Queries to create PaymentType, PaymentStatus and Payment Table's
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Figure 10- Relationships/Physical Diagram
I will also include another physical diagram in the appendix section, created from the “physicalERD.dbml” file, which will also be included in the zip file. To view the diagram online, you should go to this link https://dbdiagram.io/home, click on “Create your diagram”, and then copy the content of the “physicalERD.dbml” file and paste it into the code editor section.
[bookmark: _Toc235497981]	Sample Data
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Figure 11- Address Data
[image: ]
Figure 12- Booking Data
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Figure 13- Booking Status Data
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Figure 14- City Data
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Figure 15- Customer Data
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Figure 16- Customer Vehicle Data
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Figure 17- Park Site Data
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Figure 18- Park Slot Data
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Figure 19- Park Slot Status Data
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Figure 20- Park Slot Type Data
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Figure 21- Park Slot Zone Data
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Figure 22- Payment Data
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Figure 23- Payment Status Data
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Figure 24- Payment Type Data
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Figure 25- Vehicle Data
[bookmark: _Toc235497982]	Queries and Reports
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Figure 26- Query ParkSite Slot Size
Since I did not find it necessary to include the total number of slot's for each site, I decided to create a query for this purpose, counting the slot's belonging to each site.
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Figure 27- Booking Report
This report is used to list the information for each created booking, such as the customer, slot, site, vehicle, and check-in and check-out date times.
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Figure 28- Payment Report
Similar to the Booking Report, this report is used to list the generated payments as well as the customers' information.
[bookmark: _Toc235497983]	Validation and Testing
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Figure 29- Park Site Creation With non exists Address
This test confirms the address ID FK required to create a park site.
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Figure 30- Park Site Creation With duplicated Address id
This test confirms the existence of the unique constraint, given that the Address table and the ParkSite table have a One-to-One (1:1) relationship.
I could have performed other tests on the remaining tables manually, but I did not find it necessary to do so, since the table creation and data insertion were handled through SQL files.
[bookmark: _Toc235497984]	Reflection
One of the improvements I would make would be to create more forms for inserting, updating, and deleting data in at least four tables, namely Customer, Booking, ParkSite, and ParkSlot thereby allowing better data management through a user interface.
Another improvement I would implement is the creation of Audit tables for at least the payment and booking tables. This would allow for better tracking of their history, such as who changed what and when, when the payment was made, who generated the payment, and whether it was triggered by the application itself or by the service that verifies bank clearances.
Additionally, I would like to implement unit tests in VBA to validate all database constraints.
[bookmark: _Toc235497985]Conclusion
In conclusion, the transition from manual records to a digitized and centralized solution constitutes a critical milestone in the modernization of the enterprise. Through this project, it is possible to observe the transformation of a process highly susceptible to human error and information loss into an automated, secure, and scalable ecosystem.
Through this project, I was able to expand my knowledge of “MS Access” by utilizing VBA, while also witnessing the platform's enormous potential, despite encountering a few limitations.
[bookmark: _Toc235497986]References
[1] D. Schneider and D. I. Schneider,Introduction to Programming Using Visual Basic, BoD–Books on Demand, 2024. 
[2] R. Stephens, Visual basic graphics programming, John Wiley & Sons, 2010. 
[3] S. P. AchaIjee, "Database Design and Application Development using Visual Basic and MS Access for Administration of a Library," 2004, 
[bookmark: _Toc235497987]Appendices
[image: ]
Figure 31- Physical Diagram create on Db Diagram
Page 1 | 1

image3.png
#3 Microsoft Visual Basic for Applications - [SqlFilelnterpreter (Code)] - a x

& Fle Edt View Inset Debug Run Tools Add-lns Window Help & x
BE-d a8 b1 aRIEEE @ can g
Ml M= =] [(oectrations) -

regEx.IgnoreCase = True

5 & Assessmentl (Assessmentl) regEx.Pattern = "AGEXEC .*" ' Check start with "GEXEC "

S Moronof Actas Clocs O status = regEx.Test (sqiline)
] Form_Main Set regEx = Nothing ' Free memory
8 Report_Bockng IsExec = status
B Report_Poyments End Function
(23 Modues
&3 Gass Moddes: Private Function RunsglContents (ignorsErrors As Boolean) As Boolean
) BookingProcessor Dim commands () As String

Dim index As Long

. 2]

8o BN e

oo b

Gl Cormands = sp1ar (pcomtenca, %) T eparace sach comands o
O e -

8 PeymentProcessor
 sabelnterreter For index = LBound (commands) To USound (commands)
) verckprocessor " Delete empty spaces, line breaks and tabs of init/end
curzencCmd = Trim(Replace (Replace (commands (index), vbCz, " "), VOLf, " ™))

* Only run if current cmd is not empty
If Len(currentCnd) > 0 Then

* MagBox currentCmd, vbInformation ' FOR DESUG

It ignoreErrors Then

Propertie - Salfillnterpreter x| on Error Resume Next
Ena 1e

SqlfileInterpreter

Classiodue If IsExec(currentCmd) Then

Alphabetic Categorized Call RunExec(currentCmd)

|Name)  SqFieInterpreter Else .

etnargl: Pt CurrentProject.Connection. Exscute currentCnd | Use Connection.Execute to support TIMESTAME
Ena 1t

1f ignoreErrors Then
on Error GoTo 0
End It
End It
Next index
RunsglContents = True
Exit Function
BrocessError:
RunSglContents = False
MsgBox "Error on run script sgl: " & Err.description, vbCritical, "Error®
E£nd Function

 pubiic Funceions and Subs
Fubtie Fonricn Seavs (ipaesstczors ta Boctesn) As Seciesn ()
Sim stetas 3s Basieen
Call ReadsqiFile 4—@
CaI1 berereaticomments

It Len(pContence) o O Then
atatus = RunSalContents (ignoreErzors) <
E1ee
scatus = True
End 1t
Start = stacus

End Function





image4.png
Assessment] : Database- D:\Projects\UWTSD\Term2\Introduction to Web and Database Concepts\Assessment1\Assessmentl.accdb (Access 2007 - 2016 file format) - Access

Home Create External Data Database Tools Help
Lﬁ () & Replace
m@ [ Spelling Fing 2 GoTo~
S = I Select~

Clipboard Sort & Fifter Records Find Text Formatting

System Management

Create Database(Only Create Empty Tables)

Booking Delete Al Data(Tables and Records)
Bookingstat
i Delete All Records
Insert Default Records
tomerVehicle

Update Reports
Parksite

ParkSiot IMPORTANT: Need to close all opened tabs be y of bottons above
ParkSlotstat
ParkSlotType
ParkSlotZone
Payment

PaymentStatus

PaymentType

Booking
B Payments
Modules
[ —
[T —
Logger
[ —
[ —
SqlFiinterpreter

3 VehiclePr Records 14
Form View





image5.png
Home Create ExternalData DatabaseTools Help O Tell me what you want to do

in & Replace
m@ [ Spelling > GoTo~
= I Select~
Gipboard Sort & Fier Records Find Text Formatting

System Management
Create Database(Only Create Empty Tables)

Booking Delete All Data(Tables and Records)

R Delete All Records
city
Customer Insert Default Records
[E——

Update Reports
Parite
panstot IMPORTANT: Need to close all opened tabs before to start any of bottons abov
ParSotStat
ParSitType
ParSioZone
Payment
[—

PaymentType

Veticle
Queries
B ParkSiteTotiSiot

Forms

B Main
Reports
B Booking

B Payments

Modules

3 BookingProcessor
CustomerProcessor
LocationProcess
Logger
ParkPre
PaymentPr
SalFileinterpreter

I3 VehicleProcessor v || Recora: 14
Form View,





image6.png
*) create tables.sql - Assessment1 - Diagrams - Visual Studio Code

File Edit Selection View Go Run Terminal Help

D oo

v ASSESSMENT1
q > il New folder
~ & sqls

Z_o € create tablessql

€ drop_tables.sql

£ insert_datasql

D -$ConceptualERD.drawio.bkp

D) SLogicalERD.drawio.bkp

D ~WRL0O45tmp
#® Assessmentl.accdb

#® Assessmentl.laccdb.

B8 ConceptualERD drawio

B8 ConceptualERD drawio.png

g
Co % ~$se Manuel Carneiro_De_Alva_Noronh..

¥ Jose Manuel_Cameiro_De Alva_Noronh...
BB LogicalERD drawio

BB LogicalERD drawio.png

D) physicaleRD.dbdiagram

D) physicaleRD.dbml

‘B GA36a Level 4 Assessment Specification ...

€ > | Assessmentl

£ create tablessal sais X

22

2
25
26
27
28
29
30
E
32
£
34
35
36
37
35
e

a

sqls > € create_tables.sql

-~ City & Address Infos
CREATE TABLE City (
ID AUTOINCREMENT PRIMARY KEY,
CITY_NAME VARCHAR(10@) UNIQUE NOT NULL,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now()

CREATE TABLE Address (
ID AUTOINCREMENT PRIMARY KEY,
ADDRESS_LINE 1 VARCHAR(152) NOT NULL,
ADDRESS_LINE_2 VARCHAR(150) ,

COUNTY VARCHAR(100),

POST_CODE VARCHAR(50) NOT NULL,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now(),
CITY_ID INTEGER NOT NULL,

CONSTRAINT FK_Address_City FOREIGN KEY (CITY_ID) REFERENCES City (ID)

- Customer & Vehicles Infos
CREATE TABLE Customer [

[ ID AUTOINCREMENT PRIMARY KEV,

| cusToueR_name varcHaR(100) NOT UL

| DOCUMENT_ID VARCHAR(100) UNTQUE NOT NULL,
| emaze vaRcar(10e) noT NULL,

| PHone_numBER vaRCHAR(100),

| BANK_CARD_NUMBER VARCHAR(56) ,

| CREATED_AT DATETIME DEFAULT Now(),

| UPDATED_AT DATETIME DEFAULT Now(),

| ADDRESS_ID INTEGER NOT NULL UNIQUE,

E CONSTRAINT FK_Custoner. Address FOREIGN KEY (ADDRESS_ID) REFERENCES Address (ID)

CREATE TABLE Vehicle (
ID AUTOINCREMENT PRIMARY KEY,

REGISTRATION_NUMBER VARCHAR(109) UNIQUE NOT NULL,

CAR_NAME VARCHAR(100) NOT NULL,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now()
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sqls > & create tables.sal

CREATE TABLE Vehicle (
)5

CREATE TABLE CustomerVehicle (
CUSTOMER_ID INTEGER NOT NULL,
VEHICLE_ID INTEGER NOT NULL,

PRIMARY KEY (CUSTOMER_ID, VEHICLE_ID),

CONSTRAINT FK_CustomerVehicle_ Customer FOREIGN KEY (CUSTOMER_ID) REFERENCES Customer (ID),
CONSTRAINT FK_CustomerVehicle Vehicle FOREIGN KEY (VEHICLE_ID) REFERENCES Vehicle (ID)

-~ Parks Infos
CREATE TABLE ParkSlotType (
ID AUTOINCREMENT PRIMARY KEY,
TYPE_NAME VARCHAR(S@) UNIQUE NOT NULL,
DESCRIPTION TEXT

)5

CREATE TABLE Parkslotstatus (
ID AUTOINCREMENT PRIMARY KEY,
STATUS_NAME VARCHAR(50) UNIQUE NOT NULL,
DESCRIPTION TEXT

CREATE TABLE ParkSlotZone (
ID AUTOINCREMENT PRIMARY KEY,
ZONE_NAME VARCHAR(20) UNIQUE NOT NULL,
DESCRIPTION TEXT

CREATE TABLE ParkSite (
ID AUTOINCREMENT PRIMARY KEY,
DESCRIPTION TEXT,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now(),
ADDRESS_ID INTEGER NOT NULL UNIQUE,
CONSTRAINT FK_Parksite Address FOREIGN KEY (ADDRESS_ID)

REFERENCES Address (ID)
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sqls > & create tables.sal

CREATE TABLE ParkSite (
)5

CREATE TABLE Parkslot (
ID AUTOINCREMENT PRIMARY KEY,
SLOT_CODE varchar(10) NOT NULL,
FLOOR INTEGER NOT NULL,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now(),
TYPE_ID INTEGER NOT NULL,
STATUS_ID INTEGER NOT NULL,
ZONE_ID INTEGER NOT NULL,

SITE_ID INTEGER NOT NULL,

CONSTRAINT FK_Parkslot_Type FOREIGN KEY (TYPE_ID) REFERENCES ParkslotType (ID),
CONSTRAINT FK_Parkslot_Status FOREIGN KEY (STATUS_ID) REFERENCES ParkSlotStatus (ID),
CONSTRAINT FK_Parkslot_Zone FOREIGN KEY (ZONE_ID) REFERENCES ParkslotZone (ID),
CONSTRAINT FK_Parkslot_Site FOREIGN KEY (SITE_ID) REFERENCES ParkSite (ID)

)5

CREATE UNTQUE INDEX UQ_Parkslot ON Parkslot (SITE_ID, SLOT_CODE:

-~ Booking Infos
CREATE TABLE BookingStatus (
ID AUTOINCREMENT PRIMARY KEY,
STATUS_NAME VARCHAR(50) UNIQUE NOT NULL,
DESCRIPTION TEXT

)5

CREATE TABLE Booking (
ID AUTOINCREMENT PRIMARY KEY,
REFERENCE_CODE VARCHAR(50) UNIQUE NOT NULL,
START_DATE DATETIME NOT NULL,

END_DATE DATETIME NOT NULL,
CHECK_IN_DATE DATETINE,
CHECK_OUT_DATE DATETIVE,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now(),
STATUS_ID INTEGER NOT NULL,
CUSTOMER_ID INTEGER NOT NULL,
VEHICLE_ID INTEGER NOT NULL,
PARK_SLOT_ID INTEGER NOT NULL,

CONSTRAINT FK_Booking_Status FOREIGN KEY (STATUS_ID) REFERENCES BookingStatus (ID),
CONSTRAINT FK_Booking_Customer FOREIGN KEY (CUSTOMER_ID) REFERENCES Customer (D),
CONSTRAINT FK_Booking_Vehicle FOREIGN KEY (VEHICLE_ID) REFERENCES Vehicle (ID),
CONSTRAINT FK_Booking_Parkslot FOREIGN KEY (PARK_SLOT_ID) REFERENCES Parkslot (D),
CONSTRAINT CHK_BOOKING_START_END_DATE CHECK (START_DATE < END_DATE),

CONSTRAINT CHK_BOOKING_CHECK_IN_OUT_DATE CHECK (CHECK_IN_DATE < CHECK_OUT_DATE)
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CREATE TABLE Booking (

)5

-~ Payments Info
CREATE TABLE PaymentType (
ID AUTOINCREMENT PRIMARY KEY,
TYPE_NAME VARCHAR(S@) UNIQUE NOT NULL,
DESCRIPTION TEXT

CREATE TABLE PaymentStatus (
ID AUTOINCREMENT PRIMARY KEY,
STATUS_NAME VARCHAR(50) UNIQUE NOT NULL,
DESCRIPTION TEXT

CREATE TABLE Payment (
ID AUTOINCREMENT PRIMARY KEY,
AMOUNT CURRENCY NOT NULL,
CREATED_AT DATETIME DEFAULT Now(),
UPDATED_AT DATETIVME DEFAULT Now(),
BOOKING_ID INTEGER NOT NULL,
TYPE_ID INTEGER NOT NULL,
STATUS_ID INTEGER NOT NULL,
CONSTRAINT FK_Payment_Booking FOREIGN KEY (BOOKING_ID) REFERENCES Booking (ID),
CONSTRAINT FK_Payment_Type FOREIGN KEY (TYPE_ID) REFERENCES PaymentType (ID),
CONSTRAINT FK_Payment_Status FOREIGN KEY (STATUS_ID) REFERENCES PaymentStatus (ID)
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