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Object-Oriented Car Park Simulation

User Guide

1.
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Clone/download/unzip the project.

Ensure JDK 17+ is installed (Corretto 23 recommended).
Generate Maven sources

Run the main class: CarParkSimulation.java

Output is displayed in the console

. Logs are generated in src/logs/
. Configurable parameters are in config.json

. To enable persistent vehicle storage, comment out line 29 (clearVehicleFile())

in VehicleData. (It is currently enabled due to running the simulation over the
same 7-day period, which results in negative payments.
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Best Practices in OOP Implementation

This section examines the implementation of key (OOP) object orientated
programming principles within the car park simulation. Primarily on Aggregation
inheritance, polymorphism and design patterns.

Aggregation

Within the simulation, the CarParkManager class aggregates multiple components,
including the VehicleEntryHandler, VehicleExitHandler, CarPark, and Logger classes,
and includes various readers, sensors and barriers. The individual components
encapsulate their own specific responsibilities, such as managing vehicle entry and
exit, logging events, and processing number plate and barcode information, while
remaining loosely coupled with the manager class. This promotes modularity [1] With
the ability to independently modify or add new components to the system without the

need to modify the manager class.

) {
+ regNumber);

Entrance barrier

Invalid number plate * + regNumber);




public void

) throws

Number Plate");

return
}
elseq{

Inheritance

Within the carpark simulatioritance has been employed to promote code
reusability and extensibility. [2]*

Abstract Classes

The |IDReader is an abstract class that defines the behaviour of recognition
mechanisms. It is extended by the concrete classes BarcodeReader and
NumberPlateReader, each implement their own device specific logic.




package CarPark.

import j

public abstract class IdRead
public abstract String read() throws FileNotFound

} catch(
throw new

}

return




Similarly, the Barrier abstract class encapsulates common attributes and methods.[3]
required by all physical barriers such as location and the open state. Whereas the
associated subclasses EntranceBarrier and ExitBarrier, while currently not
imented, can have their own entry and exit logic if required.

4
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This simulation design allows for polymorphic substitution, allowing components such
as CarParkManager to interact with the barriers and ID readers through the abstract
types without reliance on the concrete implementations. [4]. This allows for future
expansion with the ability to add new reader types or different barriers, such as a staff
only barrier, or QR code readers.

Interfaces

Interfaces are used within the simulation to enforce behavioural contracts, decoupling
logic from implementation[5). The sensor interface defines a single method to detect
vehicles and is implemented by both entranceSensor and exitSensor. This allows the
CarParkManager to interact with any sensor without knowing the specific details of
how vehicles are detected. This ensures expansion opportunities for the system,
allowing for new sensors to be implemented.

Design Patterns (Observer Pattern)

The simulation uses the observer design pattern to decouple the system's internal
state from the user interface components. The CarPark class acts as the subject that
prompts an update from the observer, which is the FullSign class. The car park
occupancy triggers the observer and subsequently updates the display sign. The use
of the observer in this context follows the single responsibility principle[6]. Separating
the logic required to track occupancy also does not manage the display logic. It also
allows for expandability[7], with the option to implement additional observers for future
functionality.

verride
public void update(boolean full, int freeSpa
this.ful

this.freeSpaces
print();




verride
public void notifyObservers() {
boolean full = occup
int freeSpaces = capac
for (0b /er o

}

Class Descriptions and Relationships

CarParkManager

Responsibility: Acts as the central coordinator of the simulation. It manages the
overall workflow, including vehicle entry and exit, time progression, logging, and
coordination between subsystems.

Relationships:

* Aggregates VehicleEntryHandler, VehicleExitHandler, CarPark, Logger, Config,
and probabilityScheduler.

¢ Receives data from readers BarcodeReader, NumberPlateReader and updates
the car park state accordingly.

VehicleEntryHandler

Responsibility: Encapsulates the logic related to processing vehicles entering the car
park, including sensor detection, barrier control, registration validation, and vehicle
data registration.

Relationships:

e |Interacts with Sensor, Barrier, VehicleData, and CarPark.
* Called by CarParkManager during simulated vehicle entries

VehicleExitHandler

Responsibility: Handles the exit process, including vehicle identification, payment
calculation, barrier control, and updating vehicle status and car park occupancy.




Relationships:

* Uses Sensor, Barrier, VehicleData, and CarPark.
o Called by CarParkManager during simulation exits.

CarPark

Responsibility: Maintains the state of the parking facility, including capacity and
occupancy. Implements the Subject interface to notify observers of state changes.

Relationships:

* Notifies FullSign (an Observer) of changes in occupancy.
* Accessed by handlers and the manager to determine fullness and update
status.

VehicleData

Responsibility: Stores and manages both in-memory and persistent vehicle data,
including registration numbers, timestamps, vehicle type, and parking status.

Relationships:

* Called by handlers to add, remove, or query vehicle state.
» Serialises data to and from a JSON file.

Vehiclelnfo

Responsibility: Represents a complete record of a single vehicle's state, including
entry and exit times, type (staff/customer), and barcode (if applicable).

Relationships:

» Stored in VehicleData for persistent tracking.

Barrier (abstract)

Responsibility: Defines the structure and shared behaviour of entry and exit barriers.
Subclasses: EntranceBarrier, ExitBarrier

Relationships:

e Used by entry/exit handlers to control vehicle flow.
» Each subclass manages a physical access point.




Sensor (interface)

Responsibility: Provides an abstraction for simulated hardware sensors that detect
cars.

Implementations: EntranceSensor, ExitSensor
Relationships:

» Used polymorphically in handlers to trigger simulation behaviour upon vehicle
detection.

IDReader (abstract)

Responsibility: Represents an abstract interface for any ID reading mechanism.
Subclasses: BarcodeReader, NumberPlateReader
Relationships:

* Used by the manager to retrieve registration numbers and determine vehicle
types.
* Used by the manager to check if a valid staff barcode is presented.

FullSign

Responsibility: Implements the Observer interface and reflects the current state of
the car park (e.g., full status and remaining spaces).

Relationships:

* Observes the CarPark for changes.
« OQutputs updates visually to the console.

Logger

Responsibility: Handles persistent logging of simulation events to dated text files for
later review or debugging.

Relationships:

* Used by CarParkManager and handlers to log timestamps, vehicle activity, and
barrier states.




Config & ConfigLoader

Responsibility: Parses external configuration data (JSON) and exposes typed
parameters such as pricing, capacity, and time-based probabilities.

Relationships:

* Injected into CarParkManager, PaymentCalculator, and ProbabilityScheduler to
guide runtime behaviour.

PaymentCalculator

Responsibility: Calculates parking charges based on time duration and type (with
discounts for staff).

Relationships:

* Used in VehicleExitHandler and CarParkManager during vehicle departure.

ProbabilityScheduler

Responsibility: Determines entry and exit probabilities at specific times of day,
allowing the simulation to model real-world traffic patterns.

Relationships:

+ Reads from Config, used by CarParkManager to decide whether to simulate
entry or exit events each interval.




Static vs Dynamic Memory Allocation

Static Memory Allocation

Static memory is allocated during compilation, which reserves the memory required
before the program starts. This is used for primitive data types, static variables at class
level and constraints[8].

These variables are typically stored in the stack or method area[8]. Static memory
allocation is fast and predictable but lacks flexibility as the size must be known and not
require modification during execution.
Dynamic Memory Allocation

Dynamically allocated memory takes place during runtime and is used whenever a
new object is created and for dynamic data structures such as ArrayLists, HashMaps,
and HashSets[9].

Dynamically allocated memory is stored on the heap and is managed via a garbage
collector[9]. Java provides a garbage collector which reclaims memory when an object
is no longer required. This provides flexibility and scalability while the program is
running.

Justification of Data Structure Choices

The simulation has multiple data structures implemented to perform different tasks. It
uses HashMaps, HashSets, ArrayLists, Lists, and JSON files. | primarily use dynamic
memory as it allows for an undetermined number of vehicles to be simulated[9]. It also
allows for fast O(1) lookups[10].

HashMap<String, String> and HashMap<String, VehicleInfo>
Used in: VehicleData
Purpose:

« Stores currently parked vehicles with registration numbers as keys and either
entry timestamps or full VehicleInfo objects as values.

Why it's appropriate:
« Provides O(1) time complexity for lookups, insertions, and deletions.

« Perfect for checking if a vehicle is already parked or retrieving entry time
instantly.

HashSet<String>

Possible Use: Tracking known registration numbers or preventing duplicate entries.




Why it's appropriate:
« Guarantees the uniqueness of entries.

« Offers fast membership checks (like contains() in O(1)).

List<Observer> (via ArrayList)
Used in: CarPark (implements Subject)

Purpose:

« Stores registered Observer instances (like FullSign) to notify them of state
changes.

Why it's appropriate:
« Asimple and efficient way to support multiple subscribers.

« Ensures predictable iteration order.

ArrayList<Vehiclelnfo>
Used in: VehicleData

Purpose:

« Maintains a complete list of all vehicles that have ever entered the car park,
regardless of status.

Why it's appropriate:
« Supports dynamic resizing and ordered traversal.

« Enables exporting, logging, or iterating through historical vehicle records.

JSON Files (via List<VehicleInfo> serialised)

Used for: Persistent storage in vehicles.json
Purpose:

« Persists full vehicle history to disk.

« Backed by an in-memory ArrayList but stored as JSON.
Why it's appropriate:

« Lightweight and human-readable.

« Integrates well with the load/save logic.




Testing

Testing Frameworks and Tools

The simulation uses industry standard testing frameworks, ensuring correctness,
maintainability and regression safety[11].

JUnit 5 — Provides the foundation for writing and executing unit tests.

Mockito (v5.14.2) — Enables mocking of dependencies, such as sensors and barriers,
to isolate the unit under test.

Hamcrest — Used for readable assertions (e.g., assertThat(...)).

Testing Objectives

« Business logic correctness (vehicle entry, exit, pricing)

« Object interactions via interfaces and abstract classes

« Configuration parsing and system behaviour under variable conditions
« Realistic time-based scenarios through simulation intervals

Key Unit Test Examples

PaymentCalculatorTest
Verifies that staff discounts are applied correctly over a 2-hour interval

String

String

double r




VehicleEntryHandler

Confirms that entry logic utilises the correct components and records the vehicle

throws IOException {

, any(), eq("Customer"

jetOccupiedSpaces() ==

VehicleExitHandler

Confirms that the exit logic executes and logs are created.

Test Harness and Simulation Control

The runWeeklySimulation method in the CarparkManager itself acts as a test harness.




The simulation confirms the integration of subsystems and supports exploratory
testing of various real-world patterns.

s |t simulates a 7-day period with 15-minute intervals.
« Itrandomly triggers vehicle entries and exits based on the probabilityScheduler
* |t generated daily log files of activity




Video Demonstration
https://youtu.be/S1xAyzROhnY




Appendix

Generated Files

Mockaroo was used to generate a JSON file to contain 1000 number plates with 100
invalid number plates.

Source Code

package CarFPark;

import CarPark.Manager.CarParkManager;

public class CarParkSimulation
public static void main(Stringl] args)
CarParkManager manager = new CarParkManager();
manager.runWeeklySimulation() ;

package CarPark.Config;
import java.util.Map;

public class Config
private double pricePerHour;
private double discountFactorStaff;
private int capacity;
private Map<String, TimeWindowProbability> entryExitPrcobabilities;

public double getPricePerHour |
return pricePerHour;

public void setPricePerHour (double pricePerHour)
this.pricePerHour = pricePerHour;

public double getDiscountFactorStaff (
return discountFactorStaff;

public woid setDiscountFactorStaff (double discountFactorStaff
this.discountFactorStaff - discountFactorStaff;

public int getCapacity()
return capacity;

public void setCapacity(int capacity)
this.capacity = capacity’

public Map<String, TimeWindowProcbability> getEntryExitProbabilities()
return entryExitPrcbabilities;

public static class TimeWindowPrcbability




private int startHour;
private int endHour;
private double entry;
private double exit;

public int getStartHour() |

return startHour;

public int getEndHour () |
return endHour;

public double getEntry() |
return entry;

public double getExit() |
return exit;

package CarPark.Config;
import com.fasterxml.jackscon.databind.ObjectMapper;
import java.io.InputStream;
public class ConfigLoader ({
public static Config load(String fileName) |
try |
ObjectMapper mapper = new ObjectMapper();

InputStream inputStream =
Configleoader.class.getClassLoader () .getResourceAsStream("config. json");

if (inputStream == null)
throw new RuntimeException ("Unable to load config file: " +
fileName) ;
return mapper.readValue(inputStream, Config.class);
catch (Exception e) |
throw new RuntimeException("Unable to load config file: " + fileName,
e);

package CarPark.Devices.Barriers;

public abstract class Barrier |
protected String leocation;
protected boolean cpen;

public Barrier (String location) |
this.location = location;
this.open = false; }

public abstract void openBarrier();

public abstract void closeBarrier();

public veoid updateBarrier () |




System.cut.println("Barrier " + location + " is now " + (open
"closed") + ".");

public String getLeocation()
return location;

? "open"

package CarPark.Devices.Barriers;
public class EntranceBarrier extends Barrier |

public EntranceBarrier (String Location) {
super (Location);

@Override public veid cpenBarrier () |
open = true;

@0verride public veid closeBarrier (] |
open = false;

package CarPark.Devices.Barriers;
public class ExitBarrier extends Barrier |(

public ExitBarrier (String Location) {
super (Location);

@Override public veoid openBarrier() [
open = true;

@Override public veoid closeBarrier() |
open = false;

package CarFark.Devices.IDReaders;

import corg.json.simple.JSONArray;

import crg.json.simple.JSONObject;

import crg.json.simple.parser.JSONParser;
import org.json.simple.parser.ParseException;

import java.io.FileNotFoundExcepticn;
import java.io.IOException;

import java.io.InputStream;

import java.io.InputStreamReader;

public class BarcodeReader extends IdReader |
private String regNumber;

public String getRegNumber () {
return regNumber;




public veid setRegNumber (String regNumber) |
this.regNumber = regNumber;

@0Override public String read() throws FileNotFoundException {
JS0NParser parser = new JSONParser (] ;
InputStream inputStream =

getClass () .getClassLoader () .getResourceAsStream("staff.json");
if (inputStream == null)
throw new FileNotFoundException("staff.json not found in rescurces"

try (InputStreamReader reader = new InputStreamReader (inputStream)) |

JSONArray staffNumber = (JSONArray) parser.parse(reader);
for (Object o : staffNumber) |
JSONObject staffObj = (JSONObject) o;

if (regNumber.equals(staffObj.get ("reghumber"))) {
if (staffObj.get("staffBarccde”).equals(null)) |
throw new NullPcinterException ("barcode not found in
staff.jsen");
} else |
System.out.println (regNumber + " " +
staffObj.get ("staffBarcode").toString())
return staffObj.get("staffBarcede").toStringl);

} catch(IOException | ParseException e)/{
throw new RuntimeException(e);
3}

return null;

package CarFark.Devices.IDReaders;
import java.io.FileNotFoundException;

public abstract class IdReader |
public abstract String read() throws FileNotFoundException;

package CarPark.Devices.IDReaders;

import corg.json.simple.JSONArray;

import crg.json.simple.JSONObject;

import corg.json.simple.parser.JS50NParser;
import corg.json.simple.parser.ParseException;

import java.io.*;
import java.util.regex.Matcher;
import java.util.regex.Fattern;

public class NumberPlateReader extends IdReader |
private String regNumber;

public void setRegNumber (String regNumber) |
this.regNumber = regNumber;




}

@Override public String read() throws FileNotFoundException [
JSONParser parser = new JSOMParser ();
InputStream inputStream =
getClass () .getClassLoader () .getRescurceAsStream("uk numberplates.json");
if (inputStream == null) { -
throw new FileNotFoundException("uk numberplates.json not found in
resources") ; N

}
try (InputStreamReader reader = new InputStreamReader (inputStream)) |

JSONArray ukNumberplates = (JSONArray) parser.parse(reader);
int index = (int) (Math.random() * ukNumberplates.sizel());
JS0NObject plateObj = (JSONObject) ukNumberplates.get (index);
reglumber = (String) plateObj.get ("regNumber™);
System.out.println("Number Plate: " + regNumber);

} catch (IOExcepticn | ParseExcepticn e) |
throw new RuntimeExcepticnie);

}

return reglumber;

}

public beoolean walidateNumberplate (String regNumber) |
Pattern pattern = Pattern.compile ("~ [A-Z]({2}\\d{2} [A-Z]{3}5");
Matcher matcher = pattern.matcher (regNumber);

if (matcher.matches()) |
System.out.println("Valid Number Plate");
return true;

}

else|
System.out.println("Invalid Number Plate");
return false;

package CarPark.Devices.Sensors;

public interface Sensor |
woid detectCar();

}

package CarPark.Devices.Sensors;

public class EntranceSensor implements Senscr |

@Override public veoid detectCar() |
System.cut.println("Car detected: Entrance");
System.ocut.println(" \n" +

W
"y WAn" +

A R

package CarFark.Devices.Sensors;

public class ExitSensor implements Senscor |




@Override
System.out.println("Car detected:
System.out.println("  ‘\n" +

"OAI_LI_NNT L o+
"

LA
ne o)

public veoid detectCar() |
Exit");

_WAR" o+

EER

package CarPark.Devices.Sign;
import CarPark.Utils.Observer.Cbserver;

public class FullSign implements Obserwver |
private boolean full;
private int freeSpaces;
private String location;
public FullSign(boclean full, int freeSpaces,

this.full = full;

this.freeSpaces = freeSpaces;

this.location = location;

@0verride public veoid update (boclean full, int
this.full = full;
this.freeSpaces = freeSpaces;
print ();

public wveid print() |

String location)

freeSpaces)

String paddedLocation = String.format ("%18s", (locaticn == null ||
locaticn.isEmpty ()) 7 "N/A" location);
System.cut.println (" ")
System.cut.println("| NPC: " + paddedLocation + " |");
System.out.printlni("| ")
System.ocut.println("| Car park full: "+ (full ? "O" "}y o+ "
System.out.printlni("| ")
System.cut.printf ("| Free spaces: %3d |\n", freeSpaces);
System.out.printlni("| 1"

1"

package CarPark.Handlers;

CarPark.Devices.Barriers.Barrier;
CarPark.Devices.IDReaders.NumberFlateReader;
CarPark.Devices.Sensors.Sensor;
CarPark.IO.Logger;

CarPark.Models.CarPark;
CarPark.Models.VehicleData;

import
import
import
import
import
import

import java.io.IOException;

public class VehicleEntryHandler [
private final Sensor entranceSensor;
private final Barrier entranceBarrier;
private final NumberFPlateReader numberPlateReader;
private final VehicleData wehicleData;
private final CarPark carPark;

public VehicleEntryHandler (Sensor entranceSensor,

Barrier entranceBarrier,




NumberPlateReader numberPlateReader, VehicleData
vehicleData, CarPark carPark) |
this.entranceSensor = entranceSensor;
this.entranceBarrier - entranceBarrier;
this.numberFlateReader - numberFPlateReader;
this.vehicleData = vehicleData;
this.carPark = carPark;

public woid handleEntry(String timestamp, Logger logger, String regNumber,
String type, String staffBarcode) throws IOException
entranceSensor.detectCar (] ;

logger.log(timestamp + " - Vehicle detected by Entrance Sensor");
if (carPark.getFreeSpaces() == 0] |

displayFullCarArt();

logger.log(timestamp + " - CarPark is Full");

return;

if (numberPlateReader.validateNumberplate (regNumber)) |
logger.log(timestamp + " - Valid number plate " + regNumber);
entranceBarrier.openBarrier();
entranceBarrier.updateBarrieri);
logger.log(timestamp + " - Entrance barrier opened");

vehicleData.addVehicle (regiumber, timestamp, type, staffBarcode) ;

carPark.setOccupiedSpaces (carPark.getOccupiedSpaces() + 1);

logger.log (timestamp + " - " + type +
+ regNumber + " | Remaining spaces: "

entered with Registraticn:
+ carPark.getFreeSpaces());

entranceBarrier.closeBarrier();
entranceBarrier.updateBarrieri);
logger.log(timestamp + " - Entrance Barrier Closed");
relse|
logger.log(timestamp + " - Invalid number plate " + reghumber);

private void displayFullCarArt() {
System.out.println("Carpark is Full");
System.out.println (" “n'" o+
NI Ant o+
" )\n" o+

IR e

package CarPark.Handlers;

import CarPark.Devices.Barriers.Barrier;
import CarPark.Devices.Sensors.Sensor;
import CarPark.IO.Logger;

import CarPark.Models.CarFark;

import CarPark.Models.VehicleData;

import java.io.IOException;

public class VehicleExitHandler {




private final Sensor exitSensor;
private final Barrier exitBarrier;
private final VehicleData wehicleData;
private final CarPark carPark;

public VehicleExitHandler (Sensor exitSensor, Barrier exitBarrier,
WVehicleData wvehicleData, CarPark carPark) |
this.exitSensor = exitSensor;

this.exitBarrier = exitBarrier;
this.vehicleData = vehicleData;
this.carPark = carPark;

public void handleExit (String timestamp, Logger logger, String regNumber,
String type, String staffBarcode, double cost)
throws IOException
exitSensor.detectCari);
logger.log(timestamp +

- Vehicle detected by Exit Senscr");

logger.log(timestamp + - + regNumber + ment Calculated at £"
cost) ;
logger.log(timestamp + " - " + regNumber + " Payment made");
exitBarrier.openBarrier();
exitBarrier.updateBarrier();
logger.log(timestamp + " - Exit Barrier Opened");
carPark.setOccupiedSpaces (carPark.getOccupiedSpaces() - 1);
if (staffBarcode != null) |
logger.log(timestamp + " - " + type + ": " + staffBarcode + "
exited with Registraticn: " + regNumber + " | Remaining spaces: " +
carPark.getFreeSpaces ()) ;
else |
logger.log(timestamp + " - " + type + " exited with Registration:

+ regNumber + " | Remaining spaces: " + carPark.getFreeSpaces());

exitBarrier.closeBarrier();
exitBarrier.updateBarrier();
logger.log (timestamp + " - Exit Barrier Closed");

vehicleData.markVehicleExited (regNumber, timestamp);

package CarFark.IO;

import java.io.BufferedWriter;
import java.io.FileWriter;
import java.io.IOException;

public class Logger
private final BufferedWriter writer;

public Logger (String logFilePath) throws IOException |

this.writer = new BufferedWriteri(new FileWriter(logFilePath));

public woid logiString message) throws IOException |
writer.write (message);
writer.newlLine () ;

public wvoid close() throws IOExcepticn {




writer.flush();
writer.close();

package CarPark.Logic;

import java.time.LocalDateTime;
import java.time.temporal.ChrecnolUnit;

public class PaymentCalculator
private final double baseRate;
private final double staffDiscount;

public PaymentCalculatoeor (double baseRate, double staffDiscount) {
this.baseRate - baseRate;
this.staffDiscount staffDiscount;

public double calculate(String type, String entryTimeStr, String exitTimeStr) |
double rate = "Stafi".equals(type) ? baseRate * staffDiscount : baseRate;
LocalDateTime entry = LocalDateTime.parse (entryTimeStr);
LocalDateTime exit LocalDateTime.parse (exitTimeStr) ;
long minutes = ChronolUnit.MINUTES.between (entry, exit);
double duration = minutes / 60.0;
return Math.round (rate * duration * 100.0) / 100.0;

package CarFark.Logic;

import CarPark.Config.Config;

import java.util.Map;

public class PreobabilityScheduler (
private final Config config;

public ProbabilityScheduler(Config confiqg) {
this.config = config;
public double getProbability(int hour, boolean isEntry) |
for (Map.Entry<String, Config.TimeWindowProbability> entry
config.getEntryExitProbabilities () .entrySet()) {
Config.TimeWindowProbability window = entry.getValue();

boolean inRange = (window.getStartHeour () <= window.getEndHour ())
7 hour window.getStartHour () && hour < windeow.getEndHour()
hour »= window.getStartHour () || hour < window.getEndHour();
// handles overnight
if (inRange) |
return isEntry ? window.getEntry() : window.getExit();

1
Config.TimeWindowFrobability def =
config.getEntryExitProbabilities () .get ("default");
return isEntry ? def.getEntry() : def.getExit();

1




package CarPark.Manager

import CarPark.Config.Config;

import CarPark.Config.ConfigLoader;

import CarPark.Devices.Barriers.ExitBarrier;
import CarPark.Devices.IDReaders.BarcocdeReader;
import CarPark.Devices.Sensors.ExitSenscr;
import CarPark.Devices.Sign.FullSign;

import CarPark.Devices.IDReaders.NumberPlateReader;
import CarPark.Handlers.VehicleEntryHandler;
import CarPark.Handlers.VehicleExitHandler;
import CarPark.IO.Logger;

import CarPark.Models.CarFark;

import CarPark.Devices.Barriers.Barrier;

import CarPark.Devices.Barriers.EntranceBarrier;
import CarPark.Devices.Sensors.EntranceSensocr;
import CarPark.Models.VehicleData;

import CarPark.Logic.ProbabilityScheduler;
import CarPark.Logic.PaymentCalculator;

import java.io.*®;
import java.time.LocalDateTime;

import java.time.format.DateTimeFormatter;

public class CarParkManager

private final Config config = Configloader.load("config.jscn");
private final VehicleData wvehicleData = new VehicleDataf();
private final CarPark carPark = new CarPark();

private final FullSign fullSign;
private final NumberPlateReader numberPlateReader =

new NumberPlateReader ();
private final BarcodeReader barcodeReader = new BarcodeReader():;

private final EntranceSenscr entranceSensor = new EntranceSensor();

private final ExitSensor exitSensor = new ExitSensor();

private final Barrier entranceBarrier = new EntranceBarrier("Entrance");

private final Barrier exitBarrier = new ExitBarrier("Exit");

private final String leocation = "Swansea";

private final ProbabilityScheduler scheduler = new
ProbabilityScheduler (config) ;

private final PaymentCalculator paymentCalculator;

private final VehicleEntryHandler entryHandler;

private final VehicleExitHandler exitHandler;

private int capacity;

private double pricePerHour;

private double staffDiscountFactor;

public CarParkManager () |
this.capacity = config.getCapacity();
this.pricePerHour = config.getPricePerHour () ;

this.staffDiscountFactor = config.getDiscountFactorStaff();

fullSign = new FullSign(false, capacity, location);
paymentCalculator = new PaymentCalculator (pricePerHour,

staffDiscountFactor)

entryHandler = new VehicleEntryHandler (entranceSensor,

numberPlateReader, wehicleData, carPark);
exitHandler = new VehicleExitHandler (exitSensor,
carPark) ;
carPark.setCapacity(capacity);
carPark.setlLocation(location) ;
carPark.addObserver (fullSign) ;
carPark.setPricePerHour (pricePerHour) ;

public void runWeeklySimulationi) |

entranceBarrier,

vehicleData,




LocalDateTime currentTime = LocalDateTime.of (2025, 6, 1, 0, 0);

DateTimeFormatter timestampFormatter =
DateTimeFormatter.ISO_LOCAL DATE TIME;

DateTimeFormatter logFileFormatter = DateTimeFormatter.ofPattern(

dd") ;
new File("src/logs").mkdir();

for (int day = 0; day < 7; day++) |
String dateString = currentTime.format (logFileFormatter);
String logFilePath = "src/legs/leg " + dateString + ".txt";

Logger logger = null;
try |
logger = new Logger(leogFilePath);
logger.log(location + "\t" + "Car Park Logs for: " + "\t" +
datesString);

for (int interwal = 0; interwval < 96; interval++)] |
currentTime = currentTime.plusMinutes (15);
String timestamp = currentTime.format (timestampFormatter) ;

fullSign.update(isFull (), carPark.getFreeSpaces());

int hour = currentTime.getHour();
double entryProbability = scheduler.getProbability (hour, true);
double exitProbability = scheduler.getProbability(hour, false);

double action = Math.random() ;
if (action < entryProbability) |
processVehicleEntry(timestamp, logger):
else if (action < entryProbability + exitProbability &&
'isEmpty () ) {
processVehicleExit (timestamp, logger)

logger.log ("End of lcg for + dateString) ;
catch (IOExcepticn e) |
e.printStackTrace () ;
finally |
if (logger != null)
try |
logger.close (] ; } catch (IOException

e.printStackTrace();

private void processVehicleEntry(String timestamp, Logger logger) throws
ICException {
String regNumber = generateUniquePlate(];
String[] staffInfo = checkStaff(regNumber).split ("\\|");
String type = staffInfol0];
String staffBarcode = staffInfolll];
entryHandler.handleEntry (timestamp, logger, regNumber, type, staffBarcode);

private void processVehicleExit(String timestamp, Logger logger) throws
ICException {
String regNumber = vehicleData.peekRandomVehicle () ;
if (regNumber == null) |




System.out.println("No Record of Licence Plate Detected - please
contact member of staff");

return;

String[] staffInfo = checkStaff(regNumber).split ("\\|");

String type = staffInfol0];

String staffBarcode = staffInfolll;

double cost = paymentCalculator.calculate (type,
vehicleData.getVehicles() .get (regNumber), timestamp);

exitHandler.handleExit (timestamp, logger, regNumber, type, staffBarcode,
cost) ;

private boolean isFull() {
return carPark.getFreeSpaces() == 0;

ﬁrivate boolean isEmpty() |

return carPark.getOccupiedSpaces() == 0;

private String generatelUniquePlate() throws FileNotFoundExcepticn {
String regNumber;
do |

reglumber = numberFPlateReader.read();
while (vehicleData.getVehicles() .containsKey(regNumber)];

return reglumber;

private String checkStaff (String regNumber) throws FileNotFoundException |
barcodeReader. setRegNumber (regNumber) ;
String staffBarcode = barceodeReader.read();
String type = (staffBarcode != null) ? "Sta
return (type + "|" + staffBarcode);

"Custeomer";

package CarPark.Models;

import CarPark.Utils.Observer.Cbserver;
import CarPark.Utils.Observer.Subject;

import java.util.Arraylist;
import java.util.List;

public class CarPark implements Subject [

private int capacity;

private int occupiedSpaces;

private double pricePerHour;

private String location;

private final List<Observer> cbservers = new Arraylist<>(];

@0verride public void addObserwver (Observer o) |
observers.add (o) ;

@0verride public veid removeObserver (Observer o) |
cbservers.remove (o)

@0Override public veid notifyObservers () |
boolean full = occupiedSpaces >= capacity;
int freeSpaces = capacity - occupiedSpaces;




for (Observer o : cbservers) |
o.update (full, freeSpaces);

public int getFreeSpaces () |
return capacity - cccupiedSpaces;

public void setCapacity(int capacity) |
this.capacity = capacity;

public int getCapacity() {return capacity;}

public void setOccupiedSpaces (int occupiedSpaces) |
this.occupiedSpaces = cccupiedSpaces;
notifyObservers();

public int getOccupiedSpaces (] {(return cccupiedSpaces;}

public woid setPricePerHour(double pricePerHour) |
this.pricePerHour = pricePerHour;

public double getPricePerHour (] {return pricePerHour;}

public void setLocation(String location]) |

this.location = location;

public String getLocation(] {return location;)

package CarPark.Models;

import java.io.IOException;

import java.nio.file.Files;

import java.nio.file.Path;

import java.nio.file.Paths;

import java.nio.file.StandardOpenOpticn;
import java.util.*;

public class VehicleData
private HashMap<String, String> wvehicles = new HashMap<>();
private final Path VEHICLE_FILE = Paths.get("data", "vehicles.json");

public HashMap<String, String> getVehicles () |
return vehicles;

public boolean hasVehicles(String regNumber, String entryTime) {

return vehicles.containsKey(regNumber) ;

public String getEntryTimeFor (String regNumber) {
String entryTime = vehicles.get(regNumber.trimi));
return (entryTime != null) ? entryTime "y

public VehicleData() |




clearVehicleFile () ;

loadAllVehicles() ; // Loads nothing after deletion
1}
public String peekRandomVehiclel() {

if (vehicles.isEmpty()) return null;

List<String> keys = new ArrayList<>(vehicles.keySet());

return keys.get(new Random() .nextInt (keys.sizel()));
private void clearVehicleFile() |

try |

Files.createDirectories (VEHICLE FILE.getParent());

// Always write walid empty JSON to start the file

Files.write (VEHICLE_FILE, "[]".getBytes(), StandardOpenOption.CREATE,
StandardOpenOption.TRUNCATE EXISTING) ;

System.out.println("vehicles.json reset with empty array.");
} catch (IOExcepticn e) |
System.err.println("Failed toc reset vehicles.json");

e.printStackTrace();

public void addVehicle(String reghNumber, String entryTime,String type,String
staffBarccde) |
List<VehiclelInfo> wehiclelist = loadAllVehicles();
wvehiclelist.removelIf (v -> w.getRegNumber () .equals (reglumber)) ;
vehiclelist.add(new VehiclelInfo(reghlumber, entryTime, "", type,
staffBarcode, "Parked") ) ;

vehicles.put (regNumber.trim(), entryTime.trim(]);
savehllVehicles(vehiclelList);

public wvoid markVehicleExited(String regNumber, String exitTime) |
List<VehiclelInfo>» all = loadAllVehicles();
for (VehicleInfo wvehicle : all) |
if (vehicle.getReghumber () .equals (regNumber)) |
vehicle.setExitTime (exitTime) ;
vehicle.setStatus ("Exited");
break;

saveAllVehicles(all);

public void setVehicles (HashMap<String, String> wehicles) |
this.vehicles = vehicles;
private void saveaAllVehicles (List<VehiclelInfo> list) |{
try |
Files.createDirectories (VEHICLE FILE.getParent());

StringBuilder json = new StringBuilder ("[\n"):

for(int i =0; i < list.size(); i++) |

VehicleInfo vehicle = list.get(i);
json.append(" {\n");
json.append (" Y "reghumberh":

""" .append(vehicle.getRegNumber () .trim() ) .append ("\",\n") ;
json.append (" “entryTime\":

\"") .append(vehicle.getEntryTime () .trimi() ) .append ("\", \n") ;
json.append (" WexitTime\":

\"") .appendivehicle.getExitTime () .trim() ) .append ("\",\n") ;
json.append (" \oype\":

\"") .append(vehicle.getType () .trim() ) .append ("\",\n") ;




json.append (" “"staffBarcode\":

\"") .append(vehicle.getStaffBarcode() .trim()) .append ("\",
json.append (" \"status\":

\"") .append(vehicle.getStatus () .trim() ) .append ("\"\n")
json.append(" }");
if (i< list.size() - 1)
json.append("\n") ;

\a");

json.append(",");
ﬁson.appendt"i ")

Files.write(VEHICLE FILE, jscn.tcString().getBytes(),
StandardOpeEOptlon .CREATE,
StandardOpenOption.TRUNCATE EXISTING) ;
catch tIOExceptloﬁ e)
e.printStackTrace();

private List<WVehicleInfo> lcadAllVehiclesi()
List<VehicleInfo> wvehiclelist
vehicles.clear () ;
try |

new ArrayList<>();
// Ensure fresh state

if (!Files.exists (VEHICLE_EILE)J return vehiclelList;

String rawJson = new String(Files.readAllBytes (VEHICLE FILE)) .trim(];
if (rawJson.length() <= 2} return vehiclelist;

rawJson = rawJson.substring(l,
String[] objects = rawJson.split ("\\},\\s*\\{");
for (String object cbjects) |
String cleanObject = cbject.replaceAll ("[h%W{LV4WiN"1",
String[] fields = cleanObject.split(",");

String regNumber = "", entryTime = "",exitTime = "", type = "",
staffBarcode = "", status ="";

rawJson.length() - 1).trim();

") Ltrim();

for (String field : fields)
String[] keyValue =

field.trim() .split(":", 2);
if (keyValue.length -= 2)

switch (keyValue[O].trim())
case "regNumber":

regNumber

break;

case "entry

keyValue[l].trim();

entryTime = keyValue[l].trim();
break;

case "exitTime":
exitTime = keyValue[l].trim();
break;

case "type":
type keyValue[l].trim();
break;

case "sta arcode"
staffBarcode = keyValue[l].trim();
break;

case "status":
status = keyValue[l].trim();
break;

if (!regNumber.isEmptyi()) {

vehiclelList.addinew VehiclelInfo(reglumber, entryTime, exitTime,
status));

if

type, staffBarcode,

("Parked" .equals(status)) |

vehicles.put (regNumber, entryTime);

catch (IOExcepticon e)
e.printStackTrace();




return vehiclelist;

package CarPark.Models;

public class VehiclelInfo
private String regNumber;

private String entryTime;
private String exitTime;
private String type;

private String staffBarcode;
private String status;

public VehicleInfo(String regNumber, String entryTime, String exitTime, String
type, String staffBarcede, String status)
this.regNumber = regNumber;
this.entryTime = entryTime;
this.exitTime = exitTime;
this.type = type;
this.staffBarcode - staffBarcode;
this.status - status;

public String getRegNunmber (
return reglumber;

public String getEntryTime (
return entryTime;

public String getExitTime ()

return exitTime;

public String getType(

return type;

public String getStaffBarcode (
return staffBarcode;

public String getStatus(
return status;

public veoid setRegNumber (String regNumber)
this.reglumber = regNumber;

public void setEntryTime (String entryTime)
this.entryTime = entryTime;




public void setExitTime(String exitTime)
this.exitTime - exitTime;

public void setType(String type)
this.type = type;

public void setStaffBarcode(String staffBarcode)
this.staffBarcode = staffBarcode;

public void setStatus (String status)
this.status - status;
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