2024

PROJECT’ S NAME: HYPER-CASUAL MOBILE GAME: MATCH 3

Hoang Minh Duc

THE UNIVERSITY OF DANANG
DANANG UNIVERSITY OF SCIENCE AND TECHNOLOGY
FACULTY OF INFORMATION TECHNOLOGY

GRADUATION PROJECT THESIS

MAJOR: INFORMATION TECHNOLOGY
SPECIALTY: INFORMATION SECURITY

PROJECT TITLE:

HYPER-CASUAL MOBILE GAME: MATCH 3

Instructor: Ph.D. PHAM CONG THANG
Student: HOANG MINH DUC
Student ID: 102190257
Class: 19TCLC DT6

Da Nang, 06/2024




THE UNIVERSITY OF DANANG
DANANG UNIVERSITY OF SCIENCE AND TECHNOLOGY
FACULTY OF INFORMATION TECHNOLOGY

GRADUATION PROJECT THESIS

MAJOR: INFORMATION TECHNOLOGY
SPECIALTY: INFORMATION SECURITY

PROJECT TITLE:

HYPER-CASUAL MOBILE GAME: MATCH 3

Instructor: Ph.D. PHAM CONG THANG
Student: HOANG MINH DUC
Student ID: 102190257
Class: 19TCLC DT6

Da Nang, 06/2024



DA NANG UNIVERSITY SOCIALIST REPUBLIC OF VIETNAM
UNIVERSITY OF SCIENCE AND TECHNOLOGY Independence - Freedom - Happiness
FACULTY .ottt eeeaaann..

GRADUATION PROJECT COMMENT

. General information:

. Student name: Hoang Minh Dtic

. Class: 19TCLC_DT6 Student ID: 102190257
. Topic title: Hyper-Casual Mobile Game: Match 3

I
1
2
3
4. Instructor: Pham Cong Thang Academic title/ degree: Ph.D.

Il. Reviews of graduation project

1. About the urgency, novelty, usability of the topic: (2 points)

4. The topic includes scientific value/article/problem solving of the enterprise or
school: (1 point)

V. Evaluation:
1. Evaluation point: ..../10
2. Suggest: Defense permitted/ Edit to defend/ Defense not permitted
Da Nang, date...... month....... 2024
Instructor



INSTRUCTOR’S COMMENT



STUDENT’S COMMENT



SUMMARY

Topic title: Hyper-Casual Mobile Game: Match 3
Student name: Hoang Minh Dt
Student ID: 102190257  Class: 19TCLC_DT®6

This project is a mobile game in the casual-puzzle genre aimed at providing
high entertainment value for everyone at any age and gender. Connecting people
through a shared experience.

The main appeal of this game will be its cute art style, simple-to-understand
gameplay, and engaging game mechanics.

This project also aims to develop an easy-to-use level designing tool, a game
structure that is fully customizable through the use of configuration files, and a
sophisticated game prediction algorithm to manage the apparent randomness of player
luck.
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PREFACE

This project report documents the efforts, discoveries, and achievements of myself in
creating a captivating mobile game, a project undertaken as part of my studies in
Information Technology here at Da Nang University of Science and Technology.

Throughout this report, |1 will provide an in-depth exploration of the development of
this game, from the initial concept and ideal phase to the implementation stages. | will
discuss the technologies utilized, the methodologies employed, and the decisions made
to overcome various technical and creative challenges.

| would like to convey my heartfelt gratitude to Mr. Pham Cong Thang, PhD from Da
Nang University of Science and Technology for his support and assistance in the
completion of this project. The completion of the project would not have been possible
without his help and insights.

Thankyou.
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Hyper-Casual Mobile Game: Match 3

INTRODUCTION

1. Aims of the project
- This project aims to develop a casual mobile game based on the classic game concept:

match 3, which is easy to understand, easy to play and have a high entertainment value

2. Target audience of the project
- The target audience for this project are: casual gamers, children, and older

players who enjoy simple and relaxing gameplay

3. Structure of this project
- Research about the chosen gerne/concept

- Decide on the core gameplay loop and mechanic of the game
- Design the game architecture, flow state and data structure
- Develop the game

- Writing project report and presentation

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

Chapter 1: OVERVIEW

1.1.  Why game as a project?

In an era where smartphones have become ubiquitous companions, mobile games
have emerged as a vibrant segment of digital entertainment. And with the current
demand being so high, this project aim to tap into the high potential market of mobile
game with a classic game concept: matching puzzle game or Match 3 in detail.

1.1.1. Why match 3?

Within the puzzle games genre, match-three is a fan favorite, mostly because
they’re easy to understand, simple to play, and entertaining.

The levels are quick and with each passing level, you feel a sense of accomplishment,
which in turn, drives positive feelings towards the game.

Bright colors and creative art and graphics make the game more enjoyable and
interesting.

1.2. Objectives of this project.
To create a mobile game with all the traditional functionality including:

- Implement gameplay.

- Sound effect system and a simple visual effect system.

- A gameplay loop consists of levels, gameplay with target and reward.

- Design a system allowing easy tweaking of game difficulty-based parameter.
- Implement user interface.

- Implement a level design tool.

- Design engaging level.

1.3. Technical Feasibility.
1.3.1. Game Engine

Game engine: Unity

Game engine version: 2021.3.35
Programing langue: C#

1.3.2. External tool

Code editor: Rider 2023

Image editor: Gimp 2.10

Audio editor: Audacity

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

1.4. Game Feature

For player:

- A full gameplay loop of classic match 3 mechanic consisting of:

O

O O O O

For developer:

Matching item

Game booster and a large variety of in game item
Hint

Level and its component (targets, moves ...)
Game flow for win, lose and retry

- Allevel design tool with user interface
- A debug menu for testing
- Fully customizable game config for every aspect of the game

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

Chapter 2: Game Design

2.1. The classic match 3 formula

The goal of match-three games is to form lines, chains, or groups of three or
more of the same elements. Your task is to line up the tiles and achieve three-in-a-row.
When this happens, it causes a chain reaction of more tiles to match, before the line or
matches disappear.

The board has various tiles that you need to move around, shift in order to get
them to drop down and match into lines or groups.

.AA LA L BA
.’ 21D, " sAf’_‘\L;‘\

Figure 2.1: Microsoft Jewels

The role of the player in this game will be to control the game board by touch and
swipe an item toward a direction (up, down, left, right) to swap position of that item to
the one next to it in that direction.

2.1.1. Game rule

When player entered a level. The player must complete the level target
(Destroy/collect an amount of items) before running out of available move.

The player win when target is reached within the move limit, otherwise the level
is failed

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

2.1.2. Control

Player control the game by swiping an item, swapping its place with the item next
to it in the direction of the swipe. Or taping items that support this interaction.

2.2. The modern twist

The classic match 3 mechanic have been around for very long time since the first
ever match 3 game that is Shariki a puzzle game by Russian programmer Eugene
Alemzhin and since the boom of the classic Microsoft Jewels this formula have already
been experienced by many players worldwide.

With that in mind, to keep the experience fresh and more up to date with the
current match 3 design, this project will introduce some new gameplay element:

2.2.1. Special items

This project will introduce some item that are more special than the regular color
based item:

Figure 2.2: matching special pattern

The Tnt: created by matching 5 item in the pattern resembling the letter T or L

@

Figure 2.3: The Tnt

- When activated, explode and destroy all item in a square radius of 5x5 cell
The Rocket: created by matching 4 item in either horizontal or vertical direction

()

Figure 2.4: The Rocket

- When activated: split in to 2 item, each fly in either the direction the rocket
is facing, destroy any item in its path.

The Propeller: created by matching four same-colored items in a 2x2 square.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

!!! !e:?
Figure 2.5: The Propeller

- When activated: fly to an item and explode, destroying that item

The Light ball: created by matching five same-colored items in a row or column.

o

Figure 2.6: The Light ball

- When activated by tap: destroy all the item with the same color type that are
most populated on the game board
- When activated by swipe: destroy all the item of the color type swapped with
it.
2.2.2. Combination of special item.

Any 2 special item can combine with another when they are next to each other by
swiping them together

- Tnt and Rocket: create 6 rocket, 3 in the vertical and 3 in the horizontal
direction and activate them all at the same time

- Light ball: turn all the colored item with the most population into the
combined special item type and activate them all at the same time

- Light ball and Light ball: destroy all item on the game board

- Propeller and Tnt/Rocket: fly to the target position and activate the special
item it combined with at the target position.

- Propeller and Propeller: create 3 propeller.

- Tntand Tnt: produce an explosion with a radius of 9x9 cell

- Rocket and Rocket: activate both in different direction

2.2.3. Target item.

Target item are item that are required to be destroyed in order to complete the
level. Each have unique mechanic in how it is interacted with.

The Box:

Figure 2.7: The Box

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng



Hyper-Casual Mobile Game: Match 3

An obstacle with 3 level. Destroy by matching item next to it or interacted by
special item, each interaction reduced it level by one until destroyed completely.

Cannot fall and block everything above from falling down. Cannot be swiped
The Vase:

e

~ -

G/
v
Figure 2.8: The Vase

An obstacle with 2 level. Destroy by matching item next to it or interacted by
special item, each interaction reduced it level by one until destroyed completely.

The Shell:

©

Figure 2.9: The Shell

An obstacle with 3 level. Destroy by matching item next to it or interacted by
special item, each interaction reduced it level by one until destroyed completely and
give player the pearl inside.

The Mail box:

Figure 2.10: The Mail box

An obstacle that cannot be destroyed. Interact with it by matching item next to it
or by special item, each interaction give the player a mail item for completing the level.

The Tree:

An obstacle that can have any length. Destroy by matching item next to it or interacted
by special item, each interaction reduced it level by one making it 1 cell shorter until
destroyed completely.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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The Grass:

Figure 2.12: The Grass
An lower-layered item that lie beneath normal item. Destroy by matching item above it

or interacted by special item, each interaction reduced it level by one until destroyed
completely.

The Cabinet:

Figure 2.13: The Cabinet

An obstacle with size of 2x2 cell, has 11 level. Destroy by matching item next to it or

interacted by special item, each interaction reduced it level by one, destroying one plate
inside until destroyed completely.

The Bush:

Figure 2.14: The Bush

An obstacle with size of 2x2 cell, has 3 level. Destroy by matching item next to it or
interacted by special item, each interaction reduced it level by one until destroyed
completely, producing a 4x4 field of grass beneath.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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2.3. The unpredictability of luck and skill, and how to control them

The gameplay of match 3 game is almost entirely random since there are so many
possibility in just one move the player made and the outcome of any move is almost
based on pure luck alone because of the new item that are created each time any match
are made and how the interact with the board can lead to another random outcome.

In a game design stand point, a system that rely almost purely on random to
decide the outcome of a level can lead to a inconsistent or event frustrating user
experience.

For example: A hard level can be beaten easily if the user are lucky enough but
that same hard level can take many try to beat for an user with the same skill because
of the random factor.

The ideal:

This game will try to manage and control that aspect of randomness for the
benefit of the user experience by control how a level progress as best as it can.
Limiting the random factor to a minimum by:

- Preset a set of probability

- No random item spawn allowed. Calculate the future state of the game board
and try predict the best out come of the next board state with the probability
above.

- Control the item spawn to achieve that desired game state by automatically
create match for user with the spawned item when they fall down the their
final position. In other word: intentionally create match combo to destroy
more target or produce free special item for user to use

And with the randomness out of the way. We can control how difficult a level is
where ever we want. In this project, this system will gradually try to make the game
easier as the player approaching the losing point of a level. This artificial luck is better
than sometime no luck at all.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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Chapter 3: Theoretical Foundation

3.1. Game Engine

Unity is a versatile game engine developed by Unity Technologies, initially
introduced at the Apple Worldwide Developers Conference in June 2005 as a Mac OS
X game engine. Since its inception, Unity has expanded its capabilities to encompass
various platforms including desktop, mobile, console, augmented reality, and virtual
reality. It has gained significant popularity for mobile game development on iOS and
Android, and is renowned for its accessibility to novice developers and its widespread
use in indie game development. Beyond gaming, Unity is utilized in diverse industries
such as film, automotive, architecture, engineering, construction, and by the United
States Armed Forces. The engine supports the creation of both three-dimensional (3D)
and two-dimensional (2D) games, as well as interactive simulations.

3.1.1. Advantages

User-Friendly Platform:

Unity stands out for its agility, speed, and ease of use, making it a preferred engine for
developers and gamers alike. Its extensive Application Programming Interface (API)
and powerful scripting capabilities contribute to its reputation as a user-friendly
technology.

Efficient Debugging:

A robust open-source error tracking tool enables real-time monitoring and resolution of
crashes, minimizing downtime. With a vast community of over 2.5 million developers,
issues are tackled collaboratively and efficiently.

Ideal for All Skill Levels:

Unity's accessibility with free availability and minimal coding requirements caters to
both beginners and seasoned developers. Online tutorials provide continuous learning
opportunities, keeping developers abreast of the latest trends.

Multiplayer Gaming Fun:

Unity's multiplayer features facilitate community-building and enhance player
retention. They enable global gaming interactions, fostering longer and more engaging
gaming sessions.

Cross-Platform Compatibility:

Unity excels in portability, enabling games to launch seamlessly across multiple
platforms with a single click. Its compatibility spans 25 different platforms, optimizing
development time and broadening audience reach.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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3.1.2. Disadvantages

Limited External Code Libraries Linkage:

Integration with external code libraries in Unity requires manual effort, lacking a
centralized library folder. This can be time-consuming for developers handling
multiple projects.

Costly License:

While initial Unity license costs may be steep for new companies, the investment
yields consistent returns. Additional features and support options can increase
development expenses, necessitating adequate initial funding.

Higher Memory Consumption:

Unity games often demand more memory, potentially leading to out-of-memory issues
on mobile devices. Efficient memory management is crucial to mitigate debugging
challenges.

Source Code Navigation:

Unity's search functionality for connected scripts is adequate but could benefit from
enhancements. Manual searches for specific elements may disrupt the development
workflow, posing occasional challenges.

3.1.3. Monobehaviour

MonoBehaviour serves as a foundational class from which many Unity scripts
inherit. Most systems in a Unity project derive from MonoBehaviour, sharing its
lifecycle and providing entry points and update points for logic execution (see Figure
3.1).

MonoBehaviour provides essential lifecycle functions that simplify
development in Unity.

MonoBehaviours always exist as components of GameObjects, when the parent
GameObiject is destroyed, all components, including MonoBehaviours, are
automatically deleted.

Even after the underlying component is destroyed, the C# object for the
MonoBehaviour remains in memory until garbage collection occurs. In this state, a
MonoBehaviour acts as if it is null.

When a MonoBehaviour is serialized, the values of C# fields are included
according to Unity's serialization rules.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng 11
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Reset is called when the script is attached and not in playmode.

Startis only ever called once for a given script

Awake —

1
OnEnable
e Reset 1
Start

—
— ———

v
FixedUpdate may happen less than once per frame at high " FixedUpdate )
frame rates or more than once per frame at low frame rates (a
Internal animation update | e TR AR ‘
[ OnStateMachineEnter/Exit )
| ProcessGraph \
Fire animation events
: StateMachineBehaviour callbacks
OnAnimatorMove )
Internal physics update

Internal animation update |

ProcessAnimation ‘

WriteProperties )

If a coroutine has yielded previously but is now due to
resume then execution takes place during this part of the
update.

OnTriggerXXX :
OnColisionXxX ) -~

— —
yield WaitForFixedUpdate )

_>—)
v

OnMouseXXX

Update

yield null )

" yield WaitForSeconds |

B yield WWW )
yield StartCoroutine

Internal animation update |

State machine update | A

OnStateMachineEnter/Exit

ProcessGraph : \

Fire animation events

[ StateMachineBehaviour callbacks

OnAnimatorMove

ProcessAnimation ‘

OnAnimatorlK

WriteProperties D

OnDrawGizmos is only called while working in the editor.

OnGUI is called multiple time per frame update

OnApplicationPause is called after the frame where the
pause occurs but issues another frame before actually pausing.

OnDisable is called when the script is disabled during the frame
‘OnEnable will be called if it is enabled again

LateUpdate

¥
OnPreCull
OnBecameVisible
OnWillRenderObject |
OnPreRender )
OnRenderObject
OnPostRender

OnRenderimage )

B

OnDrawGizmos

OnGUI 3
i y .
( yield WaitForEndOfFrame )

C

OnApplicationPause |

(" OnApplicationQuit

OnDisable

OnDestroy j_>_,4

Initialization

Editor
Initialization

Physics

Input events

Game logic

Scene rendering

Gizmo rendering

GUI rendering

End of frame
Pausing

Decommissioning

Figure 3.1: MonoBehaviour life cycle

Perfomed Student : Hoang Minh Ptrc

Instructor : Pham Cong Théng
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3.2.

The C# programing langue

C# is a versatile high-level programming language that supports multiple paradigms.

It includes static typing, strong typing, lexical scoping, and supports imperative,

declarative, functional, generic, object-oriented (class-based), and component-oriented
programming styles.

Advantages of C# with Unity:

Object-Oriented Programming: C# promotes structured and modular code
organization, enhancing software design in Unity.

High-Level Language with Memory Access: It offers efficient memory
management and high-level abstractions suitable for game development.
Integrated with .NET Platform: Leveraging cross-platform runtimes and
extensive .NET framework resources enhances compatibility and development
capabilities.

Built-In Garbage Collector: Automatic memory management simplifies
memory handling, reducing manual memory management errors.

Type-Safe with Dynamic Capabilities: Provides type safety while supporting
dynamic programming techniques for flexibility.

Comprehensive Documentation and Community Support: Extensive resources
and a large community facilitate learning, troubleshooting, and innovation in
Unity development.

Disadvantages of C# Programming:

Performance Concerns: C# may exhibit slower performance, particularly in
complex or resource-intensive game projects, which could impact larger-scale
game development.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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4.1.

Chapter 4: System Design

List of base class/component and their responsibility

There are many class and component involved in this project so | will only list out
base classes that all other game system are derived from without going into the detail
of each and every child subclass, giving an overview of all the core system in the

game(Table 3.1)

Name

Responsibility

BoardManager.cs

Manage the creation, loading, saving data and the
behavior of the board and the physic of the items on it
like match, fall...,

Cell.cs One cell unit of the board. Holding items in it, sharing
data with the board and the item inside to determine the
behavior of the item on the board

Item.cs Base class for all item, holding data of that item,

provide the base API for processing interaction with
other item or system

GameManager.cs

Controlling game logic like win, lose..., provide API
for loading level, data

UserPrefs.cs

Manage user data. Provide API for loading, saving user
data. Determine how data are saved

FallController.cs

Manage the creation of item and their fall behavior.
Working in tandem with Probability Controller to
determine the item spawned, the difficult of the level

MatchController.cs

Manage the match behavior and logic of items, the
activation, combination logic of special item and
interaction between all of them.

ProbabilityController.cs

Calculate and predict the game state to decide what item
will be spawned next. Keeping the game difficulty as
configured in difficulty config for every level, basically
controlling the “luck” the player receive

PatternDetector.cs

Detect match pattern of a collection of items and their
coordinate.

HintController.cs

Search and manage how hint are found and behave

Manager.cs

Application-wide manager, handling initialization,

communication between systems.

MoveController.cs

Base class for controlling game object movement.
Providing API for start/stop movement and how an

Perfomed Student : Hoang Minh Ptrc

Instructor : Pham Cong Théng
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object move(speed, trajectory).

AnimationController

Base class for controlling animation of object.
Providing API for playing, controlling animation

ItemManager.cs Manage the creation, pooling, destruction and
initialization of items
EffectManager Manage the creation, pooling, destruction and

initialization of visual effect created by Unity Particle
system

SimpleCell/Simpleltem
FallPrecalculation.cs

A simplified cell data system for game state prediction
and decide the future game state based on configured
data

BoosterController.cs

Base class for Controlling one booster, how it behave,
how input system interact with it.

TouchController.cs

Receiving input and distributing input data to any
system that required it

ITouchHandler.cs

Base class for receiving input from touch controller,
deciding what to do with it and how subsequence input
are handled

SingletonBehavior.cs

Base class for singleton entity

TargetController

Control one target in a level, listening to gameplay
event and managing its corresponding Ul element

UlManager/UIButton

Managing game Ul/ Ul element

AudioManager.cs

Manage in game audio system. Provide API for playing
sound and manage how they are played, pooled and
destroyed

SingletonScriptableObject.cs

Manage a single persistent data holder entity. Used for
storing configurable data

Vibration.cs

Handle vibration on phone

ShuffleController.cs

Handle how board shuffle

CombineController.cs

Control how item are combined and how the
combination result are behaved

LevelData.cs

Data class for storing data of a single level and how to
serialize/deserialize them

EditorManager.cs

Manage the level editor tool. Similar functionality to
GameManager but mostly handling saving level data

EditableBoardManager.cs

Derived from board behavior, Managing the game
board inside level editor mostly working with
constructing level data and how to display them for easy
level creation

Table 4.1: List of classes and their responsibility

Perfomed Student : Hoang Minh Ptrc

Instructor : Pham Cong Théng
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4.2. Use case diagram
4.2.1. Use case of player

Flay

Chuit

Actor

Figure 4.1: use case of player
Use case description for player(Figure 4.1):
1. Use case: Play
Primary actor: Anyone playing the game.
Goal in context: to play the game.
Precondition: Player select play from the main menu.
Scenario:

- Go to main menu of the game
- Select “Play”

2. Use case: Option
Primary actor: Anyone playing the game.
Goal in context: To change the game setting.
Precondition: Player already in a level
Scenario:
- Select setting button

3. Use case: Quit
Primary actor: Anyone playing the game.

Goal in context: To leave the current level and return to the main menu.

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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Precondition: Player already in a level
Scenario:

- Select setting button
- Select quit button in the setting menu

4. Use case: Retry
Primary actor: Anyone playing the game.
Goal in context: To restart a level.
Precondition: Player already in a level
Scenario:

- Select setting button
- Select retry button in the setting menu
4.2.2. Use case of Developer

Debug

Change game config

Developer

Manage Level

Figure 4.2: use case of Developer
Use case description for developer(Figure 4.2):
1. Use case: Debug
Primary actor: Developer playing the game.
Goal in context: to play the game with assisted tool for debugging.
Precondition: Played on a debug build version of the game.
Scenario:

- Go to main menu of the game

- Select “Play”

- Select option “show debug menu” or double taping the top left corner of the
game

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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2. Use case: Change game config
Primary actor: Developer.
Goal in context: To change how the game behave
Precondition: Developer has access to the Unity project.

Scenario:

Open Unity Editor

Select the config file containing the entry the developer wanted to chane
Change the configured value.

Save the new config file

3. Use case: Manage level
Primary actor: Developer.
Goal in context: To manage levels for the game
Precondition: Developer has access to the Unity project.
Scenario:

- Open Unity Editor
- Open the LevelEditor scene
- Create/Edit/Delete level with the tool developed

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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4.3. Activity Diagram

?

Go to main menu

¥
Select Play

¥

Confirm play

¥

Level loaded

®

Figure 4.3: Activity diagram for “Play”

?

Press Option

i

Option menu appeard

¥

Press Quit

¥

Main menu loaded

®

Figure 4.4: Activity diagram for “Quit”

?

Press Option

¥

Cption menu appeard

L

Press Retry

¥

Level Reloaded

®

Figure 4.5: Activity diagram for “Retry”
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4.4.

Class Diagram

Audio Manager Manager
AudioData
audiodata: Game World + isInited: bool
AudioClip Fn————1— 1 1—| + isPaused: bool
Item 2 -
AudioType: enum + ShowDebug(): void
ltem 3 + HideDebug(): void
1
1
GameManager |
- BoardManager I TargetController
+ level: int
+ isEnded: bool L, + level: int + Finished: bool
+ itemCount; int +targetCount: int
+ CheckLevelEnd(): void + row int
+ LoadLevel(int): void —1 P collumn: int
+ PauseGame(): void | SimpleCellData
+ DebugWin(): void 1+ CycleFall(): void TargetiTemController
+ DebugLose(): void + LoadLevel(int): void + row: int - -
: + Getitem(); item(] + column; int + itemType: enum
! + GetCell(int, int): Cell + itemType: enum + count: int
+ : + .
LevelData : g ;esagl?:?evrg% : Item itemLayer: enum + Add(i nt]_: void .
+ level: int + Collect(int): void
+ isEnded: bool ! |—1—‘—|
+ CheckLevelEnd(): void ProbabilityController ShuffleController ! Cel
+ LoadLevel{int): void [
+ PauseGame(). void + row: imt
+ DebugWin(): void + CalculateSpawnltem(): + Shuffie(): void + column: int
+ DebugLose(). void spawnData -
3 1 + Getlitem(): item
" + Removeltem(): item
+ Insertltem(): item
ProbabilityData FallController .1
+ PatternType: enum [
+ matchChance: float Item
+ matchableChance: float + UpdateFall(): void
+ Spawnltem({spawnData): void + itemType: enum
+ direction: enum
CellData + layer: enum
MatchController + level: int
+ [temData: string | n 1 + isFallable: bool
+ row: int + is Movable: bool
+ col: int i
+ CheckForMatch(): void + Swap(item): void
+ RemoveMatch(): void + OnDamage{damageParam): void
UlManager + OnDestroyed(): void
| + SetOrientation(): void
CombineController + Move(vector3). void
+ OnLevelRestari()void FY | T
+ OnLevelQuit():void 1 ! 1
+ OnLevelReset()-void + Combineltem(): void AnimationController
EffectManager ltemManager + PlayAnimation(string, action): void
+ CreateEffect{enum):void + Createltem{enum):void MoveController
+ Destroy(Effectcontroller): void + Destroyltem({item): void 1 N
| + position: vector3
+ gpeed: float
+ moveConfig
EffectController + MoveTo(vector3): void
+ Play(): void f
+ Stop() void Matchableltemn Specialltem Targetitem
+ SetColor(color): void + OnMatch(): void + Activate(): void

Figure 4.6: Class diagram
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Instructor : Pham Cong Théng

20




Hyper-Casual Mobile Game: Match 3

45, User data

MaxLevel: 6001
CurrentLevel: 1
Coin: (308
BoosterHammer: 0
BoosterBow: 2
BoosterWand: |1
BoosterHat: |0

BeginBoosterLightBall: |0
BeginBoosterRocket: 0
BeginBoosterTnt: |0

"SoundEnabled
"MusicEnabled

Figure 4.7: UserData

All user data saved will be saved to Application’s persistent data path (which
depend on the platform)

All user data can be edited in Realtime via Debug Panel in Debug Mode
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Description:

Field Description

MaxLevel User’s max level achieved
CurrentLevel User’s currently playing level
Coin Amount of coin owned
BoosterHammer Amount of Hammer owned
BoosetBow Amount of Bow owned
BoosterWand Amount of Wand owned

BeginBoosterLightBall

Amount of Light ball BeginBooster owned

BeginBoosterRocket

Amount of Rocket BeginBooster owned

BeginBoosterTnt

Amount of Tnt BeginBooster owned

SoundEnabled

Is sound effect enabled

MusicEnabled

Is music enabled

Table 4.2: User data description

Perfomed Student : Hoang Minh Ptrc

Instructor : Pham Cong Théng
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4.6. Configurable Game configs

Game config are file that hold and render data inside Unity Inspector window.
Used for easy view and edit game parameter. Suitable for game designer to edit how
the game behave without any code modification required.

The config file will be read when the game start to load all the parameter into
the game.

Here are some of the configuration file this project provided
4.6.1. AudioConfig

Contain configuration of all the audio used in the game and its type

Figure 4.8: AudioConfig

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng 23
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4.6.2. Game Config

Contain comon data used all through out the game

GameParam
Beaqin B

Cell Lum
Cell Lump

Figure 4.9: Game config
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4.6.3. Item resource config
Contain configuration for all item in the game include:

- The item Prefab
- The image of that item
- The visual effect that item might produce

Element O

Figure 4.10: Item resource config

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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4.6.4. Logic config
Contain probability parameter for all the difficulty type:

Difficulty Configs

Probability Datas

Element O

Probabilities

Element O

Probability Datas

Element O

Probabilities

Element O

Figure 4.11: Logic config
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4.6.5. Movement config

Contain all movement parameter for calculation of movement and trajectory.

MatehTiming
LITM

Movement
L

rajector

Bezier curve
ezier Pre

Figure 4.12: Movement config
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Item Movement

Min Speead

Early Epsilon

Power Up Early Epsilon
Drag Threa:

Fall I

shutfle Time

Fall Delay

Ball Explosion Speed

Figure 4.13: Movement config

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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4.7.  The probability control loop
4.7.1. The core game logic cycle

To understand how the probability control system work, let first take a look at the main
control cycle of the game(Figure 4.14)

BoardManager Update

all cycle completed?

Make a copy of the board
state(cell data)

True

h v

Probability Controlier pre-calculate fall
data and giving spawn decision

Spawn data cleanup

| 4

Start the fall cycle

True Check for impossible move

EndUpdate
¥

Start shuffle board cycle

Figure 4.14: Board update cycle

The Probability controller always update it calculation cycle before the fall cycle ensuring the
spawned item are always predicted first.

The calculation only performed when there are changed to the game board, this is a big
overhead since every match made during the fall cycle will invalidate its previous prediction,
forcing a recalculation and an recycle of the fall system. This is why a simpler representation
of the board are created each time the calculation begin, keeping every calculation only occur
in a simple data structure.
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4.7.2. Probability calculation cycle

In order to keep calculation overhead at the minimum, only simple conditional check
and basic math operation are used in the calculation cycle shown bellow(Figure 4.15)

Probability Controller
Update

i

Make a copy of the board
state(cell data)

!

Perform fall prediction on the copied data with the same
logic as a regular fall cycle but always assume
"imaginary” item are always on top of every existing item

!

Reading data from difficulty config saved in the
current level data and deciding on which
pattern to auto create

All pattern checked frue.

End of calculation cycle

false

¥

G0 to the next pattern

=probability is high enough fo crests
an auto match of that pattern

falze

Text

v

Calculate and save the
necessary spawn data so that
match will happen

Figure 4.15: Probability calculation cycle

The resulting spawn data will be passed to the FallController system for the next fall cycle.
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Chapter 5: Implementation and result

5.1. Introduction

This is one of the interesting chapter that contain lots of image showing game
feature in action and how many of the game design look in the final product

All image in this section are capture on the following environment:
Device model: Samsung galaxy S20
Android version: android 13
Build Configuration: Debug
Target Framerate: 120Fps
Texture Compression level: Medium

Note: All game asset used in this project are available publicly for free, otherwise they
are replaced by place holder asset from an asset pack “Royal Match Game Assets”
available on freegameassets.net

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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5.2. Main menu

Main menu Ul and Play level popup

-9

A Match 3 Game

{ Play }

Level 4

Na/"
L

Salech Beoosterss

e

| Play |

Figure 5.1: Main menu

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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Main game

5.3.

and some game play screen shot:

Main game Ul

Main game(Figure 5.2)

DL
R UHWIU
@Yf . MVV.!U
< AMJM,USA
Ad B
i &, _ 'O (
KA\CQGQ.
ddeddl

88 ® 0O
PP OEPE(

dddddad

@@:@@§
@@:GOE

Figure 5.2: Main game

Instructor : Pham Cong Théng
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FRAT TR TTTT W

» | 100

Figure 5.3: Main game popup
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Setting menu and setting popup (Figure 5.4)

Do you want te quit level?

Quit Cancel

Figure 5.4: Setting menu

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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In game Booster (Figure 5.5)

900

-
]

SOWOOPES
izt ) )
VEOOOPBS
POPRO80O

SBOOBWBO
0008 Ta®

Moves

e,

AR Aaa

Figure 5.5: Booster
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Debug menus (Figure 5.6)
Deb.:g.'U;rPrefs .R:r:;;;ﬁg Settings
Others

BoosterHammer: 0
BoosterBow: 2
BoosterWan
BoosterHat: 0
BeginBoosterLightBa
BeginBoosterRock
BeginBoosterTnt: -
“SoundEnabled
“MusicEnabled
TutorialFlags: 2
NewChapter

Reload Scene Clear Data

UserPrefs RemoteC:
Others

Show FPS

Skip transition

Skip check played tutorial
Log Firebase events

Log AppsFlyer events
Log Gametamin events
Log play sound

Log Vibration

Show Level

Show Debug Board
Show Debug Targets
Show Debug Items
Show Debug Hint
Disable Item Pool
*Test Butterfly

Test Story None
Game'l ) None
v ik ind None
Game Speed 1

Reload Scene Clear Data 5/2024 03:28:51

- LightBall ButterFly

Enable Fall cycle Fal+ Jean Memor
e

Load Editor

Ioad menu Load gam

Figure 5.6: Debug Menu
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5.4. Level editor

This is a unity application developed to design level for this game

10 13 16 19 22 25 28 6000
11 14 17 20 23 26 29 6001
12 15 18 21 24 27 30

Boardinfo BoardEditor Item TargetEditor RatioDebuger

2 8 & 6 o0 & & & H

en Blue VYellow Purple Orange White MegicBeok Shell Vase Tnt Rocket

O - | > = 6 ® O

ightBaliButterfly None Rose Barrier Slave Grass Bush Egg isewswuBonuiColntosc

13 16 19 25 28 so00
14 17 20 26 29 6001
15 18 21 27 30

Item TargetEditor RatioDebuger

25 28 eo000
26 29 6001
27 30

TargetEditer RatioDebuger

Figure 5.7: Level editor
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Here are all the functionality the level editor provide:
Board Creation Tool(Figure 5.8)

Used for creating a new game board.

Boardinfo BoardEditor

Row: (B

NEW

Col: (I Board

PrePool: N

Figure 5.8: Board creation tool

Description:
- Row/Col: the amount of row the new board will have

- PrePool: The amount of item preloaded into the item pool for performance
optimization, use full for big board.

Board Editor Tool(Figure 5.9)

Used for cutting or filing the board shape.

BoardiEditor

Save

Cut Fill

Figure 5.9: Board editor tool
Description:

- Cut/Fill: select an option and click on a cell to perform cut/fill
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Item Tool(Figure 5.10)

Used for placing item onto the board

BoardEditor TargetEditor RatioDe

® 6 O

Red Green Blue Yellow PurpleOrange White M
& o M B3 @ &

LightBallButterfly None Rose Barrier $lave Grass

Figure 5.10: Item tool
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Target Editor Tool(Figure 5.11)

Used for setting target for current level

Levels Picher Level Modifier

Fill Item

iditor TargetEditor RatioDebuger

O ¥ =

Red Green Blue

M & &

MagicBoockBarrier Shell

Figure 5.11: Target Editor Tool

Yell

St

[Vt
J0OL
e

Va:
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Ratio Debuger Tool(Figure 5.12)

Used for debugging the probability calculation cycle

TargetEditor RatioDebuger

Probability Debuger
Calculate RESULT

Next Fall Step

Update
Simple Data Calculate Fall

Figure 5.12: Ratio Debugger Tool

Description:

Update view: update the current editor board to display the data calculated

Update Simple Data: clear and make a new copy of board data
Calculate result: calculate the spawn data

Next Fall Step: Perform fall on the copied data

Calculate Fall: repeating Next Fall Step until fall is complete

Perfomed Student : Hoang Minh Ptrc Instructor : Pham Cong Théng
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CONCLUSION

1. The Achievements
- Growing creative thinking and problem solving capability.
- The game has achieved a playable and enjoyable state.

- All the core system has been implemented and with a carefully designed code
base and structure allow for easy update/extension.

- Learned to design and implement a complete game system.
- Learned new coding practice, algorithm and improved optimization skill.
2. The Obstacles

- The time budget is tight for a game developed by one person so the level of
bugs and glitch are still high.

- Finding and editing game asset are time consuming. So the game still used a
lot of placeholder asset, resulting in a disconnected art style.

- The quality of UI/UX are low.
3. Future plans
- Design more level for the game
- Improve the consistency of the art style
- Bug fixes
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