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Game Programming

● Rendering

● Looping and control

● Math

● Behaviour and navigation (AI)

● Physics

● Animation and effects

● Networking
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A simple C# program
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Entry point
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How long will it take ?
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How long will it take ?

Hanging forever ?
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Multitasking

time

Task #1 (infinite loop) ......

Task #2 (GUI) ......

Task #3 (other application / process) ......

......
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User
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Application / Game

User
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Application

User

ApplicationApplication
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Operating system

Application

User

ApplicationApplication
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Hardware

Operating system

Application

User

ApplicationApplication
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Hardware

Operating system

Application

User

ApplicationApplication Multiple applications / processes / tasks
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Hardware

Operating system

Application

User

ApplicationApplication

with "single" CPU / Core ?

Multiple applications / processes / tasks
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Multitasking

time

Task #1 (infinite loop) ......

Task #2 (GUI) ......

Task #3 (other application / process) ......

......
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time
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......

......

......

Task #1 (infinite loop)

Task #3 (other application / process)

Task #2 (GUI)

Multitasking
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time

......

......

......

......

Task #1 (infinite loop)

Task #3 (other application / process)

Task #2 (GUI)

Multitasking How to switch between tasks ?



Scheduler
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Multitasking

time

......

How to switch between tasks ?

......

......

......

Task #1 (infinite loop)

Task #3 (other application / process)

Task #2 (GUI)



20time

......

......

......

......

Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler

Multitasking How to switch between tasks ?
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Context switch

time

......

......

......

......

Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler
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Context switch

time

......

......

......

......

Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler
Overhead ?
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Context switch

time

......

......

......

......

Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler

Reasons to switch ?
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Context switch

time

......

......

......

......

Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler

Finished ? Waiting I/O ? Preempted
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Hardware interrupt

time

......

......

......Task #3 (other application / process)

Task #1 (infinite loop)

Task #2 (GUI)

Scheduler
Timer interrupts



"Finally I can sleep."
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(Empty)

Scheduler



27



28

Shared data

Function

Function
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Output ?

1 ?

0 ?

(empty) ?
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Output ?

1 ?

0 ?

(empty) ?



Multitasking
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time

......

......

......

......

Task #1 (infinite loop)

Task #3 (other application / process)

Task #2 (GUI)

Thread-safe ?
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How about in a game ?



34

Update()

time

How about in a game ?

Continuous or discrete ?
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How about in a game ?

Shared data
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How about in a game ?

Shared data

Thread safe ?
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Still have many objects
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Shared data



40

Update screen one-by-one ?
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Frame rate ?
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Frame rate ?
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Hang ?



Object movement 

45
game time

position

GameObject



Object moving with constant velocity
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position

game time

GameObject



Object moving with constant velocity
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position

Update()
+5

+5
+5

+5
+5

+5
+5

+5distance = velocity x fixed frame time

game time

GameObject



48

position

Object moving with constant velocity

Update()
+5

+5
+5

+5
+5

+5
+5

+5distance = velocity x fixed frame time

game time

GameObject
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position

Object moving with constant velocity ?

Update()
+5

+5
+5

+5
+5

+5
+5

+5

game time

GameObject

distance = velocity x fixed frame time



Object moving with constant velocity
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position

Update()
+8

+2
+9

+5
+1

+8
+7

+4distance = velocity x delta time

game time

GameObject
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time

position

Object moving with uniform acceleration

game time

Update()

distance = velocity x delta time

GameObject
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time

position

Object moving with uniform acceleration

Update()

game time

distance = velocity x delta time

GameObject
?

x



53
time

position

Object moving with uniform acceleration

Update()

game time

distance = velocity x delta time

GameObject

x

?

f (x)

Evaluate:
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time

position

Object moving with uniform acceleration

Update()

game time

distance = velocity x delta time

GameObject

Taylor series:

a

?

x
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time

position

Object moving with uniform acceleration

Update()

game time

distance = velocity x delta time

GameObject

Taylor series: 

(linear approximation)

a

x
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time

position

Object moving with uniform acceleration

Update()

game time

distance = velocity x delta time

GameObject

Taylor series: 

(linear approximation)

a

x
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time

position

Object moving with uniform acceleration

game time

distance = velocity x delta time

Taylor series: 

(linear approximation)

a
Update()

GameObject

x
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time

position

Object moving with uniform acceleration

game time

distance = velocity x delta time

a
Update()

GameObject

x

f (x)

Evaluate:
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time

position

Object moving with uniform acceleration

game time

distance = velocity x delta time
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time

position

Object moving with uniform acceleration

game time

distance = velocity x delta time Error ?
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time

position

Object moving with uniform acceleration

game time

distance = velocity x delta time

Consistency ?

Frame rate dependent



?
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time

position

Object moving with uniform acceleration

distance = velocity x delta time

game time

Better solution for consistency ?

x



?
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time

position

Fixed update rate

distance = velocity x delta time

game time

Better solution for consistency ?

x
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time

position

Fixed update rate

?

distance = velocity x delta time

game time

Fill the missing hole

x
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time

position

Fixed update rate

distance = velocity x delta time

game time

x



66

position

Fixed update rate

distance = velocity x delta time

game time

Consistent ?
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position

Fixed update rate

distance = velocity x delta time

game time

Consistent ?

Interpolated
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position

distance = velocity x delta time

game time

If the game is lagging ...
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position

distance = velocity x delta time

?

game time

If the game is lagging ...
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position

distance = velocity x delta time

?

game time

If the game is lagging ...
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position

distance = velocity x delta time

game time

If the game is lagging ...
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Inter-gameobject communication

74

● Use singleton or service locator patterns

○  Global / static variables

● Use observer pattern

○ Events

● Use dependency injection pattern

We will talk about this in "Game Control"
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How is game object created ?
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How is game object created ?

Created from serialized assets 
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How is game object created ?

Created by other game object
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       GameObject

Properties: name,  activeSelf
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       GameObject

Transform component
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       GameObject

Other components
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Component pattern

GameObject
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Component pattern

GameObject : A, B, C
Inheritance
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Component pattern

GameObject : A, B, C
Composition over inheritance
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Component pattern

GameObject : A, B, C

Component A

Component B

Component C

GameObject

Decoupling
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       Component, Behaviour and MonoBehaviour

UnityEngine.Component
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       Component, Behaviour and MonoBehaviour

UnityEngine.Component

UnityEngine.Behaviour Diabled / Enabled
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       Component, Behaviour and MonoBehaviour

UnityEngine.Component

UnityEngine.Behaviour

UnityEngine.MonoBehaviour

Diabled / Enabled

Custom script
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Ob  GameObject composition 

UnityEngine.Component A

UnityEngine.Component B

UnityEngine.Component C 

UnityEngine.GameObject
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Ob  GameObject composition 

UnityEngine.Component A

UnityEngine.MonoBehaviour B

UnityEngine.MonoBehaviour C 

UnityEngine.GameObject
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UnityEngine.Component A

UnityEngine.MonoBehaviour B

UnityEngine.MonoBehaviour C 

UnityEngine.GameObject

       Messages of MonoBehaviour

Update() ?
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UnityEngine.Component A

UnityEngine.MonoBehaviour B

UnityEngine.MonoBehaviour C 

UnityEngine.GameObject

       Messages of MonoBehaviour

Update() is called 
if implemented 
and enabled
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       Messages of MonoBehaviour
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Send to all components of the game object

93



94

       Custom script and MonoBehaviour
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       Custom script and MonoBehaviour

Public ?
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       Custom script and MonoBehaviour

Public ?

Message  → Call by name
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       Messages of MonoBehaviour

● Awake(), OnEnable(), Start()

● FixedUpdate()

● Update(), LateUpate()

● OnRenderImage()

● OnGUI()

● OnDisable()

● OnDestroy()
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       Messages of MonoBehaviour

● Awake(), OnEnable(), Start()

● FixedUpdate()

● Update(), LateUpate()

● OnRenderImage()

● OnGUI()

● OnDisable()

● OnDestroy()

Happens at most once in its life
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       Messages of MonoBehaviour

● Awake(), OnEnable(), Start()

● FixedUpdate()

● Update(), LateUpate()

● OnRenderImage()

● OnGUI()

● OnDisable()

● OnDestroy()

May happen more than once per frame
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       Order of Execution for Event Functions
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       Script Execution Order

107

UnityEngine.MonoBehaviour A

UnityEngine.MonoBehaviour B

UnityEngine.MonoBehaviour C 

UnityEngine.GameObject

Which component executes first ?



       Script Execution Order settings
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FixedUpdate()

Update()



       Conclusion about order of execution

● Cooperative multitasking, single thread

● Order of Event Functions

○ https://docs.unity3d.com/Manual/ExecutionOrder.html

● Order of GameObjects ?

● Order of MonoBehaviours

○ Script Execution Order settings: 
https://docs.unity3d.com/Manual/class-MonoManager.html

110

https://docs.unity3d.com/Manual/ExecutionOrder.html
https://docs.unity3d.com/Manual/class-MonoManager.html


Where is the Main function ?

111

Unity Engine Code (C++)User Scripts (C#)

Managed (自動 GC) Unmanaged 



Q & A

112
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How to implement this ?



Open

Play first dialogue

Play second dialogue

Play third dialogue

Wait for first click

Wait for second click

Wait for third click

Close

114

How to implement this ?

Finite state machine



Finite state machine

Animator Controller
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Animator Controller

Finite state machine

116



👆

Animator Controller

Finite state machine

117



We'll discuss events in "Game Control"

Animator Controller

118



Animation Clip

Animator Controller

119



Animator + animations

Coding Editor

Approach #1

120



Scripts only

Editor

Animator + animationsApproach #1

Approach #2

Coding
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Open

Play first dialogue

Play second dialogue

Play third dialogue

Wait for first click

Wait for second click

Wait for third click

Close

122

How to implement this ?

Finite state machine



Update() is called once on every frame

123
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time



Update()
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time



Open Play first dialogue Wait for first click Play second dialogue

Update()

126

time



Open Play first dialogue Wait for first click Play second dialogue

Update()

What to do on this frame ?
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time



Open Play first dialogue Wait for first click Play second dialogue

Update()

What to do on this frame ?

128

string currentState         
int animationFrameIndex         
bool isContinueButtonClicked 

State

time



Open Play first dialogue Wait for first click Play second dialogue

Update()

What to do on this frame ?

129

string currentState          : "Play first dialogue"    
int animationFrameIndex      : 6
bool isContinueButtonClicked : (Don't care)

time



Open Play first dialogue Wait for first click Play second dialogue

Update()

What to do on this frame ?

130

string currentState          : "Play first dialogue"    
int animationFrameIndex      : 6
bool isContinueButtonClicked : (Don't care)

1. Update animation 



Open Play first dialogue Wait for first click Play second dialogue

Update()

What to do on this frame ?

131

1. Update animation 

2. Decide next state

string currentState          : "Play first dialogue"    
int animationFrameIndex      : 6
bool isContinueButtonClicked : (Don't care)

"Wait for first click"    
(Don't care)
false
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Syntax sugar

Iterator pattern



133

Result ?

Iterator pattern



       UnityEngine.Coroutine

● Create a UnityEngine.Coroutine by calling 
MonoBehaviour.StartCoroutine()

○ The parameter is an IEnumerator object

● StartCoroutine(Count(5))

134



Coroutine yields once on every frame AND runs across multiple frames
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Coroutine yields once on every frame AND runs across multiple frames

136

MoveNext()MoveNext() MoveNext() MoveNext()
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Iterator pattern
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StartCoroutine(開啟對話框)
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Iterator pattern
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Yield another IEnumerator



Yield another IEnumerator

141

Wait until finished



A) Animator 

B) Script

142



A) Animation 

B) Script

143



Hybrid approach ?

144
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Q & A

146
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