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Game Programming

® Rendering

® Looping and control

e Math

e Animation

® Physics

e Behaviour and navigation (Al)
e Effects

. ™
e Networking R
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Artificial Intelligence (Al)

e Based on the current conditions, which actions should an
entity take ?
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https://www.investopedia.com/terms/a/artificial-intelligence-ai.asp#:~:text=Artificial%20intelligence%20(AI)%20refers%20to,as%20learning%20and%20problem%2Dsolving.

Artificial Intelligence (Al)

e Based on the current conditions, which actions should an
entity take ?

e The goal of Al
o Looks like a real player ?

o Beat the player ?
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https://www.investopedia.com/terms/a/artificial-intelligence-ai.asp#:~:text=Artificial%20intelligence%20(AI)%20refers%20to,as%20learning%20and%20problem%2Dsolving.

Considerations

® Performance
o 60FPS?

o The scale of quantities ?

F
OO

FeisStu 6



Considerations

® Performance
e Explainability
o AlphaGo?
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Considerations

e Performance
e Explainability
e Editability
© Human readable format ?

o Structured representation ?
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Considerations

e Performance
e Explainability
e Editability
e Flexibility

o Easy to expand
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How to design / implement a Breakout Al ?




How to design / implement a Breakout Al ?

(>

Action



https://app.diagrams.net/?page-id=BIx1soVlH4vYnd5B_Tep&scale=auto#G1sNdpm0e7uBmG12n9TGzmLz_UqlHmJDAm

How to design / implement a Breakout Al ?

05 ® image.disploy

Goal ? (Reward)

(>

Action

rF =

DeepMind : DQN Breakout
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https://www.youtube.com/watch?v=TmPfTpjtdgg
https://app.diagrams.net/?page-id=BIx1soVlH4vYnd5B_Tep&scale=auto#G1sNdpm0e7uBmG12n9TGzmLz_UqlHmJDAm

How to design / implement a Breakout Al ?

05 ® image.disploy

Goal ? (Reward)

(>

Action

DeepMind : DQN Breakout

Performance ?

=
-,

FeisStu

13


https://www.youtube.com/watch?v=TmPfTpjtdgg
https://app.diagrams.net/?page-id=BIx1soVlH4vYnd5B_Tep&scale=auto#G1sNdpm0e7uBmG12n9TGzmLz_UqlHmJDAm

How to design / implement a Breakout Al ?

05 ® image.disploy

Goal ? (Reward)

(>

Action

DeepMind : DQN Breakout

Performance ?

Explainability ?
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https://www.youtube.com/watch?v=TmPfTpjtdgg
https://app.diagrams.net/?page-id=BIx1soVlH4vYnd5B_Tep&scale=auto#G1sNdpm0e7uBmG12n9TGzmLz_UqlHmJDAm

How to design / implement a Breakout Al ?

05 ® image.disploy

Goal ? (Reward)

(>

Action

DeepMind : DQN Breakout

Performance ?

Explainability ?

Editability ?
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https://www.youtube.com/watch?v=TmPfTpjtdgg
https://app.diagrams.net/?page-id=BIx1soVlH4vYnd5B_Tep&scale=auto#G1sNdpm0e7uBmG12n9TGzmLz_UqlHmJDAm

Decision trees AT

05 ® image.disploy

OoOono 5 B

Ball on left side ?

Yes No

N

Move let

Ball on right side ?

Yes No

N

Move right Don't move
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https://www.youtube.com/watch?v=TmPfTpjtdgg
https://app.diagrams.net/?page-id=OUsPuFEyTyGLxbufrAET&scale=auto#G18vvQNAJK4gPhKNH1k7E-4neLy9b3z1cK

How to design / implement the turtle’s Al ?

OO ek a3 $EM
CEDx B ONEZ
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How to design / implement the turtle’s Al ?

Try to draw the decision tree ?

worrotI ST I T X o W 130
CDx B ORE
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Finite state machines

Try to draw the FSM ?

MO0 ek a3 $EM
CEDx B ONEZ
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@ Animator controller

# Scene @& Game @ Asset Store > Animator 3 i
Layers Parameters &® Base Layer Auto Live Link
o + v

Attack

- ChomperAttack
InPursuit
ChomperRunForward

Hit
Death -
VerticalHitDot 0.0 ChomperWalkForward
HorizontalHitD¢ 0.0 Spotted
Thrown

Grounded

VerticalVelocity 0.0
Randomldle (0]

S potted Chomperidie Falling

NearBase

r
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State machine behaviours

| © Inspector | o, =
A | Grounded I
N2 ‘Tag || |
Speed 1 |
Motion «3Blend Tree )
Foot IK ]
Write Defaults
Mirror ]
Transitions Solo Mute

— Grounded -> Die 6 o
— Grounded -> Jumping |
W o

— Grounded -> Falling

v B ¥ Ground Detection (Script)id

- GroundDetection ©

Script

[ Add Behaviour

J

r
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&} DEMO: 3D Game Kit

® Steps:
o Open scene “Level2”
o Show the Animator of “Chomper”
o Explain the State machine behaviour system of 3D Game kit
o Explain “ChomperBehaviour”
o Explain “AttackBegin” event
r
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@ Unity Asset Store : Bolt (rree]

3
.

"Fantasy MOBA" by Ludig, 2018 #madeWIJ[h BOlt 'Q\
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How to design / implement Hornet’s Al ?

=p-p0000
®0
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How to design / implement Hornet’s Al ?

(5020000
®0

> o

Try to draw the decision tree ?

=
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How to design / implement Hornet’s Al ?

(5020000
®0

> o

Try to draw the decision tree ?

Try to draw the FSM ?

=
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Hierarchical state machines

. 520000
w'-’:‘:ro

Try to draw the decision tree ?

Try to draw the FSM ?

Try to draw the HFSM ?

=
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&) DEMO: 3D Game Kit

® Steps:

O

O

O

Open scene “Level2”
Show the Animator of “Ellen”
Explain the Hierarchical state machines

Explain the “Any” state
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Behaviour trees

Obj.Pos,
Retrieved

Search on Search in Search in One Hand Two Hands
the Floor the Drawers the Closet Grasp Grasp
Wikipedia

=
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https://en.wikipedia.org/wiki/Behavior_tree_(artificial_intelligence,_robotics_and_control)

Selector (fallback) nodes

?

7N\~

Task 1 Task 2 u;n Task N

Wikipedia

r
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https://en.wikipedia.org/wiki/Behavior_tree_(artificial_intelligence,_robotics_and_control)

Selector (fallback) nodes

Task 1

Task 2

Wikipedia

Task N

l for i from 1 to n do

2 childstatus « Tick(child(i))
3 if childstatus = running

4 return running

5 else if childstatus = success
6 return success

7 end

8 return failure

r
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https://en.wikipedia.org/wiki/Behavior_tree_(artificial_intelligence,_robotics_and_control)

Sequence node

for i from 1 to n do
childstatus « Tick(child(1i))
if childstatus = running
return running

return failure

end

1
2
3
4
5 else if childstatus = failure
6
7
8 return success

Task 1 Task 2 u;i Task N

r
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@ DEMO: 2D Game Kit

® Steps:

O

O

O

Open scene “Zone 5”

Show the animator of Gunner
Explain the state topology

Explain “Missle Golem” component

m OnEnable

F
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@ DEMO: 2D Game Kit

ai = BT.Root();
ai.0OpenBranch(
//First Round
BT.SetActive(beamLaser, false),
BT.Repeat(rounds.Length).0OpenBranch(
BT.Call(NextRound),
//grenade enabled is true only on 2 and 3 round, so allow to just test if
BT.If(GrenadeEnabled).0OpenBranch(
BT.Trigger(animator, "Enabled")
)7
BT.Wait(delay),
BT.Call(ActivateShield),
BT.Wait(delay),
BT.While(ShieldIsUp) .0OpenBranch(
BT.RandomSequence ( new [1 {1, 6, 4, 4 }).0penBranch( 4



@ Unity Asset Store : Node Canvas

nodeCanvas

The Complete Framework

Behaviour Trees | State Machines | Dialogue Trees

r
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Navigation

?041 PM '- 4 :)0 PM 20 min '9\
@, )
4 o o | reies 36



Navigation

Embatyy of e
Rutsar Feseaton
(el s L 23 1
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Path finding




Path finding

e Common algorithms :
o BFS/DFS
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Path finding

e Common algorithms :
o BFS/DFS
m A*

® Dijkstra's algorithm
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Hierarchical path finding

e Common algorithms :
o BFS/DFS
m A*

® Dijkstra's algorithm
e Global / Local
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NavMe@t [ OffMeshLink
\ NavMeshObstacle /

NavMesh
P
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@ Build a navmesh

) Directional Uight

.} Camera
.| NavMeshedSceneGeometry

:‘S"’:"r;"‘m plihic 2. Check the Navigation Static box,

sesdind il under the Object tab of the Navigation

@ Stairs 5
@ Door Window, to mark the GameObjects

@ Jumping Flatform 1 that you selected to be used in the
@ Jumping Platform 2 ‘ NavMesh baking process.

@ Lower Platform 1
» i SceneObstades 1. Select the Scene geometry
|_J NavMeshAgent that should affect the navigation.
» ) OffMeshLink1

arAll

3 Navigation G
[Aqents | Areas | Bake | Object
Scene Filter:

| (Mesh Renderers W Terrains

Learn Instead about the companent workfiow
. Door (Mesh Renderer) and 6 others

Navigation Static
Generate OffMeshLinks

Navigation Area (wabkavle 1)

=
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Q Build a navmesh

‘= Hierarchy | # Scene ¢ Navigation
Create * [Or AN i | ! Gizmes * | (o= All 3
i LA E— : e qun&siweas Bake Ob;ectj
M q%m"@m - 3. Adjust the bake settings, under the -
Chcansi Bake tab of the Navigation Window, "= ‘:’:“‘ SICCONPONIOs MU iton
vid v i ~ ' ‘ Baked Agent Size
|| Upper Platform w/ramps R =015
|| Starting Platform
|_IStairs
(I Door H=15
I/} Jumping Platform 1
|/ Jumping Platform 2 I
| Lower Platform 1
| umping Platform 2 (1) Agent Radius [0.15
» | SceneObstades Agent Height 15 ]
NavMeshAgent Max Slope ) {60 |
» ) OffMeshLink1

Step Height [0.53
Generated Off Mesh Links

Drop Height 0
Jump Distance 0

» Advanced

[ Clear N Bake |

Agent Radius)

4. Click Bake to build the NavMesh.

F
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Walkable area




Finding paths

Walkable area




Destination

Global to local

Destination

r
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@ Avoid agents/ obstacles

Local avoidance

r
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@ Avoid agents/ obstacles

Local avoidance

reciprocal velocity obstacles

r
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@ Avoid agents/ obstacles

: @:"

s

r
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@ Avoid agents/ obstacles

Carving

r
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@ Off-mesh link

Jump / Climb / Teleport / ...
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&} DEMO: 3D Game Kit

® Steps:
O Create new Scene
o Add “Chomper”
m Select agentType “Humanoid”

o Bake Navmesh
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Planning

00:08:32 * 4 ©  LEE SEDOL
f T3 . 00:00:27
09 £ L

4 y 4 4 / a

e BFS/DFS, A* algorithms, ...

=
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Monte Carlo tree search

Selection Expansion

Backpropagation

@

r

FeisStu

95



— [2018 TGDF] Kenyi Lee — Deep Reinforcement Learning.in Soul of Eden
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Q&A
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