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-3 Al
Al (chaining)
[1.9]
(goal state)
(initial state)
(planner)
C,B,A A,C,B
Al
1. A
2. B
3. A
4 B A

Al
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-4 ACB (C.B.A)
[1]
Al
COM
primitive
operator
1) COM
2)
3)

F.E.AR

FEAR

([l )
([l )
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(action)

(precondition)
(effect)
(behavior)

-5
(precondition) (behavior)
(effect)
(behavior-based planning)
(chaining)
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FE.AR

regression planning FE.AR
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hierarchical planning [10] [1]
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FE.AR

FE.AR
Jeff Orkin
[11]
F.EAR
Goal-oriented action planning, GOAP [12,13,14]
F.E.AR Monolith Production FE.AR
FEAR
F.EA.R Al Shogo NOLF2 F.EA.R
FE.AR FPS(First Person Shooter)
FPS RPG
Production Monolith
Production FPS Al
-1 Monolith Production Al
m:é
Al
Al FSM
1998 2002 2004
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Al
I sensor

1 decision-making

i effecter

Al

-1 [17] (sensor)

FPS NPC

Al

NOLF2 EE.AR
Al

Shogo NOLF2 FEAR
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- NOLF2 (FSM) FE.AR

Al

COM

Al
Al

NOLF2 FE.AR

COM

COM
[2]
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NOLF2
[15,18]

NOLF2

SIT AND SMOKE

SIT AND TAKE A QUICK | DANCEALITTLE JIG
SWIG FROM A FLASK OF JOY (MAYBE!)

-4 NOLF2

(Figure from No One Lives Forever 2, Monolith Production, http://www.lith.com Sierra http:/nolf2.sierra.com/)

-3 NOLF2

(Ownership)

(Dependency)

(Responsibility) COM
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(Priority)

(State of COM
Consciousness)
(Expected State)

(Relevance)

° NPC NPC

°

°

°

° COM COM

NOLF Al
FE.AR
NOLF2
NOLF2 Work  Death

Stunned  AttackFromCover

NOLF
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Priority: 8.0
Priority: 100.0 Priority: 80.0

AttackFromCover

-5 NOLF2 Work Death Stunned
AttackFromCover FSM
[12]
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{ Working Memory

-6 NOLF2 [16]



FEAR
NOLF2 COM

[19]

FE.AR

FEAR
NOLF FE.AR

FE.AR

(sensor)

(Working Memory)

(Blackboard)






-7 FE.AR [14] Working Memory

Blackboard Blackboard

COM

A B C

A

[16,20] FE.AR

NOLF2  FEAR NOLF2
FEAR
NOLF2 FSM
FEAR
-4 FSM
FSM
FSM
FSM

FSM re-planning




NOLF Al FSM

Jeff Orkin
NOLF2 FSM FSM

FSM
FEAR

FSM
FSM
FSM
NOLF2 FEAR

Working Memory

Animate
Up

Dodge Roll
Dodge Covered - Attack Melee
Attack Ranged Dodge Shuffle
Blind Fire

-8 NOLF2 COM [12] FSM
FE.AR COM (action)

Dy

(planning)



FE.AR Goal-Oriented Action Planning (
GOAP) FE.AR

IGDA AIISC IGDA
[21]
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FE.AR

FE.AR
[14]
® (SensorSeeEnemy)
°
® (CoverNode)
® (SensorNodeCombat)
NPC
NPC
CoverNode
Al

Al

NOLF2

(PassTarget)

Al
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' B | SensorNodeCombat

SensorSeelEnemy

PassTarget
CoverNode

LAX v AR REFvI) . \ABRFRLGEFE-IVLENS/THEEE
SensorNodeCombat [E44. SME. BNGHALHETESIEMEIET
SensorSecEnemy  BARASNTF VY

PassTarget WHR A ETOSRERDT. DDTO AR SR Th B L ETF =y 7 3,

CoverNode BhbdlenTtEd/—F
9 FE.AR
CoverNode Bl
L] : l. s\ %
WL L | :
& [ . ™ A * A
N - L ] L4
1#ZBET7YTT—hk 7 ;{ ‘ f/
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m
*
-]
m

BRIV METORELNRETET

-10 FE.AR [14] CoverNode
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PassTarget
Al

Killzone

Al Game Programming Wisdom , Game Programming gens

B FEAR

FEAR

[22]

(Working Memory)

L K IR R JBR IR B 2

FE.AR
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(x20, y30, z 0) 0,0,1

N

WorkingMemoryFact
{
Attribute<Vector3D> Position 5t_tribute<’1‘ype>
Attribute<VectoriD> Direction {
Attribute<StimulusType> Stimulus Type Value
Attribute<Handle> Object float fConfidence
Attribute<float> Desire }
float fUpdateTime
}
11 [23]
C=10
Cc=10
- . C=00
c=10 - c=0.63

-12 (position) (confidence) [14] COM
1.0(100%)

confi dence
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Fact (stinmulus)
(position)

(desire)

Al

(Wor ki ng Menory)

Worlking Memory

T

e
—

[14]

(agent-centric)

Al
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-5 FEAR [12,13,14,22]

Type

kSymbol_Animplayed

kSymbol_AtNode Handle or

variable*

kSymbol_AtNodeType

kSymbol_AtTargetPos

kSymbol_DisturbanceExists

kSymbol_Idling

kSymbol_PositionisValid

kSymbol_RidingVehicle

kSymbol_ReactedToWorldStateEvent

kSymbol_TargetlsAimingAtMe

kSymbol_TargetlsDead bool

kSymbol_TargetlsFlushedOut

kSymbol_TargetlsSuppressed

kSymbol_TraversedLink

kSymbol_UsingObject handle

kSymbol_WeaponArmed bool

kSymbol_WeaponLoaded bool

41




FEAR

FE.AR

FE.AR (Animate)
(UseSmartObject)

COM
Al

COM

class Action

{

/'l Symbolic precondi tions and effects,
Il represented as arrays of variables.
WORLD_STATE m Precondi ti ons;

WORLD_STATE m Ef f ect s;

/1 Procedural preconditions and effects.

bool CheckProcedural Preconditions();
voi d ActivateAction();

-14 FE.AR [12,23]

(goto)
(cover)

42

(Animate)

(Goto)

Al

COM

COM



[12]

FE.AR
FE.AR
(regression)
kTargetlsDead==true yes kWeaponArmed
== none no kTargetlsDead = true
[13]
kTargetisDead==true
kTargetisDead = true false
kTargetlsDead = true Attack
kWeaponL oaded =true false
kWeaponLoaded =true LoadWeapon
kWeaponArmed =true false

kWeaponArmed =true DrawWeapon

kWeaponArmed =none

DrawWeapon LoadWeapon Attack
NPC
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Key Goal Value
TargetlsDead false true
Key Value
_____ Effect kTargetlsDead true
Precond kWeapomlsLoaded true
Symbol Goal Value
kTargetlsDead true true
kWeapomlsLoaded false true
Key Value
Load | | Effect kWeapomlsLoaded true
Weapn Precond kWeaponIsArmed true
Symbol Goal Value
kTargetlsDead true true
kWeapomlsLoaded true true
kWeaponIsArmed false true
Key Value
Draw
“““ Effect kWeaponlsArmed true
Weapn Precond None ---
Symbol Goal Value
kTargetlsDead true true
kWeapomlsLoaded true true
kWeaponIsArmed true true
-15 ([13]) FE.AR
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FEAR

FEAR _Al

kTargetlsDead = true

Al

FE.AR

A*

A*
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Al
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FE.AR
A* FE.AR G,AB,D,I
A*
heuristic [12]
NOLF Al FSM
Al FE.AR
NPC

FE.AR NPC

FSM
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‘Soldier

8 Action

|1 AIfActions/Attack
AI/Actions/AttackCrouch
Al/Actions/SuppressionFire

AL/ Actions/SuppressionFireFromCover
Al/Actions/FlushOutWithGrenade
Al/Actions/AttackFromCover
Al/Actions/BlindFireFromCover
Al/Actions/AttackGrenadeFromCover
Al/Actions/AttackFromView

10 AIfActions/DrawWeapon
AL/Actions/HolsterWeapon

12 Al/Actions/ReloadCrouch

13 Al/Actions/ReloadCovered

| 14 AlI/Actions/InspectDisturbance
15 AL/Actions/LookAtDisturbance
16 AI/Actions/SurveyArea

|17 Al/Actions/DodgeRoll

|16 AI/Actions/DodgeShuffle

|18 Al/Actions/DodgeCovered

zZ0 AL/Actions/Uncover

21 AlL/Actions/AttackMelee

Y- R ST R SR X

Assassin

B Action

1 AI/Actions/Attack
Al/Actions/InspectDisturbance
Al/Actions/LookAtDisturbance
AlfActions/SurveyArea
Al/Actions/AttackMeleeUncloaked
AlfActions/TraverseBlockedDoor
AL/Actions /U

AlfActions/MountNodeUncloaked
AL/ Actions/DismountNodeUncloaked
10 Al/Actions/TraverselinkUncloaked
11 AIL/Actions/AttackFromAmbush

12 Al/Actions/DodgeRollParanocid

13 AlIfActions/attackLungeUncloaked
14 AlfActions/LopeToTargetUncloaked

Wy o B W N

|E| Action
1 AIfActions/Animate
Al/Actions/Idle

2
3 Al/Actions/GotoNode

4 AlfActions/UseSmartObjectNode
+
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Al

GDC

COM

NPC
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(re-planning)
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FE. AR NOLF2

FEAR
Al
FE.AR
NPC
NPC NPC

Jeff Orkin

FEAR

Al
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STRIPS [1]

FSM

NPC

FEAR
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Al [25] [26] FEAR

[27,28]
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Al

Al
A*
Al Al Al
1
-1 FE.AR
F.E.AR Chrome Hounds
FPS
NavMesh
FPS
F.EAR
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-8 Conquer_Base Walk_Around (
Attack_around_base Walk_Around (
) Activate(
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LMD, #sn

GOTORPOSITI

-9 Attack_target ( )
Attack_target
Attack_target

Conquer_base InActive
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COM
Al
Al Al
multi-tiered Al ([30,31])

MOD

Mat Buckland, “Programming Game Al by Example” [10]

[32]
(Composite Goal)
Mat Buckland [33]

C++
® Activate...
® Process...
® Terminate...
® Process

Activate Terminate
Process Activate

Process
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FIFO

TOISI—DFOORELRE Class Goal
J—LERBITOT S LEE
(AN FHEE) 77 b
LRI | N
Class Goal Activate()
Process()
P T & Terminate()
+
Activate() Class Goal
Process()
Terminate() 2 1% a2
y Activat
Activate ... fIEitvTa9 [(’:rz)‘::ac;ses(())
Process ... TFIT475BDOITH Terminate()
Terminate ... & T ALIE

(B NBEL TRY)TRTER) A RERX

[34]
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Move WithTarget

MoveWithTarget J

Find_PathToPosition

% [RRAEH BB L
FollowPath

[E KRETDSR EHD lﬂp]

<> -
PiIREEERFEATLE]

297 EH

EShERS P FEBBELTLS
isArrivedAt

EECChTeA (Coe )

Process

BEAGEDEESmnk tmax Bl FBLTLYS
isFarFromTarget

)

(kT LML

MkEFEL) .

Move_WithTarget

Failed Continue
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-16 Conquer_base
Playerl

Conquer_base
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Conquer_base_with_combas

Defend_my_base Scout_base
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(i)
(i)

(i)

Protect_target

(i)

Defend_my_base
Scout
FE.AR

Resque_friend

Attack

Conquer_base

F.E.AR

Al

COM
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Al
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Brooks [37]

FE.AR

COM

Al
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(dependency graph, [38])

tech tree[39] P.104
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Age of Empire RTS

(Hierarchical Task-Network HTN)
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Appendix Mat Buckland

0-1

void Goal_HuntTarzet:idctivate()
m_istatus = active;

f70f this zoal is reactivated then there may be some existing subgoals that
Simuzt be removed
Removed| | Subzoals():

JA0t is possible for the tarzet to die whilst this goal Iz active so we
Simust test to make sure the bot alwavs has an active tarzet
if (m_plwner->GetTarzetSve()->isTarzetPresent())
1
flzrab a local copy of the last recorded pozition (LRP) of the target
const Yector?D lep = m_pOwner-»GetTargetSys()->GetlastRecordedPosition():

F00f the bot has reached the LRP and it still hasn’t found the target
SO0t starts to search by using the explore zoal to move to random
Simap locations

if (lrp.izferol) || m_pOwner-*isdtPozition(lrp))
AdddSubzoal (new Goal _Explore(m_pOwnerd):
1
Jielze move to the LRP
elze
{
AddSubzoal {new Goal_MoveToPositionim_pOwner, lreldd;
1
1
FA0f thelr is no active target then this zoal can be removed from the gqueue
elze
i
m_istatus = completed:
1
I
e e s Bropesgr—rrme s st o s e o
L B e e S e

int Goal_HumtTargzet::Process()

fA0f status iz irnactive, call fctivatel)
At ivateIfInact ivel):

m_iStatus = ProcessSubgzoals();

SO0t target is in wiew this zoal iz satisfied
if (m_pOwner->GetTargetSys()-FisTargetWithinFOY (D)
1

m_istatus = completed:

1

return m_iStatus;

Mat Buckland ,2005,Programming Game Al By Example WORDWARE Publishing

[10] [32] HuntTarget
Process
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Activate




Mat Buckland ,2005,”Programming Game Al By Example” WORDWARE Publishing

Goal-Driven Agent Behavior [32]

Hunt Target Activate Process

1

0-2 Mat Buckland,chapter7-9,”Programming Game Al By Example”, WORDWARE Publishing
[10] Raven [32] .
HuntTarget

HuntTarget
(Composite Goal)

(FOV Field of View)

Process

89



B Activate

HuntTarget
HuntTarget
activate
m_iStatus
< inactive
< active
< completed
< failed
AddSubgoal
RemoveAllSubgoals
v MovePosition
v Explore
v
m  Process
Activate
ProcessSubgoals
v
v active

90
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(composite design pattern)
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