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What is Al in Just Cause 3?
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The Problem

Behavior Trees and our other Al systems are:

- Bottom-up, each individual agent makes their own decisions.

- Originally built for robust and emergent systemic behaviors, not scripted
moments.

- Trees are complex enough that only Al Designers can work in them directly.




GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

i3

uUBMm




GDC GAME DEVELOPERS CONFERENCE® | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

The Goal
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Supporting “Content Designers...”

Create an Al technical design and interface that empowered:

- mission designers to craft objective sequences

- world designers to create unique moments in open world locations

- encounter designers to create narrative open-world content
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The Division of Labor

Al Designers:

Script behavior trees

Tune utility functions

Create Al templates & packages

Technical Design side of Al

Content Designers:

Level Design of missions,
locations, encounters, etc.

Place the characters in world

Fill out exposed “arguments” on
character spawners
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- @SS 2534 nr [F BREGL
=] rome_simple._soldier.bts* ] |
MNodes g x
Filter
# Tree [ Parallel D Fail B CallForReinforcements B CheckForSurvivalThreat B CheckForThreat_Grenade B CheckForThreat VehicleBulletDamage # ChecklfCarHasNoValidLivingDriver & cCombat & CombatFireSnij
% Lookup [ Dynamic Selector € Work B CallForReinforcementshoveFocus B CheckForThreat B CheckForThreat InformDanger B CheckForThreat_ WeaponFire B CheckiffireAllowed B CombatCheckShouldReactToExplosion # CombatGenera
(O sequence I Variables ® ArcThereAllieslnRange & Cartnter & CheckForThreat Bulletimpact # CheckForThreat OncomingVehicle @ CheckForVehicleCharacterActivity & CheckshouldDisengagelnVehicle B CombatFireMachineGun ® CombatHoldCq
@ selector () Succeed & AuthC OnBro or B Chec formDanger ® CheckForThreat Explosion B CheckForThreat_OthersDamaged 8 CheckFoundVehiclelnsideAOOIfValid CheckShouldGetinVehicleToPursueTarget # CombatFireShotgun ® CombatOperaty
« i v
No documentation avaiable.
Properties & x * || Global Variables & x
Name main Add argument (&) L & Add variable
Name Type Name Type Value E
8. A0O entity_handle e Cman | DistanceToTarget float [+] 00000 £ @
. AlwaysFinishlntroBehavior bool e ! ! Executor entity_handie/ x| 0 He
3. IntroBehavior entity_handle E @ : l > ExecutorPosition vector3 <0,0,00 @
3. IdieBehavior entity_handle e v ExecutorSpeed float 0000 5 @
1§, CarPassengerBehavior entity_handle e ExecutorVehicle entity_handie/=| 0 aK-)
1§, InterruptBehavior entity_handle e ExecutorVehicleSeat int32 0 oh-)
4, Event RuninterruptBehavior  eventreceive e FireWeaponBehavior entity_handie/=| 0 oK)
4§, Event ResumeSystemicBehavior eventreceive e GraphSetExternalBehavior entity_handie/=| 0 =)
3. EdernalTarget entity_handle e InternalAQO entity_handie[»] 0 Sh-)
3. EdemalTargetlias alias e IntemalExtermalTarget entity_handle[x] 0 oK)
3. ExtemnalTargetlock bool e || uDrivingVehicle bool ENa] @
3, EdernalTargetlackUnlockEvent eventreceive e " bitingvenicle bool E g @
3, IsAmbientTraffic bool e IslnlntroBehavior bool o @ L
3, Staged_CA Behavior entity_handle e IsMovingToVehicle bool O @ 1
4, ExternalTargetSelectBehavior  entity_handle e IsSearching bool ElE @
4, MissionSpecificAltCombatPosNF entity_handle e IsUsingMountedGun bool B o e
IsVehicleGunner bool ] =)
IsVehiclePassenger bool ] =)
RunintroBehavior MoodRank int32 0 Sy
Player entity_handle| | 0 H&
RebellnVehicleHasInvestigatedExpla bool =] =]
ResumeSystemicBehavier bool =] =]
RunlnterruptBehavior bool =] =]
N SeesTarget bool =] =]
ShouldDriveCar bool =] [=]
InterruptSystemicBehavior Gmpp\es;\uggle CheckForSurvivalThreat  CheckFor Threat Combat Search Relax‘;ﬂ Shouldinvestigate beol = g C] L4
ShouldRespondToPlayerdnRestrictec bool = & @
ShouldUseMountedGun bool Ell] =)
SpawnedinGroundVehicle bool Ell] =)
> StartPosition vectord Z <0,0,0» @
- Target entity_handie~] oF-)
esigners = 2T
TargetFP int32 [+]o ak-)
> TargetFPPosition vectord <0,0,0» @
< [ m, 3 > TargetPosition vectord <0,0,0» @ i

D:/je3/branch/dlc/resources/intermediate/ai/bts/enemies/gen_soldier/rome_simple_soldier.bts
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=] rome_simple._soldier.bts* ] |
MNodes g x
Filter
P Tree [ Parallel D Fail B CallForReinforcements B CheckForSurvivalThreat B CheckForThreat_Grenade B CheckForThreat VehicleBulletDamage # ChecklfCarHasNoValidLivingDriver & cCombat & CombatFireSnij
% Lookup Dynamic Selector & Work B CallForReinforcementsMoveFocus 8 CheckForThreat B CheckForThreat InformDanger B CheckForThreat_ WeaponFire B CheckiffireAllowed B CombatCheckShouldReactToExplosion # CombatGenera
(O sequence I Variables ® ArcThereAllieslnRange & Cartnter & CheckForThreat Bulletimpact # CheckForThreat OncomingVehicle @ CheckForVehicleCharacterActivity & CheckshouldDisengagelnVehicle B CombatFireMachineGun ® CombatHoldCq
@ selector () Succeed & AuthC B Chec formDanger ® CheckForThreat Explosion B CheckForThreat_OthersDamaged 8 CheckFoundVehiclelnsideAOOIfValid CheckShouldGetinVehicleToPursueTarget # CombatFireShotgun ® CombatOperaty
« i v
No documentation avaiable.
operties & x * || Global Variables & x
ame  main Add argument (&) L & Add variable
Name Type Name Type Value -]
. A0 entity_handle e DistanceToTarget float [x] 00000 & @
. AlwaysFinishlntroBehavior bool e Executor entity_handie/ x| 0 He
. IntroBehavior entity_handle e I ExecutorPosition vector3 0,000 @
. IdleBehavior entity_handle e ExecutorSpeed float 00000 5 @
. CarPassengerBehavior entity_handle e ExecutorVehicle entity_handie/=| 0 aK-)
. InterruptBehavior entity_handle e ExecutorVehicleSeat int32 0 oh-)
J. Event RuninterruptBehavior  eventreceive e FireWeaponBehavior entity_handie/=| 0 oK)
. Event ResumeSystemicBehavior eventreceive e GraphSetExternalBehavior entity_handie/=| 0 =)
U, ExternalTarget entity_handle e InternalAO0 entity_handie[»] 0 Sh-)
b, ExemalTargetAlias alias e IntemalExtermalTarget entity_handle[x] 0 oK)
). ExternalTargetlock bool e || uDrivingVehicle bool ENa] @
U, ExternalTargetlockUnlockEvent eventreceive e " bitingvenicle bool E g @
b, IsAmbientTraffic bool e IslnlntroBehavior bool o @ L
b, Staged_CA Behavior entity_handle e IsMovingToVehicle bool O @ 1
. ExernalTargetSelectBehavior  entity_handle e IsSearching bool ElE @
U, MissionSpecificAftCombatPosNF entity_handle e IsUsingMountedGun bool B o e
IsVehicleGunner bool ] =)
IsVehiclePassenger bool ] =)
RunintroBehavior WorkWWhe MoodRank int32 0 1@
Player entity_handle| | 0 H&
RebellnVehicleHasInvestigatedExpla bool =] =]
ResumeSystemicBehavier bool =] =]
RunlnterruptBehavior bool =] =]
B SeesTarget bool =] =]
ShouldDriveCar bool =] [=]
Inter ticBehavior leStruggle  CheckForSurvivalThreat  CheckFor Threat Combat Search Relaxed Shouldinvestigate beol = g C] 8
ShouldRespondToPlayerdnRestrictec bool = & @
ShouldUseMountedGun bool Ell] =)
SpawnedinGroundVehicle bool Ell] =)
I StartPosition vectord Z <0,0,0» @
- Target entity_handie~] oF-)
esigners = 2T
TargetFP int32 [+]o ak-)
b TargetFPPosition wector3 <0,0,0> @
4 m, 3 b TargetPosition vectord <0,0,0» @ o

D:/je3/branch/dlc/resources/intermediate/ai/bts/enemies/gen_soldier/rome_simple_soldier.bts
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Add argument @

entity_handle |z| (=]

AlwaysFinishIntroBehavior bool |E| (=]
IntroBehavior entity_handle |Z| (=]
IdleBehavior entity_handle |E| (=]
CarPassengerBehavior entity_handle |E| (=)
InterruptBehavior entity_handle |E| (=]
Event_RuninterruptBehavior eventreceive |Z| (=]
Event_ResumeSystemicBehavior eventreceive |E| (=]
ExternalTarget entity_handle |E| (=)
ExternalTargetAlias alias |E| (=]
ExternalTargetlock bool |E| (=]
ExternalTargetlockUnlockEvent eventreceive |Z| (=]
IsAmbientTraffic bool =] ®
Staged_CA_Behavior entity_handle |z| (=]
ExternalTargetSelectBehavior entity_handle |E| (=]
MissionSpecificAltCombatPosME entity_handle |Z| (=]

Exposed Arguments
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military_mission_combatant_grunt

/@) military_mission_combatant_base
CharacterRule
ExtemalBehaviorTree

& bt_args
AOO
AwaysFinishintroBehavior
CarPassengerBehavior
Event_Resume SystemicBehavior
Event_RunlntemmuptBehavior
Extemal Target
BExemal TargetAlias
BExtemal TargetLock
BExtemal TargetLock Unlock Event
Extemal Target SelectBehavior
IdleBehavior
Interrupt Behavior
IntroBehavior
IsAmbient Traffic
MissionSpecificAtCombatPosNP
Staged_CA_Behavior
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Content Designer’s Access to Exposed BT Args
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Properties g X
Name main Add argument (&)
Exposes Data Read
5, KOO entity_handle =&
Arg u ments 4, AlwaysFinishIntroBehavior bool |z| @ r;.;n_‘{ I nto Tree
4, IntroBehavior entity_handle IZ| @ : I
4, IdleBehavior entity_handle |z| @ I I
i, InterruptBehavior entity_handle |z| @ -1
4, Event_RunInterruptBehavior eventreceive |z| @
4, PreferredTarget entity_handle |Z| @
I PreferredTargetAlias alias |z| @
- — | Property View
Main View = 1 Transiorm
Entity Locations | World | Settings 2 - Activation
" 3 - Spawn Parameters
unnamed] | 3.5 Tage
| 9 He 4 - Character Parameters
5 - Character Events (RECEIVED)
E-ZI@ unnamed1 6 - Character Events (SENT)
i [¥][] CharacterSpawner 7 - Contextual Action Interactions
& bt_args
ADQ Mo selection
AlwaysFinish Intro Behavior
Event_RunirtemuptBehavior *
Access on Fills Out
Intemupt Behavior Mo selection
S IntroBehavior No selection
Prefemed Target Mo selection A t
pawner rguments
general

Content
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main

Init

S~

IntroBehavior WorkWhdnSuccess

InterruptBeHavior InVehic\eBeravior EnteringVehicle Combat Search Combath;ad\,r RestrictedArea Relaxed



InterruptSystemicBehavior

GrappleStruagle

Stepping Through:
Frame 1 (on Spawn)

RunlIniroBe Havinr Wor kWhanSuccess

ChedForSurvival Threat

CheckFor Threat Combat Search- F‘.elax:;d



Stepping Through:
Frame 2 (and beyond)

RunIniroBe Haviur WorkWhanSuocess

InterruptSystemicBehavior Gra ppleSh'.L_JggIe ChedcForSurvival Threat CheckFor Threat Combat Search Relaxs-:d



Stepping Through:
A Frame In Combat

RunIntheEavior WorkWhenSuaocess

InterruptSystemicBehavior GrappleStruggle ChedcFor Survival Threat CheckFor Threat Combat Search Relaxed
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How can this enable content designers to create their custom content?

Arguments Exposed to
Content Designers

Arguments Exposed to

Behavior Tree -
Content Designers

Main

______ Behavior Tree

|
On Spawn
("Intro™)
|

L — —»

Main Behavioral
Selector

Main =

Relaxed
Combat ‘ Search ’ C1die”) I
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First Step: Built-lIn On-Spawn Options

Arguments Exposed to Content
Designers

Intro Point (go here on spawn)

Behavior Tree for an Enemy Spawned in Helicopter

Intro Spline (move along this path on
spawn)

( Fly to Paint ) (Fly On Spline) (Demultlnone)

Combat Search
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First Step: Built-lIn On-Spawn Options

Arguments Exposed to Content
Designers

Intro Point (go here on spawn)

Behavior Tree for an Enemy Spawned in Helicopter

Intro Spline (move along this path on
spawn)

But these only beget more args:

Helicopter land at the point or
hover? ( )( >< )

Speed options?

Stop at the point or move through it? >

elaxed
Combat Search (1dle”)
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Property View

El bt_args
ActivateAfterTime
Activate Automatically

0.000000

It doesn’t scale.

T ActivationEvert

AliasOfEntity ToDrive Ta
AutoComplete_Event
AwvoidAuthority Roads
DriveAround Traffic

DriveCffroad ToActual Point At End
EVEMT _amived_at_point
EventSend_GoingFoorSpeed
EventSend_lsSuperStuck
EventSend_lzUnSuperStuck
EwventSend_Stopping ForWait ForEntity
Idle At Poirt
lfPathfindFailzBlindhy Drive To Point
lgnoreJunctionBehavior

lgnore Roads Drive Direct ToPoint
Intro Paint

le Tank ShouldFireWhile Driving
MaxSpeed

CObeySpeedLimit

ReverseToPaint
ScaleSpeedRelative ToPlayer
Scale SpeedRelative ToFlayerFloorSpeed
ShowDebuglnfo
StopAtAutoComplete

Stop At Paint

Stop Distance

Wait ForEntityAlias
zEventRec_SetMaxSpesd_2
zEventRec_SetMaxSpeed_3
zEventRec_SetMaxSpeed_Default
zMaxSpeed_2

zMaxSpeed_3
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External Behavior Trees

= []{&8] miltary_mission_combatant_grunt

- ¥l miltary_mission_combatant_base
. +J =2] CharacterRule

V[ BdemalTree

-7 Egi' Area Of Operations
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=¥ military_mission_combatant_grunt
EIEl military_migsion_combatant_base
CharacterRule

Area Of Operations

Content Designer- Character’s Exposed BT
Selected External Tree | Arguments
Take Cover . e
In Area rgﬂmz:ttsDe);?;::rsm

Behavior Tree

Main
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RunIntroBeBavior WorkWhenSucces

Content Designer-
Selected External Tree

Take Cover
In Area

RunExternalTree GrappleStruggle CheckForSurvivalThreat CheckForl
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Arguments Exposed to
Content Designers

Behavior Tree

Main

|
On Spawn
("Intro™)
I
|

- — —p

Main Behavioral
Selector

Relaxed
Combat Search ' Cldie"
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Main View

E

Entity anatinn5| World | Settings

unnamedl®

| Add instance |

=-[VIE¥ unnamed1 /
----- ] Extemal BehaviorTree

=[] [E] HelicopterSpawner
LT Pilot SpawnSeat
..[7],B: PaintToRyTo

Hroperty View

B bt_args
Activate Automatically
ActivationEvent
AutoComplete_Event
CompleteWhenWithin Distance To Point
Desired AttudeCvemdeValue
Idleft Paint
Intro Poirt
Land At Paint
HeseriedPoint_Event
Speed
Track PlayerPosition During Flight
Wait At Paoint For Time
Wait At Point For Time Duration

B files
behaviour_tree

E general
_class
alias

0.000000
0.000000

Ll

Foirt ToFv Ta

30.000000

L
O

0.000000

ai/bts/01_micra_behaviorsvehicle heli_fly_to_point bts

[ Extemal BehaviorTree
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Main View = roperty View

1 - Spawn Parameters =
Entity Locations | World | Settings 2 - Character Parameters
. 3 - Al Events (RECEIVED) E—
unnamedl 4 - Al Events (SENT)
: =l bt_args
| Add instance | ADO Mo selection
=M @ unnamed AlwaysFinishIntro Behavior W
! . CarPassengerBehavior Mo selection
..... - BxtemalBehaviorTree Event_ResumeSystemicBehavior
- J HelicopterSpawner BEvent_Runintemupt Behavior
- Pilot Spawn Seat l Extemnal Target No selection
7B, Point ToFlyTo Dtemal Target Alias
Extemallarget Lock D
Edemal Tangeblock Unlock Evert
Edemal Target SeletiBehavior Mo selection
Idle Behavior MNo selection
Intermupt Behaviar Mo selection
Intro Behavior BxtemalBehaviorTree

ls Ambient Traffic W
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Points of Injection

Intro Behavior

Behavior Tree

Main

|
On Spawn
("Intro™)
|
B ———— T

Main Behaviaral
Selector

Combat c Search

Relaxed
("Idle™)
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Points of Injection

Intro Behavior

Interrupt Behavior
(w/ trigger event)

Behavior Tree

Main

|
On Spawn
("Intro™)
|

» Main Behaviaral
— — >

Selector

Combat c Search

Relaxed
("Idle™)

Idle Behavior
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main

Points of Injection

Init

Intro Behavior

updat;

RunExternalTree WorkWhen Success

Interrupt Behavior Idle Behavior

(w/ trigger ev‘enl//

S - ~. - e - -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

Q



GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Points of Injection

Behavior Tree

Main

|
-
E bt_m r ("Intro”)
|
Ll

AOO No selection Main Behavioral
AlwaysFinishintroBehavior ] T
Event_Runintermupt Behavior

|dle Behavior No selection —

Intemupt Behavior =—— ho.sslection C? — comeat ( Seaeh > ( ) >
IntroBehavior No'seiaction

Preferred Target No selection

Prefemred Target Alias
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main

Why these points?

Init

Intro Behavior

*_

—

update

RunExternalTree WorkWhen Success

Interrupt Behavior Idle Behavior

(w/ trigger ev‘enl//

S - ~. - e - -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

Q
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main

Points of Injection

Init
Intro Behavior ./

RunExternalTree

- . e s . -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

WorkWhen Success




GDC | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Intro Behavior
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main

Points of Injection

Intro Behavior

RunExternalTree WorkWhdnSuccess

- . e s . -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed
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main

Points of Injection

E bt_args

ADO No selection
AlwaysFinishIntroBehavior ]
Event_Runinterrupt Behavior
|dle Behavior No selection
Intermupt Behavior No selection
IntroBehavior No selection

it Prefemred Target No selection
Prefemed TargetAlias

Intro Behavior ==
updat;

WorkWhen 5uccess

‘\-\._\_\
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat

RunExternalTree

Search RunExternalTree Relaxed
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Always Finish

B bt_args
AQO
AlwaysFinishintroBehavior
Event_Runintemupt Behavior

~ Idle Behavior

e Intemupt Behavior
IntroBehavior
Prefemed Target
Prefemed Target Alias

Allowed To Exit

No selection

L

No selection
No selection
No selection
No selection
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Points of Injection
B bt_args

AQO
AlwaysFinishintroBehavior
Event_Runintermupt Behavior
Idle Behavior
Interrupt Behavior
IntroBehavior
Prefemred Target
Prefemed TargetAlias

Init

RunExternalTree WorkWhdnSuccess

Interrupt Behavior

(w/ trigger ev‘enl//

- - e ‘\-\._\_\ o, — -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

No selection

[

No selection
No selection
No selection
No selection
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Interrupt Behavior
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Points of Injection

Interrupt Behavior

(w/ trigger event)

II.I_..-"-. - \‘l—.-‘_.._

N

RunExtemalTree

B bt_args

AlwaysFinishintroBehavior
Event_Runintermupt Behavior
IdleBehavior

Interrupt Behavior
IntroBehavior

Prefemed Target

Prefemed TargetAlias

RunExternalTree

No selection

[

No selection
No selection
No selection
No selection

5

CheckForSu r\-'i\;aITh reat

RunExternalTree

Grapplestrzlggle CheckForThreat
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main

Points of Injection

RunExternalTree WorkWhen Success

- S
CheckForSurvivalThreat CheckForThreat

RunExtemalTree GrapplesStruggle

s
Combat

Idle Behavior

o

Search RunExternalTree Relaxed
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Idle Behavior
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main

Points of Injection

RunExternalTree WorkWhen Success

- N - . — i o~
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

Idle Behavior
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main

Points of Injection

Q/ ?
? ? update

RunExternalTree WorkWhen Success

e

- . e s . -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed
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Points of Injection

main

E bt_args
AQO
? AlwaysFinishIntroBehavior
Event_Runintemupt Behavior
9 |dle Behavior
Interrupt Behavior
2 IntroBehavior
o Prefered Target
WorkihdnSuccess Prefered TargetAlias

RunExternalTree

S5

%

- - - m - - -~
RunExtemalTree Grapplestruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

No selection

[l

No selection
No selection
No selection
No selection
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main

Points of Injection

Selected To Maximize:

* Simplicity

* Flexible Control
* Robustness J

* Behavioral Consistency upats
* Visual Integrity

RunExternalTree WorkWhen Success

FAYAN

f w
f

|
N

T - — - . - -
RunExtemalTree GrapplesStruggle CheckForSurvivalThreat CheckForThreat Combat Search RunExternalTree Relaxed

=
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Behavior Tree “Headers”

Header file containing a

RunAndShoot subtree

Standard
AL Systemic
AOO.bts Combat
Destination Destination Provided
Provided by by Utility Function

Content Designer requested w/in BTS
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Building A Library of Micro-Behaviors

YV aRLALFOINT For | ime LrJaramon ULy
= files

behaviour_tree ai/bts/01_micro_behaviors/vehicle/heli_fly_to_point bts
= general
Heli Fly To Run To Patrol Enter

. y . Target Exit Vehicle
Point AOO Spline .
Vehicle

Take Cover Plane Loop Anim Idle Until

In Area Takeoff At Point Event Car Follow
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What now? Giant Mission-Specific Micro-Behaviors?
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Breaking Mario’s Behavior Down Into A Sequence

Fight With Wait For Gate Fight From

. o E h
Rico Inside position and nterthe Passenger
. Rebel Car
Station loop Seat

Take Coverin
Police Station
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Breaking Mario’s Behavior Down Into A Sequence

Take Cover in F‘|ght W.|th Walt. Ifor Gate Enter the Fight From
. . Rico Inside position and Passenger
Police Station . Rebel Car
Station loop Seat
In Area At Point 9

AOO Vehicle NeverExit
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Take Cover in F.|ght W.|th Walt. Ifor Gate Enter the Fight From
. . Rico Inside position and Passenger
Police Station . Rebel Car
Station loop Seat
Take Cover Systemlf: Loop Anim Enter Passenger
In Area Combatin At Point Target Combat
AOO Vehicle NeverExit
Intro ( Interrupt
Behavior BT T Behavior BT

Arg b Arg
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: Enter Passenger
Loop Anim
At Point Target Combat

B bt_args Vehicle NeverExit

AQO No selection

AlwaysFinishintroBehavior E] *

Event_Runinterrupt Behavior

dleBehavior No selection Interrupt

Intermupt Behavior No selection Behavior BT

IntroBehavior No selection Arg

Prefemred Target No selection

Prefemed TargetAlias
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Meta Utility Trees

Micro Micro Micro
Behavior Behavior Behavior

main
¥

Meta Utility

Tree
RunExternalTree RunExternalTree RunExternalTree
Main Tree

(bt arg for Intro,
Interrupt, or Idle)
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Meta Utility Trees

-

----- ||z CharacterRule_Mario

=& EBT_Mario_Intemupt _Sequence

----- 7 1 LoopAnimAtPoint

----- v 2 EnterTargetvehicle

[ 3 PassengerCombat NeverEsit
----- 7 EBT_Mario_Intro_TakeCoverinfrea

Property View

& bt_args
ADO Mo selection
AlwaysFinish ImtroBehavior [l
Event_Runintemupt Behavior
|dleBehavior Mo selection
Intermupt Behavior EBT_Mario_Irntermupt_Sequence
Intro Behavior EBT_Mario_Intro_TakeCoverlnfrea
Prefemed Tanget Mo selection
Prefemed Tanget Alias

B general

Property View

= bt_args
Edemal Behaviorl
Edemal Eehavior?
Edemal Behavior3

= Filoe

----- v CharacterRule_Mario
= | EBT_Mario_Intemupt_Sequence
- [I[2) 1.LoopAnimAtPoit
----- 7 2 EnterTangetvehicle
L[ 3.PassengerCombat Neverbxt
----- J EBT_Mario_Intro_TakeCoverinfrea

1.LoopAnim At Point
£ EnterTargetvehicle
J.PassengerCombat MewverExit
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Meta Utility Trees

/ L]
Sequence of Sequence of External Behaviors
External o (tree 1)
Behaviors

o (tree 2), etc...

Selector of External Behaviors

Selector of
External o (tree a)
Behaviors
o (tree b - only executed if a fails)
External Behavior with autocomplete
External
Behavior with o (tree)

AutoComplete .
o Event_receive - autocomplete above tree




GDC GAME DEVELOPERS CONFERENCE® | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Trees All The Way Down. Why?

main

Init )

o

RunExternalTree RunExternalTree RunEx s /

Meta Ut”ity Tree \ RunExternalTree WorkWhenSuccess
%L!l\\

Micro-Behavior Main Tree

updaté
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“Only by placing the stimulus behavior into the
tree itself can we be assured that all the higher-
level and higher-priority behaviors have had their
say before the stimulus behavior can consider
taking action.”

— Damian Isla, GDC 2005
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This Three Tree Type Interface...

main

Init )

o

RunExternalTree RunExternalTree RunEx s /

Meta Utility Tree \ RunExternalTree WorkWhenSuccess
%L!l\\

Micro-Behavior Main Tree

updaté
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How This Synced With the Mission System

Player’s Mission Objectives

. Defeat Open The Escort To
Reach Mario . .
Enemies Gate Trigger
Mario’s Al Behaviors
Take Cover in F.' ght W.|th Wa't. Ifor Gate Enter the Fight From the
. . Rico Inside position and

Police Station . Rebel Car Passenger Seat

Station loop




Solution: Assigning Trees to each Objective’s CharController

Objective 1:
Reach Mario

Mario
Controller

Objective 2:
Defeat Enemies

Mario
Controller

Objective 3:
Open Gate

Mario
Controller

Objective 4:
Escort Vehicle

Mario
Controller

Seq: 1) Anim At
Point. 2) Enter
Car

Take Cover In
Police Station

(none - fallback
to systemic)

Passenger
Combat w/o Exit

Mario's Primary
SpawnRule
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Beyond Missions...
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Beyond Missions...
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Solving the “Systemic Yet Authorable Problem...
Beyond External Trees...
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AOOs & Systemic Positioning > Points or Splines

w5
UBM




GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

AOOs & Systemic Positioning > Points or Splines
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H PROTECT ANNIKA AND TEO

CS PREDATOR
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Restricted Areas > Assigned Guard Al
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Starting to sense a theme?
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“The more chaotic and unpredictable your game,
the more of an intelligence edge the runtime Al
will have over the designers.”

— Robert Meyer, GDC 2017
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Annotation is Your Friend

&

UBM




GDC GAME DEVELOPERS CONFERENCE® | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Annotation is Your Friend
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Built Into Entities/Prefabs? Or Hand-Placed?
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Summary

We created an interface to empower content creators to safely, yet powerfully “script”
their own Al without ever having to open an Al Behavior Tree, while making sure the core
of the systemic brain was preserved.

We did this using modular Micro Behaviors on External Trees that could be packaged with
Meta-Utility Trees and inserted in Intro, Interrupt, or Idle points.

We successfully synced this with the Mission System’s checkpointing by having Mission
Objectives provide the behaviors to be run during them.

We influenced Al using more bottom-up, systemic, and annotation-based tools that could
guide the Al, but still let them decide things on their own terms. This is more
accommodating to a Just Cause level of unpredictability.
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