Titre : Quelle planification dans les first-person shooters ?

Résumé : Pour répondre a la question du titre, je présenterai des données venant de trois jeux :
F.E.A.R. (2005), Killzone 3 (2011) et Tranformers 3: Fall of Cybertron (2012).

Aprés une rapide explication sur le pourquoi et le comment de ces données, je commencerai
par détailler des métriques permettant de comparer le composant de planification dans chaque jeu.
Puis je proposerai des motifs invariants que l'on peut extraire des données a partir des métriques.
Enfin, je résumerai ces résultats par une série de questions dont les réponses sont autant de
décisions sur la conception du jeu et des fonctionnalités du composant de planification.

L'approche de ce travail se veut tres empirique, un peu comme un biologiste tombant nez a nez
avec trois fleurs qu'il n'a jamais vues ; que peut-il en dire ?

ieu : Université de Québec a Montréal, le jeudi 9 octobre 2014.
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ARCHITECTURE

AD-HOC RULES

PROS

> minimal set-up

> hierarchy helps cluster behaviors
> easy to understand, build

> separates decision logic from state code
> easy to understand, build, edit

> ai “discovers” solutions on the fly

> handles unique situations better
> easily accommodates new action

CONS

> gets unwieldy past the most basic behaviors

> transition between states get hard to manage with
more behaviors

> some loss of designer control
> “re-planning” can be processor-intensive

NEURAL NETWORK

> ai constantly weighs all actions

> handles unique situations gracefully
> allows for variation in behavior

> able to “learn” how to play

> can be set up relatively quickly

> some loss of designer control
> harder to design, edit, and tune

> complete loss of designer control
> nearly impossible to edit or tune

FIGURE 7: THE TYPE OF ARCHITECTURE YOU SELECT NEEDS TO BE BASED ON YOUR NEEDS.
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PLAN
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Robert FIKE$ & Nils NILSSON

STRIPS: A New Approach to the Application of Theorem Proving
Artificial Intelligence 2 (1971), pages 189 & 208

STRIPS

© Alex Champandard, AlIGameDev.com

Jeff ORKIN, Applying Goal-©riented £Llction Planning to Games

Al Game Programming Wisdom 2, pages 217 a 228
Hingham, Mass.: Charles River Media (2002). 14



“Put simply, these are the smartest, most
aggressive, most tactically oriented Al
opponents that we've ever encountered in a
shooter, and they're downright impressive. The
Al is incredibly sharp, and they'll do things that
you don't expect, like pin you down while one of
them flanks you. ... These guys move around
from cover to cover; they communicate with one
another; they'll react to any sound or sight of

b

you.

Jeff Orkin, The Evolution of Planning in Games, ICAPS Planning in Games 2010, Toronto
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Backward Chaining

Key: Cur Value: Goal Value:
kTargetIsDead false true
ST [Key: ~~ |value: ™
--1  Effect] kTargetIsDead |[true :
' Precond:| xweaponIsLoaded [true '
Key: Cur Value: Goal Value:
kTargetIsDead true true
kWeaponlIsLoaded | false true
£ |-I(ey: Value:
Wlé{;ac:)n --1  Effect:] kWeaponIsLoaded |true :
P ' Precond: | kWeaponIsArmed |[true
Key: Cur Value: Goal Value:
kTargetIsDead true true
kWeaponIsLoaded |true true
kWeaponIsArmed | false true
""""" [Key: ~~ value: ™
W%f&lmgn o Effect:| kWweaponIsArmed |true :
P Precond:| None . /l
Key: Cur Value: Goal Value:
kTargetIsDead true true
kWeaponlsLoaded |true true
kWeaponIsArmed |tyue true

FIGURE 3.4.2 The planners regressive search.
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States as Arrays

World Representation

In order to search the space of actions, the planner needs to represent the state of the
world in some way that lets it easily apply the preconditions and effects of actions,
and recognize when it has reached the goal state. One compact way to represent the
state of the world is with a list of world property structures that contain an enumer-
ated attribute key, a value, and a handle to a subject.

struct SWorldProperty

{
GAME_OBJECT_ID hSubjectlID;
WORLD_PROP_KEY eKey;

union value

{
bool bvValue;

float fValue;
int nValue;

};
}s

17



Actions as Classes

CAIActionAttack: :CAIActionAttack()

{
m_nNumPreconditions = 1;
m Preconditions[0].eKey = kWeaponlIsLoaded;
m Preconditions[0].bValue = true;
m_nNumEffects = 1;
m Effects[0].eKey = kTargetIsDead;
m Effects[0].bValue = true,

}

55 Actions



Cost per Action

EscapeDanger-0.5, UseSmartObjectNodeMounted-1, TraverselLinkUncloaked-1,
TraverseBlockedDoor-1, SurveyArea-1, SuppressionFireFromCover-1,
ReloadCovered-1, ReactToDanger-1, MountVehicle-1, MountNodeUncloaked-1,
|dleOnVehicle-1, GotoValidPosition-1, GotoNodeOfType-1, GotoNode-1,
FaceNode-1, DodgeCovered-1, DismountVehicle-1, DismountNodeUncloaked-1,
Charge-1, AttackLungeUncloaked-1, Animate-1, LookAtDisturbance-1.5,
TraverLink-2, SuppressionFire-2, KnockDownExplosive-2, KnockDownBullet-2,
InspectDisturbance-2, |dleTurret-2, Idle-2, FollowPlayer-2,
DodgeRollParanoid-2, BlindFireFromCover-2, AttackGrenadeFromCover-2,
UseSmartObjectNode-3, LookAtDisturbanceFromView-3,
LongRecoilHelmetPiercing-3, LongRecoilExplosive-3, LongRecoilBullet-3,
Follow-3, FlushOutWithGFrenade-3, DodgeShuffle-3, AttackMeleeUncloaked-3,
AttackMelee-3, GotoTarget-4, AttackFromCover-4,
AttackFromArmoredBounded-4, AttackFromArmored-4, AttackFromAmbush-4,
AttackFromView-4.5, ReloadCrouch-5, AttackCrouch-5, AttackTurretCeiling-6,
Attack-6, Attackready-7, GotoTargetLost-8

Reuse path planning A¥*



Dana NAU, Yue €A0, Amnon LOTEM & Héctor MUNOZ-AVILA

The SHOP Planning System
Al Magazine 22 (3), AAAI Press (Fall 2001)
pages 91-94

- !

EMPIRE

© Alex Champandard, AlIGameDev.com
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method travel-by-foot
premnd):( distance(x,y) < 2
task:  travel(a, x, y)
subtasks: walk(a, x, y)

method travel-by-taxi
task:  travel(a, x, y)
precond: cash(a) > 1.5 + 0.5 x distance(x, y)
subtasks: call-taxi(a, x) — ride(a, x, y) — pay-driver(a, x, y)

operator walk (a, x, y)
precond: location(a) = x
effects:  Jocation(a) < y

operator call-taxi(a, x)
effects:  location(taxi) < x

operator ride-taxi(a, x)
orecond: location{axi) = x, location(a) = x
effects:  location(faxi) < y, location(a) < y

operator pay-driver(a, x, y)
precond: cash(a) = 1.5 + 0.5 x distance(x, y)
effects:  cash(a) < cash(a) — 1.5 + 0.5 x distance(x, y)

Figure A. Pseudocode representation of a simple travel-planning
domain. Left-arrows denote assignments of values to state
variables; right-arrows are ordering constraints.

© IEEE 2005
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Initialtask: | travel(me,home,park)
travel-by-foot

precond: distance(home,park)! 2 precond: cash(me)” 1.50 + 0.50*distance(home,park)
e [
< Preconditionfails > <__Preconditionsucceeds >

>Z Decomposition into subtasks
constraint constraint

Initialstate: call-taxi(me,home) @ ride(me,home,park) @ pay-driver(me,home,park) @

ﬂrdering_ _{;rdering
o

|

precond: ... | % [precond: ... | % precond: ..
effects: ... .| effects: ... effects: ...
@D={Iucatinn(me]=hume, cash(me)=20, distance(home,park)=8} )

@1={Incatinn{me)=hume, location(taxi)=home, cash(me)=20, distance(home,park)=8} } Final /state

@2 = {location(me)=park, location(taxi)=park, cash(me)=20, distance(home,park)=8 }

@3 = {location(me)=park, location(taxi)=park, cash(me)=14.50, distance(home,park)=8} } .

Figure B. Solving a planning problem in the travel-planning domain. o IEEE 2005
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Monolith, 2005

FIRST ENCOUNTER ASSAULT RECON

F.E.A.R. SDK [Monolith, 2006]
= VC++ 2003

26



Format des données exportées

Temps en milli-seconde
Nom du NPC

{132731, Position X, Y & Z du NPC, en métre
Noname358; ,///

{-10397.5, -2777,9479.33},

AttackReady, - Identificateur d'action
{kWSK_TargetIsDead, 1},

1}

\ Effets de I'action

Longueur du plan (c'est-a-dire le nombre d'actions dans le plan)

27



Format des données exportées
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Format des données exportées

{132731,
Noname358,
{-10397.5, -2777,9479.33},
AttackReady,
{KWSK_TargetIsDead, 1},

1}

BUT oublié!

107 sec pas assez précis !

29



Monolith, 2005

FEAR

FIRST ENCOUNTER ASSAULT RECON

30



Format des données exportées

{132731,
Noname358, Toujours pas de buts...
{-10397.5,-2777,9479.33},
AttackReady,
{kWSK_TargetIsDead, 1},

1}

[Killzone 3, Guerrilla Games, 2011] _ .
(24717610150, — (2800000 ticks par seconde (12,5313 107)

BOTBaseTOW6 .BOTBaseo6TOW, Positi blide !
remember.activeplan, {orderpatrol, 18}, osition oubliee :
hoversegment, {{1032,1033,1034,1036,1035},any,auto, {},{},{}},
2}

[Transformers 3, High Moon Studios, 2012]

{76681, 1/10000 seconde
TnHtnAiPawnl3944 [AICTSoldier],

{50488.47, 102197.94, 24349.72},

ITgnorantToPrepared, .

{SpecificStanceToClear Données sans valeur...
SOMEONE DIDN'T MAKE A DESCRIPTION FOR THIS VALUE},

1} 31




QUE PEUT-ON APPRENDRE DE CES PLANS ?

32



VOLUME

FEAR

17 fichiers, 3h45 de jeu, niveau 3 a 11

KZ3

1 fichier, 13min de jeu, deux premiéres sections du niveau 7

13

4 fichiers, 35 min de jeu, niveaux inconnus

33



VOLUME

FEAR

17 fichiers, 3h45 de jeu, niveau 3 a 11
6679 plans — une moyenne d'un plan toutes les 2023 milli-secondes

KZ3

1 fichier, 13min de jeu, deux premiéres sections du niveau 7
2349 plans — 1 plan toutes les 333 milli-secondes

13

4 fichiers, 35 min de jeu, niveaux inconnus
8751 plans — 1 plan toutes les 243 milli-secondes

34



METRIQUES
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CASTING
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10

15

Concurrent Active NPCs

Concurrent Active NPCs for the KZ3 session

Concurrent Active NPCs across all FEAR sessions

10

Concurrent Active NPCs across all T3 sessions

12

10

.=z

-

Concurrent Active NPCs

15 _

10

FEAR KZ3

T3
37



Number of Plans per NPC

Number of plans per NPC

{{1,5,11,24,393},
{1,9,23,38,463},
{1,7,18,39,1985}}

{{ExitFettel, 1}, {Rat02,411}}},
{{ExitFettel, 2}, {Rat02,67}}},
{{HS0101,2}, {Rat02,393}1}},
{{Dead[Guy],1}, {nonamel946,33}}},
{{runningMAN, 1}, {Assassin[Corridor[Ass00]],23}}},

{ {Admin[Sec[MapesGate]].CAI, 3}, {Arrival[Lounge[S04]].CAI,48}}1},
{{132[crow01],1}, {noname2311,906}}},
{{noname2272,4}, {noname2279,40}}},
{{noname2281, 3}, {noname2311,47}}},
{{Holiday, 2}, {Delta01,3801}}},
{{kittyl[scripted], 1}, {noname2620,80}}},
{{ATC[Rush[2]],2},{4([S02],961}}},

{ {mapes, 2}, {noname2929,35}}},
{{Loading[S02],2}, {Loading[S01],29}}1},
{{Lab[2[S01]1,2}, {TurnOn[Hall[S06]].CAI,30}1}},
{{Trouble[Turret(05] .Weapon, 1}, {Trouble[Turret02] .Weapon,77}}},
{{Mapes[2],2},{6[Backup[S02]],49}1}}

{ {HGHwave2SMG.HGHslopeReinforcements33,1}, {Rico,463}1}}

{{TnHtnAi1Pawn7704 [AICTShotgunner], 2}, {TnHtnAiPawnl0954 [AICTSoldier],119}1} 1},
{{TnHtnAiPawn3612 [AICTSoldier],1l}, {TnHtnAiPawn9938 [AICTLaserbeak],1985}}},
{{TnHtnA1iPawnl2027[AICTSoldier],24}, {TnHtnAiPawnl6368 [AICTMegatron],316}}},

{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{{{TnHtnAiPawn9513[AICTSniper],2}, {TnHtnAiPawn4236 [AICTSwarmer],276}}}



Longueur des Plans

Plan Lengths Percentage
R

60F = A * ' ]
50 E
40 -
: == FEAR ]
30 - KZ3 ]
I == T3
20 - -
10 F ]
of \“ o
| 1 1 | 1 1 1 | 1 | | |
2 4 6 8 10 12

Les plans les plus...
...COURTS sont pour les animaux, les drones et les tourelles
...LONGS sont pour les snipers.



Vitesse de Planification
(nombre de plans par NPC par seconde pendant que ce NPC est actif)

Planning Spged per NPC

3.0F

2.5}

2.0f

15}

1.0f

= —

0.0F

FEAR KZ3 T3

{{0.009, 0.147, 0.367, 0.630, 8.547},
{0.144, 0.559, 0.6065, 0.803, 3.380},
{0.1e1, 0.854, 1.288, 2.614, 59.880}}

MIN 25% 50% 75% MAX



Utilisation des actions

{{b5,9785,0679}, {44,06371,2349}, {137,19187,87511}|}
{nb dctions, | nb occurrences|, nb plans}

Actipn Frequency across all game sessipns Agtion usage acrosg all game sessior|s

20—
1.5
1.0

0.5

0.0

140

120

100

80—

60

40—

X A S - =

A &

FEAR KZ3 T3 FEAR KZ3 T3

{{1,9,22,119,25060},{1,6,33,132,2355},1{1,6,30,97,2305}}
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INVARIANTS
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Fréquence de planification

(allure hyperbolique)

Planning Frequency over 5 Al updates in KZ3

¥

80

equency
4 Absolute Frequency
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10

F.E.A.R. Planning Frequency
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{ {Deltall, {UseSmartObjectNode}},

%z of planning time over 1 frame
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1>

KWSK_ATametPoz: 0
KWSE CowerStabus: Mons
WSk Distubance Bdrts: 0
KWSK_lding: 0

S K bonibed Dbt - Mone
KWK Pesibonls'-abd: 1
IS K Ridimgthicle: Krome
KWrSE Reacted Toid
WWSK_Surreyedfes: 0
KWK Target lsfiming daivie - 0
IS Target|s Locdkdng Al 0
KW 5K T Iz Daad: 0
KWEE_T; Fhuzthrad Dt 2 D




Plans Fixes

13/6679

~ (SuneyArea, GotoTarget, InspectDisturbance}  51/6679

2355/6679

48



Principe de Pareto

(20% des causes expliquent 80% des résultats)
.KZ.?’ Qumulgtiye Aption Usqgg

FEAR Cumulative Action Usage

T T T T T T T T T T T T T T T T T T T T
100 : : ; & o o' 100 - "
80 [+ - 80 - -
60 L - |ntermediate actions _ ] 60 i L ~—Jntermediate actions ]
-o= Defensive actions ] I / Defensive actions
40 - === _Qffensive actions . il 40 - === _(ffensive actions ! ]
20 g 20+ -
O 1 L L L 1 L L L 1 L L L 1 L L L | L L L L 0 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1
0 20 40 60 80 100 0 20 40 60 80 100
T3 Cumulative Action Usage
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Le composant de planification de F.E.A.R. utilise un coGt
pour accélérer la recherche d'un plan.

Ce colt a-t-il des effets sur 'usage des actions ?

C'est-a-dire,
les actions les plus colGteuses
sont-elles moins utilisées que
les actions les moins colteuses ?

50



Usages et colts des 55 actions dans F.E.A.R.

Does the cost of a offensive action influence its usage in FEAR?
e e e e

Action cost

Does the cost of a defensive action influence its usage in FEAR?
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Action usage
. . o . . , Does the action cost influence action usage in FEAR?
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Usages et colts des 55 actions dans F.E.A.R.

S'il y a des actions plus utilisées que d'autres
(principe de Pareto)
C'est un effet du game design
Ce n'est pas un effet des colts fixes des actions
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RETRO-INGENIERIE
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1.
2.
3.

Ul

Quelques questions en guise de conclusion...

A quelle fréquence le planificateur change-t-il de NPC ?
La planification est-elle la bonne solution pour si peu / tant de NPCs ?
Que fait-on des NPCs qui

- n‘utilisent presque pas la planification ?

- monopolisent la planification ?

. Quels NPCs doivent profiter de la vitesse de planification ?
. Ne devrait-on pas mémoriser les plans fixes dans une table de hashing,

et les y classer selon leur situation initiale et leur situation finale ?

. Quel est le niveau d'utilisation du planificateur ?

(C'est-a-dire, trop utilisé ou bien pas assez ?)

. Lorsqu'une grande vitesse de planification est disponible,

- plus de NPCs a l'écran ?
- plus de plans par NPC ?

. Que fait-on des actions qui

- n‘apparaissent presque pas dans les plans ?
- monopolisent la planification ?

54



MERCI !
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