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Reference for Halo & Halo2

Damian Isla (2005), “Dude, where’s my Warthog? From

Pathfinding to General Spatial Competence”,
http://www.aiide.org/aiide2005/talks/isla.ppt

http://nikon.bungie.org/misc/aiide 2005 pathfinding/index.html

Damian Isla (2005), Handling Complexity in the Halo 2 Al,

Game Developer's Conference Proceedings.,
http://www.gamasutra.com/gdc2005/features/20050311/isla_01.shtml

Jaime Griesemer(2002),The Illusion of Intelligence: The

Integration of Al and Level Design in Halo,
http://halo.bungie.org/misc/gdc.2002.haloai/talk.html

Robert Valdes(2004), “In the Mind of the Enemy

The Artificial Intelligence of Halo2”,
http://www.stuffo.com/halo2-ai.htm (3 FE [ closed)

Figures on following pages are from these references.
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Agent Architecture Considerations for Real-Time Planning in Games (AlIDE 2005)
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CERA-CRANIUM ARCHITECTURE

CERA Agent's World
or
Body

[ s e ————— A bl A e ik I
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: Physical Lavyer Sensor 4'_ S | : Accessible :
| . . . .1 AteTe T S ENS0TS : I =1
: Mission-specific Services | 1 :;,.?.{1.‘:'.1.1.921%}}5%1!.;-

I p 1L -y
! , : : Reachable &1
I Core Layer MC’F‘:’I I Actuatarsl‘h . ¥
: Services |1 : ! : environment 21
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Fig. 3. CERA Cognitive Architecture. The layered design mvolves a
subsumption relation: higher layers process more abstract content
than lower layers. Sensor and motor services are enclosed in the so-
called sensoy-motor services layer, which 1s agent dependent.

Arrabales, R. Ledezma, A. and Sanchis, A. "Towards Conscious-like Behavior in Computer Game Characters", in Proceedings of the |EEE
Symposium on Computational Intelligence and Games 2009 (CIG-2009) pp. 217-224. ISBN 978-1-4244-4815-9.

http://www.conscious-robots.com/raul/publications.html

http://www.conscious-robots.com/raul/machine-consciousness/34-machine-consciousness-research/67-cera-cranium.html|
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Fig. 4. CERA physical layer workspace. Percept aggregators are
special cases of specialized processors that are able to build new
complex percepts using other complex percepts and/or single percepts
as mput. See [27] for a description of other types of processors.

Arrabales, R. Ledezma, A. and Sanchis, A. "Towards Conscious-like Behavior in Computer Game Characters", in Proceedings of the |EEE
Symposium on Computational Intelligence and Games 2009 (CIG-2009) pp. 217-224. ISBN 978-1-4244-4815-9.

http://www.conscious-robots.com/raul/machine-consciousness/34-machine-consciousness-research/67-cera-cranium.html|




CERA-CRANIUM ARCHITECTURE

Modulation Commands
/ "'.L
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Fig. 5. Workspace modulation mechanism. The level of activation of
5pec1allzed processors and the generated percepts 1s updated based on
modulation commands sent from the core layer. Activation values
determuine which percepts are generated. which in turn affects the
modulation commands triggered by the core layer.

Arrabales, R. Ledezma, A. and Sanchis, A. "Towards Conscious-like Behavior in Computer Game Characters", in Proceedings of the IEEE
Symposium on Computational Intelligence and Games 2009 (CIG-2009) pp. 217-224. ISBN 978-1-4244-4815-9.

http://www.conscious-robots.com/raul/machine-consciousness/34-machine-consciousness-research/67-cera-cranium.html|
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Object Representation

How do we represent objects in a useful way to the Al?

How do psychologists think about this?
* Object-based vision
* Shape perception / categorization

— Contours

— Axes of symmetry
— Convex parts

e Reaching / grasping
— Tight loop between vision and prehension
— Prehension != Recognition

http://naimadgames.com/publications.html




Dynamic Object Representation

Three ways to see an object:

* Inherent properties \
e Volume

e Spatial features

(This is of course in addition to the usual render, collision
and physics models)

Remember Grandfather Minsky: multiple representations
for the same thing, because different representations
are useful for different kinds of problems

http://naimadgames.com/publications.html




Volume

Rough approximation using pathfinding spheres

Spheres projected to Al’s ground-plane at pathfinding time (to become
pathfinding discs)

A perturbation of the smoothed path

ublications.html

e




http://naimadgames.com/publications.html

Spatial Object Features

Much like “Affordances” (Gibson, Norman, Wright)
— An object advertises the things that can be done with / to it
— But they must do so in a geometrically precise way in order to be useful

Implementation: “object markers”
— Rails or points
— Orientation vector indicates when the affordance is active
— An object has different properties at different orientations



Object Representation

Volume + Features = How the Al understands shape

Adding rich Al information becomes a fundamental part of the
modeling of the object (just like authoring collision and
physics models)

Used for

* Explicit behavior
— Cornering (corner feature)
— Mount-to-uncover (mount feature)
— Destroy cover (destructible property)
* Pathfinding obstacle-traversal
— Vault (vault feature)
— Mount (mount feature)
— Smash (size property)
— Destroy obstacle (destructible property)

http://naimadgames.com/publications.html




Reference Frames

Once we start using it one place, we
have to use it everywhere!

* Sectors

*  Firing-positions

* Scripting points

* Target locations

* Last-seen-location

*  Burst targets

* Etc.

Results in a generalized
“understanding” of reference
frames

And like all good things Al, a lot of cool
stuff falls out more or less for free.

http://naimadgames.com/publications.html
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Once we start using it one place, we
have to use it everywhere!

* Sectors

*  Firing-positions

* Scripting points
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* Etc.

Results in a generalized
“understanding” of reference
frames

And like all good things Al, a lot of cool
stuff falls out more or less for free.
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CERA-CRANIUM ARCHITECTURE

CERA Agents
or
Body

Frm s e e e ————— | P e - |
| 1 1 1 1 ANEEEEEEEEEEEEEEEEEEEEEEE |
: Physical Lavyer Sensor 4'_ S ' : Accessible :
I - ) Qervices Sensors I"l": E
: Mission-specific Services I ! :;..?.EE‘:‘.‘.‘.EHE}EH!.EI

| i H = |
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I Core Layer 1M':'T':'1 _HACHIHTDI‘SH . ¥
: Services |1 | . : environment i1
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e e e e e e e e e e d Mo P T i

Fig. 3. CERA Cognitive Architecture. The layered design mvolves a
subsumption relation: higher layers process more abstract content
than lower layers. Sensor and motor services are enclosed in the so-

called sensov-motor services laver. which 1s agent dependent.

Arrabales, R. Ledezma, A. and Sanchis, A. "Towards Conscious-like Behavior in Computer Game Characters", in Proceedings of the IEEE
Symposium on Computational Intelligence and Games 2009 (CIG-2009) pp. 217-224. ISBN 978-1-4244-4815-9.

http://www.conscious-robots.com/raul/machine-consciousness/34-machine-consciousness-research/67-cera-cranium.html|
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Figure 5. Different feedback loops produced in the CERA-CRANIUM.

Curve (a) in Figure 5 represents the feedback loop produced when an imstinctive reflex is
triggered as in the example depicted in Figure 4. Figure 5 curve (b) corresponds to a situation in
which a mission-specific behavior is being performed unconsciously. Finally, curve (c)

ARRABAILES ET AL

symbolizes the higher level control loop. in which a task is being performed consciously. These

three types of control loops are not mutually exclusive: in fact. same percepts will typically
confribute to simultaneous loops taking place at different levels.

Arrabales, R. Ledezma, A. and Sanchis, A. "CERA-CRANIUM: A Test Bed for Machine Consciousness Research". International Workshop
on Machine Consciousness 2009. Hong Kong. June 2009. Pages 105.

http://www.conscious-robots.com/raul/machine-consciousness/34-machine-consciousness-research/67-cera-cranium.html
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(AAS=Active Area Set)
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(1) Michael Booth, "Replayable Cooperative Game Design: Left
4 Dead," Game Developer's Conference, March 2009.

(2) Michael Booth, "The Al Systems of Left 4 Dead," Artificial
Intelligence and Interactive Digital Entertainment Conference
at Stanford.
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