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Cultural Heritage: Traditional Approaches

Archeological Excavations

Written
Sources

Functional Descriptions, Drawings L]
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Cultural Heritage: Innovative Approaches

Written
Sources

Archeological Excavations

3D Model of the Ancient Site
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Virtual Institutions: Concept

30 Objects

30 Building 1

AD Building 2

Morm Free Interaction

o i
oo EE ;
|

Garden
Visual Interaction Layer N

Virtual Institutions

MNorms

Morms
Institution 2

Normative Control Layer institution 1
3D Interaction space

b
e

5 Anton Bogdanovych, School of Computing and Mathematics, UWS, Australia, 2009



University of Western Sydney (UWS) eMarkets Research Group
“Developing Virtual Heritage Applications as Normative Multiagent Systems”

[ ] 1. Eliciting
V rt YES————p| Specification <
I u a Requirements
[ ] ] i
Requirement:
Institutions >

NO———Jp| 3. Verification

M et h Od O | Og y Jometve conrottver L i

2. Specification

Reuse existind
Design

a
I
]
:
I

«—
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I

4. Automatic
Generation

v

5. Annotation

v

6. Integration

Virtual Institutions

. A

______________________________

7. Enabling
Implicit Training

§) Anton Bogdanovych, School of Computing and Mathematics, UWS, Australia, 2009



The City of Uruk

Case study

University of Western Sydney (UWS)

eMarkets Research Group

“Developing Virtual Heritage Applications as Normative Multiagent Systems”

Uruk Institution

Performative Structure
Network of Protocols

1

f:Fire | b:Boat | h1:House yh2:House | w:\ell

Norms

H+BoatOwner
1+ Boat
-SpearOwner,
-BoatOwner

Scene
Multi-agent Protocol

+SpearOwner,
-BoatOwner

-Boat

FishDeliveryNorm

done(inform(?f: Fisherman, all:Fisherman, stopFishing(?catch)), FishingScene) =>
obliged(!f, bring(!f: Fisherman, ?w: Wife, fishingBasket(!catch)), House1)
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Virtual Institutions Technology
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The City of Uruk, 3000 B.C.

Case study: The City of Uruk
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Summary

Virtual heritage applications that involve autonomous
agents re-enacting the way of life of ancient people
should be treated as Normative Multiagent Systems.

For design and deployment of such Virtual Worlds we
developed the Virtual Institutions Methodology.

This methodology is supplied with a set of tools that
facilitate the design, development and execution of such
environments.

The Methodology was Evaluated on the implementation
of the Uruk prototype visualizing the behaviour of citizens
of ancient Mesopotamia, 3000 B.C..
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The City of Uruk, 3000 B.C. Demo
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Software Requirements Doc ument

Environment contains: boat, house, well, fire, spear, fish, river, fishing basket.
Ontology Relationships. River has fishes, baskets contain fishes, men own boats.
Social goals. Daily provision of food to cater for the city’s needs.

Abstract norms. Fishermen must go daily fishing for a limited number of hours;
The number of fishing baskets per household is limited to avoid overexploitation
of natural resources; Women are in charge of housework; Men alone cannot go
fishing:; Fishing is not allowed at night; Hoarding is prohibited and punished; All
men under some age are obliged to fish;

Social model. Fishermen are in static separation of duties with wives.
Performative structure. Fishermen wake up, chat, fish, eat, sleep, and back again.
Wives wake up. set up a fire, collect water, cook, sleep, and back again.
Interaction model. Description of fishing. At least 2 men on a boat. When both
men on a boat, its state changes to “sailing”. While sailing the fishermen holding
a spear can throw it to catch fishes. If a spear gets a fish, the fisherman can
remove the fish from the spear and put it in the fishing baske. The action of
throwing the spear is an illocution, catching a fish is treated as an event generated
by the spear. The rest treated as properties of roles, spear, and fishing baskets.
Concrete norms and constraints. Men are obliged to fish under the age of 35; one
fishing basket per household max; fishing permitted between dawn and dusk; at
least 2 men in a boat (this can be considered before); if hoarding (more than
one fishing basket), fishermen can be prohibited to go sailing for a week.
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Social Model: Uruk Agents
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Environment Formalization: Roles
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Uruk Scenes
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Environment Formal ization: Performative Structure

fl:SpearOwner |

mplier | wowell

wl:WaterSupplier
fl:5pearOwner | f2:BoatOwner |
1

f:Fire | b:Boat | h1:House }-h2 :House | w:Well

ted
¢

Ao
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Interaction Model: Fishing Scene Example
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Environment F ormalization: Scenes

+ BoatCOwner
-SpearOwner
- BoatOwner + SpearOwned

f2 -enterBoat __@ fl:enterBoat ,_@

-SpearCwner “stepFishing f1:starfFishing
~BoatOwner | fi
-Boat

2:enterBoat: (request (7f2 BoatOwner) (all all) enter)
f1:enterBoat: (request (7f1 SpearOwner) (all all) enter)
fl:startFishing: (request (!f1 SpearOwmner) (all all) start)
fl:stopFishing: (request (!f1 SpearOwner) (all all) stop)
finish: (inform (7{2 BoatOwner) (all all) finish)

Case study: The City of Uruk
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Environment F ormalization: Norms & Ontology

v LE] ontology
fo enter

Sexit

fux finish
fou start

Norms

FishDeliveryNorm

Case study: The City of Uruk

done(inform(?f: Fisherman, all:Fisherman, stopFishing(?catch)), FishingScene) =>
obliged(!f, bring(!f: Fisherman, ?w: Wife, fishingBasket(!catch)), House1)
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Deployment of Virtual Instituti ons
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Deployment Architecture
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Learning Issues

knowledge exchange and
intelligence enhancement

autonomous agent

Imitation Learning in Virtual Institutions
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Imitation Learning in Virtual Institutions

/ strategical
behaviors

Abstraction Level 1

Abstraction Level 2

behaviors

reactive
behaviors

Abstraction Level 3
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Imitation Learning in Virtual Institutions

Imitation Learning in Virtual Institutions
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