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Background

'86: Eng. degree in Higher Informatics

= Thesis: Applying KADS and Expert Systems to Social Security
Law for the City of A'”dam (de Hoog & Wielinga)

86 - 97: KIE. & K.R. and Expert Systems (Sema Group,
IBM, NYNEX S&T)

92 - 97: Developed andl applied Compendium together
with Al'Selvin (Ph.D. student at KIVI)

92 - now: Development & application off Bralhms

97 - 01 Ph.B. at SWI,, UVA (de Hoeg, Wielinga,
Clancey)

= Thesis: Modeling and Simulating Work Practice; Brahms: A
multiagent modeling and simulation language for work
system analysis and design.

961 - now: WSD&E greuprat NASATARE




Work Systems Design & Evaluation Group
NASA ARC

98: Work Systems Design & Evaluation Group (1st
members Clancey & Sierhuis)

2 ethnographers, 3 Brahms developers, 1 Brahms
modeler, 1 Ph.D. student

Current projects

= VIODAT: Mission Operations; Modeling| & Simulation: (14
peoGple)

= Viehile Agentsi Agent-based Werkflow ior Exploration (20+
peEGpPIE)

= BrahmsVE: Bot-language for VirtualVWorlds (5 people)

Fundingr NASA IS liker DARPA anal NSE (things: are

changing)




Theoretical Stance




Philosophical Stance about
Practice as Knowledge

Technical Rationality to) Reflection-in-Action,
Schon, D. A. (1982)

= Praclice Is a valid form of knowledge

= Practice drives people’s behavior and action

= e can objectily this knowledge inja
Knowledge-Level Representation, just like
CommonKADS objectilies proeblem-solving
knowledge
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Understanding Context

Hermeneutics and Work Practice (Winograd & Flores)
= [nterpreting the world in order to act

Situated/ Action Models (Suchman, Lave)

= Moment-by-moment analysis of interaction between people, tools and environment
in a particular situation (or setting).

= Plans are not a mechanism; for action, but resources created in activities (a
rationalization of intention).
Activity: Theory (Vygotsky, Leont'ev, Nardi)
Group behavior is described in terms of ani activity.
An activity is: composed of a subject, object, its actions and operations.

Operations are learned! activities and are primitive (i.e. not' consciously decomposed
Into goals and sub-actions)

An activity creates and encompasses the context throughiits enactment of actions
and operations of the people engaged, andi the artifacts used.

Distributed Cognition (IHUtchins)

= The study of representation of knowledge bothiinside people’s heads and in the
artifacts and systems they use, i.e. the totall cognitive system (e.g. the pilots and the
Cockpit).
The focus) is on the coerdination within the tetal cognitive system; (people and
systems).




Work Practice

Definition:

= S/tuated activities of a group: of people
B Synchronously. or asynchronously.

= collaborating and. communicating

= gaining experience

Practice /s doing-in-action: (Suchnan, 67)
‘Collective leariing results inrpractices.  (Wenger, 96)

What is it that results?
Can it be described?
Can it be modeled?




Work Practice
Modeling

= Groups & Agents
work as activities
beliefs trigger work

bounded rationality is socially
and culturally defined

= Collaboration between
Agents

agents react torandl interact with
other agents

same time/same place
same time/different place
different time/same place
different time/different place




WPM cont'd
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" Tools & Artifacts
=  {ools used in activities
= grtifacts created in activities

= Environment/Geography
= agents have a location
= artifacts have a location
= detecting| real-world facts

=  Communication
= |s sjtuated

=  the means of communication
depends oni the situationi (e.g.
voice loop, f2f communication,
telephone, faxing, e-mail)

impacts efficiency of work




M&S-based Methodology:
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Brahms Language Concepts

Groups

Agents

Classes

Objects

AreaDefs

Areas

Paths

Conceptuall Classes
Conceptual Objects

Attributes (OA-V)
Relations (ORO)
Beliefs

Facts

Activities
Workframes
Preconditions
Consequences
Detectables
fheughtirames




Newell's Model ofi Cognition
Production Rule System

Production Rules represent

Production Memory

P1 @nd C2 and C3 =>B1, B2

P2 C4=>B3

P3 C5and C6 and C7 => B4, B5

Working Memory

@EZ, E3, .




Symbolic Discrete Event
BDlI-like System

Situated-action Rules

Production Memory

@G
Time to next event D’
2 C4=

SR,

P3 C5andC6and C7 => B45

State at next event

v 1

Working Memory

(efe2es......




Brahms: Distributed MAS

Brahms
Virtual Machine

Brahms
Virtual Machine

Brahms
e Virtual Machine

+ World *

-""\ State I"“ mm
1 -, \d ead

Brahms

Virtual Machine




Current Research

1. Work Practice Modeling & Simulation
MER Mission Operations

2. Human Activity Behavior and Gestures
Generation in VW Systems
MARS Crew Suit Donning

3. Human-Agent Systems
Mobile Agents Project



Collaborative Planetary Science

Teamwork

Collaborative
decision-making
Vlian or machine
science?

Apollormissions
MEIR mission

IHUman mission to
Vars (MDRS 03)




Work Practice
Viedeling & Simulation




What to model?

| *
256 Hbps e ) . P ..l._unlhr
"~ UHF g 0
R ol 2EEKbps -
— s
deap space ¥ . g
nEtwork et ~=  S-Band
L 5 12 Kpe or 1Mbpd-
T i e Mehenm Rower
|:!|] Dal.zllll'nqtlsﬂlnn & -H"'--,,___.
I.‘:nrﬂmal'hdﬂuqmm
T
L 5
Mission Control Hoal Epacecraft Engimoering e
Time Operations Team Team
I I \ | ‘/f Data Mgmt & Archival
HASA JFL _.-"""' "W Euhiy‘ﬂem |
Fasadena, CA - SCIENGE \
Enmmalrlnn \
L Analysis \
‘Bubsystem |
F 1

Eclern:e Operations
/ Working Group
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Earth

Organization Structure and Roles
Work procedures and! activities for roles
Mission| Operations; Systems

Mission data flow:

From Downlink to Uplink to Downlink of
science data

Creation, flow and use of intermediate
data products

Communication between people, and
between people and systems

Science decision making and planning
Uplink: command sequence generation
Space vehicle

= Command execution

= Science Payload
= Science datai capture

= [Pata downlink

NOIF included at the moement?

= Operation and health maintenance of:
pothvehiclerand payload



BaseGroup

MER Agent Model

Group

MER Mission Team
Group

f

Group
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MER Faclilities (Geography)
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Clock, Schedule and Agents

CIP Clock Object

' ‘ with Mars time
/ - <

Reads Mars time

Mars Clock Object

Broadcasts time when
match Timeline

Is timeline

Do I start my
shift?

|
Reads Associated Schedule

Schedule Group Agent

Cs

a 2
= |

Match Timeline

Timeline Object

A

Activity happens within

Contains Timeline

timeline
activities

Contains
mission
operations
gctivities

Schedule Object Mission Operations
Activity Conceptual

Object
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{“{I agent Tactical Uplink Lead (MER A) Shift 1
q | I
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ca:SOWG ... | ca:Move To Area pa-.. | ca:Uplink Kickoff Meetinf "
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pa:Listening . | m.. | mv:Moving To Loca... | mv: Moving To Location 1 b.. | pa:Takin... | b... pa.UndetmndhgrthyRequm
I

I
Uplink Meeting between TUL, TAP & PUL
I I

08:19:00 PM

- wi:B264_SouthStairs5-6_... | wt:B264_SouthSt.. | wf.. | ..
m.

TUL confirms with the that the , generated from SAP, has been
, split and the split files have been placed in the SOWG directory. TUL tries to confirm that all
PULSs know how to find the file.




Human Activity Behavior and
Gestures Generation
iIn VR Systems




Behavioral components for
autonomous avatars

Madsen & Granum (2001) Model of autonomous avatar or bot behavior

® Event-based Finite State
Automaton (FSA)

(ActiveWorlds, 2004), /\
(Ogre, 2004)

Behavior-based Reactive
Architecture - subsumption
architecture.

Bouncy (Blumberg, 1996)

Belief-Desire-Intention
(BDI) agent architecture
JAM (Huber, 1999)




BrahmsVE Architecture

OWorld Environment

Web Browser

OWorld
Server

Adobe

Atmosphere
VR Client

XML Cluster File

OWorld Event
Service

?

Brahms
Virtual Machine

Brahms

Model (XML) [

Brahms Environment

Brahms IDE
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Virtual World Model
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Mobile Agents
Architecture for supporting
Human-Agent Systems

Mars Desert 4 AR ' ‘ # Ha:r(])dom
Research Station P ‘
Near Hanksville, Utah r - : Tk g el Hab Robot Operator,

The Satelite Dish
back to Earth’s
internet

The EVA Astronaut

The EVA
Robotic Assistant




Collaborative Planetary Science

ERA Brahms VM ;!

astronaut 2

SpaceSuit_2
. Brahms VM

astronaut 1

SUNY Buffalo XK X

\
RST A= \
@i K/NY '~ _

RST Facilitator SpaceSuit_1
Brahms VM




Speech Dialog Agent

OAA Facilitator

/

Nuance : {
Speech plaague Prosody OAA External

Recognition Manager Agent
| JAPI |

!

Festival Gemini World
t
Speech NLU and AGeNts | | state
Synthesizer Generation Brahms VM




Human-Agent Communication

§

Command -1 ----- » | intent Command — -T — == =p | intent

Astro 1 l Robot 1 T
Personal =P [Speech act Personal ——p [Speech act
Agent l Agent T

Message M -1 ----- » Msg M Message M'— -T— -——p Msg M'

Convert to transport form l Convert to message form T

Transport M "'l ----- » [ Trans M Transport M’ — -T -———p

Message delivery / Transport service




Summary: Research Vision

Work System

Modelling Human-Agent

and Systems
Simulation / Human-
Agent
Interaction

AGENT-BASED
MODELLING From MULTI-AGENT
AND Simulation SYSTEMS
SIMULATION to




Thank Youl!
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