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BackgroundBackground
 ‘‘86: Eng. degree in Higher Informatics86: Eng. degree in Higher Informatics

 Thesis: Applying KADS and Expert Systems to Social SecurityThesis: Applying KADS and Expert Systems to Social Security
Law for the City of ALaw for the City of A’’dam (de Hoog & Wielinga)dam (de Hoog & Wielinga)

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

 ‘‘92 - 92 - ‘‘97: Developed and applied Compendium together97: Developed and applied Compendium together
with Al Selvin (Ph.D. student at KMi)with Al Selvin (Ph.D. student at KMi)

 ‘‘92 - now: Development & application of Brahms92 - now: Development & application of Brahms
 ‘‘97 - 97 - ‘‘01: Ph.D. at SWI, UVA (de Hoog, Wielinga,01: Ph.D. at SWI, UVA (de Hoog, Wielinga,

Clancey)Clancey)
 Thesis:Thesis:  Modeling and Simulating Work Practice; Brahms: AModeling and Simulating Work Practice; Brahms: A

multiagent modeling and simulation language for workmultiagent modeling and simulation language for work
system analysis and design.system analysis and design.

 ‘‘98 - now: WSD&E group at NASA ARC98 - now: WSD&E group at NASA ARC



Work Systems Design & Evaluation GroupWork Systems Design & Evaluation Group
NASA ARCNASA ARC

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

 2 ethnographers, 3 Brahms developers, 1 Brahms2 ethnographers, 3 Brahms developers, 1 Brahms
modeler, 1 Ph.D. studentmodeler, 1 Ph.D. student

 Current projectsCurrent projects
 MODAT: Mission Operations Modeling & Simulation (14MODAT: Mission Operations Modeling & Simulation (14

people)people)
 Mobile Agents: Agent-based Workflow for Exploration (20+Mobile Agents: Agent-based Workflow for Exploration (20+

people)people)
 BrahmsVE: Bot-language for Virtual Worlds (5 people)BrahmsVE: Bot-language for Virtual Worlds (5 people)

 Funding: NASA is like DARPA and NSF (things areFunding: NASA is like DARPA and NSF (things are
changing)changing)



Theoretical StanceTheoretical Stance



PhilosophicalPhilosophical  Stance aboutStance about
 Practice as Knowledge Practice as Knowledge

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

 PracticePractice is a valid form of knowledge is a valid form of knowledge

 Practice Practice drives peopledrives people’’s behavior and actions behavior and action

 We can objectify this knowledge in aWe can objectify this knowledge in a
Knowledge-Level Representation, just likeKnowledge-Level Representation, just like
CommonKADS CommonKADS objectifiesobjectifies  problem-solvingproblem-solving
knowledgeknowledge
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Understanding ContextUnderstanding Context
 Hermeneutics and Work Practice (Hermeneutics and Work Practice (Winograd Winograd & Flores)& Flores)

 Interpreting the worldInterpreting the world  in order to actin order to act
 Situated Action Models (Situated Action Models (SuchmanSuchman, Lave), Lave)

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

 Plans are Plans are notnot a mechanism for action, but resources created in activities (a a mechanism for action, but resources created in activities (a
rationalization of intention).rationalization of intention).

 Activity Theory (Activity Theory (VygotskyVygotsky, , LeontLeont’’evev, , NardiNardi))
 Group behavior is described in terms of an activity.Group behavior is described in terms of an activity.
 An activity is composed of a subject, object, its actions and operations.An activity is composed of a subject, object, its actions and operations.
 Operations are learned activities and are primitive (i.e. not consciously decomposedOperations are learned activities and are primitive (i.e. not consciously decomposed

into goals and sub-actions)into goals and sub-actions)
 An activity creates and encompasses the context through its enactment of actionsAn activity creates and encompasses the context through its enactment of actions

and operations of the people engaged, and the artifacts used.and operations of the people engaged, and the artifacts used.
 Distributed Cognition (Hutchins)Distributed Cognition (Hutchins)

 The study of representation of knowledge both inside peopleThe study of representation of knowledge both inside people’’s heads and in thes heads and in the
artifacts and systems they use, i.e. the total cognitive system (e.g. the pilots and theartifacts and systems they use, i.e. the total cognitive system (e.g. the pilots and the
cockpit).cockpit).

 The focus is on the coordination within the total cognitive system (people andThe focus is on the coordination within the total cognitive system (people and
systems).systems).



Work PracticeWork Practice

Definition:Definition:
 situatedsituated  activitiesactivities of a group of people of a group of people
 synchronously or asynchronouslysynchronously or asynchronously
 collaborating and communicatingcollaborating and communicating
 gaining experiencegaining experience

Practice is Practice is ““doing-in-actiondoing-in-action”” ( (SuchmanSuchman, , ’’87)87)
““Collective learning results in practices.Collective learning results in practices.”” (Wenger,  (Wenger, ’’98)98)

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



Work PracticeWork Practice
ModelingModeling

 Groups & AgentsGroups & Agents
 work as activitieswork as activities
 beliefs trigger workbeliefs trigger work
 bounded rationality is sociallybounded rationality is socially

and culturally definedand culturally defined

 Collaboration betweenCollaboration between
AgentsAgents
 agents react to and interact withagents react to and interact with

other agentsother agents
 same time/same placesame time/same place
 same time/different placesame time/different place
 different time/same placedifferent time/same place
 different time/different placedifferent time/different place



WPM contWPM cont’’dd

 Tools & ArtifactsTools & Artifacts
 tools used in activitiestools used in activities
 artifacts created in activitiesartifacts created in activities

 Environment/GeographyEnvironment/Geography
 agents have a locationagents have a location
 artifacts have a locationartifacts have a location
 detecting real-world factsdetecting real-world facts

 CommunicationCommunication
 is situatedis situated
 the means of communicationthe means of communication

depends on the situation (e.g.depends on the situation (e.g.
voice loop, f2f communication,voice loop, f2f communication,
telephone, faxing, e-mail)telephone, faxing, e-mail)

 impacts efficiency of workimpacts efficiency of work



M&S-based MethodologyM&S-based Methodology

Brahms Simulation

VR Model/AgentViewer
Ethnographic Observation

Video Analysis

Conceptual Modeling
(e.g. Compendium)

Brahms Modeling

conceptual modelers

Brahms modelers



BrahmsBrahms



Brahms Language ConceptsBrahms Language Concepts

 GroupsGroups
 AgentsAgents
 ClassesClasses
 ObjectsObjects
 AreaDefsAreaDefs
 AreasAreas
 PathsPaths
 Conceptual ClassesConceptual Classes
 Conceptual ObjectsConceptual Objects

 Attributes Attributes (OA-V)(OA-V)

 Relations Relations (ORO)(ORO)

 BeliefsBeliefs
 FactsFacts
 ActivitiesActivities
 WorkframesWorkframes
 PreconditionsPreconditions
 ConsequencesConsequences
 DetectablesDetectables
 ThoughtframesThoughtframes

agent-based

object-based

geo-based

object flows

BDI

activity-based/
subsumption

rule-based

  reactive

inferences



NewellNewell’’s Model of Cognitions Model of Cognition
Production Rule SystemProduction Rule System

Production Rules represent Production Rules represent Qualitative RelationshipsQualitative Relationships!!!!



SymbolicSymbolic Discrete  Discrete EventEvent
BDI-like SystemBDI-like System

Situated-action RulesSituated-action Rules



Brahms: Distributed MASBrahms: Distributed MAS



Current ResearchCurrent 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 ScienceCollaborative Planetary Science

 TeamworkTeamwork
 CollaborativeCollaborative

decision-makingdecision-making
 Man or machineMan or machine

science?science?

 Apollo missionsApollo missions
 MER missionMER mission
 Human mission toHuman mission to

Mars (MDRS Mars (MDRS ’’03)03)



Work PracticeWork Practice
Modeling & SimulationModeling & Simulation



What to model?What to model?
 Organization Structure and RolesOrganization Structure and Roles
 Work procedures and activities for rolesWork procedures and activities for roles
 Mission Operations SystemsMission Operations Systems
 Mission data flowMission data flow

 From Downlink to Uplink to Downlink ofFrom Downlink to Uplink to Downlink of
science datascience data

 Creation, flow and use of intermediateCreation, flow and use of intermediate
data productsdata products

 Communication between people, andCommunication between people, and
between people and systemsbetween people and systems

 Science decision making and planningScience decision making and planning
 Uplink command sequence generationUplink command sequence generation
 Space vehicleSpace vehicle

 Command executionCommand execution
 Science PayloadScience Payload

 Science data captureScience data capture
 Data downlinkData downlink

 NOT included at the moment?NOT included at the moment?
 Operation and health maintenance ofOperation and health maintenance of

both vehicle and payloadboth vehicle and payload



MER Agent ModelMER Agent Model



MER Facilities (Geography)MER Facilities (Geography)

B264 4B264 4thth (North East Wing) (North East Wing)



Clock, Schedule and AgentsClock, Schedule and Agents

Mars Clock Object

Broadcasts time when
match Timeline

Schedule Group Agent

Timeline Object

Reads Mars time
Match Timeline
with Mars time

CIP Clock Object

Schedule Object Mission Operations
Activity Conceptual

Object

Activity happens within
Timeline

Reads Associated Schedule

Contains
mission

operations
activities

Activity Name 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9

UHF Passes MGS Odyssey MGS Odyssey

DTE Sol n-1 DTE period DFE

Night Time Rover Operations Night Time Rover OperationsSleep Wakeup

Pre-Comm Session Sequence Plan Reviews

Sol  n-1 Day Sequence Plan Review Sol  n-1 Day Sequence Plan Review Sol  n-1 Day Sequence Plan Review

Science Sol n Context Meeting Science Sol n Context Meeting

Sol  n-1 Night Sequence Plan Review Sol  n-1 Night Sequence Plan Review

Real-TIme Monitoring Real-TIme Monitoring Real-TIme Monitoring

Downlink Product Generation

Telemetry Processing Telemetry Processing

Image Processing Image Processing

Tactical Science Assessment/Observation 

Planning Tactical Science Assessment/Observation Planning

Science DL Assessment Meeting Science DL Assessment Meeting

Tactical End-of-Sol Engr. Assessment Tactical End-of-Sol Engr. Assessment

Engineering Skeleton Activity Plan Update Engineering Skeleton Activity Plan Update 

DL/UL Handover Meeting DL/UL Handover Meeting

SOWG Meeting SOWG Meeting

Uplink Kickoff Meeting Uplink Kickoff Meeting

Activity Expansion and Review Activity Expansion and Review

Activity Plan Integration & Validation Activity Plan Integration & Validation

Activity Plan Approval Meeting Activity Plan Approval Meeting

UL1/UL2 Handover UL1/UL2 Handover

Build & Validate Sequences Build & Validate Sequences

Margin 1 Margin 1

Command & Radiation Approval Command & Radiation Approval

Margin 2 Margin 2

Sol n Radiation Sol n Radiation

Is timeline
over?

Start

next

task
? Do I start my

shift?

Contains
timeline
activities



Chin Seah’s notes from Port 6, Oct 21 ‘03
7:30pm (Activity Refinement & Constraint Editing)
The PULs start arriving and sit along the walls in front of their respective
workstations. TUL start taking roll call of which PULs are present. He
mentions that the PULs for APXS payload are still missing. TUL identifies
which workstations are available in the room and mentions the ones that are
not working. TUL confirms with the TAP that the RML file, generated from SAP, has been
split and the split files have been placed in the SOWG directory. TUL tries to confirm that all
PULs know how to find the file.

Uplink Meeting between TUL, TAP & PUL



Human Activity Behavior andHuman Activity Behavior and
Gestures GenerationGestures Generation

in VR Systemsin VR Systems



Behavioral components forBehavioral components for
autonomous avatarsautonomous avatars

 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)

Model of autonomous avatar or bot behaviorMadsen & Granum (2001) 

Reasoning

Activity

Animation

subsumption

BDI FSA



BrahmsVE ArchitectureBrahmsVE Architecture



 



Virtual World Model

 

Avatar & Gesture Model

 

Behavioral Agent Model



Mobile AgentsMobile Agents
 Architecture for supporting Architecture for supporting

Human-Agent SystemsHuman-Agent Systems

Mars Desert 
Research Station

Near Hanksville, Utah • 
HabCom

and
Hab Robot Operator

The EVA 
Robotic Assistant

The Satelite Dish
back to Earth’s

internet
The EVA Astronaut



Collaborative Planetary ScienceCollaborative Planetary Science

EVA 
astronaut 2

ERA Brahms VM
ERA 
agent

Comm. agent

ERA

MDRS Crew

SpaceSuit_2
 Brahms VM

SpaceSuit_1 
agent

Astro_1 agent

EVA 
astronaut 1

SpaceSuit_1
 Brahms VM

SpaceSuit_1 
agent

Astro_1 agent
SUNY Buffalo

RST

Mars Society
RST

AZ

CA

RST Facilitator
UK/NY

Compendium

MeetingReplay Hab Brahms VM

CapCom 
agent

Science
Organizer 

agent

Compendium
Aagent

ScienceOrganizer
Aagent

ScienceOrganizerCompendium



Speech Dialog AgentSpeech Dialog Agent

H => A



Human-Agent CommunicationHuman-Agent Communication

H => A and A => A



Summary: Research VisionSummary: Research Vision



Thank You!!Thank You!!
Some references

Theory
Sierhuis, M., and Clancey, W. J. (2002). "Modeling and Simulating Work Practice: A human-centered method for work

systems design." IEEE Intelligent Systems, Volume 17(5)(Special Issue on Human-Centered Computing).
Sierhuis, M. and R.v. Hoof. On Short-Term and Long-Term Memory for Brahms Agents. in AAAI Spring Symposium 2004

Workshop on Interaction between Humans and Autonomous Systems over Extended Operations. 2004. Stanford
University, CA: AAAI

Sierhuis, M.  and W. J. Clancey (1997). "Knowledge, Practice, Activities, and People," AAAI Spring Symposium, B. Gaines,
Ed. Stanford University, CA.: Proceedings of AAAI Spring Symposium on Artificial Intelligence in Knowledge
Management, pp. 142-148.

Bradshaw, J. M., M.Sierhuis, Acquist, A., Feltovich, P., Hoffman, R., Jeffers, R., Prescott, D., Suri, N., Uszok, A., and Hoof, R.
v. (2003). "Adjustable Autonomy and Human-Agent Teamwork in Practice: An Interim Report on Space Applications."
Agent Autonomy, H. Hexmoor, C. Castelfranchi, and R. Flacone, eds., Kluwer.

MOS M&S
Sierhuis, M., Clancey, W. J., Seah, C., Trimble, J. P., and Sims, M. H. (2003). "Modeling and Simulation for Mission

Operations Work System Design." Journal of Management Information Systems, Vol. 19(No. 4), 85-129.

BrahmsVE
Sierhuis, M., Clancey, W. J., Damer, B., Brodsky, B., & van Hoof, R. (in Press). "Human activity behavior and gesture

generation in virtual worlds for long-duration space missions." Intelligent Motion and Interaction Within Virtual
Environments 2003 (IMIVE 2003). Moffett Field, CA: NASA.

Clancey, W. J., Sierhuis, M., Damer, B., and Brodsky, B. (2005). "The cognitive modeling of ‘a day in the life’ social
behaviors using Brahms." Cognitive modeling of social behaviors, R. Sun, ed., Cambridge University Press, New York,
NY, pp. 151-184.

Mobile Agents
Clancey, W. J., M. Sierhuis, et al. (2005). Automating CapCom Using Mobile Agents and Robotic Assistants. 1st Space

Exploration Conference, Orlando, FL, Available as AIAA Meeting Papers on Disc [CD-ROM]: Reston, VA, and as an
Advanced Knowledge Technologies Project ePrint [http://eprints.aktors.org/375].


