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CGF CommunicationsCGF Communications

uu RequirementsRequirements
•• M odel human communicationsM odel human communications
•• Provide status and decision rationaleProvide status and decision rationale

uu Our approachOur approach
•• Unified & flexible communications infrastructureUnified & flexible communications infrastructure

uu BenefitsBenefits
•• Consistency, maintainability, extensibility,Consistency, maintainability, extensibility,

customizationcustomization
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Communications in TacAir-SoarCommunications in TacAir-Soar

uu T acA ir-Soar: A  real-time, entity-level simulation ofT acA ir-Soar: A  real-time, entity-level simulation of
military aircraftmilitary aircraft

uu Challenges presented by former designChallenges presented by former design
•• Utilize different implementations for generating communicationsUtilize different implementations for generating communications
•• Generate multiple messages for same communication eventGenerate multiple messages for same communication event
•• Couple message meaning and syntaxCouple message meaning and syntax
•• Little user customization for communicationsLittle user customization for communications
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DesignDesign

uu D esign elementsD esign elements
•• Unified communications knowledgeUnified communications knowledge
•• Language for communicating eventsLanguage for communicating events
•• M essage transport infrastructureM essage transport infrastructure
•• Handlers for specific communications devicesHandlers for specific communications devices

uu L ife cycle of a communication eventL ife cycle of a communication event
•• IntentionIntention→→G enerationG eneration→→CustomizationCustomization→→TransmissionTransmission
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Unified Communication KnowledgeUnified Communication Knowledge
uu Consistent and reusable implementationConsistent and reusable implementation

uu Interface between behavior and communication knowledgeInterface between behavior and communication knowledge

uu Separation of computationally inexpensive generation ofSeparation of computationally inexpensive generation of
communication and computationally expensive generationcommunication and computationally expensive generation
of the final messageof the final message
•• Always suggest an intent to communicate and then decide whetherAlways suggest an intent to communicate and then decide whether

message should be sentmessage should be sent

uu Context-free message delivery knowledgeContext-free message delivery knowledge
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Example: Intent to CommunicateExample: Intent to Communicate
IntentionIntention→→G enerationG eneration→→CustomizationCustomization→→TransmissionTransmission

IFIF
G oalG oal: request-position-from-partner: request-position-from-partner
Partner-namePartner-name: ?partner-name : ?partner-name (“eagle3”)(“eagle3”)
M ission-radioM ission-radio: ?radio : ?radio (“radio-a”)(“radio-a”)

T H E N  C R E A T ET H E N  C R E A T E
CommunicationCommunication

NameName: where-are-you: where-are-you
ContentContent::

Partner-namePartner-name: ?partner-name : ?partner-name (“eagle3”)(“eagle3”)
Previous-communicationPrevious-communication ::

RadioRadio : ?radio: ?radio (“radio-a”)(“radio-a”)
FromFrom : ?partner-name: ?partner-name (“eagle3”)(“eagle3”)
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Language for Communication EventsLanguage for Communication Events

uu Catalog of message typesCatalog of message types
•• Templates define syntax and parameters for each messageTemplates define syntax and parameters for each message

uu Simple attribute-value content languageSimple attribute-value content language

uu Simple taxonomy of messagesSimple taxonomy of messages
•• Complex utterancesComplex utterances
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Example: Message GenerationExample: Message Generation
Message Template

IntentionIntention→→GenerationGeneration→→CustomizationCustomization→→TransmissionTransmission

M essage-definition: where-are-youM essage-definition: where-are-you
R equiresR equires: partner-name: partner-name
ParametersParameters::

TypeType: single-value-utterance: single-value-utterance
Radio call-sign?Radio call-sign?: yes: yes
PerformativePerformative: ask-one (KQML)     [see next slide]: ask-one (KQML)     [see next slide]

Content:Content:
Partner-namePartner-name: ?partner-name: ?partner-name
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Message Transport InfrastructureMessage Transport Infrastructure
uu A gent communication languagesA gent communication languages

•• K Q M L , FIPA - A C LK Q M L , FIPA - A C L
•• Performative: attitude of the speech-actPerformative: attitude of the speech-act

•• tell, ask, order, reply, did-not-understand, … .tell, ask, order, reply, did-not-understand, … .

uu K Q M L  M essage:K Q M L  M essage:
      PerformativePerformative: ask-one: ask-one
        SenderSender : eagle1: eagle1
        R eceiverR eceiver : eagle3: eagle3
        L anguageL anguage: attribute-value description: attribute-value description
        OntologyOntology :  FW A -Operations: FW A -Operations
        ContentContent: (w here-are-you (partner-name eagle3)): (w here-are-you (partner-name eagle3))
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Handlers forHandlers for
Specific Communication DevicesSpecific Communication Devices

uu Format message for particular communicationsFormat message for particular communications
devicedevice

uu Separates device specific knowledge from agent'sSeparates device specific knowledge from agent's
task knowledgetask knowledge

uu T ranslation can occur outside agent’s knowledgeT ranslation can occur outside agent’s knowledge
basebase
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Example: Registration of DeviceExample: Registration of Device
IntentionIntention→→G enerationG eneration→→C u stomizationC u stomization→→TransmissionTransmission

IFIF
CommunicationCommunication

Previous-communicationPrevious-communication ::
RadioRadio ::   ?radio?radio (“radio-a”)(“radio-a”)

T H E N  C R E A T ET H E N  C R E A T E
C ommunicationC ommunication

DeviceDevice::
RadioRadio ::   ?radio?radio (“radio-a”)(“radio-a”)
TypeType::   radioradio
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Example: Message HandlerExample: Message Handler
Radio

IntentionIntention→→G enerationG eneration→→C u stomizationC u stomization→→TransmissionTransmission

IFIF
DefinitionDefinition

TypeType: single-value-utterance: single-value-utterance
NameName: ?name: ?name  (“where-are-you”) (“where-are-you”)
call-signcall-sign?: yes?: yes
ContentContent: ?attribute : ?attribute  (“partner-name”) (“partner-name”)

DeviceDevice

TypeType: Radio: Radio
RadioRadio : ?radio: ?radio  (“radio-a”) (“radio-a”)

ContentContent::
?attribute ?value?attribute ?value  (“partner-name:eagle3”) (“partner-name:eagle3”)

T H E N  C U S T O M I Z E  &  T R A N S M I T  M E S S A G ET H E N  C U S T O M I Z E  &  T R A N S M I T  M E S S A G E
DeviceDevice: ?radio: ?radio  (“radio-a”) (“radio-a”)
UtteranceUtterance: “?my-call-sign ?name ?value”: “?my-call-sign ?name ?value”

                           (“eagle1 where-are-you eagle3”) (“eagle1 where-are-you eagle3”)
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Example: Message HandlerExample: Message Handler
Agent Window

IntentionIntention→→G enerationG eneration→→C u stomizationC u stomization→→TransmissionTransmission

IFIF
DefinitionDefinition

TypeType: single-value-utterance: single-value-utterance
NameName: ?name: ?name  (“where-are-you”) (“where-are-you”)
ContentContent: ?attribute : ?attribute  (“partner-name”) (“partner-name”)

DeviceDevice

TypeType: Text: Text
NameName: agent-window: agent-window

ContentContent::
?attribute ?value?attribute ?value                    (“partner-name:eagle3”) (“partner-name:eagle3”)

T H E N  C U S T O M I Z E  &  T R A N S M I T  M E S S A G ET H E N  C U S T O M I Z E  &  T R A N S M I T  M E S S A G E
DeviceDevice: agent-window: agent-window
UtteranceUtterance:  “======= TEXT MESSAGE ========“: “======= TEXT MESSAGE ========“

        “  ?my-call-sign: ?name ?value”“  ?my-call-sign: ?name ?value”
              “=============================““=============================“
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CostsCosts

uu Performance: Now  a two-step processPerformance: Now  a two-step process
•• Slight delay between message generation andSlight delay between message generation and

communicationcommunication
•• Not perceptible to humansNot perceptible to humans

uu M ore know ledge required to manage delayM ore know ledge required to manage delay

uu No formal evaluation yetNo formal evaluation yet
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Benefits: Methodology and InfrastructureBenefits: Methodology and Infrastructure

uu Common methodologyCommon methodology
•• Consistent implementationConsistent implementation
•• Easier for developersEasier for developers
•• Offset performance costOffset performance cost

uu M aintainable communications infrastructureM aintainable communications infrastructure
•• Lower maintenance costsLower maintenance costs
•• Separation and encapsulation of communication generationSeparation and encapsulation of communication generation

from device messagingfrom device messaging
•• Provide supporting resources and tools like the declarativeProvide supporting resources and tools like the declarative

message catalogmessage catalog
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Benefits: Extensibility and CustomizationBenefits: Extensibility and Customization

uu E x tensible framew ork for communicationE x tensible framew ork for communication
•• E x tend message catalogE x tend message catalog
•• Intent to communicate in task knowledgeIntent to communicate in task knowledge
•• M essage handlers for new devicesM essage handlers for new devices

uu U ser customizationU ser customization
•• Lookup tables and graphical tools will enableLookup tables and graphical tools will enable

customizationcustomization
•• Improvement over previous labor-intensive approachImprovement over previous labor-intensive approach
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ConclusionsConclusions

uu Communications requirements for CGFs are broader thanCommunications requirements for CGFs are broader than
just human communicationsjust human communications

uu D esign for these requirements from the beginningD esign for these requirements from the beginning

uu A nticipate a lot of different communications requirementsA nticipate a lot of different communications requirements

uu Put in place an infrastructure to handle these requirementsPut in place an infrastructure to handle these requirements
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ConclusionsConclusions

uu T ake advantage of existingT ake advantage of existing  technology: W ork of thetechnology: W ork of the
agent-based communityagent-based community
•• New work was not around when TacA ir-Soar was designedNew work was not around when TacA ir-Soar was designed

uu Standardization of communications technologyStandardization of communications technology
•• Less expensive to customersLess expensive to customers



1 91 9

AcknowledgementsAcknowledgements

uu This work was partly supported by Joint Forces CommandThis work was partly supported by Joint Forces Command
under contract number 672-0-1112-900-050-010 and theunder contract number 672-0-1112-900-050-010 and the
N aval W arfare D evelopment Center under contract numberN aval W arfare D evelopment Center under contract number
SPO700-99-D-0300.SPO700-99-D-0300.



2 02 0

ReferencesReferences
uu M . Burke. Rapid K nowledge Formation (RKF) ProgramM . Burke. Rapid K nowledge Formation (RKF) Program  D escription, URL:D escription, URL:

http://reliant.teknowledge.com/R K F /about/overview.htm. 1999.http://reliant.teknowledge.com/R K F /about/overview.htm. 1999.
uu B. Chandrasekaran, J. Josephson, and V . Benjamins. W hat A re Ontologies,B. Chandrasekaran, J. Josephson, and V . Benjamins. W hat A re Ontologies,

and W hy Do We Use Them?  IEEE Intelligent Systems, 14, 1, 20-26.1999.and W hy Do We Use Them?  IEEE Intelligent Systems, 14, 1, 20-26.1999.
uu P. R. Cohen and H. J. Levesque. Communicative actions for artificial agents.P. R. Cohen and H. J. Levesque. Communicative actions for artificial agents.

Proceedings of the First International Conference on Multi--A gent Systems.Proceedings of the First International Conference on Multi--A gent Systems.
65-72. MIT Press. 1995.65-72. MIT Press. 1995.

uu Foundation for Intelligent Physical A gents.  FIPA Communicative Act LibraryFoundation for Intelligent Physical A gents.  FIPA Communicative Act Library
Specification.  Technical Report XC00037H.  A ug 2001.Specification.  Technical Report XC00037H.  A ug 2001.

uu M . G enesereth.  K nowledge interchange format.  In James Allen, RichardM . G enesereth.  K nowledge interchange format.  In James Allen, Richard
Fikes, and Erik Sandewall, Eds., Proceedings of the Conference of  theFikes, and Erik Sandewall, Eds., Proceedings of the Conference of  the
Principles of Knowledge Representation and Reasoning.  599-600. MorganPrinciples of Knowledge Representation and Reasoning.  599-600. Morgan
K aufman Publishers.  1991.K aufman Publishers.  1991.

uu R. M. Jones, J. E. Laird, P. E. Nielsen, K. J. Coulter, P. Kenny and F. V . Koss.R. M. Jones, J. E. Laird, P. E. Nielsen, K. J. Coulter, P. Kenny and F. V . Koss.
A utomated intelligent pilots for combat flight simulation. A I Magazine. Spring,A utomated intelligent pilots for combat flight simulation. A I Magazine. Spring,
1999.1999.



2 12 1

ReferencesReferences
uu Y . Labrou and T. Finin. Semantics and Conversations for an AgentY . Labrou and T. Finin. Semantics and Conversations for an Agent

Communication Language.  Proceedings of the American Association ofCommunication Language.  Proceedings of the American Association of
A rtificial Intelligence.  1997.A rtificial Intelligence.  1997.

uu  J. E. Laird, A . Newell, and P. S. Rosenbloom. Soar: A n A rchitecture for J. E. Laird, A . Newell, and P. S. Rosenbloom. Soar: A n A rchitecture for
General Intelligence. A rtificial Intelligence, 47:289-325. 1987.General Intelligence. A rtificial Intelligence, 47:289-325. 1987.

uu The MITRE Corporation. Command and Control Simulation InterfaceThe MITRE Corporation. Command and Control Simulation Interface
L anguage (CCSIL), MITRE Technical Report, Modeling and SimulationL anguage (CCSIL), MITRE Technical Report, Modeling and Simulation
Technical Center. Oct1996.Technical Center. Oct1996.

uu A . Newell, A. Reasoning, problem solving and decision processes: TheA . Newell, A. Reasoning, problem solving and decision processes: The
problem space as a fundamental category. In N. Nickerson (Ed.), A ttention andproblem space as a fundamental category. In N. Nickerson (Ed.), A ttention and
Performance VIII (Vol. VIII, pp. 693-718). Lawrence Erlbaum Associates.Performance VIII (Vol. VIII, pp. 693-718). Lawrence Erlbaum Associates.
1991.1991.

uu P. Nielsen, F. Koss, G. Taylor, R. M . Jones. Communication with intelligentP. Nielsen, F. Koss, G. Taylor, R. M . Jones. Communication with intelligent
agents. 22nd Interservice/Industry Training Systems and Educationagents. 22nd Interservice/Industry Training Systems and Education
Conference (I/ITSEC).  Nov 2000.Conference (I/ITSEC).  Nov 2000.

uu G. Taylor, R. M. Jones, M. Goldstein, and R. Frederiksen: V ISTA: A genericG. Taylor, R. M. Jones, M. Goldstein, and R. Frederiksen: V ISTA: A generic
toolkit for visualizing agent behavior.  To appear in Proceedings  of the 11thtoolkit for visualizing agent behavior.  To appear in Proceedings  of the 11th
Conference on Computer Generated Forces and Behavioral Representation.Conference on Computer Generated Forces and Behavioral Representation.
Orlando, FL. 2002.Orlando, FL. 2002.


