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Where do we come from?

Aingeru Is a healthcare telemonitoring
agent-based system

Aingeru agents need to communicate
with heterogeneous agents

Independently developed
Different agent communication languages



Motivation

KQML-based
Particular
ACL

Right Now!

FIPA-based

X-based



Motivation

Where we want to arrive at!

FIPA-based

KQML-based

Particular
ACL

X-based

Exchangeability of communication acts



CommOnt design criteria

Speech Acts Theory

A communication act is basically composed of
an intention and a content

Social commitments approach
Objective and verifiable semantics

Axiomatization of commmunication acts
with Event Calculus

Materialization of CommOnt: OWL
ontology



Speech acts

A communication acts has two main
components:

Attitude of the sender
Content

Different kinds of attitudes and contents

lead to different classes of communication
acts in CommmoOnt



Commitments

Commitments
C(X, Yy, p)

Conditional commitment
CC(X, Y, C, p)



Event Calculus

First-order theory for reasoning about
actions

Events (actions) initiate and terminate
fluents

Fluents are propositions whose value is
subject to change over time



Event Calculus predicates

[a—

. Initiates(a, f,t) means that f holds after event ¢ at time ¢.
2. Terminates(a, f,t) means that f does not hold after event a at time t.

. Imitiallyp( f) means that f holds from time 0.

b

4. Initiallyy (f ) means that f does not hold from time 0.

5. Happens(a,t1,t9) means that event ¢ starts at time #; and ends at £s.
6. HoldsAt( f,t) means that f holds at time .

. Clipped(tq, f,t2) means that f is terminated between £ and #s.

8. Declipped(t,, f,12) means that f 1s initiated between ¢, and £».

From Pinar Yolum and Munindar P. Singh



Event Calculus axioms

HoldsAt(f,t3) < Happens(a, t,t2) A Initiates(a, f,t1) A (t2 < t3) A =~ Clipped(ty, f,13)

[nitiates(a, f, t;)

—Clipped(t,, . t3)

¥ .

| | |

HoldsAt(f, t4)



Event Calculus axioms

Clipped(ty, f,ts) <> Ja, ta, t3 [Happens(a,ta,t3) A (t1 < t2) A (t3 < t4) ATerminates(a, f,t2)]

Terminates(a, f, t,)

Clipped(t,, f, t,)




Event Calculus axioms

HoldsAt(f,t) « Initiallyp(f) A —~Clipped(0, f, t)

HoldsAt(f,t3) «+ Happens(a,t,,t5) A Initiates(a, f,t,) A (ta < t3) A = Clipped(ty, f,13)
Clipped(ty, f,ts) <> Ja, ta, t3 [Happens(a,ta,t3) A (t1 < t2) A (t3 < t4) ATerminates(a, f,t2)]
-~ HoldsAt( f,t) + Initiallyy (f) A ~Declipped(0, f,t)

—~HoldsAft(f,t3) < Happens(a,ti,t2) A Terminates(a, f,t1) A (t2 < t3) A=Declipped(ti, f,13)
Declipped(t, f,t4) <> 3a, 1o, t3 [Happens(a,to,t3) A (t1 < t2) A (t3 < t4) A Initiates(a, f,12)]

Happens(a,ty,t3) = 11 < tg



CommOnt materialization

Axioms and reasoning in the Event
Calculus definitions in CommOnt

OWL constructors and axioms provide a
convenient formalism for structure
description and concept relationships

OWL reasoners help the transformation
process of communication acts



Description logics and OWL

OWL is founded on a Description Logic

Description logics are a family of first
order logics for describing concepts and
properties

OWL is the Web Ontology Language
defined under the auspices of W3C

OWL axioms:
CLD
C=D



OWL constructors

OWL constructor name | Logic notation | Semantics

concept name A A AL

intersectionOf cCnp CtnD*

unionOf C'LuD cT D*

complementOf =& AT\C?

oneOf L Wiyiae5 Op | e Oy b= {m{ ..... oL}
allValuesFrom YR.C {de AT | R (d) C C*)
some ValuesFrom dR.C {de AT | RT(d) 1 10T £ ]
minCardinality = nhR {de AT | H( RI (d ) = n}
maxCardinality < nRk {d e AT | {(RE(d)) < n)
property name P Pl Reie AL

inverseOf P~ (P~ V= = (PT)~




CommoOnt

Upper layer

Standards layer

Applications layer




CommOnt upper layer

Communicationfict L YhasSender.Actorll=1.hasSender /]
YhasReceiver.Actor [l

YhasContent.Content

Main subclasses:
Assertive, Directive, Commissive, Expressive and Declarative



CommOnt upper layer

Initiates(Assertive(s, r. P), C(s, 1. P), t))

Assertive = CommunilicationAct []
JdhasContent.Proposition/]

JdhasCommit.AssertiveCommitment

Initiates(Directive(s, 1, P), CC(r; s, accept(r, s, P), P), t))

Directive = CommunicationActI/[]
JdhasContent.Action ]

JdhasCommit.DirectiveCommitment



CommOnt upper layer

Initiates(Commissive(s, 1. C, P), CC(s, r, C, P), 1))

Commissive = CommunicationActI[]
JhasContent.Action ]
YhasCondition.Proposition/]

JhasCommit.CommissiveCommitment

Initiates(Expressive(s, r, P. S), CC(s, . P S), t))

Expressive = CommunicationAct /]
JhasContent.Proposition/]
JdhasState.PsyState

JhasCommit.ExpressiveCommitment



CommOnt upper layer

HoldsAt(empowered(s), t) — Initiates(Declarative(s, 1, P), P, t)

Declarative [ CommunicationAct

JdhasContent.Proposition



CommOnt: content ontology

Proposition
PsyState

Action
CommunicationAct
RefExpression

ReportAct

Command

| [ A A A

I

Content

Proposition

Content

Action

Content

Action|]
JdhasQuery.Propositionl|RefExpression

Action



CommOnt upper layer (cont.)

It Is Interesting to define subclasses of
the main five

Inquiry Directivell dhasContent.ReportAct

Request DirectivelldhasContent.Command

Responsive AssertivelldinReplyTo.Inquiry



CommOnt standards layer

FIPA-Inform L Assertive
FIPA-Confirm [ Assertive
FIPA-Digconfirm [ Assertive
FIPA-Request L Directive

FIPA-Query-If

Inquiry [l FIPA-Request [

=1.hasContent NVhasContent.FIPA-Inform-If
ReportAct ]

JhasContent™ .FIPA-Request [

FIPA-Inform-If

YhasQuery.Proposition



CommOnt standards layer

KOML-Tell [ Assertive
KOML-Ask-If L Inquiry /[l

YhasContent.(VhasQuery.Proposition)

Very important for the interoperability
goal

KOML-Ask-If
KOML-Achieve
FIPA-Inform
KOML-Achieve

FIPA-Query-If
FIPA-Request
KOML-Tell

111

FIPA-Request [1dhasContent.Achieve



CommoOnt applications layer

MedicineModify = Requestll=1.hasContent/]
YhasContent.(Overwrite [1dJhasSubject.Medicine)
LocationQuery = Inquiryll=1.hasContent/[]
YhasContent.(
YhasQuery.(RefExpression[1dhasSubject.Location))
VitalSignInform = Responsivell=1.hasContent ]

YhasContent.(Proposition1dhasSubject.VitalSignData)



Communication process

—mARm A"

a

message \ ‘

CummDnl |

-._\ j,

.fﬁ"
Action / \ Action
E.‘-':'ltl.‘.lh‘JL‘-. f \ “T'l“l“a}‘
\ :’I i"r}

Lo

' %

___.-"
"\
fy

Triples

SYSTEM B

£ 2\

s:t 3 agents

P

CommOnt
Manager

MESSaEe

a= ACL of System A
= ACL of System B




Conclusions

CommOnt provides a reference
framework for relating communication
acts.

CommOnt Is an extensible ontology

CommOnt Is adaptable to particular
systems



Thank you,
for your attention!
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