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The Big Picture

Vobile/pervasive computing anal sefitware
dgents are argoed match

The combination: offiers hew: challenges for
each

Attempts are beingl made tor bridge; the
dap to connect the two

Pervasive computing s a good target
andiwill reguire an integrated moedel te
sUpport beth wired and wireless
computing




Today: Life is Good.
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Tomorrow: We Got Problems!
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Mobile and Agents are a Good Match

he agents community: has, relatively: advanced
appreaches to: many: of the problems, faced: by mobile
computing, since We have assumed a Very dynamic, ad
NOC envirenment, OPEnI ENVireNMERt. SOmMe Common
ISSUES:

s Service description, discovery, composition.
s Negotiation for services and information

s Authentication, authoerization, and trust

s [Delegationand degrees; off autonomy.

s Coordinationrand teamwerk models

Mobile/pervasive; computing will' provide good
justification fior' anragent oriented approach.



Special challenges for agents

lloday’s mobile computing environMEeRt offiers
speciall challenges for us. Mobile systems have:

s .ow)variable banadwidth, limiteal CPU, memory,
disk, pewer: etc.

ReseUrce poor systems connected over thin
PIPES.
“Resoeurce gap- is (mostly) indififerent: to
apsolute values,

s/(Elective) disconnections; dynamically:changing
network topology. ...



Special challenges for mobile computing

Current technologies beingl used fior mobile
computing| (e.g., Bluetooth) or likely terbe
adopted (e.g., Jini, UDDI) have preblems.

x [he languades for describing and: matehing Services
are much toor simple.

= NO or poor support for shared ontologies beyond
those selected for us by business consoertia.

= NGO or poor support for evolution and maintenance in
SUCHI an Openi envirenment.

Envisioned pervasive computing environments
must be; “context aware".



Rest of Talk

he agent paradigm

The semantic Webras al common: moedel fior
peth wirediand mobile knowledge; sharing

Severall UMBE engoeing projects addressing
[SSUES at diffierent: levels: systems,

Infrastructure and application:
Comments and conclusion



What is an agent?

An agent is a powerful and ubiquitous
abstraction in computer science

Daemons (e.g., ftp agent)

User'interface clients (e.g., mail agent)
Physical agents (e.g., robotics)
Believable agentsi(e.g., VR and graphics)
Intelligent HCI ;
Personal (expert) assistants Liwﬁ“;@”_
Mobile software technology ;iu g
Multiagent systems




So, what's a software agent?

No crisp definition, but severall key concepts are

, taking thelinitiative as appropriate through
delegation

, maintaining an'agendal off goalsiwhich It
pursues until'accomplished or believed impossible.

N an envirenment (computational and/or physical)
WHICHI It IS aware of and' reacts; to.

With ether agents (software or human) to
accomplishi its tasks.

withi other agents (human or software)
, modifying beliefs
& behavior based onl experience

’ percepts ﬁ ‘
Stilllan emerging paradigm.... 1 2 |




The BDI model

BDI architectures describe the internal state ofi
an agent by the mental states of 4
, and

BRI theories provide arconceptuallmodel of
the knowledge, geals; and commitments; off an
agdent

BIDI agents have; seme; (Implicit or' explicit)
iepresentations off the corresponding
attitudes.

BDI' moedels previde; a theory torunderlie and
duide; communication.



Agent Communication

Agent-to-agent: communication isf key: to
iealizing the; petentialfoif the agent paradigm),
justias the development ot human language
Was key. te the development: off Auman
intelligence and secieties.

AdentsiUse an
o ACL torcommunication
Information and kKnowledge:.

Genesereth (CACM, 1994) defined! a seftware
agent as any system which uses an ACL to
exchange infermation.



Knowledge Sharing Effort

Eramework developed by DARPA pregram inrearly: 90rs
Knowledge sharingl riequires a communication WhHIeh
ieguiresia common language
We can divide a language; inte syntax, semantics, and
pPragmatics
Some existing components, used independently: or
together:
Q s KIF - knowledge interchange
fermat
= Ontolingua - a/ languade fox defining
sharable entologies

s KOML - a high-level interaction
language



Q Common Ontologies
: A common vocabulary and agreed
upon meanings to describe a subject domain.

*A conceptual schema specifies the intended
meaning of concepts used 1n a data base

139 |74.50
Data Base: 140 |77.60

Data Base Schema: Table: price
*stockNo: integer; cost: float

price(x, y) =>

Conceptual Schema:
1%, y) [
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A KQML Message

/(tell :sender bhkAgent
creceiver  fininBot
:in-reply-to  1d7.24.97.45391
parameter =——————>:ontology ecbkl?2

performative

value language  Prolog
Ccontent” “price(ISBN3429459,24.95)”)
REpresents a single or

ask, tell, reply, subscribe, achieve, monitor, ...
Withran associated
tell( /7, Bio) = plB; Bib A =i B,( Bif Bioiv Ul B )] A reliB; Bol ...

and a list oF
;content, :language, :from, :in-reply-to

UMB
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FIPA

Foundation for Intelligent Physical Agents
s [nternational standards oedy: with: ~60rmembers.
s [lhree suites of specification published (97, 98, 00)

s Carrying fiorward the ideas of the; Knowledge; Sharing
Effort

s http://wwwifipa.org/
Standards in the fellowing main; areas

x Agent: communication (languade, content language,
Interaction protecols)

= Message tiansport B e
s Directory services (DF) D ()
s Management:and naminglservices (AMS) ‘

Software i :.a.l*:

= ~10 FIPA compliant systems (2 open sourced)



The FIPA ACL

(request
:sender (Gname monigueagent@liawww.epfi.chz8080)

receiver (Gname; moevenpick-
notel@tep://movenpick.com:6600)

;0Ntology personal-travel-assistant

language FIPA-SL

:Protocel fipa-reguest

;content

(@ctioni movenpick-hotel@tep://movenpick.com: 6600

(boeek-hotel (Garrval 25/11,/2000) (:departure
05/12/2000) ...) )



Where are the agents?

he communicating agent paradigmi Was
articulated about the same: time: as the Web.

Bothleveraged the Internet, But

s/Agents have not yet'made, a significant impact;,
either persenall or'commerciall

s [[he Web hasichanged the werld.
There may: be many. reasens; fior' this

But, we shouldl consider trying tor import web
oriented ideas and approachesiinto the agent
world.



Semantic Web?

Il 'argue that the, semantic wWeb) provides a geod
approach), language and tools te; support agents
as Well asimoebile and pervasive computing.

This isnit obvious, since the SW seems grounded
IR the traditienal wired web.

But, the principles which drive it are the right
Ones| fior'adentsias wWell asi pervasive computing.

And, by dgroundinglagents inf Web: technology,
they may make it out of the 1ab.

Next: overview: off Semantic Web



Origins of the Semantic Web

Tim| Berners-LLee’s original AR T

1989 WWW! proposal o foe - L S
described a \Wel of Q”’; k. )f‘*‘“%? ¥
relationships among named. & 1 M T Kot
objects that unified many. P
information management (.0 peins bWy

iy

tasks. ‘T’: NG e, P
Guha designed MCF at Apple (~94): 7 ,_ y :
XML +MCF=>RDF (~96) W “‘“‘,
RDF+00=>RDFS (~99) i ks
RDFS+KR=>DAML+OIL (00) -+ =

W3C's SW activity (01)

UMBC

rsity.in Maryland 2



W3C’s Semantic Web Goals

Realizing the full petentiall of the, Web

Making! it cost-effective! fior people to
effectively’ record their knowledge

[FOCUS OGN Machine consumption.

s he Semantic Web s ar EXLErns/on O the. cuient
WeD R WIICH IIIOATaLIon S GIver Well-aenned.
[MHeaning, better enapliig compULers arid. people o
WorK 117 COoPeration: - -- Berners-I.ee, Hendlerand
I'assila, Tthe Semantic\Web, Scientific American, 2001

Ultimate goal - effiective and efficient:
dlobal knewledge exchange
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Ontology vocabulary

RDF + rdfschema

.

el

URI

Unicode

UMBC
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DAML+OIL as a Semantic Web Language

DAML =i Darpa Agent Markup: Language

» DARPA programiwith 17 projects & an integrator
developing language spec, tools, applications, for SVV.

OIL = Ontology: Inference Layer

» An| EU efiort aimed at developingl a layered approach to
iepresenting knowledge on the web.

PIrOCESS

= Joint Committee; US DAML andl EU Semantic Web
Tlechnolegies participants

s DAMIL+OIL specs, released 01,/01 & 03/01
x See
= New W3C SW' activity started 08/01.

an HenorstUnversityan Maryland




DAML in One Slide

DAML is built on top of
XML and RDF

It allows the definition,
sharing, composition and
use of ontologies

DAML is ~= a frame
based knowledge
representation language

It can be used to add

metadata about anything
which has a URI.

URIs are a W3C standard
generalizing URLs

everything has URI

UMBC

an HenorstUnversityan Maryland

<rdf:RDF xmins:rdf ="http://w3.01g/22-rdf-syntax-ns#"
xmins:rdfs="http://w3.org/rdf-schema#"
xmins:daml="http://daml.org/daml+o1l#*>
<daml:Ontology rdf:about="">
<daml:imports rdf:resource="http://daml.org/daml+oil"/>
</daml:Ontology>
<rdfs:Class rdf:1ID="Person">
<rdfs:subClassOf rdf:resource="#Animal"/>
<rdfs:subClassOf>
<daml:Restriction>
<daml:onProperty rdf:resource="#hasParent"/>
<daml:toClass rdf:resource="#Person"/>
</daml:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<daml:Restriction daml:cardinality="1">
<daml:onProperty rdf:resource="#hasFather"/>
</daml:Restriction> </rdfs:subClassOf> </rdfs:Class>
<Person rdf:about="http://umbc.edu/~finin/">
<rdfs:comment>Finin is a person.</rdfs:comment>
</Person>

29



We're going down a familiar road

KR trends Web trends
55-655 arbitrary: data O5-97: XML astarbitrary.
StrlictUres StrlctUres
65-755 semantic netwerks 07-98: RDE
75-85: simple frame 08-99; RIDF'schiema as a
systems frame-like system
85-95 description legics 00-01: DAML+OIL
O5-727: logic 02-72725 DAMI-IE

Only much faster!



Semantic Web Principles

Everything Is on' the; web
Partial information

Welb; off trust

Suppert information evoelution
Minimalist design

Commoen data model

Adapted from Eric Miller, W3C



Some UMBC Work

Il Briefly: describe; several 0ngoing projects
INVolving: mobile/pervasive computing and-the
semantic Wel;

Centaurus communication infrastructure

Enhancing Jini with DAML fer service
description and discovery

Enhancing Bluetooth's SDP withr DAML

A model off distributed authoerization and trust
Agents2do - a simple mobile application
ITtalks — ar semantic webrapplication



Centaurus

Centaurus Communication
(Centaurus COMM) provides
a message passing network
architecture that allows
heterogeneous devices to
communicate through
varied communication
mediums in a uniform
fashion

Runs on PDAs and other
small devices

—
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Ethernet
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Comm.

Communication Manager (Centaurus COMM)
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Communication Managers (Centaurus COMM)
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Lamp Service :
Service

Service

MP3 Jukebox

Services




Enhancing Jini’s registration server G=-

I Tahoc AT
JIET T

JinitisiSunrs technoelogy. fer building “selif describingl and
selfferganizing ™ distributed systems.

Jinitisial very: attractive collection’ of Ideas and
compoenents.

One deficiency Is the Jini registration Servers
INEXPressive approach tor describing services offiered
and sought:

We've produced a modified Jini registration Server
whiichiallews agents teruse DAMLESOILL terdescribne
Services offiered or' sought

Supports reasoning during matching (e.qg., constraint
satisfiaction))



Enhancing Bluetooth's SDP

Bluetooethi isia short-range RE wireless
technology: that suppoerts ad-hec NEWOrKS and
lises) PZP’ pretocols.

Bluetooth Service Discovery: Protocol:
s Simple service discovery: mechamnism
s Services andi attributes represented by UUIDs

s UUID-based matchingl (128 bit number!)

s NO registration, aggredation, multicasting, event
notification

INOL very expressive!



Prototyped Solution

Assume Bluetooth ad=hec networks with' at

least Gne resource rich device (e.g., each room
as a iacilitator):

Enhanced SDP

a Services and attributes described in DAMIL
USINg al “Standard™ entology.

= Allfavailablelnfermation firomr service and
attribute descriptions’ used for matching

u Tifiesitor obtain ¢/osest possible match) g e
s SUpport service; registration: facility;




Delegation; Based Modell for Distributed Tirust

We are developing aldelegation based model for
distributed authorization: and trust for use in both
Wired andl Wireless scenarios.

[FocuUs on trust firomi a “security perspective”

BuUilding om cencepts like authentication,
autherization, rele-basedl access control, public
key: infrastructire, digitalf signatures,
duthoritative, SOUKCES off iInfermation, ete.

Agents make speech actsiabout and reasomn ever
thEse properties and relations.

Grounded in an ontology: represented in DAMIL



What is Distributed Trust

Issues

n No central authority

n  /oggingais not possible

m Access control fior entities: never
encountered befrore

We' use: Dystributed Iit/st o SeIVE
these ISSUes
trust = policies + credentials +

delegation| actions + preels
off deontic properties

an HenorstUnversityan Maryland
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Three Scenarios

Supply: Chain Management System
v Already iImplemented
Pynamic Wireless Environment

- Ongoing werk
Distributed st fer YWeb SErVvices
7 FUtUre Work

/1o be applied to ITTALKS

(https//wwwiittalks.org))



Distributed Belief

A policy specified’ that “UMBC CSEE faculty: are
allewed to doy X, but hew! de’ We, determing Who
they are?

Our dtrust language allows, Us} o say

Ve accepr: as
al LIUSted SoUICE o1 IIoation apouL mempersiip i
1) CIass 1Itpy)/UmbC, Eau)0nto/0gIes/ PEOPIE#AIactity)”

raculty.ft hasa human-readanle faculty list (In

HIEML): and (poessibly: signed) statements (in
DAML) asserting Whoe: the fiaculty’ are.

Beliefis can'be delegated as well

[ aelegate belleror prHaAaviseex, ) toIX - X /s
a' CSEE faculty, memper:
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A DAML ontology: for describing authorization
UMBG and trust actions, states and policies.
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The Agents2Go Platform

Location dependent services discovery
— Location dependent information retrieval

— The search results contain information about restaurants
that are local to the requesting user.

Distributed services

— Distributed Information

(((r

— Service information is distributed and grouped by regions.
— Information about the restaurant is stored locally.

Automatic location detection

— Cell tower 1ds are mapped to the geographical region
name.

Service provider representation
— Service Agents reside at the service provider locations.
— Restaurant Agents reside at the restaurant locations.



The Agents2Go Infrastructure

Restaurant
Agent #1 /T
Bluetooth

--------- Restaurant
Agent #2

e | Ceator - |
_____ A2G 2

Restaurant
Agent #3

3 Restaurant

CDPD B yam Agent #4

Restaurant
Agent #5 /I

E Restaurant
Ve Agent #6

Restaurant
Agent #7



4 IT TALKS v2.0 - Nelscape
File Edit !new Go Communicator Help

ITTALKS

I'TITALKS' s a database driven web
site of LT related talks at:UMBC and
other institutions. The database
contains information; on

= Seminar events
- People (speakers, hosts, users;...)
- Places (rooms, Institutions,...)

Tihis database s Used to dynamically,
denerate web pages and DAML descriptions
for the talks and related infermation.

Notifications are sent to registered usersi and/or thelr
agents via email, SMS, WAP, and/or KQMIL for talks
matching their interests, location anadl scheadule.

UMBC

rsity.in Maryland 20



Z} 1T TALKS v2_6 - Microzoft Internet Explorer
J File Edit “iew Favorites Toolr  Help

J Address @ hittp: Afumbe. ittalk 2. orgdjzpdController. jzp P action=U pdateProfilefstep=0ME

ITTalks

Advanced Search | Help

Topics Directory

&, General Literature
B. Hardware

C. Computer Systems
Qrganization

D, Software

E. Data

F. Theary of Computation
G, Mathernatics of
Computing

H. Information Systems
I. Computing

Methodologies
1. Computer Applications

K. Computing Milieu:

Than filtering OFF |

Create newr talk

Home | Advanc

Send your comiments here...
Tser Login
Logont findn

Update Profile | Hewr User |
Help

Updating user profile for finin

Flease enter the URI of your new daml profile page or re-use the existing LRI that we were able to
obtain before.

Current Fassword: |

DAML Profile LRI Ihttp:.f.l'ww.-:s.unbc.edﬂd'mmfpmﬁ

Select home web site: [wrbe italkecrg 7|

Keep me informed about my W Hour before the talk (seat to 2 SMEMAWAP ensbled device)
favorite talks: ¥ Diay befare the talk (sent to 2 parsonal e-mail)
™ Week before the talk
I All interesting talks in the upcoming week

Mewr Passwiord: I If wou choose to change ywour

Yerify Mew Password: |

Update Frofle |

Registered users create profiles
(encoded in DAML) describing their
preferences, attributes and interests.

Ta create your daml profile, click b

To request an editor account for un

l_l_ 5 Local intranet



<3 1T TALKS v2.6 - Microsoft Internet Explorer
J File Edit “iew Favortes Tool:  Help

J Addrezs @ hitp: A Aumbe.ittalk s orgAep/Controller. jzp?action=MextPagekpage=3

IT Talks

A% HARIEE DRINEBEEINY I8 MARYLLED

I T

General IT Talks | UMBC Talks | JHU Talks | JHU-APL Talks | MIT Talks | Stanford Talks | Prolog Engine

mmw

2001-02-14 The Face of the Hew Engineer Eleatior Baum
Welcome to IT s0nl.no.1g Fast Low-Cost Checkpointing and Recovery
Talks Techmigques for Mobile Computing Systems

This site is designed to 2001-02-16 WVisualization of Large Graph atephen Kobouwrow

be yvour single portal tao A001-02-16 Howr to Build a Trasted Diatabasze Systetm on
the world of IT colloquia Untrusted Storage To read about our

and seminars. ... Read . . . . . Exciting new features
E— I 20010217 chusnc-npucgl Phonietics and Audiovisual Lunne Bemstein . click here. .
Apeech Perception : - _

Mukesh Binghal

MNew Features
Eill Shapito

2001-02-1%8 Tmpacts of Information Technology on Society Apupatn Joshi
2001-02-18 Impacts of Information Technology on Society Jacob Slomim
2001-02-1% Moun Phrase Coreference for Information Fxtraction Claire Claudie

Electric Blves: Towards an & gent Facilitaed Human
Drgatization
2001-02-22 Optimization of Stuffing Santa's Sack James C. Hpall View

Page | 1|2 |<<< 3 >»>»|4 |5 |6
ACM Tﬂpic Expand Directary

2001-02-20 Wiilind Tambe

o Coola
£ SYNC TO PALM

Click abowve to synchronise
tall information to your
palrm.

2 2001, Ebhiquity Group, TMEC, 411 snzhts reserved. Tenms | [~ Sendus a feedback

l_l_ (56 Local intranst
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R IT TALKS v2 6 - Microsoft Internet Explorer

J File Edit “iew Favortes Toolz  Help

JﬂddrESS @ http: //umbe.ittalkz. orgAzp/Contraller jzp?action="iewT alk&az=H T L&t alkid=2001 02031 20547

LUICK L ALK JEATCTL

— 0

Advanced Search | Help

Topics Directory

8. General Literature
B. Hardware

C. Computer Svstems
Qrganization

D, Software

E. Data

F. Theary of Computation
G, Matheratics of
Cormputing

H. Information Systems
I. Computing

Methodaologies
1. Computer Applications

k. Computing Milieus

~| send this ink to a friend
e a newr meber for
tif nat fabare
2 punter friendly

€2 view as DAML

o Coola
0 SYNC TO PALM

Click above to synchronise
talk information to your

palm.

Electric Elves: Towards an Agent Facilitaed Human
Organization

Milind Tambe
University of Southern California
Information Science Institute

Talks are
published
in HTML

LMEBC, ECS, LHS
200prm - 12:00prm, Tuesday, February 20, 2001

Abstract

Fast few years hawve seen a revalution in the field of software agents, with agents now praliferating
in hurman organizations, helping individuals in tasks such as information gathering, activity
scheduling, managing email, etc. The "Electric-Elwes" effart at USC/S1 is now taking the next step:
dynamic tearning of all such different heterogeneous agents, as well as proxy agents for humans,
to senve not just individuals, but to facilitate the functioning of entire arganizations. The ultimate
goal of our work is to build agent teams that assist in all organization activities, enabling
organizations to act coherently, to robustly attain their mission goals and to react swiftly to crises.
The results of this work could potentially be relevant to all arganizations, including the military,
corporations, and universities and research institutions. As a step towards this goal, we have had
an agent team of about 15-20 agents, including 10 proxies (for 10 people) running 247 for the past
four months at USCAS] The proxies communicate with us using different types of mobile wireless
devices, and attempt to track our locations using wireless GPS transmissions. These agents
assist us in several tasks: they track people's locations, reschedule meetings, decide presenters
for research meetings (by auctioning research talk slots), and even order aur lunch and dinner. In
this talk, | will outline some of the lessons we have learned over the past several manths in running
this agent system. | will also outline our approach on some of the key research challenges,
including agents’ adjustable autonomy,

Biosketch

Dr. Milind tambe is a project leader at the University of Southern California Information Sciences

| |@ Dane

=l

I_I_ =& Local intranet
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3 hitp: /fumbc_ittalk s org/jzp/Controller. jsp?action=YiewT alkkaz=DAM L Etalkid=2001 22091 20547 - Micros

J File  Edit “iew Favorites Toolz  Help

J Address @ http:/ fumbc.ittalks.orgfjzp/Controller. jzpPaction="iewT alkkaz=DAMLitalkid=200102031 20647

<7uml version="1.0" 7=
- <rdfRDF =mins: rdf="http:/ /vsww.w3.0rq/1999/02/22-rdf-syntax-ns#"
zmins:daml="http:/ /www.daml.org/2000/10/daml-ont#" 5
zmins="http:/ /daml.umbc.edu/ontologies /talk-ont#" .. and 1n
zmins: time="http://daml.umbc.edu/ontologies/calendar-ont#">
- <rdf:Description about="http:/ fumbc.ittalks.org/jsp/Controller.jsp? DAML
action=viewTalk&as=HTML&talkid=20010209120547">
<imports resource="" /=
- «<Talk rdf:parseType="Resource"=
<Title=Electric Elves: Towards an Agent Facilitaed Human Organization</Titlex»
<x-URI=http:/ fumbc.ittalks.org/jsp/Controller.jsp?
action=VviewTalk&as=HTML&talkid=20010209120547</%-URI>
<DAML-URI=http:f fumbc.ittalks.org/jsp/Controller.jsp?
action=ViewTalkRas=DAMLE&talkid=20010209120547«</DAML-URI=
<bdbstract=Past few years have seen a revolution in the field of software agents, with agents
now proliferating in human organizations, helping individuals in tasks such as information
gathering, activity scheduling, managing email, etc. The "Electric-Elves" effort at USC/ISI
is now taking the next step: dynamic teaming of all such different heterogeneous agents,
as well as proxy agents for humans, to serve not just individuals, but to facilitate the
functioning of entire organizations. The ultimate goal of our work is to build agent teams
that assist in all organization activities, enabling organizations to act coherently, to
robustly attain their mission goals and to react swiftly to crises. The results of this work
could potentially be relevant to all organizations, including the military, corporations, and
universities and research institutions. As a step towards this goal, we have had an agent
team of about 15-20 agents, including 10 proxies (for 10 people) running 24/7 for the
past four months at USC/ISI. The proxies communicate with us using different types of
mobile wireless devices, and attempt to track our locations using wireless GPS
transmissions. These agents assist us in several tasks: they track people's locations,
reschedule meetings, decide presenters for research meetings (by auctioning research
talk slots), and even order our lunch and dinner. In this talk, I will outline some of the

I_ I_ @ Intemet
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ITTALKS Architecture

Web server +
Java servlets

Web Services

f,f-f"?
=
r’ » Email, HTML,
@ %ﬁ,iﬁ SMS, WAD
/.
@U

| —'J

SOL

@_. RDBMS

Databases
UMBC DAML files

rsity.in Maryland 45
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ITAALKS and agents
current working prototype

mapquest

Communication
protocol

KQML

Calendar
agent

DAML
reasoning engine

Common agent infrastructure se T .
L*reasoner pp

an Honors University: in Maryland c.g. MS Outlook 46



Today’s Conclusions

Diffierent mobile; environments
Rethinking agent communication
IHOW! Ao We get there from here?
Finall thoughts



Current coordination infrastructure

There ane many: current systems for Service
iedistration; and coordination

= UDDI at the internet level

s Jini atia more local level

s Bluetooth SDP

s And others like eSpeak, Salutation, ...

All are characterized: by their relatively,

INExpressive langlades ey describing) Services
offered and sought:

This is where the agents/AlL/KR/SW' communities
Nave semething to ofifer.



Rethinking the agent communication paradigm

Much multi=agent systems Work isigreunded in
Agent Communication LLanguagesi(e.qg., KOML,
EIPA) andl associated seftware infirastructure.

This paradigm was articulated ~1990, abeut the

Ssame time as the WAWAWW was' develo

Our MAS, approach: hasi net yet left t
laboratery Vet theWeb has changec

ped.
e

the world

Maybe we sheuld try somethingl diffierent?



Rethinking the agent communication paradigm

he communication MAS paradign has; been
PEEr-to-PELN MESSade oriented communication
mediated by: brokers and facilitators.

This approeach was, I think, inherted frem the
dominant sofitware paradigms at: the time:
client-server and ©O! systems.

The semantic web! invites different paradigms
whichy will reguire seme changdes in ACLs and
their associates spftware systems.



Rethinking the agent communication paradigm

INew! paradigm?
= Agents “publish™ beliefis, reguests, and other
“SPEech acts™ on Web pades.

s Brokers “search” for'and “index” published
CORNtENL

= Agents “discover™ what peers have publishea
on the webr and Browse fer more; details
s Agents speak for” content on webr pages; by

Answeringl queriesiabout them
Accepting commentsand assertions about them



Context aware computing

An excitingl generall view! off the new.
mobile/pervasive computing envirenment does
Uunder the name of “context aware computing”.

This Inherits frem work in intelligent HCI

he computingl devices! in our ERVIFORMENLE are
Aware of eachi other and also of the; people and
things N their Vicinity.

AWareness ol people entailsiinfierrng their
Internall states andlindividual analjoint activities.

hey “share information tercompile a common
model of the context.



Context aware computing

This s a premising area Which: can draw. on;ots
off the things We Know:

a INtErpreting senser Inputs

= Senser andl data fusion

s Abductive reasoning and belief revision

x Machinge learmming

s Plan|recegnition

s User'modeling

s Using shared ontelogies

a Models off coordination’ and teamwork



How do we get there from here?

It will take seme; time to really: deliver enrthe
adent paradigm, either onithe Internet or inia
PERVASIVE COMPULING EnVironment.

The development of complex systems IS basically.
an evolutionary: Precess.

Random! search carried out by temns off thousands
Of researchers, developersiand graduate
students.
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The Evolution of Useful Things

THE EVOLUTION OF The Evelution of Useful

USEFUL THINGS Things, Henry/ Petreskil, 1994.

Prior to the 18907s, papers
were held together with
straight pens.

[he development of “spring
steel™ allowed the invention
ofi the; paper clip'in; 1899.

It took about for
the evolution' of the modern
“gem paperclip”, considered

a HENREY PETROSKI

to be optimallfor generall Uuse.

o0



Final thoughts

Agents and moebile computing; may: be;a
doed marriage.

ihe semantic Web; offiers some! ideas that
may. Nelprrealize the agent vision.

As usual, enly time will tell-anarallfwillFbe
EDBVIOUS I hindsight.

See for more
INformation and papers on our werk at

(Zbiquily)



